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THE NATIONAL INSTITU TE OF 

SCIENCE AND TECHNOLO GY FOR 

STRUCTURAL BIOLOGY AN D 

BIOIMAGING  

 

 

The principal mission of the National Institute of Science and 

Technology for Structural Biology and Bioimaging is to create and 

consolidate a technical and scientific infrastructure that facilitates the study 

of the structure of biological systems (from the macromolecular level to the 

whole-organism level) while making use of the most advanced analytical 

techniques and the highest possible resolution images. In addition, our 

mission is to create conditions in which this infrastructure can be integrated 

into similar but less complex initiatives in different regions of the country, 

through the involvement of a large number of institutions.  

The INBEB emphasizes the use of a multidisciplinary approach to 

the study of several subjects because we have become increasingly aware of 

the need to integrate studies on the structure of macromolecules and how 

they combine to form complex biological structures and macromolecular 

complexes which in turn are organized into different cell types constituting 

the different tissues and organs that make up a living being. Understanding 

the formation of biological structures at their different levels, from the 

macromolecular to the whole organism level, is the central goal that has led 

us to assemble a significant number of research groups with proven 

leadership in biomedical research in Brazil. 

 

The INBEB consists of 20 associate laboratories (ALs) at 20 

institutions in 7 Brazilian states, as shown on the following map.  

 

 

 

1.     INTRODUCTION  
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1. Pará 
Universidade Federal do Pará (UFPA). 
 
2. Pernambuco 
Universidade Federal de Pernambuco (UFPE, PE); 
Centro de Pesquisas Aggeu Magalhães (CPQAG - 
FIOCRUZ); 
Centro de Tecnologias Estratégicas do Nordeste 
(CETENE). 
 
3. Bahia 
Universidade Federal da Bahia (UFBA, BA). 
 
4. Minas Gerais 
Universidade Federal do Triangulo Mineiro (UFTM). 
 
5. São Paulo 
Universidade Estadual de Campinas (Unicamp, SP). 
 
6. Rio de Janiero 
Universidade Federal do Rio de Janeiro (UFRJ); 
Universidade Federal Fluminense (UFF); 
Universidade Estadual do Rio de Janeiro (UERJ); 
Universidade Estadual do Norte Fluminense (UENF); 
Universidade Santa Úrsula (USU); 
Centro Universitário Estadual da Zona Oeste 
(UEZO); 
Bio-Manguinhos (FIOCRUZ); 
Instituto de Pesquisa Clínica Evandro Chagas (IPEC, 
FIOCRUZ); 
Instituto Nacional de metrologia (INMETRO); 
Instituto Militar de Engenharia (IME) 
Instituto Nacional de Cardiologia (INC). 
 
7. Santa Catarina 
Universidade Federal de Santa Catarina (UFSC, SC). 
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The ALs relies on the participation of leading researchers in 

different fields who work at each institution: 

 

 

AL1. Associated Laboratory of Virus and Cancer Structural Biology 

Coordinator:  Jerson Lima Silva, Instituto de Bioquímica Médica/UFRJ. 

 

AL2. Associated Laboratory of Structural Biology of Cardiac and 

Amyloidogenic Proteins  

Coordinator: Débora Foguel, Instituto de Bioquímica Médica/UFRJ. 

 

AL3. Associated Laboratory of Proteins Structure Determination by 

NMR 

Coordinator: Fábio Almeida, Instituto de Bioquímica Médica, UFRJ. 

 

AL4. Associated Laboratory of Pharmacologic Proteomic 

Coordinator: Russolina Zingali, Instituto de Bioquímica Médica, UFRJ. 

 

AL5. Associated laboratory of Nuclear Magnetic Resonance, Organic 

Synthesis and Molecular Modeling 

Coordinator: José Daniel Figueroa Villar, Instituto Militar de Engenharia 

(IME) 

 

AL6. Associated Laboratory of Proteins and Proteomic Heterologous 

Expression 

Coordinator: Hernán Terenzi, Universidade Federal de Sta Catarina 

(UFSC) 

 

AL7. Associated Laboratory of Proteins Biochemistry 

Coordinator: Carlos H. Inácio Ramos, Universidade Estadual de Campinas 

(UNICAMP) 

 

AL8. Associated Laboratory of Macromolecules Crystallization 

Coordinator: Marcelo Santos Castilho, Universidade Federal de Bahia 

(UFBA) 

 

AL9. Associated Laboratory of Cellular Ultrastructure Hertha Meyer  

Coordinator: Wanderley de Sousa, Instituto de Biofísica Carlos Chagas 

Filho (UFRJ) 

 

AL10. Associated Laboratory of Genomic, Proteomic, Modeling and 

Nanoscopy of Biological Systems 

Coordinator: Paulo Mascarello Bisch, Instituto de Biofísica Carlos Chagas 

Filho (UFRJ) 

 

AL11. Associated Laboratory of Microscopy 

Coordinator: Thaís Cristina Souto Padrón, Instituto de Microbiologia Prof 

Paulo de Goes (UFRJ) 

 

AL12. Associated Laboratory of Cellular Ultrastructure  

Coordinator: Marlene Benchimol, Universidade Santa Ursula (USU) 

 

AL13. Associated Laboratory of Structural Biothecnology 

Coordinator: Celso B. Sant'Anna Filho, Instituto Nacional de Metrologia 

(INMETRO) 



 
 

INBEB 2009-2010 INBEB 2009-2010 ANNUAL REPORT 
 

8 

 

AL14. Associated Laboratory of Structural Biology  

Coordinator: Edilene Oliveira da Silva, Universidade Federal do Pará 

(UFPA) 

 

AL15. Associated Laboratory of Microscopy CETENE 

Coordinator: Christina Alves Peixoto, Fundação Oswaldo Cruz and Centro 

de Tecnologias Estratégicas do Nordeste (FIOCRUZ, CETENE - 

Pernambuco) 

 

AL16. Associated Laboratory of Molecular and Cellular Cardiology  

Coordinator: Antonio Campos de Carvalho, Instituto de Biofísica Carlos 

Chagas Filho (UFRJ) 

 

AL17. Associated Laboratory of  Ion transport physiology in health and 

disease 

Coordinator: Adalberto Vieyra, Instituto de Biofísica Carlos Chagas Filho 

(UFRJ) 

 

AL18. Associated Laboratory of Immunology 

Coordinator: Júlio Scharfstein, Instituto de Biofísica Carlos Chagas Filho 

(UFRJ) 

 

AL19. Associated Laboratory  of Cellular and Molecular Neurology 

Coordinator: Rosalia Mendez Otero, Instituto de Biofísica Carlos Chagas 

Filho (UFRJ) 

 

AL20. Associated Laboratory of Inflammation and Metabolism 

Coordinator: Fernando Augusto Bozza, Instituto de Pesquisa Clínica 

Evandro Chagas (IPEC-FOC) 
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The headquarters of the INBEB are located on the main campus of 

the Universidade Federal do Rio de Janeiro (UFRJ) (Figure1).  

 

 

 

 

 

 

 

Figure 1: INBEB location. 

 

During the first 18 months of operation, the INBEB sought to 

maximize its infrastructure, which includes equipment for procedures such 

as nuclear magnetic resonance (NMR), electron microscopy, atomic force 

microscopy, NMR imaging, and bioluminescence imaging. The facility is 

organized into three units, in wich each has its own headquarter building: 

 1) CNRMN, or Centro Nacional de Ressonância Magnética Nuclear 

Jiri Jonas (Jiri Jonas National Center for Nuclear Magnetic Resonance) 

(CENABIO I);  

. 

 

 

 

 

 

 

 

 

 

Figure 2: NMR spectrometers room (CENABIO I) 

 

2) CENABIO II, which houses the equipment for small animal 

bioimaging;  

3) CENABIO III, which will be constructed with funds provided by 

Pro-INFRA at UFRJ (FINEP/MCT) to centralize the equipment available for 

electronic, confocal, multiphoton, and atomic force microscopy. The 

equipments are not only available for use by the groups that belong to the 

INBEB, but also by the general scientific community both within Brazil and 
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abroad. They are frequently utilized by our Mercosur colleagues, who are 

developing projects that require the use of our existing infrastructure. 

The INBEB focuses on the use of multidisciplinary approaches for 

the main research areas of the ALs, integrating studies to allow a better 

understanding of the structure of macromolecules. These studies include 

how macromolecules associate to form complexes and complex biological 

structuresthat are then organized into the different cell types that constitute 

the different tissues and organs that, in turn, form a definitive, living 

organism.  

In general, the INBEB program has specifically focused on several 

central themes of contemporary biotechnology and biomedicine: (1) the 

study of macromolecules involved in infectious diseases, neurodegenerative 

illnesses, and cancer; (2) the study of important viruses, such as Dengue 

fever, yellow fever, and others; (3) the study of complex structures found in 

protozoan parasites that are the agents responsible for causing relevant 

illnesses such as Leishmaniasis, Chagas disease, malaria, and toxoplasmosis; 

(4) monitoring the evolution of viral and protozoan parasite infections in 

small experimental animals and their behavior in animals undergoing 

experimental chemotherapy; and (5) the study of the in vivo behavior of 

stem cells in order to analyze their biodistribution, localization, and function 

as cellular therapies for degenerative diseases. 

We have also extended our interaction with the business sector 

through a partnership with the Instituto DôOR (IDOR) in order to expand our 

ability to do translational research. Through this partnership, IDOR 

researchers have access to the small animal bioimaging infrastructure at the 

INBEB and the AL researchers have access, when necessary, to an array of 

human imaging equipment  in the Rede DôOR. 

The division that focuses on the elucidation of macromolecular 

structure has consolidated its NMR equipment facility, which was originally 

part of the CNRMN (Figure 2). Utilizing the resources for the INBEB 

equipment, the Bruker DRX 600 MHz spectrometer was upgraded to the 

digital system AVANCE. This now allows the potential for full use of four 

channels, inverse triple resonance probes, and the inverse triple resonance 

cryoprobe. With this upgrade, this equipment is now state-of-the-art and its 

sensitivity and resolution are equivalent to that of a new spectrometer.  

The Bruker Avance III 800 MHz spectrometer, which has four 

channels and an inverse triple resonance probe, also had its utility amplified 

and diversified. Resources from the project have allowed for the 
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maintenance of the spectrometers to be performed and for support equipment 

to be acquired (e.g., backup power supplies equipments and air 

conditioners). These additions were crucial to allow the NMR Center to be 

kept open 24 hours per day for use by the members of the INCT and by a 

large number of researchers, who are not affiliated with the INBEB. The 

Bruker DRX 400-MHz wide-bore instrument, which is equipped with three 

channels, inverse triple resonance probes, a broadband inverse probe, and 

magic angle spinning (MAS) for investigation of solid samples has also been 

widely used.  

The microscopy division has a variety of types of equipment, 

currently spread among several UFRJ laboratories, that will be transferred to 

the Central Unit of the INBEB (CENABIO 3 - Figure 1), including: 1) two 

confocal microscopes; 2) a multiphoton microscope; 3) a multiphoton 

microscope with a fluorescence correlation spectroscopy system (FCS); 4) a 

total internal reflection fluorescence (TIRF) microscope; 5) an atomic force 

microscope; 6) a conventional scanning microscope; 7) a high resolution 

scanning microscope with a cryo-stage; 8) two conventional transmission 

electron microscopes; 9) two analytical transmission electron microscopes, 

which use an X-ray emission spectrum and energy loss of electrons; and 10) 

a transmission electron microscope capable of operating at 200 KV that is 

equipped with a cryo-stage and an automated cryo-electron micrograph 

system. After the receipt of this vast array of equipment, the CENABIO III 

will be the most complete microscopy facility in Latin America. 

An 

environmental scanning 

electron microscope 

was purchased with 

INBEB resources 

(Figure 3). Together 

with the electron 

microscope (ME 200 

KV with cryo-

tomography), which 

was purchased with 

UFRJ Proinfra 

resources, it increased 

our ability to perform 

complex microscopy experiments.  

Figure 3: Environmental Scanning Electron Microscope 
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The array of microscopy equipment that will be available will allow 

us to visualize proteomic structures, such as amyloid fibers, viral particles, 

bacteria, and protozoans. It will also allow us to track a single viral particle 

within a living cell, enabling us to determine the route it takes during the 

infectious process. For example, Figure 4 shows an electronic micrograph of 

pseudocysts of the parasite Trichomonas interacting with host cells. This 

image was provided by AL12, which is coordinated by Prof. Marlene 

Benchimol.  

 

 

 

 

 

 

 

 

 

 

 

 

The small animal imaging division required the most resources and 

investments during the consolidation process. The construction of 

CENABIO II was ultimately completed (Figure 5), and INBEB resources 

were used to install the electrical wiring and to buy equipments required to 

support the imaging equipment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: EM imgae of Trichomonas pseudocists. 

Figure 5: CENABIO building. 
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The 7-Tesla magnet used for magnetic resonance imaging (MRI) of 

small animals has been installed (Figures 6 and 7) and has been available 

since May of 2010. This equipment allows researchers to perform 

morphological and functional analyses of organs and systems in live animals 

(especially mice and rats, the most often used experimental animals in 

biomedical research).  

 

 

 

 

 

 

 

 

 

 

Figure 6: Inside view of CENABIO II building. 

 

Nuclear magnetic resonance imaging is a non-invasive, non-

destructive technique that allows investigators to monitor the morphology 

and in some cases the organ function of animals over time without 

sacrificing the experimental animal (Figures 7 and 8). 

Other previously 

acquired bioimaging 

equipments have been moved 

to the new CENABIO II 

building, which contains all of 

the appropriate infrastructure 

that is necessary to allow its 

use by INBEB researchers and 

external users. We installed a 

110-KVA generator and 

backup power supplies to 

protect the equipments and to 

ensure that there are no 

interruptions in the operations.  

 

 

Figure 7: 7 Tesla MRI Equipment for 

small animals installed in CENABIO II. 
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Figure 8: MR Image (7 T) of a Mouse Brain. 
                       

Anatomic images  of high spacial resolution 
(0.1 x 0.1 x 1.0 mm3) 

RM 7.0T

Paiva et al., 2007
 

 

 

The following pieces of equipment have been completely installed: 

1) high-resolution ultrasound equipment that was specifically manufactured 

to acquire high resolution images from small animals, enabling the 

visualization of embryonic development in mice by monitoring organs such 

as the heart, liver, and kidneys, among others; and 2) a bioluminescence and 

fluorescence detection system for use in live animals that allows us to 

visualize cells labeled with enzymes (such as luciferase) that activate 

luminescent molecules, such as luciferin, or fluorescent labels (Figure 9). 

Labeling cells or pathogens will allow us to track their dissemination when 

they are injected into live animals.  

 

 

 

 

 

 

 

 

 

    Figure 9: Bioluminescence Imaging Equipment. 
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 Scintigraphy equipment for small animals (PET/SPECT) is being 

purchased (with funds from MS-Decit/FAPERJ) to make the facility more 

complete. This equipment will allow us to detect radiolabeled molecules and 

cells at a resolution of 2 millimeters. The equipment will be coupled to a 

computerized tomography scanner, which will allow us to overlay 3D 

SPECT images (single photon emission computerized tomography) with the 

computerized tomography images in real time. This equipment is 

particularly useful because it will allow us to label molecules and study their 

biodistribution, a technique that is especially important when one is 

evaluating drugs. 

We would like to emphasize the level of cooperation that has been 

established with the researchers, doctors, and physicists at the D'Or Institute 

for Research and Teaching (IDOR) and the Rede Labs-D'Or. This has been 

crucial in initiating research activities related to small animal magnetic 

resonance imaging at the INBEB. This partnership was established in June 

2009, with Dr. Fernanda Tovar Moll, who is responsible for coordinating all 

of the installation activities and use of the 7-Tesla magnet for MRI studies, 

an especially important role. Dr. Moll is the director of research at IDOR and 

is responsible for implementing IDOR projects in collaboration with the 

INBEB, especially projects that involve MRI studies in human beings 

(located at IDOR) and small animals (located at the INBEB).  

A great level of interactionwas established among the different 

ALs during the consolidation process of CENABIO II. This process 

included the participation of groups outside the UFRJ, such as LA20, 

which are coordinated by Dr. Fernando Bozza, who was heavily 

involved in the design and installation of the animal facility as well as 

the assembly of the Life Support and Monitoring System for Small 

Animals. The CENABIO animal facility has been fully implemented 

and inaugurated at the 2
nd

 Annual Meeting of INBEB in November 

2010. All of the required equipment, such as an exhaust hood, 

autoclave system, and air-conditioning system, were fully installed. 

 

We also coordinated efforts to acquire the Life Support and 

Monitoring System for Small Animals. The combined resources of the 

INBEB and the FAPERJ made it possible to refit the Inflammation 

and Metabolism Laboratory with an experimental apparatus that is 

capable of providing life support to small animals. We were able to 
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acquire a mechanical ventilator microprocessor that is compatible with 

our magnetic resonance imaging equipment and a complete 

monitoring system that uses modules to record arterial pressure, 

electrocardiographic tracings, and body temperature as well as to 

monitor the anesthetic and the inhalational anesthesia systems. With 

this instrument, we now have the complete infrastructure that is 

necessary to provide small animal life support similar to that currently 

used at the respiratory physiology laboratory. Their experimental 

protocols that involve the ventilation of rats for about two hours use 

equipment that is similar to that acquired by the INBEB. 
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2. SCIENCE 
HIGHLIGHTS 
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As is evident from the results of the second year of the 

project, there is an ever-increasing use of diverse 

methodologies in the fields of structural biology, 

microscopy, and animal imaging. The members of the 

INBEB ALs have published 375 papers, and several of 

these resulted from extensive collaborations between 

researchers within a single AL or collaboration 

between different ALs. The INBEB members are 

integrated into graduate programs, several of which 

were given a grade of 6 or 7 by the CAPES evaluation. 

To date, a total of 78 masterôs dissertations and 43 

doctoral theses have been completed by INBEB 

members. 

 

The Associate Laboratories are integrated into the 

three large performance areas of the INBEB: 1) 

analysis of the structure of macromolecules; 2) 

microscopy; and 3) small animal imaging. During the 

first year of the project, there was a great deal of 

collaboration between the different study areas and 

between the ALs. The following is a brief summary of 

the results:  
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AL1
.
 
 

ASSOCIATED LABORATORY OF STRUCTURAL 
BIOLOGY OF VIRUSES, PRION AND CANCER 

Coordinator: Jerson Lima Silva, Instituto de Bioquímica Médica, UFRJ.  

 

 
  Members:   

  Andréa Cheble Oliveira 

  André MO Gomes 

  Yraima Moura L Cordeiro 

  Davis Fernandes Ferreira 

  Claudia Vitoria M. Gallo 

   Luciane Pinto Gaspar 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The central subject of our research is to 

understand the mechanisms of protein folding, 

protein misfolding, protein-protein interactions 

and supramolecular assembly. Our aim is to 

decode how these processes are related to the 

normal physiological function of the proteins and 

to the development of diseases, such as virus 

infections, prion and other neurodegenerative 

diseases and cancer. Exploiting spectroscopic 

tools such as fluorescence and NMR, our work 

with high pressure in biochemistry and structural 

biology has yielded a wealth of new data and 

testable models concerning new concepts for the 

folding and association of proteins, virus 

assembly, protein misfolding and aggregation. 

We have demonstrated that the entropic nature of 

protein interactions and the changes in hydration 

are crucial in the assembly of virus particles and 

amyloid aggregates. The studies of the stability 

of virus particles using high pressure have 

resulted in a new method for obtaining antiviral 

vaccines and other applications. Combining 
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biophysical (high pressure) and structural 

biology tools, we have found that changes in 

hydration and cavity distribution in the interior 

of the proteins play a key role in different 

biological processes such as viral membrane 

fusion, prion conversion and loss of function of 

the tumor suppressor protein. In the case of prion 

protein, involved in transmissible spongiform 

encephalopathies, the prion protein becomes less 

hydrated when converts to the aggregated, 

scrapie-like isoform and we have demonstrated 

that this process can be catalyzed by nucleic 

acids. Among our most important findings is the 

description that prions have other accomplices, 

such as nucleic acids and glycosaminoglycans, 

which chaperone their activity in converting the 

PrP
C
 into the disease-causing isoform. 

 

We highlight below the most important 

findings of our Associated Laboratory: 

 

1. Prion Diseases. Transmissible 

Spongiform Encephalopathies (TSE) embody a 

group of neurodegenerative diseases that affect 

humans and other mammals. They occur when 

the native prion protein (PrP
C
), an alpha-helical 

rich protein, is converted into an infectious 

misfolded isoform. This isoform, the scrapie PrP 

(PrP
Sc

), forms aggregates, leading to 

neurodegeneration. It has been proposed that the 

spontaneous conversion from PrP
C
 to PrP

Sc
 is 

prevented by a high energetic barrier and 

changes in the activation energy, like the 

presence of a catalyst, would lead to prion 

conversion. Among the proposed catalysts, our 

group has characterized nucleic acid molecules 

as effective inducers of such process.  

 Using structural and cellular 

biology approaches, we have investigated the 

interaction of the prion protein with biological 

ligands, such as nucleic acids, 

glycosaminoglycans, the co-chaperone hop/STI1 

and copper, and their participation in the 

conversion of PrP to the scrapie isoform (Figure 

1). Moreover, although several compounds have 

been evaluated for their ability to inhibit this 

conversion, to date there is no effective therapy 

for the prevention or reduction of the disease 

progression.  

Therefore, the selection and evaluation 

of new compounds that might inhibit PrP 

aggregation is also an important goal when 

studying such devastating diseases. Previous 

studies have shown that antimalarial compounds, 

such as quinoline and acridine derivatives, have 

an important anti-scrapie activity. We have 

synthesized new aminoquinoline compounds and 

evaluated their anti-prion activity in aggregation-

Figure 1- Energy and volume diagram of PrP misfolding. PrPC (left) 

can misfold into an isoform rich in beta sheet structure capable of 

forming toxic and infectious aggregates (PrPSc) (right). The 

transition between the species is separated by a large energetic 

barrier. I and U represent intermediate and unfolded states. An 

adjuvant factor would lower the free-energy barrier, triggering 

formation of PrPSc. PrPC has a larger solvent-accessible surface area 

than the misfolded/aggregated species, and the folding pathway also 

exhibits a kinetic barrier in the activation volume (inset, modified 

from ref. 15). The pressure-denatured states of a-rPrP (PrPC) and b-

rPrP (PrPSc-like) are denoted as U and Uô, respectively. 
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inhibition assays. Our results show that two of 

the selected compounds can significantly inhibit 

the aggregation of this prion protein hydrophobic 

domain, through light scattering, thioflavin-T 

binding assays and transmission electron 

microscopy.  Moreover, we verified that these 

aminoquinolines are not toxic to neuroblastoma 

cells in culture. Therefore, such aminoquinolines 

might be considered as candidates for the further 

development of therapeutics to prevent the 

development of prion diseases. We also found 

that murine recombinant PrP 23-231 interacts 

with low-molecular-weight heparin (LMWHep) 

at pH 7.4 and 5.5. The soluble complex of 

LMWHep-rPrP is resistant to aggregation 

induced by RNA, which raises the possibility to 

use glycosaminoglycans in anti-scrapie therapy.  

 

2. Structure and function of the tumor 

suppressor protein p53 and its association 

with malignant tumors. TP53 

mutation is the most frequent 

genetic alteration (20-50%) in breast 

cancer. Most mutations of TP53 are 

located in the DNA-binding domain 

and may result in loss of DNA 

contact or structural change, leading 

to three possible protein activity 

alterations: dominant negative, loss 

of function and gain of function. It 

was suggested by our group and 

others that the altered p53 

conformation results in protein 

aggregation. 

Evidence that the three 

domains of p53 form amyloid-like 

aggregates is quite striking, making 

it tempting to speculate that p53 

amyloid formation might participate in the 

malignant process. Aggregation of p53 would act 

as a sink to sequester native protein into the 

inactive conformation, replicating the structural 

information, very much like a prion (Figure 2). 

The search for molecules that preclude the 

formation of the misfolded conformation, which 

may ultimately lead to the prevention of tumor 

development, is a major goal in cancer research. 

We have used aptameric nucleic acids as an 

alternative to prevent aggregation and to rescue 

activity
 
(Figure 2). A more stable variant of p53 

would shift the equilibrium toward the soluble 

and active form of the protein. Because nucleic 

acids are susceptible to various modifications 

(such as phosphorothioate), which alter in vivo 

processing without affecting target 

discrimination, our study paves the way for the 

application of aptameric nucleic acids in cancer. 

 To search for correlation 

Figure 2.  Stabilization of p53C upon sequence-specific DNA binding and recovery of 

misfolded aggregated species of p53C. (A) Structure of p53C bound to DNA (PDB entry 

2ABY). (B) Full-length p53 is stabilized against pressure denaturation upon DNA 

binding as measured by fluorescence: p53 (blue circles), consensus-bound p53 (red 

squares), and poly(GC)-bound p53 (green triangles). Open symbols are values after 

return to atmospheric pressure. (C) Cognate DNA rescues the native conformation of 

p53C after misfolding and aggregation. Fluorescence of wt p53C at atmospheric 

pressure (solid black line); after the first cycle of pressurization in the absence of DNA 

(red line); after DNA addition at atmospheric pressure (blue line); and after the second 

pressure cycle in the presence of DNA (green line). (D) Proposed model for p53C 

aggregation. Conversion of native, active p53 (blue circles) into aggregates (red 

squares) in the cytoplasm (upper panels). Nuclear DNA is represented in purple. 
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between p53 aggregation and malignancy, we 

analyzed 88 biopsies from patients residing in 

the metropolitan area of Rio de Janeiro, and 

performed TP53 mutation screening using direct 

sequencing of exons 5 to 10. Seventeen 

mutations were detected, 12 of them were of 

missense type, 2 nonsenses, 2 deletions and 1 

insertion.  The presence of TP53 mutation was 

highly statistically associated to tumor 

aggressiveness of IDC cases, indicated here by 

Elston Grade III (p < 0.0001). Paraffin embedded 

breast cancer tissues were analyzed for the 

presence of p53 aggregates through 

immunofluorescence co-localization assay, using 

anti-aggregate primary antibody A11, and anti-

p53. Our results show that mutant p53 co-

localizes with amyloid-like protein aggregates, 

depending on mutation type, suggesting that 

mutant p53 may form aggregates in breast cancer 

cells, in vivo (Figure 3). 

3. Targeting Viruses of Medical 

Importance. In the last two years, our group has 

used as study models several animal and human 

viruses of great medical importance, such as 

Hepatitis C (HCV), Yellow Fever (YFV), 

Dengue (DENV), Mayaro (MAYV), Ebola and 

Influenza viruses, since there is an urgent need to 

develop new approaches to prevent and treat the 

diseases caused by these viruses. The overall 

proposal of our group is to study the problem of 

macromolecular recognition, using different 

variables as high hydrostatic pressure, 

temperature and chemical denaturants, and 

employing various structural and spectroscopic 

methods such as fluorescence spectroscopy, 

nuclear magnetic resonance, circular dichroism, 

calorimetry, molecular dynamics simulations, 

and new approaches and technologies of 

microscopy and fluorescence spectroscopy, such 

as multiphoton microscopy and fluorescence 

correlation 

spectroscopy, a 

field pioneered 

by us in the state 

of Rio de Janeiro. 

The use of 

pressure to 

inactivate non-

enveloped and 

enveloped viruses 

is being evaluated 

to be used in the 

preparation of 

vaccines, such as 

against Yellow 

Fever, Dengue, 

Foot-and-Mouth 

disease virus and 

Figure 3- Immunofluorescence for p53 aggregates. (A) N 55 -  normal tissue  showing the absence of 

p53 aggregates in a mammary duct, which is expected. (B) T74 ï tumoral tissue with wild type p53, 

showing the absence of p53 aggregates. (C) T21 - tumoral tissue with R273H mutation presenting p53 

aggregates, mainly in the cytoplasm. Green fluorescence ï p53; red fluorescence ï aggregates; yellow 

flurescence ï p53 and aggregates co-localization. 
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Influenza (Figure 4). Most of the studies have the 

participation of Biomanguinhos, a State 

Company in FIOCRUZ. As a result of interaction 

with Biomanguinhos, we filed a patent entitled 

ñMethod for Stabilized Vaccine Productionò. 

The present invention proposes to solve the 

problem of lack of stability of polio vaccine 

strains (serotypes 1, 2 and 3) present in the 

attenuated vaccine (Sabin). The use of 

hydrostatic pressure makes it possible to obtain 

the stability of the three strains, indicating that 

the addition of any chemical agent would 

become totally unnecessary. The results were 

also published in the journal "Vaccine". 

The Hepatitis C Virus, the leading cause 

of liver disease, chronically affects 3% of word 

population. HCV entry and assembly are 

complex processes with many steps still 

unknown. So, the main aim of our work is to 

explore the structural biology of HCV particles 

enabling a better understanding of the infection 

cycle of this virus and thereby helping in the 

development of new antiviral drugs. We have 

analyzed the structure of a HCV fusion peptide 

candidate (HCV421-445) and its interaction with 

micelles and lipid membranes, besides the viral 

capsid assembly in vitro. Our results show that 

the peptide induces lipid vesicle aggregation and 

interacts with micelles in a process enthalpically 

driven involving Trp residues. The peptide also 

becomes structured, suggesting its participation 

in the entry process of HCV. We also show that 

the assembly process is highly cooperative and 

driven by the neutralization of basic residues. 

MAYV, YFV and DENV are viruses 

transmissible by mosquitoes, responsible for 

causing diseases of major global impact. The 

principal objective of this work is to evaluate 

 

 

 

 

 

 

 

 

Figure 4- Pressure 

inactivation of 

picornaviruses. (A) 

Structure of human 

rhinovirus 14 (HRV14). (B) 

Scheme of pressure 

inactivation of HRV14. 
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virus-cell interaction, investigating the 

importance of cholesterol (Chol) and the fusion 

peptide for infection, the participation of heparan 

sulfate (HS) for virus entry and the cellular 

mechanisms involved in the apoptosis process. 

Since there is no treatment for the infection with 

these viruses, the discovery of effective drugs to 

control these infections becomes an important 

strategy and has an extreme scientific interest. 

We have evaluated the importance of Chol and 

its dependence to the membrane fusion process 

of DENV-2. We found that depletion of viral 

Chol promoted a significant reduction of 

approximately 3 logs in viral titer.  

It is known that membrane fusion occurs 

by exposure of a hydrophobic segment (FLA98-

110), the fusion peptide (FP), present in the 

glycoprotein of flaviviruses. Using two 

conserved FPs, we found that the interaction 

involved Trp residues independently of the pH 

and partially dependent on negative charge. We 

have also developed studies on the interaction of 

the Ebola fusion domain with target membranes 

by NMR, atomic force microscope and 

calorimetry.  

Apoptosis is a response involved in 

cytopathogenicity during infection by DENV and 

YFV. Our results show that DENV and YFV 

induce high rate of cell death only after 120 h 

and 72 h of infection, respectively. The process 

of programmed cell death was demonstrated by 

different methods. We evaluated the loss of 

integrity of Dy m and the importance of opening 

the channel VDAC, suggesting the involvement 

of mitochondrial pathway in the apoptotic 

process. Our studies also demonstrate that the 

induction of apoptosis by YFV occurs in a p53-

dependent manner. 

Influenza viruses are important threats to 

human healthy. Among different types, we work 

with H3N8, an avian Influenza virus, which was 

originally isolated from birds, later found in 

horses. We study the stability, inactivation and 

immunogenic capacity of H3N8 by using high 

hydrostatic pressure (HHP) as main tool. Our 

present goal is to assess the immunogenic 

capacity of these pressurized particles in murine 

model. The initial results are very promissing, 

showing good humoral and mucosal answer. All 

our data reinforce the potential of HHP in the 

development of vaccines against avian influenza 

with low cost, safety and promissing good 

immune response. 

 The challenge of elucidating the 

mechanisms of entry and assembly/disassembly 

of the virus and cellular response involved in 

infection may represent an advance in the 

rational development of vaccines and new 

inhibitors based on structure, mode of interaction 

and function of viral proteins. The group of Dr. 

Davis Ferreira has worked on the antiviral 

properties of new molecules against Flavi and 

Alphaviruses. More than twenty new molecules 

were tested, some with promising antiviral 

activity. The group is also evaluating the profile 

of vertebrate and invertebrate cells infected with 

Dengue virus by Proteomics and 

Glycoproteomics, in collaboration. In 

collaboration with North Carolina State 

University, novel studies have been performed 

on the structure of Dengue virus using cryo-

electron microscopy. 
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Protein Misfolding Diseases caused by 

Tranthyretin:  

Protein misfolding diseases include a 

broad range of pathologies in which proteins 

fail to fold properly or to remain in their folded 

state. Many protein misfolding diseases, 

generically termed amyloidoses, are 

characterized clinically by the presence of 

proteinaceous insoluble amyloid material, the 

amyloid fibril. Amyloid fibrils share a 

common conformation, rich in cross-ɓ 

structure formed by intertwined layers of ɓ-

sheets extending parallel to the fibril axis. Our 

group has been studying transthyretin (TTR), a 

55-kDa homotetrameric protein composed of 

identical 127-residue subunits with a 

predominantly ɓ-sheet structure and it is found 

in human plasma and cerebrospinal fluid 

(CSF) (Fig.1). Wild-type TTR (wt-TTR) is 

responsible for senile systemic amyloidosis, a 

disease that affects 10% of people over 80-

years old and is characterized by heavy 

amyloid deposits in the heart. More than 80 

point mutations of TTR are involved in 

familial amyloidotic polyneuropathy (FAP), 

familial amyloidotic cardiomiopathy (FAC) 

and central nervous system amyloidosis 

Fig 1: TTR 

quaternary structure. 

Each monomer is 

shown in a different 

color. 
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(CNSA). Among the variants of TTR, V30M 

and L55P are the most important because of 

their high frequency of occurrence and the 

aggressiveness of the symptoms they evoke. 

A25T, on the other hand, is one of the few 

TTR mutations associated with a rare type of 

amyloidosis that is restricted to the CNS and is 

characterized by amyloid fibril deposition in 

leptomeningeal and subarachnoid vessels. 

T119M is a non amyloidogenic variant 

alleviating the symptoms of the V30M 

mutation.  

    Several hypotheses have been proposed 

to explain the amyloidogenic properties of 

TTR. The most accepted one presupposes the 

dissociation of the tetramers into a monomeric, 

partially folded state, which is aggregation 

prone. Our group has characterized an altered 

tetramer of TTR (T4*, pink circles) which is 

aggregation prone (Fig. 2).  

Below are summarized the main findings of 

our group regarding TTR. Most of the 

projects reported below were conducted by 

the groups of Dr. Foguel and Trambaioli: 

 

Searching for T4* in a close to physiological 

condition:  

Five decades of evidence support the 

interaction of TTR with Zn
2+

 in the biological 

milieu but nothing is known of the 

accompanying structural correlates. The 

observation that concentrations of Zn
2+

 in the 

plasma of healthy individuals are 

approximately 12-15 ɛM, while the Zn
2+

:TTR 

apparent dissociation constant (Kdapp) is 1 ɛM, 

suggests that TTR may circulate as a complex 

with Zn
2+

 in plasma. High concentrations of 

Zn
2+

 and Cu
2+

 can trigger TTR amyloid 

formation in vitro, and chelating agents disrupt 

these amyloid structures. Recently, through the 

use of X-ray crystallography and NMR we 

have shown that TTR presents three canonical 

Zn
2+

-binding sites. Zn
2+ 

binding induces 

structural perturbations that lead to TTR 

aggregation and decreases its affinity for 

retinol binding protein one of its partner in the 

plasma. Our data showed that profound 

structural perturbation take place on the a-helix 

upon Zn2+ binding that lead to exposition of a 

hydrophobic segment that could be the site for 

protein protein interaction and fibril formation.  

 

Trapping the monomer of T119M for its use 

as a therapeutic strategy against TTR 

related amyloidoses: 

 Nowadays, FAP patients are treated 

through liver transplant whereby a patientôs 

liver expressing a TTR mutation (such as 

L55P) is replaced by one that expresses the wt 

protein. Besides, there is no treatment for 

patients bearing CNSA-related TTR mutations. 

Many studies have focused on developing 

effective and selective TTR ligands that can 

prevent TTR dissociation and aggregation 

through tetramer stabilization in vitro. 

Fig. 2: Proposed mechanism to explain TTR 

aggregation. 


