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        APRESENTAÇÃO 

 

 

Prezados colegas, 

Temos o prazer de apresentar os anais do 28º Congresso Brasileiro de Microscopia e 
Microanálise, realizado exclusivamente on-line pela Sociedade Brasileira de 
Microscopia e Microanálise (SBMM) no período de 12 a 15 de julho de 2021.  

Esta foi, seguramente, a atividade científica mais importante da Microscopia e 
Microanálise no Brasil, promovida pela maior sociedade científica de Microscopia e 
Microanálise da América Latina.  

Em sua edição de número 28, o Congresso buscou um triplo objetivo:  

Atualizar os participantes sobre os temas de maior importância em microscopia 
e microanálise; 

Informar sobre as novidades e avanços tecnológicos apresentados pelos 
patrocinadores; 

E possibilitar a atualização e o esclarecimento de dúvidas dos participantes com 
eminentes professores nacionais e internacionais da área. 

Nestes anais, estão reunidos os resumos das exposições orais e dos pôsteres apresentados 
no 28º CSBMM. A publicação desses trabalhos tem como objetivo compartilhar os 
debates científicos realizados na ocasião, fomentando o estabelecimento de vínculos 
colaborativos entre diferentes núcleos de pesquisa e fortalecendo o compromisso da 
SBMM com a consolidação de uma atmosfera de constante formação de recursos 
humanos de alto nível no Brasil. 

 

Prof. Marco Cesar Cunegundes Guimarães (UFES) 

Presidente da Sociedade Brasileira de Microscopia e Microanálise 
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Characterization of Giardia intestinalis cytoskeleton using 
high-resolution microscopy techniques 
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Giardia intestinalis is the causative agent of giardiasis [1], and it can survive the great 
variations in physicochemical conditions in the host [1]. The parasite has a set of complex 
cytoskeletal structures involved in a wide range of functions. This protozoan adheres to 
host cells and moves around in this environment. This exceptional adaptive capacity can 
be partly attributed to its cytoskeleton, whose organization and properties have not been 
fully clarified. G. intestinalis cytoskeleton is composed primarily of microtubules and is 
organized in unique structures such as the ventral disc, the median body, funis, in addition 
to four pairs of flagella. Trophozoites still have actin filaments distributed in the 
cytoplasm [2]. Advances in scanning microscopy technology become interesting tools for 
studying cell structures and reveal the organization of cytoskeleton elements not 
previously known [3]. This study analyzes the organization of the G. intestinalis 
trophozoites cytoskeleton during interphase, cell division, and differentiation. For this, 
the samples are treated with 2% NP-40 detergent for 10 min to remove the plasma 
membrane and expose the cytoskeleton. Then, the cells are observed with high-resolution 
Zeiss Auriga 40 scanning electron microscopy. Our observations demonstrate that the 
externalizing region of the flagellum, i.e., the flagellar channel, also known as the 
flagellar pore, is a differentiated region (Figs. 1a-b). Analysis of membrane extracted- 
cells reveal an extra-axonemal structure that may be associated with this region (Figs. 1c-
d). Morphometric data are in course to confirm these findings.  The extra-axonemal 
structure appears collar-shaped around the axoneme and measures about 50 nm in 
thickness (Figs. 1c-d). As observed by negative stain, this structure remains attached to 
the axoneme even when the connections between the axoneme microtubules are disrupted 
after detergent treatment. In addition, we are also interested in the biogenesis and dynamic 
of the cytoskeleton elements during cell division and differentiation. Our data will 
contribute to a better understanding of the organization and functional role of the G. 
intestinalis cytoskeleton.  
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Figure 1. High-resolution scanning electron microscopy of G. intestinalis trophozoites. 
(a). Note the region of the axoneme exit of the cell body (arrow). (b). High magnification 
image of a. (c). Extra axonemal structure (arrow) is observed in the axoneme of ventral 
flagella in membrane extracted cells. (d) The extra-axonemal structure is also observed 
in the axoneme of posterior flagella (arrow) in membrane extracted cells. 
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The Parasitic otitis is an infection associated with nematodes and secundary infection 
caused by different species of bacteria. This infection results in an intense inflammatory 
process, which can affect external and internal ears, and serious cases have been reported 
in countries with hot and humid climates [1]. Clinical signs of otitis caused by 
rhabditiform nematodes initially include apathy and repetitive movement of the head. The 
aggravation of infection can lead to damages in the central nervous system, causing 
dysfunction or facial paralysis, as well as vestibulocochlear nerve damage and meningitis.  
[2]. In Brazil, two species of nematodes Metarhabditis costai and Metarhabiditis freitasi 
have been reported, causing parasitic otitis on Gir Cattle (Bos taurus indicus) [3]. The 
main objective of this study is to identify pathogenic bacteria and show them adhered on 
the cuticle surface of nematodes collected from infected animals from farms located in 
the Rio de Janeiro and Pará states. Nematodes recovered were washed using PBS 
(Phosphate Buffer Saline), fixed with Karnovsky’s solution, adhered on glass coverslips, 
post-fixed in osmium tetroxide, dehydrated in ethanol series, critical point dried, mounted 
in metal stubs, sputtered with gold and analyzed using conventional and field emission 
scanning electron microscopes FEI-Quanta 250, ZEISS Auriga 600 Compact and Jeol 
JSM-7100F. The isolated bacteria were submitted to the MALDI-TOF technique for 
species identification. Our results identified two species M. freitasi (Figs. 1-3) and M. 
costai (Figs. 4-6) and bacteria adhered on the cuticle surface (Figs 3 and 6). We identified 
five bacterial species of veterinary interest, which have already been described as biofilm-
forming. The biofilm is associated with the pathological and antibiotic resistance increase 
of the bacteria and presence of nematodes would likely contribute to increase the difficult 
to control of this infection. 

[1] Leite P. V. B. et al. Pesq. Veterinária Brasileira. 32 (2012) 855. 
[2] Duarte E. R., Hamdan J. S. J. J. Vet. Med. B Infect. Dis. Vet. Public. Health.51 
(2004) 1.  
[3] Martins W. Jr. Mem. do Inst. Oswaldo Cruz. 80 (1985) 11. 
[4] This research was supported by CNPq (Brazil), FAPERJ (Brazil) and CAPES 
(Brazil).  
[5] Financial support by FAPERJ, CNPq (Brazil) and Capes 
Thanks 
CENABIO, NANOFAB, Unidade de Pesquisa Urogenital (UERJ) and IQ (UERJ). 
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Legends: Conventional SEM of nematodes adult male. Measure  in micrometers (µm)  Fig. 
1 - Posterior region of M. freitasi, showing adhered bacteria; ; Fig. 2 - Adhered bacteria at 
cloacal opening of M. freitasi (C); Fig. 3 - Posterior end of male M. freitasi, showing adhered 
bacteria; Fig. 4 - Anterior end of M. costai, showing triangular oral opening (O) cephalic 
papillae (➔), two latero-ventral lips (L) and dorsal lip (D) and amphids (a); Fig. 5 - Posterior 
end of M. freitasi showing genitals papillae (➔) and spicules (E); Fig. 6 - Posterior region 
of M. costai, showing adhered bacteria; 
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Heros severus is an ornamental fish of the Cichlidae family native from the Amazon 
region with continuous reproduction throughout the year [1]. Information regarding this 
species embrionary development is absent and could be an important way of 
understanding its ontogeny, spawning and growth in natural environments [2]. This study 
aimed to describe the embrionary development and larvae of H. severus using histological 
and morphometrical analysis. For this, fertilized eggs and larvae of H. severus were 
collected from culture sites and submitted to histological procedure for light and scanning 
electronic microscopy (SEM) and morphometry of the larvae. We analyzed the 
embrionary and larval stages of H. severus from the 1° to the 15° day post fertilization 
(DPF). The samples were submitted to standard histological procedure for light microscopy with 
paraffin inclusion and hematoxylin-eosin staining. For SEM, the samples were fixed in 
Karnovsky’s solution for 24 h at 4°C and post-fixed in a 1% osmium tetroxide solution buffered 
with sodium  cacodylate (0.1 M, pH 7.3) for 2 h at room temperature and dehydrated in a graded 
ethanol series. The samples were subsequently mounted on conductive tabs and vacuum-dried in 
a CPD 030 BAL TEC Critical PointDryer, followed by sputter-coating with gold for 2 min. 
Images were obtained using a LEO 1430 scanning electron microscope (LEOZEISS, Cambridge, 
England). On the 1° DPF blastomeres were observed in the animal pole of the egg. From 
the 4° to 7° DPF the larvae ecloded and the optical primordium was originated with later 
pigmentation and adhesive gland formation. From the 8° to 15° DPF occurred the 
formation of the mouth opening and lateral and caudal fin. Throughout the embryo’s 
development there was an increase on both head and trunk size, with an average daily 
growth of 1,4 mm and 9,7 mm respectively (Fig.1,2). Morphometry of the larvae from 
the 4° to 15° DPF shows a linear increase on head, trunk and standard length through time 
(Fig. 3). Our data suggest that the embryogenesis of H. severus follows the same pattern 
of most neotropical fish and contributes for development of biotechnological techniques 
for aquaculture production and conservation of this specie. 
 
References 
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[2] H.D.B. dos Anjos, C.R. dos Anjos, Bol. Inst. Pesca. 32 (2006) 151. 

Acknowledgement: To UFPA by support. 

  



DOI: 
ISSN: 

31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 2: Photomicrography of larvae of the H. severus 10o DPF. Abbreviation: B – 
mouth; E – stomach; I –midgut; O – Eye; RC – tail region; V – yolk.  

Fig. 1: SEM of the embryo and larvae of the H. severus. A-B: Embryonary stages; C-
I: Larvae stages. Abbreviation: B - blastomeres; C – head; GA – adhesive gland; NC 
– tail fin; NL – side fin; O – eye; V – yolk. 

Fig. 3: Morphometry of larvae of the H. severus (4o – 15o DPF). A: Head and Trunk. 
B: Standard length 
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Glutaminases deaminate glutamine to glutamate in the first step of glutaminolysis. As 
such, they are key for the highly proliferative behavior and aggressiveness of cancer cells 
and a promising pharmacological target for different types of tumors. Four glutaminase 
isozymes have been confirmed in humans as products of two different genes, GLS1 and 
GLS2, and display concerted tissue- and context-specific expression profiles. In addition 
to being mitochondrial enzymes, as multidomain proteins, glutaminases have additional 
regulatory functions in the cell and can even localize outside the mitochondria. Earlier in 
vitro biochemistry and biophysical studies, supported by X-ray methods, such as 
crystallography and SAXS, proposed GLS' minimum functional unit as a homotetramer 
composed of a dimer of dimers. More precisely, a transition between inactive dimers into 
active tetramers, promoted by inorganic phosphate, has long been the accepted 
mechanism for GLS activation even though phosphate-induced polymerization was the 
critical feature that allowed its first purification to homogeneity from pig renal cells nearly 
fifty years ago. The tetramer-dependent activation model remained unchallenged 
primarily due to a complete lack of evidence of GLS polymerization in cells. However, 
recent data suggested that GLS polymerization, promoted by inorganic phosphate (Pi), is 
required for its cellular function. Filaments make GLS remarkably more efficient by 
facilitating substrate accessibility to the active site and increasing turnover numbers. We 
introduce a cryo-EM structure (Figure 1) of the GLS filament which uncovers at an 
atomic level how a phosphate anion promotes polymerization and activates the 
nucleophile serine residue via stabilizing the activation loop and bonding the active site 
tetrad. We also observe that a dynamically and reversible GLS association into these 
polymers in cells positively correlates with known morphological changes in the 
mitochondria in response to glutamine starvation. Finally, at the preliminary stages, we 
provide the unprecedented direct observation of GLS polymerization in situ, organized 
as a meshwork in thin mitochondria lamellae. 
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FIGURE 1. Negative staining (right top panel) and cryo-EM (large left panel) analysis 
of the GLS filament, with yellow arrows indicating longer stretches, followed by a 
single particle picking strategy (inset) and 2D class averaging (lower right panel). 
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The Cryptococcus genus comprises two pathogenic species, C. neoformans and C. gattii. 
Both species correspond to yeast-like cells surrounded by a polysaccharide capsule 
mainly composed of glucuronoxylomannan (GXM), which is essential for virulence [1]. 
Our previous studies suggested that the Nop16 protein, which is possibly involved in 
ribosomal biogenesis, was important for the activity of antifungals, but its role in fungal 
physiology and pathogenesis remained unknown [2]. In order to study the role of Nop16 
in C. gattii (R265 strain), two knockout strains, namely nop161 and 2, were constructed 
and compared with the parental strain by a combination of fluorescence, scanning, and 
transmission electron microscopy. To visualize the capsule, the cells were centrifuged at 
3,000 xg, washed with PBS and fixed in 4% paraformaldehyde, for further 
counterstaining with India Ink and observation using a Leica DMi8 inverted microscope. 
Immunofluorescence was used to observe the capsule and cell wall structures. The cells 
were blocked with 1% BSA in PBS, and had their cell walls stained with 25 μM calcofluor 
white (CFW). The capsule was stained after incubation of the cells with a monoclonal 
anti-GXM antibody, namely 18B7, followed by a secondary antibody conjugated with 
Alexa 546. The cells were finally stained with 5 μg/ml of FITC-labeled wheat germ 
agglutinin (WGA), for detection of chitin oligomers. The cells were observed in a Leica 
DMi8 inverted microscope. For SEM, the cells were adhered to circular slides previous 
treated with 0.01% poly-l-lysine type I. The systems were dehydrated with ethanol (30, 
50, 70, 90 and 100%) and dried using the critical point (Leica EM CPD300).  The samples 
were covered with gold (Leica EM ACE200) and visualized with a JEOL JSM-6010 
Plus/LA at 5 Kv. Fungal cells were also prepared for TEM. They were fixed as described 
above, and treated with 1% osmium tetroxide, 1.6% 5 mM potassium ferrocyanide in 0.1 
M cacodylate buffer. The cells were washed with cacodylate buffer and dehydrated with 
acetone (30, 50, 70, 90, 100 and 100%). The cells were mounted on EMbed 812 (EMS) 
resin pads, ultra-sliced, fitted in grids and observed with a JEOL 1400Plus at 90 Kv. 
Fungal extracellular vesicles (EVs) were recovered according to Reis et al.[3], and 
prepared for TEM. The EVs were placed in Formvar-covered grids, fixed with the 
Karnowski solution for 10 minutes, and counterstained with 5% uranyl acetate for 2 
minutes. The EVs were observed with a JEOL 1400Plus at a 90 Kv acceleration. 
Microscopic analyses of all parameters described here revealed similar properties for wild 
type and mutant cells. However, additional experiments in our laboratory revealed that 
the mutants were less efficient producers of EVs and had reduced virulence in an 
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invertebrate model of infection. These results indicate that Nop16 participates in the 
physiology and virulence of C. gattii by still unknown mechanisms.  

 
Figure 1: C. gattii strains counterstained with India Ink. (A) R265, (B) nop16Δ.1 and (C) nop16Δ.2. Bars 25 μm. 
 

 
Figure 2: C. gattii cells observed by immunofluorescence. The cell wall was stained in blue, while chitooligomers 
appear as green structures. The capsule was stained in red. (A) R265, (B) nop16Δ.1 and (C) nop16Δ.2. Bars 10 μm. 
 

 
Figure 3: C. gattii strains observed by SEM. (A) R265, (B) nop16Δ.1 and (C) nop16Δ.2. 
 

 
Figure 4: Ultrastructure of C. gattii strains observed by TEM. (A) R265, (B) nop16Δ.1 and (C) nop16Δ.2. N: nucleus, 
MP: plasma membrane and V: vacuoles. Bars 500 nm. 
 

 
Figure 5: Extracellular vesicles produced by C. gattii and analyzed by TEM. Vesicles were highlighted by the red 
arrows. The vesicles were produced by strains (A) R265, (B) nop16Δ.1 and (C) nop16Δ.2. Bars 200 nm. 
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A quick search to the Electron Microscopy Database (www.emdataresource.org) shows 
that cryo-EM has become tremendously popular. There are several aspects that jointly 
contributed to what is today recognized as a resolution revolution in the field [1]. The 
vitrification process of EM samples [2] and technological developments such as the field 
emission gun [3], the automated electron microscope [4], and the direct electron detector 
[5] are turning points to the progress of cryo-EM. Software development for processing 
frozen hydrated images and 3D reconstruction is moving very rapidly [6, 7] and pipelines 
for automated pre-processing and on-the-fly monitoring of data collection are routinely 
used. Here we provide two examples on how electron cryo-microscopy is a powerful 
technique to obtain models at near-atomic resolution of filaments and icosahedral viruses. 
The first example is a pili on the surface of Sulfolobus islandicus, a polyextremophilic 
archaeon growing optimally at ~ 80°C and pH 3. By means of electron cryo-microscopy 
we determined the structure of these filaments at 4.1 Å resolution [8]. An atomic model 
was built by combining the electron density map with bioinformatics without previous 
knowledge of the pili sequence. The atomic structure of the pilus was unusual, with 
almost one-third of the residues being either threonine or serine, and with many 
hydrophobic surface residues. While the map showed extra density consistent with 
glycosylation for only three residues, mass measurements suggested extensive 
glycosylation [8]. We propose that this extensive glycosylation renders these filaments 
soluble and provides the remarkable structural stability. The second example is a 3.7 Å 
resolution structure of the Sulfolobus polyhedral virus 1 (SPV1), originally isolated from 
a hot acid spring in Beppu, Japan [9]. The circular dsDNA in SPV1 is fully covered with 
a viral protein forming a nucleoprotein filament with attractive interactions between 
layers. Most strikingly, we have been able to show that the DNA is in an A-form, as it is 
in the filamentous viruses infecting hyperthermophilic acidophiles [9]. Previous studies 
have suggested that DNA is in the B-form in bacteriophages, and our study is a direct 
visualization of the structure of DNA in an icosahedral virus. 
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Figure 1. A, Representative cryo-EM micrograph of the pili. Scale bar, 50 nm. B, Cryo-
EM reconstruction of the pilus at 4.1 Å with the fitted atomic model. C, Thin slices 
parallel (top) and perpendicular (bottom) to the helical axis of the pilus are shown. The 
tight packing of the all-α-helical core can be seen. 

 

Figure 2. A, Cryo-EM image of the SPV1, scale bar 50 nm. B, Overall cryo-EM density 
map of SPV1, rendered to display the outer capsid (left half) and a central slice showing 
the interior of the virus (right half).  
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The bacterium Xanthomonas citri is the causative agent of Citrus canker, a major disease 
that affects a variety of citrus plants, and makes great losses in the production of fruits 
and derivatives. We have previously shown that the infection of X. citri cells by the 
bacteriophage ΦXacm4-11 is dependent on its Type 4 Pilus (T4P) [1]. After establishing 
a purification protocol, we have also obtained negative stained electron microscopy 
images, allowing us to classify this phage as a podovirus. This allowed us to have access 
and to collect an initial cryo-electron microscopy (cryo-EM) dataset on the Titan Krios 
microscope at the LNNano, from which we initially obtained a preliminary icosahedral 
3D map of the capsid particle with resolution of approximately 5 Å. With improved phage 
samples, we subsequently prepared new grids and collected two more datasets, one in 
linear charge-integration mode and another in electron-counting mode, and have been 
able to improve the map to approximately 3.2 Å in resolution, where the features and the 
level of details were enhanced. This allowed us to build an initial model of the capsid 
asymmetric unit containing 7 copies each of the major capsid protein (MCP) and the 
decorating cement protein (CP). Overall, ΦXacm4-11 is an icosohedral T7-like phage 
with a capsid made of 60 asymmetric units and a total of 840 protein subunits. The same 
datasets were pooled and used for the asymmetric reconstruction of ΦXacm4-11, showing 
a defined density for its tail structure, as well as internal novel features. This processing 
strategy is still being improved using different approaches, but the results are very 
promising. Here, we present a summary of the results obtained so far in the structure 
determination of this T4P dependent bacteriophage. 

 

[1] Dunger et al., Molecular Plant-Microbe Interactions (2014) 1132. 
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(A) Slice cut of the asymmetrically reconstructed (C1) map of ΦXacm4-11 by cryo-EM. 
(B) Fourier Shell Correlation (FSC) curves for the symmetric reconstruction of the same 
phage. The curves represent the phase-randomised (red line), unmasked (green line) and 
mask-corrected (blue line) FSCs between two independently refined half-maps after post-
processing, and indicate the resolution achieved at 3.2Å. 
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Septins are GTP binding proteins considered as a novel component of the cytoskeleton. 
These proteins interact with each other to form filamentous heterocomplexes and high 
order structures which are important for cytokinesis and a variety of other cellular 
processes [1]. In order to form functional filaments, human septins must assemble into 
hetero-oligomeric rod-like particles which polymerize end-to-end. The oligomers 
themselves can vary in size and composition from species to species but always present 
a specific subunit arrangement. In humans, these can be either hexamers, composed of 
three distinct septins, or octamers, composed of four [2,3].  The rules governing the 
assembly of these particles and the subsequent filaments are incompletely understood. 
Although crystallographic approaches have been successful in studying the separate 
components of the system, there has been difficulty in obtaining high resolution structures 
of the full particle. We used single particle cryo-EM to obtain the structure of a hexameric 
rod composed of human septins 2, 6 and 7 with a global resolution of ~3.6Å. By fitting 
the high-resolution crystal structures of the component subunits into the cryo-EM map, 
we were able to provide an essentially complete model for this hexameric complex. This 
exposes SEPT2 NC-interfaces at the termini of the hexamer and leaves internal cavities 
between the SEPT6-SEPT7 pairs. The floor of the cavity is formed by the two α0 helices 
including their polybasic regions. These are locked into place between the two subunits 
by interactions made with the α5 and α6 helices of the neighbouring monomer together 
with its polyacidic region. The cavity may serve to provide space allowing the subunits 
to move with respect to one another. Additionally, the elongated particle shows a 
tendency to bend at its centre where two copies of SEPT7 form a homodimeric G-
interface. Such bending is almost certainly related to the ability of septin filaments to 
recognize and even induce membrane curvature. 
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Figure 1. The SPA cryo-EM of human septin hexameric complex. A) A representative 
cryo-EM micrograph of the SEPT2G-SEPT6-SEPT7 complex dataset. The scale bar 
represents 50 nm. B) Representative 2D class averages of septin complex particle images. 

 
 

 
Figure 2. A) Local resolution analysis performed in IMAGIC-4D and visualized in 
Chimera. Colour keys indicate the local resolution in Å. B) The atomic model of the septin 
hexameric complex (fitted and adjusted into the Cryo-EM map) in which the monomers 
are coloured individually and shown as ribbons. 
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Mayaro virus (MAYV) is an emerging arbovirus (arthropod-borne virus) present in Latin 
America that may cause a debilitating arthritogenic disease named Mayaro Fever. The 
biology of MAYV and its ability to cause disease are not fully understood and largely 
inferred from related arthritogenic alphaviruses. Importantly, there are no commercially-
available diagnostic tools, specific treatments or vaccines against Mayaro fever. Here we 
present the structure of MAYV at 4.4 Å resolution, obtained by single particle cryo 
electron microscopy (Cryo-EM) using the Titan Krios transmission electron microscope 
(ThermoFisher). Our samples were preparations of mature, infective virions propagated 
in Vero CCL81 cells, concentrated and purified by ultracentrifugation against a sucrose 
cushion followed by a Na/K tartrate discontinuous gradient. MAYV presents typical 
alphavirus features and organization. Interactions between viral proteins that lead to 
particle formation include those between the structured domains of capsid proteins (C), 
the anchorage of E2 into a cleft in C and interactions between histidine residues along the 
ectodomains of E1 and E2. We describe a hydrophobic pocket formed between E1 and 
E2 spike proteins and conformational epitopes specific of MAYV that may inspire the 
design of MAYV-specific antibody-based diagnostic tests. We also describe N-
glycosylated residues in MAYV E1 (N141) and E2 (N262) that were confirmed and 
characterized using mass spectrometry. While both N141 and N262 may affect MXRA8 
host receptor binding, we observed that N262 forms a molecular “handshake” between 
MAYV spikes, organized as N262 glycans reaching out to each other from adjacent E2 
proteins in separate spikes. The structure of MAYV is suggestive of structural and 
functional complexity among alphaviruses, which may be targeted for specificity or 
antiviral activity. 
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Figure 1. Overall structure of infectious MAYV determined by cryo-EM. (A) MAYV 
particle showing the external surface with assigned symmetry axes. The white dashed 
triangle indicates the icosahedral asymmetric unit. Polygons indicate the five-fold axis 
(pentagon), three and quasi three-fold axes (triangles), and two-fold axis (circle). MAYV 
density map is in surface representation and coloured by local resolution estimated using 
½-bit threshold criterion in Imagic-4D software system. Scale bar indicates the calculated 
local resolution. The local resolution values range from 3.7 to 7.8, with median of 4.2 (B) 
MAYV 3D atomic model fitted into the density map. For clarity, only backbone atoms are 
presented. The model shows coloured MAYV proteins. 5-3-2 symmetry axes and the 
asymmetric unit are the same as in (A).  (C) and (D) Central cross-section of the MAYV 
density map or atomic model, respectively. (E) Two rotated views of MAYV asymmetric 
unit formed by four E1-E2 heterodimers following icosahedral T = 4 triangulation. Three 
and quasi three-fold axes are indicated. 
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Bifidobacteria are among the first colonizers of the human gastrointestinal tract (GIT), 
being especially abundant in breast-feed infants [1]. Although the proportion of 
bifidobacteria decreases in adult GIT, their presence has been associated with a positive 
effect on human health, such as prevention of diarrhea, amelioration of lactose 
intolerance, or immunomodulation [2]. Therefore, bifidobacteria have been used as 
component of health-promoting foods. Bifidobacterium longum is a very well-adapted 
bacterium of the GIT, tolerant to gastric acid and firmly attached to intestinal cells through 
bacterial polysaccharides. Its genome sequence reflects the strong adaptation to the 
human GIT, with many predicted proteins for catabolism of oligosaccharides released 
from either plant polymers or host-derived glycoproteins and glycoconjugates [3]. In this 
context, B. longum has enzymes predicted for the breakdown of N-glycans, 
oligosaccharides present in glycoproteins that control multiple metabolic functions, such 
as adhesion and cell signaling. In this work, we investigate the molecular mechanisms of 
demannosylation of N-glycans by the commensal bacterium Bifidobacterium longum. 
Aiming this, we functionally characterized and elucidated the cryo-electron microscopy 
(Cryo-EM) structure of three key enzymes from this system, ManA, ManB and ManC, 
which trim α-mannosides from N-glycans. Biochemical assays showed that these 
enzymes exhibit distinct specificities having a cooperative role in the cleavage of α-
mannosyl residues. Cryo-EM structures at high-resolution revealed an oligomeric 
arrangement for the three enzymes and an active site populated with variable loops that 
define the substrate preference between these complementary mannosidases. Our data 
provide insights into the molecular mechanisms of GH38 α-mannosidases and contribute 
for the understanding on the bacterial-host interface between humans and bacteria from a 
genus of great importance to human health. 
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its adaptation to the human gastrointestinal tract,” Proc. Natl. Acad. Sci., vol. 99, no. 22, 
pp. 14422–14427, Oct. 2002. 
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Figure 1. Cryo-EM maps of ManA (blue), ManB (yellow) and ManC (purple) (upper 
panels) and representation of their respective active sites (bottom panels). Metal ions are 
represented by spheres, catalytic residues by sticks and the variable loops are highlighted 
in orange. 
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Puberty is an important stage of prostate development, having as one of its main events 
the beginning of secretory activity by specialized epithelial cells [1]. Among the secretion 
components, the high concentration of citrate ion stands out, suggesting a blockage of 
aconitase, the enzyme responsible for citrate conversion in the citric acid cycle [2, 3, 4]. 
It is known that during the first postnatal weeks the physiological states of the prostate 
are tightly regulated by androgens, with an expressive increase in testosterone 
concentration at puberty [1]. However, morphofunctional aspects of epithelial cell 
mitochondria in variable conditions of androgenic stimulation are poorly elucidated. 
Therefore, we aimed to verify the organization of the mitochondrial network of epithelial 
cells and mitochondrial oxygen consumption in ventral prostate (VP) biopsies of rats 
belonging to two groups in physiologically distinct phases from normal prostate 
development: pre pubertal and post pubertal; opposed to a third one induced to 
androgenic deprivation: post pubertal killed on day 3 after surgical castration. The 
experimental design, including sample size and procedures, were approved by the State 
University of Campinas Committee on the Use of Experimental Animals (CEUA), under 
protocols nº. 5146-1/2019 and nº 5383-1/2019. Airyscan microscopy images obtained 
after staining with MitoTracker Red CMXRos + HOECHST 33342 revealed a disparity 
in the distribution of mitochondrial content throughout the VP epithelial ducts (proximal, 
medial and distal regions, according to their position regarding the urethra) (Figure 1). 
The absence of androgenic stimulation seems to impact the mitochondrial network 
promoting the appearance of mitochondrial clusters, despite similar aggregates are also 
present in proximal regions of pre pubertal rats not subjected to castration. Results 
obtained by high-resolution respirometry [5] indicated an upward trend in the average 
respiratory rates in the post pubertal group when compared to the prepubertal animals: 
ADP (26%), oligomycin (20%) and FCCP (24%). Additionally, castration has contributed 
to a significant decrease in average respiratory rates: ADP (45%), oligomycin (47%) and 
FCCP (28%) (Figure 2). These observations suggest an association between androgenic 
stimulation and mitochondrial morphology and physiology in the rat VP, with androgenic 
deprivation impacting mitochondrial oxygen consumption and promoting morphological 
changes with the appearance of mitochondrial aggregates. 
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FIGURES 

 

Figure 1 - Disparity in the distribution of mitochondrial content along the VP epithelial ducts. 
Mitochondrial network in epithelial cells from different regions: proximal (left panels), intermediate 
(middle panels), and distal (right panels) of the VP in distinct phases: pre pubertal (Pre), post pubertal 
(Post), and day 3 after castration (Postcas). Mitochondrial network stained with MitoTracker Red (red) and 
HOECHST-stained nuclei (blue). Scale Bar: 40 μm. 
 



DOI: 
ISSN: 

49 

 
Figure 2 - Oxygen consumption by VP biopsies. Bar graphs showing respiratory in VP biopsies of pre 
pubertal (Pre), post pubertal (Post) and post pubertal killed on day 3 after castration (Postcas) rats. *p<0.05, 
**p<0,01,***p<0.001, when compared Post and Postcas (one-way ANOVA, post-hoc Sidak test). N=3-4. 
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Super-Resolution Structured Illumination Microscopy (SR-SIM) was applied in this work 
to analyze the effects of histone deacetylase inhibitors derived from the selective inhibitor 
of HDAC6 - Tubastatin A (TST), the compounds used were KV46, KV30 and KV24 [1,2] 
against T. gondii in vitro. T. gondii is a protozoan parasite that can cause hydrocephalus, 
uveitis, motor and neurological delay in newborns, and encephalitis in immune 
compromised individuals. The treatment is restricted to an association of pyrimethamine 
and sulfadiazine, which are related to side effects and appearance of allergy. The three 
compounds tested were active against T. gondii tachyzoites in human foreskin fibroblasts 
(HFF) infected for 48h and showed IC₅₀ in the nanomolar range. HFF were treated for 
24h with 1 µM of each compound. Afterwards, they were fixed with formaldehyde 4% 
and carried out for immunofluorescence. Cells were incubated with anti-SAG-1 (surface 
antigen) and anti-IMC (internal membrane complex) followed by incubation with 
secondary antibodies conjugated with Alexa 488 and 568, respectively, to elucidate the 
anti-proliferative effect of these inhibitors. Samples prepared for immunofluorescence 
were subjected to SR-SIM in an ELYRA PS.1 microscope (Carl Zeiss). Z-stacks of high-
resolution image frames were collected in 5 rotations by utilizing an alpha Plan-
Apochromat 63×/1.46 oil DIC objective. Images were reconstructed using a structured 
illumination algorithm in the ZEN software (Blackedition, 2012).  Treated cells showed 
formation of rounded masses of parasites with the impairment of the budding of daughter 
cells (Figure 1, arrowheads). The interruption of the cell division process and consequent 
individualization of new daughter cells are important events in the analysis of new 
antiparasitic compounds. The results indicate SR-SIM as a powerful tool to analyze the 
effect of anti-protozoan drugs. 
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Figure 1- Super-Resolution Structured Illumination Microscopy (SR-SIM). Visualization 
of the maximum intensity projection (MIP) by the SR-SIM of HFF cells treated with 1μM 
TST, KV46, KV30 or KV24, for 24h. The coverslips were sealed with ProLong™ Gold 
Antifade Mountant that forms a near-perfect optical path (1.47 RI), at room temperature. 
The formation of masses of damaged parasites, which did not complete the budding 
process can be clearly observed (white arrowheads). Anti-SAG-1 (surface antigen - green 
- Alexa 488) and anti-IMC (internal membrane complex - red - Alexa 568) Scale bar = 
0,5μm.  
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The parasitology of different groups of animals has a biological strand of great interest, 
which is a parasite-host relationship [1]. The ultrastructural study of leukocytes that are 
targets of protozoa of the phylum Apicomplexa, as Saurocytozoon mabuyi and Garnia 
morula, is of fundamental importance to clarify basic aspects of the structure of these host 
cells [2]. In order to know the ultrastructure of leukocytes of the lizard Mabuya 
nigropunctata, 10 animals were captured in the Bragantina region of the Pará State, North 
Brazil (License MMA SISBIO N०.12420-2). Blood samples were obtained by 
punctured in the caudal vein of the lizards after anesthesia, posteriorly stained with 
Giemsa and analyzed by light microscopy. The blood samples were posteriorly 
processed for transmission electron microscope (TEM). By light microscopy and 
TEM, monocytes, lymphocytes, thrombocytes, four types of granulocytes (I, II, III 
and IV) and neutrophil-like cells (NLc) were identified. The monocytes exhibit a 
large, rounded or reniform nucleus, peripheral heterochromatin and an abundance 
of euchromatin. Furthermore, vacuoles, Golgi complex (GC), several mitochondria 
(MIT) and poorly developed endoplasmic reticulum (ER) were observed in the 
cytoplasm. The lymphocyte showed a typical centralized nucleus with 
heterochromatin distributed on its periphery with the presence of abundant 
euchromatin in the central region, which was eventually filled by a scarce 
heterochromatin. The cytoplasm was homogeneous and sparse with a poorly 
developed ER and some vacuoles. The thrombocyte presented a central nucleus with 
peripheral and abundant heterochromatin, oval/elongated shape, limited 
cytoplasm with some organelles (MIT, ER, vacuoles and cisterns similar to those of 
ER and GC). Type I granulocytes presented eccentric and small nuclei, cytoplasm 
with granules of varied shapes and electron density. Type II granulocytes presented 
bi-lobulated and eccentric nuclei, cytoplasm containing granules with varied shapes 
and electron density, well-developed ER and a significant amount of MIT. Type III 
granulocytes had peripheral nuclei with cytoplasmic granules heterogeneous in  
shapes and electron density. Type IV granulocytes had a peripheral nucleus with a 
cytoplasm similar to the "blackberry" aspect, conferred by large granules and  
intense electron density. Some profiles of these granules demonstrated the presence 
of central electron lucent areas. NLc presents a lobulated nucleus, cytoplasm with 
heterogeneous granules and varied electron density, presence of MIT and a well-
developed ER. These findings may contribute to our understanding of the leukocytes of 
M. nigropunctata and further studies with parasitized cells. 
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Fig. 1: Electron micrograph of leukocytes from the lizard Mabuya nigropunctata. A: 
Monocytes with nucleus (N) rounded shape to the amoeboid; mitochondria (M) and Golgi 
complex (G); B: Lymphocyte. Note nucleus (N) round in shape to the amoeboid; 
endoplasmic reticulum (R); C: Thrombocytes showing nucleus (N) in an amoeboid shape 
with possible central ivagination, mitochondria (M), vacuole (V) and cisterns similar to 
those of endoplasmic reticulum and Golgi complex (Arrow); D: Neutrophil-like cell 
showing the peripheral nucleus (N) in bi-lobulated format, mitochondria (M), electron-
dense granules (arrow). The endoplasmic reticulum is well developed (R); E: 
Granulocytes T1 showing the nucleus (N) in an elliptical shape with an irregular contour. 
The cytoplasm contains several granules: electron dense granules (arrow), granules 
(arrowhead), mitochondria (M) and endoplasmic reticulum (ER); F: Granulocytes T2, the 
nucleus (N) appears in two profiles, nucleolar center (Nu), mitochondria (M), ovoid 
granules (arrows). The endoplasmic reticulum is well developing (ER); G: Granulocytes 
T3 demonstrating the eccentric nucleus (N) with ovoid shape and irregular contours, 
abundant cytoplasm containing mitochondria (M), Golgi complex (G) endoplasmic 
reticulum (arrowhead) and heterogeneous electron-dense granules (arrow); H: 
Granulocytes T4 demonstrating the eccentric (N) nucleus, mitochondria (M), electron 
dense granules (G) and granules with electron lucent profiles (arrow). Scale Bar = 500 
nm. 
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The coronaviruses (CoVs) called the attention of the world for causing outbreaks of 
severe acute respiratory syndrome (SARS-CoV), in Asia in 2002-03, and respiratory 
disease in the Middle East (MERS-CoV), in 2012. In December 2019, yet again a new 
coronavirus (SARS-CoV-2) first identified in Wuhan, China, was associated with a 
severe respiratory infection, known today as COVID-19. This new virus quickly spread 
throughout China and 30 additional countries. As result, the World Health Organization 
(WHO) elevated the status of the COVID-19 outbreak from emergency of international 
concern to pandemic on March 11, 2020. The impact of COVID-19 on public health and 
economy fueled a worldwide race to approve therapeutic and prophylactic agents, but so 
far, there are no specific antiviral drugs or vaccines available. In current scenario, the 
development of in vitro systems for viral mass production and for testing antiviral and 
vaccine candidates proves to be an urgent matter. The objective of this work is study the 
biology of SARS-CoV-2 in Vero-E6 cells at the ultrastructural level. In this study, we 
documented, by scanning and transmission electron microscopies and real-time reverse 
transcription polymerase chain reaction (RT-PCR), the infection of Vero-E6 cells with 
SARS-CoV-2 samples isolated from Brazilian patients. The infected cells presented 
cytopathic effects and SARS-CoV-2 particles were observed attached to the cell surface 
and inside cytoplasmic vesicles. The entry of the virus into cells occurred through the 
endocytic pathway or by fusion of the viral envelope with the cell membrane. Assembled 
nucleocapsids were verified inside rough endoplasmic reticulum cisterns (RER). Viral 
maturation seemed to occur by budding of viral particles from the RER into smooth 
membrane vesicles (Figure 1). The RT-PCR assay demonstrated an increase in the 
amount of SARS-CoV-2 RNA copies in the supernatant at least two log10 steps within 72 
hours post-infection (Table), suggesting production of viral progeny. Therefore, the 
susceptibility of Vero-E6 cells to SARS-CoV-2 infection and the viral pathway inside the 
cells were demonstrated by ultrastructural analysis [1]. 
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Figure 1: Vero-E6 cell, 72 hours post-infection with SARS-CoV-2, presenting numerous filopodia (head 

arrow) [A]. Virus particles attached to cell filopodia [B], in cytoplasmic membrane [C], inside rough 

endoplasmic reticulum cistern with thickened ribosomes [D] and inside smooth vesicles (asterisk) at the 

periphery of the cell and with your membrane fused with membrane cell were observed [E]. Virus particles 

presenting spherical morphology, displaying spikes, and a diameter between 80 and 100nm [F]. Cell (C), 

Cell cytoplasm (CC), nucleus (N), SARS-CoV-2 particles (arrow). 
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TABLE 

Virus RNA quantification (copies/mL) 
Virus Isolate 1 hpi (inoculum) 72 hpi (virus growth) 
EPI_ISL_415105 1,2 x 10e4 1,3 x10e7 

EPI_ISL_414045 1,3 x10e5 1,4 x10e7 

EPI_ISL_427294 4,7 x10e3 1,6 x10e7 

hpi: hours post infection 
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Eosinophils are multifunctional cells from the immune system with activities associated 
with the secretion of products stored in their cytoplasmic granules. One of the main 
mechanisms by which this secretion occurs is based on a cell death process, classically 
named cytolysis [1], which involves plasma membrane rupture with extracellular 
deposition of intact and functional free eosinophil granules (FEGs) [2]. This process can 
also generate DNA extracellular traps (ETs), released through ETosis (extracellular DNA 
trap cell death), a more recently described cytolytic cell death mechanism where there is 
deposition of decondensed chromatin together with FEGs, in the extracellular matrix [3]. 
Many questions regarding the ultrastructure of classic cytolysis and mainly ETosis, 
remain open. This study aimed to investigate, in situ, the ultrastructural characteristics of 
eosinophils undergoing cytolysis during human eosinophilic inflammatory diseases. For 
this, we applied transmission electron microscopy (TEM), the only technique that allows 
distinguishing the eosinophil degranulation mechanisms and its subcellular 
characteristics, to biopsies of patients diagnosed with eosinophilic chronic rhinosinusitis 
and ulcerative colitis. Our quantitative analyses showed that cytolysis is one of the most 
frequent secretory mechanisms of eosinophils in the studied diseases and that ETosis 
(nuclear delobulation, chromatin decondensation, expansion and release) represents a 
significant portion of these cytolitic eosinophils (~43%). We also identified, for the first 
time, changes in the nuclear envelope (NE), represented by dilation of the perinuclear 
space and formation of vesicles derived from the NE. Our analyses showed that the 
process of ETosis leads not only to the deposition of FEGs, but also to the release of 
typical vesiculotubular carriers termed Eosinophil Sombrero Vesicles (EoSVs). Free 
EoSVs were associated with FEGs, inflammatory cells and ETs. EoSVs remain intact 
after the cytolytic death of human eosinophils with potential functional implications in 
situ. Our results highlight the mechanisms of cytolytic cell death as an important 
eosinophil secretory process in eosinophilic diseases and identify other pathways 
potentially participating in the propagation of the eosinophil response after cell death.  
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Ultrastructural features of eosinophil ETosis observed by TEM during eosinophilic 
diseases. (A) Nucleus (Nu) of an eosinophil in the process of conventional cytolysis. Note a 
very condensed chromatin and a preserved nuclear envelope. (B and C) Nuclear (Nu) 
changes of eosinophils in process of ETosis. In (B), note a highly decondensed chromatin 
(typical of ETosis) with preserved nuclear envelope. In (C), note extracellular deposit of 
decondensed chromatin as extracellular DNA traps, with absent nuclear envelope. Free 
granules (Gr) are observed. (D and E) Quantitative analyses of conventional cytolysis and 
ETosis. (F) An eosinophil undergoing ETosis shows expanded and released chromatin, 
(colored in purple) free granules (Gr) and free EoSVs (pink). (Fi) Higher magnification of 
an EoSV (arrowhead) associated with the extracellular chromatin and granules (Gr).  
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The phylum Apicomplexa consists of many species of obligate intracellular parasitic 
protozoa, such as Plasmodium spp and Eimeria spp, which are known to cause important 
diseases that affect humans and animals, respectively. The genus Cyrilia has received 
attention due to the description of Cyrilia sp. infection in fishes found in the Amazon 
region such as Potamotrygon wallacei (cururu stingray), where it acts in the control of 
the invertebrate population as well as a bioindicator [1]. Lainson [2] described Cyrilia 
lignieresi parasitizing the red blood cells of the fish Synbranchus marmoratus from Para 
State, North of Brazil, transmitted by its definitive host, the leech Haementeria lutzi. In a 
previous work, our group analyzed the structure of C. lignieresi trophozoites by 
transmission electron microscopy [3], revealing fine details of the intracellular 
organization of the trophozoite stage. In this work, we analyzed structures involved in 
host-parasite interaction by transmission electron microscopy tomographic techniques 
(TEM/STEM tomography) and FIB-SEM tomography (slice and view technique) of C. 
lignieresi-infected red blood cells. Results showed that macrogametocyte stage parasites 
induce the formation of an exomembrane system within the parasitized erythrocyte, with 
two types of structures: a tubovesicular network and cleft-like profiles. The tubovesicular 
network has a vesicular and tubular morphology, frequently observed in areas close to the 
parasitophorous vacuole. In contrast, the cleft-like structures are distinguished as small 
flattened membranes that are dispersed throughout the host cell cytoplasm. Altogether, 
results provide new insights on the mechanisms underlying the host cell interaction 
between Cyrilia lignieresi-infected red blood cells and further studies are underway. 
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Figura 1: Membranous structures are observed in the cytoplasm of erythrocytes infected 
with C. lignieresi. Images of ultrathin sections obtained by TEM revealed flat membrane 
profiles (A and D, arrows, B) and circular membrane structures with a particulate material 
(A and D, arrows, C). Scale bar: 500 nm. 
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As many protozoa, T. cruzi has a contractile vacuole complex (CVC) which arrest the 
excess of cytosolic water and release it outside of the cell, in a phenomenon called 
regulatory volume decrease [1]. The CVC in T. cruzi is formed by the central vacuole 
(CV) surrounded by the spongiome, a highly organized and dynamic network of 
interconnected tubules and vacuoles [2]. In order to investigate the structural changes that 
take place in the CVC during water uptake and discharge, we used 3D electron 
microscopy to compare wild type (WT) and mutant epimastigotes which have shown 
different responses to hypoosmotic stress: (1) super-efficient mutants overexpressing 
TcVps34, (2) low-efficient mutants overexpressing TcrPDEC2 and (3) knockout parasites 
for a mechanosensitive channel (TcMscS). Samples were submitted to high-pressure 
freezing, followed by freeze substitution and imaged by electron tomography and FIB-
SEM tomography. The data set was submitted to morphological and morphometric 
analyses. Results showed fragmented CVCs in TcrPDEC2 low-efficient mutants, when 
compared to CVCs of WT cells (Fig. 1). On the other hand, the TcVps34 super-efficient 
mutant showed very interconnect CVCs with a higher capacity to capture and larger 
volume of water during CVC pulsation (Fig. 1). The PDEC2 is known to be involved in 
vesicle trafficking and fusion in different organisms, which justify the different efficiency 
of TcrPDEC2 and TcVps34 mutants [3].  These results demonstrate the importance of the 
fusion events between spongiome elements and between them with the CVC for cell 
volume homeostasis. Our data also showed for the first-time ~20 nm to 200 nm-opening 
fusion pores between the CV and flagellar pocket membrane through the adhesion plaque 
in WT and TcrPDEC2 cells (Fig. 2). To elucidate the discharge mechanism in T. cruzi we 
evaluate the potential participation of the mechanosensitive channel (MSC) TcMscS in 
knockout mutants under hypoosmotic stress. We observed fusion pores in WT and mutant 
groups (Fig. 3), but with more frequency in WT cells. As the TcMscS is localized to the 
CVC membrane, we hypothesize that it may play a role in transport of ions and small 
osmolytes which mediates regulatory volume responses and/or in the activation 
downstream signaling cascades involved in events such as the fluid discharge [4]. 
Altogether, the results showed evidence of the crucial role of the membrane fusion events 
for osmoregulation in T. cruzi, being important both in uptake and discharge movements 
of the CVC in epimastigotes. This research was supported by CNPq, CAPES, FAPERJ, 
and FINEP. 
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Figure 1. Three-dimensional models of CVC during pulsation cycle. (A - F) 3D models of CVC 
in overexpressing-TcrPDEC2 mutant, wild type, and overexpressing-TcVps34 mutant at systole 
and diastole, respectively. The arrowhead points the connections between spongiome with the 
central vacuole. (G) Quantification of total volume of CVC comparing systole and diastole stages 
in the different cell groups. Data values are represented by mean ± SEM. One-way ANOVA test 
applied. * p ≤ 0.02. CV - central vacuole, Sp - spongiome.  
 

 
Figure 2. Fusion pores between the central vacuole and the flagellar pocket observed by electron 
tomography. (A) Pore observed in WT cell. Notice the electrondensity of the adhesion plaque 
around it. (B) and (C) Pores of ~20 nm and ~100 nm observed in TcrPDEC2 mutants. (D) and 
(E) 3D model of (B) and (C) respectively. CV - central vacuole, Sp – spongiome, FP – flagellar 
pocket, F – flagellum. Scale bar = 100 nm. 
 

 
Figure 3. Fusion pores observed in cells under hypoosmotic stress. (A, B) wild type cells showing 
pores of ~50 nm and ~100 nm, respectively. (C) Large pore of ~180 nm observed in TcMscS KO. 
CV - central vacuole, FP – flagellar pocket, F – flagellum. Scale bar = 100 nm. 

 F 
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Mayaro virus (MAYV) is an emerging single-stranded RNA alphavirus in Central and 
South America [1]. In Brazil, first MAYV cases were reported in Amazon region. From 
there MAYV infections have increased and expanded towards urban areas, with identified 
cases in Central and Southeast regions [2,3]. By using Cryo-Electron Microscopy (Cryo-
EM) and Single Particle Analysis (SPA), we determined the 4.4 Å resolution structure of 
the mature and infective MAYV produced at LNBio/CNPEM. MAYV micrographs in 
movie-stacks were collected on a 300 kV Titan Krios (LNNano/CNPEM) and the SPA of 
the Cryo-EM data was performed using the Imagic-4d software system [4,5]. As a pre-
processing step, we performed a posteriori data normalization and magnification 
anisotropy correction, since we found an anisotropic magnification difference of around 
1.5 %. Then, we performed a contrast transfer function correction by phase-flipping each 
micrograph. To extract MAYV particles from micrographs, we first picked the particles 
using rotationally averaged reference particles from the dataset and extracted them with 
a 800 x 800 box size from the 4096 x 4096 pixel original micrographs to retrieve full 
dataset information. Next, we aligned the boxed particles and summed each movie stack. 
To obtain an initial MAYV 3D structure from 2D particles images we determined their 
relative Euler-angle orientations assuming icosahedral symmetry and starting from 
random assigned angles. Iterative cycles of angular reconstitution and rotational and 
translational alignments using reprojections from 3D reconstructions were repeated until 
3D resolution convergence was achieved. For the final 3D reconstruction, we used the 
best 40,179 particles selected by the error associated to the angular reconstitution and to 
better delineate the Cryo-EM map, we applied a band-pass filter using a normalized 
amplitude spectrum filter (Figure 1). The final Cryo-EM map was used to fit an initial 
MAYV 3D atomic model obtained from the homology modelling of MAYV asymmetric 
unit. To refine the 3D model, we carried out real space refinement cycles with Phenix 
software suite [6], which include rigid and flexible fitting, as well as global minimization 
and simulated annealing. From our refined MAYV 3D model we extracted structural 
information that reveals novel features of arthritogenic alphaviruses [7]. The overall 
organization of MAYV E1, E2 and capsid proteins are quite similar to other described 
alphaviruses, but our Cryo-EM map allowed the identification of important protein-
protein contacts, mainly involving histidine residues, that can play a key role in MAYV 
assembly/disassembly. At E1 and E2 ectodomains, we mapped and compared MAYV 
and CHIKV (Chikungunya virus) residues that are involved in antibody binding and that 
can be determinant for serological cross-reactivity. In addition, we observed two N-
glycosylation sites at MAYV ectodomains. One of those glycans are close to human 
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receptor binding site and shows a structural pattern that seems to connect the spikes. 
Between E1 and E2 proteins, close to the lipid bilayer, we found a hydrophobic pocket 
occupied by an extra density, which cannot be explained by side-chain residues. This 
pocket may be a putative target of rational drug design. We also described capsid-capsid 
contacts with MAYV structure that seem to be mainly driven by electrostatic interactions 
and that may be important for understanding the capsid self-assembly process.  
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Figure 1. MAYV Cryo-EM map showing structural proteins and N-glycosylation sites 
with a cutaway in one quadrant to highlight transmembrane and capsid organization. Each 
color corresponds to a structural protein or glycans.  
 
 
  



DOI: 
ISSN: 

66 

A Simple and Straightforward Method for Making Holey 
Carbon Grids 

 
Ingrid Augusto¹ e Kildare Miranda¹,²* 

 
¹Laboratório de Ultraestrutura Celular Hertha Meyer, Instituto de Biofísica Carlos 
Chagas Filho, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brasil. 
² Centro Nacional de Biologia Estrutural e Bioimagem (CENABIO), Universidade 
Federal do Rio de Janeiro, Rio de Janeiro, Brasil. 
*kildare.miranda@gmail.com 
 
 
The electron microscopy field require high investments in all its steps, from sample 
preparation to imaging as well as along post-processing. Finding and sharing strategies 
to minimize its cost, without affecting the quality and accuracy of the analyses is 
important to increase the accessibility and expansion of electron microscopy techniques 
between research groups. One of the supplies used in electron microscopy are the grids 
covered by non-continuous (holey) support films. Employed in methodologies as 
negative staining and cryo-EM, coated grids by formvar and/or carbon support films are 
usually commercialized at expensive prices. Holey carbon films are useful to reduce the 
background noise allowing the samples to be imaged suspended alone (or in vitreous ice) 
across the holes [1]. In this work, we describe a method for making holey carbon grids 
(Fig. 1) using a protocol easily accessible to most labs [2]. First, add 10 drops of glycerol 
50% in 50 ml of 0.5% formvar. Sonicate the mix inside a beaker at full power. After 
observing the formation of bubbles, dip a previously cleaned glass slide into the liquid 
keeping it for 1-3 minutes while sonicating or dip it immediately after the sonication for 
smallest and more distributed holes. Drain on tissue. The hole size and density can be 
evaluated by phase contrast or stereo microscopy. (Fig. 2A, D). If not right, adjust the 
time of sonication procedure. Remove the formvar film by slowly dipping the slide at 45° 
angle into a container with distilled water. Observe while the colored film lifts off the 
slide and float at water surface. Drop grids onto the film and collect it with filter paper. 
After the filter paper dry, soak it with methanol for 30 minutes in a petri dish to remove 
glycerol. Then, coat the grids with a thick carbon layer. To remove the formvar, load the 
grids on a soaked fresh filter paper in chloroform inside a closed petri dish. The holes 
density and size observed in the final grids varied according with the sonication time, 
allowing to adjust it according with the sample to be analyzed. Slides immersed for long 
sonication period produced meshes with high density and large holes (Fig 2). The grids 
holes size range is from 0.5 to 10 µm.  
 
 
REFERERENCES 
[1] M.J. Dobro et. al., Plunge freezing for electron cryomicroscopy, Methods Enzymol 

(2010) 63-66.  
[2] University of Cape Town, Electron Microscope Unit. Method for making holey grids. 

http://www.emu.uct.ac.za/method-making-holey-grids. Accessed 18 May 2021. 
 
 
ACKNOWLEDGEMENT 
This research was supported by CNPq (Brazil), CAPES, FAPERJ and FINEP. 



DOI: 
ISSN: 

67 

 
Figure 1. Workflow for holey carbon grid preparation. (A) The glass slide plunged in the mixture 
of 0.5% formvar with 10 drops of 50% glycerol during sonication. (B) The film adhered to the 
glass slide. Observe the marks of the formed holes. (C) Removing the film from the slide using 
distilled water. (D) Loading the copper grids onto the film and (E) collecting it using a filter paper. 
(F) After the filter paper dried, it was soaked with methanol for 30 minutes in a closed petri dish. 
(G) The grids are covered with a thick carbon layer and (H) placed on a fresh filter paper soaked 
in chloroform.   
 

 
Figure 2. Images from the glass slides and grids produced. It shows two conditions of grids 
production: i) the glass slide was immersed immediately after the sonication time ended (A – C) 
and ii) the glass slide was kept immersed during the sonication (D – F). Note the differences in 
the concentration of the holes in the films, whereas the film formed during the sonication show a 
high density and more large holes. (A, D) Stereo images from the film adhered to the slide. (B, 
E) Stereo images from the grids before the carbon coat. (C, F) Transmission electron microscope 
images from the final grids. Scale bar = 20 µm.  
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Scanning electron microscopy (SEM) is widely used to study parasitic protists, e.g., 
Trichomonas vaginalis (Tv), Leishmania infantum (Li) and Trypanosoma cruzi (Tc) that 
cause human trichomoniasis, visceral leishmaniasis and Chagas disease, respectively [1]. 
Drying is a critical stage for SEM sample preparation. Most current protocols use critical-
point drying (CPD) with liquid carbon dioxide; however, this method requires an 
expensive equipment with high maintenance cost, which can be impractical for small 
laboratories on an individual scale. In addition to longer preparation time, CPD is not a 
glitch-free method; a minor change in the parameters may lead to membrane damage, 
resulting in substantial and irreversible deformation of fragile and sensitive cell surface 
structures [2]. An alternative, low-cost method for drying biological samples is the use of 
chemicals such as hexamethyldisilazane (HMDS). HMDS has been used to prepare 
bacteria, plants, insects, and mammal tissues samples for SEM, achieving similar or even 
better results to those obtained via CPD [2, 3]. The combined properties of low surface 
tension and protein cross-linking potential are likely to be important factors in the 
suitability of HMDS as a drying agent for biological specimens, reducing the damage on 
the surface structures [4]. HMDS is also miscible with acetone and ethanol, increasing its 
usefulness for drying most of specimens [5]. However, there are few reports on the use 
of HMDS for preparing parasitic protists for SEM. Here, we described an easy and faster 
protocol for drying samples of Tv, Li promastigotes and Tc trypomastigotes for SEM 
using HMDS and compared this chemical procedure with the CPD-dried samples. 
Parasites were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 2, post-fixed 
for 15 min in 1% OsO4 and dehydrated in ethanol series (7.5%, 15%, 30%, 50 %, 70%, 
90%, and three times in absolute alcohol for 10 minutes each). For the chemical drying, 
after dehydration the samples were incubated in HMDS: ethanol 1:2, 1:1 and 2:1 mixtures 
(final volume 500 µL) for 10 min each, immersed once in 100% HMDS (final volume 
300 μL) for 30 seconds, blotted dry on filter paper and air dried for 30 min. Alternatively, 
an aliquot of each sample was dried using CPD, as previously described [6]. Both HMDS 
and CPD dried samples were coated with gold–palladium to a thickness of 15 nm and 
then observed with a SEM operating at 15 kV. Our results showed that: (a) for Tv samples, 
in contrast to the CPD-dried parasites (Fig. 1a), we found thin protrusions, similar to 
cytonemes, on the cell surface of many HMDS-treated parasites (Figs. 1b-c). Because 
both CPD and HMDS Tv samples were obtained from the same culture tube, this finding 
suggests that protrusions could be fragile structures to CPD procedure. (b) For Li and Tc 
samples, CPD- and HMDS-dried parasites showed similar results about the quality of cell 
morphology preservation (Figs. 1d-i). These results indicate that HMDS is a time-saving 
and inexpensive alternative to CPD for preparing parasitic protists specimens, providing 
better surface preservation for Tv samples, at least [7]. 
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Figure 1. Comparison of the images of Trichomonas vaginalis (a-c), Leishmania infantum 
promastigotes (d-f) and Trypanosoma cruzi trypomastigotes (g-i) obtained after the CPD 
(first column) and HMDS (second and third columns) procedures. Note the presence of 
many protrusions (arrowheads), similar to cytonemes, in T. vaginalis after HMDS 
treatment (b-c). Similar results are observed for L. infantum (d-f) and T. cruzi (g-i) after 
CPD and HMDS methods. F, flagella. Bars.: a, b, g, 2 µm; c, d, e, f, h, i, 1µm; f, 500nm. 
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High content image-based assays have emerged as a powerful tool for the 
biological evaluation of potentially therapeutic compounds. This technique is based on 
an automated fluorescent microscopy system that allows acquiring quickly and 
sequentially live or fixed cell images [1]. These assays require seeding of cells in 
multiwell plates, addition of compounds, and labeling with multiple fluorescent dyes. 
Following image acquisition, the information is extracted via a software that detects and 
quantifies the emitted signals (Fig. 1). Employing robotic arms, automated liquid 
handlers, and plate reading devices, high content image-based assays are designed for 
large-scale screening used for the analysis of pharmacological compound libraries and 
the identification of targets [2]. Morphological and functional parameters can also be 
evaluated qualitatively and quantitatively to characterize cell phenotypes and their 
subsequent alterations after exposure to multiple drugs [3]. Using high content analysis, 
we analyzed the effects of metronidazole and albendazole, drugs used on the treat of 
intestinal infection, on intestinal cell lines. Decrease of cell area and shape; alterations on 
nuclear size and micronuclei formation were observed after treatment (Fig. 2). Data 
obtained using high content analysis are important for understanding the mechanism of 
drug action against infectious diseases. High-content imagers are suitable instrumentation 
platforms for many applications by providing high-throughput multi-wavelength image 
acquisition at single-cell resolution, coupled with fast image analysis software, thus 
enabling collection of multiple end-point data in a single study.  
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Figure 1: The image analysis program is shown and the user interface following completion of 
analysis can be observed.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Nuclear channel image of intestinal epithelial cells (IEC-6) stained with Hoechst 33342. 
(a) Analysis overlays show cell nuclei (blue line), cytoplasm boundary (green line) on control 
culture. (b) Analysis overlays show micronuclei boundary (yellow line) on cells treated with 
albendazole.  
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Thiocarbohydrazide (TCH) is a mordant that has an affinity for osmium tetroxide and 
proteinaceous structures. In preparation for electron microscopy, it has been shown that 
the use of TCH between osmium tetroxide incubations (OTO) can increase contrast and 
preservation of membrane and lipid structures as well as increase contrast of DAB 
reaction product of HRP cytochemistry [1, 2].  With the significant advances that have 
occurred in high-resolution scanning electron microscopy (SEM), especially related to 
methodologies that allow the observation of intracellular structures, that are exposed by 
successive abrasion with a gallium ion beam as in FIB-SEM, the search for better pre-
embedding contrasting methods has regained attention. Here, we report our observations 
on the use of OTO staining with classical cytochemical methods to facilitate the 3D 
reconstruction of labeled structures and organelles. We used epimastigotes of 
Trypanosoma cruzi, whose endocytic pathway was labeled with horseradish peroxidase, 
followed by fixation and detection of the peroxidase activity using the classical 
diaminobenzidine-osmium method followed by incubation with TCH, which increases 
the concentration of osmium at the sites where the enzyme is located as well as the 
contrast of lipid-containing structures. This procedure allowed not only a better 
visualization of membranous structures and lipid inclusions but could also easily identify 
the endocytic tracer (HRP) inside the cell by FIB-SEM. All structures involved in the 
endocytic activity could be traced and reconstructed. Moreover, OTO staining increased 
the contrast of cytoskeletal structures, also favoring its 3D reconstruction. By this means, 
OTO staining has been proving to be an old but very efficient method to increase the 
overall contrast of biological samples, especially those designed for FIB-SEM and 
electron tomography.   
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Figure legend) Tridimensional reconstruction of reservosomes after DAB-cytochemistry. 
A, C. Orthoslice (A) and single Z image (C) view of a FIB-SEM series of epimastigotes 
submitted to HRP endocytosis and DAB-cytochemistry, showing reservosomes with a 
dark lumen and electron lucent lipid inclusions (asterisk in C). B, D. The big difference 
in contrast of cellular structures allows 3D reconstruction software to build automatic 3D 
models more accurately. B. The Voltex algorithm of Amira software (Fei Company), 
allowed reconstruction of the volume where it is clear the observation of reservosomes 
and its lipid inclusions, as well as subpellicular microtubules (arrows, SPMT) below 
plasma membrane. D. Isosurface rendering algorithm used in 3dmod (University of 
Colorado) shows automatic reconstruction of reservosomes (highlighted in C) and lipid 
inclusions inside (asterisk). Bars: C – 500 nm, D – 200 nm 
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Electron microscopy is a technique used for obtaining images of biological and non-
biological samples with high resolution. Electron microscopy, permit us to detail 
structures of cell and tissues [1]. However, several events may be missed if conventional 
studies are not complemented with details concerning the subcellular localization of 
substances, as proteins, e.g. So, electron microscopy is used in association with various 
auxiliary techniques as immunolabeling. Immunoelectron microscopy is one of the best 
methods for detecting and localizing proteins in cells and tissues. This technique principle 
is the use of antibodies to detect the intracellular location of proteins. Ultrathin sections 
are labeled with antibodies against a particular antigen and labeled with gold particles in 
a second step. Usually, we use hydrophilic resin to do this procedure because it allows 
antibody access to the required antigen [2]. In the present work, we used epoxy resin, 
which is hydrophobic and does not allow the formation of the complex antibody-antigen. 
To permeabilize the epoxy resin, we used commercial hydrogen peroxide (H2O2) in a 
concentration of 10 volumes for 10 minutes obtaining the results shown in figures A e B. 
This method proved effective in samples of contaminated tissues by SarsCov2 and other 
cells, as Benchimol and colleagues showed in the Golgi complex of Tritrichomonas 
foetus [3].  

Protocol: T. foetus cells were fixed overnight in 2·5% glutaraldehyde in 0·1 M cacodylate 
buffer, pH 7·2, and dehydrated in ethanol. Covid19 infected tissues were fixed for 2 hours 
in 2·5% glutaraldehyde in 0·1 M cacodylate buffer, pH 7·2, and dehydrated in acetone. 
Whole cells, Golgi fractions, and infected tissues were embedded in Epon. Gold sections 
were obtained and collected in nickel grids. For immunolabelling, thin sections were 
quenched in 50 mM NH4Cl for 30 min and incubated with mAb anti-Golgi 20.3. After 
several washes in PBS-1% BSA, the sections were incubated with 10 nm gold-labeled 
goat anti-mouse IgG (BB International, UK). Finally, the samples were washed and 
observed with an electron microscope. 

This process is cheaper than using hydrophilic resign. In addition, if the sample is a rare 
material or has a small volume, it is essential to prioritize the standard procedure. The 
described method makes it possible to explore those Epon included samples for 
immunolabeling and saving time.  
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The introduction of High and Ultra High Resolution scanning electron microscopes in life 
sciences laboratories stimulated the development of new techniques that allow, in 
addition to the  observation of the cell surface,  also the intracellular environment. In this 
new resolution level, intracellular structures associated or not with organelles become 
visible. In this work, we rescued the method described by Fukudome and Tanaka [1] to 
analyze different types of biological materials, such as tissues and protist parasites. The 
main steps of the method include: Fixation in 2.5% of glutaraldehyde, post-fixation in 1% 
OsO4, incorporation into a chitosan/gelatin mixture in 1:1 ratio, refixation  in 2.5% 
glutaraldehyde, infiltration with DMSO 25% for 30 minutes and 50% for 30 minutes for 
cryoprotection, pre-freezing in Freon 22, freezing in liquid nitrogen, fracture with a frozen 
razor blade, cryoprotection removal in a water bath at room temperature. Some samples 
were also macerated in OsO4 (0.1%) for 96 hours before dehydration. Next, samples were 
dried by CO2 critical point method, received conductive coating for observation in an 
AURIGA40 Scanning Electron Microscope (Thermo-Fisher) or were observed uncoated 
in ORION-ZEISS  Helium ion scanning Microscope (Fig. 1 is a flowchart of the method). 
The protocol was tested in epimastigotes of T.cruzi cultivated in suspension and in cell 
cultures infected with Toxoplasma gondii or Trypanosoma cruzi. Infected cultures were 
gently trypsinized before fixation. Results and discussion: Using this method, we 
successfully exposed internal structures of infected cells and tissues. The previous 
trypsinization of the cell monolayer avoided flattening of the adhered cells. The mixture 
of gelatin and chitosan kept the individual cells together. Although gelatin is dissolved in 
the maceration process, chitosan still retains the cells. DMSO was successfully used as 
cryoprotector. Extraction of soluble cell components occurred during maceration. Cells 
infected with T. cruzi showed two amastigotes in a parasitophorous vacuole (Fig 2). A). 
The results show the optimization of this protocol as a promising technique to be used as 
an alternative to freeze-fracture or cryosEM. Different types of samples may be studied 
with this technique. Observation of uncoated samples by Helium ion microscopy was also 
tested with positive results, enhancing resolution of the method since no conductive 
coating is necessary. Besides, new protocols, using high pressure frozen and freeze-
substituted cells are under development. Acknowledgments: CAPES, CNPq, FAPERJ, 
FINEP. The authors also thank the Division of Material Sciences (DIMAT) at INMETRO 
for the use of the ZEISS- ORION Helium Ion Microscope. 
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Legends      

Figure 1: Flowchart of the protocol developed in this work 

Figure 2:  (A) Host cell infected with T. cruzi.  Samples was cleaved but not macerated.     
A conductive coating of Au was applied on the sample for further observation in routine 
SEM. Cleavage exposed the intracellular space of the host cell, revealing the amastigote 
forms of T. cruzi (arrow) inside the parasitophorous. The nucleus (N). (B) Rosette of  
Toxoplasma gondii tachyzoites (t)  inside a host cell.  Intravacuolar network of tubules 
that stabilizes the tachyzoites in the rosette (arrow). Samples received a 5 nm platinum 
coating and were observed in Auriga 40 microscope. (C) Kinetoplast (K) of an 
epimastigote of T. cruzi observed uncoated and without maceration in the ORION ion 
beam microscope. (D) Exposure of three amastigote forms of T.cruzi free in the 
cytoplasm, one non-cleaved and one cut longitudinally. In the cleaved we observe the 
flagellum (yellow arrow), cinetoplast (red arrow) and the nucleus (white arrow). In the 
case of the uncleaved parasite, the plasma membrane (black arrow) is observed. Au 
coating observed in Auriga 40 microscope of high resolution. 

 

  



DOI: 
ISSN: 

79 

Cryo-TEM specimen preparation of concentrated polymeric 
micelle 

 
Laura C. E. da Silva1, Antonio C. Borges2, Marcelo G. de Oliveira1, Marcelo A. de 

Farias2* 

1 Institute of Chemistry, University of Campinas, UNICAMP, 13083-970 Campinas, SP, 
Brazil  
2 Brazilian Nanotechnology National Laboratory (LNNano), Brazilian Center for 
Research in Energy and Materials (CNPEM),13083-970 Campinas, SP, Brazil  
*marcelo.farias@lnnano.cnpem.br 
 

Pluronic®F127 micellar hydrogels are of growing interest to the biomedical field due to 
their versatility as drug delivery systems [1]. Pluronic®F127 is a symmetric and 
amphiphilic triblock copolymer which in aqueous medium self-assembles into micelles 
that pack togetherwith increasing temperature or concentration, leading to non- flowable 
hydrogels [2]. The microstructure of these hydrogels is usually investigated by small-
angle X-ray scattering, which is not a readily available technique. Conversely, cryo-TEM 
is a widespread technique used for investigating the morphology of aqueous systems. In 
the case of Pluronic®F127 micellar systems, the elevated viscosity poses a significant 
challenge for specimen preparation and, consequently, for cryo-TEM observation. 
Herein, we show a trustworthy, inexpensive and readily available methodology for 
preparing specimens of highly viscous micellar solutions and non-flowable hydrogels 
using an automated vitrification system. Two important issues were addressed: how to 
obtain specimens that are sufficiently thin for imaging, in spite of the elevated viscosity 
of the samples and how to ensure that the supramolecular structure observed was not an 
artifact of sample preparation. We concluded that the critical gel temperature (cgt) is a 
key parameter to be considered. In terms of specimen ice thickness, the best results are 
obtained when the sample is pre-cooled to a temperature just below the critical micelle 
temperature (cmt), where the sample is a low viscosity liquid, and blotted at a temperature 
above the cmt and below the cgt. In terms of microstructure observation, homogeneous 
regions of intermediary thickness provide the best results. Thus, with this methodology 
we were able to visualize not only the morphology of individual Pluronic®F127 micelles 
but also the supramolecular structure evolution as a function of concentration. We believe 
that this protocol is a suitable alternative for imaging micellar hydrogels and it might be 
easily replicated on any cryo-TEM facility. 
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Fig. 1. Temperature influence on specimen preparation. TEM micrographs of a 15 wt% sample 
under (a) prolonged pre-cooling, showing poor self-assembly on the grid; (b) short post-blot 
heating periods, showing poor micelle packing; (c) ideal conditions (15 min of pre-cooling and 5 
min of oven heating), showing well-defined micelles and regions of ordered domains. 

 

Fig. 2. Ice thickness guidelines. (a) and (b) show low magnification micrographs. The ideal ice 
thickness is highlighted by the yellow dashed lines in (a), while the yellow dashed lines marked 
in (b) highlight a region of approximately the same ice thickness as the one marked in (a), 
however, in a heterogeneous region of the grid. Possibly, the heterogeneous regions are due to the 
aggregation of amorphous matter that has not yet underwent self-assembly. (c) and (d) show 
representative higher magnification micrographs of the highlighted regions of (a) and (b), 
respectively. 
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Cellulose nanomaterials morphology, size and dispersibility are key parameters for their 
application in polymer nanocomposites, gels and foams. Transmission electron 
microscopy (TEM) is the most suitable technique for the morphological characterization 
of these particles; however, the intrinsic low contrast of cellulose nanomaterials in TEM 
is a major drawback. Even though it is widespread knowledge that negative staining using 
uranyl acetate is the best approach for intensifying cellulose contrast, up to now few have 
succeeded in obtaining high quality images and reliable size measurements. Herein we 
present an optimization of the standard uranyl acetate protocol commonly used for 
biological specimens, which was developed to suit cellulose nanomaterials [1]. Notably, 
few alterations in the standard uranyl acetate protocol were needed, revolving mostly 
around the sample application on the grid and the grid preparation, not the staining itself. 
Even though some authors have already shown that CNC concentration and dispersion 
are key to achieving good quality images, to the best of our knowledge none has attempted 
to provide clear and concise guidelines for both, specimen preparation and aspect ratio 
measurements. Figure 1 shows a summary of the results obtained using this protocol 
through triplicate measurements of commercial cellulose nanocrystals (CNC). These 
results were used to validate the reliability and reproducibility of the CNC aspect ratio 
calculation. The guidelines we provided herein also allowed to perform high-quality 
imaging of cellulose nanocrystals embedded in different polymer matrices [2,3], as 
illustrated in Figure 2. In summary, this protocol provides cost-effective and readily 
available guidelines for successfully performing TEM imaging and aspect ratio 
calculation of cellulose-based nanomaterials. 

REFERÊNCIAS 

[1] L.C.E. da Silva, A. Cassago, L.C. Battirola, M.C. Gonçalves and R.V. Portugal, 
Cellulose (2020)  
[2] L.G.L. Germiniani, L.C.E. da Silva, T.S. Plivelic, M.C. J. Mater. Sci. (2019)  
[3] M.I. Santos, L.C.E. da Silva, M.P. Bomediano, D.M. Catori, M.C. Gonçalves, M.G. 
de Oliveira, Soft Matter (2021). 

ACKNOWLEDGEMENTS 
This research was supported by FAPESP, CNPq and the National Institute of Science, 
Technology and Innovation in Complex Functional Materials (Inomat/INCT). We also 
acknowledge LNNano/CNPEM for the access to the electron microscopy facility, 
proposals TEM-20485, TEM-21412. 



DOI: 
ISSN: 

82 

 
Figure 1: On the left, commercial CNC size characterization: average length, diameter, 
aspect ratio, as well as the number of particles counted for each triplicate measurement. 
On the right, representative TEM micrograph of the commercial CNC used for validating 
the protocol. 
 

 
Figure 2: TEM micrographs of cellulose nanomaterials embedded in polymer matrix: 
polycaprolactone matrix 5 wt% CNC stained from the section side of the grid (A) or the 
opposite side (B); solvent-cast polycaprolactone with 25 wt% CNC (C) [2]; 
photopolymerized poly(acrylic acid) with 5 wt% CNC (D) [3]. 
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Didactic models of microscopic structures can contribute to innovate existing teaching 
methodologies, as well in health education activities [1]. While commercial software are 
usually more polished and have more functions, free software can be excellent tools to 
create didactic models based on 3D microscopy [2]. The aim of this work was to make 
three-dimensional didactic models of helminth eggs, based on microscopy images, using 
free software. The models were based on images acquired by light microscopy (DIC) of 
Trichuris muris and Ascaris lumbricoides eggs (Fig. 1). The vectorization and 
segmentation of images was performed using the Inkscape software, based on microscopy 
images. Inkscape is free and open source software that allows editing and creating 
vectorized images. In this software, it is possible the transform the raster images, acquired 
by light microscopy, into high quality vectorized images, which can be easily edited and 
later converted into 3D images.. The images produced with this software were exported 
in Scalable Vector Graphics (.svg) and imported to TINKERCAD® three-dimensional 
model creation website (Fig. 2). When importing the vectorized images into 
TINKERCAD®, the website automatically converted the vectorized images with 
topography, generating three-dimensional images. After this step, we have a virtual three-
dimensional model that can be freely shared, 3D printed, or edited using this website or 
other software. While the resulting models were accurate to reproduce the microscopy 
images, we chose to make a second version of the egg-shell with the software Sculptris, 
which allows to freely sculpt a 3D models and to create a more true to life representation 
of this structure (Fig. 3). In our results it was possible to represent details of the egg-shell 
layers of T. muris egg and the larvae (L1) showing internal structures, such as, rudimental 
esophagus and germ cells (Fig. 3). The 3D model of A. lumbricoides egg highlighted the 
texture of the egg-shell with a irregularly undulations over its whole surface (Fig. 3). 
Didactic models have a high potential to contribute to the production of knowledge about 
the control and biological characteristics of several intestinal parasitosis. The use of 
microscopy images and free drawing and 3D modeling software proved to be excellent 
tools for the creation of these didact models. 
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Fig. 1 – Examples of light microscopy of Trichuris muris (A) and Ascaris lumbricoides (B) eggs. 
Trichuris muris egg structures:  Bright field showing the polar plug (OP), larva L1 with esophagus (Es) 
and germ cells (CG) associated with the formation of the bacillary band (Bb) and digestive system. Inset: 
Detail of the eggshell layers (CV: Vitelline, CL: Cuticulin and CL: Lipid). Ascaris lumbricoides egg 
structures: Fertile egg observed by light microscopy in interferential system (DIC) and it is possible to 
observe the oval shape (almost spherical), the nipple membrane (outer layer) and thick and irregular shell. 

 

 

Fig. 2 – Three-dimensional modeling of all detached structures of the egg and L1 larva of Trichuris muris 
(A)  and  Three-dimensional modeling of all detached structures of the Ascaris egg and L1 larva (B). 

 



DOI: 
ISSN: 

85 

 

Fig. 3 – Finished virtual (A) and 3D printed models (B). Grouping of different segments of Trichuris eggs (left) 
and Ascaris (right) finalized on the Tinkercad website (A). Photograph illustrating the inside of the final result 
of the printed 3D models of Trichuris eggs (left) measuring 20cm x 12cm and Ascaris egg (right) measuring 
17.14cm in diameter (B) 
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Hooke in 1679 made observations that enhancing magnification of microscopes was 
achieved upon spreading fluids onto the surface of a sample and gently elevating it until 
the liquid touched his microscope lens [1]. The gain in resolving power due to liquid-lens 
contact gave birth to liquid immersion microscopy. Yet, imaging at molecular and atomic 
scales required the development of electron and  scanning probe microscopies to surpass 
the physical limits dictated by diffraction [2]. Nano-infrared experiments [3] and pico-
cavity tip-enhanced Raman spectroscopy imaging later demonstrated that radiation in the 
visible range [4] can surpass this limit by using scanning probe tips to access the near-
field regime [5]. With a relative permittivity r=/0~80. ( and 0 as the water absolute 
permittivity and vacuum permittivity),  and a refractive index n of about  9 at 3GHz 
frequencies, the effect of water can enhance near-field operation in the microwave 
regime. Here we show that ultimate resolution can be obtained by using scanning 
microwave imaging microscopy (sMIM) to reveal structures with feature sizes down to 
1nm using a radiation of 0.1m in wavelength. The sMIM system (see figure 1 below) 
comprises of an add-on microwave heterodyne detection bridge commercialized by 
PrimeNano Inc. The simulteneously measured Atomic Force Microscopy (AFM) images 
and sMIM imagens allows us to precisely position the tip in a non-contact, attractive 
mode, conducive to water meniscus formation and control. As a test material we use 
twisted bilayer graphene, which is not only a very important recent topic due to the 
discovery of correlated electron effects such as superconductivity [6] and localization of 
lattice dynamics [7], but also because it provides a sample where we can systematically 
tune a superstructure moiré pattern´s modulation from below one up to tens of 
nanometers. sMIM is implemented as a 3GHz microwave signal coupled to an Atomic 
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Force Microscope (AFM) probe tip that works as a waveguide and performs as an 
apertureless near-field microscope [8]. By analyzing the tip-sample distance dynamics, 
ambient humidity and water meniscus nucleation kinetics we demonstrate that this 
ultimate 108 probe-to-pattern resolution can be achieved by using liquid immersion 
microscopy concepts and exquisite force control exerted by AFM tips on water menisci 
[9]. We also discuss the contrast mechanisms and by means of a full-wave model for the 
electro-magnetic fields we developed a lumped elemento model that describes the 
meniscus effect. We sumarize extracting the real and imaginary parts of several images 
of twisted bilayer graphene at selected angles, and show the perspectives of a vector-
based microscopy tool can impact the study of 2D van der Wall systems.   
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 Fig. 2: Microwave conductivity images of twisted bilayer graphene rotated by 0.04, 0.15 
and 1.2 degrees from left to right respectively. Scan sizes of 500nm, 500nm and 400nm. 

Fig. 1: Experimental set-up: an AFM 
tip, acting as a microwave waveguide 
coax the microwave fields to the end 
of the tip. A detection scheme 
separates in real and imaginary parts 
by a heterodyne bridge. The AFM tip 
also measures the force and by 
conventional feedback loop allows us 
to operate in the attractive, non-contact 
mode. 
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Following the realization of single-layer graphene atop silicon oxide, much attention has 
been drawn towards two-dimensional (2D) materials. Graphene is a semimetal, hexagonal 
boron nitride (hBN) is an insulator, and single-layer molybdenum disulfide (MoS2) is a 
semiconductor with a direct bandgap. Besides those, there are numerous other two-
dimensional nanosheets of a variety of materials including other transition metal 
dichalcogenides and phyllosilicates [1]. Characterizing these 2D materials is a challenge 
that must be addressed so they can fulfill their potential to revolutionize the industry with 
their outstanding mechanical, optical and electrical properties. Here, we present a simple 
way to reveal the crystallographic orientations of graphene, MoS2, and hBN without the 
need of acquiring atomic resolution microscopy images. Octadecylphosphonic acid 
(OPA) is a linear alkyl chain organic molecule that forms self-assembled monolayers 
(SAM) on top of the cited materials and that keeps registry with the crystallographic 
directions of the substrate beneath it. An atomic force microscopy (AFM) image easily 
detects the period of the 2D molecular crystal that forms atop the flake, revealing the 
substrate’s crystallographic orientation. Ab initio calculations reveal that the molecular 
crystal’s ripples (detected in the AFM image, both in topography and phase contrast 
channels) are aligned with MoS2 [2], hBN [3], and graphene’s [4] armchair direction. 
Figures 1 and 2 illustrate the results. For MoS2, we have also found that our samples, 
purchased from SPI supplies, presented ripples of the molecular crystal forming 12° 
angles that did not reflect the substrate’s hexagonal symmetry. Interestingly, Stone-
Wales-type defects have been predicted to cause 12°-angled grain boundaries in MoS2 
and WS2. Thus, the SAM deposition followed by standard AFM analysis on ambient 
conditions proposed in this work enables the direct localization of MoS2 grain boundaries. 
For graphene, ab initio calculations and Raman spectroscopy measurements also show 
that OPA induces p-type doping of ~1013 cm-2. Summing it up, spin coating OPA 
ethanolic solution on 2D materials is a facile way of discovering flake orientation, 
characterizing grain boundaries of MoS2 samples, and achieving chemical doping of 
graphene. 
[1] P. Miró et al., Chem. Soc. Rev. 43, (2014) 6537-6554 
[2] M. C. Prado et al., Nanotechnology 26, (2016) 47. 
[3] C. K.Oliveira, C et al., Nano Research 8 (5) (2015) 1680-1688. 
[4] M. C. Prado et al., ACS Nano 5 (1) (2015) 394-398. 
[5] This research was supported by CNPq, CAPES, FAPEMIG, Rede Nacional de  
Pesquisa em Nanotubos de Carbono, Instituto Nacional de Ciência e Tecnologia (INCT-
Nano-Carbono), National Energy Research Scientific Computing Center (NERSC) 
(Brazil). 
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Figure 1 – OPA deposition on graphite (a) and graphene (b and c). Panels (a) e and (b) are 
AFM topographic images of OPA ripples formed on graphite and single layer graphene. In 
(b), the rippled domains are somewhat masked by the substrate (SiOx) rugosity, but the fast 
Fourier transform shown in the inserted revels the periodic nature of the molecular 
decoration. The ripples are in graphene’s armchair direction. Panel (c) is a phase contrast 
image acquired simultaneously with (b) evidencing the high coverage of the OPA SAM. 
 

 
Figure 2 – OPA deposition on MoS2 (a, b, and c) and h-BN (d, and e). Panels (a), (d) and (e) 
are AFM topographic images of OPA ripples formed on MoS2 and h-BN. The FFT (b and 
inert on d) revels the periodic nature of the OPA SAM. The 12º grain boundary on MoS2 is 
evidenced in the amplitude error image (c), taken from the region marked in (a) by the dashed 
square. 
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Since its development in the late 1980s and early 1990s, atomic force microscopy (AFM) 
has played an important role in the advance of nanoscience and nanotechnology [1, 2]. 
More recently, it has also been omnipresent in the research and development of the so-
called low-dimensional (0D, 1D and 2D) materials [3, 4]. The ability to measure height 
variations with sub-angstrom sensitivity is at the core of the AFM applicability in these 
fields [1–4]. However, such sub-angstrom sensitivity does not translate into sub-angstrom 
accuracy straightforwardly. In other words, height standards are required to calibrate 
AFM setups and validate their measurements.  
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Several companies sell Si/SiO2-based height standards (with step heights varying from 
tens to hundreds of nanometers) with their price ranging from several hundreds to a few 
thousand dollars each [5]. Alternatively, at the nanometer level, an often-used calibration 
standard is etched mica [6]. Although its fabrication does not require sophisticated and 
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expensive lithographic techniques, it still employs harsh chemicals (hydrofluoric acid), 
requiring strict safety routines and creating contamination risks [6]. Therefore, it is easy 
to infer that an inexpensive, environment-friendly and robust height calibration standard 
at the nanometer level would be a nice add-on to any AFM laboratory. Here we use plain 
water as etchant, gypsum flakes readily review 0.75 nm tall terraces which are easy to 
image (lateral dimensions from tens to hundreds of nanometers) and robust against time 
in ambient conditions as showed in figure 1. Therefore, the present work demonstrates a 
new height standard alternative which is easily-available for all AFM microscopists 
around the world [7]. 
 

 
 
Figure 1. AFM images and their respective height distribution histograms of gypsum 
flakes prepared via (a) water immersion (immersion time: 300s), (b) droplet casting 
(dwell time: 300s) after 7 days and (c) the same region after 28 days. In all AFM images 
black and colored scale bars indicate lateral and vertical dimensions, respectively. In all 
histograms, black arrows indicate appropriate step heights (vertical distances) [7]. 
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Along with the development of the Atomic Force Microscopy (AFM), there was an 
increase in the number of studies regarding surface properties in atomic scale, both 
experimentally, taking advantage of the versatility presented by the AFM, and 
theoretically, through modeling and computer simulations [1]. In the present work we 
simulate the scanning process of an AFM in Friction Force Microscopy mode (FFM), 
using the Tomlinson model and Langevin dynamics. The tests were performed on 
graphene surface, using different scanning speeds, temperatures and contact forces. The 
results of our simulations were compatible with FFM images from experimental works 
found in literature [2]. With the variation of the simulation parameters, it was possible to 
observe two distinct types of interactions between the tip of the microscope and the 
surface of sample: the well known “stick-and-slip” movement, characterized by a 
discontinuity in tip movement during scanning, and the thermolubricity regime, that 
occurs under lower scanning velocities and higher temperatures [3]. At last, we use the 
Jarzynski equality to map the potential energy of graphene in both cases. Although in the 
“stick-and-slip” case it was only possible to use Jarzynski’s equation in a portion of the 
distance between two energy minimums, the whole potential curve was mathematically 
fitted and the energy barrier was shown to be in agreement with the reference values. For 
the thermolubricity mode, we were able to obtain the surface potential for the entire 
scanning distance, which indicates it may be possible to apply these results in order to 
obtain FFM images with better resolution. 

[1] U. D. Schwarz et al., ACS Nano. 10, 38 (2016). 
[2] H. Holscher et al., Phys. Rev. B, 57, 4 (1997). 
[3] F. Pellegrini et al., Phys. Rev. B 99, 075428 (2019). 
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Simulation results for the lateral force measured in the horizontal direction (left) and the 

vertical direction (right). 
 

 
Energy profile along the distance between two potential minimums of graphene surface 
calculated using the Jarzynski equality (blue) and compared with reference value (red). 
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Natural photonic crystals are exciting nanostructured systems in which the dielectric 
properties play a fundamental role [1]. Many of them are biological systems [2]. Studies 
of the origin of physical colors in insects are numerous in the literature and the most used 
tools are non-local optical reflectance, electron microscopies, and scanning probe 
microscopies, which give support to theoretical models aiming to describe the measured 
optical properties [3]. However, all these techniques directly reveal only the structure 
with nanometric resolution, the local dielectric response is indirectly inferred from the 
model [4]. Despite the large number of studies, the local dielectric properties of natural 
photonic crystals remained essentially undetermined due to the great difficulties in 
measuring the dielectric response at the nanometric scale [5]. Until now the nanometric 
local relative permittivity of a natural photonic crystal had not been directly measured. 

Fumagalli et al. [6], and Riedel et al. [7] developed several techniques of Electrostatic 
Force Microscopy (EFM) to extract the relative permittivity at the nanoscale, allowing 
new fields to be explored. Here we use EFM to map the relative permittivity of the 
nanometric layers that make up the wings of the Chalcopteryx rutilans damselfly [8,9]; 
structure which make it a natural photonic crystal. We obtain quantitative information 
about the wing structure and its local relative permittivity properties. We also simulate 
the optical reflectance using the extracted spatial profile of the relative permittivity and 
compare it with the measured reflectance in the visible range, obtaining a good 
correlation.  In this way, we can provide a full description of the origin of the colors of 
the Chalcopteryx rutilans damselfly male posterior wings. [10] 
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Fig1.Optical images of the iridescent hind wing of the male damselfly Chalcopteryx 
rutilans (Rambur) (Odonata, Polythoridae).  

Fig2: Relative permittivity image of three colored regions of the hind wings of 
Chalcopterix rutilans, Red region (a), Blue region (b), Yellow/Green region (c).  The 
color scale on the right side gives the values of the relative permittivity. On the left side, 
with the purple color, we have the Au/Cr surface. The areas which appear bluish in the 
images (𝜀  ~ around 4) correspond to the polymerized resin wrapping the wing.  
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Near-field optical microscopy/spectroscopy is a new technique that allows optical 
characterization with high spatial resolution, either by Raman scattering analysis (TERS, 
Tip-enhanced Raman Spectroscopy), or photoluminescence (TEPL, Tip-enhanced 
Photoluminescence) [1,2]. The technique consists of amplifying the optical signal through 
the use of near-field information, evanescent optical waves, by the use of an optical 
antenna (structure that presents localized surface plasmon resonance - LSPR), allowing 
to obtain chemical and structural information of a sample with nanometric resolution [3].  
For this, a nanoantenna is positioned in the laser focus region of the optical system by 
using a scanning probe microscopy system. High spatial resolution is so obtained, 
typically around 10 nm, and allows the characterization of the entire class of 
nanomaterials [4]. Currently these antennae are handcrafted manufactured, which has 
prevented the dissemination of the technique. The use of microfabrication and processing 
techniques can turn the fabrication of these antennae into an industrial process. In this 
work we use these techniques to obtain silicon molds (Figures 1 and 2) for the extraction 
of microfabricated nanoantennae called PTTP [5] (Pyramidal Plasmonic Tunable Tip) as 
shown in Figure 3, necessary for the TERS technique. An improvement in the TERS 
system performance is also expected, with an increase in the signal captured by the TERS 
microscope, when using PTTP antennae such as those manufactured in this work, 
compared to other antenna formats currently used. [6] This work is part of an effort 
carried out at UFMG and INMETRO to develop a robust and high-performance TERS 
spectrometer. There is still no commercially available system with these features. [7] 
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Figure 1 First microfabrication process. a) Plasma opened windows at SiNx, exposing the 
silicon layer. b) Pyramidal shaped cavities formed after wet etching with KOH. 

Figure 2 Second microfabrication process. a) Window opened by FIB on the bottom 
plateau of the cavity. b) Wet-etched nanopyramid at the bottom plateau. 

Figure 3 Extracted PTTP nanoantenna from silicon mold. a) Full view of the entire 
antenna on the tuning fork with the micropyramid; b) Close view of nanopyramid at the 
apex of micropyramid.  
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The so-called 2D materials emerged in the last decades as an exciting new area 
for research that discovered new physical phenomena as well as plenty of room for 
technological applications. These materials can be divided into different classes that 
involve (1) one-atom-thick layers, like the graphene “celebrity”, twisted graphene layers, 
and other members such as h-BN, borophene, phosphorene, stanene, and so on; (2) 
layered materials like transition metal dichalcogenides (TMDs), and topological 
insulators; and (3) 2D functional organic-networks [1,2]. These materials have shown 
new interesting physical phenomena like linear-electronic dispersion, quantum-hall 
effect, outstanding photonic properties, unexpected magnetic, superconductor, 
ferroelectric, and piezoelectric behaviors [1,2].  All these physical phenomena have 
driven the community to propose applications for these materials in many different areas 
such as new supports for catalysts, supercapacitors, sensors, energy production (e.g solar 
cells) and storage, electronic and photonic devices, among others. Our group in Campinas 
has been working during the last years on the epitaxial growth of different members of 
these families (graphene, h-BN, h-BNC alloys, TMDs, and 2D-organic frameworks) [3-
10] to better understand the electronic and atomic structure of these materials. In this 
seminar, I will show recent examples where we have applied different growth and 
functionalization strategies to produce new epitaxial functional 2D materials. The 
electronic and atomic structure of these materials were characterized by combing 
different synchrotron-based techniques, such as x-ray photoemission and absorption 
spectroscopies with other surface science techniques, for instance, scanning tunneling 
microscopy and spectroscopy, as well as the support of theoretical calculations based on 
density-functional theory (DFT) to improve the understanding of the materials at an 
atomic scale.   
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[4] L.H. de Lima et al., Chemistry of Materials 26 (14), 4172-4177 (2014).  
[5] Rodrigo C.C. Ferreira et al., Chemistry of Materials  30 (20), 7201-7210 (2018).  
[7] Juan Carlos Moreno-López et al., Chemistry of Materials 31, 3009-3017 (2019). 
[8] Alisson Ceccatto dos Santos, et al., Chemistry of Materials 32, 2114-2122 (2020).  
[10] Nataly Herrera-Reinoza, et al., Chemistry of Materials 33, 2871-2882(2021).  
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Fig 1 – a) High-resolution STM image of an organometallic bonding (C-Cu-C) between 
two tetraphenyl porphyrins followed by DFT simulations considering two models: b) 
organometallic and c) covalent bonding (adapted from ref.7). d) and e) STM image and 
DFT simulation of a graphene semiconductor based on h-BN nanoclusters doping 
(adapted from ref.10).   
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The resolution assessment of an imaging instruments has traditionally been measured by 
metrics such as the Abbe or Rayleigh criterion. However, such instrumental resolution 
metrics are a property of the instrument, independent of whether it is even being used to 
image an object or not.  To assess the reproduceable global resolution one has achieved 
in a data collection experiment, the Fourier Ring Correlation (FRC) and the Fourier Shell 
Correlation (FSC) criteria were introduced in the 1980s [1]. These metrics assess the 
results resolution achieved in an experiment, especially when coupled to an information-
based threshold criterion [2]. These are now accepted also universally in X-ray 
tomography, X-ray crystallography, super-resolution light microscopy.  However, recent 
insights indicate that the most universal metrics to assess the results resolution are local 
metrics [3,4]. They allow us to use the same metric and threshold functions for global as 
well as for the local resolution on the same scale. These metrics are especially good at 
comparing the results of independent experiments. Fully new in concept are the local 
information densities and associated metrics [4] 
 
Preliminary tests confirm the potential of the approach. We could highlight 
transmembrane helices within an encapsulating phospholipid bilayer. We successfully 
imaged glycosylations on the exterior of large complexes such as alpha viridae. 
Applications include visualising dynamic interactions of factors with the ribosome, and 
structural differences between species-specific ribosomal components (Fig 1). The 
insights obtained may inspire the development of new antibiotics. During the current 
Covid-19 pandemic, a large number of SARS-CoV-2 spike protein structures have 
been/are being deposited in the public Electron Microscopy Data Bank (EMDB). The 
inter-comparability of these structures with the new metrics, may become an important 
tool for interpreting the dynamics of corona-virus spike trimers (Fig 2).  
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[4] DC Mendonça, et al., and Garratt RC: An atomic model for the human septin 
hexamer by cryo-EM. Journal of Molecular Biology (2021) 167096  
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Mycobacterial 70S ribosome structure reveals novel features, PLoS One (2012) 7 
(2) e31742 
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Figure 1: Ribosomes from Escherichia coli, a gram-negative bacterium, and Mycobacterium 
smegmatis, an actinobacterium, are very different although they share a similar core 
structure. Mycobacterium ribosomes [EMD-3751] contain extra rRNA helices [5], not 
present in E. coli ribosomes [EMD-3493]. Two main additional rRNA helices the “steeple” 
helix and helix 15/helix 16A (H15/H16A) are marked. The local cross-information density 
(LCID) between these maps highlights the differences are shown in red, while the similar 
core structures are depicted in blue. 
 

 
 
Figure 2: Stereo Pair of a Local Cross-Information Density (LCID) view of SARS-CoV-2 
spike protein derived from EMDB entry EMD-21452). The image has been coloured using 
the LCID metric between spike-structure entries (EMD-21452 and EMD-11332). The 
comparison reveals details of the glycosylation of this corona virus spike trimer whereby the 
level of glycan visualisation can be adapted using different threshold levels [3]. 
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Macerals are the individual constituents of organic matter and have an influence 
on the quality of the coals, which can be recognized by microscopic analysis. Thus, the 
microstructural characterization of coal by optical microscopy is a fundamental tool, 
allowing the identification of the macerals by reflectance, color, morphology, among 
others [1]. The analysis of these macerals is traditionally performed by a trained 
petrographer visualizing the polished surface of a specimen under an optical microscope. 
A fraction of each maceral is estimated counting a statistical number of points, sweeping 
the entire sample surface (Figure 1). Macerals are identified by their size, shape, color, 
reflectivity, texture, fungal presence, degradation, degree of gelification, fluorescence and 
even their relative position to other macerals. There is no clear set of easily extractable 
parameters that can be used to define a maceral, rendering traditional image analysis and 
machine learning ineffective [2]. This generates a motivation for the use of deep learning 
methods, which have proven to be extremely efficient for classifying and recognizing 
patterns. This work employs a Mask R-CNN model, which is a very elaborate recent 
architecture of neural network that is currently the state-of-art for instance segmentation. 
It consists of 2 stages. The first one scans the image and proposes possible bounding 
boxes for identified objects which are then refined and fed to the second stage. The second 
stage analyzes the individual bounding boxes and can choose pixels belonging to the 
object and which ones belong to the background, with the idea that a bounding box 
contains only a single whole object, even when it overlaps with a different one [3] [4]. 
After one year and 10 months of intensive work to build a databank with previously 
classified images, some preliminary results have been achieved. The databank consists of 
manually tagged macerals with supervision from a professional coal petrographer; the 
classification of the tagging is made at 3 different levels: Maceral level, Maceral Sub-
group level and Maceral group level. The aim is to reach successful segmentations for 
both sub-group and group level. At group level, the classes consist of: vitrinite, inertinite 
and liptinite. At sub-group level, the classes consist of: gelovitrinite, telovitrinite, 
detrovitrinite, geloinertinite, teloinertinite, detroinertinite and liptinite. Currently, the 
databank is still being expanded to include more samples of different origins and 
coalification ranks, in the hopes of creating a more generic network capable of tackling a 
wide array of coal samples. Figure 2 shows a promising segmentation and classification 
of many macerals at sub-group level. 
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Figure 1- Illustration of the point count analysis use for maceral estimation. 
 

 
 

 
Figure 2- Preliminary result. a) Original image. b) Automatic classification of macerals 
at subgroup level. 
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Bone tissue has been intensely studied for a long period of time which has produced a 
vast literature on its biology and structure, including anatomy, histology, and other 
aspects. Progress in the knowledge of bone as an organ or specific tissues got a huge 
development recently specifically due to state of the art imaging methods such as micro 
computed tomography, analytical and ultrahigh resolution methods such as transmission 
electron microscopy and atom probe tomography. Concerning the morphological 
organization of bone, new findings on its hierarchical organization in different length 
scales have been proposed as a fractal like pattern [1] and a new mechanism of 
mineralization associated with bone cells in vivo constituted by amorphous calcium 
phosphate (ACP) granules extruded by osteoblast cells [2]. The zebrafish (Danio rerio) 
has been used as a model for the study of some organs and tissues as the bone (Fig. 1A), 
due to similarities with other vertebrates along its development. It was described recently 
that besides matrix vesicles and mineralization directly associated to collagen or collagen-
associated molecules, intracellular granules containing amorphous calcium phosphates 
(ACP), could participate as additional sources of calcium and phosphate ions after being 
outsourced by the osteoblast cells to the extracellular milieu [2]. In this work we analyzed 
the ACP granules from the bone growth zone (bgz), situated between the cell layer and 
the mineralization front in transverse sections of the middle region of fin ray bones (Fig. 
1B). We found two types of granular deposits (Fig. 1C and inserts c1 and c2), both 
containing calcium detected by EELSpectroscopy (Fig. 1D). One granule has a smooth 
texture and is similar to those previously described (c1) [2], while the second one is 
composed by an aggregation of needle like particles (c2), corresponding probably to 
mineralized collagen fibrils present in the bgz.  These original findings show that, 
although bgz contains many ACP granules in transit to the mineralization front, it can 
also contain some collagen fibrils isolated from the bonny region capable to mineralize 
independently. 
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Fig. 1: Multiscale analytical analysis of fin bones of the zebrafish. A) Polarization light 
microscopy of part of the fin from zebrafish where several bonny rays belonging to the 
intermediate region (more near the fish´s body, located in the left side of the figure) are 
observed; B) Transmission electron microscopy (TEM) image of an ultrathin section 
transverse to the bonny rays, from a region similar to the previous figure. Three main 
regions are indicated. In the bone growth zone (bgz), several dark-grey or dark regions 
are seen (e.g.: inside the square with a dotted contour); C) High Angle Annular Dark Field 
(HAADF) enlarged image of a region composed by granules from a bgz. Insert c1: 
granules with a dark-grey appearance near newly formed nanocrystals (needle-like 
particles); Insert c2: black regions composed of groups of elongated deposits; D) Electron 
energy loss spectrum obtained from the region delimited by the rectangle in C), showing 
the presence of calcium and oxygen, corresponding to dark-grey amorphous granules, 
which are expected to act as a source of ions for the bone formation. 
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Calcium phosphates (CaP) are a class of materials that attracts strong interest in many 
research areas. They are the main inorganic constituents of the calcified tissues of 
vertebrates (bones and teeth) and can be used in bone implants due to their remarkable 
biocompatibility and bioactivity. Among the multitude of calcium phosphates, 
hydroxyapatite (HA) is the most stable phase under body fluid conditions. The processes 
involving nucleation and growth of HA are under intense debate as the technical 
difficulties to interpret and conclude about these events are related with the reaction times 
and particles dimension. In-situ TEM (Transmission Electron Microscopy) is a unique 
technique for the study of CaP crystallization in aqueous medium at the nanoscale. In this 
work HA was synthetized by using calcium hydroxide and phosphoric acid solutions 
prepared just before the analyses. In a previous work we performed a detailed 
characterization of the synthesis and products by using Cryo-TEM [1]. A Protochips 
liquid cell holder (Poseidon Select 550) was used in a JEOL 2100F/Cs(S) TEM. The 
reaction was followed in the microscope during 15 h and three main steps were observed 
and recorded: (1) dissolution of Ca(OH)2 and formation of a dense liquid phase; (2) 
formation of amorphous calcium phosphate and; (3) formation of HA needles. The needle 
or plate-like morphologies are typical of synthetical and biological HA observed edge-on 
and thus a strong indication of HA formation. Only two works until now investigated the 
nucleation and growth of biomimetic CaP by using In Situ-TEM but the exact moment of 
the needle-like crystals formation was not recorded. This information was registered in 
the present work. 
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Physicochemical properties of gold nanoparticles makes them a simple platform for 
functionalization. It is known that shapes and sizes affect their effects in a biological 
environment. However, their intrinsic antitumor action still needs clarification [1]. 
Therefore, here we investigated gold nanospheres (AuNS) and nanorods (AuNR), 
functionalized with the natural heteropolysaccharide Gum Arabic (GA), as possible 
antitumor agents. GA-AuNS and GA-AuNR were chemically synthesized [2,3] and their 
morphologies were confirmed by transmission electron microscopy (fig.1 A and B). 
Melanoma cells (B16-F10) and fibroblasts (BALB/3T3) were exposed in vitro for 96h to 
different concentrations of GA-AuNS and GA-AuNR, and cell number and 
endomembranes viability were evaluated through colorimetric assays (fig. 1 C). For both 
groups, cell number decreased in a concentration-dependent manner compared to GA 
alone. An opposite trend was observed for endomembrane viability, indicating that the 
higher concentration induced vesicles accumulation, which resulted in higher 
incorporation of the neutral red dye. TEM images revealed both nanocomposites attached 
to the cell membrane, intracellularly in the cytosol and inside intracellular vesicles (fig. 1 
D), corroborating nanoparticles internalization. Primary tumor and experimental lung 
metastasis experiments were performed in mice (C57BL/6) by B16-F10 cells 
subcutaneous and intravenous injection. Treatment with GA-AuNS and GA-AuNR was 
initiated after 5 days and was maintained for 10 consecutive days. GA-AuNS treatment 
did not affect tumor growth (fig. 1 E) or lung metastasis (data not shown). However, GA-
AuNR showed reduction in both parameters, factors that contribute to a better prognosis. 
These results showed that even with similar in vitro results only GA-AuNR was able to 
impair in vivo melanoma progression, being a good candidate as a new antitumor agent. 
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Figure 1. Results form in vitro and in vivo experiments.  (A and B) TEM of GA-AuNS 
and GA-AuNR. (C) Colorimetric assays of melanoma and fibroblasts exposed to the 
nanocomposites. (D) TEM  sections of melanoma cells treated with nanocomposites. (E) 
In vivo assay: Difference in tumor evolution after treatment with the nanocomposites and 
representative tumor for each group, scale bar = 1cm. Red sets indicate GA-AuNS and 
blue indicate GA-AuNR. 
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The coronavirus disease (COVID-19) caused by the new coronavirus named as severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread rapidly around the 
world causing a serious pandemic [1]. The alarming growth of this pandemic makes it 
necessary to know and implement reliable diagnostic methods to properly detect and treat 
patients, which will help slow the spread of the disease. The Spike (S) protein and the 
Nucleocapsid (N) protein of coronaviruses are known to be the main targets of the 
humoral immune response (that is to say, antibody) and are therefore used in most tests 
to detect antibodies to SARS-CoV-2 [2]. In this work we report the bioconjugation of two 
viral proteins, protein S and protein N, to gold nanoparticles (AuNPs). Successfully 
showing the formation of bioconjugates for their use as biosensors in different devices 
(paper platforms, microfluidic chips) allowing a reliable diagnosis of the SARS-CoV-2 
that causes Covid-19. 

A synthesis of AuNPs was performed using a variation of the Turkevish method [3]. For 
the characterization of the AuNPs, UV-Vis spectroscopy and transmission electron 
microscopy were used, obtaining monodisperse AuNPs of approximately 20 nm. Viral 
proteins were linked to AuNPs by covalent bonds using: thiolated mercaptohexadecanoic 
(MUA), 1-ethyl-3- (3-dimethylaminopropyl) carbodiimide hydrochloride and N-
hydroxissuccinamide (EDC / NHS) [4]. The formation of the bioconjugate was verified 
with the Bradford test by measuring the absorbance at a wavelength of 595 nm on the 
UV-vis spectrophotometer. In addition, Raman spectroscopy was performed on the 
bioconjugate, confirming the presence of the viral proteins on the surface of the AuNPs. 

Keywords: Bioconjugate, Protein Spike, Protein Nucleocapsid, Gold Nanoparticle. 
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Figure 1. Gold nanoparticles of approximately 20 nm using Transmission electron 
microscopy (A). UV-Visible absorption spectroscopy for the synthesized god colloid 
showing the characteristic plasmonic peak at 522nm (B).  

 

 

 

 

 

 

 

 
 
 
 
Figure 2. UV-Visible absorption spectroscopy of total protein dosage with Bradford (595 
nm) supernatant from the bioconjugation of god nanoparticles with protein N (A) and 
protein S (B). UV-Visible absorption spectrum in the detection of BSA (C). Adequate 
obtained in options 500 to 1.953 ug. mL-1(D). 
 
 
 
 
 
 
 
 
 
 
Figure 3. Raman spectroscopy of AuNPs with protein N (A) and protein S (B). 



DOI: 
ISSN: 

111 

High Quality Quantitative Structural Analysis  

of Nanosystems using Pair Distribution Function (PDF) 
based on Precession Electron Diffraction (PED) 

 
Leonardo Corrêa1*, Murilo Moreira1, Varlei Rodrigues1 and Daniel Ugarte1 

 
1 Inst. de Física “Gleb Wataghin”, Univ. Estadual de Campinas, Campinas-SP, Brazil 
*lmcorrea@ifi.unicamp.br 
 

Nanoparticles (NPs) attract great interest in the research community due to the 
possibility of obtaining unique properties due to size-induced effects. The control of NP 
structural properties demands characterization techniques capable of providing 
quantitative and representative information that is not always possible using conventional 
experimental methods. Pair Distribution Function (PDF) has proved to be an excellent 
option to perform quantitative structural analysis in nanosystems [1]. Electron-based PDF 
(ePDF) is an alternative to study nanovolumes of materials due to the strong electron-
matter interaction; unfortunately, multiple scattering renders the quantitative evaluation 
of electron diffraction (ED) intensities rather complex and time consuming. But, 
Precession Electron Diffraction (PED) yields diffraction patterns with a “quasi-
kinematical” character, such that modeling and intensity interpretation can be performed 
using the simple single scattering calculation used for x-ray (kinematical approximation) 
[2]. Here, we describe the implementation of a methodology to derive ePDF from PED 
data, and show that the quantitative comparison with kinematical models attain residues 
values very close to the ones derived from synchrotron–based experiments [3]. We have 
developed a software in Python language, which perform all the ED processing steps and 
structural refinement based on the ePDF curve. We have analyzed metal (AuAg) NPs 
generated  by home-made cluster source (see Fig. 1a) and TEM experiments were made 
in a TECNAI G2 microscope (200 keV) coupled with CCD camera and ASTAR 
precession system, (LCE-DEMa-UFSCar). The best description of our measurement (e. 
g., see Fig. 1b) has been obtained for decahedral NPs of 3 nm in diameter (Ø). Our results 
show that PED is best suited for PDF analysis, improving residues for all analyzed cases 
in relation to the traditional selected area electron diffraction (SAED).  The obtained small 
residue values are associated to the use of PED and to a careful subtraction of amorphous 
carbon substrate background. The inclusion of size dispersion to our Dh model resulted 
in a residue of 15% (Fig. 2), similar to synchrotron values for metal NPs [3]. The NPs 
show complex polycrystalline structures. However, we have been able to derive 
quantitatively several structural information that cannot be obtained from atomic 
resolution images. Electron diffraction were measured for a region with ~ 2000 NPs 
(below a pictogram of sample material), with electron dose of  ~ 10 e-/Å2.  So, we 
anticipate that PED-based PDF will become a reliable approach to analyze quantitatively 
the statistical properties of complex NPs samples, including polycrystalline and beam 
sensitive materials [4]. 
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Figure 1: a ) TEM image of the measured AuAg NPs. Inset: measured size distribution 
and it weighted by volume as diffraction is volume sensitive.  b) PED pattern utilized in 
our analysis.  
 
 
 
 

 
Figure 2. Comparison between the measured PED ePDF (continuous line) and optimized 
ePDF for the Dhs with size distribution (dashed line). The region after 11.5 Å is multiplied 
by a 4 factor to improve visualization. The difference curve is plotted at the bottom. 
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Bimetallic nanoparticles (BNPs) can display different types of structures and 
adopt different morphologies and even chemical order. By controlling the size and 
chemical composition, different physical and chemical properties can be obtained due to 
quantum and surface-induced phenomena. Hence, it is of great interest to establish 
reliable methods for the characterization of chemical composition and elemental 
distribution of single small BNP (sub-10 nm). STEM-based methods have allowed 
measurements with a high degree of reliability and reproducibility, generating huge sets 
of 3D or 4D data, called hyperspectral images (HSIs). In this way, new and advanced 
statistical tools from machine learning have been employed to better exploit the dataset 
information. For example, Nonnegative Matrix Factorization (NMF), an unsupervised 
method to find hidden correlations, can be used as blind source separation (BSS) [1], 
allowing evaluate the signals such as different chemical phases in HSIs without human 
bias. In this work, we will describe the measurement of the chemical composition of 
benchmark AgAu BNPs using Energy-dispersive X-ray Spectroscopy (EDS) combined 
with Scanning Transmission Electron Microscope (STEM), in a Titan-Themis Cubed 
operated at 80 kV.  In particular, we have explored the use NMF to find elemental 
distribution hidden in nanoalloys to measure element segregation. By combining 
experimental data analysis and simulations, we have been able to reveal the complete 
signal separation of an alloy core of AgAu from an Ag-rich shell, meaning chemical 
segregation, as can be seen in Figure 1. Besides the apparently elemental mixing observed 
in raw image spectra, NMF enhances the identification of an Ag shell between 0.5 and 1 
nm depending on the BNP system analyzed. Additionally, from the signal associated with 
the core of the BNPs it is possible to retrieve the quantitative information as demonstrated 
by the simulations. Therefore, we measured a core chemical composition average of 
~70% in Au atoms, while the full BNPs chemical composition average is ~50%.  Efforts 
are still being performed to estimate an uncertainty interval such that the analysis of 
signal-to-noise-ration improvement by data reconstruction from the NMF decomposed 
components. These results thus demonstrate the possibility of measurement of chemical 
composition distribution inside small BNPs, on the single-particle level and open the way 
for further studies concerning elemental patterns (random, gradients, coreshell, Janus, 
etc.) in small BNPs. 
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Figure 1 – NMF decomposition results of a HSI obtained by STEM-EDS of small AgAu 
BNPS. Spatial components associated to a) background, b) AgAu core, c) Ag oxide shell 
and respective spectral components in d), e) and f) addressing the chemical signature. 
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Perovskites are a well-known group of oxide ceramics (ABO3) that can exhibit many 
different phases depending on the temperature, due to octahedral distortions in their 
structure. In the case of NaNbO3, Megaw et al. (1974) [1] have described the presence of 
seven different phases, although recently more phases have been found. One interesting 
ferroelectric phase (Q) is metastable at room temperature and can be induced from the P 
phase (antiferroelectric and stable at room temperature) by large electric fields,  doping, or 
mechanical stress [2]. In this study, we investigate the phase(s) present in nanoribbons of 
NaNbO3, when grew over metallic niobium platelets and evaluate their microstructure. For 
this purpose, high-angle annular dark-field (HAADF), annular bright-field (ABF), and 
differential phase contrast (DPC) scanning transmission electron microscopy (STEM) was 
used. The images were collected using an aberration-corrected Titan Themis 80-300 
operated at 200 kV with a convergence semi-angle of 21 mrad. The experimental images 
obtained were compared with multislice computer simulations. We have considered three 
different zone axis ([100], [010] and [001]) (Figure 1) using Dr. Probe V1.9 software [3]. 
The structure models of P (s.g.: Pbma - PDF code 33-1270) and Q phases (s.g.: P21ma - PDF 
code 38-1249), an acceleration voltage of 200kV, 100  frozen lattices and the microscope 
setups reported by Haas et al. (2019) [4] were used. The simulated images show that a 
distinction between the P and Q phases is possible along the [010] zone axis, using the ABF 
or DPC detectors, due to the position of the oxygen atomic columns. Yet, when ABF and 
DPC images are compared, it is clear that the latter is much more sensitive, particularly when 
iDPC images are used (Figure 2). Under these conditions, we observed that apparently the 
Q phase is present in the nanoribbons, and that the Na and O atoms show displacement with 
respect to the Nb atoms, which indicate local spontaneous polarization. This result 
corroborates the hypothesis that the nanometric form also stabilizes the metastable phase. 
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Figure 1- The unit cell structure models of P (s.g.: Pbma - PDF code 33-1270) and Q 
phases (s.g.: P21ma - PDF code 38-1249) seen in the three different zone axis ([100], 
[010] and [001]) chosen to be simulated. The Nb atoms are represented in red, the Na in 
yellow, and the O in green. 
 

 
Figure 2 – HRSTEM HAADF and iDPC images of P phase model (a,b), and Q phase 
model (c,d) simulated using Dr. Probe compared to sample images (e,f).  Over the iDPC 
images, there is the representation of the atoms in the zone axis [010] (the Nb in red, the 
Na in yellow, and the O in green). 
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One of the main parameters to determine the mechanical behavior of an FCC metallic 
alloy is the Stacking Fault Energy (SFE). This parameter is associated with the strain 
hardening capacity of the material and it is often correlated to some mechanisms as the 
Transformation Induced Plasticity (TRIP) and Twinning Induced Plasticity (TWIP) 
effects. Both phenomena are described as efficient in increasing both the strength and 
elongation at fracture of the material. High-Mn steels are alloys that belongs to the second 
and third generation of the well-known Advanced High Strength Steels (AHSS), in which 
the TRIP and TWIP effects may be present, directly impacting the final mechanical 
behavior of the material [1]. There are three main methods to obtain the SFE of an alloy: 
ab initio approach, thermodynamic calculations, and the experimental determination of 
the partial dislocations by Transmission Electron Microscopy (TEM). The second method 
is the most used due to its ease of use and relatively simple calculations. However, there 
is a non-negligible difference by the models that are currently being applied in the 
literature to determine the SFE via thermodynamic calculations [2-5]. From all the above, 
the objective of this work was to experimentally determine the SFE through the partial 
dislocations distance measurement and confront this value with the thermodynamic 
models present in the literature. A completely recrystallized Fe-36.9%Mn-0.02%C alloy 
was processed and submitted to a cold rolling step with a thickness reduction of less than 
1% to induce the presence of dislocations. One sample was prepared by grinding until 80 
μm of thickness and stamped into 3 mm discs. The final preparation was made by a 
Precision Ion Polishing System (PIPS) operating at 5 keV. A Tecnai G² F20 (FEI, 
Hillsboro, OR, USA) TEM operating at 200 kV and equipped with a field emission gun 
(FEG) was used for this study. The Weak-Beam Dark Field (WBDF) technique was used 
to determine the distance from the partials in a g(4g) condition with the beam direction 
near the [111] zone. Four different pairs of partial dislocations were observed and 
measured by image analysis. An equation was used to correlate the partial distances and 
the SFE [6]. The experimental value was 28.1 ± 8.6 mJ/m². In the end, five different sets 
of equations present in the literature were used to calculate the SFE of the composition 
through the thermodynamic approach and compared to the experimental results. The main 
conclusion is that for the composition studied in this work, just two of the models 
appeared to have a better correlation to the experimental results. 
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Equation 1 – Correlation between the SFE and the distance between the partial dislocations 
[1]. 
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Table 1 – Distance of the partial dislocations evaluated through WBDF-TEM and the 
respective SFE value considering its character angle. 
 Distance of the partials Character Angle SFE (mJ/m²) 
Dislocation 1 4.67 x 10-9 m 90° 35.3 
Dislocation 2 6.01 x 10-9 m 36° 19.7 
Dislocation 3 4.57 x 10-9 m 80° 35.6 
Dislocation 4 6.55 x 10-9 m 55° 21.6 
 28.1 ± 8.6 mJ/m²  

 
Table 2 – Thermodynamic models present in the literature [2-5]. 
 Model 1 Model 2 Model 3 Model 4 Model 5 
SFE (mJ/m²) 63 61 68 32 31 

 
  

Figure 1 – Examples of partial dislocations images acquired through WBDF-TEM 
technique. 
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The development of new materials is linked to technological innovations, mainly due to 
applications at increasingly higher temperatures [1]. In this scenario, niobium alloys are 
promising candidates due to their high melting points, low densities and high mechanical 
properties at high temperatures [2], [3]. As a result, they are considered ideal for application 
in parts of jet engines and other components of the aerospace industry [4]. The aim of the present 
work was to produce Nb-based alloys via spark plasma sintering (SPS). For this purpose 
powders of Nb, Ni, Cu and WC were used to manufacture alloys with compositions Nb-
15Ni-2%WC-2%Cu. The powders were then mixed for 2 hours in a high energy mill and 
sintered via SPS at temperatures 1000, 1100 and 1200°C, with uniaxial pressure of 30 
MPa. The sintered specimens analyzed by X-RD and SEM-EDS. By analyzing the 
diffractograms shown in Figure 1, it was possible to identify the formation of the NbO, 
NbC, Nb2C, δ-Ni3Nb (orthorhombic), γ"-Ni3Nb (tetragonal), (Nb,W) and W phases at all 
studied temperatures. Figure 2 shows the micrographs obtained by SEM of the sintered 
samples, it is possible to observe that the microstructures are very similar in all prepared 
conditions, it is clear that there was no formation of very distinct phases, with only a light 
gray matrix appearing. and some dispersed phases with a slightly darker coloring. In 
addition, it is noted that in all specimens produced there is the presence of pores, but it is 
visible that with the increase in sintering temperature this presence is reduced. On the 
other hand, the EDS revealed that there was an increase in the homogeneity in the 
distribution of the elements as the sintering temperature rose, as can be seen in Figure 3. 
It was concluded that the proposed alloy was successfully manufactured via SPS, and 
when performing the analysis by X-RD it was possible to identify the formation of both 
solid solutions between components and intermetallic ones, already by MEV-EDS it is 
concluded that with the increase in the sintering temperature there was a reduction in the 
pores and an increase in the homogeneity in the distribution of the elements. 
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Figure 1 – X-RD diffractogram of the specimens at temperatures of 1000, 1100 and 

1200ºC. 
 

 
Figure 2 - Micrograph of the alloy sintered at (A) 1000°C, (B) 1100°C and (C) 1200°C 

with 500X increase in SEM. Source: The author. 

 

 
Figure 3- Elementary EDS mapping for the sintered alloy at (A) 1000°C, (B) 1100°C 

and (C) 1200°C. Source: The author. 
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The use of Niobium based alloys (Nb) has been gaining prominence due to the combination of its 
high melting point and low densities, when compared with other refractory metals, demonstrating 
great potential for applications in high temperature environments, surpassing Ni super alloys 
commonly used [1]. Thus, the present study aimed to develop and characterize the Nb-10W-
15(Ti6Al4V)-1Cu alloy, with percentages by weight. The mixture was homogenized for 2 hours 
and sintered via  spark plasma sintering (SPS). For this, axial pressure of 30 MPa was used and 
temperatures of 1400 and 1500°C, performed in triplicate. In the characterization of the sintered 
samples, by XRD, on Figure 1, it was identified the solid solution (Nb,W), already expected due 
to the interaction between these elements [2]. The formation of the βTi phase was observed, as 
the W and Nb are stabilizers of this phase [3]. The formation of the AlTi3 intermetallic is related 
to the low reaction rate between Al with Nb and W, forming a phase only with Ti. In addition, 
this interaction of Al with Ti justifies the formation of αTi, since the element stabilizes this 
titanium phase [4]. TiO2 and TiC is justified by the high affinity of Ti for these elements [5]. By 
SEM together with EDS, presented in Figure 2, the microstructures and homogenization of the 
elements were studied. It was possible to observe a light colored matrix, composed of (Nb,W) 
with islets of titanium alloy, dark colored, dispersed throughout the matrix. Furthermore, it is 
noticed the low presence of pores and no formation characteristic of microstructural 
transformations. The low presence of titanium in the matrix is due to the greater diffusivity of Nb 
into Ti, which created a barrier for the diffusion of Ti to Nb [6]. Another fact observed is the 
protection against effective oxidation of niobium by titanium, since most of the oxygen comes 
from the rich phases has Ti, with the oxygen almost imperceptible in the matrix (Nb,W) [7]. In 
relation to copper, it is possible to notice the formation of small islets distributed throughout the 
alloy, probably accumulated in the macropores, due to the formation of liquid and its low 
solubility in the matrix (Nb,W) [8]. Finally, it was concluded that SPS sintering was effective and 
very promising for the manufacture of Niobium based alloys with a high melting point, due to the 
low surface porosity and the good homogenization of the elements based on the SEM and EDS 
presented. 

 

REFERENCES 
  
[1] C. R. M. Afonso et al., “Characterization, corrosion resistance and hardness of rapidly 

solidified Ni–Nb alloys,” J. Alloys Compd., 2020. 
[2] O. N. Senkov et al., “Ductile Nb alloys with reduced density and cost,” J. Alloys 

Compd., 2019. 
[3] Y. Li et al., “Microstructure and isothermal oxidation behavior of Nb-Ti-Si-based alloy 

additively manufactured by powder-feeding laser directed energy deposition,” Corros. 
Sci., 2020. 

[4] H. Z. Niu et al., “Fabrication of a powder metallurgy Ti2AlNb-based alloy by spark 
plasma sintering and associated microstructure ” Mater. Des., 2016. 

[5] Y. Li et al., “Phase equilibria in the Nb–Ti side of the Nb–Si–Ti system at 1200 °C and 
its oxidation behavior,” J. Alloys Compd., 2017. 

[6] Y. Liu et al., “Kinetic modeling of diffusion mobilities in bcc Ti-Nb alloys,” J. Alloys 



DOI: 
ISSN: 

122 

Compd. , 2009. 
[7] X. Liu et al., “Mechanisms of Ti and B on improving weld metal toughness of a Nb-

alloyed steel,” Mater. Sci. Eng. A, 2020. 
[8] F. A. Da Costa et al., “Effect of high energy milling and compaction pressure on density 

of a sintered Nb-20%Cu” Int. J. Refract. Met. Hard Mater., 2015. 
 
ACKNOWLEDGMENT 

The present work was carried out with the support of the Coordination for the Improvement of 
Higher Education - Brazil (CAPES). 

 

Figure 1 - Diffractograms of the Nb-10W-15(Ti6Al4V)-1Cu alloy. Source: author.
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Figure 2 - Micrograph and EDS of the Nb-10W-15(Ti6Al4V)-1Cu alloy, sintered at (A) 1400°C, (B) 

1500°C with 500x magnification. Source: author.
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Shales are the most frequent sedimentary rock on the surface and are important for 
petroleum systems, as they can be found as source rocks of hydrocarbons or cap rocks 
that limits the accumulations of hydrocarbons [1, 2]. Its macroscopical mechanical 
properties are important to determine its structural stability and are the link between the 
petrophysical properties and the geophysical observables [3]. The mechanical properties 
of the clay minerals and organic matter, commonly found in shales, are not well known. 
This represents a serious limitation to the full understanding of the macroscopical shale 
properties. The mechanical properties of these important constituents have been studied 
by atomic force microscopy acoustic modes and with peak force mode [4,5,6,7,8,9]. In 
this work, we have implemented an atomic force acoustic microscopy (AFAM) with a 
combination of small equipment modifications and imaging processing. In this setup, the 
sample is fixed on a piezoelectric ceramic while an AFM tip is held in contact under 
constant force. A sinusoidal signal is used to introduce a vibration on the surface, the 
registered AFM signal is sent to a lock-in amplifier that register the osculation amplitude 
of the AFM cantilever. The amplitude registered by the lock-in is also registered by the 
AFM controller and can be imaged as the tip scans the surface. Several oscillation 
amplitude images are registered for different frequencies and are post processed in order 
to find the resonance amplitude (figure 1). A mechanical model that represents the 
resonance frequency as function of the mechanical properties of the surface and the 
cantilever are used to calculate the Indentation modulus of the material under study. After 
this procedure, we were able to produce an Indentation modulus map (figure 2) and 
measure the mechanical properties of clay and organic matter previously identified on the 
imaged region using energy dispersive x-ray.   
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Figure1 - (a) Lorentzian function fit to a measurement on a point in sample (b) ressonance 
map after fit in all measured points. 

Figure 2 - Indentation modulus map. 



DOI: 
ISSN: 

125 

Characterization of Sandstones Through Image Analysis and 
Simulations 

 
Rafael da Silva Vianna1*, André Maués Brabo Pereira1, Ricardo Leiderman1, Janine 

Domingos Vieira2. 
 

1 Institute of Computing, UFF, Niterói, Brazil. 
2 School of Engineering, UFF, Niterói, Brazil.  
*rafaelvianna@id.uff.br 
 
Image analysis and simulations are increasingly applied to characterize sandstone 
samples as a complementary analysis to laboratory tests due to their capability to 
overcome many difficulties presented in physical testing. Some of the advantages are 
their non‐destructive characteristic, low cost, ease of performing repeatable analyses, and 
possibility to perform analyses that cannot (or are very difficult to) be performed in 
experimental tests. By means of image analysis and simulations it is possible to extract 
the constituent’s contents of sandstones, porosity, pore connectivity, effective properties 
and others. Accurate results are expected to be obtained with realistic models, which may 
be generated by means of imaging technologies on several scales (e.g., microcomputed 
tomography (micro‐CT)). Therefore, in this work, we aim to characterize samples of 
sandstones through image analysis and simulations using micro-CT images. The 
characterization of sandstones using micro-CT images involve several steps as presented 
in Figure 1: sample preparation, micro-CT acquisition and reconstruction, image 
processing and segmentation, mesh generation, and numerical simulations. In the image 
processing and segmentation step, we use a machine learning approach. Machine learning 
is very efficient to segment phases that the traditional techniques of segmentation would 
not be able to do. The segmented images are used to obtain the volume fraction of the 
material phases. The contents of phases are compared to experimental results validating 
our approach. Additionally, effective properties of the material are obtained by 
computational simulations based on numerical methods. This is an attractive alternative 
to laboratory tests to assess effective properties of porous materials, since this 
methodology can consider the material internal structure through realistic virtual models 
as presented in [1-5]. 
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Figure 1 Workflow in virtual material characterization, from sample preparation to 
numerical simulation, embracing micro-CT acquisition, tomographic reconstruction and 
image processing and segmentation. 
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SHCC are fiber-reinforced cementitious materials that achieve significant deformations 
through multiple cracks formation [1]. Their mechanical behavior is strongly linked to 
the cracks opening behavior. In this scenario, DVC is a powerful method by which cracks 
can be analyzed in 3D throughout the interior of the specimen. DVC is a technique that 
estimates full-field strain in 3D over the entire volume of the specimen by correlating 
imaging volumes of the specimen in unloaded and loaded states [2]. It comprises three 
main steps: acquisition of 3D images; pattern-matching correlation procedure to measure 
a displacement vector field; calculation of the strain field from the measured 
displacements. In this work, images of SHCC specimens were acquired by in-situ 
microcomputed tomography (microCT), that provided six 3D datasets in different states 
of loading during a tensile test, from STEP_0 (unloaded) to STEP_5 (end of test). Image 
pre-processing was performed before DVC calculation: all five loaded datasets were 
aligned according to STEP_0 and a sub volume was cropped resulting in six datasets with 
224 slices with 336 x 336 pixels each (Figure 6). Displacement and strain were calculated 
by the open source code Software for the Practical Analysis of Materials (SPAM) [3]. 
The pattern-matching correlation between the images before and after is made in a sub 
volume, traversing the image at a given step size. Here, a sub volume was defined as (32 
voxels)3 and the step size was 8 voxels. The code was run five times with input from two 
subsequent steps. First, Step 0 was defined as a reference image and Step 1 as a deformed 
image and in the last run, the reference and deformed images had Steps 4 and 5, 
respectively, as input. The result of displacement was plotted as arrows colored according 
to the magnitude (Figure 7), and it shows a tendency of displacement towards the 
positives x and y-axis, characterizing a torsion during the test, in addition to the tensile 
effort (y-axis). Figure 8 shows the y-axis strain (eyy) results. Until step 2, the first formed 
crack concentrates greater strain. From step 3, when the top crack appears, the strain 
decreases in the cracks below and the strain in the cracks above becomes more prominent. 
This means that there is a relaxation in the bottom crack and the strain concentrates in the 
upper crack, where the rupture occurs. 
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FIGURAS 

 
Figure 6. Highlight of a cropped volume used as input for the SPAM code. 

 
Figure 7. Displacements from step 2 to step 3 obtained by SPAM code represented by 
arrows. 

 
Figure 8. Plotted y-axis strain (eyy) obtained by SPAM overlapped on the final loading 
dataset of each analysis. 
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Maraging 400 steels are ultra-high-strength steels with low carbon content (< 0.01%), 
whose base composition is Fe-13Ni-15Co-10Mo (wt.%) with small additions of Ti and 
Al. Their mechanical strengths are mainly achieved by precipitation hardening of 
intermetallic compounds, which occurs during the aging heat treatment applied after 
austenitization followed by cooling in air.. When it comes to in-depth studies on the 
physical metallurgy of this steel, the literature is scarce and limited to works prior to the 
1990s [1, 2]. More recently, some groups have studied the particularities of precipitation 
hardening of these ultra-high-strength maraging steels and have shown, after aging, the 
repeated presence of two types of precipitates with nanometric dimensions: 
(Ni,Fe)3(Mo,Ti) and the Laves phase (Fe,Co)2(Mo,Ti). [3–6] Thus, the objective of this 
work was to perform the microstructural characterization of maraging 400 steels, varying 
composition and aging time. A non-commercial maraging 400 was fabricated by vacuum 
induction melting (VIM) and electroslag remelting (ESR), following by homogenization 
at 1250°C for 5 hours, forging and hot rolling. Tab. 1 shows the chemical composition of 
each sample, varying the percentage of Mo (increases from D to E) and Ti (increases from 
A to C). After received, the samples were solution annealed at 900°C for 1h and quenched 
in water. Than they were aged at 480°C for 3h and 6h. The microstructure was 
characterized using a SEM/EDS (FEG FEI-Inspect 50), XRD (Philips X’Pert-MPD, 
CuKα, 20° ≤ 2θ ≤ 100), quantitative stereology (image J) and Vickers hardness (Shimadzu 
HMV-2, 15s, 1 kgf). Fig. 1 shows SEM image for each sample and aging time. Samples 
A, B, C and E in the non-aged condition (0h) presented micrometric precipitates (light 
contrast) rich in Mo (EDS) and identified as Fe3Mo (by XRD). After aging, the initial 
precipitates remained with the same size and morphology. Fig. 2.a shows the Vickers 
hardness vs aging time, even with the presence of micrometric Fe3Mo precipitates, there 
was precipitation hardening by nanometric precipitates. These precipitates are too small 
to be observed by SEM and their peaks coincide with the martensite peaks (from matrix), 
which makes not possible to identify them with XRD as well. Sample E (highest Mo 
content) presented larger and less precipitates (0.29±0.2 μm, 2.47 precip./μm²) than 
samples A, B and C (0.21±0.1 μm, 3.51 precip./μm²), which presented values similar 
between them. This indicates that the Mo content in the alloy influences not only 
austenitization kinetics, but also dissolution kinetics of Fe3Mo, the more Mo, higher the 
temperature required. Assuming this same behavior during the aging precipitation 
process, it can be inferred that, for higher Mo content, longer it will be the diffusion time 
of the atoms, from the position of solid solution to the sites of formed nanometric 
precipitates. That is, the Mo can influence the precipitation kinetics and, in this case, the 
difference between the hardness values of the samples, for the same aging time, can 
represent different stages in the aging curve, as illustrated in Fig.2b. For example, in aging 
for 6h, samples A, B and C would be close to the hardness peak, while sample E (in black) 
would have already crossed that point and sample D (in pink) would still be rising. The 
microstructural characterization indicated that: a) the solubilization temperatures usually 
used for other classes of maraging steels do not apply to maraging 400, due the higher 
contents of Mo and Co; b) the compositions A, B and C proved to be technologically 
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promising, presenting high levels of mechanical resistance; c) there is a great influence 
of the Mo in the phase transformations and d) it is necessary to study using advanced high 
resolution techniques such as TEM and high energy XRD. 
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[6] da Fonseca, D. P. M. et al. Materials Research, v. 24 (1), p. 1-11, 2021. 
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Tab. 1 – Chemical composition (%wt) of the maraging steels studied  
Liga Ni Co Mo Ti Al C Si Mn 
A 12.61 14.49 11.12 0.060 <0.01 0.021 0.190 0.220 
B 14.11 14.27 11.40 0.400 0.01 0.014 0.060 0.030 
C 13.08 15.35 11.30 0.88 0.05 0.024 0.080 0.050 
D 13.40 14.96 7.51 0.250 0.06 0.023 0.150 0.160 
E 14.06 15.21 15.02 0.240 0.04 0.021 0.060 0.040 

 
Fig. 1 – SEM image of samples A, B, C, D and E in the non-aged condition (0h), aged at 480 °C for 3h 
and aged at 480 °C for 6h. Secondary electrons, chemical attack by immersion in Vilella 

 
 
Fig. 2 – a) Vickers hardness (HV1) of samples A, B, C, D and E (aged at 480 °C) as a function of aging 
time. b) Explanatory illustration of hardness results for 6h aging 

          

a) b) 
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In this work, we prepare SmBa2Cu3O7-d superconducting ceramics through the solid state 
reaction method with different calcination routes. Our goal was to evaluate the influence 
of synthesis parameters on ceramic microstructure. Briefly, the heat treatment parameters 
are summarized in Table 1. We then subjected all samples to the same sintering treatment 
with the parameters: heating rate of 4oC /min to a temperature of 960oC whose time in 
this isotherm was of 72 hours, the cooling rate was 1oC /min to 520oC, where the time at 
this plateau was 24 hours and, finally, the samples were cooled at a rate of 1oC/min to 
room temperature. All sintering process was under constant oxygen flow were 1.4 cm3/s. 
After that, we determine the densities (𝜌 ) of the samples by Archimedes Principle. From 
these data, we calculated porosity of each sample with the following equation: 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = 1 −  
𝜌𝑎𝑝

𝜌𝑡𝑒𝑜

 (2) 

where 𝜌 =6.8716 g/cm3 which is the theoretical density of the orthorhombic crystal 
structure of ceramic [1]. 

The samples were also fractured into two pieces. One of the pieces was embedded in cold 
epoxy resin. For the sanding procedure, we used silicon carbide (SiC) sandpaper with a 
particle size of 800, 1200, 2500 and 5000. For the polishing of the samples, we used a 
polishing machine with a diamond paste of a particle size of 1 μm. Then, we analyzed the 
polished and unpolished samples in a JEOL JSM6610LV Scanning Electron Microscope. 

We analyzed all micrographs of polished and unpolished samples with ImageJ2 software 
[2]. First, we did a pre-processing applying the Trainable Weka Segmentation (TWS) 
[3,4] puglin to sanded and polished samples in order to quantify the porosity. We chose 
two classes for segmentation: ceramic and pores. Using the drawing tool, we selected 
several representative regions of each class. We apply the Fast Random Forest classifier 
to perform multitasks in parallel. We chose the following image features in classifier 
training: Bilateral and Anisotropic diffusion (for noise removal), Gabor and Sobel 
Filter (for edge detection), and Entropy (for texture determination). The filter parameters 
were minimum sigma = 1.0, maximum sigma = 32.0 and balanced classes. To correct 
errors after each training, the selected regions were modified or deleted, and the classifier 
was retrained. The performance of successive trainings was evaluated using the Out of 
bag error [4]. After this training on the micrograph, the classifier and segmentation data 
were saved so that we could use it in other images. 

Post-processing was performed on the ceramic class maps from the application of 
Threshold command. Then, to improve the identification of areas, the Dilate filter was 
applied, to close the pore contours, and the Fill Holes filter, to fill the interior of the closed 
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regions. With the treated micrographs, we obtained the fraction of pore area that was 
compared with the results obtained by the Archimedes method, as shown in Table 2. 

Our results indicate that the ImageJ2 software is an important tool for evaluating the 
microstructure of ceramics and allowed us to automate the process of segmentation of 
digital images. Furthermore, it allowed us to quantify the pore fraction and densities of 
ceramics with relative errors lower than 3.60%. 
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(a)      (b) 

  
(c)      (d) 
 
Figure 1: (a) Micrograph of the Sm-123 (A1-960) sample sanded and polished at 500x magnification. (b) Image 
segmentation was performed by TWS plugins. Red represents the segmented regions as ceramic and the color 
green as pores. Stronger colored regions are the input data provided by the user to the classifier, and the other 
regions have been segmented by TWS. (c) The probability map was generated at the end of the segmentation 
by TWS. The intensity of the pixels in the image indicates the probability that these pixels belong to the map 
class. (d) Outline of particles identified as sample pores. 
 
Table 1: Heat treatment parameters of SmBa2Cu3O7-d polycrystalline ceramics. 

Sample Calcination Temperature 
(oC) 

Time of Isotherm 
(h) Cooling Rate (◦C/min) 

A1-930 930 40 10 
A2-930 930 80 10 
A2-960 960 80 10 
A3-930 930 40 1 
A3-960 960 40 1 

Table 2: – Porosity was estimated by analyzing the images obtained from the SEM. Porosity was defined 
as the area fraction of the regions segmented with the pore class. Sample A1-960 could not be analyzed 
by the method because its wear was not sufficient to even out the surface. 

Sample Average Porosity 
Fraction from Images 

Average density from 
images (g/cm3) 

Density 
(g/cm3) 

Relative 
Error (%) 

A1-930 9,63 6,21 6,28 1,14 
A2-930 9,42 6,22 6,36 2,15 
A2-960 11,42 6,09 5,94 2,45 
A3-930 10,76 6,13 5,92 3,56 
A3-960 15,60 5,80 5,90 1,73 
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Alloy 718 has a high technological importance in aerospace and power industries, since 
it was designed to operate under elevated pressures, temperatures and oxidizing 
environments [1]. This is a result of the slow kinetic precipitation of the metastable phase 
γ” (Ni3Nb) and the formation of protective oxides [1,2]. However, the oxidation assisted 
intergranular cracking (OAIC) manifestation at about 650°C leads to a dramatic decrease 
in ductility of alloy 718, evidencing a change in the type of fracture and making its 
application at higher temperatures unfeasible [1-3]. Figure 1 illustrates a typical dimpled 
ductile fracture transitioning into a faceted surface in the OAIC temperature interval. The 
phenomenological and kinetic characterization related to this effect does not have a 
consensus in the literature [1,2]. Since niobium is a critical element of the microstructure, 
representing up to 5,5% at, being a carbide former, known for its oxygen affinity and 
prone to segregation, the most recurrent explanation associates the decomposition of the 
intergranular (Nb, Ti)C to form a brittle oxide Nb2O5 on the grain boundaries. In fact, this 
theory does not stand when one analyzes the kinetics of the phenomenon [2]. Although 
there is evidence of the niobium surface enrichment in the given conditions to form the 
oxide, there is no confirmation of the NbC as its source or a clear characterization of 
Nb2O5 [2,4]. On the other hand, previous results show correspondence between the 
minimum ductility and the fastest precipitation rate of the γ” strengthening phase 
temperatures, besides an incompatibility between OAIC kinetics and reported NbC 
decomposition times [2]. Driven by these facts, this work makes an effort towards the 
understanding of this theory by hot tensile testing and image characterization by SEM, 
targeting the critical role of Ni3Nb. The tensile samples were solution annealed at 1050ºC 
for 1h and then overaged at 800 and 900ºC for 32h. These specimens had nearly all Nb 
available for precipitation in solid solution consumed in the form of γ” and/or δ [5], the 
most stable form of Ni3Nb, and they were tested at 850ºC, representing the minimum 
ductility temperature at a strain rate of 3,2x10-2s-1. Figure 2 shows SEM images of the 
fractured surfaces and longitudinal sections of two overaged samples tested at 850°C. 
Both aging temperatures show intense resolved δ precipitation and their surface fracture 
reveal a notable increase in ductility, compared to the solution annealed condition, which 
was also verified quantitatively. It is proposed that the OAIC embrittlement mechanism 
is, in fact, primarily related to the dynamic γ” precipitation during deformation, especially 
in the boundary driven segregation of niobium, prior to the precipitation itself.  
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Figure 1 – SEM/SE images of the fracture surfaces of solution annealed samples tested at (a) 600, 

(b) 650 and (c) 850°C. The fractures reveal a change in the fracture mode, going from 100% ductile 
at 600°C to 100% brittle at 850°C.  

 
 

 
Figure 2 – SEM/SE images of fractured surfaces of samples aged at (a) 800 and (c) 900°C for 32h, 
showing ductility recover with (a-c) an increasing loss of intergranular facets and (c) even dimples. 
Also SEM/BSE images of the longitudinal sections of these samples aged at (b) 800 and (d) 900°C 
for 32h, showing (b-d) the Nb-rich precipitation at the boundaries and (d) even (Nb,Ti)C carbides. 
All samples were tested at 850°C under secondary vacuum of 1.7 × 10−2mbar, at a 3,2x10-2s-1 strain 

rate. 
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NaREF4 (RE: rare-earth) nanoparticles (NPs) are promising materials due to the 
possibility of fine-tuning their properties through control of size, composition and 
formation of  core@shell structures [1]. The compounds may appear as cubic (α) or 
hexagonal (β) phases that can be combined for the generation of unique properties [1]. 
This material is rather sensitive to electron beam irradiation, so their study with TEM 
methods must be realized with extreme care. In order to obtain a high resolution image 
the required electron dose is >1000 e-/Å2, what can damage their structure. Here, we 
describe a structural study of NaREF4  NP based on Pair Distribution Function (PDF) 
derived from Selected Area Electron Diffraction (SAED). PDF allows for quantitative 
structural analysis of NPs and fulfils reasonably well the low electron doses requirement 
(usually a few 10 e-/Å2) [2]. A TECNAI G2 microscope (200 keV), coupled with a CCD 
camera (14 bits, 2048x2048 pixels) was utilized (LCE-DEMa-UFSCar). We have 
developed a software in Python language, which perform all the SAED processing steps 
and structural refinement based on the ePDF curve. Our sample was composed of α-
NaDy0.15Y0.85F4@α-NaYF4, the NPs mean diameter (Ø) by image was ~ 10 nm (see Fig. 
1a), the measured SAED can be seen in Fig. 1b. Both α and β phases are present in the 
sample (see Fig 2a). Clearly, the PDF is sensible to the β phase (commonly found as an 
impurity) as show by the residue values (40% without β and 27% with β, see Fig. 2b). 
The quantitative  refinement revealed a proportion of 0.7 α and 0.3 β, this information is 
an important tool to improve structural control. We could not identify the presence of a 
α-NaYF4 shell and Ø values are much lower than the ones expected from images. Such 
discrepancy may be due a polycrystalline shell, surface amorphization by oxidation or 
carbonization, but also may be due to the weak scattering power of this rather low atomic 
number sample. We are confident that the quality of the fit will improve with the use of 
Precession Electron Diffraction (PED), that will reduce dynamical diffraction effects in 
the measurements [3].  PED can be performed with same instrument used here, and these 
experiments will soon allow further improvement of this study [4].    
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Figure 1: a) TEM image of the α-NaDy0.15Y0.85F4@α-NaYF4 NPs. b) SAED pattern 
utilized in our analysis. 

 
Figure 2: a) Azimuthally integrated pattern extracted from (Fig. 1b); we have superposed 
the expected position of the peaks for the α and β phases. b) Comparison between the 
measured ePDF (continuous line) and optimized ePDF for the α plus β model (dashed 
line;  region r > 15 Å is multiplied by a 3x factor to improve visualization). The lower 
part of (b) shows the difference curve. 
 
 
  



DOI: 
ISSN: 

138 

Microstructural characterization of the 
Cr29.7Co29.7Ni35.4Al4.0Ti1.2 precipitation-hardened multi-

principal element alloy  
 

Diego de Araujo Santana1*, Claudio Shyinti Kiminami2, and Francisco Gil Coury3  
 

1 Postgraduate Program in Materials Science and Engineering, Federal University of 
São Carlos, São Carlos, Brazil. 
2 Department of Materials Engineering, Federal University of São Carlos, São Carlos, 
Brazil. 
3 Department of Materials Engineering, Federal University of São Carlos, São Carlos, 
Brazil. 
*Corresponding author: diegodeasantana@ppgcem.ufscar.br 
 

Since 2004 some alloys with equiatomic or near equiatomic compositions and interesting 
properties have been reported in the literature. These new metallic materials were initially 
named High Entropy Alloys (HEA) or Multicomponent alloys. Recently, the term Multi-
principal Element Alloys (MPEAs) is being increasingly more used. In the early studies 
of these concentrated alloys, many works were focused on the development of single-
phase compositions with optimized properties. Some of the initial thoughts were that solid 
solutions would be the most stable phases and that intermetallic compounds could be 
detrimental to mechanical properties. However, nanometric second-phase intermetallic 
particles dispersed in a ductile matrix acts as a barrier to dislocation motion and, 
consequently, improve the mechanical properties of an alloy. Therefore, recent studies on 
MPEAs have been broadened to multi-phase compositions. In this context, we have 
designed a new precipitation-hardened MPEA, namely Cr29.7Co29.7Ni35.4Al4.0Ti1.2 (at. %). 
This alloy was developed to have a concentrated CrCoNi face-centered cubic matrix 
(FCC) containing nanometric L12 precipitates. The alloy was produced by conventional 
casting, cold-rolled, solution-treated, and aged at 850 °C for different times. The 
microstructural evolution of precipitates size as a function of aging time was analyzed 
through Transmission Electron Microscopy (TEM)-dark filed images taken using the 
superlattice reflections of the L12 phase. The volume fraction of the precipitates was 
determined through an established relationship for projected images [1], where the TEM-
foil thickness was measured by the electron energy-loss spectrometry (EELS) method [2]. 
The chemical composition of the matrix and the precipitates was determined using Energy 
Dispersive X-Ray Spectroscopy (EDS). The results showed a good agreement with 
thermodynamic calculations performed using the CALPHAD method and PanHEA2020 
database [3] via the software Pandat. 
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The present work studied a face-centered cubic (FCC) multi-principal element alloy 
(MPEA) with low stacking fault energy (SFE), the Cr40Co40Ni20 MPEA, which 
demonstrated a promising mechanical behavior. During microstructural characterization, 
the electron diffraction analysis revealed some additional spots prohibited for the FCC 
phase (indicated by white arrows in Figure 1(c)). Based on this, we investigated the 
possibility of a dual-phase microstructure, constituted by the FCC phase and a small 
fraction of martensitic phase formed upon cooling, which would be undetectable by 
conventional X-ray diffraction, but it possibly impacts the mechanical behavior through 
interface hardening [1-3]. This investigation is relevant in the study of strengthening 
mechanisms and related topics, so that in the future it will be possible to design stronger 
alloy with a set of desired properties. As shown in Figure 1(a-c), transmission electron 
microscopy (TEM) analysis revealed an FCC matrix with annealing twins and stacking 
faults. Some spots of the diffraction pattern are corresponding to the hexagonal close-
packed (HCP) phase, but this phase could not be indexed. In a high-resolution TEM (HR-
TEM) analysis (Figure 1(d,e)), lamellae with periodic contrast at every three atomic 
layers were observed. Fourier transforms (Figure 1(f)) confirm that these lamellae are 
responsible for all additional spots in the diffraction pattern. The periodic contrast of the 
HR-TEM images and the additional spots can be explained in two ways [4]: 
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(1) from the overlapping of the FCC matrix and a twin in an incoherent interface, which 
would generate additional spots by double diffraction; or (2) by the formation of the so-
called 9R phase. The 9R phase is formed by dissociating incoherent twin boundaries 
∑3{112} into two other boundaries, which delimit a 9R phase region [5,6]. Dissociation 
occurs by the emission of a set of stacking faults at every three {111} planes of the FCC 
structure, generating the 9R structure with a specific stacking of nine close-packed planes 
(ABC/BCA/CAB) [1,6]. Since its formation depends on the existence of stacking faults, 
the 9R phase is most commonly reported in FCC metals with low SFE. Some studies 
argue that the 9R phase can contribute to interface hardening and increase the work 
hardening rate [1,2]. In a detailed analysis of the results, mainly through the position of 
additional spots in the diffraction pattern [4], it was defined that the lamellae are not 9R 
phase. This definition is important for the study of strengthening components in this alloy 
since the 9R phase can contribute to strengthening, while the other possibility, an image 
artifact, does not exist with real interfaces, and does not contribute to strengthening. 
Therefore, the nanometric lamellae with periodic contrast observed in this work are an 
image artifact produced by the overlapping of the FCC matrix and twins, and not the 9R 
phase. The promising mechanical behavior of the Cr40Co40Ni20 MPEA has no 
contribution from the interface hardening component by the 9R phase. Thus, the other 
strengthening components (solid solution, grain refining, etc.) and related topics can be 
properly studied without the conclusions being compromised by misinterpretations from 
image artifacts. 

 
Figure 1 – TEM analysis of the recrystallized Cr40Co40Ni20 MPEA (900 ºC/0.5 h). (a) 
Bright field image along the <110> zone axis; (b) dark field (DF) acquired using the 
{111} spot of the twin; (c) selected area diffraction pattern from <110> zone axis, indexed 
with FCC phase and twin with additional spots. (d,e) HR-TEM images and (f) Fourier 
transforms (FFT) showing the FCC phase, twin, lamellae with periodic contrast, coherent 
(CTB) and incoherent (ITB) twin boundaries. 
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Atomic-scale structure determination has become crucial to understand nanomaterials 
properties and develop new technologies. Although Pair Distribution Function (PDF) analysis by 
neutron and X-rays scattering profile have been used to study nanomaterials, electron 
diffraction can offer some advantages to characterize the atomic structure of clusters, small 
nanoparticles, and amorphous samples. Electrons have higher scattering power than X-rays, 
allowing to obtain PDF from electron diffraction (ePDF) for small sample amounts and time-
efficient data acquisition. The number of electron microscopes available worldwide is another 
advantage. Nowadays, with the rise of methodologies and specific software for ePDF data 
analysis, the scientific community can benefit from advanced transmission electron microscopy 
(TEM) structure determination integrating commonly available TEM analyses (size, distribution, 
shape, and high-resolution TEM atomic visualization) with ePDF atomic structure determination 
both for core and surface configurations. Therefore, ePDF has the potential to become one 
routinely and advanced characterization tool for nanomaterials science. In this work, ZrO2 
nanoparticles with an average size of 2,8 nm (Figure 1) [1] have been characterized by ePDF to 
investigate the structural coherence changed after the ligand exchange, and the structure of 
amorphous glassy water has also been analyzed by ePDF and compared to other results in the 
literature (Figure 2) [2]. A Joel JEM 2100F microscope and an Orius 600 CCD camera were used 
to acquire the electron diffraction patterns for ZrO2 nanoparticles study. The amorphous glassy 
water was prepared by traditi0onal crio sample methodology, and the electron diffraction 
patterns obtained using a Talos 200C microscope, a crio sample holder, and a CETA camera. 
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Figure 1 - HRTEM images of ZrO2 nanocrystals having (a) benzoic acid (ZrNCBenz) 
and (b) oleic acid (ZrNCOLA) as surface ligands. (c) Scheme of the ligand exchange 
process displaying the structural models of the ZrO2 cluster with the aromatic ligands and 
with aliphatic chain (C2H2–) ligands obtained from DFT calculations. (d) ePDF of 
ZrNCBenz and ZrNCOA samples. The asterisks indicate the first ZrZr peaks. (e) 
Exponential fitting used to obtain the finite length of structural coherence (LSC = 2/α) by 
using the equation exp(−αr) to Zr–Zr peaks. 

 

Figure 2 - Amorphous ePDF g(r) for (a) thin Cryo-EM glassy water (CGW) support 
membrane compared to X-ray PDF for the LDA phase (Mariedahl et al.31), liquid water 
(Skinner et al.32), and supercooled water (Pathak et al.33). CGW ePDF was also 
compared to (b) g(r) calculated from molecular dynamics for LDA, liquid water and 
supercooled water. (c) Water tetrahedra schemes showing the LDA short-range order 
(SRO; top) with two nearest neighbor tetrahedra connected by two hydrogen bonding 
interactions (blue lines), and the high-density amorphous (HDA) SRO (bottom) that do 
not keep the local structure, allowing H2O molecules to approach another tetrahedra thus 
increasing local density. (d) Spatial distribution function (SDF) of the LDA ice (top) and 
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liquid water (bottom), obtained by molecular dynamics. Two isosurfaces are shown 
indicating larger (blue) and lower (green) spatial concentration of molecules. 
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The microstructure of Duplex stainless steels (DSS) has an approximately equal balance 
of ferrite (δ) and austenite (γ) phases, which results in excellent mechanical and corrosion 
properties. When applied upon in practical conditions such as welding and heat treatment 
around 1000 °C and 1100 °C, these steels show significant microstructural changes. These 
changes range from the volume fraction of the phases, chemical composition, 
precipitation of intermetallic phases, and the formation of interfaces having different 
orientation relationships (O.R.), such as Kurdjumov-Sachs (K-S) and Nishiyama-
Wassermann (N-W) [1]. Depending on both the microstructural evolution and 
morphology of the phases, different responses to a particularly corrosive environment can 
be developed. Therefore, the application of such structural materials in work 
environments can be compromised [1,2]. The steel studied in this work is the DSS UNS 
32750, which was aged in temperatures of 1000 °C and 1100 °C for 24 and 240 h. All 
samples were water quenched after aging, followed by corrosion testing according to the 
ASTM G48 standard (24 h at 60 °C in a 6% FeCl3 solution). The microstructure 
characterization was conducted by scanning electron microscopy (SEM JEOL-JSM 
7100F) equipped with a Si drift detector (SDD) for X-ray energy dispersive spectroscopy 
(XEDS) (Oxford Instruments X-Max 80) and electron backscatter diffraction (EBSD) 
detector (Nordlys Max2). EBSD analysis confirmed the influence of heat treatment on 
the microstructural balance and morphological evolution of the phases. It was identified 
the effect of the exposure time in the formation of interfaces having the K-S and N-W 
O.R. EBSD phases and Inverse Pole Figure (IPF) maps in Figure 1a e Figure 1b shows 
the distribution of the ferrite, austenite, and sigma (σ) phase resulting from the aging at 
1000 °C for 240 h. The latter is considered highly harmful in stainless steel due to its high 
hardness, low corrosion resistance, and high formation kinetics. The formation of such 
deleterious phase occurs at grain boundaries and preferential sites of supersaturated 
elements of the ferritic and austenitic matrix [2]. Figure 1c displays the solute 
partitioning of Fe, Cr, Ni, Mo, and Si between the identified phases identified by XED 
spectrum images. This figure confirmed that the σ phase was enriched in Cr and Mo and 
contained Fe, Si, and Ni. EBSD phase map in Figure 2a indicates the susceptibility of 
the pitting initiation at the phase boundary regions. Based on this figure, it is identified 
the pitting did not start close to an interface with the O.R. K-S (yellow lines – indicated 
by the arrows). This analysis is in accordance with the literature in which planes with 
higher atomic density have greater interfacial energy, promoting excellent resistance to 
corrosion [3,4]. Figure 2b shows the IPF map of the steel after heat treatment of 1100 °C 
for 24 h submitted to corrosion testing, where the location of the pitting is preferred at the 
grain boundaries, however away from the O.R. N-W (black line – indicated by the arrow) 
[4]. The present research is still under development to clarify the influences of 
crystallography with susceptibility to pitting.  
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Figure 3.  Microstructure of DSS UNS 32750 aged at 1000 °C for 240 h. (a) IPF map; (b) phase map 
showing the balance phase of ferrite, austenite, and σ phase; and (c) corresponding XED spectrum images 
of Fe, Cr, Ni, Mo, and Si. Electrolytic polishing. 

 
Figure 4. (a) EBSD phase map (ferrite = red and austenite = blue) of UNS 32750 aged at 1000 °C for       
240 h showing the pitting located far from the O.R. K-S (indicated by arrows yellow) and (b) corresponding 
IPF map and showing O.R. N-W (indicated by arrow black). Mechanical Polishing. 
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Reformer furnaces have been largely applied in the petrochemical industry to produce 
hydrogen gas. Under operational conditions, this process can reach 950°C at about half 
of height of the radiant tubes [1]. The use of centrifugally cast stainless steels in these 
components, particularly HP grade, has been well-established, being the tubes designed 
for a nominal life of 100.000hs under creep deformation [1]. As a critical factor, a 
decrease in creep resistance after long-term aging has motivated an improvement on the 
performance of HP steels in recent years. In this context, Nb and Nb plus Ti were added 
to the chemical composition of the normal grade to increase microstructural stability, 
resulting in the micro-alloyed HP steels [2]. During long-term service, the microstructural 
evolution promotes a progressive reduction of creep resistance and ductility, mainly, due 
the coarsening of the primary and secondary carbides, and partial transformation of the 
primary NbC and (Nb,Ti)C to an intermetallic G-phase (Ni16Nb6Si7) [3]. The occurrence 
of this silicide in HP steels is associated with the instability of the niobium carbides in a 
temperature range between 700 and 1000°C during long-time operational exposure. 
Although there is an adequate knowledge about the presence of G-phase (FCC structure), 
some studies have identified another intermetallic for long-term aged HP steels, the eta-
phase. [3]. A little information about eta-phase (DC structure) in these alloys is available, 
but its stoichiometry is proposed as NiCrSi and its formation supposed occurs due an 
instability of the G-phase in temperatures above 900°C [3]. In this work, in-service aged 
HP steels with two different chemical compositions have been studied using several 
techniques to investigate the G-phase instability and, consequently, the eta-phase 
presence. The microstructure has been characterized by analytical electron microscopy 
(SEM-EDS) combined with electron back-scattered diffraction (EBSD) technique and the 
crystallography by transmission electron microscopy (TEM). In only one of the two 
samples, two distinct Si rich phases, easily identified by the EDS spectra (Fig1), were 
found. However, the diffraction pattern similarity between the FCC and DC structures 
makes the crystallographic identification difficult and could lead to an interpretation error 
due to double-diffraction spots on the pattern. In order to unambiguously identify the 
correct crystal structure, it is mandatory to have a diffraction pattern corresponding to a 
[001] zone axis. In this context, a <100> direction-oriented Si-rich particle was selected 
by EBSD and, then, correctly oriented in the SEM to be able to obtain a FIB cross-section 
perpendicular to one of the two other <100> directions. In this way, the measurements on 
the electron diffraction pattern, having a [001] zone axis, showed values that correspond 
to the diamond-cubic eta-phase (Fig3). 
 
[1] I.U. Perez et al., J Fail. Anal. and Preven. 13 (2013) 779. 
[2] J. Laigo, et al., Mater Charact. 59 (2008) 1580. 
[3] E.A. Kenik, et al., Scr. Mater. 49 (2003) 117. 
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Fig1. HAADF-TEM image and EDS-TEM mapping showing Si-rich intermetallic particles 

on TC sample. EDS spectra showed two different particles, in (1) high Cr and N, 
corresponding to eta phase and in (2) low Cr and no N, corresponding to a G-phase. 

 

  
Fig2. SEM-EBSD mapping showing the <100> direction-oriented Si-rich particle and the FIB 

cross-section region. 
 

 
Fig3. Electron diffraction pattern of the diamond cubic eta-phase. 
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Literature shows that the physical metallurgy on δ-phase precipitation in alloy 718 still 
arouses interest to fully understand its precipitation driven force and growth kinetics. 
Particularly focusing on high-temperature precipitation of δ phase, different orientation 
domains or variants within one intergranular precipitate were observed in strain free alloy 
718, aged above γ” solvus temperature [1,2]. Crystallographic information based on TEM 
analysis evidenced an orientation relation (OR) between γ matrix and δ precipitate 
corresponding to {111}γ//(010)δ and <11 0̅>γ//[100]δ, showing that δ is a coherent 
precipitate with the {111}γ habit plane  [1,3,4]. The majority of studies focusing on 
establishing crystallographic orientation relationships between phases is based on 
transmission electron microscopy (TEM), selected‐area diffraction patterns (SADPs) and 
high-resolution transmission electron microscopy (HRTEM) analysis. Despite newly 
achieved advances in TEM characterization capabilities, results are thoroughly dependent 
on high-quality sample preparation, which actually configures the chokepoint in a 
nanoscale research. The present work investigated intergranular precipitation of δ-phase 
in alloy 718 aged at 900°C as a function of time, using SEM-EBSD, focusing on the 
differentiation of the precipitation behavior at grain boundaries with different characters. 
Fig. 1 shows SEM/BSE images of samples aged at 900°C for different times. Small step 
size EBSD scans provided enough resolution to detect different orientation domains 
within each δ precipitate. Raw data processed by MTEX generated inverse pole figures 
(IPF) as well as phases orientation distribution function (ODF). This technique proved to 
be a very efficient alternative to obtain crystallographic information from the precipitates 
and matrix when compared to TEM analysis and SADPs. The possibility to access larger 
areas, and consequently, more significant statistical populations of precipitates and 
grains, makes this EBSD-based analysis advantageous over TEM. Not to mention time 
consuming is an issue for TEM sample preparation. The obtained results showed that the 
crystallographic orientation of δ-phase relative to the neighbor grain reflects the 
orientation relation previously observed in literature  [1,3,4]. Additionally, it was verified 
using EBSD scans that all δ precipitates contain at least two variants, both of which follow 
strictly the OR with the matrix. Fig. 2 shows the IPF of alloy annealed at 900°C for 4h, 
with an intergranular δ particle in a random high-angle boundary (RHAB). All variants 
of the precipitate follow the OR with only one neighboring grain (γ1). Precipitates formed 
at an incoherent Ʃ3 twin boundary follow the OR with both neighboring twinned 
orientations (Fig. 3). 
[1] M. Sundararaman et al., Metall. Trans. A, 19, 453 (1988). 
[2] M. Dehmas et al., Adv. Mater. Sci. Eng., 2011, 1 (2011). 
[3] G. H. Cao et al., Mater. Charact., 136, 398 (2018). 
[4] S. Azadian et al., Mater. Charact., 53, 7 (2004). 
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Fig. 1 – SEM/BSE images of samples aged at 900°C for (a) 2 h, (b) 4 h and (c) 6 h, 
showing δ-phase precipitation evolution and MC-type carbides (glyceregia / 90 sec). 

  
Figure 2 – IPF of alloy 718 annealed at 900°C for 4 h, showing an intergranular δ 
particle in a RHAB. ODF of δ-phase evidencing different variants. All variants coincide 
only with matrix γ1 in grain 1. 

 
Figure 3 – IPF of alloy 718 annealed at 900°C for 4 h, showing an intergranular δ 
particle in an incoherent Ʃ3 twin boundary. All δ-phase variants coincide with both 
grain 1 and 2 (γ1 and γ2). 
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The Fe-Mn-Al-C steels have been considered a promising candidate for automotive 
application as it can offer low density, ultra-high strength, it presents good formability 
due to its high ductility, and presents high-energy absorption capability, which is essential 
for passenger safety [1]. The excellent combination of mechanical properties of these 
alloys is associated with the Twinning Induced Plasticity (TWIP) effect, which the twins 
nucleated during the plastic deformation act as obstacles to the dislocation motion, 
reducing the mean free path, leading to high strain hardening rates [2]. A critical resolved 
shear stress must be reached for mechanical twins nucleation. It is reported in the 
literature different deformation modes during monotonic and cyclic tests of TWIP steels. 
While it was observed a massive fraction of twins during tensile test, the absence on cyclic 
loading is commonly reported [3]. The present work aims to evaluate the mechanical 
behavior of Fe-25wt.%Mn-3wt.%Al-0.4wt.%C during tensile and fatigue tests, focusing 
on the presence of deformation twins and their possible effects on both tests. The steel 
was processed by spray forming, resulting in a deposit with high microstructural 
homogeneity. Then, the deposit was swaged at 800 ºC, generating bars that were annealed 
at 900ºC for 20 min, resulting in a fully recrystallized austenitic microstructure with 15 
µm average grain size. Specimens were machined from the bars for tensile and fatigue 
tests. The first was carried out up to failure under a strain rate of 10-3 s-1. The fatigue 
evaluating was performed on a stress-controlled mode, under a 20 Hz frequency, R = 0.1, 
a run-out of 5.106 cycles and the fatigue limit was determined by staircase method. A 
Philips XL-30 FEG SEM was used for microstructural evaluation of the longitudinal 
sections of the fatigue specimens. The transmission electron microscopy (TEM) was used 
to identify the TWIP effect after tensile and fatigue tests through a FEI Tecnai G2F20 
operating at 200kV. One TEM foil of the fatigue crack propagation area was prepared by 
the Focused Ion-Beam technique using a Ga-ion source in a Quanta FEG 3D FEI 
microscope. The current steel showed an outstanding ductility during the tensile test with 
73% of elongation at fracture and a high density of nanometric deformation twins was 
observed by TEM distributed throughout the specimen. The fatigue limit was 387 MPa 
and mechanical nanotwins were identified both in the surface of the specimens and in 
grains in which occurred the fatigue crack stable propagation. This result indicates that 
the critical stress has been reached on the surface, as it is a region with stress concentrating 
effect, and in the fatigue crack propagation path due to the stress field associated with the 
plastic zone ahead of the crack tip. The main conclusion is that the TWIP effect is not 
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only active during cyclic loading, but can also influence the nucleation and crack 
propagation stages for the fatigue behavior [4]. 
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Figure 1 – SEM – SE image of a section of the fatigue crack stable propagation region; TEM-
BF image from the FIB-extracted sample corresponding to the region highlighted by the 
rectangle in SEM image; The selected area diffraction pattern of the [110] zones axis 
showing the matrix and twin reflections. 
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Tritrichomonas foetus (Tf) is a flagellated protist that colonizes the reproductive tract of 
cattle and the large intestine of cats [1]. Tf has three anterior flagella and one recurrent 
flagellum that runs toward the posterior region of the cell, forming an undulating 
membrane [1]. In addition to cell movement and sensory functions, the eukaryotic flagella 
can send information via ectosomes (ECs), a type of extracellular vesicle (EV) that 
protrude and shed from the cell surface [2]. There are few studies about EV in Tf [3] and 
neither of them reports the presence of flagellar ECs structures. Consequently, the aim of 
this study is to identify flagellar ECs-like structures in Tf after interaction with Alcian 
blue and host cells. To this, Tf was cultivated in a TYM (trypticase, yeast extract and 
maltose) medium, supplemented with 10% fetal bovine serum for 24 h at 37°C [4]. For 
Alcian blue assays, Tf was incubated in 1% Alcian blue-coated coverslips for up to 2 h at 
37°C. For parasite-host cells interaction assays, Tf was incubated with fresh bovine 
preputial epithelial cells (PECs) at 5:1, parasite: host cell rate, for to 15 minutes at 37°C. 
All samples were prepared for scanning electron microscopy (SEM), as previously 
described [5]. Alternatively, parasites were settled onto Alcian blue-coated carbon film 
nickel grids and negatively stained with 1% aurothioglucose, as previously described [5]. 
SEM revealed ECs-like structures ranging in diameter from approximately 50 nm–200 
nm closely apposed the flagella under all experimental conditions (Figs. 1- 2). Vesicular 
structures that seems to be in process of budding directly from the flagellar membrane 
were also observed using negative staining (Fig. 1c). After interaction with PECs, it was 
noticed parasites connected to each other through the flagella with numerous ECs on that 
region (Fig. 2a). In addition, we found flagellar ECs in contact with PECs (Fig. 2b). 
Quantitative SEM analysis showed that approximately 7.5% of Tf grown in axenic culture 
(control) exhibited flagellar ECs. Similar result was found after Alcian blue interaction; 
however, the Tf percentage with flagellar ECs was 12-fold higher after PEC interaction, 
suggesting that ECs are being formed in response to host cell exposure (Fig. 3a). 
Interestingly, no significant difference was found in the relative number of ECs per 
flagella between all experimental conditions (Fig. 3b). Our data demonstrate the presence 
of flagellar ECs-like structures in Tf and highlight a role for the ECs in the cell-to-cell 
communication and Tf pathogenesis; however, further studies are necessary for better 
characterization of these structures and their role in the parasites’ biology [6]. 
[1] J. Dabrowska, J. Vet. Res., 63 (2019) 533 
[2] J. Wang et al., Essays Biochem, 62 (2018) 205  
[3] W. De Souza et al., Parasitol. Res., 119 (2020) 2005 
[4] L. Diamond, The Journal of Parasitol., 43 (1957) 488 
[5] M. Benchimol et al., Biocel, 45 (2021) 259 
[6] This work was supported by CNPq/PROEP Instituto Aggeu Magalhães-FIOCRUZ, 
n° 39/2018 
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Figure 1. (a-b) SEM of flagellar ectosomes-like structures (arrowheads) in T. 
foetus after Alcian blue interaction. (c) Negative staining showing ectosomes -
like structures in process of budding from the flagellar membrane. RF, recurrent 
flagellum; AF, anterior flagella. Bars.: a, 5 µm; b, 1µm; c, 500 nm. 

Figure 2. Flagellar ectosomes-like structures (arrowheads) in T. foetus after 
interaction with fresh bovine preputial epithelial cells (H). (a) Parasites are 
connected to each other through the flagella (arrow) with numerous ectosomes 
(ECs) on that region. (b) A flagellar ECs in contact with host cell (H) can be 
noticed. RF, recurrent flagellum; AF, anterior flagella; P, parasite; H, host cell. 
Bars.: a-b, 5 µm; insets, 1 µm. 

 
 
 
 
 

Figure 3. Quantitative analysis of flagellar ectosomes (ECs) in T. foetus. Control:   
parasites grown in axenic culture; Alcian Blue Interaction: parasites incubated in 
Alcian blue-coated coverslips; Host cell Interaction: parasites coincubated with 
bovine preputial epithelial cells. The result was determined from counts of at least 
100 parasites randomly selected per sample using SEM. The values are expressed 
as the means ± S.D of two independent experiments, each performed in duplicate.  
(a) Percentage of parasites displaying ECs; The Tf percentage with flagellar ECs 
was 12-fold higher after PEC interaction, suggesting that ECs are being formed in 
response to host cell exposure. *** p <0.001 as compared with control using 
ANOVA test. (b) The relative number of ECs per flagella. Scale: (1) from 1 to 5 
ECs; (2) from 6 to 10 ECs; (3) from 11 to 15 ECs; and (4) > 15 ECs. No significant 
difference was found between all experimental conditions. 
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Brazil stands out as the third country in the world that sells the most ornamental fish for 
the aquarist market [1]. Baryancistrus xantthellus is a species of the loricarideo family, 
endemic to the Amazon region, known as "amarelinho" and of high economic value in 
the international market [2]. However, the reproductive and morphological characteristics 
of the testicular maturation of this species are unknown, in which this knowledge is 
important to support studies for captive breeding and preservation of the species' genetic 
material. Thus, a total of 30 males of B. xanthellus were caught in bimonthly collections 
in 2016 and 2017 from the Xingu River in northern Brazil. Testis fragments were fixed 
in Karnovsky’s solution for 3h, post-fixed with 1% osmium tetroxide solution,  
dehydrated in a graded ethanol series, and critical point dried using CO2. Specimens were 
mounted on stubs, coated with gold and analyzed using a LEO 1430 Scanning Electron 
Microscopy (SEM). The testes of B. xanthellus are located in the dorsal region of the 
coelomic cavity are paired and lobular shape. The testes are fused caudally, forming a 
single sperm duct leading to the urogenital papilla (Fig 1 A,B). Four stages of testicular 
maturation were observed: Immature presents a regular outer covering (Fig. 1C) and little 
apparent tubules without organization of spermatic cysts (Fig. 1D); In maturation with 
irregular testicular surface and seminiferous tubules with spermatogenic lineage cell cysts 
(Fig. 1E,F); Mature with irregular testicular surface, well-defined cell cysts and in greater 
quantity (Fig. 1G,H); Spermated with slightly irregular external surface and seminiferous 
tubules with some cell cysts (Fig. I,J). By SEM it was possible to evidence the 
organization of the tissue structure of the testis whose data subsidize information for the 
characterization of reproductive biology and future cryopreservation techniques. 
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Figure 1 A: Photograph B. xanthellus B: Schematic of testicular maturation stages C,D: 
immature testis E,F: maturing testis G,H: mature testis I,J: spent testis. Sz: sperm, 
dashed line: seminiferous tubule. 

Figure 2. SEM testes em diferentes estágios de 
maturaçãotestes 



DOI: 
ISSN: 

158 

Activity of the Synthetic Compound 4-[((4-
fluorophenyl)amino)methyl]-5-(4-nitrophenyl)-3-[N’-

(pyridin-2-ylmethylene)hydrazinecarbonyl]-isoxazole on 
Leishmania amazonensis 

 
Amanda Beatriz Kawano Bakoshi1*, Rayanne Regina Beltrame Machado1, Hélito 

Volpato1, Samara Mendes de Souza Melo2, Fernanda Andreia Rosa3, Tania 
Ueda-Nakamura1, Sueli de Oliveira Silva1, Celso Vataru Nakamura1 and Danielle 

Lazarin-Bidóia1 
 

1 Laboratory of Technological Innovation in the Development of Drugs and Cosmetics, 
Universidade Estadual de Maringá, Maringá, Brazil. 
2 Department of Chemistry, Universidade Estadual de Maringá, Maringá, Brazil. 
*amandabakoshi@gmail.com 
 
Leishmaniasis, a disease caused by protozoa of the genus Leishmania, remains endemic 
in nearly 100 countries [1]. Current treatment is inadequate due to the toxicity and drug 
resistance [2]. Thus, it is evident that new studies must be conducted to discover less toxic 
and more effective leishmanicidal drugs. Therefore, this study aimed to investigate the 
in vitro activity of a new synthetic compound 4-[((4-fluorophenyl)amino)methyl]-5-(4-
nitrophenyl)-3-[N’-(pyridin-2-ylmethylene)hydrazinecarbonyl]-isoxazole (35-a) on 
intracellular amastigotes of Leishmania amazonensis and to evaluate the morphological 
and ultrastructural changes induced by 35-a. The antiproliferative activity against 
amastigotes was performed using J774A.1 macrophages infected with promastigotes 
(1:10 ratio) for 24 h and treated with increasing concentrations of 35-a for 48 h. The 
survival index was obtained after Giemsa staining by counting the number of infected 
cells and amastigotes per macrophage, and the IC50 was determined. Cytotoxicity of 35-a 
in J774A.1 macrophages and L929 fibroblasts was evaluated after 48 h using the MTT 
colorimetric assay, and the CC50 was determined. For SEM, amastigotes treated with IC50 
and 2xIC50 of 35-a for 48 h were fixed with 2.5% glutaraldehyde in 0.1 M cacodylate 
buffer at 4 ºC for 24 h, dehydrated, critical point dried in CO2, sputter-coated with gold 
and visualized in a FEI SCIOS™ dual-beam microscope. For TEM, cells were treated 
and fixed, post-fixed, dehydrated, embedded in EPON™ epoxy resin and polymerized. 
Ultrathin sections were obtained and examined in a JEOL JEM 1400 TEM. Table 1 shows 
that 35-a exhibited an excellent activity against amastigotes (IC50=0.96 µM), and low 
cytotoxicity in J774A.1 macrophages (CC50=196.1 µM) and in L929 fibroblasts 
(CC50=232.1 µM). Figure 1 shows amastigotes treated with 0.96 µM of 35-a. SEM and 
TEM analysis of treated amastigotes revealed a reduction in the number of intracellular 
amastigotes (Figure 2A) and an increase of autophagic vacuoles and lipid droplets 
accumulation (Figure 2B). Taken together, these findings suggest that the isoxazole 35-a 
is active against L. amazonensis and stands out as a promising candidate for further 
investigations regarding treatment of leishmaniasis.  
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Table 1. In vitro activity of the isoxazol 35-a against Leishmania amazonensis. 

 IC50 
J774A.1 macrophages 

CC50 
SI 

L929 fibroblasts  
CC50 

SI 

Intracellular 
Amastigotes 

0.96 ± 0.028 196.1 ± 8.3 204.27 232.1 ± 6.2 241.77 

Data were expressed in µM, mean ± standard deviation. Selective index (SI) was calculated by the equation: 
SI=CC50/IC50. 

 
 

 
Fig. 1. Light microscopy of J774A.1 macrophages infected with Leishmania amazonensis 
amastigotes and treated with the isoxazol 35-a for 48 h. Untreated parasites (A, B). Amastigotes 
treated with 0.96 µM (IC50) of 35-a (C, D). Bars: 10 µm. 
 

 
 
Fig. 2. Scanning electron microscopy (A) and transmission electron microscopy (B) of J774A.1 
macrophages infected with Leishmania amazonensis amastigotes and treated with 35-a for 48 h. 
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Untreated parasites (a, b, a’, b’). Amastigotes treated with 0.96 µM (IC50) (c-e, c’-e’) and 1.92 
µM (2xIC50) (f, f’) of 35-a. Bars: 50 µm (a), 10 µm (b, d, f), 30 µm (c), 5 µm (e), 1 µm (a’-c’), 
0.5 µm (d’-f’). 
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Trypanosomatids contain unusual structures, as the kinetoplast, the portion of the single 
branched mitochondrion that harbours the mitochondrial DNA (kDNA), a network 
composed by thousands of topologically interlocked DNA circles (minicircles and 
maxicircles) [1].  The kDNA presents a unique and intriguing array that varies according 
to trypanosomatid species and stages of development [2].  Such variations on the network 
arrangement are related to the presence of histone like-proteins that associate to kDNA 
and are known as KAPs (Kinetoplast Associated Proteins). Furthermore, such proteins 
neutralize the negatively charged kDNA, thus influencing the activity of mitochondrial 
enzymes involved in DNA replication, transcription and repair.  In Angomonas deanei 
kDNA fibers are disposed in a looser arrangement that fulfills the matrix of the trapezoid 
shape kinetoplast [3] (Fig. 1b), thus facilitating the identification of kDNA alterations 
after using compounds that target KAPs [4]. In this work we used microscopy techniques 
to investigate A. deanei cells that had kap7 genes deleted by CRISPRCas9 system.  The 
mutant  protozoa had a reduced cellular proliferation in relation to wild type (WT) cells 
(Fig. 1a). Transmission Electron Microscopy (TEM)  revealed that mutant cells present 
alterations on the kDNA network, that was seen densely packed especially in the region 
facing the basal body (brackets) (Fig. 1e-g). Analysis by Scanning Electron Microscopy 
(SEM) showed that mutants presented a reduced length of the cell body and flagellar 
shortening when compared to control protozoa, as well as, multiples cell body indicating 
division impairment  (Fig. 1h-j). Regarding cytokinesis, mutant cells exposed to 
genotoxic agents, as ultraviolet radiation, presented exacerbated phenotypes (Fig. 1n-p)  
in relation to WT  cells (Fig. 1k-m). Taken together, our data indicate that Angomonas 
deanei KAP7 presents important roles in cell proliferation, mitochondrial DNA 
arrangement and is possibly involved in kDNA repair. 
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Figure 1. (a) Growth curve for 72 h showed 
that KAP7 mutants present a reduced 
proliferation in relation to WT and 
T7RNAPol-SpCas9 strains. (b-d) The 
ultrastructure and morphology of A. deanei
WT. (e-g) Different levels of compaction was 
observed in Ad KAP7 (+/-) kinetoplast. (h-j) 
Morphologic analyses showed reduced 
length of the cell body and flagellum. 
Multiples cell body were observed indicating 
division impairment. (k-m) WT exposured to 
genotoxic treatment by ultraviolet radiation
presented different phenotypes. (n-p) Ad 
KAP7 (+/-) showed phenotypes more 
exacerbated regarding to citokynesis 
impairment when compared to WT protozoa. 
nu-nucleolus, ht-heterocromatin, k-
kinetoplast, s-simbiont. 
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Sunscreens are a class of compounds that protect the skin from ultraviolet radiation in the 
UVA and UVB range. They are divided into two main classes, organic and inorganic. The 
second has as main components zinc oxide (ZnO) and titanium dioxide (TiO2). They act by 
dispersing and reflecting radiation and are of the order of nanoparticles [1]. With the growth 
of commercial and industrial use of these particles and the increase in production of titanium 
dioxide due to its great scientific innovation in the technology of inorganic sunscreens [2] in 
addition to the accumulation of residues from sunscreens and the need for studies relating 
the toxicity of these compounds to other groups of organisms, lettuce (L. sativa L.) was 
chosen as an experimental model to carry out further tests and understand the behavior of 
these MPs, contributing to the elucidation of the effects that the indiscriminate use of this 
type of product can bring to ecosystems. The aim of this work was explore in more details 
the relationship between MPs of titanium dioxide and lettuce. The experimental design took 
place as follows: the lettuce seeds were exposed for two hours to different concentrations of 
TiO2 and their growth was monitored for 7 days. Samples collected on the 7th day were 
processed for optical microscopy and scanning electron microscopy. The main damages 
were: thickening of the cell wall, presence of inclusions in the tissues, disruption of the 
vascular bundle, cellular morphological irregularity, little quantity and density of root hairs 
and irregularity in the epidermis. These damages were found in the concentration of 50 ppm 
and will be discussed below. An early thickening of the cell wall was observed, as in [3], 
without appearing in the control being possible an indication of stress [4]. Cytoplasmic 
changes were seen as cell damage prior to cell death [4]. One of the evidences of toxicity is 
the small amount, the length of the root hairs, and the absence of them [5]. It was observed 
that the titanium particles do not have a homogeneous size [6]. In addition, they were 
visualized as aggregates in the vacuole, cytoplasm and between the cell wall and the plasma 
membrane [8]. Exposure to MPs during root elongation is associated with the appearance of 
abnormal cells, as can be seen in Figure 1 [5] [9]. The inclusions, described as oily bodies 
and with peripheral disposition [7], gradually increased to the maximum in the treatment of 
50 ppm. The morphological evidence of cell irregularity and swelling of the epidermis in 
some points is supported by [5]. Presence of NPs inclusions, accumulation in the rhizoderm, 
penetration into the cell wall and even translocation is possible [9]. In addition, 
transcriptional repression of root development genes predicted an altered root phenotype in 
plants exposed to MPs (including TiO2) [10]. Studies carried out using TiO2 and ZnO 
showed that these particles were able to reach the fruits of tomato plants analyzed regardless 
of the exposure method [10]. The damage brought here is a potential indicator of 
bioaccumulation and therefore should be carefully studied. 
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Figure 1. Optical and electron microscopy for scanning the radicle, hypocotyl, piliferous zone and cotyledons 
of Lactuca sativa on the 7th day after sowing in treatment of 50ppm of titanium dioxide. 

 

A: Curved arrow radicle: cellular morphological irregularity. Circle: the disruption of the vascular bundle. 
Arrowhead: thickening of the cell wall. B: Hypocotyl. Thin arrow: the presence of inclusions in the vascular 
bundle. C: Cotyledon. Thin arrow: the presence of inclusions in the epidermis. Arrowhead: cell wall 
thickening. D: Piliferous zone. Arrow: the small amount and small size of the root hairs. E: Cotyledon. 
Circle: cell irregularity and swelling. 
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INTRODUCTION: The storage of expressed human milk (EHM) in a human milk bank 
(HMB) is a high-cost operation because EHM must be stored under freezing temperature 
(- 18 OC). An alternative solution for storage cost reduction would be the production of 
powdered EHM. Thus, the objective of this work was to produce and characterize human 
milk powder grains obtained by freeze-drying, as their characteristics are necessary to 
determine the EHM solubility. MATERIAL AND METHODS: Six samples of pooled 
EHM were obtained from the HMB at the São Sebastião Hospital in Viçosa city. Each 
sample was processed using holding pasteurization and subsequently frozen for later 
lyophilization to obtain the powdered EHM. After the freeze-drying, the lyophilized 
samples were macerated with mortar and pestle for 5 minutes, covered with gold (15 nm 
thick) (Quorum, Q150RS, United Kingdom) [1], and analyzed for their characteristics 
under a scanning electron microscope (Carl Zeiss, LEO 1430 VP, United Kingdom) at 15 
kV. RESULT AND DISCUSSION: Grains of powdered EHM (Fig. 1-A; 1-B; 1-C) were 
heterogeneous in shape, with an average area of 6345 µm2, with a maximum of 30187 
µm2 and a minimum of 413 µm2, an average diameter of 148.56 µm, with a maximum 
and minimum diameter of 483.52 µm and 24.7 µm respectively. The diameter of 
powdered milk influenced its reconstitution in water because the smaller the diameter, 
the greater the contact surface with the solvent, which enhanced its wettability [2]. 
Orifices were observed in the grains at several points due to the water sublimation process 
during lyophilization. The presence of pores in the powder allows water diffusion to the 
inner, thus increasing its solubility [3]. The formation of agglomerates in the powder, 
which favors its solubilization, was also observed [4]. CONCLUSION: Lyophilization 
can be a good option for obtaining human milk expressed in powder due to the good 
morphological characteristics of the powder that affect some properties, as solubility. 
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Fig. 1 - A, B e C: Micrograph of human milk expressed in powder, obtained by the same 
method of freeze-drying with standardized maceration by pistil with 5 minutes; In blue, we 
see the holes formed by the exit of water during freeze-drying; In red we see the aggregate 
masses in the powdered human milk grains. 
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Repurposing of drugs already available is an alternative to the development of new 
antifungal agents [1]. Based on this, we evaluated in vitro and in vivo antifungal activity 
of buparvaquone, a safe antiprotozoal drug that is commercially available as an 
intramuscular injection for veterinary application. We used as a model of fungi with 
medical relevance the dimorphic species Sporothrix brasiliensis, which is the main 
etiological agent of sporotrichosis in Brazil, a subcutaneous mycosis that affects 
thousands of cats and humans in our country [2]. The in vitro activity of buparvaquone 
was evaluated according to minimum inhibitory concentrations (MIC) determined against 
a collection of twenty feline-borne isolates of S. brasiliensis. To determine the selectivity 
of buparvaquone toward S. brasiliensis, the concentration of this compound that elicited 
50% cytotoxicity (CC50) toward mammalian cell line was also estimated. Additionally, 
we explored the possible mechanism of action of buparvaquone in Sporothrix yeast cells, 
using scanning electron microscopy and cytometry analyzes. The in vivo activity of 
buparvaquone was evaluated using the Galleria mellonela model. Buparvaquone 
inhibited in vitro fungal growth at concentrations 1.83-fold lower than itraconazole (the 
first-choice antifungal used for sporotrichosis) and was 416.7 times more selective for S. 
brasiliensis than mammalian cells (Table 1). Scanning electron microscopy images of 
yeasts treated with a subinhibitory concentration of buparvaquone revealed that this drug 
altered cell wall integrity and induced cell disruption (Figure 1Aii). Treated cells also 
exhibited mitochondrial dysfunction, ROS and neutral lipid accumulation, and impaired 
plasma membranes (Figure 1B-E). In vivo experiments revealed that buparvaquone 
(single dose of 5 mg/kg) was more effective than itraconazole against infections with S. 
brasiliensis yeasts (Figure 1F). Our results indicate that buparvaquone has a great in vitro 
and in vivo antifungal activity against S. brasiliensis, and induced pronounced 
morphophysiological alterations in fungal cells. Thus, buparvaquone has a potential 
application as an alternative treatment for feline sporotrichosis.  

This research was supported by CAPES, CNPQ, FAPERJ, and FAPESP (Brazil). 
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Table 1. Antifungal activity and selectivity of buparvaquone (BPQ) against Sporothrix 
brasiliensis compared to itraconazole (ITC). 

Compounds 
Sporothrix brasiliensis (n=20) LLC-MK2 cells 

Selectivity Index 

MICrange MICmedian CC50 

BPQ 0.015-0.5 0.06 25 416.7 

ITC 0.007-0.23 0.11 > 100 >909.1 
Results are expressed in µM. MIC, minimum inhibitory concentration that inhibits ≥ 50% of fungal growth. 
CC50, concentration that elicited 50 % of cytotoxicity. Selectivity Index, ratio between CC50 and MICmedian.  

  

Figure 1. Antifungal effect of buparvaquone against Sporothrix brasiliensis. (A) 
Scanning electron microscopy images of S. brasiliensis CBS 133006 yeasts treated with 
0.25 µM buparvaquone (BPQ) showed alterations in cell wall integrity and cell disruption 
(arrows and insets in ii). Yeasts analyzed by flow cytometry exhibited a significant 
decrease in mitochondrial activity (B), increased cytoplasmic ROS (C), an increase in 
neutral lipid (D), and a disrupted plasma membrane (E). (F) The survival curve after 
Galleria mellonella treatment indicated that 5mg/kg of BPQ improves the survival of 
larvae. Scale bars: 2 µm and 200 nm (insets). Data represent mean ± SEM values. 
*p<0.05, ** p<0.01, ****p<0.0001 when compared with the untreated group. 
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The World Health Organization (WHO) recognizes dental caries as the most prevalent 
disease in the world. It is estimated that nearly 90% of the population will be affected 
during their lifetime [1]. It has been reported that pathogenic bacteria can penetrate 
dentinal tubules when they are exposed due to caries lesions, leading to the rapid advance 
of the injuries [2]. The effectiveness of silver nanoparticles (AgNP) formulations in caries 
arrestment have been demonstrated in clinical trials by our research group [3]. Besides 
the release of Ag+ ions from AgNPs have been acknowledged for their antibacterial 
activity [4], the mechanisms underlying the long-term effects are yet to be elucidated. 
The present work aimed to investigate the AgNP penetration into dentinal tubules using 
a focused ion beam combined with scanning electron microscopy (FIB-SEM). The dentin 
specimens were prepared by removing the incisal enamel of human teeth samples with a 
rotating diamond disk. The specimens were treated with two different AgNP colloids: 
(i) spherical nanoparticles (7.5 nm) and (ii) a mixture of spherical (24.3 nm), triangular 
(33.8 nm), and rod-shaped (40.1/18.8 nm) nanoparticles, as shown in Figure 1. The AgNP 
samples were directly dropped on the dentin surface and allowed to rest for different times 
before the analyses. FIB allowed exposing the inner part of the dentinal tubules (Figure 
2). It was observed that AgNPs do penetrate dentinal tubules and adhere to their walls, 
reaching depths of up to 17.1 µm.  The penetration depth depends on the exposure time 
of the dentin surface to the colloid and the nanoparticle size. The total silver 
amount corresponding to the AgNPs observed in the intra-tubular dentin 
is within the concentration range expected to inhibit streptococcus mutans growth, 
according to previous results [5].  
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Figure 1. Superposed UV-vis absorption spectra and STEM images of the AgNP colloids. (a) Sample S1 - 
spherical particles; (b) Sample S2 –spherical, triangular, and rod-shaped nanoparticles. 

 

 
Figure 2 - (a) SEM image of a FIB-excavated region of sample TS2-30 (dentin surface treated with the S2 
AgNP colloid for 30 min). Cross-sections of the dentinal tubules were exposed, revealing the AgNPs 
dispersed through their walls (b,c); (d) SEM image of a dentinal tubule inner region in sample TS1-03 
(dentin treated with S1 AgNP colloid for 3 min).  
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Nanoparticles have potential application in various sectors of the economy. 
Understanding how these interact with biological systems has arouse great interest from 
researchers in the last decade. Among the nanoparticles of interest in biomedical 
applications, an important polymer from the polyester family stands out: poly lactic-co-
glycolic acid (PLGA). Its main application is in drug delivery systems as it has excellent 
biocompatibility and satisfactory biodegradation under physiological conditions [1]. The 
aim of this study was to determine toxic effects of PLGA nanoparticles on Artemia salina 
[2]. Acute toxicity assays in A. salina were carried out [3, 4] with evolutionary stages 
nauplii 1 and 2 with 24 and 48 hours of hatching interval (in triplicate) in a 24-well culture 
plate with 2mL of final volume. The concentrations of PLGA tested were 6x106, 6x104, 
6x102 and 60 particles/mL, in addition to artificial seawater as a negative control and 
potassium dichromate (K2Cr2O7) as a positive control. Aiming to evaluate possible 
changes in the morphology of the artemias during the experiment, specimens were 
collected during the toxicity test 24h after each challenge step with PLGA nanoparticles. 
Observation and image collection was performed with an optical microscope equipped 
with a digital camera. Nauplii 2 (48h) were collected and fixed after the toxicity 
experiment. Later, these were dehydrated, dried using Hexamethyldisilazane (HMDS), 
mounted on stubs and metallized for observation under a scanning electron microscope. 
In the test performed with nauplii 1, no significant toxic effect was observed after 24h 
and 48h of exposure. The positive control was lethal in all individuals, in contrast to the 
negative control. In the trial with nauplii 2 (48h), dead individuals were observed in all 
groups, including the control. This difference was significant between the exposure time 
(24h and 48h). However, it did not show significance when analyzed between groups for 
the 48h exposure period. In the groups treated with PLGA, no visually significant 
differences were observed, with the exception of the group with the concentration of 
PLGA 6x106 particles/mL. The abdomens of these specimens appeared slightly more 
wrinkled when viewed under scanning electron microscopy. The findings indicate that 
the highest concentration of PLGA tested was able to cause morphological changes in the 
cuticle of the specimens. However, not enough to cause a toxic effect. Histological studies 
will be performed in order to determine possible microscopic changes in the digestive 
tract of the artemias. 
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Figure 01. Acute toxicity in brine shrimp. Number of dead individuals in nauplii life stages 
1 and 2, with 24h and 48h, using different concentrations of PLGA. K2Cr2O7: Potassium 
Dichromate; ASW: Artificial Sea Water. 
 

 
Figure 02. Scanning electron microscopy in Artemia salina nauplii 2 48h. A, B, C, D: 
negative control. E, F, G, H: positive control. I, J, K, L: 6x106 PLGA/mL exposure. 
C,G,K: no significant changes in the appendages.  H: very wrinkled abdominal surface. I: 
wrinkled abdominal surface. Bars: A, B, E, F, I, J: 200µm; Bars C, G, K: 100µm; Bars 
D, H, L: 30µm. 
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Neglected diseases are a group of infectious diseases that mainly affect low-income 
populations in developing countries. Among them we can mention leishmaniasis, a 
complex of diseases caused by protozoan parasite Leishmania that affect approximately 
12 million people worldwide [1]. Current therapies available have variable efficacy and 
high toxicity. In this context, are necessary studies for the development of new 
alternatives of treatment for leishmaniasis, and drug repositioning and combination are 
therapeutic approaches that have stood out in recent years [2]. In previous studies, our 
research group has already shown that the compounds LITDFC1, LITDFC2 and 
LITDFC3 when used in combination (COMB123) have a synergistic effect against L. 
amazonensis promastigotes, with IC50 of 312 µM, 0.78 µM and 295 µM, respectively, 
after 72 h of treatment. Thus, the aim of this study was to evaluate the ultrastructural and 
morphological changes in L. amazonensis promastigotes treated with the COMB123 
ternary combination. For this, promastigotes treated with IC50 of the compounds alone or 
in combination for 72 h, were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer 
for 24 h at 4 ºC. For SEM, the parasites were dehydrated, critical point-dried in CO2, 
sputter-coated with gold and observed using a FEI Scios. For TEM, parasites were 
postfixed, dehydrated, embedded in Polybed 812 resin, obtained ultrathin sections, 
contrasted with uranyl acetate and lead citrate, and observed in JEOL JEM 1400. 
Additionally, the analysis of the ultrathin sections was also performed in FEI Scios in 
STEM mode. Our results demonstrated that the untreated cells exhibited a normal 
elongated body with a prominent flagellum and a smooth and intact cell surface, in 
addition to presenting well-preserved cell structures. Promastigotes treated with 
LITDFC1, LITDFC2 and LITDFC3 did not show clear morphological changes, but an 
increase in lipid bodies, autophagic vacuoles, mitochondrial swelling and nuclear 
disorganization were observed. Promastigotes exposed to COMB123 suffered rounding 
of the cell body, shortening and/or loss of flagellum. With regard to cellular organization, 
COMB123 also caused intense mitochondrial swelling and nuclear disorganization, in 
addition to the exacerbated increase of lipid bodies and autophagic vacuoles. Our results 
support further studies, such as mechanism of action and in vivo studies, and may open 
the way for the development of new chemotherapeutic agents against L. amazonensis. 
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Figure 1. Morphological and ultrastructural analysis of Leishmania amazonensis 
promastigotes treated with COMB123 and isolated compounds for 72 h. (A-F) Scanning 
electron microscopy. (G-L) Scanning-Transmission electron microscopy. (M-R) 
Transmission electron microscopy. *, mitochondrial swelling; ▲, lipid bodies; (arrow), 
nuclear disorganization; ■, autophagic vacuoles; fp, flagellar pocket; k, kinetoplast; m, 
mitochondria; n, nucleus. Bars = 10 µM (E), 5 µM (A-D, F), 3 µM (G), 2 µM (H-L), 1 µM 
(M-N, P) and 0.5 µM (O, Q R). 
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Peripheral Nerve Injuries (PNI) constitute a common clinical scenario, as peripheral 
nerves are fragile structures and are often stricken by traumas[1]. PNI lead to complex 
neural and muscle degeneration and entail several morphofunctional changes in the 
tissue[2]. Complete functional recovery still hasn’t been achieved, as the classic 
technique (neurorrhaphy) by itself doesn’t achieve optimal recovery, and many other 
variants apart from reconnection are still a challenge for recovery. Thus, new therapies 
are being studied in order to enhance regeneration and repair[3]. Among them, tubes or 
conduits are an attractive option, as they can be made of various materials and provide a 
conduit for stable axonal growth. Combined with these tubes, several adjuvants can be 
tested, seeking to mimic multiple aspects of the regeneration microenvironment. Here, 
we highlight the Heterologous Fibrin Biopolymer (HFB), developed by 
CEVAP/UNESP/Botucatu, as an emerging option, since it has shown positive results in 
skin and nerve injuries in the last years. Our objective was to evaluate the association of 
HFB with PCL conduits in nerve reconstruction after PNI, focusing on nerve morphology 
and morphometry and functional recovery. For that, 32 adult male Wistar rats 
(CEUA/FMB:1244/2017) were divided into 4 groups (n=8/group): Sham Control (S), 
Denervated Control (D), PCL Conduit (PCL), PCL Conduit + HFB (FB). In C group, the 
right ischiatic nerve was only visualized and debrided. In D, PCL and FB groups, 
neurotmesis (complete section) was performed followed by the removal of an 8mm nerve 
gap. In PCL and FB groups, the nerve stumps were inserted in 12mm PCL tubes with one 
10-0 suture point, and in FB group, 500μL of HFB was subsequently added to the tube. 
Before and every fifteen days after surgery, the movement of the animals was evaluated 
using catwalk software, the following parameters were analyzed: fibular functional index, 
print area, stand rate, max contact area rate and average run duration. After 90 days, all 
animals were euthanized and the ischiatic nerves were collected and submitted to 
histological procedures. The number of axons, myelin sheath thickness, G Ratio and 
diameter of axons and nerve fibers were quantified using the ImageJ software. The 
functional analysis of the fibular index showed no difference between the groups. In all 
other variables analyzed, experimental groups did not reach group S (p≤0,05), when 
comparisons were made between groups. For print area and max contact area rate the only 
experimental group that did not achieve similar results as before surgery is the D group. 
Regarding morphological aspects, S group showed intact axons with normal myelin 
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sheath (Fig. 1- A). Degenerated axons and fibers were identified in all injured groups, 
with classic Wallerian degeneration characteristics (Fig.1- B, C, D). In PCL and FB 
groups, there was a notable increase in extracellular matrix and  heterogeneity of the area 
of regenerated nerve fibers (Fig. 1- C, D). Morphometric analyses showed that the values 
of PCL group were smaller than S (p≤0,05), regarding the area of axons and average 
diameter of axons and nerve fiber. There was no statistical difference between the groups 
regarding to the number of axons, myelin sheath thickness and G Ratio. Most parameters 
showed similarity between S and treated groups, supporting nerve regeneration. This 
occurred even in the D group, since both proximal and distal stumps were included in 
analysis, and even with mutual degeneration, the proximal stumps regenerated faster [4]. 
Although there was no difference between the groups, both PCL and HFB, emerge as 
supportive options to neurorrhaphy, as they provide a stable environment for axonal 
growth and functional recovery.   
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Fig 1: Cross sections photomicrographs of sciatic nerve for each experimental group (staining: osmium 
tetroxide and toluidine blue). Sham Control (S), Denervated Control (D), PCL Conduit (PCL),  PCL 

Conduit + HFB (FB). 
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Arboviruses are infectious agents transmitted by arthropods that cause millions of cases 
of febrile illnesses on a yearly basis. Disease caused by arboviruses may manifest as 
encephalitis, hemorrhagic fever, or arthritis [1]. Mayaro virus (MAYV) is an arthritogenic 
alphavirus whose biology is not fully understood [2]. We have recently elucidated the 
structure of MAYV at 4.4A resolution using cryo-electron microscopy (cryo-EM), aiming 
at a better understanding of MAYV and Alphavirus biology while searching for rational 
approaches for the development of antiviral treatments and vaccines. Here we described 
how high-quality MAYV samples were prepared for Cryo-EM purposes. We improved 
and adapted protocols for enveloped virus propagation and purification, based on the 
original protocol provided by Prof. Richard Kuhn (Purdue University). Standard MAYV 
stocks propagated in Vero CCL81 cells reach up to 1,2x106 infectious viruses per mL of 
supernatant (PFU/mL), which is insufficient for Cryo-EM analysis. We generated up to 
500mL of virus-containing cell culture supernatant and added polyethylene glycol (PEG-
8000) at a final concentration of 8% w/v to promote virus aggregation and precipitation. 
MAYV pellets were recovered by standard centrifugation and purified by 
ultracentrifugation through a 22% w/v sucrose cushion. A MAYV pellet recovered from 
beneath the cushion was further purified by ultracentrifugation against a Na/K tartrate 
gradient (10-35%), resulting in the collection of a single virus band. The quality of 
purified MAYV particles was calculated in infectious viruses in PFU/mL, samples were 
tested for protein content using a colorimetric Bradford assay, run through a denaturing 
SDS/PAGE and observed by transmission electron microscopy using negative staining. 
Final confirmation of sample quality was established on the observation of Cryo-EM 
grids prepared with purified MAYV particles plunge-frozen for data collection, under 
over a dozen different conditions set for the Vitrobot equipment. We obtained infectious 
and purified MAYV at 2x1010 PFU/mL, with approximately 2µg of protein per µL of 
sample and no protein contaminants, observing only MAYV C, E1 and E2 proteins in 
gels. As demonstrated in the following structural studies, the cryo-EM data acquisition 
was successful using our purified samples, which also allowed a detailed characterization 
of glycosylation both in structure and composition. We conclude this protocol is suitable 
for the generation of high-quality samples for Cryo-EM and could be adapted for the 
preparation of other enveloped arboviruses of interest, which lack structural and 
functional data [3]. 
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Figure 1 – High and purified titles of infective Mayaro virus for cryo-EM after 
purification protocol. A) Plaque assay to measure a concentration of infective viral 
particles of MAYV stock (purple) and purified MAYV (red) produced in Vero CCL8. B) 
Representative image of transmission electron microscopy using negative staining to 
purity evaluation of MAYV sample. C) Analysis of purified MAYV in SDS-PAGE gel. 
D) Representative micrograph of MAYV cryo-EM data collection. 
  



DOI: 
ISSN: 

179 

Bovine coronavirus. Detection by transmission electron 
microscopy techniques. 

Catroxo, M.H.B.1*, Martins, A.M.C.R.P.F.1, and Santos, E.M.1  

1* Electron Microscopy Laboratory, Biological Institute, São Paulo, SP, Brazil  
e-mail: marcia.braga@sp.gov.br 

 

Coronaviruses infect humans and a wide diversity of animal species causing respiratory, 
enteric, neurologic and hepatic disorders. They constitute a zoonotic risk to global public 
health because their ability to adapt to new species and establish sppilover events [1]. 
Several humans CoVs associated with acute gastroenteritis were of suspected zoonotic 
origin including spillover from cattle [2]. Bovine Coronavirus (BCoV) belongs to the 
genus Betacoronavirus and Coronaviridae family. It is an enveloped, RNA virus with a 
genome size of 32 kb, encoding five main structural proteins, the nucleocapsid, the 
hemagglutinin esterase, the membrane, the spike (S), and the envelope proteins [3]. BCoV 
has been implicated in severe diarrhea in neonatal calves from 1 day to 3 months of age, 
winter dysentery in adult cattle and respiratory infections in calves and feedlot cattle. 
Animals become infected through the faecal-oral route or inhalation of aerosols. Diseases 
caused by BCoV leads to significant economic losses both in beef and dairy industry 
worldwide due to mortality, reduced growth and drastic reduction in milk yield [4].  
During the period from 2011 to 2021, approximately 430 samples of bovine feces or small 
intestine fragments from clinical cases were sent to the Electron Microscopy Laboratory 
of the Biological Institute of São Paulo, SP, Brazil, for viral diagnostic. The samples were 
processed for transmission electron microscopy utilizing, negative staining (rapid 
preparation), immunoelectron microscopy and immunocytochemistry techniques. For the 
negative staining, the clinical samples were suspended in phosphate buffer 0.1 M and pH 
7.0 and placed in contact with metallic grids. Next the grids were blotted with filter paper 
and negatively stained at 2% ammonium molybdate, pH 5.0 [5]. For the immunoelectron 
microscopy technique, the screens were incubated with a virus-specific antibody and with 
viral suspension drops. Upon the screens were contrasted at 2% ammonium molybdate 
[6]. For the immunocytochemical detection [6], the screens were placed in contact with 
viral suspension and with primary polyclonal antibody drops. The grids were 
subsequently incubated in protein A drops in association with 10 nm gold particles 
(secondary antibody). Grids were then contrasted at 2% ammonium molybdate [7]. Using 
a Philips EM 208 transmission electron microscope all the samples were analyzed by 
negative staining technique and a great number of coronavirus particles (Fig.1), 
pleomorphic, rounded or elongated shaped, with characteristic radial projections forming 
a corona and measuring 80-140 nm in diameter (Fig. 1, arrow) were observed in 314 
(73%) samples. The presence of aggregates formed by antigen-antibody interaction, 
characterized the positive result obtained, at the immunoelectron microscopy technique 
for coronavirus (Fig. 2). In the immunocytochemistry technique, the antigen-antibody 
reaction was strongly enhanced by the dense colloidal gold particles (Fig. 3, arrow). The 
techniques used are greatly effective for a rapid diagnosis of bovine coronaviruses and 
can be used in routine procedures to identify the viral agent of this important disease.  
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Fig. 1 - Negative staining of   
coronavirus particles, rounded and 
elongated, containing characteristic 

envelope in the shape of a solar corona 
(arrows). Bar: 54 nm. 

1 
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Fig. 2 - In the immunoelectron 
microscopy technique the 

coronavirus particles were aggregated 
by antigen-antibody interaction. 
Observe thin, wispy, and widely 

spaced spikes forming the envelope 
(arrows). Bar: 130 nm. 

 

Fig. 3 - Antigen-antibody interaction 
strongly enhanced by the dense gold 

particles over the coronaviruses 
(arrow). Bar: 100 nm. 
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Melanoma emerges by melanocytes transformation with several oncogenes’ 
mutations, consisting in the most lethal form of cutaneous neoplasm, for which the death 
incidence and therapy resistance have been gradually increased in the last 20 years [1,2]. 
Melanoma cells express and secrete high quantities of the TGF-β1 isoform, eliciting 
melanoma EMT-like changes (epithelial to mesenchymal transition), invasion and bone 
metastasis [3]. V-ATPases are ATP-dependent proton pumps organized in a multi-subunit 
complex, which pump H+ ions into the lumen of acidic cellular compartments and/or to 
the extracellular matrix. The expression of these enzymes has been shown to be 
upregulated in several cancers, including melanoma [4]. The upregulation of V-ATPase 
specific subunits has been correlated with TGF-β signaling in mammary gland cells and 
renal kidney diseases [5,6]. In this study, the V-ATPase expression and activity was 
investigated in human melanoma cells in close relationship with the control of the 
progression, invasion, and metastasis, to understand the mechanisms of cancer metabolic 
reprogramming. The hypothesis is that TGF-β can act in V-ATPase enzyme and this 
interaction alters the ion homeostasis and energy metabolism in melanoma cells. To test 
this hypothesis, TGF-β was incubated in melanoma cells and we observed the enhance of 
V-ATPase activity by coupling efficiency and disturbance of energy gradient cell 
metabolism, through immunostaining and confocal microscopy.  In addition, 
bioenergetics disturbances were detected by measuring the proton fluxes through the cell 
membrane and by following the acid compartment labeling of melanoma cells in vivo. 
Altogether, our result suggests that TGF-β can affect V-ATPase enzymes and this fact 
increase the tumoral malignancy in melanoma. These results add an additional layer to 
the complex bioenergetics network, which might have important therapeutic implications. 
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Fig. 1. Immunofluorescence Analysis were used to identify the increase of V-ATPase subunits 
after the treatment, E1-V-ATPase (green), actin (red) e DAPI (blue). Melanoma cells were treated 
with TGF-β 2ng/ml. The scale bar represents 5 and 10µM. 

 

 

Fig 2. Determinations of the H+ fuxes by using a 3D vibriting probe SIET system. Two human 
cell lines, SK-MEL-5 (A) and SK-MEL-28 (B) were analising after treatment with TGF-β 2 
ng/mL. The proton pump activity increased from 3.5 and 4 times more, respectively. 
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Bidimensional (2D) and tridimensional (3D) in vitro cell culture are common 
methodologies used in pre-clinical drug tests. Especially in tumor research, some 
conditions such as cell-cell and cell-matrix interactions that influence cell mechanisms as 
adhesion, and differentiation are important to be recreated in vitro. Additionally, the 
tumor microenvironment is composed of different cell types including fibroblasts, 
macrophages, and tumor cells. Therefore, including two or more cell types in the same 
3D in vitro system could improve mimicking the in vivo tumor microenvironment, being 
this the main objective in this work. To produce murine and human spheroids two 
methodologies were used: (1) low attachment surface (LAS), by growing cells on a 96 
wells plate coated with agarose, and (2) hanging drop (HD), where cells were grown in a 
drop inside of a Petri dish lid for 3 days and then transferred to a 96 well plate coated 
with agarose for up to 10 days. Murine melanoma expressing green fluorescent protein 
(B16-F10/GFP), and fibroblasts (BALB/3T3); as well as two human melanoma (CHL-1, 
and MeWo) and monocytic (THP-1) cell lines in different proportions and initial cell 
densities were used. Human cells were added simultaneously and 5ng /mL PMA was 
added to differentiate THP-1 cells into macrophages. For the murine model, cells were 
either simultaneously plated or added 2 days later, after melanoma spheroid formation. 
Spheroids were observed every other day by phase contrast microscopy (Carl Zeiss 
Inverted Microscope Axiovert 40), and murine cells derived-spheroids were observed 
under fluorescence and confocal (A1R MP+ Nikon) microscopy, by transferring them to 
a glass bottom plate and adding 10 µg/mL Hoescht for nuclei staining. Murine spheroids 
were produced by both LAS and HD using 20/80 melanoma/fibroblast % simultaneously 
(20.000 initial cells) (Figure 1 A-D). Although inner cells visualization (confocal) was 
impaired due to spheroid size, it was possible to observe melanoma cells surrounded by 
fibroblasts (both in the surface and the center) (Figure 1 B and D), resembling the 
architecture present in in vivo tumors. Tumor is formed in a tissue with healthy cells, such 
as fibroblasts, in its surroundings, with the melanoma cells interacting with fibroblast 
cells, leading to some fibroblast to act as cancer-associated fibroblast (CAFs), that can be 
recruited by the melanoma cells to get inside the tumor, helping with the tumor 
progression. For human cells, 70/30 and 90/10 melanoma/macrophage % with 6000 
initial cells were plated. HD method produced MeWo/THP-1 (Figure E-F) and LAS 
method produced CHL-1/THP-1 (Figure G-H) spheroids. Cells localization will be the 
next step, as well as cell phenotyping (CAFs population, for the murine model, and tumor-
associated macrophages (TAMs in the human model). Drugs that have already had their 
in vitro and in vivo profile described will also be tested, to analyze the capacity of the 
model to mimic the effects of the in vivo model, in a more credible way in relation to the 
2D monoculture model. ACKNOWLEDGEMENTS: CAPES and UFPR/TN for student 
fellowship and CTAF-UFPR for microscopy services; LabCet (ICC/Fiocruz) for kindly 
providing the BALB/3T3 cells. 
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Figure 1 - Coculture spheroids. Murine B16/F-10/GFP//BALB/3T3 in 20/80 density % 
produced by HD (A and B) and LAS (C and D). Phase contrast image (A and C) and 
confocal images (B and D) of the same spheroid. Human MeWo/THP-1 produced by HD 
in 70/30 (E) and 90/10 density (F). CHL-1/THP-1 produced by LAS in 70/30 (G) and 
90/10 density % (H). Scale 200µm. 
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It has been identified that Beta-NGF when administered to females during insemination, 
improves the function of the corpus luteum [1]. Likewise, a positive correlation was also 
found between the amount of Beta-NGF in sperm and the rates of cleavage and blastocyst 
in the in vitro production of embryos, indicating possible action during the initial 
embryonic development [2]. More recently, the Reproductive Biology Laboratory at UFU 
identified that the addition of Beta-NGF to the in vitro maturation medium of bovine 
oocytes results in greater efficiency in the in vitro production of embryos. The aim of this 
study was to verify whether the action of Beta-NGF is directly on the oocyte, cumulus 
cells or both. As two types of Beta-NGF receptors (p75 and Trk) have already been 
described, the existence of both in immature oocytes and in their cumulus cells was 
assessed using immunocytochemistry. Fifteen immature oocytes aspirated from antral 
follicles, all from slaughterhouse-collected ovaries were fixed in 4% paraformaldehyde 
and placed individually on silanized slides. After permeabilization with Triton X-100, 
antigenic recovery in Sodium Citrate solution (pH 6) and blocking of nonspecific sites 
with Bovine Fetal Serum, the slides were then divided into 3 groups: 1) incubated with 
polyclonal rabbit anti-primary antibody p75 receptor (NGFR-p75 Sigma N3908), 2) 
incubated with primary polyclonal rabbit antibodies and anti-Trk receptor (Pan-Trk 
Abcam EPR17341, and 3) control slide, incubated with Fetal Serum Bovine. 
Subsequently, all slides were incubated with secondary antibody (A11012 Alexa Fluor 
594 Invitrogen). Yo-Pro-1 Iodide (Y3603 Invitrogen) was used as a nucleus marker. The 
slides were mounted with buffered glycerin and a cover slip and sealed with nail polish. 
Fluorescence was analyzed using the Zeiss LSM 510-meta laser scanning confocal 
microscope. Immunofluorescence demonstrated the presence of both receptors in 
immature oocytes (Fig. 1) and in cumulus cells (Fig. 2). Immature oocytes that were not 
incubated with primary antibody did not show significant fluorescence. Therefore, the 
improvement in the efficiency of in vitro embryo production when Beta-NGF is added to 
the oocyte maturation medium should be both by direct action on the oocyte and cumulus 
cells. 

[1] Y. Feng et al., Reprod Biomed Online, 36 (2018) 584. 
[2] R.T. Silva, Proteoma nuclear e micro-RNAs de espermatozoides de bovinos férteis e 
subférteis, UFU, Uberlândia, 2018. 

The authors acknowledge the support of the CNPq, CAPES and FAPEMIG 
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Fig 1: Immature oocyte and cumulus cells. A: p75 receptors marking (red), B: nuclei 
marking with Yo-Pro-1 (blue), C: Merge. 

 

 

 

Fig 2: Immature oocyte and cumulus cells. A: Trk receptors marking (red), B: nuclei 
marking with Yo-Pro-1 (blue), C: Merge. 
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Living organisms are exposed to a mixture of environmental pollutants that may interact 
and generate additive, synergistic or antagonistic effects [1] [2]. Lead (Pb), cadmium 
(Cd), and perfluorooctanoic acid (PFOA) are potentially toxic to humans and animals. 
Exposure to these isolated chemicals is known to disturb chicken embryo development 
and cause malformations in the nervous system [3] [4], but few studies report its effects 
under mixtures at realistic concentrations, mainly on the cellular mechanisms of its 
neurodevelopmental toxicity. This study aimed to evaluate the effects of Pb, Cd, and 
PFOA, in ovo, on the migration of cephalic neural crest cells (NCC), proliferation and 
apoptosis of cells in the brain region, as well as the dispersion of metals at early 
development of Gallus gallus embryos (stages HH10 and HH14). Different 
concentrations of Pb (0.0015, 0.015, and 0.15 μg.ml-1), Cd (0.05, 0.5, and 5 μg.ml-1), 
PFOA (0.5, 5 and 50 ng.ml-1), and the mixtures of two and three chemicals in the 
intermediate concentrations were tested. Immunolabeling was performed to evaluate the 
cellular processes after exposure, and the bioavailability of the metals in situ was 
evaluated by autometallography (AMG). A significant reduction in the proliferation and 
apoptosis of cells in the cephalic region was observed, as well as in the number of neural 
crest cells and the migration distance of these cells when exposed to almost all the 
contaminants, isolated and combined. All groups of isolated contaminants showed a 
significant reduction in a concentration-dependent manner in, at least, one of the 
evaluated processes. Furthermore, an additive effect occurred in the reduction of 
proliferation in all the mixture-exposed groups of embryos at the HH10 stage. Also, it 
was found a higher deposition of metals in the highest concentrations of Pb and Cd. 
Another interesting morphological finding was the presence of atypical cell groups, 
detaching from the neural tube epithelium and invading its lumen, regardless of the metal 
concentration. To date, there are no reports in the literature about the impact of these 
contaminants on the development of the brain region or NCC. The cell toxicity of these 
contaminants can occur through different pathways. However, changes in Ca2+ 
homeostasis could explain the findings of reduced proliferation, apoptosis, and migration 
of cephalic NC found in the present study [5] [6]. In almost all embryonic tissues, there 
is continuous proliferation, death, and/or migration of cells [7], which play an important 
role in morphogenesis. Once these processes' occurrence is location and time-specific, 
any disruption can alter normal development. Moreover, the toxic effects of heavy metals 
such as Pb and Cd are mainly caused by bioaccumulation, and even during development, 
the accumulation can result in damage to brain tissue [8]. Thus, exposure to these 
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contaminants in early development is of great concern. Furthermore, alterations in this 
region could partially explain the many morphological and functional changes observed 
in other studies after exposure to these contaminants. 
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Distribution of Ki67, C-caspase-3 active and HNK-1+ cells, and linear distance of migration 
of neural crest cells in the cephalic region of chicken embryos at HH10 and HH14 stages 

 
Number of embryos per group: 2. A, C, E, and G: Embryos at stage 10HH. B, D, F, and H: 
Embryos at stage 14HH. * indicates statistically significant difference compared to the 
control group: * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001. # indicates a statistically 
significant difference between compounds of mixtures: # p<0.05; ## p<0.01. Values = Mean 
± Standard error. One-way ANOVA with Tukey post-test. 
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Evaluation of proliferation, apoptosis, and migration of neural crest cells in embryos at 
HH10 stage 

 
Sections of G. gallus embryos at the 10HH stage. A: Schematic drawing showing the 
different axial levels represented in the board lines. B-M: Control embryos. B’, G’ and L’: 
Embryos exposed to Pb 0.015 µg.ml-1; C’, H’ and M’: Embryos exposed to Cd 0.5 µg.ml-1; 
D’, I’ and K’: Embryos exposed to PFOA 5 ng.ml-1; E’, F’ and J’: Embryos exposed to 
Pb+Cd+PFOA mixture. NT: Neural tube; N: Notochord; E: Ectoderm; P: Pharynx; da: 
Dorsal aorta. B – E’: Anti-KI67 (red); F – I’: Anti-c-Caspase – 3 active (red); J – M’: Anti-
HNK-1 (green); DAPI (blue). Scale bars: 100 μm. 
 
Evaluation of proliferation, apoptosis, and migration of neural crest cells in embryos at 
HH14 stage 
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Sections of G. gallus embryos at the 14HH stage. A: Schematic drawing showing the 
different axial levels represented in the board lines. B-M: Control embryos. B’, G’ and L’: 
Embryos exposed to Pb 0.015 µg.ml-1; C’, H’ and M’: Embryos exposed to Cd 0.5 µg.ml-1; 
D’, I’ and K’: Embryos exposed to PFOA 5 ng.ml-1; E’, F’ and J’: Embryos exposed to 
Pb+Cd+PFOA mixture. NT: Neural tube; N: Notochord; E: Ectoderm; H: Heart; DM: 
Dermatomyotome B – E’: Anti-KI67 (red); F – I’: Anti-c-Caspase – 3 active (red); J – M’: 
Anti-HNK-1 (green); DAPI (blue). Scale bars: 100 μm. 
 
Percentage reduction in proliferation, apoptosis, neural crest cells, and their migration after 
exposure in the cephalic region of chicken embryos at HH10 and HH14 stages 

 
Reduction percentage compared to control. Pb and Cd (µg.ml-1) and PFOA (ng.ml-1). Empty 
field: not significant. A: statistically significant difference compared to Pb. B: statistically 
significant difference compared to Cd. C: statistically significant difference compared to 
PFOA. 
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Metal deposition in the chicken embryo cephalic region 

 
Histological sections of the cephalic region of G. gallus embryos at the 10HH stage 
submitted to autometallography. A: Control; B: Pb 0.0015 µg.ml-1; C: 0.05 µg.ml-1 Cd; D: 
Pb 0.015 µg.ml-1; E: Cd 5 µg.ml-1; F: Pb 0.15 µg.ml-1. Silver deposition around metal 
particles (arrows). Abnormal cell grouping in the neural tube (arrowhead). NT: Neural tube; 
N: Notochord; E: Ectoderm; M: Mesoderm. A-D scale bars: 50µm; E-F: 100µm. 
Counterstain: HE. 
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The species Trichuris muris has been widely explored as an experimental model for the 
study of human and veterinary trichuriasis [1]. Most of results obtained with these 
experiments contribute to the advances in comprehension of soil-transmitted helminth 
diseases. Nematodes, especially geohelminths, receive a special attention in the egg 
characterization, because this structures that are directly associated to the biological 
behavior of the parasites, involving aspects of the resistance, infection, transmission and 
epidemiology of these helminthiasis [2]. Morphology and ultrastructure of nematode eggs 
has been studied using different microscopy techniques, but always based on 2D images 
results. In this work our main objective was to characterize and modeling the egg structure 
of T. muris, exploring 3D fluorescence microscopy. Fixed embryonic eggs were 
incubated in Calcein, DAPI and analyzed by super-resolution microscope Zeiss Elyra 
PS.1 at the CENABIO-UFRJ. Calcein showed a high affinity for egg-shell and polar 
plugs, allowing details of the plugs and the three layers of the egg-shell (vitellin, chitin 
and lipid). DAPI allowed the characterization of germ cells of larva (L1) (Fig. 1A). Based 
on the Z series of images obtained by super-resolution microscopy, we used the Amira 
software to reconstruct, align and modeling using the "isosurface" algorithm, generating 
a preliminary model (Fig. 1B). This virtual 3D model was exported to blender software 
in "stl", allowing adjustments and graphic editions with sculpting and layout tools. 
Different egg-shell and the plugs were highlighted, detailing and restructuring the 
triangulation of the model (Fig. 1C). Every process was based on super-resolution 
microscopy images, showing the importance of these results, improving the 
morphological characterization of nematode egg. We performed the colorization, 
rendering and final model for 3D printing (Fig. 1D-F). 3D modeling is the current frontier 
in structural biology, these results bring an important contribution in 
parasitology/helminthology. We conclude that another major advance was the integration 
of the results obtained in our microscopy experiments with graphic design tools. This 
interaction contributed to the extraction details of our results, especially with the gain in 
graphic quality of the model. We hope to also contribute to the teaching process in 
parasitology, mainly by exploring models with a high level of detail and structurally 
reliable to the biological samples. 

[1] Klementowicz JE, Travis MA, Grencis RK. Trichuris muris: a model of 
gastrointestinal parasite infection. Semin Immunopathol. 2012 Nov;34(6):815-28.  
[2] Cruz K, Marcilla A, Kelly P, Vandenplas M, Osuna A, Trelis M Trichuris trichiura 
egg extract proteome reveals potential diagnostic targets and immunomodulators. 2021 
PLoS Negl Trop Dis 15(3). 
ACKNOWLEDGEMENTS: FAPERJ-JCNE, PIBIT-UERJ/CNPq, FINEP, CENABIO-
UFRJ 
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Fig. 1 - Trichuris muris egg characterization: (A) Super-resolution image showing egg-
shell/egg content (green) and larva germ cells (blue). (B) First model enabled by Amira 
Isosurface algorithm. (C) Model improved showing the egg-shell layers, polar plugs and 
germ cells of larva. (D-F) Different angles of the model colorized showing the egg 
structures, including the external surface, internal structures, including the larva cells. 
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FMRFamide-related peptides (FaRPs) are a class of neuropeptides that participate in a 
variety of physiological processes in invertebrates. All peptides sharing the RFamide C-
terminal sequences are currently described as FaRPs. This neuropeptide family includes 
products of different genes, with the term FaRPs implying the RFamide signature and 
analogies to FMRFamides rather than genetic family [1-2]. Neuropeptides F (NPF), short 
neuropeptides F (sNPFs), FMRFamides, myosupressins, and sulfakinins are members of 
the FaRPs group [3]. They are involved in physiological roles, such as regulating feeding, 
development, diapause, and reproduction, and occur in nerves of stomatogastric ganglia 
and enteroendocrine cells of the insect digestive tract, where they may control muscle 
functions [4]. However, their direct involvement in muscle function has never been shown 
in situ. We studied the relationship between FaRPs and midgut muscle during the larval-
pupal transition of the mosquito Aedes aegypti by confocal and scanning electron 
microscopies. In late L4, FaRP-positive neuronal extensions attach to the bundles of the 
external circular muscle layer, and muscle stem cells start to undergo mitosis in the 
internal circular layer. Thereafter, the external muscle layer degenerates, disappearing 
during early pupal development, and is completely absent in the adult mosquito (Figure 
1). Our results indicate that FaRP-based neural signals are involved in the reorganization 
of the muscle fibers of the mosquito midgut during the larval-pupal transition. In addition 
to confirming FaRP involvement in muscle function, we show that the mosquito midgut 
muscles are largely innervated, and that circular and longitudinal muscles have specific 
neuron bodies associated with them (Figure 2). Finally, we provide a new interpretation 
about the neuromuscular connections and enteric nervous system of mosquitoes. 

[1] MR Elphick and O Mirabeau. J Front Endocrinol (2014) 5:93 
[2] K Hao et. al. Genomics (2020) 112:1821–1828  

[3] MR Strand et al. Adv Insect Physiol (2016) 51:145–188  

[4] EA Tarr et al. Cell Tissue Res (2019) 376:83–96 
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Figure 2: Distribution of three types of neurons 
in the midgut of immature stages of Aedes 
aegypti. a–c FaRP immunoreactivity (green) in 
neuron bodies and their ramifications in the 
midgut of an early pupa. A wide field view is 
showed in a. Three neuron types can be 
distinguished, depending on their orientation in 
the midgut and external/ internal position in 
relation to the muscles: the external neurons 
(ENs), the internal circular neurons (ICNs), and 
the internal longitudinal neurons (ILNs). The 
thin white arrows show the extensions of the 
ENs in a, ICNs in b, and ILNs in c. Red: cell 
nuclei. d–f The midgut neurons in the larva of 
second instar using scanning electron 
microscopy. d The localization of the three 
neuron types in a wide field. e, f Details of the 
ICN (e) and ILN (f). g, h Redemonstration of 
the FaRP-positive ring-shaped (black full 
arrow) and densely branched (white full arrow) 
structures (g) to generate a scheme model of 
distribution of the internal neurons and FaRP-
positive structures in the anterior midgut 
(AMG) (h). pLM: prominent longitudinal 
muscle; LM: longitudinal muscle; ECM: 
external circular muscle; ICM: internal circular 
muscle; DE: digestive epithelium; Fd: food in 
the midgut lumen; RC: regenerative cell; n: 
digestive cell nucleus 

Figure 1: Scanning electron microscopy of the entire midgut of 
early L4 (a), late L4 (c) and early-1 pupa (e) and confocal 
images of their respective stages showing the actin filaments 
(red) of the muscles in the anterior midgut (AMG) (b, d, f). The 
midgut of early L4 (a) decreases in thickness in the late L4 (c). 
From late L4 to early pupa (e), the gastric ceca undergo a drastic 
reduction. b, d, f The external circular muscle layer (ECM) of 
the AMG presents gaps in actin filaments (thin white arrow) 
since L4 stage (b), which is maintained in the late L4 (d), and in 
some portions of the early pupal midgut (f). In other portions of 
the early pupal midgut, the ECM is not detected or detected as 
a degenerative structure (full white arrow). Ca: cardia; PMG: 
posterior midgut; MT: Malpighian tubule; pLM: prominent 
longitudinal muscle; ICM: internal circular muscle; LM: 
longitudinal muscle 
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Rhodnius prolixus (Hemiptera, Reduviidae, Triatominae) is the principal vector of 
Trypanosoma cruzi, the etiological agent of Chagas disease in American countries. 
According to estimates, there are 6–7 million individuals infected by this protozoon 
worldwide, mostly in Latin America, and 90–100 million individuals are exposed to T. 
cruzi infection. These insects are vectors of other harmless protozoa, such as 
Trypanosoma rangeli (Tejera, 1920), which have also been described as likely competent 
vectors of pathogenic bacteria such as Serratia marcescens (Bizio, 1923), Bartonella 
(Gieszczykiewicz, 1939) and Mycobacterium leprae (Hansen, 1880) [1]. Female and 
male Triatominae individuals are hematophagous during all life cycles, and, to antagonize 
its hemostatic, inflammatory and immune systems, they secrete saliva while feeding on 
the vertebrate host’s blood [2,3]. We investigated characteristic changes of the salivary 
glands (SGs) that occur during insect development by histological and  histochemical 
techniques, and scanning electron and confocal microscopies. Two pairs of lobules and 
ducts compose the SG of R. prolixus. The organ’s size increases over time, but the 
microanatomical structures are preserved during insect development (Figure 1). Both 
lobules have a single layer epithelium formed by binucleated cells, which surrounds the 
saliva reservoir. The principal lobule presents higher polysaccharide and total protein 
contents than the accessory lobe. A network of external muscle layers is responsible for 
organ contraction and saliva release (Figure 2). Apocrine, merocrine and holocrine 
secretion types occur in the secretory epithelium. Dopamine, serotonin and tyrosine-
hydroxylase are neural-related molecules that regulate SG function both during and after 
feeding. The knowledge obtained regarding the dynamics and functioning of the SGs of 
R. prolixus can support future studies aimed at combating the neglected Chagas disease. 
Further studies can help to better understand the likely release of different secretion types 
by each of the two SG lobules and their salivary compositions, as well as to aid in 
determining the exact mechanism that regulates the salivary duct function in R. prolixus. 

[1] CB Vieira et al. Front. Cell Infect. Microbiol. (2018) 8, 405 
[2] J Jurberg J et al.  Atlas Iconográfico dos triatomíneos do Brasil (2014)  Rio de 
Janeiro, Brazil: Instituto Oswaldo Cruz 
[3] PB Santiago et al. J. Proteom. (2018) 174, 47–60 
[4] This work was supported by the following Brazilian agencies FIOCRUZ, CNPq, 
CAPES, FAPEAM, and FAPEMIG 
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Figure 1: SG of UF and BF R. prolixus nymphs 
and adult. (a–f ) The anatomy of SG remains 
unchanged throughout the life cycle of R. 
prolixus, but their size increases during insect 
development. (a) First instar, (b) second instar, (c) 
third instar, (d) fourth instar, (e) fifth instar and (f) 
adult individual. (g) Lengths of the principal 
lobule of SGs during insect development. The 
graph shows the unfolding of the significant 
interaction (p < 0.05) between the explanatory 
variables used in the model: development stage 
(with six levels encompassing five juvenile instars 
plus the adult) and feeding type (with two levels 
encompassing UF and BF insects). Different 
letters indicate significant differences among 
insect development stages within each level of the 
feeding type using Tukey’s test (p < 0.05). 
Asterisks in the bars indicate significant 
differences between UF and BF insects within 
each developmental stage of the insect. When 
comparing UF and BF insects of the same stage, 
the length of the PL is higher in BF insects in the 
N1, N2 and N3 nymphs. By contrast, from N4 to 
adult, there is no difference in size between UF 
and BF insects. Regarding insect development, 
there is a progressive increase in the size from N1 
to the adult stage 

Figure 2: Muscular framework and arrangement 
of epithelial cell nuclei in the SGs of R. prolixus. 
(a) Overall view. (b) Accessory lobule (AL). (c) 
Accessory (ad) and main ducts (md). (d) Detail of 
(a) shows muscle fibres (red) externally coating 
the SG and the nuclear arrangement of epithelial 
cells, internally located close to the muscles. Each 
epithelial cell of the SG has two morphologically 
similar nuclei (blue), whose pairs are marked by 
dotted circles. 
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ABSTRACT 

Leishmaniasis are neglected diseases caused by protozoa of the genus Leishmania. They 
present effective but limited treatment, which makes the search for alternative treatments 
necessary [1]. Studies with substances of natural origin, which are potentially less toxic 
to the cell and are selective to the protozoan have been developed. The fruit of Caryocar 
villosumhas important pharmacological properties such as: anti-inflammatory, 
antioxidant, anti-tumor and healing [2]. Thus, the aim of the study was to evaluate the 
action of oil obtained from the fruit of C. villosum (OCV) on Leishmania (Leishmania) 
amazonensis promastigotes. Different microscopy methods were used for analyze the 
action of the OCV on the morphology of the parasite. Light microscopy (LM), 
promastigotes stained with Giemsa, scanning electron microscopy (SEM), cells were 
fixed, dehydrated in graded ethanol, critical-point dried, coated with gold and examined 
with a MIRA 3 TESCAN microscope and transmission electron microscopy (TEM), cells 
were fixed, dehydrated in graded acetone, embedded in epoxy resin and examined in Zeiss 
906E microscope. Morphological alterations of the treated parasites were observed 
compared with untreated cells. The analysis by LM showed alterations in the cellular 
body and atypical division of promastigotes treated with 100 μg/mL of OCV for 72 h. 
This result was confirmed by SEM, parasite cell body was frequently multi-septated and 
the presence of two or more flagella became more evident. Analysis by TEM 
demonstrated that the treatment with OCV promoted changes in the nucleus, DNA 
fragmentation, presence of two or more nucleus suggesting a different cell division 
process. Additionally, accumulation of lipid bodies and presence of multiple vesicles 
within the flagellar pocket of treated parasites were also observed.  Thus, the oil of C. 
villosum can be considered a natural compound with a possible leishmanicidal action 
against the protozoan L. (L.) amazonensis.   

REFERENCE  
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375. Updated October 2018.  

[2] L.R. Torres et al., Bioactive compounds and functional potential of pequi (Caryocar 
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Fig 1. Light microscopy and scanning electron microscopy of promastigote forms of L. (L.) 
amazonensis treated with OCV for 72 h. A-C, Control group; The protozoan morphology 
was characterized by an elongated cell body and a flagellum emerging from the flagellar 
pocket B-D, promastigotes treated with 100 μg/mL of OCV. The arrows indicate parasites 
with two assymetric flagela. Note multi-septation of the cell body by SEM. 
   

 
Fig 2. Ultrastructural effects of OCV on promastigotes of L. (L.) amazonensis . A, 
untreated parasite showing typical morphology. B-C-D, promastigotes treated with 100 
μ/ mL of OCV for 72 h. B, Note promastigotes forms in apparent atypical division, 
presenting more than one nucleus, fragmentation of DNA, C, presence of structures 
similar to lipid bodies (*) and D, observe a large number of vesicles inside the flagellar 
pocket (arrows). 
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Malaria is a disease caused by protozoan parasites from the genus Plasmodium with the 
highest impact on public health in endemic areas. Morbidity and mortality of this disease 
results from the asexual replication of Plasmodium in the erythrocyte of the mammalian 
host [1].  In the course of its intraerythrocytic development, malaria parasites incorporate 
massive amounts of the host cell cytoplasm. Internalized hemoglobin is digested in a 
compartment with acidic pH termed the food vacuole, producing aminoacids and others 
by products, namely heme. Due to its toxic effects, free heme is immobilized and stored 
in a crystal form known as hemozoin. This mechanism is essential to parasite 
development and represents a physiological step used as target for many antimalarial 
drugs [2]. So far, most of the data regarding hemozoin structure and elemental 
composition has been obtained through the analysis of β-hematin, a synthetic analogue of 
hemozoin whose structure and physical properties have been the subject of many studies. 
Fundamental questions regarding crystal growth, immunomodulatory effect and drug 
inhibition mechanisms, nevertheless, remain unanswered, especially considering crystals 
obtained from different malaria species. In this work, we used high-resolution electron 
microscopy approaches to analyze hemozoin crystals obtained from Plasmodium 
chabaudi and Plasmodium berghei. Analysis of crystals revealed growing areas on the 
edge of many crystals, suggesting a preferential mechanism of crystal growth along the z 
axis direction after crystal formation. This feature was observed on isolated crystals 
(figure 1) and on crystals located inside the food vacuole of cryopreserved cells (figure 
2). In addition, elemental analyses on isolated crystals and crystals inside food vacuoles 
of intact cells showed iron distribution and its spatial correlation with other ions, such as 
oxygen and nitrogen. No significant differences on the elemental composition were 
found, indicating that crystals isolated from different species possess the same chemical 
nature. Overall, the results contributed to the understanding of mechanisms of crystal 
growth and the identification of potential areas where antimalarial drugs may bind, 
affecting hemozoin crystal formation.   
 
References: 
[1] A. F. Cowman et al., Cell 167 (2016) 610. 
[2] P. A. Sigala and D. E. Goldberg, Annu. Rev. Microbiol. 68 (2014) 259. 
[3] This work was supported by CNPq, FAPERJ, FINEP, CAPES (Brazil) and Instituto 
Nacional de Biologia Estrutural e Bioimagem 
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Figure 1: Growing points (arrowheads) were observed in isolated hemozoin crystals from 
P. chabaudi (A-B) and P. berghei (C-D). Scale bar: 100nm. 
 
 

 
Figure 2: Analysis of hemozoin crystals located inside the food vacuoles of P. chabaudi 
(A-E) and P. berghei (F-J) by serial section electron tomography of high pressure frozen 
and freeze substituted cells. Multiple food vacuoles are seen on parasites cytoplasm (A, 
F; arrowheads). Analysis of selected food vacuoles (yellow dashed rectangle) along the 
different z slices shows hemozoin crystals growing points (C-D, G-H; arrows). Different 
angular rotations of 3D rendered crystals shows brick shape crystals with point ends (D-
E, I-J, arrows). Scale bar: 500nm (A, F); 100nm (B-E, G-J). 
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INTRODUCTION: Tetradesmus (Chlorophyta) is a microalgal genus with 
biotechnological potential, which exhibits rapid biomass production and high levels of 
lipids, proteins, carbohydrates, and bioactivity [1]. The knowledge of the morphology and 
physiology of Tetradesmus is necessary to optimize its cultivation processes. 
MATERIAL AND METHODS: The Tetradesmus obliquus BR003 strain was isolated 
from a freshwater reservoir in Viçosa, Brazil. The cells were fixed in a 2.5% (v/v) 
glutaraldehyde solution in sodium cacodylate buffer (0.1 M, pH 7.2) containing 2% (m/v) 
sucrose during 24 h. Then, T. obliquus BR003 samples were washed with sodium 
cacodylate buffer (0.1 M, pH 7.2) three times for 10 min, post-fixed in 1% (w/v) osmium 
tetroxide for 2 h, washed three times with deionized water, dehydrated using a gradient 
of aqueous ethanol solution (70%, 80%, 90%, 95 % v/v), and then soaked in LR-White 
resin (London Resin Company, Basingstoke, United Kingdom) [2]. The ultrathin sections 
were arranged on copper grids, stained with 5% (m/v) aqueous solution of uranyl acetate 
for 30 min and lead citrate [3] for 5 min. Then they were analyzed under the transmission 
electron microscope (Zeiss Libra 120, Carl Zeiss, Germany) at 80 kV. CONCLUSION: 
The cytoplasm of the T. obliquus BR003 cells is rich in vacuoles, rough endoplasmic 
reticulum, mitochondria, and chloroplasts. The nucleus has a predominance of de-
condensed chromatin, and the cell wall has three layers. Chloroplasts have many starch 
granules and can be associated with a spherical central pyrenoid. To the best of our 
knowledge, this study is the first description with the ultrastructural morphological 
characterization of the strain T. obliquus BR003, grown under standard conditions, to 
demonstrate specific characteristics of the species. 
 
REFERENCES 
[1] Rizwan M, et al. Exploring the potential of microalgae for new biotechnology 
applications and beyond: A review. Renew Sustain Energy Rev 92:394–404. 2018 
[2] Farder-Gomes CF. Morphology of ovary and spermathecae of the parasitoid 
Eibesfeldtphora tonhascai Brown (Diptera: Phoridae). Protoplasma 256:3–11. 2019 
[3] Reynolds ES. The use of lead citrate at high pH as an electron-opaque stain in 
electron microscopy. Journal of Cell Biology 17:208–212, 1963 
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Fig. 1: Transmission electronic micrography of Tetradesmus obliquus BR003. (A) 
Overview of a cell in longitudinal section showing chloroplasts (Cl) that occupy 
most of the cytoplasm and vacuoles (Va). (B) Cross-section of a group of four cells 
separated by the cell envelope (arrows). All cells are provided with broad nucleus 
(N) and chloroplasts (Cl) containing pyrenoid (Pi). 

 

 

Fig. 2: Transmission electronic micrography of Tetradesmus obliquus BR003 showing 
in detail the cell wall (PC). (A) The cell wall is formed by three distinct layers, the 
outermost is the trilaminar sheath (TB), followed by a layer formed by fibrous 
material (white arrows) and the innermost has the higher density (*). The innermost 
layer is in contact with the cell membrane (black arrows). (B) The ends of the 
microalgae are filled by the fibrous material (white arrow). TB = trilaminar sheath; * 
= dense cell wall layer. 
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The preservation of tissues of sponges for observation in Transmission Electron 
Microscopy (TEM), has always been a challenge. Our aim was to test the quality of 
preservation of a sponge of the genus Darwinella sp. in three types of chemical fixative. 
MATERIALS AND METHODS: The samples were collected in Cabo Frio, RJ. The 
sponge was cut in 3 pieces of ~10mm in sea water, and immediately immersed in one of 
the following combinations of glutaraldehyde 2.5% for 24 hours (Table 1). Samples were 
washed in the corresponding buffer with osmolarity adjusted with sucrose. All samples 
were post-fixed in (1:1) 2% OsO4+ 2.5% potassium ferrocyanide, 10mM CaCl2 in 0.2M 
sodium cacodylate buffer for 60 min in the dark, washed, dehydrated in increasing series 
of ethanol and embedded in Embed 812, and polymerized at 60oC for 48 hours. Ultrathin 
sections were cut in a Leica UC7 ultramicrotome, collected in copper grids and observed 
in TEM JEOL 1200 and Fei Tecnai Spirit. RESULTS: All fixatives tested gave a fine 
preservation of the cells of the mesohyl of the sponge (i, ii and iii). Preservation of the 
nucleus and nuclear envelope was similar in all solutions. Mitochondria and Golgi 
complex were slightly better preserved in fixative GlutaSacPHEM fixative. 
CONCLUSION: Apparently the key factor for a good fixation is to fix and process the 
samples immediately after collecting with less interference of the buffer and osmolarity 
in the result. On the other hand, the GlutaSacPHEM fixative generated a better 
preservation of some cell components. In the same way that the superiority of the PHEM 
buffer for the Mollusca phylum has already been suggested [1], we also suggest the use 
of this buffer in the fixative (GlutaSacPhem fixative) for the Porifera phylum. Finally, we 
predict more detailed descriptions of the Porifera ultrastructure that may be carried out 
based on the implementation of the precautions suggested here. 
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Table 1. Composition and osmolarity of the different fixatives used. 

Formula Glutaraldehy
de 
(concentratio
n and 
volume) 

Buffer (stock 
concentration) 

Buffer (final 
concentration) 

Additions Total 
volum
e  

Final 
osmolarity 

i 25%: 1.5mL PHEM 13.5mL — Sucrose 12% 
(w/v) 

15mL 977mOsm 

ii 25%: 1.5mL Sodium 
cacodylate 0.2M: 
12mL 

Sodium 
cacodylate 
0.16M 

Sucrose 9% 
(w/v) + 
Distilled 
water 1.5mL 

15mL 1,025mOsm 

iii 25%: 1.5mL Sodium 
cacodylate 0.4M: 
6mL 

Sodium 
cacodylate 
0.16M 

Sea water 
7.5mL 

15mL 1,178mOsm 

 

 
FIGURE 1. Comparison of the ultrastructure of Darwinella sp. in each fixative tested. i)- (GlutaSacPHEM); 
ii)- (GlutaSacCaco); iii)- (GlutaSeaCaco); i.a, ii.a, iii.c)- Good nuclear preservation; i.b, ii.b, iii.b)- Nuclear 
envelope and Golgi complex preservation. The best preservation was observed in the fixative 
GlutaSacPHEM; ii.c, iii.c, iii.d, iii.e)- Good mitochondrial preservation. The best preservation was 
observed in the fixative GlutaSacPHEM. Golgi complex (gc), channel (ch), mesohyl (m), mitochondria 
(mi), nuclear envelope (ne), nucleus (n), nuclear pore (np), rough endoplasmic reticulum (rer). 
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A 13-year-old girl was referred from Dermatology to Clinical Genetics due to skin 
hyperpigmentation and short stature. She is the second child of a consanguineous (third-
degree cousins) couple and has an 18-year-old brother and a 5-year-old sister. Her parents 
and siblings are asymptomatic and there is no history of genetic disorders diagnosed in 
her family. Since birth, the patient presented hyperpigmentation on cervical skinfolds and 
on lunulae that turned darker after sun exposure. The patient presents facial asymmetry, 
short stature, low set ears and prognathism. Her skin was hyperchromic in the following 
regions: lateral and posterior neck, axillae, hypogastrium, inguinal region, back of hands, 
fingers and lunulae. She didn’t present any mucosal hyperpigmentation, neither tongue 
abnormalities. Biopsy of hyperpigmented skin showed increased melanin within basal 
keratinocytes and in numerous melanophages in the papillary dermis. Axillary skin 
fragment was removed for analysis. Samples were fixed using Karnovsky and post-fixed 
in Osmium tetroxide, in bloc contrasted in Uranyl acetate and gradually dehydrated before 
embedding in Spurr resin. TEM analysis (Figure 1) revealed heavily melanized 
melanosomes packed in phagocytic vacuoles. Exome sequencing revealed a novel 
homozygous indel variant, c.515_516 del (p.Thr172) at LMBRD1 gene (NM_). Analysis 
was conducted using Franklin platform (Genoox). This finding implicates on intracellular 
metabolism errors (Figure 2). The pathogenetic mechanism leading to hyperpigmentation 
in vitamin B12 deficiency is yet to be defined. The first hypothesis is the oxidation of 
reduced glutathione due to decrease that would lead to a lack of the normal inhibition of 
the tyrosinase and the subsequent stimulus of the melanocyte to produce melanin. This 
explanation would also encompass the findings of the further skin darkening after sun 
exposure, as ultraviolet would lead to additional depletion of glutathione [1] Another 
possibility would be an impairment in the melanin transfer between melanocytes and 
keratinocytes, having as result pigmentary incontinence [1]. Further testing is currently 
being conducted to better comprehend this rare mutation. The clinical team’s supposition 
of vitamin B12 metabolic defects was confirmed by TEM, hence enabling further 
hypothesis formulation and guiding the approach on further testing considering the 
findings of lysosomal deposits.  

References: [1] GILLIAM, James N.; COX, Alvin J Arch Dermatol , v. 107, n. 2, p. 231-236, 1973. 
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Figure 10. Schematic representation of the patient's cblF metabolism disorder. Cobalamin bound to 
transcobalamin carrier (TC)  enters the cell from the blood. Inside the lysosome, cobalamin is released 
from transcobalamin. Because of the novel mutation observed, cblF activity is undermined and 
deposits are formed. The portion of cobalamin molecules that are successfully transported to cytoplasm 
undergo enzyme-mediated reduction. Created with Biorender software.  

  

Figure 9. Fibroblast’s cytoplasm containing melanosomes (A,B) with irregular electron-dense material. Abbreviations: 
(N) Nucleus, (Cr) Chromatin, (Me) Melanosomes. 
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Radiotherapy (RT) is an effective non-surgical treatment used in several solid tumors, 
including colorectal cancer (CRC), in order to reduce the risk of local recurrence. In 
patients with advanced rectal cancer this approach is widely used as a neoadjuvant 
therapy. However, RT has no impact on metastasis formation, which remains a major 
obstacle in clinical practice, being responsible for the high mortality rates [1, 2, 3, 4]. In 
addition, local tumor recurrence after RT tends to be more aggressive, with shorter 
survival expectancy for the patient [5]. This suggests that the RT surviving cells develop 
resistance mechanisms that allow their survival and increase metastatic potential. Despite 
major efforts in this field, the knowledge concerning the post-irradiation behavior and the 
phenotype of radioresistant cancer cells is still limited and little progress has been made 
in the treatment of CRC. Therefore, it is important to elucidate what contributes to this 
phenotype, in order to improve therapeutic success. This study investigated the 
characteristics of surviving cells of two human CRC cell lines treated with a clinically 
relevant treatment protocol, hypofractionated radiation. Cells were exposed to 25 Gys 
delivery in 5 daily fractions. Characterization of this phenotype was performed through 
phase-contrast light microscopy, transmission and scanning electron microscopy, 
confocal microscopy of specific markers, and DNA content analysis through flow 
cytometry. The results show that the surviving cells (ISC) from both cell lines, SW-480 
and HCT-116, increase their size, ploidy, the autophagic process, and become resistant to 
re-irradiation. In addition, the long-term evaluation of the ISC show that HCT-116 lineage 
does not proliferate again, while the SW-480 ISC enter a transient dormancy state, 
resuming its growth in about 14 days. These cells generate a heterogeneous progeny, in 
which was possible to observe three distinct phenotypes: rounded and highly proliferative 
cells, mesenchymal cells, and the polyploid giant cancer cells. Based on these results, the 
next step of this study is to identify proteins and pathways differentially regulated in ISCs. 
Thus, we will contribute to the identification of new therapeutic targets for neoadjuvant 
therapies, in order to improve the prognosis of CRC patients treated with RT.  
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Figure 1 – (A) DAPI stained cells. Red arrows indicate multinucleated polyploid cells. 
(B, C) Ploidy analysis using flow cytometer. Taking into account that the peak with 
smaller PI staining would be cells in its usual ploidy (simplified as 2n), we evaluated the 
amount of genomic content and estimated ploidy of the remaining cells. Data are 
representative of mean +- SEM. Statistical significance analysis was performed using the 
one-way ANOVA with Tukey's post test. (D) Micrographs of cells with yellow arrows 
indicating multiple nuclei in the ISC cells. (E) Quantification of cell size. Data represent 
the median and interquartiles. Statistical analysis was performed using the Kruskal-Wallis 
test with Dunn’s post test. Different letters indicate statistical difference. *p<0.05. ISC: 
irradiation surviving cells. Scale bar: 100 µm 
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When observed under transmission electron microscopy, bull sperm chromatin is usually 
extremely electron-dense and homogeneous. However, changes from small spots to larger 
lighter regions are also often observed. The aim of this study was to verify the importance 
of these sperm chromatin changes identified by transmission electron microscopy on the 
in vitro fertilization and early embryonic development. For this study, five ejaculates from 
five different Giroland bulls with different levels of fertility were used. Part of each semen 
sample was used for in vitro embryo production (IVEP) routines and part was used for 
evaluation of sperm chromatin by transmission electron microscopy. One hundred and 
twenty IVEP routines were performed according to the protocol [1] of the Biology of 
Reproduction Laboratory of the Universidade Federal de Uberlândia, with approximately 
40 oocytes per routine, totaling 4916 oocytes, all from slaughterhouse-collected ovaries. 
Cleavage rates of experimental bulls were determined 48 hours after in vitro fertilization, 
represented by the percentage of mature oocytes that started cleavage. Blastocyst rates 
were determined seven days after fertilization and were represented by the percentage of 
oocytes that started cleavage and reached the blastocyst stage. The rest of the semen 
samples were used for the evaluation of sperm chromatin by transmission electron 
microscopy [2]. On average 150 sperm head images of each sample were captured and 
classified into five grades of defects, as shown in figure 1. Pearson's correlation test was 
applied between each chromatin defect type and the cleavage and blastocyst rates (Table 
1). The high positive and significant correlations between cleavage and blastocyst rates 
and the percentage of sperm without chromatin defects show that, in general, the absence 
of changes in sperm chromatin favors the process of fertilization and the early embryonic 
development. The lack of significant correlation between cleavage and blastocyst rates 
and milder defects (grades 1 and 2) indicates that these defects have little or no effect on 
the oocyte fertilization process and that when sperm carriers with this type of chromatin 
defect fertilized the oocyte, the initial embryonic development is not impaired. The most 
severe defects (grades 3 and 4) showed significant negative correlations with cleavage 
and blastocyst rates, indicating that these types of defects can interfere with the 
fertilization process and when a sperm with these defect types fertilizes the oocyte, the 
early embryonic development is impaired. 

[1] A.C. Lucio et al., Theriogenology, 86 (2016) 924. 
[2] J.M. Soares; M.E. Beletti, Braz. J. Vet. Res. An. Sci., 43 (2006) 554. 
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Fig. 1. Examples of sperm heads with each grade of chromatin defect. Grade 0 - absence 
of chromatin defects (A). Grade 1- presence of up to 3 small bright spots in chromatin 
(B). Grade 2 - presence of up to 6 small bright spots (C). Grade 3 - presence of several 
light points (above 6) (D) or lighter region(s) occupying up to a quarter of the sperm head 
(E). Grade 4 - lighter region(s) occupying above a quarter of the sperm head or large 
regions with granular chromatin (F). (arrow= bright spot; head arrow= lighter region; 
bar= 0.5µm) 

 

Table 2. Pearson's correlation coefficients and p-value between the grades of chromatin 
defects and cleavage and blastocysts rates obtained in PIVEs. 

Defect 
category 

Cleavage  Blastocyst 

Coefficient p-value Coefficient p-value 
Grade 0 0,91 0,03  0,99 0,0002 
Grade 1 0,55 0,33  0,82 0,09 
Grade 2 -0,09 0,89  -0,48 0,41 
Grade 3 -0,93 0,02  -0,98 0,003 
Grade 4 -0,88 0,05  -0,98 0,003 
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Coronaviruses (CoV) drew worldwide attention for causing outbreaks of severe acute 
respiratory syndrome (SARS-CoV) in Asia 2002-03, and respiratory diseases in the 
Middle East (MERS-CoV), 2012. In December 2019, more once a new coronavirus 
(SARS-CoV-2) was first identified in Wuhan, China, it was associated with a serious 
respiratory infection, known as COVID-19 [1]. This virus spread rapidly throughout 
China and 30 other countries, resulting on 11 march 2020 in the World Health 
Organization's upgrading of the SARS-CoV-2 classification for pandemic [2]. A well-
characterized standardized in vitro system for the production of viral mass, for testing 
drug candidates and vaccines against the new coronavirus is extremely interesting in the 
current scenario. Given the impact on public health worldwide, there is a rush to protocol 
a therapy, but to date there is no specific antiviral drug. Then, the analyze of impact in 
SARS-CoV-2 biosynthesis in treated and non-treated cells with anti-viral molecules is 
pivotal. For this purpose, we evaluated, by transmission electron microscopy, monolayers 
infected with viral isolate and exposed to drugs that have already been identified as 
interesting from the point of view of inhibiting the replication of SARS-CoV-2, such as 
mefloquine and daclatasvir at 10 µM. The virus was tittered by plaque-forming units 
assay (PFU/ml) [4,5]. All procedures involving experimental infection have been 
performed in a safety level 3 laboratories, in accordance with World Health Organization 
standards [3]. The mefloquine treatment prevented totally the formation of viral progeny 
with infective capacity in culture supernatant, and the treatment with daclatasvir inhibited 
viral replication by 80%. Ultrastructural analyzes detected, in cells treated with 
Daclatasvir, virus adsorbed to the cytoplasmic membrane, and rare particles inside the 
cell. In cells treated with mefloquine no viral particles were observed. In addition, the 
data regarding antiviral molecules corroborate the findings already suggested in other 
studies [4], showing that we use a methodology compatible with the literature and that 
adds ultrastructural knowledge to the data that will be published, including by other 
groups, assisting in basic research and applied. 
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Figures 1 and 2: Vero-E6 cells non-infected (cell control) [1: 1 hour of cultivation, 2: 48 hours 
of cultivation]. Figures 3, 5 and 7: Vero-E6 cells 48 hours post-infection treated with 10 µM 
of mefloquine; virus particles were not detected. Figures 4, 6 and 8: Vero-E6 cells 48 hours 
post-infection treated with 10 µM of daclatasvir presenting virus particles (arrow). 
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Trichomonas vaginalis is a protozoan that causes human trichomoniasis, the most 
common sexually transmitted infection (STI) on the planet, affecting approximately 278 
million people worldwide [1]. Pregnant women with trichomoniasis have a greater chance 
of miscarriage, premature birth, premature rupture of the placenta, and disorders in 
pregnancy [1]. The disease can also cause infertility in women and men [2]. In men, the 
disease is usually asymptomatic. However, in severe cases, it can present inflammation 
in the urethra and prostate [2]. Infection by T. vaginalis is also related to a predisposition 
to infections caused by human papillomavirus (HPV), [2], human immunodeficiency 
virus (HIV) [2] in addition to cervical cancer and prostate cancer [2]. The current 
treatment for human trichomoniasis is metronidazole (MTZ). MTZ 1- (2-hydroxyethyl) -
2-methyl-5-nitroimidazole is a compound widely used to treat several infections caused 
by bacteria such as Helicobacter, Bacteroides, and Clostridium and anaerobic parasites 
such as Trichomonas, Entamoeba, and Giardia [3]. Although effective to clear the 
parasite infection, this medication is related to severe side effects, such as nausea, 
vomiting, dizziness, insomnia [2], and leukopenia and neuropathies in the more severe 
cases. Because of the toxicity, this therapy cannot be adopted during pregnancy [2]. 
Besides the toxicity of the treatment, some strains become resistant to 5'-nitroimidazoles, 
and the development of a new alternative drug for trichomoniasis is necessary. 
Amiodarone is an antiarrhythmic drug approved in the USA in 1985 used to treat 
cardiomyopathies [4]. In addition, this antiarrhythmic agent and its derivatives present 
antiparasitic effects, disturbing Ca2+ homeostasis in Trypanosoma cruzi epimastigotes 
and promastigotes and amastigotes in Leishmania Mexican, resulting in an intracellular 
Ca2+ increase [5], blocking the biosynthesis of ergosterol in these parasites [5]. This work 
investigated the in vitro effect of amiodarone on T. vaginalis by different microscopy 
techniques. We noted that the parasites became clustered and presented a high glycogen 
contents.  
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Figure 1. SEM images of T. vaginalis treated with 10 μm AMD for 36 h at 37 °C.  Control (a) 
treated with 10 μm AMD for 36 h (b – d) morphological changes, wrinkled and aggregated cells 
(b - d) (arrows) are observed. 
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Trichomonas vaginalis is the etiologic agent of human trichomoniasis, a highly sexually 
transmitted infection with the highest frequency worldwide among non-viral and treatable 
infections associated with HIV and HPV infection, also with premature birth, becoming 
an important public health problem [1]. The knowledge about the interaction of T. 
vaginalis with host cells is still poorly understood, although the mechanisms of adhesion 
of the parasite to the cell surface are multifaceted, where several hypotheses are pointed 
out [2]. Different cell types secrete a heterogeneous group of extracellular vesicles (EVs), 
including microvesicles (MVs) with a size of 30 to 150 nm. Furthermore, long-range 
intercellular cytoplasmic bridges, known as tunneling nanotubes (TNTs), are very 
important elements of communication between cells [3]. Microscopy, particularly 
scanning electron microscopy (SEM), has been used to analyze the surface of various cell 
types, including pathogenic protozoa [4]. In recent years, these structures have received 
important attention in biomedical research. It has been described that EVs can participate 
in parasite-host cell interaction, transporting several antigens and other specific 
macromolecules from their cell of origin [5] and engineered TNTs are known to transport 
biological materials through cytoplasmic bridges between cells [6]. This work aims to 
characterize morphologically and functionally the MVs and TNTs in the interaction of 
this protozoan with the vaginal epithelial cells. For this, electron microscopy techniques 
are used, mainly SEM, both conventional and high resolution. Here, we demonstrate with 
and without stimulus with calcium ions and ionophores, the secretion of microvesicles 
and constitutive exosomes that are released with the parasite's membrane. Furthermore, 
membrane projections, similar to nanotubular structures, already described in other 
pathogenic protozoa, such as Tritrichomonas foetus, were observed. 
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FIGURE 

 

Figure 1. Trichomonas vaginalis secreting constitutive microvesicles observed with SEM 
high-resolution Auriga 40. Samples were coated with 4 nm platinum. (a) Control T. 
vaginalis. (b) At higher magnification, notice details of the release of microvesicles that 
sprout from the cell membrane of the parasite. (c) inset: higher magnification of the marked 
área of (b). (d) Negative stain TEM (transmission electron microscopy) analysis of an 
enriched microvesicles sample. Note vesicles with a range size of exosomes. (e) Interaction 
of T. vaginalis with a vaginal epithelial cell. The amoeboid-shaped parasites have firmly 
adhered to the host cell surface. Flagella exhibited nanotubes (arrows). (f) Scanning Helium 
Ion microscopy (HIM) of uncoated T. vaginalis in the process of interaction with vaginal 
cells. We noted the budding of microvesicles on the protozoan cell surface and dilated 
regions at the tip of the flagella (arrow). T: Trichomonas vaginalis; V: vaginal epithelial cell; 
F: flagella; Ax: axostyle. 
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Photodynamic therapy (PDT) makes use of a combined photosensitizer and a light source, 
usually the LASER. In the results of Da Silva et al. (2007) of PDT in T. foetus, 
ultrastructural changes were observed, such as plasma membrane projections, nuclear 
fragmentation with heterochromatin masses in the periphery, proliferation of the 
endoplasmic reticulum, intense cytoplasm vacuolization, fragmented pelta-axostilar 
complex and internalization of the flagella. In recently obtained results, we observed 
changes in the nucleus similar to apoptosis. The group where the protozoa were incubated 
with the photosensitizer and after being irradiated showed significant morphological 
changes with apoptotic characteristics (MARGRAF-FERREIRA, 2017). In the sequence, 
we carried out studies of the interaction of T. foetus after PDT with carbon nanotubes 
(figure 1) and observed changes in the morphology of the protozoan surface and that 
vesicles were also being released that modified the morphology of the nanotubes 
(MACHADO 2014). T. foetus from an axenic culture was incubated with the AlPcS4 
photosensitizer and then irradiated under a laser source (InGaAlP - Thera Lase-DMC, λ 
= 685 nm; P = 26 mW; DE = 4.5 J / cm2; t = 3.52 s). 24 hours after PDT, the protozoa 
were fixed for at least 1 hour at room temperature, in a 4.0% paraformaldehyde solution, 
2.5% glutaraldehyde in 0.1 M cacodylate buffer pH 7.2. After fixation, they were washed 
in PBS and post-fixed in 1% OsO4 in 0.1M cacodylate buffer, pH 7.2 with 1% potassium 
ferrocyanide, and 5mM CaCl2 at room temperature, in the dark. The cells were then 
washed in PBS, dehydrated in acetone and embedded in Epon. Ultrathin sections were 
obtained in an ultramicrotome (Leica Ultracut UCT) and stained with uranyl acetate and 
lead citrate and observed in a Jeol 1210 Transmission Electron Microscope (ESALQ – 
Prof. Dr. Eliot Kitajima). In analyzing the images, observed the release of microvesicles 
that may be related to the protozoan pathogenicity process. In photomicrograph 02, can 
see that the protozoan T. foetus after PDT releases microvesicles in varying amounts and 
volumes. In figure 2A can see small projections (arrows) on the protozoan membrane. In 
figure 2B the microvesicles (arrows) are in the process of detaching the membrane. In 
figure 2C can see a microvesicle already released. The parasite - host cell interaction 
process involves the secretion of products that can interfere not only in the adhesion 
process, but mainly in pathogenicity. Communication by secretion products is also 
recognized that will increase the adhesion of weaker parasites and consequently increase 
their pathogenesis (COAKLEY; MAIZELS; BUCK; 2015). According to the presented, 
the study of secretion products of the parasitic protozoan T. foetus will contribute to the 
understanding of the mechanisms not only of the parasite-host cell interaction, but also 
of the mechanisms of infection and cellular communication. 
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Figure 1 – SEM photomicrograph of the interaction of the protozoan parasite T. foetus with a 
titanium surface coated with VACNT-O2. 1A and 1B are SEM-images of non-PDT treated 
protozoa. 1C and 1D show images of protozoa after PDT. Arrow - filopodia adhered to the 
VACNT-O2. Arrowhead - vesicles released by T. foetus after PDT (Fig. A, B, and C 5000×; FIG. D 
15,000×). (MACHADO, 2014). 

 

 
Figure 02 - TEM photomicrograph of the parasitic protozoan Tritrichomonas foetus after 
treatment with PDT. Arrows demonstrate initiation of membrane projections (2A), 
microvesicles in release (2B) and microvesicles already released (2C). X3000. 
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Leishmaniasis represents a serious health public problem and is endemic in tropical and 
underdeveloped regions. Currently, more than 1 billion people live in areas at risk of 
infection and the treatment is unsatisfactory [1]. Therefore, is urgently needed the search 
of new drugs to leishmaniasis treatment. In previous studies, our research group has 
already shown that the synthetic compound 4-(5'-formyl-[2,2'-bithiophen]-5-yl)but-3-yn-
1-yl acetate, ACET-1, induced biochemical and ultrastructural unprecedented alterations 
in promastigotes of Leishmania amazonensis, when treated with IC50 (28.9 µM) for 72 h. 
Reasoned by it, the aim of this study was to evaluate the appearance of these alterations 
in the intracellular forms, amastigotes. For this, the amastigote-infected J774A.1 
macrophages were treated with IC50 (50 µM) and 2xIC50 (100 µM) of ACET-1 for 48 h 
at 34 ºC and fixed in a solution of 2.5% glutaraldehyde in 0.1 M cacodylate buffer for 24 
h at 4 ºC. For scanning electron microscopy (SEM), the parasites were dehydrated in 
increasing ethanol gradient, critical point-dried in CO2, sputter-coated with gold, and 
observed using a FEI SCIOS microscope. For transmission electron microscopy (TEM), 
the parasites were postfixed in a solution of 1% osmium tetroxide, 0.8% potassium 
ferricyanide and 10 mM CaCl2 in 0.1 M cacodylate buffer. The samples were dehydrated 
in increasing acetone gradient and embedded in Polybed 812 resin. Ultrathin sections 
were obtained, contrasted with uranyl acetate and lead citrate, and observed in JEOL JEM 
1400 microscope. To access the reactive nitrogen species (RNS), the parasites were 
loaded DAF-FM DA and quantified by flow cytometer FACSCalibur, equipped with 
software Cell Quest. Our results demonstrated that ACET-1 did not induce 
morphological changes (Fig. 1), despite proving the reduction in the number of infected 
macrophages and amastigotes per macrophage. By TEM, ACET-1 not induced similar 
changes as observed in promastigotes. However, treated-amastigotes presented nuclear 
disorganization and autophagic vacuoles in addition to the intense secretory activity of 
macrophages (Fig. 2). These results agree with the data obtained by biochemical 
mechanisms, which showed increase of RNS (Fig. 3) that may indicate to oxidative stress 
caused by ACET-1 in parasites of L. amazonensis. 
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Figure 1: Scanning electron 
microscopy of amastigotes of L. 
amazonensis treated with ACET-1 
for 48 h. (A-C) untreated cells; (D-F) 
amastigotes treated with IC50 (50 
µM); (G-I): amastigotes treated with 
2xIC50 (100 µM). Scale bars: (A,G) 
5 µm; (C-E,H-I) 10 µm; (B,F) 20 
µm. 
 
 
 
 
 
 
 
 
 
Figure 2: Transmission electron 
microscopy of amastigotes of L. 
amazonensis treated with ACET-1 
for 48 h. (A-C) untreated cells (D-F) 
amastigotes treated with IC50 (50 
µM); (G-I) amastigotes treated with 
2xIC50 (100 µM). (n) nucleus; (k) 
kinetoplast; (*) black autophagic 
vacuoles 
(#) parasitophore vacuole (>>) 
excretory vesicles of macrophages; 
Scale bars:  
(A-B,D,G-H) 2 µm; (C,E-F,I): 1 µm. 
 

 

 

 

 

Figure 3. Evaluation RNS 
production in amastigotes of 
L. amazonensis treated with 
IC50 (50 µM) and 2xIC50 
(100 µM) of ACET-1 for 24 
h, using the fluorescent 
probe DAF-FM diacetate. 
(*) indicate significant 
differences in relation to the 
control group (p <0.05). 
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Trypanosoma caninum is a parasite described in the natural infection of dogs and has 
been isolated exclusively from the healthy skin of these animals. T. caninum presents in 
axenic cultivation, in addition to the classical evolutionary forms, the aflagellar 
epimastigote form. In order to clarify mophological aspects of this atypical epimastigote 
form, the objective of this work was to know the ultrastructural aspects of the aflagellar 
epimastigote form of T. caninum. Transmission Electron Microscopy of T. caninum was 
performed under axenic culture conditions of T. caninum (COLTRYP 735) after 
approximately 5 days of culturing in NNN/Schneider medium, at 27ºC.To demonstrate 
the presence of lipid bodies, the parasitic of culture was fixed with 2.5% glutaraldehyde 
in 0.1 M imidazole buffer for 1 h and then washed with the same buffer and post-fixed 
with 2% OSO4 diluted in 0.2 M imidazole buffer, for 30 min.With this methodology, it 
was possible to visualize lipid bodies and several structures common to trypanosomatids 
presented. These included (Fig. A) a well-structured nucleus (N), kinetoplast composed 
of compact genetic material (K), branched mitochondria distended by the parasite body 
and endoplasmic reticulum distributed throughout the cell body. It´s important to 
emphasis on numerous lipid corpuscles (Fig. B) throughout the body. Lipid corpuscles 
were very prominent throughout the parasitic body as electrodense structures of different 
sizes surrounded only by a membrane. This structure is related to the change in the 
evolutionary form, with the parasite's nutritional reserve, and may be involved in the 
modulation of host immune system during infection.These findings suggest that the 
epimastigote aflagellar evolutionary form may be involved in the biological cycle of T. 
caninum.Subpellicular microtubules (Fig. C) were absent in the flagellar pocket. In fig. 
D we observed subpellicular microtubules throughout the body T. caninum. But to know 
the role of these lipid corpuscles so abundant in T. caninum it will be necessary to carry 
out studies, among them the research of araquidonic acid present in these structures. 
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Transmission Electron Microscopy (TEM) of Trypanosoma caninum from axenic culture 
in the aflagellarepimastigote form (A-D). 
 
(A): Electron micrograph showing the presence of endoplasmic reticulum (ER), nucleus 
(N) and kinetoplasm (K) with kDNA preserved in the mitochondrial portion close to the 
nucleus; 
 
(B): In this image, we can see a lipid corpuscle (CL) close to the nucleus (N) and the 
kinetoplast (K); 
 
(C): In this image, it is possible to identify the flagellar pocket (BF) close to the 
kinetoplast (K) and nucleus (N); 
 
(D): Electron micrograph showing an overview of the epimastigote form of T. caninum, 
with the characteristic organelles of this parasite: nucleus, k intramitochondrial DNA and 
subpellicular microtubules 
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Eosinophils are immune cells involved in allergic and parasitic diseases. More recently, 
the eosinophil was recognized as a multifunctional granulocyte for its role in several 
processes such, immunoregulation, maintenance of homeostasis, development and 
regulation of organs and tissues and fibrosis [1]. Eosinophils pre-synthesize dozens of 
proteins and store them in secretory granules, termed specific granules, which exhibit 
unique morphology in terms of their ultrastructure. Several aspects of the secretory 
pathway of these cells are already elucidated in immune responses [2]. However, little is 
known about the population of mitochondria, their dynamics and structural organization 
during the eosinophil development and maturation [3]. In the present study, the 
ultrastructural features of mitochondria were evaluated during the maturation process of 
human eosinophils in cultures. Samples of immature and mature human eosinophils from 
cultures were harvested and processed by transmission electron microscopy (TEM). 
Different ultrastructural aspects were qualitatively and quantitatively evaluated in 
electron micrographs such as: area, number, circularity and mitochondria cristae pattern, 
as well as the occurrence of interaction with other organelles. Our results showed that 
during the maturation process of human eosinophils, their mitochondria population is 
drastically reduced. Both the number and the average mitochondrial area are reduced by 
50% when immature cells were compared to mature cells. In addition, the maturation 
process of human eosinophils leads to a significant reduction of the cristae numbers (P 
<0.05). Considering that the mitochondrial cristae are closely associated with the 
metabolism/functional activity of these organelles, these data demonstrate that the 
eosinophil mitochondria respond to the tissue microenvironment with morphological 
changes in their cristae. In addition, TEM quantitative analyses revealed a close 
interaction between mitochondria and other organelles, particularly with specific 
granules, both immature and mature. Altogether, our data indicate that eosinophil 
mitochondria play an important role in the granulogenesis process with structural changes 
and interactions with other organelles. Our findings reinforce the role of mitochondria as 
multifunctional organelles in cells of the immune system.  
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Figure 1: Mitochondrial ultrastructure aspects in mature and immature human 
eosinophils. (A-E) Mitochondria occupies a larger area of the cytoplasm in immature 
compared to mature eosinophils and are reduced in number and cristae density during cell 
maturation. (F-H) Interaction mitochondria-secretory granules (Gr) are observed mainly in 
immature cells.  Cultures of human eosinophils were prepared as described (Dvorak, 2000). 
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Brown and Snelson  et al., 2011 published the manifest ArtScience emphasizing that 
humanity depends on the connection between these areas that have become more and 
more distant from each other nowadays. Art and science integration results in complex 
reflections and accounts of life, both reflecting the advances, social changes and historical 
facts that build the collective memory of humanity, based mainly on virtual or physical 
images. This reflection is closely linked to our scientific and cultural repertoire, so it is 
natural that art presents itself as a form of communication, as well as science, highlighted 
when the microscopy results are explored. Emerging from the wealth of details, 
representations and interpretations are built on the basis of human life experimentation. 
Many artistic movements are inspired by the natural sciences, such as: bioart, 
biomorphism and the re-reading of famous paintings. The re-reading and biomorphism 
are based on the construction of new materials, in our case, inspired by microscopy results 
in association with famous works of art. These new materials allow us to takea new look 
and have new interpretations, having as main screen, images obtained from biological 
samples and producing new biological forms. From this theory basis we developed this 
work by integrating ArtScience with microscopy. Our results were obtained by a graphic 
design student expertise associated with technological knowledge of the helminthology 
research group. We aim was to produce graphic material based on the interdisciplinarity 
of Graphic Design and Biological Sciences, focusing on microscopy applied in 
helminthology. The original images were obtained by Transmission Electron Microscopy 
(TEM) and Focused Ion Beam scanning electron microscopy (FIB) of bacillary glands of 
nematode Trichuris muris. These images were used as inspiration through its shapes and 
outlines. For produce our results, we used the “tools as shape” selection, “bitmap tracing” 
and “colorization of layers” in the free software Inkscape 1.0 and Gimp 2.10.20. The 
result of biomorphism was obtained using a TEM image (Fig. 1A) and the inspiration was 
based mainly on the Bioart, where organic and fluid figures were characterized. The 
creation process included the separation of shapes by its contrast and contours. Then, 
vectorized figures were drawn, with a contour line and solid colors being used to limit the 
different shapes (Fig. 1B-F). The rereading of a famous painting was performed from the 
macro view of a single image obtained by FIB (Fig. 2A). We refer to the painting “The 
Starry Night”, by Vincent van Gogh (1889). From it, we produced the Glandular Sky 
(Fig. 2B), through coloring the layers using the same painting's color palette to highlight 
the lamellar zone - the important structure of nematodes - like van Gogh's stars. Applying 
this approach to microscopy, the scientific results can be better promoted to the general 
public. This material can be explored either in parasitology study and in basic science, by 
integrating different areas of knowledge in education, enabling the use in face-to-face and 
online learning. Finally, these images can convert in alternative expressions in graphic 
productions, emphasizing the importance of technical and scientific knowledge and 
popularizing the ArtScience.  

Reference: Adam Brown and Kenneth Snelson. Vol. 44, No. 3, p, 192, 2011. ISAST. 
Editorial. Acknowledgments: FAPERJ-JCNE, CNPq, FINEP and CENABIO.  



DOI: 
ISSN: 

229 

Figure 1 

 A             B 

 

 

 

 

 

 

 

 

 

C        D  E  F  

 

 

 

 

Figure 2 

 A        B 

 

 

 

 

 

 

 

Figure 1: Biomorphism. A- TEM image of a thin section of Trichuris muris bacillary 
band showing bacillary glands; B-F: different shapes morphology inspired in contrast 
outlines of the original image. B- Fire entity; C- Horizons; D- Face profile; E- Blue 
mummy; F- Frog. Figure 2: Rereading of The Starry Night - Vincent van Gogh (1889). 
A- Image of the bacillary glands of T. muris obtained by FIB-SEM. B- Glandular Sky, 
highlighting the lamellar zone (blue) and the glandular chambers (yellow) of different 
bacillary glands.    
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Caveolin‐1 (Cav‐1) is an integral membrane protein which may affect mitochondrial 
flexibility [1]. This work aimed to evaluate the influence of Cav-1 on regulating mitochondrial 
plasticity and inter-organelle communication in GRX cells [2], a murine model of the hepatic 
stellate cell (HSC). Previously, we showed that exogenous expression of Cav-1  was sufficient to 
induce HSC activation [3]. Here we report that GRX cells with exogenous expression or knockdown 
of Cav-1 changed mitochondrial morphometric parameters and the inter-organelle communication. 
The GRX cell line was established by [2]. The GRXEGFP-Cav1 cell line was established by using the 
pCav1EGFP [3] and short hairpin RNA (shRNA) lentiviral vectors pLKO.1-NEO-CMV-
TurboGFP™shCav1 were used  to silence Cav-1[4]. Cell preparation for TEM analysis was 
performed as described by [5], ultrastructural imaging was obtained using a JEM 1200 EXII (Jeol, 
Japan) at an 80-kV acceleration voltage. Measurement of Mitochondrial Area (Â) and Shape Z, 
analysis of mitochondrial density (grayscale) was performed as described by [6]. The real distance 
of ER and outer mitochondrial membrane (OMM) were manually traced and quantified (images 
with 0.2µm - 75k) using the software ImageJ [7]. GRXEGFP-Cav1 cells presented a rounded shape 
mitochondrion, and clear but irregular crests (M*) (Fig.1A). Morphometric analysis showed an 
increased mitochondrial area in GRXEGFP-Cav1 cells and a decreased in GRXGFPshCav1 cells (Fig.1B). 
The Shape Z value revealed that GRXEGFP-Cav1 and GRXGFPshCav1 presented more rounded 
mitochondria than GRX cells (Fig. 1C). The grayscale (Fig. 1D) demonstrated no changes in 
mitochondrial crest density. Another ultrastructural difference between GRXEGFP-Cav1 and 
GRXGFPshCav1 cells was the ER morphology and its physical interaction/proximity with the outer 
mitochondrial membrane (OMM) (Fig 1E). ER in GRXEGFP-Cav1 appears to be larger in sheets shape, 
which may indicate organelle stress (Fig. 1A, yellow arrows), and the physical ER-OMM 
interaction is reduced (Fig. 1A, red double edge arrows). ER in GRXGFPshCav1 is arranged in reduced-
stress thin tubules (Fig. 1A, yellow arrows), and the physical ER-OMM interaction seems to be 
higher (Figure 1A and 1E, red double edge arrows). Considering these results, we hypothesized that 
Cav-1 can regulate the mitochondrial dynamics, and inter-organelle communication in hepatic 
stellate cells. 
References: 
[1] Fridolfsson, H.N., et al., FASEB J, 2014. 
[2] Borojevic, R., et al., In Vitro Cell Dev Biol, 1985. 21(7): p. 382-90. 
[3] Ilha, M., et al., J Cell Biochem, 2019, 1-13. 
[4] Thome, M.P., et al., J Cell Sci, 2016. 129(24): p. 4622-4632. 
[5] Meira Martins, L., et al., Cell Biochemistry and Biophysics, 2014: p. 1-16. 
[6] Lima, K.G., et al., Toxicol In Vitro, 2018. 48: p. 11-25. 
[7] Sala-Vila, A., et al.,  Sci Rep, 2016. 6: p. 27351. 
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Figure 1: Caveolin-1 changes the mitochondrial morphology and morphometric, ER 
shape and ER-OMM distance (MAM). (A) Ultrastructural analysis revealed that both 
exogenous expression and knockdown of Cav-1 changed organelle morphology: 
mitochondria (M), dilated mitochondria (M*), Endoplasmic reticulum (ER), dilated 
Endoplasmic reticulum (ER*), white A: area, white P: Perimeter. Red double edge arrows 
represent the distance between the outer mitochondrion membrane (OMM) and ER 
membrane (MAM). Yellow arrows show the ER stress (GRXEGFP-Cav1) or without stress 
(GRX, GRXGFPshCav1). (B) The mitochondrial area in µm². (C) Shape Z coefficient (Shape 
Z = P/ √Â, where P is the perimeter, and Â is the area). (D) Grayscale representing 
mitochondrial density. (E) ER-OMM distance in µm by measuring the double edge red 
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arrows. Data was measured by ImageJ and represent the mean + SD from at least fifteen 
images (n=3 experiments, **P< 0.01 and ***P<0.001 such as indicated by one-way 
ANOVA followed Bonferroni´s post-test. 
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Like many apicomplexan parasites, including Plasmodium and Toxoplasma, Cyrilia 
lignieresi resides intracellularly, within a specialized compartment named the 
parasitophorous vacuole (PV) [1], that provides a safe and metabolically active 
intracellular compartment. The current understanding of the structure of C. lignieresi 
shows that it presents the same characteristics organelles of the phylum apicomplexa [2,3] 
as well as unique structures found in the course of infection, as is the case of a large 
number of spherical bodies in the intravacuolar space. In this work, we analyzed C. 
lignieresi-infected red blood cells (iRBCs) by transmission electron microscopy 
tomographic techniques (TEM/STEM tomography), in order to better understand such 
structures that seem to have a functional role in the parasite-host interaction. Analysis of 
C. lignieresi iRBC revealed an intravacuolar membranous network (IVN) organized 
throughout the matrix of the PV. Three distinct structures were observed and 
characterized: (1) Small vesicles, (2) Multilamellar vesicles and (3) large vesicles 
containing nanovesicles. The small vesicles are abundant, round-shaped or tubular, 
measuring on average 90 nm. Three-dimensional reconstruction revealed that the small 
vesicles seen in profiles are interconnected, forming an IVN. Multilamellar vesicles are 
electron lucent and exhibit a round-shaped, contain an amorphous content and resemble 
a myelin structure. The average length of such structures was approx. 580 nm and they 
seem preferentially located between the small membranous tubules. The large vesicles 
are oval-shaped, present an average length of 453 nm and, in some cases, it is possible to 
observe a particulate material within it, very similar to what has been seen in the PV 
matrix. Moreover, it is possible to observe the presence of nanovesicles inside larger 
vesicles. Altogether, these results provide evidence for the assembly of an intravacuolar 
network in the PV in a similar fashion to what has been described in other apicomplexan-
infected cells. Whether or not they correspond to functional and structural correlates of 
known intravacuolar networks is under investigation by our group. 
 
REFERÊNCIAS 
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Figure 1: Membranous structures are observed within the parasitophorous vacuole 
(intravacuolar space), in the cytoplasm of erythrocytes infected with C. lignieresi. (A) Image 
of ultrathin section obtained by TEM revealed small vesicles (white arrowheads) and 
multilamellar vesicles (black arrowhead) in the intravacuolar space. (B) 3D reconstructions 
revealed connections between the small vesicles, where they appear as a fully interconnected 
intravacuolar network (IVN). p: parasite; HCn: Host cell nucleus; Blue: HCn, Light blue: 
nanovesicles inside a large vesicle; orange: multilamellar vesicle; gold: IVN. Scale bar: 500 
nm. 
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The mosquitos are subjected to a wide variety of interactions with environments 
microorganism in adult stages, including bacteria and fungi. The mosquito non-
hematophagous Tx. theobaldi feeding nectar, bacteria and fungi often are presents in a 
flowers [1]. The oral microbiota can be colonized into the organs and tissue including the 
midgut (the lumen and epithelium). We dissected midgut (n=5) of adult females, aged 
days 7-14, in following it were incubated in BacLight Green kit (Cat. no. B-35000, 
Thermo Fisher) at room temperature and scanned using Confocal Laser Scanning 
Microscope (CLSM) Zeiss 510 Meta at 40x-100x magnification. We examined only the 
midgut microbiome, which serves as the first barrier to infection, to determine the 
abundance and diversity of the microbiota. Our results demonstrated the presence of 
predominantly rod-shaped bacteria throughout the midgut. Midgut bacterial diversity also 
was assessed by examining the 16S rRNA gene and were amplified by primers PCR, 
515F/806R, which amplify the V4 hypervariable region and sequenced on the Illumina 
MiSeq platform. A total of 127 bacterial genera were identified in the midgut females Tx. 
theobaldi, the most predominant include Acinetobacter, Streptococcus, Pseudomonas, 
Asaia, Mitochondria_ge, Corynebacterium, Lactobacillus, Sphingomonas, Burkholderia-
Caballeronia-Paraburkholderia and Wolbachia. In general, bacterial abundance in 
midgut females of Tx. toxorhynchites differed from vector mosquitoes, with the exception 
of the four genus Asaia, Pseudomonas, Staphylococcus and Wolbachia [2,3]. The genus 
Wolbachia can alter pathogen transmission and reduce female fecundity in the hosts 
mosquitos [4]. In general, we found several bacterial genera in ours samples and, in a 
very low number, confirming what was observed in CLSM. We conclude that the 
difference in the composition of the midgut microbiota of adult Tx. theobaldi and the 
hematophagous mosquitoes are due to eating habits. 

We thank the Brazilian Federal Agency CAPES (Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior) for the financial support to RCB, and the Núcleo de 
Microscopia e Microanálise (NMM, UFV) for letting us use the confocal microscope. 
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Figure 1 - Immunofluorescence confocal micrographs in dissected midgut of bacterias 
(rod-shaped)  of  the Toxorhynchites theobaldi (Diptera: Culicidae) using BacLight Green 
kit (Thermo Fisher). Sections of the female's midgut epithelium Tx. theobaldi adult 
visualized by confocal laser scanning microscope with 40x (A) and 100x (B and C) 
objectives. The white arrows show the bacterias associated with the midgut lumen. 
  



DOI: 
ISSN: 

237 

Histopathology and ultrastructural analyses reveal 
neurodegeneration and inflammatory process during optic 

nerve lesion induced by Zika virus infection 
 

Felipe E. O. Rocha¹; Jenniffer R. Martins¹; Matheus R. Gonçalves²; Vivian V. Costa²; 
Felipe F. Dias¹* 

 

¹Laboratory of Cytology, Department of Biological Sciences, State University of Minas 
Gerais, Ibirité, MG, Brazil. 

²Center of Research and Drug Development, Department of Morphology, Institute of 
Biological Sciences, Federal University of Minas Gerais, Belo Horizonte, MG, Brazil. 

*felipe.dias@uemg.br 

 

Zika is a human arbovirose transmited by Aedes genus (A. Aegypti and A. Albopictus) 
flies, which triggers severe complications of the Zika congenitus syndrome (ZCS), well 
known by the microcephaly [1]. Although classicaly distributed over Africa and 
SouthEast Asia, brazilian epidemic breakthrough of 2015 comproved virus transmission 
by gestants placenta, leading to microcephaly and other permanent brain damages to 
newborn [2]. This condition can be acompained by other pathologic symptons including 
hydrocephaly, spinal disraphism, arthrogryposis and oftalmic malformations [3]. Follow 
up studies of children between 19 to 24 months age during the brazilian epidemy, showed 
children without microcephaly having disphagia and, motor, auditive and visual 
commitments [4]. Mild to severe visual deficiencies reached 41.7% of children that didn’t 
developed microcephaly [5] which is corroborated by the increasing of intraocular 
pression and virus presence in the optic nerve (ON) during experimental models infection 
[6]. Lesion of the ON, which is composed by retinal ganglionar cells axons, can interrupt 
the transmission of visual information to the cerebral cortex superior visual centers, 
leading to variable and progressive levels of visual bleeding [7]. In ON lesions, cells may 
play effector functions by secreting neurotoxic factors, leading to neurodegeneration of 
retinal and ON regions by different cell death processes, that orchestrate key events of 
the ZIKV immunepathogenesis by releasing of Th1 pro-inflammatory cytokines (TNF-α, 
IFN-γ, IL-1β, IL-6, IL-10). Despite the knowledge of oftalmic alterations to ZIKV 
infection, little is known about their immunepathogenesis, mainly the optic nerve 
neurodegeneration intracellular ways. Here, we used a combination of microscopy 
techniques to study the development and spreading of the optic nerve lesion induced by 
ZIKV infection. Two experimental models were infected by ZIKV clinical isolate (HS-
2015-BA-01): the first, pregnant C57BL/6 mice were intravenous (i.v.) infected by 
1x106/mL ZIKV PFU [N = 6-8; 5.5 days post-coitum (dpc)], with ou without pan-
flavivirus antibodies (hibridoma D1.4G2.4.15) and the whole optic nerve of the offspring 
(12 weeks) were processed to histology, immunohistochemistry and transmission electron 
microscopy. Alternatively, a second model A129 mice (deficient for IFN-1 alfa/beta 
receptor) and, high susceptible to ZIKV infection, were used (18). Histopathology and 
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ultrastructural analyses were conducted to evaluate the extension of the lesion and cell 
neurodegeneration. Histopathology of infected A129 mice eyes showed areas with 
apoptosis of retinal ganglionar cells compared with non-infected littermates (Fig. 1A, B). 
To corroborate histopathological results, retinal areas, at the beginning of optic nerve 
bundle, were immunolabeled by Iba-1 to identify tissue areas indicative of microgliosis 
(Fig. 2). TEM of the optic nerve demonstrated irregular axons, some of them, with 
disassembled mitochondria and neurofilaments as autophagosomes formation (Fig. 3, 4). 
Ultrastructural analyses of ON from infected animals showed areas with reduced number 
of axons (Fig. 5, 6A) and increasing in size (Fig. 6B), compared with control and 4G2 
animals. Our previous study ilustrates, for the first time, the basic cellular mechanisms 
involved in the optical immunepathogenesis of ZIKV infection. However, the impact of 
these cell death processes and cellular ultrastructural alterations to the disease 
development awaits further investigation.         
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Histopathological and ultrastructural analyses of the optic nerve from ZIKV infected experimental models. Fig. 1: Eye 
tissue from non-infected (A) and ZIKV-infected mice (B) showing retinal (R) empty areas (arrows), indicative of retinal 
glanglionar cell (RGC) death processes. Fig. 2: Iba-1 immunohistochemistry for RGC at the beginning of optic nerve 
indicate tissue areas of microgliosis. Fig. 3: Ultrastructure of the non-infected optic nerve (ON) identify regular aspect 
of axons (A) with defined myelin sheath and visible neurofilaments (I) while infected ON showed irregular axons, with 
disassembled mitochondria and neurofilaments as autophagosomes formation (fig. 4). Ultrastructural analyses of ON 
from infected animals showing extracellular matrix areas with reduced number of anons (arrowheads) (Fig. 5, 6A) and 
increasing in size (Fig. 6B), compared with control and 4G2 animals. Arrows (5A): oligodendrocytes. Bars (1A, B, 2): 40 
um, (3, 4): 500 nm; (3I, 4I): 250 nm; (5A, 5B): 5 um.  

  



DOI: 
ISSN: 

240 

Cell infection by the Ilheus virus: unraveling the 
morphogenesis of a neglected arbovirus 

 
Gabriela Cardoso Caldas1,2*, Helver Gonçalves Dias3, Marcos Alexandre Nunes da 
Silva1, Vinícius Tadeu Martins Guerra Campos4, Flavia Barreto dos Santos3, Alex 

Pauvolid-Corrêa5,6, Ana Maria Bispo de Filippis4 and Debora Ferreira Barreto-Vieira1  

1 Laboratório de Morfologia e Morfogênese Viral/Instituto Oswaldo Cruz, Rio de Janeiro 
- Brasil. 
2 Laboratório de Patologia/Instituto Oswaldo Cruz, Rio de Janeiro - Brasil. 
3 Laboratório de Imunologia Viral/Instituto Oswaldo Cruz, Rio de Janeiro - Brasil. 
4 Laboratório de Flavivírus/Instituto Oswaldo Cruz, Rio de Janeiro - Brasil. 
5 Laboratório de Vírus Respiratórios e Sarampo/Instituto Oswaldo Cruz, Rio de Janeiro, 
Brasil 
6 Department of Veterinary Integrative Biosciences/Texas A&M University, College 
Station, Texas, United States of America  
 
*gabrielacardosocaldas@gmail.com 
 

Ilheus virus (ILHV) belongs to the genus Flavivirus and has been isolated for the first 
time in 1944 in northeast Brazil. ILHV is maintained in nature through enzootic cycles of 
transmission involving birds and mosquitoes. Humans are accidental hosts and may  
present clinical infection ranging from subclinical to severe febrile disease [1]. In this 
context, the main objective of this study was to describe the general aspects of ILHV 
infection in cell culture, as well as its morphogenesis. CCL81 Vero cell cultures were 
inoculated with a multiplicity of infection of 0.01. After the incubation period, 199 
Medium, supplemented with 2% fetal bovine serum and penicillin/streptomycin, was 
added, and the cells were cultured at 37˚C in a 5% CO2 atmosphere. Cytopathic effects 
were investigated at 24, 48 and 72 hours post-infection (h.p.i.) by inverted light 
microscopy. For ultrastructural analysis, the monolayer was trypsinized and quickly fixed 
in 2,5% glutaraldehyde buffered in 0.1M sodium cacodylate, post-fixed in osmium 
tetroxide, dehydrated in acetone and included in epoxy resin. Sections of 50-70 nm were 
stained with uranyl acetate and lead citrate and analyzed by transmission electron 
microscope HITACHI HT7800. Uninfected cells were used as a negative control 
(mock group). No changes were observed in the mock group. Infected cells showed an 
increase in cytoplasmic vacuoles at 24 h.p.i, presence of few syncytia at 48 h.p.i and 
considerable cell death at 72 h.p.i. The predominant ultrastructural changes associated 
with ILHV infection included: ribosome thickening, loss of mitochondrial integrity, 
formation of syncytium, disturbance in the chromatin distribution pattern, presence of 
pycnotic nuclei and significant thickening of the rough endoplasmic reticulum (RER) and 
nuclear membrane. Spherical and enveloped viral particles, approximately 30 nm in 
diameter, as well as nucleocapsids, were observed inside RER cisterns. These cisterns 
were surrounded by countless mitochondria and were associated with vesicular 
compartments (approximately 50 nm in diameter). The initial aspects of ILHV 
morphogenesis are similar to some already described in other flaviviruses, such as dengue 
and zika viruses [2,3]. However, some alterations appear to be more intense. In addition, 
the presence of enveloped particles inside the RER in association with vesicular 
compartments and mitochondria, suggests that viral assembly occurs in this region. To 



DOI: 
ISSN: 

241 

our knowledge, this is the first preliminary study to show the dynamics of viral replication 
and the ultrastructural cellular alterations caused by ILHV.   
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[3] D.F. Barreto-Vieira et al., PloS One. 9 (2017) e0184397. 
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Figure 1. Kinetics of ILHV infection in Vero CCL81 cells (mock [A], 24 [B], 48 [C] and 72 
h.p.i [D]) showing the gradual loss of monolayer integrity and cell morphology. Bars = 50 µm. 

 

Figure 2. [A] Uninfected Vero cell at 72h of culture. No cellular ultrastructural alterations were 
observed. Bar = 5 µm. Vero cells infected with ILHV analyzed by transmission electron 
microscopy (TEM). [B] RER cistern containing viral particles and presence of vesicular 
compartments (*). Bar = 500 nm. [C] Thickening of the RER cistern containing numerous 
nucleocapsids and enveloped particles, surrounded by several mitochondria (arrow). Bar = 2 µm. 
[D] Presence of enveloped viral particles inside the RER cistern. Bar = 200nm. 
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SARS-CoV-2 is a single strand RNA virus, belonging to the betacoronavirus genus, 
within the Coronaviridae family. This pathogen, transmitted mainly through droplets and 
aerosol, is responsible for the COVID-19 [1]. As occur to many of the positive sensed 
RNA viruses, its cellular cycle involves a robust membranar rearrangement in the cytosol 
of the infected cells. This structure delimits and protects the locus of replication and 
morphogenesis of SARS-CoV-2 [2]. In the present study, we approached the main steps 
of SARS-CoV-2 morphogenesis and interaction with the cell by transmission and high 
resolution scanning electron microscopy (HR-SEM). The sites of viral replication, and 
assembly were documented in Vero cells at 24, 48 and 72 hours post-infection by using 
both electron microscopy modes. In addition, the interactions of this virus with the cell 
surface, as well as the viral factory and the details of its main components, were also 
investigated with the aim of HR-SEM, after the removal of infected cells plasma 
membrane. This allowed the visualisation of unprecedented features of the interactions 
between this virus and the cell, such as the so-called “virus surfing”, which enables a 
relatively safe cell-to-cell viral propagation in the tissue [3]. On the other hand, the 
electron-tomography of these samples showed, for the first time, the presence of SARS-
CoV-2 particles in the space between the inner and the outer nuclear envelope. The data 
obtained in this work contribute to the knowledge of the route of SARS-CoV-2 within the 
infected cell and the cell biology of their interactions [4]. 

[1] Zhu, N. et al., N. Engl. J. Med. 382, 727–733 (2020). 
[2] Fehr, A. R. & Perlman, S., Methods Mol. Biol. 1282, 1–23 (2015). 
[3] Lehmann, M. J. et al., J Cell Biol 170, 317–325 (2005). 
[4] This research was supported by CNPq and FINEP (Brazil). 
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Communications between two infected cells are indicated with arrowheads. One of the 
bridges between the cells was depicted in the rectangle. Bar:1 μm. 
 
 
 

 
A higher magnification of this area showed above displays viral particles (arrows) on their 
surface. Aggregates of SARS-CoV-2 particles (arrowheads) were also observed on the 
surface of both cells. MOI = 0.1; Bar: 200 nm. 
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The resin 2-hydroxyethyl methacrylate, also called glycol methacrylate (GMA), is widely 
used for histopathological analysis in light microscopy, because of its miscibility to water 
and easy handling [1]. Besides, the use of paraffin in tissue processing for microscopy 
presents some disadvantages, as the shrinkage of tissue structure [2]. In this work we used 
the Kulzer kit - Technovit® 7100 (GMA), with a 3 hour-fast polymerization protocol at 
room temperature to process the entire eyes of infected mice with Toxoplasma gondii. It 
was possible to obtain thin slices of the samples for histopathological investigation with 
particularly good resolution. The mice (C57bl/6 – male 8 weeks) were infected (strain 
RH) by intraperitoneal injection and euthanized after 5, 10, 18 or 20 days of infection. 
Both eyes were enucleated and fixed for 24 hours in a solution containing 4% 
formaldehyde (EMS) and 2% glutaraldehyde (EMS) [3] in 0.1M phosphate buffer, pH 
7.2 at 4°C. First, a small cut was made in the cornea region of each infected eye, using a 
binocular stereoscope (Zeiss, SteREO Discovery.V8).  The samples were dehydrated in 
a crescent series of ethanol 30-100% v:v, incubated in a 1:1 GMA ethanol solution, 
followed by overnight incubation in pure resin. The samples were embedded in GMA in 
an improvised mold as seen in Figure1A to enable tissue orientation. The sections were 
made with a glass knife in a Reichert-Leica ultramicrotome (Fig. 1B). The sections were 
collected (Fig. 1C) with tweezers number 3 and placed in a drop of ultrapure water on a 
slide (Knittel) coated with 0.01% poly-L (Sigma) (Fig. 1D). Afterwards, the slides were 
placed on a heating plate at 30°C for 5 minutes and the sections were then stained in a 8:2 
Giemsa:water solution (Merck), for 1h. The dehydration was carried out with 100% 
acetone followed by acetone:xylol gradient (50-100%), ending with 100% xylol. Finally, 
the slides were mounted with Entellan® (Merck). Images were obtained using the 
Axiobserver Z.1 microscope equipped with an Axiocam HRC (ZEISS) camera. Semi-thin 
sections processed with GMA and submitted to single-step coloration provided high 
quality preservation for eye tissue samples for light microscope (Fig. 1 I -IV). The use of 
GMA in tissue embedding maintained the morphological preservation of mice eye tissue 
and the semi-thin sections obtained with an ultramicrotome were of better quality (1 - 2.5 
μm) than those of paraffin embedded samples obtained in conventional microtomes 
(thickness from 3 to 5 μm) as found elsewhere in literature. The experimental protocols 
for animal use were approved by the Institutional Ethics Committee for Animal Use 
(CEUA/UFRJ: 067/20) . Support agencies: CAPES, FAPERJ and CNPQ. 
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Figure 1 - (A) The eyes were oriented to obtain sagittal sections of the retina, (B) Quality 
of the edge of the glass knife with a tissue section (C) Proper tweezers were used to collect 
the sections (yellow circle), (D) The sections were collected and placed in a drop of 
ultrapure water on a slide (yellow circle). (I- IV) Light microcopy of mice retinas infected 
with T. gondii. (I)  5 days of infection (II) 10 days (III) 18 days and (IV) 20 days. The 
preservation of delicate structures such as the photoreceptor segments is clearly observed 
(black arrow in I). As the infection proceeded, the tissue degeneration could be followed 
(II - IV, black arrows). Cytoplasmic projections were well preserved (arrowheads in I - 
IV). Scale bar 50µm.  
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Lipases are triacylglycerol hydrolases that catalyze hydrolysis, esterification, 
interesterification and transesterification reactions. These enzymes have been the target 
of various applications in industry and biotechnology, such as catalysts, detergent 
production, food, biofuels, wastewater treatment and others [1]. Microbial enzymes are 
preferable for large scale production due to ease of cultivation and extraction. Several 
studies have reported that lipases from filamentous fungi are predominantly extracellular 
and with high activity. However, there are several factors that interfere with enzyme 
production (pH, temperature, medium composition, agitation, aeration, inductor type and 
concentration, etc.), making control difficult and burdening the process. This work aimed 
to optimize the lipase production of four fungal isolates from oily residues (Penicillium 
sp., Aspergillus niger, Aspergillus sp. and Aspergillus sp.). These microorganisms were 
morphologically characterized by light and scanning electron microscopy. The optimal 
lipase production time curve was previously determined and the response variable used 
was the amount of total protein in the medium after cultivation by submerged 
fermentation. A complete factorial design 32 was performed, evaluating the temperatures 
(28ºC, 32ºC and 36ºC) and soybean oil inducer concentration (2%, 6% and 10%). Each 
strain used reacted differently to the conditions tested, the Aspergillus sp. (F18) reached 
maximum lipase production, compared to others, under conditions of 32ºC and 2% of oil 
with a yield of 11007 (µg. ML-1). Penicillium sp. (F04) achieved better results at 36ºC 
and 6% oil, for Aspergillus niger (F16) was at 36ºC and 10% oil and Aspergillus sp. (F21) 
was 32 ° C and 2% oil. Das et al. (2016) 
optimizing the nutritional conditions of the submerged fermentation of Aspergillus 
tamarii found maximum production of lipases in 
medium supplemented with coconut oil (2.5%,v /v)approaching the result observed in th
e present study.The factorial planning used allowed the optimization of the production o
f fungal lipases from the variables studied. 
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Figura 1. Scanning electron microscopy (SEM) images showing the filaments (hyphae) that form the 
conidia and spherical bodies (vegetative spores) in Penicillium sp. F04 (A), Aspergillus niger F16 (B), 
Aspergillus sp. F18 (C) and Aspergillus sp. F21 (D).  
 

  

  
Figura 2. Response surface charts for facctorial planning of Penicillium sp. F04 (A), Aspergillus niger F16 
(B), Aspergillus sp. F18 (C) and Aspergillus sp. F21 (D).  
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Bees are important animals in environmental and economical tasks, due to their 
beekeeping products and participation in the reproductive cycle of various plant species 
[1]. Studies involving stingless bees grow in numbers over time due to their importance 
for endemic plant species [2]. Among these bees there is Frieseomellita varia 
(LEPELETIER 1836), a species that is distributed from the Southwest of Mexico to the 
Southeast of Brazil and an important generalist pollinator. While foraging for nectar and 
pollen on agricultural systems, bees can be contaminated by pesticides. Monitoring 
pesticide effects on target bees’ organs are essential to understand how these 
contaminants affect the organism. However, most of cell biology techniques are 
expensive and/or laborious. Thus, we present a rapid and low-cost method to investigate 
morphological changes in bees’ hypopharyngeal glands. Bees’ hypopharyngeal glands 
are a good study model as they are related to the larval food production, and an alteration 
on its physiology affect the hive. The hypopharyngeal glands are composed of unicellular 
acini that attach to a common excretory duct [3]. Our hypothesis is that the ingestion of 
food contaminated with pesticides makes the unicellular acini irregular shaped, reflecting 
low secretory activity. To test the proposed methodology, we studied F. varia foragers, 
fed with two sublethal concentrations of the insecticide fipronil. Forage bees from 4 hives 
were placed in plastic pots, 10 bees each. Three groups were assembled from each hive: 
C (Control), lc10 (lethal concentration 10%) and lc25 (lethal concentration 25%). 
Animals were left feeding for 4 hours and euthanized after one hour after feeding. 
Hypopharyngeal glands were dissected in 0.1M sodium phosphate buffer, pH 7.2 and 
fixed in 4% paraformaldehyde and 2% sucrose overnight. Then, they were dehydrated in 
alcoholic series to 70% alcohol. They were photographed in an Olympus BX41 
photomicroscope. Fields were analyzed with the Image Pro Plus program. In each gland 
all possible acini were bypassed, obtaining measurements of area and perimeter. The 
shape-factor formula (4.π.A/P2) was used to verify the sphericity of the cells. For 
statistical analyses, the Kruskal-Wallis test was used due the data do not present normal 
distribution even after logarithmic transformation. After analyzes it was possible to 
observe that bees from both treated groups presented cells with irregular shapes when 
compared to the control group (X2 = 27.314, df = 2, p-value = 1.172e-06). We concluded 
that the proposed methodology is effective to investigate morphophysiological changes 
in the analyzed organ. The methodology is rapid, providing results in few days (~7days) 
and low-cost using commonly found reagents and equipment. Moreover, the proposed 
methodology proved to be accurate because it detected significative alterations caused by 
sublethal concentrations. However, the methodology must be tested with different bee 
species and pesticides before its broad use. 
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FIGURES 

 

Figure 1: Forager specimen of Frieseomelita varia. 

 

Figure 2: A) Stereomicroscopy of the head salivary glands of F. varia; (ph) pharyx, (hg) 
hypopharyngeal glands, (mg) mandibular glands. B) Light microscopy of 
hypopharyngeal gland with four unicellular acini circled. C) Boxplot of Kruskal-Walis 
test of the Shape Factor (X2 = 27.314, df = 2, p-value = 1.172e-06). (*) represents groups 
with significative difference from Control Group. 
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Initially described in fungi, autophagy is a preserved process in animals and plants, 
classified into two main types1,2: macroautophagy and microautophagy, besides mega-
autophagy and specific autophagy2,8. Although signs of autophagy have often been 
reported during the early development of secretory canals in different plant species, 
including Anacardiaceae members, the autophagic processes have not been adequately 
explored. The recent development of specific markers for autophagosomes has facilitated 
the detection of different autophagy pathways in plant cells; in addition, the development 
of immunostaining methods has allowed important advances in the understanding of 
autophagy, in particular, in clarifying additional physiological roles of autophagy in 
plants6. Autophagy-related protein 8 (ATG8) is a central component in autophagic 
machinery related to the formation of autophagosomes and is present in both the inner 
and outer membranes at the beginning of the formation of the autophagosome (when it is 
still considered as a phagophore) and remains in the inner membrane until degradation in 
the vacuole. Because of these characteristics, it is a good marker for tracking autophagy 
from the early stages to degradation in the vacuole7. In this study, we used ATG8 
associated with a fluorescent marker observed under a confocal microscope in order to 
detect the autophagy process in the secretory canals in the aerial vegetative axis of A. 
humile. 
 
[1] G. Mitou et al., International Journal of Plant Genomics (2009).  
[2] W.G. Van Doorn and A. Papini, Autophagy 9 (2013) 1922. 
[3] M. Shibata et al., Journal of Cell Science 127 (2014) 1161. 
[4] Soto-Burgos et al., Plant Physiology 176 (2018) 219. 
[5] Q. Zhang et al., Planta 247 (2018) 845. 
[6] D.C. Bassham, Current Opinion in Plant Biology 10 (6) (2007) 587. 
[7] D.C. Bassham, Methods 75 (2015) 181. 
[8] S.R. Machado and T.M. Rodrigues, Planta, 250 (12) (2019). 
[9] This research was supported by FAPESP (Brazil). 
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Green markings indicating the presence of autophagosomes were observed in the cells of 
the secretory epithelium and the parenchyma sheath of the secretory canals in cross 
sections of aerial stems (Figure 1), confirming the occurrence of autophagy during the 
development of these secretory structures. The role of autophagy in the differentiation of 
secretory structures, such as laticifers5 and nectaries8 has recently been discussed. The 
results confirm the efficiency of ATG8 as a marker to autophagy in secretory cells.  Our 
finding contributes to deepen the knowledge about the autophagy process and its 
implications for the development of secretory structures in plants. 
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Cervical carcinoma (CC) is the fourth most common cancer in women worldwide [1]. 
Despite efforts to reduce the number of cases of these and other types of cancer, there is 
still a need for research to find drugs with effective antitumor activity and less toxic 
effects. In this context, compounds containing chalcones and their derivatives are being 
extensively studied due to their diverse biological activities [2]. The objective of this work 
was to investigate the in vitro antitumor activity of A3K2A3, a new synthetic compound 
derived from 1.5-diaryl-3-oxo-1,4-pentadienyl, against cervical cells immortalized by 
HPV 18 (HeLa). For that, cells were plated (2.5x105 cells/mL) and treated with A3K2A3 
(1, 10, 50 and 100 μM) for 48 h at 37 °C. Afterwards, cell viability was determined by 
MTT colorimetric assay. The inhibitory concentration for 50% of the cells (IC50) was 
determined by linear regression. For morphology evaluation, cells were treated with IC50 
and 2xIC50 concentrations of A3K2A3 and images were taken after 24 and 48 h 
incubation (Olympus CKX41). To investigate ROS production, HeLa cells were treated 
and after 24 h, labeled with H2DCFDA (10 μM). Further, mitochondrial membrane 
potential was evaluated by TMRE (25 nM). In both experiments, the fluorescence was 
quantified in a spectrofluorimeter (VICTOR X3, PerkinElmer). Finally, cellular 
migration was investigated by the wound healing assay. Briefly, after 24 h of plating, a 
wound was made with a tip, then the cells were treated and observed after 24 and 48 h 
under a phase-contrast inverted microscope (Olympus CKX41; 4x magnification). 
A3K2A3 showed a cytotoxic activity against HeLa cells with an IC50 of 18.9 µM and also 
induced morphological changes such as irregular shape and cellular detachment. 
Moreover, there was an increase in ROS levels and mitochondrial depolarization in 
treated cells, indicating oxidative damages. The substance further induced significant 
inhibition of cell migration when compared with the negative control. Given these results, 
A3K2A3 has shown promise as a possible alternative for the treatment of cervical cancer, 
requiring more studies to better understand its effect against these cancer cell. 
 
[1] INCA. Estimativa 2020: incidência de câncer no Brasil / Instituto Nacional de 
Câncer José Alencar Gomes da Silva. – Rio de Janeiro (2019).  
[2] M. M. A. Hawash et al. Eur. J. Med. Chem., v. 129 (2017) p. 12–26. 
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Figure 1- Morphological alterations induced by A3K2A3 in cervical cancer cell line 
(HeLa) treated with IC50 (18.9 µM) or 2xIC50 (37.8 µM) and analyzed in a phase contrast 
inverted microscope after 24 and 48 h. Control: untreated cells 
A                                                                        B 

 

Figure 2 - (A) Production of reactive oxygen species (ROS) using H2DCFDA fluorescent 
dye (10 μM) and (B) assessment of Mitochondrial Membrane Potential by TMRE (25 
nM) in HeLa cells treated (24 h) with IC50 (18.9 µM) or 2x IC50 (37.8 µM) of A3K2A3. 
NC: negative control. PC: positive control (H2O2). The data were obtained after 
performing three independent experiments, and p values ≤ 0.05, obtained by one-way 
ANOVA test and Tukey post-test, were considered statistically significant. 
A                                                                        B 

 

Figure 3- Analysis of cell migration by wound healing assay in untreated HeLa cells 
(control) and treated with IC50 (18.9 µM) or 2x IC50 (37.8 µM) for 0, 24 and 48 h and 
observed under a phase contrast inverted microscope (A). The data were expressed as a 
percentage of the wound closure (cell migration) (B) after three independent experiments, 
p 0.05, compared to the control (untreated cells); through one-way ANOVA test and 
Bonferroni post-test. 
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Mangroves are coastal ecosystems, serve as a cradle for several species of animals, among 
the groups of animals most present in these environments we can highlight the crustaceans 
having as representatives crabs and shrimp, where they perform functions aimed at the 
cycling of nutrients in the ecosystem, in addition to serve as a base for the feeding of 
several vertebrates [1], [2], [3]. The municipality of Soure has a wide range of mangroves, 
where these crustaceans perform their functions, which are vital for the maintenance of 
this ecosystem. Based on this, the present study aims to describe the reproductive system 
and the spermatogenesis of the crab Sesarma rectum. For this, the specimens were 
collected in the municipality of Soure (PA) through active collections, taken to the cell 
and molecular biology laboratory at UFPa - Soure. Initially, the specimens were cryo-
anesthetized for 10 minutes, immediately after they were measured and dissected in order 
to obtain the reproductive system, they were fixed in 10% formalin solution for 24 hours, 
afterwards this material was preserved in 70% alcohol. With the material preserved, the 
histological procedures for light microscopy were started, with alcoholic dehydration 
(70%, 80%, 90%, 100%), later the material was cleared in xylene and embedded in liquid 
paraffin. 7µm-thick sections were performed. Subsequently, the material was hydrated 
and stained with Harris Hematoxylin and Eosin (HE). From the analyzes, it was possible 
to describe the reproductive system and the crab spermatogenesis. The reproductive 
apparatus macroscopically has the shape of the letter "H". Microscopically, the 
reproductive system has lobes that are lined by a simple epithelium. Inside these lobes, 
spermatogenesis occurs. Spermatogenesis consists of a successive series of cell divisions 
in order to obtain the sperm as the final cell. The first cells of the spermatogenic lineage 
are the spermatogonias, which were found in two stages A and B, the next cells are the 
spermatocytes, which can be divided into types 1 and 2, later the next developing cells 
are the spermatoids that have 3 stages that can be differentiated mainly by the nuclear 
morphology of these cells, the spermatoids no longer undergo cell divisions, only 
morphophysiological modifications, in the process called spermyogenesis, resulting in 
the last cell type the sperm, it is characterized by having the circular nucleus and a central 
acrossome . Works focused on reproductive biology are extremely important, mainly 
because they can describe ecological patterns. Thus, the information obtained from this 
work is important in the elaboration of possible management plans, not only for the 
species but for the mangrove ecosystem as a whole, in addition to contributing 
information related to the reproductive biology of these specimens. 
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Image 1: cells present in the spermatogenesis process. A) empty arrows point to type A 
spermatogonia, arrows point to early spermatids, and arrowheads point to secondary 
spermatocytes. B) the arrows point to type B spermatogonia. C) arrows point to type 1 
spermatocytes.  
 

 
Figure 2: cells present in the spermatogenesis process. D) arrows indicate type 2 
spermatocytes. E) sitas indicate intermediate spermatids. F) arrows indicate final sperm 
cells and empty arrows indicate sperm cells. 
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Microplastics (MPs) are ubiquitous on the environment and constitute a rising threat to 
aquatic ecosystems and global food safety [1]. However, information regarding plastic 
pollution on amazonian estuaries are still scarce. On the present study we aimed to verify 
the occurrence of microplastic contamination on sururu (Mytella spp.), a mussel with 
great socioeconomic importance in the Caeté River estuary. A total of 300 specimens 
were purchased at the free trade fair of Bragança (Pará/Brazil), from October of 2019 to 
November of 2019. Groups of 10 individuals each were defined and mussels of the same 
group had their inner contents placed together on flasks containing KOH 10% for 
digestion during 48 hours. The digested content was filtered using 15 µm nets and 
analysed in stereomicroscope (Leica M205 A) for visual identification of MPs. Visualized 
MPs were photographed and classified based on their color and shape [2]. To avoid 
sample contamination, the use of plastic materials was minimized and negative controls 
for airborne MPs were set at each analysis. As a result, 63 particles were identified with 
a concentration of 0.59 MPs/g and 0.21 MPs/individual. Only 5 out of 30 analysed groups 
did not contain any plastic particle. Fibers of many colors corresponded to almost totality 
of the findings (N=62), followed by a single blue sphere (Fig. 1). The low number of MPs 
on the negative controls (N=4) indicates that the results are close to the reality of the 
region. The concentration of MPs/g in this study was similar to what has been reported 
for other bivalves sold in markets around the world [3]. This unprecedented record of 
microplastics contamination of filter-feeding bivalves in the Caeté River alerts to the 
dissemination of MPs through the estuary and its risks for the local fauna and people. 

References 

[1] C. Walkinshaw et al., Ecotoxicology and Environmental Safety. 190 (2020) 110066. 
[2] T. Rocha-Santos; A. C. Duarte. Characterization and Analysis of Microplastics, 1,  
(2017) 1.  
[3] Y. Cho et al., Environmental Pollution. 245 (2019) 1107.  

Acknowledgement: To UFPA by support. 

 
 
 
 



DOI: 
ISSN: 

257 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Stereomicrography of microplastics. A – Transparent fiber; B – Black fiber;  
C – Blue fiber; D – Pink fiber; E – Entangled fibers of different colors; F – Blue sphere. 
Scale bar: 10 µm. 
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Apoptosis is an active mechanism for regulating homeostasis, embryonic development 
and elimination of superfluous cells in organisms, occurring by intrinsic or extrinsic 
pathways, capable activate the Caspase-3 protein and trigger cell death [1]. 
Macrobrachium amazonicum is a specie of freshwater prawn from the Amazon region 
able to tolerate of the salinity variations in the environment [2,3]. Hepatopancreas is an 
organ capable of performing digestion and synthesizing proteins that contribute to ovarian 
maturation [4]. However, there is still no information on the relationship between 
environment variation and apoptosis in the hepatopancreas. The aim of this study was to 
describe apoptosis in the hepatopancreas of M. amazonicum according maturation ovarian 
and estuarine environment [5]. Specimens were collected and fragments of 
hepatopancreas and ovary were fixed in Bouin's solution for 24 hours and subjected to 
standardized histological procedures for inclusion in paraffin. The replicas of each slide, 
previously identified, were subjected to immunoperoxidase with primary polyclonal anti-
Caspase-3 antibody. Salinity levels were higher in the dry season and lower in the rainy 
season, which had the highest rainfall [a]. Each hepatopancreatic tubule consists of 
different cell types, E-cell (embryonic), R-cell (resorptive), F-cell (fibrillar), B-cell 
(vesicular) and M-cell (basal). The hepatopancreas was analyzed according to the ovarian 
stage and immunorreaction for cleaved Caspase-3 was frequent in B and R cells, 
especially in the immature and mature stages [b], with significant differences in the 
ANOVA / post-Tukey HSD test [c]. The highest frequency of apoptosis occurred during 
the flood period, the time with the lowest levels of salinity. This study provides 
information on the cellular dynamics of the hepatopancreas and provides subsidies for 
future studies of reproductive maturation in environments under anthropic influence. 
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Figures a: Relation of salinity and precipitation during the hydrological period in the 
estuarine environment. c: Frequency of immunostaining for caspase-3 in 
hepatopancreas by ovarian stage. 

Figure b: Light Microscopy of the hepatopancreas according to the stage of ovarian 
maturation. A-G (cell types): E, F, M, R, B. H/I: Immunostaining for caspase-3 cleaved 
hepatopancreatic tubules. F/H: immature. G/I: mature. insert: negative control. E-cell 
(embryonic), R-cell (resorptive), F-cell (fibrillar), B-cell (vesicular) and M-cell (basal). 
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Two dimensional layered materials such as graphene and transition metal dichalcogenides 
(TMDs) have attracted much attention in recent years due to potential technological 
applications at the nanoscale, including their use as surface coating and solid lubricants 
at the nanoscale [1, 2]. In this work, tribological properties of few layer graphene and 
monolayer molybdenum disulfide (MoS2) were studied at this scale with the use of an 
atomic force microscope (AFM) with a silicon nitride tip. Graphene samples were 
obtained by the exfoliation of bulk highly oriented graphite (HOPG) crystals, while MoS2 
were grown by chemical vapor deposition (CVD). Both samples were deposited onto 
silicon dioxide (SiO2) substrates. The role of different parameters were analyzed, such as 
number of layers, applied load and sliding velocity. By varying the applied load, 
deformation of such surfaces in contact with the AFM tip, as well as the influence of 
adhesion is revealed. Data was fitted to the appropriate contact mechanics models, such 
as the Derjaguin-Müller-Toporov (DMT) and the Johnson-Kendall-Roberts (JKR) 
models [3]. On the sliding velocity aspect, information on the interaction potential and 
influence of temperature may be provided using the thermally active Prandtl-Tomlinson 
(PTT) model [4]. We found that both graphene and MoS2 samples are better fitted by the 
JKR model and deformation may play an important role during sliding of both materials. 
While varying the sliding speed of the tip on the sampled surfaces, friction in graphene 
increases linearly with the logarithm of velocity up to a certain point, where it then 
saturates [5]. However, no saturation point was found in MoS2. Figures 1a and 1b show 
the topography images of graphene and MoS2, respectively. Figure 2a and 2b show the 
measurements of friction with respect to (a) the applied load and (b) sliding speed of the 
tip, respectively. 
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Figure 5: Topography images of (a) few-layer graphene flake and (b) a MoS2 single crystal. 

 

 

Figure 6: (a) Friction vs load for graphene (blue) and MoS2 (red). Data was fitted to the JKR 
model (dotted lines); (b) Friction vs logarithm of sliding velocity for single layer graphene 
(blue) and MoS2 (red). Dotted lines indicates the fitted PTT model. 
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Multiferroic systems have aroused great interest from researchers and industries because 
they have ferromagnetic and ferroelectric properties in a single phase, and this implies 
that these materials can be used in technological applications, such as sensors, electronic 
components, among others [1,2]. Moreover, the perovskite oxides of RMnO3 type (R is 
rare earth element) are a novel class of materials exhibiting a set of remarkable interesting 
properties from the physics point of view, such as superconductivity, ferroelectrics, 
ferromagnetism, multiferroics and colossal magnetoresistance [3,4]. In this work, GaMnO3 
was synthesized and thin films were produced on Pt(111)/TiO2/SiO2/Si substrates using 
a spin coating apparatus, being sintered at different temperatures. In order to to evaluate 
their spatial patterns as a function of the film´s annealing temperature, Atomic Force 
Microscopy (AFM) technique was used to obtain the topography of the GaMnO3 thin 
films. Specific morphological analyzes were performed, such as mean roughness (Sa), 
mean square roughness (Sq), mean height (Sz), surface asymmetry (Ssk) and kurtosis 
(Sku) using image processing techniques and mathematical tools. 3D (three-dimensional) 
topographical images revealed that films annealed at 650ºC and 750ºC presented the 
formation of smoother surfaces (Figure 1), but with larger and deeper holes along the 
surface. On the other hand, films annealed at 850°C had irregular and with sharper peaks, 
due to the increase in temperature, presenting a rougher surface (~2.97nm). All data can 
be seen in Table 1. With respect to asymmetry, the sample at 850°C showed a negative 
asymmetry, while the samples at 650°C and 750°C showed positive asymmetries. As for 
the kurtosis values, the 650°C and 750°C samples had higher values compared to the 
850°C sample, showing that the surfaces present different forms of height distribution. 
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Figure 1: 3D atomic force microscopy (AFM) topographical maps of GdMnO3 thin films of 
(A) 650°C, (B) 750°C e (C) 850°C. 
 
 
Table 1: Height surface parameters of GdMnO3 thin films 
 
Parameter GdMnO3 a 650°C GdMnO3 a 650°C GdMnO3 a 650°C 

Height 
Sa (nm) 1.23 ± 0.21 1.28 ± 0.15 2.97 ± 0.26 
Sq (nm) 1.58 ± 0.25 1.65 ± 0.22 3.63 ± 0.30 

Ssk 0.44 ± 0.21 0.15 ± 0.27 −0.08 ± 0.08 
Sku 3.61 ± 0.42 3.48 ± 0.23 2.63 ± 0.04 

Sz (nm) 12.28 ± 2.34 11.88 ± 1.59 29.22 ± 5.59 
 
 
  

 

A) B) 

C) 



DOI: 
ISSN: 

264 

Scanning Microwave Impedance Microscopy And Raman 
Spectroscopy As Complementary Tools In The Analysis Of 

The Structural And Electronic Properties Of Twisted Bilayer 
Graphene 

 
Douglas A. A. Ohlberg1*, Andreij C. Gadelha2, Fabiano C. Santana2, Gomes S. N. 

Eliel3, Jessica S. Lemos2, Vinícius Ornelas2, Daniel Miranda2, Rafael Battistella Nadas2, 
Cassiano Rabelo4, Pedro Paulo de Mello Venezuela5, Gilberto Medeiros-Ribeiro6, Ado 

Jorio2, Luiz Gustavo Cançado2, and Leonardo C. Campos2 
 

1 Microscopy Center, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil. 
2 Physics Department, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil. 
3 Instituto de Física, Universidade Federal da Bahia, Salvador, Brazil.  
4 Electrical Engineering and Technology Innovation Graduate Programs, Universidade 
  Federal de Minas Gerais, Belo Horizonte, Brazil.             
5 Instituto de Física, Universidade Federal Fluminense, Niterói, Brazil 

6 Computer Science Department, Universidade Federal de Minas Gerais, Brazil 
* dohlberg@ufmg.br 
 
In the emerging field of twistronics, the electronic properties of 2D materials are tuned 
by successively stacking layers of these materials at different rotational (twist) angles 
relative to the previously deposited layer. These systems became the focus of intense 
study when superconductivity was first reported in a two layer graphene device fabricated 
at a “magic” twist angle, and today dozens of articles appear monthly describing the 
unique properties of new stacks prepared with an endless variety of materials and angles 
[1]. The “tear and stack” methods commonly used to prepare these systems introduce 
deviations between the desired and actual twist angles as well as strain gradients and other 
inhomogenieties that require techniques to measure with nanoscale precision the moiré 
patterns associated with a given twist angle. We have recently shown that the AFM 
modality known as Scanning Microwave Impedance Microscopy (sMIM) is an effective 
tool to rapidly screen and map, with 1 nm resolution, bilayers of graphene prepared with 
a variety of twist angles [2]. Since the contrast mechanism of sMIM images depend on 
the localized variations in conductance and capacitance of the sample under test, it can 
readily differentiate the contours of graphene bilayers from the surrounding substrate. 
Raman imaging also shares this ability, albeit, with a contrast mechanism based on the 
altogether different mechanism of mapping variations in the spectral peaks uniquely 
associated with the phonon signatures of a given graphitic structure [3]. Here we 
investigate by combining Raman spectroscopy [4] and sMIM some of the key essential 
properties of twisted bilayer graphene systems. The combination of both techniques may 
shed light in some of the conundrums leading to superconductivity as the twist angle is 
varied, such as localization, spatial variation of conductivity and disorder. We prepared 
samples by means of microfabricated truncated pyramids that act as stamps, which by 
means of a predetermined angle can place a second layer atop a first layer [5]. By means 
of sMIM, we were able to examine several structures at 1nm resolution. Figure 1 
illustrates the essence of our findings. In a a microRaman image of a flake containing 
regions with single layer graphene, exposed hexagonal boron nitride substrates (hBN) 
and twisted bilayer graphene at angles around 1o and associated spectra in b. From c. 
through g. capacitance, AFM and conductance images are shown revealing the moiré 
superlattice and its effect in the material conductivity. We discuss the perspectives of 
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sMIM as an invaluable tool to spatially resolve transport properties of twisted 2D 
materials.            
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Films with pores of narrow size distribution have received significant attention in recent 
years due to their potential applications in tissue engineering, photonic band gap, 
electronic and optoelectronic devices [1-5]. Among the promising materials for these 
applications, polymers stand out because they possess both large-scale and low-cost 
production advantages, as well as the versatility of manufacturing ultra-thin, flexible and 
elastic films. Hence, a variety of methods have been developed to fabricate these porous 
polymeric films, such as the templating with colloidal crystal, biotemplating and 
microphase separation of copolymer methods [5]. In fact, a simple and low-cost method 
to create structurally ordered porous films is the Breath Figure (BF) method which uses 
condensed water drops over polymeric films to prepare highly ordered pores structured 
materials [5]. Polyaniline/poly(vinyl sulfate sodium) (PAni-PVS) is one of the most 
investigated thin organic semiconducting films due to its promising features such as ease 
of preparation, acid doping and base undoping processes, and its interest as active material 
for biochemical sensors [6-7]. The possibility of production thin films with 
nanostructured surfaces makes the study and commercial research of polymers even more 
attractive. In particular, in the case of the semiconductive polymers, like PAni-PVS, that 
allow reversible variation of electrical conductivity from insulation to semiconductor 
(doping in acid solution and undoping in basic solution), the control of structures with 
nanopores could give rise to unprecedented devices with mixed electrical and photonic 
characteristics, with well-defined patterns of recognition or interference, but sometimes 
insulating or sometimes semiconducting. The present work reports on preparation and 
characterization of partially ordered porous ultrathin PAni-PVS films on polystyrene 
substrate using the BF method to easy obtain a robust submicroscopic range structure. To 
reach this goal, partially porous polystyrene (PS) films was obtained by BF method which 
was used as  a substrate template for layer-by-layer deposition of PAni-PVS. In addition, 
the BF method was improved with control of deposition parameters of PS, obtained 
regular and partially organized pores. 
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Figure 1: AFM images of A) PS and B) PAni-PVS/PS; C) (b) Histogram of Voronoi sides 
of sample A. 
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The extraction of steatite rock, popularly known as soapstone, and the industry that uses 
it as a raw material, represents important segments of the local economy in Ouro Preto, 
Brazil. There are several segments of the steatite industry producing utensils, ornaments 
and cosmetics. However, the disposal of solid waste is one problem that affects the 
environment. The generated dust is often discarded into the environment, in addition to 
causing harm to the health of people who work directly in handicrafts or who live in the 
vicinity of the places where they are discarded. Talc, the main component of steatite, has 
a crystalline structure, soft texture, high resistance to thermal shock, high oil and grease 
absorption capacity, low thermal and electrical conductivity, high lubrication and sliding 
power. In addition, it has a wide range of technological properties, which allows its 
application in the manufacture of cosmetics, the ceramics industry, the manufacture of 
paints, rubber, insecticides and fertilizers [1]. On the other hand, the advancement in 
studies of new materials at the nanoscale shows that natural talc mineral can be 
mechanically exfoliated down to monolayer flakes with important mechanical properties, 
such as great resistance to rupture, moderate stiffness and low interaction energy between 
layers [2]. In this context, this work sought to exfoliate in liquid medium the tailings from 
the soapstone craft industry, seeking the production of two-dimensional nanostructures 
of talc. The soapstone tailings collected were characterized by X-ray diffraction and 
Scanning Electron Microscopy. After exfoliating the tailings in a liquid medium, two-
dimensional talc nanostructures were characterized by Atomic Force Microscopy. Two-
dimensional nanostructures with an average thickness of 10 nm were obtained. The 
production of two-dimensional talc structures from the soapstone industry waste proposes 
a way for its reuse, producing nanostructures with modified mechanical properties that 
can be used in nanotechnology, such as in reinforcing polymeric films. The possibility of 
producing a composite with improved properties using low-cost and widely available 
materials locally is in line not only with what is desirable from an economic and industrial 
point of view, but also with specific objectives for the development of local communities 
and the search for sustainable processes. 
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Figure 1: A-D) AFM images of soapstone tailings after exfoliation in liquid medium; E) 
dispersion of nanostructures height.  
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After the discovery of graphene in 2004, a race began to obtain new two-dimensional 
materials - those whose thickness is one or a few atoms [1]. These materials have unique 
properties linked to their dimensions, promising to lead the development of 
nanotechnology and nanoengineering. In this work, the initial results of the mechanical 
exfoliation of a new nanomaterial: lead sulfide (PbS), better known as Galena [2], will be 
presented. We employed Scanning Probe Microscopy (SPM) techniques to characterize 
the new material. In SPM, an extremely fine tip sweeps the sample surface under 
inspection [3]. The probe is mounted on the free end of a lever that deflects when 
interacting with the surface. Different types of interactions can be monitored: mechanical, 
electrical, or magnetic. The initial results reveal that lead sulfide can be mechanically 
exfoliated, in nanometric layers, like others two-dimensional materials. Figure 1 shows 
atomic force microscopy (AFM) images of some PbS flakes investigated in this work. 
Atomic force microscopy (AFM) measurements [4] of the samples show that the 
nanometric character of the flakes. Tests were carried out on acidic solutions in an attempt 
to reduce the contamination generated in the exfoliation process. Analyzes involving 
Electric Force Microscopy (EFM) [4] and Scanning Kelvin Probe Microscopy (SKPM) 
[4] were also performed in order to characterize the electromechanical properties of this 
new nanomaterial. Motivated by a previous theoretical achievement about phase 
transition pressure-induced in PbS [5] we apply a SPM protocol [3] to further investigate 
these prediction. Preliminary results shows that it can be possible to see this phase 
transition using SPM techniques. 
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Figure 1 – (a) Optical image and (b)-(d) atomic force microscopy images of different 
PbS flakes. All samples were prepared by mechanical exfoliation atop SiOx substrates (in 
shades of blue).  
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Perovskite oxides of RMnO3 type (R = rare earth or ionic transition metal) present an 
interesting set of technological applications and physical properties,[1] being especially 
notable for the DyMnO3 system, which has photovoltaic applications, spintronic devices, 
magnetic field sensors, etc.[2, 3] In this way, we synthesized DyMnO3 by sol-gel method 
and thin films were deposited on Pt (111) (150 nm)/Ti (70 nm)/SiO2 (500 nm)/Si (1 nm) 
substrate and annealed at different temperatures. In order to assess topographic 
differences and changes in surface patterns on these films due to heating at different 
temperatures, Atomic Force Microscopy (AFM) was used. Topographical maps of the 
DyMnO3 system were obtained, and these were investigated using processing techniques 
and mathematical tools. Through these images (figure 1) several analyzes were 
performed, such as mean roughness (Sa), mean square roughness (Sq), surface asymmetry 
(Ssk), kurtosis (Sku) and mean peak height (Sz), to understand the evolution of these 
physical parameters with increasing temperature. The results revealed that the topography 
at temperatures of 650 °C and 750 °C have smoother surfaces, with deeper valleys and 
without many defined peaks. From 800 °C, the films have irregular surfaces and more 
peaks evident, producing a morphology with rougher and denser peaks, suggesting a more 
uniform surface. The topography showed that films annealed at high temperatures have 
greater surface roughness (from 1.331 ± 0.226 to 3.988 ± 0.46), negative asymmetries (-
0.244 ± 0.166), high kurtosis with leptokurtic behavior, sharper peaks, with sharper and 
more regular shapes, then having standards for conditions of technological applications. 
All data can be seen in Table 1. 
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Fig. 1. AFM micrographs of a) DMO650, b) DMO750, c) DMO800, and d) DMO850. 
 
 

Table 1. Parameters of the nanoscale topography of the samples. 

Parameter DMO650 DMO750 DMO800 DMO850 
Sq (nm) 1.331±0.226 1.949±0.188 3.694±0.325 3.988±0.246 
Ssk (-) 0.644±0.392 0.167±0.105 -0.102±0.098 -0.244±0.166 
Sku (-) 4.931±0.852 5.361±1.071 3.648±0.622 4.015±0.489 
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Cashew tree, more specifically Anacardium occidentale L., which is widely distributed 
in Amazon rainforest regions, belongs to family Anacardiaceae [1], is a strategic plant 
that has great value in the international food market due to their derived products. Besides 
this, some biological properties have been widely studied, as antioxidant and 
antimicrobial activities [2]. In this work, morphology, and power spectrum density of 
both sides of the Anacardium occidentale L. leaf were carefully studied. We used three 
different microscopy techniques such as scanning electron microscopy, profilometry, and 
atomic force microscopy for a complete description of the leaf surface morphology. The 
morphology of the adaxial and abaxial sides revealed a surface composed of striated 
cuticles and stomata cells, respectively. The height parameters obtained by profilometry 
revealed that the abaxial side was rougher. However, both sides presented similar 
Gaussian height distribution and asymmetry. The advanced stereometric parameters 
obtained by the topographic maps of AFM revealed that the two sides have some 
singularities due to their different morphologies and roughness, but with similar 
microtextures. However, average PSD spectra showed that adaxial and abaxial sides are 
dominated by relatively low and high spatial frequencies, showing that the microtextures, 
unlike what was shown in stereometric parameters, are different. These results revealed 
that leaves surface morphology under different aspects and scales and the quantitative 
parameters confirmed the different spatial patterns displayed, which can be of great 
interest for the study of the biological behavior of plants from their leaves. This 
fundamental insight showed that morphology and microtexture of the leaves can be fully 
explored by microscopy and provide sufficient parameters to differentiate their physical 
properties. Therefore, our work can help, as a complementary tool, to study the behavior 
of plants from the morphology and microtexture of their leaves. 
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Figure. 3. Representative 2D and 3D atomic force micrographs and texture 
photosimulations (40 × 40 μm2) of the leaf surface for a-c) abaxial and d-f) adaxial sides. 
 
 
Table 1. Relevant roughness and height parameters for the abaxial and adaxial leaf 
surface from profilometry images. 
 

Parameter
 Unit Abaxial Adaxial 

Sq [µm] 3.294 ± 1.234 1.7535 ± 0.1127 
Sa [µm] 2.72 ± 1.19 1.3829 ± 0.093 

Ssk* [-] 0.127 ± 0.104 0.0772 ± 0.4648 
Sku* [-] 0.202 ± 1.121 1.037 ± 2.132 
Sp* [µm] 12.697 ± 2.13 8.068 ± 3.9961 
Sv [µm] 10.879 ± 1.953 6.472 ± 0.5813 
Sz  [µm] 23.576 ± 3.916 14.541 ± 3.790 

*Samples without significant difference ANOVA One-Way and Tukey Test (p<0.05). 
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Respiratory protection and social distance are recommended as a form to prevent COVID-
19[1]. The use of fabric masks was recommended to the population in general due to the 
shortage of respirators and surgical masks [2]. However, studies contest the quality and 
performance of the mask filtration [3,4]. Hexamethyldisiloxane plasma (HMDSO) has 
been used to cover surfaces, giving them hydrophobic characteristics, antimicrobial effect 
with reduced toxicity [5,6]. The aim of this study was to evaluate the HMDSO plasma 
coating on fabric surfaces to be used in the manufacture of masks, and the effect of 
washing on the covering. Samples of 400-thread count cotton fabric were used. In 
experimental group, the fabric was covered with a layer of HMDSO employing the 
plasma enhanced chemical vapor deposition (PECVD). Optical Microscopy and Atomic 
Force Microscopy (AFM) were used for topographic analysis. The assessment of the level 
of hydrophobicity was performed using contact angle measurements, employing the 
Ramé-Hart goniometer. The absorption time was measured from the moment the drop of 
water was deposited on the fabric up to 10 minutes. To evaluate the effect of washing on 
the covering, 7 washing cycles were performed, following a protocol proposed by the 
World Health Organization. All experiments were performed in triplicate. For the 
statistical analysis, the Kruskal-Wallis and Dunn tests were used. In the topographic 
analysis, after covering with HMDSO plasma, a layer of small granules agglomerated on 
the original surface of the fabric were visualized. The fabric, which initially had a 0° 
contact angle value, presented angles of 120o after the covering. The water absorption 
time in the tissue, which was immediate for the tissue, reached the maximum estimated 
time of 10 minutes after coating. By the seventh wash, the surface remained hydrophobic, 
with a decrease in the contact angle after the 5th washing and a reduction in the water 
absorption time in the fabric in the 7th. It was concluded that the use of cotton fabric 
coated with HMDSO plasma proved to be adequate for the manufacture of protective 
masks, since the coating made the surface hydrophobic and this property is maintained 
even after the washes. 
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Figure 1 - Topography image (5 x 5μm²) of cotton treated with HMDSO plasma. 
 

 
Figure 2 - Topography images of untreated cotton (A), cotton treated with HMDSO plasma (B), and 
 after 7th washes (C). 
 
Table 1: Median values of contact angle measurement (degrees) and absorption time (minutes)

 
 Different letters in the row indicate significant values (Dunn´s test p<0,05) 
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The rapid evolution of characterization and production techniques has been enabling the 
obtention of several new two-dimensional (2D) nanomaterials. This class of low 
dimensional, nanoscale materials has been in the spotlight since graphene was first 
obtained isolated on top of a silicon dioxide substrate. A less explored class of materials 
that yields 2D nano-sheets are the phyllosilicate minerals, which are formed by parallel 
sheets of silica tetrahedra with a 2:5 Si to O ratio. Among those, talc is a hydrated 
magnesium silicate with chemical formula Mg3Si4O10(OH)2 with numerous industrial 
applications and abundant in Minas Gerais (Brazil). Alencar et al [1]. reported the 
experimental and theoretical characterization of nanotalc sheets. Elastic modulus and 
breaking strength are of the same order of magnitude of the values reported for graphene.  
In the present work, liquid-phase exfoliation (LPE) was employed to obtain 2D 
nanosheets of talc. This route enables the production of large quantities of exfoliated 
material (compared to mechanical exfoliation) and size selection can be performed with 
the usage of a centrifuge, as reported by Backes et al [2]. Given its scalability, LPE is of 
considerable interest as a nanomaterial production route for technological applications, 
but many parameters must be optimized for each material and experimental setup.  We 
investigated talc exfoliation in an ultrasonic bath employing different mediums: aqueous 
solutions of anionic and nonionic surfactants and organic solvents. The mineral sample 
was obtained directly from a mining site, milled, and subjected to a simple cleaning 
process. The nanosheets’ suspensions obtained with four different mediums were 
deposited onto a silicon substrate and atomic force microscopy was employed to 
characterize the lateral and thickness distribution of the exfoliated flakes. Figure 1 
illustrates the results. Flake dimensions were measured in the AFM imagens and statistics 
were performed on thousands of flakes for each route revealing minor differences in 
average flake size. This analysis procedure was reported by Fernandes and co-workers 
[3]. All routes employed can be used to obtain suspension of few layers nanosheets, with 
an average thickness of 5 nm or less. As follows, the exfoliation medium can be selected 
on the desired application demand basis.  
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Nano-Carbono), and PRPPG-IFMG. 
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Figure 1 - AFM images illustrating the results for talc exfoliated in 6mg/ml sodium 
cholate solution (high-density deposition). The dotted white lines in the images 
correspond to the height profiles shown in the graphics. Most of the flakes in the image 
are below 10 nm thickness, demonstrating the exfoliation of talc to few-layers flakes. 
Vertical scale: 20 nm. Scale bar: 750 nm. 
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In the development of cosmetic products for hair fibers, macroscopic 
characterizations of the mechanical properties analysis play an important role. In order to 
understand the damage caused by treatments or external agents, as well as to evaluate the 
performance of cosmetic actives, sophisticated techniques have been used. The 
characterization of nanostructures and organization at the cellular level have been 
investigated to understand the potential roles of cortex cells in defining the mechanical 
properties of hair [1-3]. This work shows the evaluation of the effectiveness of a cosmetic 
active, considering human hair fibers without and with chemical damage caused by 
bleaching process. For chemically damaged samples, product with and without cosmetic 
active (placebo and active group) was applied. The fibers were embedded in epoxy resin 
and cuts were made by ultramicrotomy, for observing cross-sections by Transmission 
Electron Microscopy (TEM). The resin block surface from the cut with exposed hair fiber 
cross-section, was used for the characterization by Atomic Force Microscopy (AFM) 
(Figure 1). Mechanical properties of the fibers cross-section surface were characterized 
by AFM, in Force Volume (FV-AFM) mode. FV-AFM records a force-distance curve 
(FC) at each point of the scan, obtaining a 2D matrix of FCs associated with topographic 
images. Each FC generates adhesion force between probe and sample, maximum sample 
deformation by the probe and Young’s modulus (E) data.  The fiber and resin data were 
obtained simultaneously in a map for the purpose of having  the resin data as a reference, 
to ensure a coherent comparison between the fibers groups. To compare the fibers groups, 
statistical evaluations were performed using the ANOVA (Analysis of Variance) method, 
considering the significance level 𝛂 = 0.05 (5%). We found that the fibers  group, with 
chemical damage caused by bleaching process (control group), showed a statistically 
significant decrease in the natural logarithm of Young's modulus (ln(E)) concerning to 
the virgin fibers group and, the active group presented  an increase of (ln(E)), concerning 
to the control group and placebo group. Our results demonstrated the fiber degradation of 
the control group with chemical damage, corroborating with TEM analysis; and the 
application of the product with active was effective in improving the Young's modulus of 
the damaged fiber. We also found a radial decrease  of ln(E) along the cross-section of 
the active group fiber, which is compatible with the results obtained by Confocal Raman 
Spectroscopy analysis [4], that presented variation of the active permeation along the 
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depth, starting from the hair fiber surface. It is worth mentioning that the Young's 
modulus was also determined by Tensile Tester, in which it was not possible to verify 
statistically significant differences between the groups, evidencing the advantage of the 
FV-AFM analysis. We also found the prevalence of decrease of ln(E) for higher adhesion 
force between tip and sample, using Pearson's correlation coefficient analysis. This result 
may corroborate with the presence of differentiated adhesive structures (Cell Membrane 
Complex - CMC with low cystine contents), which have low Young's modulus. 
Systematic studies using AFM of mechanical properties, identifying nanostructures, 
would be relevant for the development of cosmetics. The effort to understand better the 
chemical and physical damage caused by environmental agents or treatments would 
elucidate interactions between cosmetic active components and internal substructures of 
the hair fibers [5]. 
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Figure 1: Schematic drawing of sample preparation, obtaining ultrathin sections of hair 
fiber embedded in epoxy resin, by ultramicrotomy.  An example of TEM image and FV-
AFM map (topographic image, ln(Young’s modulus), adhesion force between probe and 
sample and maximum sample deformation by the probe) is shown of hair fiber cross-
section.  
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In this work, surface nanostructures formed by single highly-charged ions (HCI) on 
ultrathin polymer films were systematically investigated by means of atomic force 
microscopy (AFM). The size and shape of the impact features produced by 260 keV Xeq+ 
ions (q=33-40) on poly(methyl methacrylate) (PMMA) were studied as a function of the 
thickness h of the layer (3<h<60 nm). The polymer layers were spin-coated from anisole 
solutions onto Si substrates (with a ~2 nm native oxide layer). Irradiations were 
performed at the University of Duisburg using the HICS beamline under perpendicular 
incidence. The size and shape of the single-ion impact features and the thicknesses of the 
samples were characterized employing scanning force microscopy in the peak force mode 
under ambient conditions. The tips used were Scan Asyst-air from Bruker with a nominal 
radius of 2 nm. The linear dimensions of the rims and craters were obtained using the 
NanoScope software (Bruker Corporation, Santa Barbara, CA). The nanostructures 
induced by the HCI on thin polymer films are shallow cavities (craters), Figure 1, ~10 nm 
in diameter and roughly 1-2 nm deep, similar to previously reported results [1]. Both 
crater diameter, Dcrater, and crater depth, Zcrater, showed very little changes even for very 
thin samples of ~ 3 nm. This behavior was seen for all charge states (potential energy) 
applied. These findings indicate that the entire potential energy of the HCI is deposited 
into the first few nanometers close to the surface and that the formation of the 
nanostructures do not involved material excited deeply in the films. There are, however, 
some metrological challenges for measuring shallow cavities of diameters close to 10 nm 
using SFM. The natural roughness of the samples, may look similar to the features created 
by the individual ion impacts, making the edges of the nanostructures difficult to define 
with high accuracy. This may introduce distortions in the scaling of the impact features 
size with film thickness, especially for the ultrathin films, which are also going to be 
discussed. 
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Figure 1 Representative AFM image showing individual impact features (dark circular 
areas) produced by 260 keV Xe33+ highly-charged ions on ~50 nm-thick PMMA film.  
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Iron ore characterization is essential for the mineral industry, since it provides relevant 
information, such as ores' chemical composition and the textural and morphological 
aspects of particles, required for designating a proper mineral processing route [1]. 
Reflected Light Optical Microscopy (RLOM) is typically used in this field, given that the 
technique allows identification of mineral phases by their different reflectances, in a fast 
and low-cost procedure. In the last decade, many methodologies based on Digital 
Microscopy and Digital Image Processing were developed to automate microstructure 
characterization, in order to improve time-consumption and errors associated with the 
subjective analysis performed by a human operator [2][3]. However, among other 
limitations, correct identification of quartz particles became a huge obstacle for simple 
image segmentation methods, due to the material transparency, property that makes 
quartz display a similar hue to the resin used for sample mounting. Despite the difficulty 
for classical image processing techniques, quartz particles can still be visually identified 
by specialists, which demonstrates that there are features that make its recognition 
somehow possible. Some studies involving attempts to overcome this difficulty have been 
made [4][5]. Amid the proposed solutions, the application of Convolutional Neural 
Networks (CNNs) to categorize images of quartz particles and pure resin regions, 
revealed excellent and promising results. However, in this procedure, it isn’t possible to 
segment quartz particle in an image containing other mineral classes [6]. Hence, the 
present work proposes the development of a methodology capable of identifying all 
quartz particles in iron ore optical microscopy images by instance segmentation 
employing a state-of-the-art deep learning (DL) algorithm called Mask R-CNN [7]. 
Figure 1 shows a bright field optical microscopy image of an iron ore sample with quartz 
particles manually tagged in the VGG Image Annotator (VIA) interface [8]. This tagging 
process composes the necessary dataset for the training and validation of the model. Until 
now, the dataset used contains just 535 quartz particles. Even though training DL models 
requires extensive datasets, the main metrics obtained so far are reasonable: Precision = 
72,39%, Recall = 65,19% and F1 Score = 68,6%. Furthermore, Figure 2 displays an 
excellent detection of quartz particles performed by the generated model, confirming that 
expanding the training set and optimizing the neural network parameters should provide 
even better outcomes. It is noteworthy that these are preliminary results, since this 
research is under development. 
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Figure 1 – Iron ore image with quartz particles manually tagged using VIA [8]. 
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Figure 2 - Detection and instance segmentation of quartz particles performed by the 
trained deep learning model. 
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Iron ore is found in nature as an aggregate of minerals with commercial value. Brazilian 
ore is mainly composed of hematite, but can also contain magnetite, goethite, and quartz. 
It has a higher quality than other ores due to the large amount of hematite, as this mineral 
has a high iron content (69.9%) [1]. Iron ore is typically characterized by reflected light 
optical microscopy. However, this characterization is not simple due to the wide variety 
of morphologies and texture of the particles present [2]. For example, hematite, may 
appear as compact and porous particles. Compact particles can be monocrystalline or 
polycrystalline. In the case of polycrystalline particles, the internal crystals have different 
morphologies normally identified as granular, lamellar, and lobular. The porous particles 
can be microcrystalline or martite [3]. Aiming at automating iron ore characterization, 
methodologies have been developed using Digital Microscopy and Image Processing and 
Analysis. However, correct particle segmentation and classification was a recurrent 
problem. Some studies used machine learning tools to overcome these difficulties [4], but 
these methods require the choice of non-intuitive parameters for attribute extraction that 
often depend on a segmentation. Convolutional Neural Networks (CNNs) to segment and 
classify images have shown excellent results [5][6]. CNNs automatically extract this 
necessary information through a series of convolutions. The main objective of the present 
study is to develop a new methodology for mineral characterization using an algorithm 
called Mask R-CNN [7]. The methodology must be able to detect, classify and segment 
minerals in the iron ore images. Until now, this method has been trained for the compact 
hematite, martite and goethite. Figure 11 shows a typical brightfield optical microscopy 
image of a pellet feed sample manually tagged in the VGG Image Annotator (VIA) [8] 
interface, with the respective mineral classes to serve as a training dataset for the Mask 
R-CNN. The training was carried out with 4425 particles of compact hematite, 769 of 
martite and 519 of goethite. The compact hematite class is the best represented in the 
training set, but it will still be necessary to increase the number of the other classes. This 
is reflected in the metrics obtained over the test dataset: precision = 73.59%, recall = 
77.72% and F1-score = 75.60%. Figure 12 shows the output of the trained network with 
a good classification and detection of objects. It is worth mentioning that this research is 
under development and these results are preliminary, but sufficient to generate good 
prospects. 
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Figure 11 - Iron ore image manually tagged using VIA [8]. 

 

Figure 12 - Iron ore image containing detected, classified, and segmented minerals. 
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Cancer, a group of diseases responsible for the second largest cause of global death, is 
considered one of the main public health problems today [1,2]. Breast cancer, the second 
most common type, and ovarian cancer, which has the highest lethality when compared 
to other types of cancer on the female genital system, are those that stand out in women 

[2,3]. In this context, nanobiotechnology has been developed for early diagnosis and 
targeted drug delivery [4]. The present work suggests the association of methylene blue 
with maghemite nanoparticles (MAGCIT-MB) for the treatment of breast and ovarian 
cancer. In this work two different human breast carcinoma line (MDA-MB-231 and T-
47D) and one ovary cancer line (A2780) were used. MAGCIT-MB was obtained by 
chemical reaction with maghemite and citric acid. Subsequently was added methylene 
blue to the solution. MAGCIT-MB presented a hydrodynamic diameter of 60,93 nm with 
a polydispersity index of 0,199 and zeta potential of -20,9 mV. In vitro studies showed 
that T-47D and A2780 cell lines, with the alamarBlue™ protocol, had a significant 
reduction in cell viability after treatment with MAGCIT-MB, event not observed in non-
tumor lines (HNTMC and HUVEC) and MDA-MB-231. Flow cytometry, suggest that 
the main mechanism of endocytosis involved in the interiorization of MAGCIT-MB is 
the clathrin pathway and in transmission electron microscopy demonstrated the 
nanocomplex accumulated within lysosomes and/or endosomes, invagination of the cell 
membrane and expansion of the plasma membrane, indicating phagocytosis too. It can be 
observed by scanning electron microscopy and light microscopy the change in cell 
morphology. Experiments to evaluate ROS production confirm the cytotoxic mechanism 
caused by MAGCIT-MB. Studies carried out with separate compounds, show that the 
association between methylene blue and the magnetic nucleus is responsible for the 
therapeutic potential of the nanosystem to the treatment of breast and ovarian cancer in 
vitro, considering that methylene blue activity was more evident when coupled to the 
MAGCIT core. 

[1] R. Siegel, et al., CA: A Can. Jou. For Clin. 68(1):7-30, 2018.  
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Fig 1. MAGCIT-MB ultrastructure, internalization, and activity in cell morphology. 
(a) Rounded morphology of MAGCIT-MB assessed by TEM at 80 kV. Scale bar = 100 
nm. (b) Cancer cells ultrastructural images, obtained by TEM, demonstrate the 
localization of MAGCIT-MB in lysosome/endosome (black arrow) in cancer cell lines, 
in addition to the presence of cytoplasmic prolongation indicating phagocytosis (white 
arrow). Black arrowhead indicate the invagination of membrane, N nucleus, No 
nucleolus, Er Endoplasmic reticulum and R ribosomes. Scale bars = 5 µm and 1 µm. (c) 
Nanoparticle size distribution of MAGCIT-MB. (d) Scanning electron micrograph 
(SEM). NT (cells without treatment) and cells treated with MAGCIT-MB after 48 hours 
(0.78 µg.mL-1 of MB). Arrows indicate cell adhesion points and arrowheads, changes in 
the cell surface. Scale bar = 10 µm. (e) DCFH-DA visualized in cancer cell lines by 
fluorescence microscopy after 6 hours incubated with MAGCIT-MB. DNA 
counterstained with DAPI (blue) and cytoplasmic ROS generation with DCFH-DA 
(green). Scale bar = 50 µm.  
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Polyaniline (PANI) is a conductive polymer investigated for many biotechnological 
applications. Colloidal PANI has specific physicochemical properties that make it 
suitable for topical or physiological applications, but one important limitation is its high 
hydrophobicity [1]. To increase colloidal stability in a physiological-like environment, 
PANI can be conjugated with different polymers. Considering that synthetic polymers 
biosafety is always cause for concern, in this study we used the heteropolysaccharide 
Gum Arabic (GA), which is a biopolymer extracted from acacia trees exudate and has 
been previously reported as a great stabilizer and dopant for PANI nanoparticles. For 
biological applications, studies about its cytotoxic potential are required. Therefore, we 
investigated PANI-GA compatibility with a biological environment and cultured cells. 
The PANI-GA nanocomposite was chemically synthesized (Fig. 1A) [2]. To analyze 
stability, PANI-GA was dispersed in cell culture medium (a protein-rich environment), 
and incubated in simulated cell culture conditions for 48h, and no aggregation was 
observed (Fig. 1B). Next, murine fibroblasts BALB/3T3 and macrophages RAW 264.7 
were exposed to four concentrations of PANI-GA for up to 48h. Colorimetric assays were 
used for cell density (crystal violet staining), endomembrane viability (neutral red 
uptake), and mitochondrial activity (MTT assay) estimation. No significant interference 
was observed, except for mitochondrial activity in macrophages, which showed a 
concentration-dependent decrease (Fig. 1C). This result might indicate conducting PANI 
interference in mitochondrial electrons transport chain. In addition, cell granularity and 
morphology were analyzed, through flow cytometry and scanning electron microscopy, 
respectively. Fibroblasts did not show alteration in granularity (data not shown), but their 
morphology changed when treated with either GA or PANI-GA. In higher concentrations, 
nanocomposite deposition on top of the fibroblasts could be observed (Fig. 1D). 
Macrophage's granularity increased in PANI-GA higher concentration (Fig. 1E), 
indicating increase in nanoparticles uptake. In conclusion, PANI-GA is stable in cell 
culture conditions and non-cytotoxic for different cell lines. 
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Figure 1. PANI-GA morphology and in vitro results. TEM image of PANI-GA (A); 
Light microscopy images of PANI-GA in stock solution and after incubation in a protein-
rich environment (B); Colorimetric assays with fibroblasts and macrophages: PANI-GA 
treated groups were compared to the respective GA vehicle control (black dashed line, 
normalized as 1). Unpaired t-test, **p < 0.01 (C); SEM of fibroblasts after exposure to 
GA or PANI-GA, arrows = sedimented PANI-GA (D); Macrophages granularity (E).  
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Stromatolites are laminated rocks found throughout the fossil record of the last 3.5 billion 
years. Observation of present-day growing stromatolites show that they originate from 
microbial mats, which are complex microbial ecosystems [1]. Once common in shallow 
aquatic environments, living stromatolites are now rare and restricted to extreme 
environments [1]. One of these environments was hypersaline Lagoa Vermelha in Rio de 
Janeiro State coast, Brazil [2]. Older reports accounted for living stromatolites and 
extensive microbial mats along Lagoa Vermelha beaches [2], although in the last decade 
only stromatolite skeletons have been observed [3, 4]. In order to unfold why did Lagoa 
Vermelha stromatolites die, how long they have been dead, and how did they change after 
death, samples were collected and analysed using microscopy techniques. METHODS: 
For light microscopy, stromatolite samples were air-dried, embedded in Spurr’s resin, 
sliced, polished and mounted. Observation was done using crossed polarizers and 
epifluorescence. For scanning electron microscopy, samples were cut, polished, air-dried 
and observed with backscattered electrons (SEM-BSE). RESULTS: At fieldwork, upper 
stromatolite surfaces appeared green and slimy, with scattered barnacles. Barnacle shells 
were absent within stromatolite cores. Burrows about 1 mm wide occurred up to 1cm 
from outer surfaces, whereas abundant microburrows 10 m in diameter reached less than 
1 mm into the stromatolites (Figure 1). Most microburrows were perpendicular to the 
outer stromatolite surfaces (Figure 1a). In some of them, burrowing microorganisms were 
lithified (Figure 1b). Fluorescence microscopy showed strong red fluorescence within 
some microburrows, indicating fresh organic materials and, probably, also chlorophyll 
(Figure 1c-d). Indeed, SEM showed fresh cell remains within some microburrows, 
indicating that cells were alive at the time of sample collection. Size, shape, color and 
fluorescence enabled the interpretation of microburrowing microorganisms as 
cyanobacteria. Localization at or close to outer surfaces indicate that burrowing 
cyanobacteria, as well as barnacles and burrowing animals colonised stromatolite 
surfaces after loss of the microbial mat coat. Microfossils within the stromatolite cores 
included foraminifera and ostracod shells (Figure 2). Based on ours and previous findings 
[5], we conclude that Lagoa Vermelha stromatolites died due to eutrophication. It 
happened a few years before we began fieldwork in 2013, and since their death the 
stromatolite mineral skeletons became colonised by barnacles, burrowing animals, and 
filamentous cyanobacteria.  
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Figure 1: Light micrographs of outer stromatolite surfaces. (a) Microburrows roughly 
perpendicular to an outer stromatolite surface. (b) Lithified filamentous microorganism 
reminiscent of a cyanobacterium. (c-d) The same field was observed using polarized light 
(c) and epifluorescence (d). Note bright fluorescente spots co-localised with microburrows. 
(a-c) Crossed polarizers. (d) Epifluorescence.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Scanning electron micrographs (SEM-BSE) of inner stromatolite layers showing 
shells of (a) a foraminifera and (b) an ostracod cemented to stromatolite surfaces by 
authigenic minerals. 
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Cancer is the name of a group of more than 100 diseases that have disorderly cell 
growth in common. It is one of the main causes of the mortality rate, surpassed only by 
cardiovascular diseases, thus being considered a serious and complex current public 
health problem [1]. Conventional treatments for this disease consist of methods that have 
limitations: they offer risks of damage to healthy tissues or incomplete eradication of 
malignant cells, in addition to low quality of life for the patient. In this sense, it is 
necessary to search for new therapeutic modalities capable of promoting a better 
treatment of this disease. Among other options for therapeutic modalities are the use of 
nanomaterials as therapeutic platforms. Nanomaterials have been attracting interest due, 
among other factors, to the high surface area, which allows the anchoring and transport 
of drugs, biocompatibility and low cost [2]. In view of the development of more effective 
therapies to fight cancer, this study aims to evaluate the in vitro antitumor potential of 
copper oxide nanorod (CuO-nr) through the cell viability assay. CuO-nr were obtained 
by alkaline hydrolysis of CuSO4.5H2O [3] and subsequent peptization in HNO3 0.01 mol 
L-1. To carry out the study, two cell lines were chosen: HUVEC, as a non-tumor model 
and MCF-7 as a tumor line. Cells were cultured in accordance with the ATCC (American 
Type Culture Collection). A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
(MTT) bromide assay was performed to analyze the cell viability of the aforementioned 
strains. The cells were treated, for 24, 48 and 72 hours, with the following concentrations 
of CuO-nr: 20; 40; 60; 80; [3] [4] [5] and 160 μg mL − 1 [6]. The data obtained were 
analyzed using the Graphpad Prism 5.0 program, submitted to specific tests with 95% 
statistical confidence, and the Two Way Anova test was used. The in vitro cytotoxicity 
experiments showed that CuO-nr reduced the cell viability of the MCF-7 tumor cell line. 
The treatment carried out at all times reduced the viability of the cancer cell, an aspect 
not observed in the non-tumor cell line in lower concentrations compared to the tumor 
lineage. In the images obtained by Light Microscopy and Scanning Electron Microscopy, 
it is observed that alterations caused by the nanomaterial caused significant changes in 
cell morphology. Therefore, the preliminary results show that the therapeutic 
performance of the nanoparticle has the potential to treat breast cancer cells MCF-7.  
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Fig 1. CuO-nr ultrastructure and activity on cell morphology. 

(A) Stick-shaped morphology of CuO-nr assessed by TEM at 80 kV. Scale bar = 50 
nm. (B) Scanning electron microscopy (SEM) of the non-tumor strain of HUVEC. 
Scale bar 5µm= (C, D) MTT assay of control and tumor strains at concentrations of 
20, 40, 80, 160 µg. mL-1 (E) Inverted light microscopy. NT (untreated cells) and CuO-
nr treated cells after 24 and 48 hours (20 µg. mL-1). Scale bar = 50 µm. 
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Atmospheric particulate material from mining and steel industries preset several metallic 
contaminants, which can affect human health. In this study, PM10 from Ilha of Boi, 
Vitória, Brazil, was collected in a region with a recognized influence of the steel and iron 
pelletizing industries and a fibroblast lung cell line (MRC-5) was used as a model to 
investigate cell effects. Particles internalization from PM were observed with 
transmission electron microscopy (TEM), cytotoxic effects were evaluated with crystal 
violet and neutral red retention assays and genotoxicity were evaluated through comet 
assay. Results demonstrate the internalization of aluminosilicate, titanium, bismuth and 
cerium particles in MRC-5 cells from PM10. Cytotoxic effects were observed from 
concentrations of PM at 2.5 μg ml-1 in which 20 and 40 μg ml-1 leads to complete cell 
death. Among five elements observed inside lung cells, three of them are emerging 
metallic contaminants (EMCs) without governmental regulations. The presence of free 
nanoparticles in an intracellular environment is a concern due to this bioavailability, 
indicating that PM contaminants can interact with several biological processes and cell 
structures with a potential for associated damage not yet understood for human health, 
which should be further investigated. The present study is the first to demonstrate 
internalization of Bi and Ce from environmental samples in human lung cells. Finally, as 
the emerging contaminants are not regulated, results of PM particles internalized in cells 
contribute to demonstrate the necessity of more efforts of regulatory agencies about PM 
air pollution. Our results also highlight the need for a reduction of PM emission in 
industrial and steel industrial area, as well as improvements in PM characterization 
studies in biological matrix. Financial support: FAPESP Proc. 2021/02906-3, 
2019/08491-0, 2016/24257-2;  
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1- Introduction 
Magnetite (Fe3O4) is the mineral with the strongest magnetic property. Nanoparticles are 
of use in combating cancer in biomedical applications because they are biocompatible, 
because they have high saturation magnetization and because of their fast response to the 
external magnetic field. (Posada, 2020; Liang, 2020). Furthermore, ensuring the 
biofunctionalization of magnetite nanoparticles is of paramount importance, and inert 
bioprotective materials, in addition to acting as a stabilizer (Pasechnikv, 2020). Some 
coatings have already been developed, such as polyethylene glycol, artificial stabilizers 
and we inserted spirulina, which is a protein that is a protein of vegetable origin obtained 
from the blue-green alga in a helical manner and does not present toxicity (Rogatto, 2004; 
Radon, 2020) , and which would have the function of increasing the affinity as well as 
enhancing the protection of nanoparticles acting as a coating and biprotectors of the 
magnetic core from possible effects common to magnetite, such as the phenomenon of 
corrosion and possible harmful effects of the biological environment such as 
biodegradation, acidic pH effects in biological inflammatory processes. Spirulina proves 
to be quite viable in the application as biprotectors of magnetic nanoparticles because it 
is a cheap, viable and easily obtainable material, a national product, easy to handle, among 
others. Thus, this work seeks to obtain, synthesize and carry out the basic procedures for 
physicochemical characterization of nanoparticles by means of atomic force microscopy 
(AFM) The production, characterization and study of biofunctionalization is part of the 
scope of this work in the in vitro stage. The investigation involved studies of 
characterization, affinity perspective and, at the same time, it is bionert in biological 
media and that have the control of heat release during its application in the human 
organism as the protein of vegetable origin-spirulina. Synthesis by co-precipitation and 
physicochemical characterization were performed and analyzed by Nanosite, 
Hysteresimeter and Modeling in comparison to PEG coating (bioinert coating) in order 
to ensure the adequacy in relation to size, behavior and increased affinity by the 
introduction of spirulina. The results suggest having obtained the minimum application 
parameters as biomaterials in nanoparticles with superparamagnetic behavior. 
Furthermore, the Atomic force microscopy (AFM) analysis confirms the obtainment of 
these nanoparticles with potential for application in vivo. 
References 
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1- Figures and Tables 

1.1- Planejamento Fatorial das Sínteses             
1.3- AFM analysis 

 

Amostra NaOH [g] Recobrimento* 
 V4 10 Mistura 1 
V7 10 Mistura 2 
V11 20 Mistura 1 
V14 20 Mistura 2 

Planejamento do Recobrimento 

Amostra PEG [g] Espirulina [g] 
Mistura 1 0 8 
Mistura 2 4 4 

 
1.2.NTAanalysi

s       

  D10 D50 D90 MEAN (nm) REVESTIMENTO NaOH 

V4 28,75 45 86,25 53,25 ESPIRULINA 10 g 

V7 40,25 67,5 134,5 79,75 PEG E ESPIRULINA 10 g 

V11 29,5 47,5 97 57,5 ESPIRULINA 20 g 

V14 27,75 44,5 89 53,75 PEG E ESPIRULINA 20g 

Figure 3- NTA obtained from the 4 syntheses of magnetite with spirulina coating 

1.4-Modeling from Hysteresis data 
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Biomineralization is a process in which organisms concentrate metal ions and 
synthesize crystalline structures [1, 2]. Magnetotactic bacteria (MTB) are a group of 
prokaryotic organisms that biomineralizes intracellular single domain crystalline 
nanoparticles composed of magnetite (Fe3O4) or greigite (Fe3S4) enveloped by a 
biological membrane, called magnetosomes [3]. Due to their uniform size and shape, 
external lipid bilayer and unique magnetic properties, magnetosomes have been studied 
as tools for biotechnological application [4]. And because these structure stability in 
certain environments after cell death, they contribute to sediment magnetization as well 
are considered fossil records of ancient microbial ecosystems [5]. Therefore, the 
magnetosomes chemical endurance/change characterization in harsh conditions in 
different environments is an important issue in biotechnological and paleographic fields. 
Here we evaluated the magnetosomes thermal stability in a temperature range between 
150 and 500°C subjected to oxidizing conditions using in situ gas atmosphere STEM, 
STEM tomography, EDS microanalysis, and EELS. The results showed that 
magnetosomes are stable and structurally and chemically unaffected at temperatures up 
to 300°C. When heated between 300 and 500°C, structural damage was observed on the 
magnetosomes, with cavity formation. The electron energy loss near edge structure 
spectrum of magnetosome damaged areas indicates oxygen and iron proportion 
modification. Therefore, the cavity formation in the crystals is most probably associated 
with the magnetite partial transformation into maghemite due to the nanoscale Kirkendall 
effect. This study showed that magnetosomes are thermostable in temperatures up to 
300oC and displays novel tools to investigate biogenic nanomaterials and potentially, their 
biosignature relation with environmental changes along geological periods. 
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Fig.1) BF-STEM images before and after oxidation treatment at 300 °C. Observation made at room temperature, 
without the upper membrane which closes the in situ chip chamber containing the sample. This greatly increase the 
signal-to-noise ratio in the image, due to the absence of the interaction of the electrons with silicon nitride cover and 
with gaseous oxygen atoms. (A,D) Before oxidation treatment, the initial thickness of the membrane is of about 2.6 
nm. (B,C) After oxidation treatment, the thickness of the membrane is reduced (arrows in B). (E,F) show details of the 
thickness (E) and of the structure (arrows in F) of the membrane after treatment. 
 

 
 

Fig.2) High-resolution CTEM images of magnetosome heated to 500 °C in the in situ experiment with O2. (A) 
Magnetosome showing a large cavity (area delimited by the white dashed square) and border defects (arrowheads); (B) 
Higher magnification of magnetosome displayed in (A) showing the damaged crystalline structure and irregular facets 
in detail. The inset shows an FFT of image in (B) with indexed planes consistent with theoretical angles and distances 
expected for magnetite or maghemite, based on magnetite cubic pattern with 8.396Ǻ unit cell parameter and structure 
of maghemite derived from magnetite structure. 
 

´ 
 

Fig.3) HAADF-STEM images and EELS microanalysis of magnetosomes after heating until 500 °C in the presence of 
O2, showing the irregular contrast on magnetosomes and the presence of large cavities. (A) HAADF-STEM image of 
magnetosomes with cavities. Non-altered regions represented by the red line segment (number 1) and a cavity indicated 
by the black line segment (number 2) were selected for EELS analysis showed in (B); (B) EELS spectra and relative 
quantification of regions indicated by red line 1 and black line 2 in (A) for oxygen, O K (540 eV) and iron, Fe L (710 
eV); (C) HAADF-STEM image of magnetosomes with cavities. Non-altered regions represented by the red line 
(number 1) and a cavity, indicated by the black line (number 2) were selected for EELS analysis showed in (D); (D) 
EELS spectra and relative quantification of regions indicated by red line segment 1 and black line segment 2 in (C) for 
oxygen and iron. 
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Calcium phosphates (CaP), mainly hydroxyapatite (HA), are biocompatible 
materials with bioactive properties. They can be used in different forms (powder, 
films, nanoparticles, scaffold, etc.) for enhancing bone regeneration and improving 
integration/adhesion of bone in orthopedic/dental implants [1,2]. CaP coatings can 
be used in metallic implants to reduce toxicity and improve biological responses. 
CaP coatings synthesized by pulsed laser deposition technique (PLD) were reported 
since 1970. Nonetheless, the mechanisms of formation and growth of CaP coatings 
by PLD is still a subject under investigation. In this study, we investigated aspects 
about the nanostructure of calcium phosphate films formed by PLD under a high-
pressure gas (argon) environment (1 Torr) that are not addressed in the literature 
by using infrared and green laser sources. The plume generated from an ablated 
hydroxyapatite target was deposited directly over transmission electron microscopy 
(TEM) grids during 120 s to allow for the use of TEM techniques to investigate the 
morphology, composition and structure of deposited films from the micron to the 
nanoscale. The films were found to comprise five different calcium phosphate 
structures: (1) unstructured amorphous thin film formed by the deposition of ions 
and molecules over the substrate, (2) dense nanoparticles (< 20 nm) formed over the 
substrate, (3) low Ca/P ratio spherical particles (< 400 nm) formed on the way to the 
substrate, (4) rich Ca/P ratio ring-shaped particles (> 400 nm) ejected from the 
target and (5) crystalline particles (~ 500 nm) removed from the target. Although all 
samples presented these five structures, the morphology, abundance and size 
population were all different. This work opens a window to elucidate the complex 
mechanism underlying calcium phosphate film deposition and growth by pulsed 
laser deposition. 
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FIG 1. TEM images showing the morphology of IR-600 (a), IR-300 (b), IR-100 (c), G-300 (d), G-200 (e) 
and G-100 (f). Two types of morphology were identified: spherical and ring-shaped particles. In addition 
to particles, a thin film was observed covering part of the surface in (a) and (b). 

 

 

FIG 2. STEM images with high magnification of IR-300 (a) and G-300 (b) showing the difference of the 
films due to the wavelength, the arrows indicate the nanospheres. (c-d) Mean diameter of nanospheres 〈D〉, 
as a function of laser wavelength and energy. 



DOI: 
ISSN: 

304 

Less is more: Impact of the conjugation method on enzymatic 
activity in magnetic nanoconjugates 

 

Thais de Andrade Silva1 and Jairo P. de Oliveira1* 

1 Federal University of Espirito Santo, Av Marechal Campos1468, Vitoria, ES 29.040-
090, Brazil 
*jairo.oliveira@ufes.br 
 
The use of enzymes immobilized on nanomagnetic supports has catapulted surprising 
results in the field of catalysis, mainly due to the increase in surface area and the capacity 
for recovery and reuse. Although there has been a growing number of publications on 
immobilization processes in recent years, the meticulous control of this process associated 
with the lack of reproducibility has made industrial-scale applications unfeasible. This is 
because the active site of the enzyme may be randomly involved in the conjugation 
process with nanomaterials. Therefore, the objective of this work was to compare the 
conjugation strategies of enzymes on nanomagnetic supports through physical adsorption 
(naked) and by covalent bonding with APTES (NH2) and MPTS (COOH) ligands. The 
synthesis of magnetic nanoparticles (NPMs) was performed using a chemical co-
precipitation method of iron chlorides II and III (molar ratio 1:2) in the presence of 0.06 
M ammonium hydroxide. Functionalization was performed with the linkers 3-
aminopropyl trimethoxysilane (APTS) at 0.043 M and 3-mercaptopropyl 
trimethoxysilane (MPTS) at 0.054 M in an alcoholic solution. The free lipase obtained 
from Aspergillus oryzae was used as a model enzyme. The conjugation was carried out 
in a reaction medium for 60 min, with stirring at 200 rpm at 28 °C. The total protein 
dosage was determined by UV-Vis spectrophotometry using a calibration curve and the 
enzyme activity was determined by the p-nitrophenyl palmitate reduction method. The 
material was characterized by x-ray diffraction (XRD), transmission electron microscopy 
(TEM), infrared (FTIR), and Raman scattering. The magnetic nanoparticles had an 
average size of 20 nm, monodisperse, and with a predominant crystal structure in spinel 
demonstrated by XRD. Confirmation of bioconjugation can be seen by FTIR analysis 
(Fig.1C) where the peak at 1030 cm-1.2930 cm-1 and 1640 cm-1 confirm the presence of 
ligands and lipases on the surface of NPMs [1]. The Raman scattering spectra (Fig.1D) 
show vibrations at 480 cm-1 that are related to Fe-O interactions [2]. Conjugation by 
electrostatic attraction was capable of conjugating, on average, 509.49 mg of enzyme per 
g of NPM, but it had low enzymatic activity compared to covalent binding methods 
(Fig.1E and 1F). The MPTS conjugates obtained the best results, as despite having a lower 
enzyme: NPM ratio of 164.06 mg.g-1, it had the highest enzymatic activity, up to 249.74 
U g-1. These results show that the greatest amount of immobilized enzymes is not always 
the best way to define the conjugation strategy. Understanding these mechanisms is 
essential for the development of reproducible nanoconjugates with high enzymatic 
activity 
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Figure 1. Image of magnetic iron nanoparticles obtained by transmission electron 
microscopy (A); X-ray diffraction of magnetic nanomaterials (B). Analysis after 
bioconjugation with enzymes by FTIR (C) and Raman (D). Graph showing the total dosage 
of enzymes (E) and enzymatic activity (F). 
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Nanomaterials are excellent conjugation platforms, being an attractive material for 
application in a diagnostic system. However, some problems make these systems 
expensive and with low sensitivity, new diagnostic systems need pre-treatment due to 
non-specific bindings and treatments that allow the use of the diagnostic system again in 
other samples. Here, we present the synthesis of jacalin-functionalized iron oxide 
nanoparticles (FeNP's) these nanomaterials can be controlled by the influence of a 
magnetic field and are great magnetic nanomaterials capable of separating the desired 
analyte, in this study FeNP's were used to capture IgA in saliva human, another 
nanomaterial used in the work was the gold nanoparticles (AuNP's) as sensing that can 
be analyzed by the alteration in the Localized Surface Plasmon Resonance (LSPR). 
Understanding these mechanisms is essential for the development of sensors with high 
sensitivity for immunoassays and that allow reuse using the magnetic field to recover the 
treated nanomaterial to disconnect the IgA. 

Transmission electron microscopy (TEM) was performed to characterize the formation, 
size and dispersion of FeNP's and AuNPs. EDS were used to confirm the presence of the 
ligand (3-Mercaptopropyl) trimethoxysilane (MPTS) on the metallic surface of FeNP's. 
This ligand allows the conjugation of nanomaterials to protein samples and also increased 
the stability of FeNP's, the zeta potential was used to determine stabilization characterized 
by self-assembled monolayers (SAM), which demonstrated that it requires a time for 
binding the binder to the metal surface. Finally, UV-vis spectroscopy was used to quantify 
Jacalin concentration on MNP and AuNP surfaces using the Bradford A595nm, the decrease 
in absorbance demonstrates the capture of IgA by FeNP's. 

Keywords: iron oxide nanoparticles, gold nanoparticles, jacalin and IgA. 
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Figure 1. Transmission electron microscopy images of FeNP’s, scale bar 100nm (A). Scanning electron 
microscope (EDS-SEM) energy dispersive spectroscopy of MPTS stabilized FeNP’s, the inset shows the 
area showing two peaks demonstrated by deconvolution (B). The map demonstrates the elementary 
distribution across the entire sample (C); 

 
Figure 2. Image obtained by transmission electron microscopy of AuNP’s, scale bar 100 nm (A). UV-
Visible absorption spectroscopy for the synthesized gold colloid showing the characteristic plasmonic peak 
at 522 nm (B). 

 
Figure 3. UV-visible absorption spectroscopy of total protein dosage with bradford, supernatant from the 
bioconjugation of AuNP’s with jacalin (A) and FeNP’s with jacalin (B). UV-visible absorption spectrum 
for the detection of BSA (C) and standard curve obtained at concentrations from 500 to 1.953 µg.mL-1 (D). 
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Sensors are electrical, mechanical, chemical or biological devices that respond to a 
specific stimulus and send a resulting quantitative impulse as a measurement or operating 
control [1]. With the advent of nanotechnology, the development of new sensors using 
nanoscale has grown greatly, mainly because it allows miniaturization, lower power 
requirements and bigger specificity with the compound [2]. The use of viruses as 
construction blocks for new devices is very convenient because it has self-assembling 
properties, and can be genetically engineered or selected, which permits the interaction 
of the virus with specific analytes [3][4]. A convenient tool to convert the stimulus in 
information is the Atomic Force Microscopy (AFM), being possible the utilization of the 
probe (cantilever) natural frequency as a transducer, turning an external signal into a 
mechanical response, for example, a deflection of cantilever due to adsorption of 
molecules [1]. We proposed microcantilever functionalization with M13 bacteriophage 
genetically selected through phage display technique used as a proof of concept in the 
cantilever sensor. Two chips with three cantilevers were functionalized (<90° and =90°) 
with bacteriophage modified to interact with ethanol. We varied the concentration of 
humidity and alcohol in the cantilevers. With functionalized cantilever sensors, it was 
possible to measure resonant frequency shifts due to its exposure to different humidity 
and ethanol environments. After frequency analysis we characterized a chip 
functionalized at an angle <90° by scanning electron microscopy (image 2) and a chip 
functionalized at an angle <90° and =90° by atomic force microscopy (image 3). 
Frequency analysis showed that cantilever sensors regardless of the form of 
functionalization have sensitivity to analytes, while the self-assembly properties are only 
seen on chips functionalized at an angle =90°. 
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Image 1. (a) quantification of frequencies by varying the humidity (5-80%) on non-
functionalized, <90° of functionalization, =90° of functionalization M13 bacteriophage 
cantilevers (b) frequency normalization by varying the ethanol concentration (38-486 
PPM) on non-functionalized, <90° of functionalization, =90° of functionalization M13 
bacteriophage cantilevers. Test one-way ANOVA (** p<0.01, *** p<0.001 e **** 
p<0.0001). 
 

Image 2. Cantilever NSC36/Tipless (MikroMasch USA,Watsonville – CA) with Cr-Au 
coating. (A) A, B and C cantilever functionalized in the chip (<90° functionalization). 
(B), (C), (D) and (E) shows further cantilever zooming in the cantilever B, where you can 
see the bacteriophage.  
 

 
Image 3. Cantilever NSC36/Tipless (MikroMasch USA,Watsonville – CA) with Cr-Au 
coating. A cantilever funcionalized (=90°), where you can see the self-assembling 
properties described in the literature. KeySight equipment, mode tapping, cantilever 
MSNL-10 Bruker (tip F). 
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Nowadays, magnesium alloys are extremely important materials in engineering 
applications. High-Pressure Torsion (HPT) is widely used as a severe plastic deformation 
technique for modifying the microstructure of metallic alloys at interfaces, and to promote 
nanostructuring through grain refinement. [1-2]. This technique promotes deformation in 
the material structure, accumulating and reorganizing the dislocations, with consequent 
generation of new grain boundaries (GBs). Additionally, HPT can promote 
mechanochemical redox reactions between nanostructured oxides and metallic powders. 
In this work, we report the production of Niobium oxide reinforced magnesium alloys 
nanocomposites (Mg/Nb2O5) processed by HPT and characterized by the HRTEM. 
Mg/Nb2O5 were prepared using commercial magnesium and niobium pentoxide 
nanowires (Nb2O5). Discs of this homogenized mixture, with diameter of 10 mm and 
thickness 1.2 mm, were submitted to HPT processing at room temperature, pressure of 
3.8 GPa, speed of 1 rpm and 10 turns. HRTEM images were used to characterize the 
microstructure using a 200 kV JEOL® JEM-2100Plus. Specimen was prepared by Ar+ ion 
milling using a Gatan® precision ion polishing system PIPS™ II Model 695. The 
microstructure is characterized by nanocrystalline Mg grains with heterogeneous grain 
size distribution within nanoscale dimensions (Fig. 1a). The structural characteristics 
were studied by electron diffraction pattern and dark-field imagens (Fig. 1b-d). HRTEM 
analysis was performed in order to find evidence of the redox reactions during HPT 
processing. Magnesium Oxide (MgO) and Nb precipitates are formed during processing 
by HPT. Fig. 1e show the bright-field HRTEM image of the Mg/Nb2O5 alloy. The dotted 
circle region is associated with clusters and/or precipitates of Nb with size of about 8–10 
nm (Nb with lattice spacing of 2.34 Å). The energy-dispersive X-ray (EDX) spectrum 
show in the Fig. 1(f) presents the spectroscopic signals corresponding to the elements: 
Mg Kα (1.25 KeV), Nb Lα (2.16 KeV), Nb Kα (16.57 KeV), O Kα (0.52 KeV). Fig. 1g 
shows a HRTEM image of the region with MgO aggregates inside of Mg grain. The 
existence of MgO was confirmed by the (002) planes with lattice spacing of 2.6 Å. Fig. 
1h shows a HRTEM image of the Nb nanoprecipitates with sizes of 5-10 nm observed in 
the Mg/Nb2O5 alloy and FFT pattern. TEM results show that the HPT-processed samples 
generated a Mg alloy with nanostructured niobium precipitation. This material may be of 
interest for future applications in materials engineering.  
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Fig 1 – Microstructure of the Mg/Nb2O5 alloy. (a) TEM bright field image. (b) (SAED) 
pattern and corresponding dark-field imagens for (c) Mg (002) and (d) Mg (004) from the 
(Fig. 1a) bright field image. (e) HRTEM image showing a high density of MgO and 
clusters of Nb precipitates at region near Mg grain contour. (f) EDX spectrum. (g) 
HRTEM image showing details of MgO aggregates inside of magnesium grain oriented 
at the (002) planes. (h) HRTEM image showing details of Nb precipitates oriented at the 
(110) planes (i) FFT pattern (σ: SD). 

Mg (002) 

Mg (004) 

(a) (b) 

(c) (d) 

0.23±0.01 nm 
Nb (110) 

(h) 

(g) 

(e) 



DOI: 
ISSN: 

312 

Observation of Chiral Spin Textures in Pd/Co/Pd Multilayers 
by Lorentz Transmission Electron Microscopy 

C. Labre1*, R. Dutra1, R. P. Loreto1, B. G. Silva1, D. E. Gonzalez-Chavez1 and R. L. 
Sommer1 

 1 Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro, Brazil.  

* clabre@cbpf.br 

Magnetic skyrmions are nanometer-size whirling chiral spin textures and are promising 
candidates for the next generation of spintronic devices due to their small size, 
topologically protected structure, and functionality towards the development of room 
temperature magnetic devices [1]. Lorentz transmission electron microscopy (LTEM) is 
a powerful tool with an ultrahigh magnetic domain resolution (~2 nm); it is thus an ideal 
method for direct real-space imaging of fine magnetic configurations of ultra-small 
skyrmions [2,3]. In this work, we investigate the formation of chiral spin textures using 
LTEM in symmetric multilayers of [Pd(2nm)/Co(t_Co)/Pd(2nm)]x15 fabricated by 
magnetron sputtering technique, where the Pd thickness was fixed at 2 nm and Co layer 
(t_Co) varied from 0.2 to 1.2 nm. The samples were grown both on Si/SiO2 substrate for 
magnetization and structural characterization measurements and on 100nm-thick Si3N4 
electron transparent membranes for TEM imaging and in situ magnetization experiments. 
High-resolution scanning TEM was performed on a cross-section of the deposited film 
and showed distinct Pd/Co/Pd layers. The magnetization reversal curve as a function of 
the magnetic field was acquired by using a vibrating sample magnetometer (VSM) at 
room temperature. The magnetic anisotropy field Hk increases systematically with a 
decrease in t_Co and the saturation magnetization (Ms), on the other hand, decreases with 
the decrease in t_Co over the entire range. These parameters emerge as a source for the 
skyrmions stability indicating that the combination of higher PMA and low Ms may allow 
their formation at zero field [4]. The formation of skyrmions in symmetric multilayers is 
better described with the assistance of micromagnetic simulations. The micromagnetic 
simulations were performed using the Mumax3 GPU-accelerated software. The magnetic 
anisotropy Ku, magnetization saturation Ms, and Dzyaloshinskii-Moriya value D were 
modified to understand their impact on the skyrmions stability. Figure 1 shows the LTEM 
image of magnetic domains structure for the sample with Cobalt thickness of 1 nm where 
the magnetic domains are present. Below 2 nm of Cobalt, the magnetic domains nucleate 
into skyrmions.  
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Figure 1 - (A) Bloch and (B) Nèel skyrmions with their respectives cross-section, 
extracted from reference [5]. (C) LTEM image of the magnetic domains on the 2 nm thick 
Cobalt sample. 
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Metal oxide nanoparticles were widely explored in nanomaterials, once several materials 
present applications and can be easily obtained in room conditions. However, obtain in a 
controlled shape, size and phase remain as a challenge for several oxides. Design 
nanoparticles is a key study for obtaining high functional materials with tunable 
properties. For that purpose, great progress on chemical methods for controlling the 
growth of the nanoparticles during the synthesis has been made. However, an important 
challenge faced by this field of study is to completely understand the crystallization 
process and the chemical pathways during the syntheses that use growth-controlling 
agents. Aiming controlling phase, shape and size ZrO2 nanocrystals were synthesized 
using three organic solvents, oleic acid, benzyl alcohol and octyl alcohol and adjusting 
alkoxide reagent concentrations, as Zr precursor, it was obtained functionalized 
zirconium oxide nanoparticles in three crystallographic phases. To obtain pure phase 
concentrations were used and purified materials were characterized using X-ray 
diffraction. Using zirconium butoxide with concentrations 0.25, 0.50 and 0.50 mol L-1 in 
oleic acid, benzyl alcohol and octyl alcohol were obtained monoclinic, cubic and 
tetragonal crystalline phase respectively. Transmission electron microscopy was used to 
analyze the nanocrystals’ structure and to assess the crystal size distribution, Figure 1. 
From images can be proposed that functionalized organic molecules will act as control 
size as well induce preferential growth, resulting in nanoparticles with phase and size 
controlled. Thus, it was possible to ascribe the interactions of the solvents with the crystal 
surface as being responsible for leading to different growth paths and different crystalline 
phases formation. Additional solvothermal treatments procedure were used to change 
functionalization molecules and to confirm that crystallographic phase are consequence of 
synthesis process, keeping the phase after thermal treatment without growth. 
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FIGURE 1: Transmission electron microscopy for ZrO2 nanocrystals obtained in different 
solvents. A) oleic acid, b) benzyl alcohol and c) octyl alcohol. 
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Scanning Transmission Electron Microscopy (STEM) methods have such a degree of 
reliability and reproducibility that many measurements yield huge 3D or 4D data 
matrices. This datasets cannot be analysed by conventional means, and advanced 
statistical tools based on “machine learning” are necessary. These methods exploit 
redundancies to find hidden correlations, allowing a dimensionality reduction and a much 
deeper interpretation. Among these processing approaches, Principal Component 
Analysis (PCA) is probably the most popular and consolidated method to analyse 
hyperspectral images (HIS), and used to extract meaningful information from big but 
frequently low signal datasets. Although PCA reconstruction is widely applied for a 
qualitative improvement of spectroscopic  maps, there are still many open issues 
concerning the fidelity of reconstructions and the occurrence of “biasing” due to random 
noise or the use of too few principal components for the reconstruction (underfactoring 
bias). This work aims to study the effect of PCA denoising on the quality of quantitative 
chemical analysis of few-nm-wide bimetallic AuAg nanoparticles (NPs). We have used 
both experimental measurements and simulations to test the effect of PCA processing on 
typical energy dispersive x-ray analysis (EDS) HIS of NPs, and perform a detailed 
analysis of the reliability of chemical quantification. We have estimated the minimal 
signal-to-noise-ratio (SNR) necessary to avoid random noise biasing of the PCA 
reconstruction (Figure 1). If these SNR conditions are fulfilled, our study has revealed 
that PCA reduces the contribution of Poisson noise to the final uncertainty interval, what 
leads to a net improvement of the precision of quantitative analysis of chemical 
composition. It is important to mention that this result is not general for all cases, and it 
is essential to verify carefully the different HIS experimental parameters and the PCA 
output to get an effective reduction of PCA biasing. We suggest a practical route to 
optimize PCA denoising improving EDS quantitative analysis both the point of view of 
both uncertainty and accuracy; also we have suggested some useful quantitative bias 
estimators. PCA may be extremely helpful tool, but the user must be aware of limitations 
and pitfalls that need to be avoided in order to reduce artifacts. 
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Figure 1. a) Comparison of raw and denoised single-pixel EDS spectrum from a ~5 nm 
NP (AC STEM, Titan Themis, LNNANO-Campinas-Brazil). b) Denoised Au chemical 
maps. c) Comparison of chemical composition derived using raw and denoised data; note 
that composition derived from denoised data tend to be closed to sample average 
composition. d) Simulation of the effect of PCA denoising on the assessment of chemical 
composition distribution from insufficient SNR (strong  random noise bias situation); 
note that PCA reconstruction can just retrieve the average composition and fails to detect 
composition dispersion (histograms are displayed along the vertical direction on the 
right). 
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In last decades, intense efforts have been devoted to improve the biological performance 
of dental and orthopedic metal or polymer implants. One critical challenge is the 
development of bioactive implant coatings that combine long-term stability, mechanical 
resistance, antibacterial properties, and improved bone regeneration efficiency. 
Hydroxyapatite (HA, Ca10(PO4)6(OH)2) has emerged as a candidate material due to its 
compatibility with components of biological media and blood plasma, osteoconductivity 
and potential for association with antibiotics and antimicrobials [1,2]. Besides, several 
chemical and physical techniques for coating implants with this material have been 
proposed and tested. One of the moss used deposition techniques is the radio-frequency 
magnetron sputtering (RFMS), which have been developed to produce new 
nanostructured HA coatings for metal implants proposed for biomedical applications [3]. 
The challenge to use this deposition technique is produce monophasic crystalline HA thin 
films at room temperature (without need of the use thermal treatment, in-situ or ex-situ). 
In recent last years it has been possible to perform this challenge by controlling the plasma 
parameters of deposited ions [4-7]. In this opportunity, a miscellany of results of studies 
carried out on the interface between HA coatings and substrates will be shown. TEM and 
HRTEM images at the coating-substrate interface reveal a special crystalline grow, 
induced by the deposition condition, as well its independence with the substrates used to 
produce the coatings (Figure 1). Other characterization techniques as: X-ray diffraction 
by Synchrotron radiation, X-ray photoelectron spectroscopy and Nanoindentation show 
the high quality of the coating deposited on the Si(100), Ti, TiNx, TiZr and TiZrNx 
substrates.   
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Figure 1: HRTEM image showing the interface between a fluor substituted HA film and 
Si (100) substrate. The film was produced at room temperature using a right-angle radio-
frequency magnetron sputtering (RAMS).  
 
 
REFERENCES 

[1] L. Wang, G.H. Nancollas, Chem. Rev. 108 (2008) 4628. 
[2] V.S. Gshalaev, A.C. Demirchan, Nova Science Publishers, New York, 2012. 
[3] S. Zhang, CRC Press Taylor & Francis Group, New York, 2013. 
[4] E.O. López, A. Mello, H. Sendão, L.T. Costa, A.L. Rossi, R.O. Ospina, F.F. Borghi, 
J.G. Silva Filho, A.M. Rossi, ACS Appl. Mater. Interfaces 5 (2013) 9435. 
[5] E.O. López, A.L. Rossi, B.S. Archanjo, R.O. Ospina, A. Mello, A.M. Rossi, Surf. 
Coat. Technol. 264 (2015) 163.  
[6] E.O. López, A. Mello, M. Farina, A.M. Rossi, A.L. Rossi, Surf. Coat. Technol. 279 
(2015) 16. 
[7] E.O. López, F.O. Borges, A.M. Rossi, R.M.O. Galvão, A. Mello, Vacuum 146 (2017) 
233. 
 

ACKNOWLEDGMENT 
 
The authors wish to thank the Synchrotron Light Brazilian National Laboratory (LNLS) 
for providing beam time at the XRD2, the Nanoscience and Nanotechnology Multiuser 
Lab (LABNANO) at CBPF for the use of the transmission electron microscopy 
equipment (TEM) and focused ion beam (FIB) in situ lift-out technique, and the Brazilian 
government agencies CAPES, CNPq and FAPERJ for the scholarships grant awarded.  
 

  



DOI: 
ISSN: 

320 

Transmission Electron Microscopy Characterization Of 

Indoor Particulate Matter 
 

H. Coelho-Júnior*, P. E. Santiago Brito and R. L. Sommer 
 

Brazilian Center for Physics Research, Rio de Janeiro-RJ, Brazil. 
*hcoelhojunior@cbpf.br 
 
It is estimated that most of the world population live in urban areas, breathing diverse 
types of pollutants daily [1]. This is because there is an increasing number of vehicles and 
the most diverse industrial activities present in cities, thus contributing to air pollution 
[1]. According to the World Health Organization, air quality is one of the main risk factors 
for human health [2]. Particles with a diameter smaller than 2.5m (PM2.5) are generally 
more dangerous while ultrafine particles (one micron in diameter or less) can penetrate 
tissues and organs, posing an even greater risk of systemic health impacts [2]. A recent 
study has investigated the potential risk of the toxicity of PM2.5 to vascular endothelial 
cells [3]. In this context, recently [4] a network of North-American universities and 
research centers launched a research campaign named HOMEChem (House Observations 
of Microbial and Environmental Chemistry), aimed to investigate the indoor environment  
especially about the quality of indoor air inside and around buildings and structures 
aiming health and comfort of its occupants [5]. The idea is that by investigating indoor 
particulate matter suspended in the atmosphere of houses can help to understand the risk 
of health problems in closed environments [3]. A research-based on the distribution of 
PM2.5 estimated by satellite data reveals the importance of adopting more restrictive air 
quality standards in Brazil [6]. In the present work we investigate the indoor particulate 
matter collected in São João de Meriti (SJM) city, localized in Rio de Janeiro metropolitan 
area (Eastern Brazil). In Figure 1 (a) and (b) the arrow indicates the Rio de Janeiro 
metropolitan area material collection site for the present study, chosen with basis on 
reference [6] and inspired by reference [4]. As it can be seen in Figure 1 (a), the density 
of particulate matter in the atmosphere at this site lies in the middle to high-level range 
(10 to 23 g/m3), thus motivating even more research on the subject. After the collection 
we performed HR-TEM characterization of the indoor particulate matter, motivated by 
possible new applications in HOMEChem [4] like campaigns and on the assessment of 
health risk by air pollution in Brazil. The atmospheric material was deposited directly on 
Ni holey carbon grid accommodated in a house at SJM-RJ and characterized by the TEM 
from LABNANO/CBPF [see Figure 1 (d)]. HR-TEM micrographs shown in Figures 1 (f) 
and (g) reveal the crystalline character from the region analyzed with the presence of 
nanoparticles of ~ 5 nm as observed in Figure 1 (g). EDS analysis from the sample is 
showed in Figure 1 (h) and demonstrated the presence of the following elements: O, Na, 
Mg, Si, Y, S, K, and Ca. The interplanar spacing indicated in Figures (f) and (g) were 
indexed and they may be attributed to several structures as: calcite, aragonite, dolomite, 
calcium silicate, potassium sulfate, sulfur dioxide, and quartz. Our preliminary study 
shows the presence of indoor nanoparticulate matter and suggest the need for major 
studies about the possibility for example, of catalysis phenomena, associated with indoor 
environmental pollutants by the nanocrystals present in indoor air from SJM-RJ. 
Additionally, TEM can be a useful tool for improving the foundation for PM risk 
assessments stimulating to HOMEChem campaign [7]. Moreover, our efforts can help to 
design distributed devices to monitor air quality in smart cities strategies [8,9]. 
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Figure 1: Schematic representing TEM studies of indoor particulate matter from SJM-RJ. 
(a) indicate the selected region [6] for collection of indoor particulate matter [arrow from 
(a) to (b)] motivated by the HOMEChem campaign [4]. (b)-(d) we pictorially presented 
our strategy to collect atmospheric material for analysis by using TEM  from Laboratório 
Multiusuário do Nanociência e Nanotecnologia (LABNANO) from CBPF. In (e) we show 
a micrograph in lower magnification with HR-TEM (f) from a region its (red dashed line) 
revealing interplanar spacing respectively indexed. The presence of nanocrystals are 
observed in (g). (h) is an EDS analysis from the sample studied. 
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Approximately 40% of all food produced every year goes wasted. The proportion of food 
and agricultural waste generated at the pre-consumer level represents a significant burden 
on the environment and remains a global challenge¹. Cocos nucifera produces fruits with 
different applications, however, green coconut fiber is not used². Here, using a statistical 
tool, a sustainable nanofabrication approach is developed to produce nanocellulose (NC) 
from cellulose extracted from coconut fiber. A Design of Experiments (DOE), capable of 
simultaneously analyzing factors that may affect the NC production, time (h) and sample 
quantity (g). Nanocellulose was produced using mechanical force (glass balls) and water 
as a solvent. The material obtained was centrifuged and the supernatant and pellet were 
lyophilized. The samples were structurally characterized by scanning electron 
microscopy (SEM) and transmission (MET), and the functional groups were confirmed 
by Fourier-transform infrared spectroscopy (FTIR) and Raman. The optimal conditions 
for the NC were 15.424h and 0.031g cellulose/mL. The images obtained by SEM and 
TEM showed that the nanomaterials present in the precipitate are cellulose nanofibers 
(NCF) (10-20 nm diameter), while in the supernatant they are cellulose nanocrystals 
(NCC), with diameter 13,95 and 200 nm length. In addition, 92.65% of the material 
recovered after NC production, corresponds to NCCF and 7.35% to NCC.  Thus, the study 
demonstrated that DOE for optimization is an excellent tool for determining the optimal 
condition of NC production. Finally, we expected that is possible to produce a high added 
value nanoproduct from the waste, using only water and mechanical strength.  
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 Figure 1. (A) Graph of the desirability function. Maximum response for Nanocrystal (g) 
and Nanofiber (g). (B) Response surface graph of the desirability function.  

 

Figure 2. Appearance of the lyophilized precipitate (a) and supernatant (b). Images 
obtained by SEM of the lyophilized precipitate (c) and supernatant (d). Appearance of the 
hydrated precipitate (e) and supernatant (g). Images obtained by SEM of the hydrated 
precipitate (f) and supernatant (h). 

 

 

 

 

 

 

 

 

Figure 3. A) FTIR spectra of powdered coconut fibers after the treatment of cellulose 
extraction (black), nanofiber (red) and nanocrystal (blue). B) Raman spectra of 
nanofiber (black) and nanocrystal (red). 
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Spinel ferrites are ferrimagnetic metal oxides with the general formula AB2O4, where A 
and B are divalent and trivalent metallic cations, respectively, that can occupy sites with 
tetrahedral (T) and octahedral (O) symmetry. In the last decades, these materials have 
been used in electronics and biomedicine due to low fabrication cost and the fact that their 
magnetic properties can be adjusted by the cation distribution between sites T and O, 
known as inversion degree (ID), which depends, among other parameters, on particle size 
[1]. A spinel ferrite is called normal (ID = 0) when divalent cations (A) occupy T sites 
and trivalent cations (B) occupy O sites, and is called inverse (ID = 1) when A cations 
occupy half of the O sites and B cations occupy all T sites and half of the O sites. When 
the occupancy is partial the spinel is called mixed and the ID is a number between 0 and 
1. This study proposes a semiquantitative way, using Raman spectroscopy, to evaluate 
the influence of particle size on the inversion degree, in a manganese ferrite (MnFe2O4), 
from the ratio of the Raman peak intensities of the vibrational mode A1g, related to the 
presence of Fe3+ and Mn2+ in the T sites. To reach this goal, four samples were prepared 
by two combustion methods with two different masses of the fuel, defined by a ratio 
between the fuel mass and the moles number of the precursor nitrates (2 for iron and 1 
for manganese), to obtain different particle sizes. The samples prepared by self-sustained 
combustion with glycine (C2H5NO2) as a fuel were called GN1 and GN2 and the fuel 
ratio (G/3) were 1 and 2, respectively, while the samples prepared by sol-gel combustion, 
called ACN1 and ACN2, used citric acid (C6H8O7) as a fuel and their ratio (AC/3) were 
also 1 and 2, respectively. The powders were characterized by X-ray diffraction (XRD), 
Raman spectroscopy, transmission electron microscopy (TEM) and selected area 
diffraction (SAD). The XRD and SAD results show the expected crystalline phase 
MnFe2O4 (see Figure 1) with the lattice parameter for ACN1 and ACN2 samples  
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significantly smaller than GN1 and GN2. We also observed different crystallite sizes for 
each sample, while TEM images confirms different particle size distributions (see Figure 
2). The Raman measurements revealed an increase of the intensity ratio between the peaks 
A1g for Fe3+ and A1g for Mn2+ as the particle size decreases (see Figure 3 and Table 1), 
which suggests a higher inversion degree for the samples with smaller particle size. The 
Raman results also match the reduction in lattice parameter, which is expected when the 
Fe3+ cations move to the T sites [2]. Finally, this study provided a way to estimate the 
inversion degree and observe the effect of size reduction by Raman spectroscopy. 

 
Figure 1 – (a) X-ray diffraction patterns of samples GN1, GN2, ACN1 and ACN2. Selected 
area electron diffraction patterns of samples (b) GN1, (c) GN2, (d) ACN1 and (e) ACN2. 

 
Figure 2 – TEM images and respective particle size distribution histogram (inset) of samples 
(a) GN1, (b) GN2, (c) ACN1 and (d) ACN2. 

 
Figure 3 – Raman spectra of samples (a) GN1, (b) GN2, (c) ACN1 and (d) ACN2. The 
deconvolutions are shown below the experimental curves. 
Table 1 – Lattice parameter (a), crystallite size (d), particle size (p) and relative fraction of 

the vibrational modes A1g of Mn2+ and Fe3+.  

Sample a (Å) d (nm) p (nm) 
Ia -A1g-Fe3+ / 

Ia -A1g-Mn2+ (%) 

MnFe2O4 – GN1 8.50 36.1   54 ± 16   6.2 
MnFe2O4 – GN2 8.49 28.1 43.1 ± 9.0   7.1 
MnFe2O4 – ACN1 8.38   6.2   8.3 ± 1.5 21.5 
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MnFe2O4 – ACN2 8.42 12.8 11.9 ± 2.3 15.7 
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Shape memory alloys are considered smart materials because of their particular thermo-
mechanical properties, which are related to a first order martensitic transformation (MT) 
between a parent β phase and one or more martensitic phases [1]. Particularly, shape-
memory CuAlNi alloys have a high temperature disordered body-centered cubic phase. 
After quenching, which consists in annealing at 1203K for 1h followed by quenching in 
water mixed with ice, an ordered β phase can be obtained and kept in a metastable state 
at room temperature. This β phase can undergo martensitic transformation either by 
cooling or by applying mechanical stress. It is possible to modify the thermo-mechanical 
behavior and microstructure of these alloys with isothermal treatments, which are called 
ageing treatments, at suitable temperatures [2,3]. Transmission electron microscopy 
images are able to reveal microstructural defects after these aging thermal treatments, 
such as precipitation of stable phases (γ, α) and dislocations in the β phase matrix.  The 
aim of the present work is to compare the microstructural evolution of two samples 
obtained from the same monocrystal, submitted to different ageing treatment procedures 
at 473K. Both samples were aged for 7.5h. In one of them, the ageing treatment was 
performed in 8 half-hour cycles, and the other in one single cycle of 7.5h. The 
microstructural evolution was analyzed by various transmission electron microscopy 
techniques. α and γ precipitates were observed in both samples and precipitate sizes were 
compared. The presence of α and γ precipitates in the metastable β matrix was 
corroborated by to the indexation of selected area diffraction patterns consistent with the 
γ and α structure. Also, γ precipitate size histograms of samples with different heat 
treatments are compared. Results show that precipitate size distribution is similar in the 
conditions studied. Scanning transmission electron microscopy (STEM) images obtained 
with a short camera length show lighter contrast for the alpha precipitates, which have a 
characteristic cross shape. Moreover, an energy dispersive X-ray spectroscopy (EDS) line 
scan shows an increase in Cu in the alpha precipitate. An annular dark field image reveals 
the presence of the order domains around the alpha precipitates and the presence of 
dislocations. The observation of this kind of dislocations are attributed to a relaxation of 
the system due to the presence of alpha phase precipitates in beta matrix. 
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Distorted L21 order domains around an α precipitate (dark). Centered dark field image. 
The red arrows point the dislocations. 
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ABSTRACT 
Titanium and titanium alloys are the most attractive materials for dental and orthopedic 
implants due to their light weight, biocorrosion resistance, good biocompatibility and 
mechanical properties, including low Young’s modulus. Titanium alloys can be classified 
as ,  +  and -type. The beta titanium alloys also can be classified into three 
categories, stable , metastable  and near  , as function of the molybdenum equivalent 
[Mo eq]. If the [Mo eq] is lower than 11 wt. %, martensitic transformation may occur 
during quenching from temperatures above the  transus. The type of martensite phase 
formed (’ or ’’) depend on the solute concentration in the titanium alloy. The ’ 
martensite phase forms in diluted alloys and has a hcp structure, while the ’’ phase is 
formed in concentrated alloys with an orthorhombic crystal structure . Besides, another 
metastable  phase (hcp structure) also may precipitate in the -Ti matrix during 
quenching. The aim of this study was to carry out a microstructural characterization of 
Ti-12Mo-xNb (0  x  20) alloys. The alloys were prepared from pure elements through 
arc melting under argon. The obtained ingots were solution treated at 950 ºC under argon 
atmosphere for 1 h into a tubular furnace and then quenched in water at room temperature. 
The microstructure of the alloys were investigated by  transmission electron microscopy 
(TEM)  under 200 kV. The thin foils were produced using a double jet polishing unit, 
using a 10% perchloric acid -ethanol solution at -20 ºC with a 35V D.C. potential. The  
TEM bright-field image of Ti-12Mo (Mo eq = 12), Ti-12Mo-3Nb (Mo eq =12.84) and 
Ti-12Mo-20Nb (Mo eq = 17.6) alloys are shown in Fig. 1. The dark-field image of the 
Ti-12Mo shows  phase precipitated in a  matrix with the diffraction pattern of   and 
 phases (Fig. 1a)  and  martensitic ’’ lamellas  with the diffraction pattern of   and ’’ 
phases (Fig 1b). The Nb addition resulted in the suppression of ’’ phase and decrease of 
the  phase, confirming the effect of “Mo eq” on  stabilization. The dark-field image of 
the Ti-12Mo-3Nb alloy (Fig. 1c) shows  phase precipitated in a  matrix with the 
diffraction pattern of   and  phases. Although the amount of  phase decreases for 
higher Nb contents,  precipitates with a near-spherical morphology can be observed on 
thin foil of Ti-12Mo-20Nb alloy, Fig. 2d. In conclusion, the microstructure of                      
Ti-12Mo-xNb alloys are sensitive to Nb content. The suppression of ’’ phase and the  
reduction of  precipitation is in good agreement with the literature, since the increase of 
the [Mo eq]  increase the stability of the -phase. 
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Figure 1 (a) TEM dark-field image of  phase with a near-spherical morphology 
precipitated in a  matrix in the Ti-12Mo alloy and SAED pattern of  and -Ti with the 
[113] axis zone, (b) bright-field image of the martensitic ’’ lamellas and SAED pattern 
of  and  ’’ phases in the Ti-12Mo alloy; (c) and (d)  dark-field image of the  
precipitates with a near-spherical morphology in a  matrix  in the Ti-12Mo-3Nb  and Ti-
12Mo-20Nb alloys, respectively. 
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Parasitic otitis in cattle causes serious impact on animal health, mainly in production of 
dairy herds. Nematodes Metarhabditis spp. are associated with this infection [1], 
developing an intense inflammatory process and, in severe cases, can lead the animal to 
death [2]. In this work we aimed to establish freezing protocols, and in vitro cultivation 
of the nematode M. blumi to characterize and describe the morphology of the larval 
stages. M. blumi strain was acquired from the Caenorhabditis Genetics Center (USA) and 
maintained in Growth Medium Nematode Culture (NGM) supplemented with E. coli 
OP50 in BOD incubator, following the adapted protocol Stiergnale, 2006 [3]. Nematodes, 
previously washed in PBS, were frozen by the soft agar method, and kept at -80 ° C for 
24 hours to 30 days. For the morphology characterization the parasites were washed in 
PBS and fixed in Karnovsky solution (4% formaldehyde, 2.5% glutaraldehyde and 0.1 M 
cacodylate buffer - pH 7.2). For Light microscopy, nematodes were clarified in 
lactophenol and mounted between in temporary slides with coverslip and observed using 
Normaski interference contrast. For Scanning Electron Microscopy (SEM), nematodes 
chemically fixed, were washing in PBS, post fixed in osmium tetroxide (OsO4) 1% and 
ferrocyanide in distilled water, dehydrated in ethanol, drying by the CO2 critical point and 
sputtered with gold (15-20 nm). Based on our results, we analyzed four larval stages of 
M. blumi development, characterizing as L1, L2, L3 e L4 (Fig.1). Was possible identify 
the complete digestive system and details of the anterior region (lips, stoma and 
esophagus) (Fig.3). In the posterior region, we observed the anus (or cloaca) and was 
possible to identify the genital primordium of the L4 stage showing the cuticle change in 
molting process (ecdysis) (Fig.2 and 5). Exploring the SEM tool, we detailed the 
ultrastructure of the anterior region of the nematodes, showing the organization of the 
lips, the distribution of amphids and cephalic papillae (Fig.3 and 6). The M. blumi in vitro 
culture allows us to add details of morphological structures, enriching the taxonomy 
information of the group, contributing to biological cycle information of the 
Metarhabditis parasites, enabling the use of these species as an experimental model for 
improve the strategies of control, including with new pharmacological treatments 
protocols. 

[1] MARTINS W. Jr., Nunes I. J., Ribeiral L. A., Rosaz C. E. E., Nunes V.A. 1971. 
[2] BARBOSA J. D., Barbosa J., Henrique D., Henrique L., Araújo V., Loiola L., Alessandra, 
S., Reis B., Masiero, F., Farias M. DE. 2016. 
[3] STIRTNAGHLE, T. Maintenance of C. elegans. WormBook, ed. The C. elegans Research 
Community, WormBook. 2006 
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Legends: Light microscopy (Normaski Interference contrast) and Conventional SEM of 
nematodes larvae of Metarhabditis blumi. Fig. 1: Four stages of life cycle showing the 
difference in size and structural detail of each stage; Fig. 2: Posterior region, highlighting 
the cloaca, the spicules in developing  process (e) and the cuticle exchange; Fig. 3: Larva 
L2 in lateral-dorsal view showing the body overview highlighting the digestive system 
developed; Fig. 4: Anterior extremity in laterodorsal view, showing the dorsal (D), 
lateroventral lips, amphid (a) and cephalic papillae (arrows); Fig. 5: Detail of the opening 
of the anus or cloaca; Fig. 6: Anterior region in lateral view showing the amphid (a) and 
cephalic papillae (arrows). 
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We derive an explicit partial-wave (Mie) series for the image of a dielectric microsphere 
collected by a typical infinity-corrected microscope. We model the propagation of the 
illumination and scattered vector fields through the optical components of the 
microscope by using the angular spectrum theorem [1,2] with the help of Wigner 
rotation matrix elements, allowing us to identify the contribution from spin-orbit helicity 
reversal [3,4]. We consider a high numerical aperture objective well beyond the validity 
range of the paraxial approximation. The spherical aberration introduced by refraction 
at the planar interface between the sample and the glass slide is fully taken into account. 
By comparing our theoretical model with images of colloidal particles placed at different 
positions with respect to the objective focal plane, we characterize their radii and 
refractive index. We employ polystyrene microspheres with a known refractive index in 
order to fit the transverse attenuation length describing the transmission loss of the 
scattered field. As an application, we measure the radius and refractive index of 
individual silica beads. We compare the result for the radius with an independent 
measurement using high-resolution scanning electron microscopy. To validate the result 
for the refractive index, we develop a second method, independent of the theoretical 
model, based on the image contrast in glycerin-water solutions. In all cases we find very 
good agreement between our method and the validation procedures. In addition, the non-
paraxial theory provides an excellent description of the images found for all focal plane 
positions and for both polystyrene and silica microspheres. Our approach allows to use 
a common optical microscope to measure the refractive index and radius of spherical 
particles covering the entire size range from the Rayleigh regime to the ray optics one. 
REFERENCES 



DOI: 
ISSN: 

334 

[1] L. Novotny et al., Opt. Lett. 26 (2001) 789. 
[2] L. Mandel and E. Wolf, Cambridge University Press, 1995. 
[3] K. Y. Bliokh et al, Nat. Photonics 9 (2015) 796. 
[4] C. Schwartz et al, Opt. Express 14, (2006) 8425. 
 
ACKNOWLEDGMENTS 
 
The authors are grateful to Ubirajara Agero and Oscar Mesquita for inspiring discussions. 
We also thank the Instituto Nacional de Metrologia, Qualidade e Tecnologia (Inmetro) 
for letting us use their high-resolution scanning electron microscope. We acknowledge 
support from the Brazilian agencies National Council for Scientific and Technological 
Development (CNPq-Brazil), Coordination for the Improvement of Higher Education 
Personnel (CAPES, Brazil), the National Institute of Science and Technology Complex 
Fluids (INCT-FCx), and the Research Foundations of the States of Minas Gerais 
(FAPEMIG), Rio de Janeiro (FAPERJ) and São Paulo (FAPESP). 
 
FIGURES: 
 

 
 
Fig1. From left to right, the image of the polystyrene particle (attached to the glass slide) 
is brought out-of-focus by driving the microscope stage downwards. As a consequence, 
the objective focal plane (red) is displaced upwards with respect to the glass slide, as 
illustrated by panels A, B and C. The corresponding experimental and simulated images 
are shown in panels D-F and G-I, respectively. Plots of the theoretical 
(line) and experimental (circles) image contrast versus the distance-to-center 𝜌 are shown 
in panels J-L. The scale is the same for all images and is indicated by a horizontal bar (5 
µm) in panel E. 
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Aluminum and its alloys occupy an important place in the automotive and aerospace 
industries due to the association of good mechanical properties and low density, which 
contribute to the overall weight reduction (i.e., fuel consumption) in vehicles. However, 
despite the low density of aluminum alloys, their high coefficient of thermal expansion 
(CTE) still makes it difficult to use these materials as substitutes for steel or cast iron in 
components where high dimensional stability is required in service. A possible alternative 
to overcome this limitation is the development of metal matrix composites (MMCs) with 
CTE close to or lower than that of iron. In this context, we propose the production of a 
composite of low density and tailored CTE based on a commercial hypereutectic Al-Si 
alloy (Alumix-231) and ceramics with CTE close to zero or negative, via a powder 
metallurgy route. Due to the high stability of the Al2O3 layer formed spontaneously 
around powder particles, the sintering of Al alloys requires strict control of the 
atmosphere to prevent the reoxidation of active metallic surfaces and it usually involves 
the formation of a persistent liquid phase during the sintering of the material [1]. The 
present work is in a preliminary phase and aims to study the thermal evolution and 
sintering behavior of Alumix-231 for future composite fabrication. The processing and 
sintering route was based on that reported by Heard et al. [3] to optimize the mechanical 
properties of the alloy. The compaction of the powder was carried out in a uniaxial 
hydraulic press at 600 MPa and the green-body was subjected to a two-step sintering 
(delubrication step at 400°C/20min followed by sintering at 560°C/60min) under heating 
rate of 10°C/min. Differently from the route proposed by Heard et al., the sintering 
treatment was done under vacuum instead of Nitrogen atmosphere, and the sample was 
cooled inside the furnace.  The powder and sintered compact were analyzed by X-ray 
diffraction (XRD) for phase identification and the microstructure was observed via 
scanning electron microscopy (SEM) coupled with X-ray Energy Dispersive 
Spectroscopy (XEDS). XRD results showed that the alloy in the as-received and sintered 
condition are both constituted mainly of α-Al and Si with a small fraction of Al2Cu 
intermetallic phase. The SEM analysis of Alumix-231 revealed the as-received powder is 
composed of a mixture of micrometric particles of pure Al and a high-Si master alloy 
with the presence of Cu and Mg (Figure 1), where the distribution of Si in the alloyed 
particle relates to the formation of pre-eutectic silicon crystals and the brighter regions 
observed inside the alloyed particles - Figure 1(a) - are enriched in Cu (Figure 1(c)). 
Analysis of the sintered sample (Figure 2) indicated the presence of regions of Al, Si and 
regions rich in Cu (indicative of Al2Cu). The microstructures observed were consistent 
with the reported in the literature for this alloy [2,3]. The distribution of the Cu-rich 
phases in the sintered compact (figure 2) shows that the sintering was efficient to promote 
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homogenization of the chemical composition. The presence of micropores regions 
associated with a high oxygen concentration along the particle boundaries (Figure 2 (a, 
e)) indicates that the sintering step, despite being effective in homogenizing the chemical 
composition of the material, did not reach 100% densification (which is suggested to be 
associated with the occurrence of oxidation during this step) and points to the need for 
greater control of the sintering atmosphere. A sample of the compact after the 
delubrication step was also analyzed and showed a change in the morphology of the 
Al2Cu intermetallic phase when compared to the master-alloy particles, but the 
distribution of phases was similar to that of the pristine material (powder) as distinct 
regions of pure-Al and hypereutectic Al-Si-Cu were still observed. Further analyses are 
in progress to investigate the densification process during sintering (dilatometry of green-
body) and the liquid phase evolution (by means of DSC) under nitrogen atmosphere for 
both the pure alloy and composites with different contents of ceramic reinforcements.  
 

 
Figure 1 - Backscattered electron SEM images (a) of Alumix-231 powder particles cold-
mounted in epoxy and XEDS mappings (b-c) showing the distribution of Al (green), Si 

(purple) and Cu (pink). 
 

 
Figure 2 - Backscattered electron SEM images (a) of Alumix-231 sintered compact and 
XEDS mapping (b-e) showing the distribution of Al (green), Si (purple), Cu (pink) and 

Mg (blue) and O (orange). 
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Polyurethane foams are materials with a wide range of applications and of great interest 
for the market, mainly for their thermal, mechanical, acoustic and low-density properties. 
Furthermore, there is a growing search for the manufacture of more sustainable polymers, 
due to the global interest in reducing the use of raw materials derived from fossil fuels. 
In recent years, there has been an increase in research and also in the production of PU 
foams of natural and renewable origin. In this context, the present work seeks to 
characterize the cell microstructure of different types of PU foams, produced from 
biopolyols derived from agricultural biomass residues, namely: avocado pit, lemon 
bagasse and cassava skin. Figure 1 shows a first analysis of the foam cells by scanning 
electron microscopy, where it is possible to identify that the cells of the cassava and 
avocado foam are considered open cells, and the cells of the lemon foam, closed. The 
samples were also analyzed in MicroCT, with pixel sizes of 3 µm and 15 µm, in order to 
observe the three-dimensional structure of the cells. After a sequence of image processing 
and analysis, it was possible to extract quantitative and qualitative parameters. From the 
segmentation of the walls of the 3 µm tomographic images, it was possible to make a 
comparison between the number of cells and the percentage of walls of each foam, as can 
be seen in Table 1. The image obtained by tomography with 3 µm pixel size refers to an 
approximately central subvolume of the sample. Figure 2a shows, by way of example, the 
three-dimensional appearance of the lemon foam cells in terms of volume. The aspect 
ratio and the average feret diameter were also calculated. For comparative purposes, 
Figure 2b shows a boxplot of the foam cells volumes. It is noted that the dispersion of 
data is asymmetric for the volume parameter, evidenced by the difference between the 
mean and the median and by the difference in the bars the upper and lower limits. The 
presence of outliers with more expressive values that end up shifting the mean upwards 
in these distributions is also notorious. As for the lemon and cassava foams, the volume 
of the cells is similar. Therefore, this series of analysis and characterizations using 
different techniques of image acquisition and image processing shows that it is possible 
to have a better understanding of the cellular structure of polyurethane foams, in order to 
later be able to correlated their microstructure with their mechanical behavior. 
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Figure 1: Scanning Electron Microscopy images of: a) Cassava; b) Lemon; c) Avocado. 

 

Table 1 - Number of cells and percentage of walls: Avocado pit, lemon bagasse and 
cassava skin. 

Foam Avocado Lemon Cassava 
Number of 

cells 1317 2709 847 

% of walls 5,81 3,19 15,97 
 

   

Figure 2: a) Color coded cell volume measurements; b) Comparative boxplot graph 
of cell volume for lemon, avocado and cassava foam. 
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Due to the current pandemic situation, it has been noticed a great concern with 
dissemination of pathogens such as bacteria, fungi and viruses that can cause several and 
serious diseases and which may not respond to known drugs, characterizing the increase 
in microbial resistance over the time. For then, the development of antimicrobial materials 
has been significantly studied to help contain microbial spread in hospital settings and 
among humans with the production of protective fabrics that can be used in the 
manufacture of masks, personal protective equipment and in fabrics that can cover 
surfaces in common environments prone to contact and proliferation of microorganisms. 
The electrospinning technique allows the production of polymeric nanofibers with large 
surface areas, different diameters (from a few micrometers to a few nanometers) and 
degrees of porosity, which can encapsulate antibacterial, antifungal and antiviral 
compounds [1] to act according to their release in the environment and direct contact with 
microorganisms. It is a simple, versatile and low cost methodology, in which a polymer 
solution is ejected from a syringe and stretched with the aid of a high tension applied 
between the needle and a metallic collector [2]. During the process, the solvent is 
evaporated and the polymer is deposited as solid fibers. The morphology of the produced 
fibers depends on the characteristics of the polymer solution used (solvent chosen, 
polymer molecular weight, concentration, conductivity and viscosity of the prepared 
solution), on the parameters inherent to the electrospinning technique (applied voltage, 
solution flow rate, distance between needle and collector) and the conditions of the 
working environment (temperature, relative humidity) [3]. For this reason, scanning 
electron microscopy (SEM) is essential for the characterization and study of each 
parameter described. From this, it is possible to optimize the conditions to obtain tissues 
that can act as an efficient physical and chemical barrier against the pathogens in question. 
In this experiment, two different polymeric solutions of poly(vinylalcohol) (PVA) with 
citric acid and poly (ε-caprolactone) (PCL) were prepared with the addition of the ionic 
liquid 1-hexadecyl-3-methylimidazolium (C16MimCl) as an antimicrobial agent [4] and 
submitted to electrospinning technique for the production of tissues with antimicrobial 
properties. The scanning electron microscopy images of the produced fibers are presented 
below, in which it is possible to observe the change in the morphology and in the average 
diameter of the fibers with the variation in the electrospinning parameters. 
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Table 1: Parameters for the preparation of polymer solutions. 

Polymer Concentration of Polymer Concentration of C16MimCl Solvent 
PVA 

 
12% (W/V) 1000 μmol L-1 Water 

 
PCL 

 
10% (W/V) 

 
1,9 x 10-3 mol L-1 

 

formic 
acid/chloroform 

(3:1 v/v) 
 
Table 2: Parameters inherent to the electrospinning process. 

Solution Applied Voltage Flow Rate Distance Needle – Collector Temperature Humidity 
PVA 20 kV 0,5 mL/h 15,0 cm 21,5ºC 53% 
PCL 12 kV 1,0 mL/h 10,0 cm 26,7ºC 24% 

 

 

Figure 1: Scanning Electron Microscopy (SEM) images of PVA/CA (1,2) and PCL (3,4) fibers with 
ionic liquid C16MimCl.  
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Figure 2: Histograms of fiber diameter distribution obtained by ImageJ software from the PVA/CA and 
PCL with ionic liquid C16MimCl samples, respectively. 
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Developing smart materials capable to help professionals to overcome the current 
biomedical misfortunes is a challenge to the researchers. Knowing that microscopy is of 
a great importance to the biological, physical, mechanical and another several sciences, 
authors would like to highlight that a sort of these techniques are employed to determinate 
structural aspects of biocompatible and sometimes biodegradable polymeric materials 
with applicability on cancer therapies1,2, tissue compatibility and regeneration 3,4, and to 
eliminate microbial organisms5. Materials developed in our research group as follow, 
nanoparticles (NP) made by polyisoprene-b-maltoheptaose (PI-b-MH) block-copolymers 
(BCP) and polyelectrolyte complexes (PEC) (physical hydrogels) made by chitosan (CT) 
with chondroitin sulfate (CS) following two methods (M1 and M2), were charged with 
curcumin (CUR), a natural active principle, and applied to kill cancer cells of many sorts. 
Nanofibers (NF) made by silk fibroin (SF) with chondroitin sulfate, associated with silver 
sulfadiazine and made by polycaprolactone and ionic liquids, serve respectively to wound 
healing applications, specifically to burn injuries and to antibacterial surfaces covering. 
These materials are prepared by specific methodologies as a) nanoprecipitation: where 
BCPs form self-assembled structures as NP, by the addition of a selective solvent into de 
media and migration of the incompatible blocks by evaporation of the good solvent, b) 
electrolytic interaction: where electrostatic forces hold polyelectrolytes, positively and 
negatively charged, together forming physically-crosslinked structures and c) 
electrospinning: where a magnetic field applied between a needle connected to a pump 
and a metallic collector, lead a polymeric solution to form thin fibers. Several 
characterization techniques including transmission (TEM), atomic force (AFM), 
scanning (SEM) and optical (OM) microscopies besides in vitro and in vivo assays 
guarantee the success in design and application of the materials. 
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Figure 1. Images from a.1) PI-b-MH + CUR nanoparticles (left) and water + CUR (right); 
TEM images from NP+CUR negatively coloured with a.2) uranil acetate, size bar: 1 µm 
and a.3) osmium tetroxide, size bar: 0,5 µm and a.4) AFM from NP; b.1) PEC made by 
method 1 (up) and method 2 (down), SEM from b.2) PEC+CUR M1 (up) and PEC+CUR 
M2 (down), size bars: 100 µm and TEM from b.3) PEC+CUR M1 (up) and PEC+CUR 
M2 (down), size bars: 2 µm; c.1) SEM from SF+CS NF, size bar: 10 µm and c.2) OM 
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from animal tissue after treatment with NF; SEM from PCL NF under conditions d.1) 1, 
d.2) 2 and d.3) 3, size bars: 10 µm. 
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Ammonia gas is widely used as a component in various industrial sectors, such as the 
production of pharmaceuticals, plastics, chemicals, fertilizers, textiles, among 
others. Due to its caustic nature a prolonged exposure and continues to high 
concentrations can cause serious damage to the respiratory system , the nervous system, 
eyes, human skin and in extreme cases death. Thus, precise sensing and control of its 
concentration are necessary to ensure safety in environments with the presence of 
ammonia [2]. The most used ammonia gas sensors use as material oxides-metal as WO3, 
SnO2 and TiO2 and have as characteristics ultra sensitivity, response and rapid 
recovery. However, exposure at high temperatures (100 – 450 °C) has a high energy 
consumption, low lifetime and high manufacturing cost [1]. As a way to reduce the 
operating temperature and increase the life time graphene has been used as an alternative 
to metal oxides because it requires a lower energy consumption for sensor operation 
[3]. Although graphene is chemically inert, reduced graphene oxide (RGO) has 
oxygenated functional groups that allow the chemical functionalization of the material 
for gas sensing applications such as ammonia [2]. The structure of the graphene-based 
ammonia sensor will be investigated by images of Scanning Electron Microscopy and 
Kelvin Atomic Force Microscopy (KPFM) to characterize the conductivity of the sample 
since it is expected that the vacancies and oxygenated functional groups present in the 
RGO improve the adsorption of ammonia, as demonstrated in the literature [1,2] .This 
work aims the study of the characterization of electrodes with interdigitated patterns that 
will be used in the manufacture of an ammonia sensor based on graphene with 
reproducibility, sensitivity and selectivity that works at room temperature. The 
characterizations presented in the work are of a silicon substrate with copper layers 
with PMMA polymer and pristine graphene on the electrodes, according to the illustrative 
diagram in Figure 1. The image in Figure 2 shows an optical microscopy with the 
presence of graphene (pristine monolayer graphene), deposited on the interdigitated 
layers and the morphology of the substrate surface is presented in the scanning electron 
microscopy (SEM) images in Figure 3(a), where it is possible to observe the organization 
of copper tracks, shown in Figure 3 (b), obtained in a JEOL-JSM-7100FT equipment at 
NANOFAB/UERJ. Cross-sectional observation of the material was performed to 
investigate the interaction of copper trails with the layers that make up the sample, 
according to the image in Figure 4, where it is possible to observe the dimensions of the 
layers and their organization after the deposit. 

The authors would like to acknowledge  the financial support offered by agencies CNPq, 
Capes Scholarship System (88887.597050/2021-00) and the NANOFAB for making this 
work possible. 
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Figure 1. Schematic view of the arrangement of the polymer and graphene layer and copper trails on the 
electrodes.  

Figure 3. Scanning electron microscopy image with surface view of the electrode pattern (a), and the detail of 
the trails in the inner region of the electrode magnified (red region) (b). 

Figure 4. Scanning electron microscopy image with a view of the cross-section of the copper trails of 
the electrodes and dimensions of the layers that make up the sample. 

Figure 2. Optical microscopy image of the interdigitated pattern coated with monolayer graphene 

a b 
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Carbonate coquinas are a kind of sedimentary rock, mainly composed of shells and 
fragments. These rocks have different texture characteristics related to sedimentation and 
diagenesis, which affect the pore system and thus the permeability. To preview the quality 
of a reservoir, it is necessary to understand how the different coquinas are distributed and 
how they relate to petrophysics [1]. During the well drilling, there is a change in the state 
of the stress in its surroundings, causing deformation in the rock that can induce a 
significant loss of porosity and permeability [2, 3]. In this work, we study the influence 
of mechanical damage on coquina's properties using x-ray microtomography (microCT) 
coupled to a cell developed for in situ stress application under edometric loading (uniaxial 
deformation). A carbonate coquina sample of 8 mm in diameter and 12 mm in height was 
scanned under 4 conditions: without load, after application of 10 MPa, 20 MPa, and after 
unloading. The cell allowed the load variations to be performed without removing the 
sample from the tomograph, allowing a quantitative comparison between the 3D images 
in the 4 conditions. Data such as total porosity, absolute permeability, pore and capillaries 
diameter, and connectivity of the pores were obtained. Image processing steps illustrated 
in Fig. 1 were fundamental for the calculation of the coquinas´ porosity. Thus, porosity 
values of Patm = 43,6%; P10MPa = 21,6%; P20MPa = 16,8%; Pdepressurization = 17,6% were 
obtained. Pore Network Modelling (PNM) (Fig. 2) was used to calculate permeability 
showing that values decrease after loading and increase after depressurization. In 
addition, in Fig. 3, PNM analysis shows that coquinas properties such as pore and 
capillaries diameter, and connectivity decrease after loading.  

REFERENCES 

[1] Chinelatto, G.F., Belila, A.M.P., Basso, M., Souza, J.P.P., Vidal, A.C., 2020. A 
taphofacies interpretation of shell concentrations and their relationship with 
petrophysics: A case study of Barremian-Aptian coquinas in the Itapema Formation, 
Santos Basin-Brazil. Marine and Petroleum Geology 116, 104317.  
https://doi.org/10.1016/j.marpetgeo.2020.104317  
[2] Saenger, E.H., Lebedev, M., Uribe, D., Osorno, M., Vialle, S., Duda, M., Iglauer, S., 
Steeb, H., 2016. Analysis of high-resolution X-ray computed tomography images of 
Bentheim sandstone under elevated confining pressures. Geophys. Prospect. 
https://doi.org/10.1111/1365-2478.12400  
[3] Schindler, M., Prasad, M., 2016. Micro X-ray CT imaging of sediments under 
confining pressure, in: SEG Technical Program Expanded Abstracts 2016. 
https://doi.org/10.1190/segam2016-13966227.1  
[4] This research was supported by Petrobras, CNPq, CAPES and FAPERJ.  



DOI: 
ISSN: 

349 

 

Fig. 1 - Pre-processing and segmentation steps: (a) untreated image; (b) brightness and 
contrast correction; (c) noise correction with the NLM filter; (d) pore segmentation. 

  

 

Fig. 2 - Absolute permeability values for Patm, P10MPa, P20MPa, Pdepressurization, respectively. 
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Fig. 3 – Properties for Patm, P10MPa, P20MPa, Pdepressurization conditions respectively: (a) Pore 
diameter measurements; (b) Capillaries diameter measurements; (c) pore volume 

measurements; (d) connectivity measurements. 
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The development of micro and nanostructured materials has been shown to be crucial for 
the design and their direct application in microelectronics, chemical and biological 
devices. Several potential use are foreseen in photovoltaic cells, batteries, capacitors, 
hydrogen storage devices, light emitting devices, catalysts, among others. For instance, 
zinc oxide (ZnO) is a promising technological material that has been constantly 
investigated due to the numerous micro and nano morphologies that it may be tailored 
and hence, enabling to  achieve improved properties, such as a greater capacity for ions 
and molecules adsorption, tunable light emission, etc [1-2]. Additives introduced during 
ZnO wet synthesis process allows to manufacture exceptional shapes. The basic strategy 
underneath is via the control the growth orientation and rate based on the difference in 
surface energy of certain cystalline planes, which in turn determines the final physical 
and chemical properties of ZnO. In the present study we have produced ZnO films grown 
on the surface of a copper substrate, and verified the influence of different synthesis 
conditions on the final morphological aspects. By varying the concentration of the 
chemical components on the chemical set up it was possible to grow ZnO in a columnar 
morphology, as observed by the use of SEM (Scanning Electron Microscopy). 
Particularly we verified the morphology dependence with the reaction time (Figure 1). 
The average columns tip width was evaluated yielding the value of 0.280 ± 0.006 μm. 
Additionally, x-ray Photoelectron spectroscopy (XPS) allowed to characterize the surface 
chemical composition of the ZnO films. The fitting of the O 1s indicated the presence of 
three chemical components at the ZnO surface, corresponding to O-Zn, O-Ovacancies 
and O-H bonds. The Zn 2p spectrum was deconvoluted considering only one component 
related to Zn-O bonds. A systematic study that leads to the different ZnO morphologies 
will be presented. 

[1] A. Sulciute et al., J. Phys. Chem. C  125 (2) (2021) 1472. 

[2] C. Lausecker et al., Inorg. Chem. 60 (3) (2021) 1612. 
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Figure 1 – SEM images acquired for a synthesis conducted during a) 5h along with b) the 
corresponding histogram.  c) Morphology after 6h of synthesis. (The images were taken 
at the CMM-UFRGS, 20 kV, 10000 X amplification, 1 cm corresponds to 1 μm). 
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Figure 2 – O 1s and Zn 2p XPS spectra for the ZnO film obtained by forced hydrolysis 
of zinc ions and grown in aqueous solution during 5h. 
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According to the Brazilian Association for Recycling Construction and Demolition 
Waste, civil construction is responsible for approximately 290,556 tons of RCD 
(construction waste) deposited daily in landfills throughout Brazil, many of them 
unregulated [1]. In several studies, it can be noted that, unlike conventional concretes, 
which have only one interfacial transition zone (ITZ) between the cement paste and the 
aggregate, RCD concretes have two interface zones: one between the new paste of cement 
and the RCD aggregate, and the second, between the RCD and the old cement mass. This 
characteristic can be directly linked to the quality of concrete with RCD, since the 
porosity can increase in this interface zone. The nature of concrete is fragile, as it breaks 
under static loads with a reasonably small shape [2]. The use of destructive testing is 
disclosed to analyze the effects of porosity formation in concrete. These tests show, for 
example, an impact on the strength of the material studied. However, transformed data 
such as the formation of porous channels, the volume of porosity and characteristics of 
the cementitious mass-aggregate interface zone end up being lost. From the data 
mentioned above, it would be possible to understand which material is more efficient in 
reusing CDW. MicroCT is an ideal technique in this regard, as it is non-destructive and 
allows monitoring the same specimen at different stages of stress / deformation [3]. The 
samples were cast with conventional concrete and concrete with the addition of RCD. All 
specimens were subjected to the curing process. MicroCT images were acquired with a 
resolution of approximately 28 µm and submitted to digital processing with FIJI / ImageJ 
and Dragonfly software. Figure 13 presents a pre-processed and segmented image. It is 
possible to visualize the pores in 2D (Figure 1a) and 3D (Figure 1b). Figure 14 shows 
the pore size distribution of one of the samples. In addition to the pore volume, 
measurements of sphericity, aspect ratio and formation of porous channels were 
performed. To obtain more information on the formation of porous channels, the Porous 
Network Modeling (PNM) technique was used, as shown in Figure 15. From these 
results, it is possible to visualize the connection between the pores and understand the 
behavior of the structure. of the materials used. The greater the connection between the 
channels, the more the concrete element becomes fragile. 

[1] E. Varela, L. Torres, “Manual de Aplicação do Agregado Reciclado”, ABRECON, 
2019.  

[2] A. Hosan, F. Shaikh, P. Sarker et al., “Nano- and micro-scale characterization of 
interfacial transition zone (ITZ) of high-volume slag and slag-fly ash blended 
concretes containing nano SiO2 and nano CaCO3”, Construction and Building 
Materials, vol 269, 2021. 

[3] M. Zhang, “Pore-scale modelling of relative permeability of cementitious materials 
using X-ray computed microtomography images”, Cement and Concrete Research, 
vol 95, pp. 18-29, 2017.  
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FIGURAS 
 a)                                                                     b) 

   
Figure 13: Slice 802/2993 - Image obtained in Dragonfly software of pores in concrete 
with addition of recycled aggregate – a. 2D b. 3D 

 
Figure 14: Pore volume distribution of concrete with recycled aggregates  

 

 
Figure 15: PNM image channels and pores of concrete with addition of recycled 

aggregates. The color scale represents the diameter values of channels and pores (in 
purple the channels with the smallest diameter and in yellow the pores with the largest 

diameter).  
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 Dolomite, [CaMg(CO3)2], is a very common carbonate mineral found in numerous 
geological environments, mainly as a diagenetic mineral replacing pre-existing carbonate 
rocks [1, 2]. However, the physicochemical of the dolomitization process are still 
discussed and many studies are carried out intending its reproduction in laboratory [3]. In 
this study, dolomites were obtained by hydrothermal synthesis at 220°C for 15 days, 
through reaction of CaCO3 with MgCO3 and Na2CO3 solutions (1:1:2). Calcium and 
magnesium carbonates were dissolved at pH 2 under room temperature and pressure, and 
then the pH was adjusted to 10 (experiment 1) and 7 (experiment 2), and the carbonate 
source (Na2CO3) was added to both solutions. In the experiment 1 (DOL 1), a precipitate 
was formed just after the addition of sodium carbonate; in the experiment 2 (DOL 2) no 
precipitate was observed at environment conditions. The solutions were enclosed in two 
autoclaves and heated at 220oC for 15 days. After this time, the autoclaves were cooled 
to room temperature and the precipitated solids were dried and analyzed by X-ray 
diffraction (XRD) and scanning electron microscopy (SEM). The XRD patterns of DOL 
1 and DOL 2, see Figure 1, demonstrated the formation of dolomite in both experiments, 
accompained by other minor phases like magnesite, calcite, brucite and halite. The 
obtained crystals present different morphologies for each experiment, as illustrated in 
Figure 2. These results indicate that pH has high influence in the process of nucleation 
and growth of dolomite crystals under hydrothermal conditions. The morphology in DOL 
1 suggests the occurrence of a high nucleation rate leading to the formation of spherulites 
with 10-50 µm formed by small and intergrown rhombohedrons with 1-5 µm. In the DOL 
2 experiment, larger and well-defined rhombohedral crystals with micrometric 
dimensions were grown. In this second case the nucleation rate was smaller, making 
possible the growth of larger crystals. This study provides important insight concerning 
the effect of pH on the dolomite crystal growth under hydrothermal conditions, and 
additional studies are in progress.  

[1] C.J.R. Braithwaite, Earth and Environmental Science Transactions of the Royal 
Society of Edinburgh, 8 (Issue 2) (1991) 99. 
[2] J.M. Gregg et al., Sedimentology, 62 (2015) 1749. 
[3] S.E. Kaczmarek, B.P. Thornton, Chemical Geology, 468 (2017) 32. 
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and to CRTI for access to the analytical facilities. 
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Figure 1. X-ray diffraction patterns of DOL 1 and DOL 2 microcrystals. 

 
 
 

 
Figure 2. SEM images revealing the morphologies of DOL 1 (A and B), and DOL 2 (C 

and D) microcrystals. 
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Titanium and its alloys are materials characterized by excellent physical and chemical 
properties, which make their application in different areas from medicine to aerospace 
advantageous. The processing of these materials by machining generates significant 
residue quantities in the form of chips. The high cost of titanium and its alloys stimulates 
the reuse of these residues, transforming them into new consumables or products. The 
aim of this work is to recycle the chips of the ASTM F67 (pure Ti) and F136 (Ti-6Al-4V) 
titanium alloys for the production of fine powders to be used as welding additives, using 
microwave irradiation. Processing of metallic residues begins with their chemical 
cleaning to remove organic contaminants, as described in a previous work [1]. A mixture 
containing 5 g of titanium residues and 30 g of powdered charcoal was placed in a ceramic 
container which was used to promote fragility of the chips during microwave irradiation 
treatment. For this purpose a common microwave oven was applied, with nominal power 
of 1000 W. Working as susceptor the charcoal absorbs microwaves, promoting the 
formation of gases and intense heating of the metallic charge, Fig.1. The charge was 
irradiated for 10 minutes, followed by air cooling. The powdered charcoal was separated 
from the metallic chips by sieving, followed by mechanical milling at 120 RPM with 
alumina balls during 4 hours. Fine metallic particles were separated using 140 and 325 
mesh sieves, being that particles collected after last sieve are smaller than 45 m and were 
characterized by X-ray Fluorescence (XRF) and X-ray Diffraction (XRD). XRF analysis 
was performed on a Shimadzu EDX-720 fluorescence spectrometer, being applied a 
Siemens DL5005 X-ray Diffractometer for XRD characterization. The XRD 
diffractometer was equipped with a copper tube working at 40 kV/40mA and a graphite 
monochromator, 2 sweep between 30 to 100 degrees, 0.02 degree step for 1.5 s. The 
diffraction analysis was performed using the PROFEX software, version 4.3.1 [2], using 
CIF cards extracted from ICSD. XRF results confirmed the presence of Ti (80.9% wt), 
Al (12.7% wt) and V (3.1% wt) in addition to other elements, Fig.2. XRD analysis, Fig.3, 
has identified several phases such as Ti() (ICSD 44390), Ti0.83N0.17 (ICSD 108614), 
Ti2O (ICSD 24081) e Ti2(V,Al) (ICSD 185875) with mass fractions of 31.6%, 34.1%, 
33.3% and 1.3% respectively. This Ti-rich powder presents potential application as 
welding additive, contributing to the formation of titanium carbide (TiC) that becomes 
more wear resistant weld metal. 
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Fig.1: Chips before (a) and after (b) microwave irradiation treatment. Metallic charge 
after 10 minutes of irradiation (c), when titanium residues were at a high temperature. 
 

 
Fig.2: XRF spectrum of the powder obtained after microwave irradiation. 
 

 
Fig.3: X-ray diffraction pattern of the powder obtained after microwave irradiation. 
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The production of dental implants involves the machining of titanium alloys, such as 
ASTM F67 (pure Ti) and F136 (Ti-6Al-4V), resulting in larger quantities of metallic 
residues as machining chips. Such materials are quite expensive, justifying efforts to reuse 
them by recycling. The objective of this work is to characterize the microstructure and 
the formation of TiC in the weld metal produced by Laser Nd-YAG welding (LBW). 
During LBW titanium-rich powder, made with microwave irradiation processing on 
recycled ASTM F67 and F136 machining chips, was used and whose processing is 
described in earlier work [1]. A mixture containing 10 g of powdered chips, 2 g of 
graphite and 1 g of sodium silicate was used to form a paste with water, applied 0.25 mm 
thick layer on a piece of ASTM A36 steel. LBW was carried out by United Winners 
machine, model UW 150A, using the following parameters: frequency 9 Hz, pulse 
duration 5-9 ms, pulse energy 6-12 J, peak power 1, 2-1.6 kW and welding speed 1 mm/s. 
Pure argon was shielding gas. Metallographic samples were prepared in the traditional 
way. Weld geometry was analyzed by stereomicroscope, Fig.1. The weld metal 
microstructures were analyzed by SEM, EDS and XRD. The image contrast by atomic 
number, achieved with backscattered electrons (BSE), has facilitated the identification of 
the titanium carbides formed in the ferritic matrix during SEM observation. In the 
analyzed samples a large number of fine particles with globular morphology were 
observed. The microstructure composed of the largest amount of carbides was observed 
in the weld metal obtained with pulse duration of 5 ms, pulse energy of 9 J and peak 
power of 1.6 kW, Fig.2. The average particle size was estimated at 400 nm by the ImageJ 
software, ranging from 200 to 650 nm. The rounded morphology and small size of the 
TiC particles were associated with LBW rapid thermal cycle, which did not allow the 
carbides to grow. Electron Dispersive Energy Spectroscopy (EDS) analysis confirmed 
that the particles were really complex carbides. The particle showed in Fig.3 contained 
45.6% Ti, 1.0% V, 2.2% Fe and 51.2% C (atomic %), suggesting that precipitate has 
stoichiometry close to TiC-type. The XRD analysis was performed using PROFEX [2] 
software, Fig.3, confirmed the presence of ferrite Fe() (ICSD 52258) and TiC0.59 (ICSD 
95560) with mass fractions of 66.9% and 19.8% respectively. Other titanium-rich phases 
have also been identified, such as oxides and intermetallic compounds. The obtained 
complex microstructure in the weld metal, composed mainly of ferrite and carbides, has 
potential application as hardfacing for wear-resistant surfaces. 
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Fig.1: Typical Laser Nd:YAG weld metal. (a) Top view. (b) Transverse section. Pulse 
energy: 9.6 J, Peak power: 1.6 kW. 
 

 
Fig.2: SEM micrographs showing LBW weld metal obtained with 9 J pulse energy and 
1.6 kW peak power. BSE contrast. (a) panoramic view. (b) fine titanium carbides in 
ferrite. 
 

  
Fig.3: Typical EDS spectrum in TiC particles (a). X-ray diffraction pattern extracted 
from weld metal (b) of Fig.2, analyzed by the PROFEX software [2]. 
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Microanalysis has been an increasing need as analytical characterization, performed in 
several types of equipment by the most diverse areas, from traditionally metallurgy, 
geology and chemistry into forensic science, environmental sciences, cultural heritage, 
and many others. In electron microscopy, historically microprobe analysis (EPMA) has 
been used for quantitative analysis. Scanning Electron Microscopes (SEM) were always 
more a visualization tool where low current, of the order of pA are key for high resolution 
imaging, but unfit for reliable quantification. However, the last decades have seen an 
astonishing evolution of the electron microscopes: at the same time, they are much more 
versatile, more stable, easier to use, with higher resolution and magnification, more 
sensitive detectors and a much better signal to noise relation. The stability of the current 
SEM’s plus the Silicon Drift Detectors Electron Dispersive X-ray Spectrometer (SDD-
EDS) is slowly turning them into both visualization and real analytical tools as there is a 
growing need for better, faster and higher magnification quantitative analytical data 
combined with imaging, on heterogeneous samples. 

The present work compares several microanalytical standards in order to assess the use 
of EDS-SDD as a reliable analytical tool as long as good practices are followed.  

A Jeol 8900 microprobe with 4 WDS spectrometers, a Quanta200FEG SEM with a 
Bruker SDD-EDS and a Quanta3D FEG dual SEM-FIB with a Bruker SDD-EDS were 
used to analyze microanalytical standards. Care about good practices on sample 
preparation, correct alignment of the microscopes, spectrometer calibration, enough count 
rate, use of matrix correction routines (ZAF) and calibration standards were fundamental 
to guarantee the reliability of the results.  

Figure 1 shows results of a platinum palladium sulfide. The lines represent the EPMA 
data and the points with the error bars the SDD-EDS SEM data, showing a very 
reasonable agreement even for overlapping peaks as for platinum and palladium. 
However, samples as monazites where rare earth elements overlap heavily is still a 
problem for SDD-EDS quantification, as can be seen in figure 3.   

Summarizing, quantitative results for several types of materials performed with SDD-
EDS SEM are in quite good agreement with WDS-EPMA analysis considering a 
precision of about 10 times less. However, some samples with many overlapping peaks 
as monazites are still a challenge for quantification.  
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Figure 1. Comparative schema of EDS and WDS mass weight % of a Palladium Paltinum 
Sulfide standard. Dots are EDS measurements with respective error bars, lines are WDS 
data, which error bars are of the order 10 times smaller.  
 
 
 

 
Figure 2. Comparative schema of EDS and WDS mass weight % of a Monazite standard. 
Dots are EDS measurements with respective error bars, lines are WDS data, which error 
bars are of the order 10 times smaller.  
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The human being is constantly exposed to Aluminum (Al) by the air, food and beverages, drinking 
water, pharmaceuticals and agrochemicals [1]. Despite being abundant in the environment its active 
role on biological process is unknown and some interactions with biological organisms gives it 
toxicity. Among many disorders, Al has been associated with osteomalacia and osteodegenerative 
diseases [2]. According to the Joint FAO/WHO Expert Committee on Food Additives (JECFA) the 
Al intake should be below 2mg/kg/week [3]; however, the average consumption of six months old 
children fed with formulas varies between 37 to 106 mg/day [4]. Breast milk and infant formulas 
are fonts of Al contamination and they contributes to increase the systemic aluminum body burden 
in neonates [4]. In addition, vaccines and immunizations against allergens may also elevate the Al 
concentration in the body [5]. A strong relationship between chronic exposure to Al and bone 
disorders is well stablished in adults [6], however, evidences showing the effects of Al short period 
exposure during the neonatal phase is lacking. Therefore, this study evaluated endochondral 
ossification in the tibia of neonatal rodents submitted to Al intake in order to understand the effects 
of this metal on bone structure during the neonatal period. Four newborn wistar rats were divided 
into control and Al groups (n=2 animals each group). From the 1st to 15st day of live rats received, 
via gavage, AlCl3 solution (10 mg/kg/day in 0.9% saline solution- 2,02 mg/Al/kg/day 1/35 Dl50). 
The control group receive the saline solution only. Animals were euthanized in the 16st day and 
right tibias were dissected, kept in alcohol and analyzed by X-ray microtomography (microCT) 
(XRM-Versa 500). The images were filtered via denoising tools application and binarized with 
Avizo, the characterization was carried out with ImageJ-BoneJ plugin [7]. Volumes of interest 
(VOI) were determined into the subchondral bone for the analysis. The parameters evaluated were 
bone volume/Tissue volume (Bv/Tv), trabecular thickness (Tb.Th), trabecular number (Tb.N), 
trabecular separation (Tb.Sp) and connectivity density (Conn.D). The preliminary results showed 
that except for Tb.Th and Tb.Sp, all the other parameters decreased in the Al group (Table 1 and 
Figure 1), suggesting that Al intake impairs endochondral ossification during the neonatal phase. It 
is necessary to expand the sample size in order to confirm these data.  
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Figure 1. Microarchitecture of the subchondral bone. Control group bone 
microarchitecture in 2D (A) and 3D (B) reconstruction. Al group bone 
microarchitecture in 2D (C) and 3D (D) reconstruction. * Region of epiphyseal 
cartilage. Blue insert: higher magnification of the VOI. Voxel size: 2.096 μm. Volume 
VOI: 0.102 mm3.  
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M41S family materials, such as MCM-41, are vastly studied for applications in 
environmental waste removal technologies [1] and photocatalysis devices [2]. Molecular 
sieves functionalized with manganese were employed as catalysts in oxidation processes 
[3]. Despite the wide usage of these silica sieves, their experimental conditions for the 
synthesis demands attention [4]. After a long aging time (2 years) of synthesized Mn-
SiO2 silicas with different manganese amounts added to the inorganic precursor during 
sol-gel process (Stöber method) that was observed modifications on MCM-41 structure. 
As far as we know, the aging event over M41S family silicas with Mn are unreported at 
literature. Profiles were analysed using Modelling II tool, available in the Irena evaluation 
routine as implemented in the Igor Pro software package (WaveMetrics, Portland, USA); 
this tool allows to combine a simplified version of unified levels and diffraction peaks 
[5]. The addition of manganese to the structure tends to contribute to the formation of 
lumps and plates, which corroborate the hypothesis of co-precipitation of manganese 
oxides in the basic reaction medium during synthesis (Figure 1). Comparing SAXS 
patterns of raw synthesized Mn-SiO2 (X %) systems, where X % is the Mn/SiO2 content, 
(Figure 2a) and patterns of the same system after aging (Figure 2b), it is possible to see 
an increasing in 2nd population of Guinier area (around 0.6 nm-1) and a high decreasing 
in 1st diffraction peak intensity (100 plane). After aging time, the diffraction peaks related 
to the planes (110) and (200) respectively at q ~ 4.1 nm-1 and q ~ 4.8 nm-1 vanish, as 
shown in Figure 2c. This behavior indicates that the MCM-41 porous systems collapsed 
over the time. SAXS parameters indicates that Mn-SiO2 (0.0 %) and Mn-SiO2 (0.3 %) 
pores crack through aging time, therefore, generate a high asymmetric particles, it means, 
reduction of power-law exponent and particles radii (Rp). However, MCM-41 porous 
system coalesced through time at silica devices with more than 1.0 wt.-% of Mn amount, 
and thus generate a densification with increasing of power-law exponent and particles 
radii (Rp) (Figure 3). It suggests that Mn amounts at the regular structured systems 
modifies or drives the form that silica aged. 
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Figure 1. Raw systems with x12,000 of magnification and 1 m resolution. 
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Figure 2. SAXS patterns of Mn-SiO2 (X %) systems. (a) Patterns of raw synthesized 
systems. (b) Patterns of the systems after aging time. (c) Comparison of Patterns of Mn-
SiO2 (0.0 %) system: raw and aged. 
 
 

 
Figure 3. Model of how the hierarchical particles that form the Mn-SiO2 system evolve 
by an aging time against its manganese contend. 
 

  

(a) Mn-SiO2 (0.0 %) (b) Mn-SiO2 (1.1 %) (c) Mn-SiO2 (5.0 %) 
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SEM-EDS is often challenging when it comes to life science samples and elemental 
analysis.  This is particularly difficult when standard sample preparation methods, like 
carbon-coating or polishing, are not possible.  Then topographically complex samples 
often lead to data shadow effects and charging occurs for uncoated samples.  In addition, 
low beam currents often have to be applied so that the sample is not damaged, and this 
subsequently leads to low count rates and potentially long analytical times.   
 
To overcome such analytical challenges, the XFlash FlatQUAD (Figure 1) has been 
developed.  This detector is inserted between the pole-piece and the sample and is ideally 
suited for the analysis of topographically complex and beam sensitive samples. 
Shadowing effects are minimized as there are four separate X-ray detector segments that 
cover a large solid angle of 1.1sr.  This allows sufficient data to be collected at low beam 
currents, such as the pA range, where a sample can be investigated without carbon coating 
under high vacuum.  Compared to low vacuum analysis, this results in higher spatial 
resolution of the SEM images and X-ray element mappings. Furthermore, high-speed 
mapping is possible due to the ultra-high-count rates that are acquired.  In addition, when 
using normal beam currents, a complete thin section (40 x 25 mm) can be mapped in few 
minutes of acquisition time.   
 
Different life science examples were analysed at low beam currents to avoid charging and 
beam damage on the sample, as well as enable ultra-high-speed data acquisition.  
Here we will present examples from this life science study, samples from a sea urchin, a 
bacterium, a microbial mat of diatoms, a wasp and geological thin sections were 
investigated with this unique SDD detector.   
 
The EDS map (Figure 2) shows a sea urchin (Paracentrotus lividus) collected in the 
Aegean Sea near Athens, Greece.  The bumps visible on the two top images are the 
sockets where the urchins’ long spines are attached.  They are being held in place by 
muscles and collagen so that they can be moved if the urchin wants to hide in a crevasse 
and they can be held rigid in a defensive mode, e.g. when stepped on.  The two bottom 
images showing individual salt (green) and sand (red) grains.  The skeleton of the sea 
urchin is produced by biomineralization, consisting of high-magnesium calcite.  The 
architecture of the skeleton reveals a sponge-like lightweight structure, which can bare 
extremely high weights.  

 
It is possible to classify hypermaps as per their mineralogy as well. Figure 3 shows an 
example of this where the elemental information is able to be defined on a pixel-by-pixel 
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basis to yield a mineralogical definition. Once this is established it is possible to 
investigate the data set in a variety of ways, such as by mineralogy, mineral grain size or 
element deportment.  
 
Thus, the XFlash FlatQUAD is able to expand the capabilities of a standard SEM, 
enhancing the ability to analyse complicated samples due to topographic effects or low 
beam currents, as well as significantly improving analytical times due to an extremely 
high X-ray count throughput. 
 
 

    
Figure 1.  The XFlash® FlatQUAD detector which is positioned directly between sample and pole piece 
which yields a solid angle of 1.1sr.   
 
 

 
Figure 2.  Sea urchin (Paracentrotus lividus). The bumps on the two top images are the sockets where the 
urchins long spines are attached.  The skeleton of the sea urchin is produced by biomineralization, 
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consisting of high-magnesium calcite.  The architecture of the skeleton reveals a sponge-like lightweight 
structure, which can bare extremely high weights.   

  

 
Figure 3.  Large area map of a mantle peridotite sample (20 x 15 mm) showing (from left to right): (i) 
various individual elemental distributions; (ii) combined elemental maps of Mg, Ca, Fe, Si, Al which 
highlight the different minerals in the samples; and (iii) mineralogy classified using AMICS (Automated 
Mineralogy) software.   
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Fluid Catalytic Cracking (FCC) is a key refining process that converts crude oil into more 
valuable products for the market, like gasoline. The process employs the use of particulate 
catalysts that are brought into contact with vaporized gasoil feed, promoting cracking 
reactions.  The continuous conversion/regeneration cycles induce structural changes in 
the catalyst, leading to a decrease in average catalyst activity. Deposition of metals such 
as Iron (Fe), Nickel (Ni), and Vanadium (V) on catalysts also lead to irreversible damage. 
Due to the decrease in average catalyst activity over time, a continuous replacement of a 
spent catalyst fraction by a fresh catalyst is essential to maintain the overall catalyst 
activity constant. The spent catalyst fraction purged from the unit is called equilibrium 
catalyst (ecat) and is composed of particles of different ages and levels of contamination 
[1-3]. The metals deposition profile onto FCC catalyst particles is specific to each 
element. Nickel and Iron are known to deposit mainly on the outer portion of the catalyst 
particle. Vanadium is known to have great mobility, therefore penetrating deeper into the 
particle as well as migrating between them [3-4].  In this study, ecat particles supplied by 
CENPES were separated by density and further analyzed by x-ray fluorescence 
spectrometry (XRF), Nitrogen Physisorption, and Field Emission Scanning Electron 
Microscopy (FE-SEM) coupled with X-ray Energy Dispersive Spectrometry (XEDS). For 
the microscopy analysis the separated fractions were embedded in epoxy and cut for the 
observation of the particles cross-section. For the density separation procedure of the 
chosen ecat, it was used the sink/float method with diiodomethane and acetone, and 
resulted in four fractions of the original ecat, designated by F1 (heaviest), F2, F3, and F4 
(lightest). Since the oldest catalysts are exposed to higher levels of metal contamination 
over time (hence, presenting higher density), the density separation of the ecat fraction 
can be used as a means of classification of the catalysts by age as well (with F1 being the 
oldest and F4 the newest groups). Figure 1 shows FE-SEM backscattered electron images 
of F1 (Figure 1-(A) and (C)) and F4 (Figure 1-(B) and (D)) samples. It can be noticed 
that the lightest fraction (F4) presented higher porosity compared to the oldest one (F1). 
The changes in porosity during catalyst particle lifetime are related to hydrothermal 
deactivation associated with metal deposition [4]. Besides, it was observed that the 
heaviest particles (F1) showed an increase in circularity compared to their counterparts, 
which could be attributed to the higher abrasion undergone by these particles during FCC 
cycles. Figure 2 shows the XEDS mappings of the elements of interest for samples F1 
(Figure 2(A)) and F4 (Figure 2(B)). For the oldest fraction (F1), these preliminary 
analyses suggest the existence of two types of particles (one more enriched in Si and the 
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other in Al), while, for the F4 fraction, Si and Al were more equally distributed amongst 
the particles. Further analyses are being performed to verify the statistic relevance of these 
results. The XEDS mappings also revealed a higher level of Vanadium and Nickel present 
on the heaviest fraction (F1). Finally, the results presented show that electron microscopy 
can bring valuable information on the understanding of morphological and chemical 
changes on FCC catalysts over operational time. 

 

 

Figure 1 – FE-SEM backscattered electrons images of particles cross-sections of F1 (A, 
C) and F4 (B, D) samples, in two different magnifications. 

 

Figure 2 – BSE Images and XEDS Elemental Mappings of Al (green), Si (red), Ni 
(cyan) and V (magenta) for F1 (A) and F4 (B). 
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NiTi shape memory alloys (SMA) have attracted much interest due their functional 
properties such as shape memory effect (SME) and superelasticity (SE), which it desirable 
to use in many applications in different fields, for instance aerospace and automotive 
industry and biomedical engineering [1]. Usually, these kinds of alloys are made by casting, 
which could possibility of contamination during melting and affect the functional properties. 
Therefore, this study amid to evaluate the effects of heat treatment in specimen of Ni-Ti 
manufactured through selective laser melting (SLM), a common additive manufacturing 
(AM) process [2,3]. For this, starting from individual powders of Ni (particle size ≈ 2.1 µm), 
and the Ti HDH from grade 1 (particle size ≈ 100.0 µm), the cylindrical specimens (10 mm 
height and 7 mm diameter) were manufactured through SLM in argon-controlled atmosphere 
using fixed processing parameters. After that, the specimens were subjected to heat treatment 
at 950 ˚C for 4 and 6 h, under argon-controlled atmosphere. Through Scanning Electron 
Microscopy (SEM) from secondary electrons detector (SE) analyses, it was identified the 
presence of coarse porous, probably associated there was not complete coalescence of the 
powder, as shown in Figure 1 [2]. Based on the SEM from backscattered electrons detector 
(BSE) analyses, the heat treatment of 4 h has not been enough to promoted homogenization, 
as observed in Figure 2 (a), can be considered similar to the condition just processed in SLM. 
It was detected the presence of Ti island, Figure 2 (b), and the intermetallic of Ni-Ti system, 
Figure 2 (c). Increasing the temperature from 4 to 6 h, there has been an improve in the 
homogenization on microstructure (Figure 3 (a)). However, there has been detected second 
phases, as shown in Figure (c,e,f) [4].  
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Figure 1: SEM/SE micrographs of the cross sections of the cylinders at (a) 4h and (b) 6 
h, after SLM with 0.11 mm hatch spacing (h), 0.03 mm layer thickness (t) and 95 W laser 
power (P) and 1350 mm/s scanning speed (v), resulting in 21,32 J/mm3 energy density. 
 

   
Figure 2: SEM/BSE micrographs of the cross sections of the cylinders after heat 
treatment of 4 h. 
   

   
Figure 3: SEM/BSE micrographs of the cross sections of the cylinders after heat treatment 
of 6 h. 
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The use of the yttrium as alloying element of superalloys has been studied due to its many 
beneficial effects, when correctly added during manufacturing [1–3]. Previous study 
showed that Y considerably increases the ductility of the nickel-alloy 718 [4]. Different 
Y-rich phases are formed, mainly the intermetallic Ni17Y2 in addition to sulfides and 
oxides [4]. The quantity, size and morphology of the precipitated δ phase plays an 
important role in controlling the properties of alloy 718 [5]. For this reason, the aim of 
this work is to study the influence of Y addition on δ phase precipitation in the alloy 718. 

The alloys were casted in a vacuum induction furnace, homogenized and then hot forged 
into round bars. Two different Y contents were added to the alloy 718 as shown in Table 
1. The alloys were submitted to solution annealing heat treatment at 945 °C for 1h, 
followed by water quenching, favoring δ phase precipitation.  

The alloys microstructures were characterized by scanning electron microscopy in 
backscattered electron mode (Tescan Vega 3, 20 kV), by energy-dispersive X-ray 
spectrometry and EBSD analysis. The sample metallographic preparation consisted on 
conventionnal grinding down to 1µm and colloidal silica for 1 hour. Yttrium particles 
were identified by EBSD analysis as Ni17Y2 mainly located at grain boundaries as shown 
on Figure 1. A small fraction of Y-oxides and Y-sulphides were detected by EDS, as 
presented on Figure 2. SEM images of Figure 3 exhibited that a low Y content apparently 
contributed to inhibit the δ precipitation, while a high Y content produced an intense 
precipitation of Y-rich particles on grain boundaries that seemed to favor the δ 
precipitation. Additionally, Figure 3(c) shows that δ precipitation also occurs associated 
to the Ni17Y2, meaning that the Y-rich phases may contribute for increasing the 
volumetric fraction of δ. 
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Table 1 – Chemical composition of reference alloy A, low-Y content alloy B and High-
Y content alloy C (%wt.) 

 

 

 

Figure 16 - Ni17Y2 identification by EBSD analysis. 

 

  
Figure 17 - EDS characterization of a Y-S particle. 
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Figure 18 - Microstructure of reference alloy (a), low-Y content alloy (b) and high-Y 
content alloy (c). 
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Fires can lead to immeasurable damage, such as the loss of material goods, records 
and memories. To minimize the damage caused by fires, researchers are looking for flame 
retardant materials. The most common flame retardant materials can be harmful to health 
and the environment, once they have formaldehyde, phosphorous or brominated additives 
in their composition  [1]. With the advent of nanotechnology, new health safe and 
ecofriendly materials with flame retardant characteristics started to be studied. As an 
example of flame retardants nanomaterials, the use of silicon nanoparticles and also clay 
in cotton fabrics can be mentioned  [2,3] . Given this context, this work aimed to modify 
the surface of fabrics, make them flame retardant, through the deposition of silicon 
nanoparticles, using plasma treatment of  HMDO (hexamethyldisiloxane) and HMDSO 
combined with CO2 (carbon dioxide)  [4]. To evaluate the characteristics of these films, 
they were deposited on aluminum plates due to their inert characteristics. Images of 
atomic force microscopy and scanning electron microscopy were used evaluate the 
morphology of the deposited films and energy dispersive spectroscopy were used to 
analyze their chemical composition. Both AFM (Figure 19) and SEM (Figure 20) images 
suggests the formation of granules with nanometric dimensions, and with the inclusion of 
CO2 in the deposition process, these granules become even smaller. Regarding the 
chemical composition, the EDS (Figure 21) results suggests the presence of carbon, 
oxygen and silicon in the samples, which was expected, given the chemical nature of the 
precursors. Furthermore, it is observed that the inclusion of CO2 in the chamber during 
deposition increases the silicon concentration in the film. These results indicates that 
those films can act as a physical barrier to protect the fabric from fire due to the presence 
of silicon in the protective layer, and we observed that when even more silicon there is, 
more efficient the coating is for flame retardants purpose (Figure 22). 
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Figure 19. AFM topography images for HMDSO films (a) and HMDSO combined with CO2 
films (c). Phase contrast images obtained for HMDSO films (b) and HMDSO combined  with 

CO2 films (d). 

 

Figure 20. MEV images for HMDO films (a) and HMDSO combined with CO2 films (b) 

 

Figure 21. EDS for HMDSO films (a) and HMDSO combined with CO2 films (b) 

 

Figure 22. Visual tests of flame resistance of untreated fabrics (a), treated with HMDSO 
combined with CO2 (b) and treated with HMDSO (c) 
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Effect of Cold Rolling on the Microstructure and Young's 
Modulus of a New β-metastable Ti-24Nb-4Mo-6Zr alloy  
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The effect of cold rolling deformation on the microstructure and on Young's 
modulus (YM) of a new β metastable Ti-24Nb-4Mo-6Zr alloy were studied. The ingots 
were produced by arc melting under high purity argon atmosphere, homogenized at 1000 
ºC for 24 h and them quenching. The ingot was cold rolled with reductions of 30%, 70% 
and 90%. The microstructural evolution was characterized by optical microscopy (OM), 
electron backscattered diffraction (EBSD) and X-ray diffraction (XRD). Figure 1 presents 
the XRD patterns of the alloy homogenized (HM) and cold rolled (CR). Single β phase 
were identified in HM and 30% CR conditions. After 70% and 90%, the orthorhombic α” 
phase was clearly identified indicating the stress-induced martensitic phase 
transformation (β to α”) occurred during cold rolling. Figure 2 shows the microstructure 
of the homogenized sample presents single-phase equiaxial β grains. After cold rolling 
with 70% reduction, the microstructure shows elongated grains with visible deformation 
bands. After cold rolling with 90% reduction, the microstructure exhibits fibrous stripe 
owing to the severe cold deformation. Twining and stress-induced α” martensitic 
transformation are typical deformation mechanisms in Ti-β alloys. There are two possible 
twinning systems in Ti-β alloys and they can be distinguished by EBSD by the 
misorientations identification [1,2]. EBSD orientation map shows the occurrence of 
numerous  primary and secondary twins after 30% deformation (Fig. 3). Primary twins 
have a CSL boundary 11 (in red) which corresponds to a {332}<113> twinning system. 
Secondary twins have a CSL boundary 3 (in green) which corresponds to a {112}<111> 
twinning system. Figure 2 (c) confirms that the point-to-point misorientation angle across 
the β-Matrix (M) and β-twin 1 (T1) is 50° corresponding to {332}<113> twinning system. 
The point-to-point misorientation angle across the β-twin (T2) and β-twin 1 (T1) is 60° 
corresponding to{112}<111> twinning system. These 2 systems are the twinning systems 
already mentioned in the literature for -Ti alloys [2]. The Young’s modulus (YM) of 
metastable Ti-β alloys presents a complex relationship with the processed microstructure. 
Homogenized single β microstructure exhibited the lowest YM, 56 GPa. With 30% and 
70% CR these properties increased to 70 and 72 GPa respectively. Finally, with 90% of 
deformation YM reduced it to 64 GPa. For all studied conditions, the YM values were 
close to that of human bone, showing the correctness of proposed chemical composition 
for this new alloy. 
 
[1] A.R.V. Nunes et al., Microsc. Microanal. 25 (2019) 2634–2635.  
[2] F. Sun et al., Acta Mater. 61 (2013) 6406–6417.  
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Figure 1: XRD patterns of the 
homogenized (HM) and cold rolled 
samples (30%, 70% and 90%). 
Alloy Ti-24Nb-4Mo-6Zr. 

 

Figure 2: OM images of the Ti-24Nb-4Mo-6Zr alloy (a) homogenized, (b) 70% cold 
rolled, (c) 90% cold rolled. 
 

 

 

 

 
Figure 3: Microstructural characterization of Ti-24Nb-4Mo-6Zr alloy after 30% 
deformation; EBSD β orientation map with CSL boundaries (3 in green, 11 in red). 
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Nanostructured Pr1-xSrxMnO3 films synthesized by pulsed 
laser deposition under 1 torr: impact of thermal treatment on 

morphology, crystallinity and magnetization 
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Manganites with perovskite structure in nanometer scale are studied intensively due 
to the effects of defects on the surface cause topological disturbances, resulting in 
changes on physical properties in compared with their bulk counterparts; opening 
new approaches for potential applications [1]. In this work, we produced 
nanostructured Pr1-xSrxMnO3 films by pulsed laser deposition starting of a 
Pr0.5Sr0.5MnO3 target homemade with crystalline orthorhombic (Pnma) phase. The films 
were deposited using the laser beam Green with fluence of 25.50 mJ/cm2 under high argon 
gas pressure (1 Torr) on silicon substrates for 120 min at room temperature (PSMO_1). 
The films were heat treated at 600ºC (PSMO_2), 750ºC (PSMO_3) and 900ºC (PSMO_4) 
for 1 hour in air for the purpose of studying the impact of heat treatment on the 
crystallinity and morphology and its effect on the magnetic properties. The crystallinity 
of the films was studied by X-ray diffraction (XRD) and selected area electron diffraction 
(SAED). The orthorhombic phase was found as the main phase in films treated with high 
temperatures. Scanning electron microscopy (SEM) revealed a porous morphology of 
“trees like" vertically elongated grains formed by the vertical stacking of nanoparticles 
(NPs). Transmission electron microscopy (TEM) revealed the evolution of NPs 
morphology and size with temperature starting from spherical shaped particles with 〈D〉 
= 16.6 nm to faceted shaped particles with 〈D〉 = 82.2 nm. The strontium concentration 
(x) in stoichiometry Pr1-xSrxMnO3 samples was determined by X-ray energy dispersive 
spectroscopy (EDS) and found around of x = 0.35 - 0.40. The magnetic properties 
revealed by the MxT measures exhibit high ferromagnetic transition temperatures (~300 
K). This work encourages the production of nanostructured manganite films by PLD for 
different applications due to its interesting "trees-like" morphology composed of faceted 
NPs and high ferromagnetic transition temperature.  
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Fig.1 Top view of PSMO_1, PSMO_2, PSMO_3 and PSMO_4 films showing the evolution with the heat 

treatment.

 

Fig. 2 SEM images from the cross-section of films: (a) PSMO_1, (b) PSMO_2 and (b) PSMO_4. 
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