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• All human progress is directly related to the 
advancement of knowledge promoted by 
science.

• In the 21st Century, Information and 
Knowledge are the two main components of 
the wealth of nations

• All the great challenges of humanity, in health, 
food supply, energy, environment, 
sustainability, overcoming inequalities, 
employment, etc ... will only be answered by 
Science and Education.







How it all  began...
• The assembly of a molecular model of mioglobin, 

without the instructions (lost!!!)  -  1979



Before proteins

1975 
automated single crystal 

diffractometer

1976 
school on direct methods

1977 
Eduardo Castellano visits

1971 
founding of the Brazilian Association 

of Crystallography

1958  
first X-ray generator

1960-
1980



Chemical crystallography in Brazil

~3000 structures solved in Brazil

Yvonne P. 
Mascarenhas

Eduardo E. Castellano



1977
Yvonne does a sabbatical year with Tom 

Blundell in London

Science (1986), v.232, p 633-636



Room EB22 @ Birkbeck College, 
1984



Nature 367, 338 - 345 (27 January 1994)

Structure 6, Issue 6, p783–792, 15 June 1998



The Genealogy of Protein 
Crystallography in Brazil





UK years...
PhD & kids



14th Course : Crystallography of Molecular Biology
ERICE, 29 May to 7 June 1988



Erice 1988



Erice 1988



Erice 1988



A singularity event @ 
Erice/1988...

x N = Decision !!!

G.O: Richard, why not come to Brazil, 
and “own our own noses”

RCG: Ok Glaucius, let’s do it.



PROTEIN CRYSTALLOGRAPHY IN BRAZIL - 1989



1st Course on Protein 
Crystallization

São Carlos, October 1989

























• São Carlos: IFSC, IQSC, UFSCar
• Campinas: CNPEM, UNICAMP
• S.Paulo: IQ, IB, ICB, UNIFESP 
• Ribeirão Preto: FCFRP
• S.J.Rio Preto: UNESP
• Botucatu: UNESP
• S.J.Campos: UNIFESP

• Rio: UFRJ, 
INMETRO

• BH: UFMG

• Salvador: UFBA

• Fortaleza: UFC

• Ponta Grossa/PR: 
UEPG

• Florianópolis: UFSC

• Porto Alegre: PUC-RS, 
UFRGS 

PROTEIN CRYSTALLOGRAPHY IN BRAZIL - 2019

 • Brasilia: UnB

• Curitiba/PR  ICC



NODES IN ARGENTINA- BRASIL- PARAGUAY- URUGUAY



1988
20182000

MX1 MX2

SIRIUS

1st MX1 structure 
1B7D

1st PX structure in 
Brazil 1DEA



CRYSTALLIZATION IN 
MICROGRAVITY
1997 – STS-83



Friends from DQ-UFSCar, great partners in 
the drug discovery endeavour in our group



Publications in Structural Biology 
coming from Brazil

Query: (X-ray or NMR or spectroscopy or fluorescence or  cryst* or cryo-EM ) and
             (enzyme or protein  or carbohydrate or lipid or macromolecule)

[#Brazil]/[#World] (%)



The pioneers

The PX beginners... (the past?)

Help from abroad

The present and the future....

Nothing is possible without the people!





Glaucius Oliva
Instituto de Física de São Carlos / USP



Flavivirus: Genome and 
Structure



Matrix of identities 
Complete genomes of several flaviviruses

ClustalW 2.1
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Dengue virus 4 52.58 100 67.75 67.21 67.86 58.88 58.12 58.12 56.97 57.21 56.84 56.89

Dengue virus 2 52.76 67.75 100 69 69.28 59.07 58.22 57.75 56.24 56.56 56.71 56.23
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Japanese encephalitis virus 52.48 56.84 56.71 56.19 56.04 58.3 59.44 64.72 68.64 69.02 100 71.94

Usutu virus 52.91 56.89 56.23 56.28 56.46 59.09 59.42 64.83 69.52 69.54 71.94 100
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PUZZLE:
Relatively small molecular and structural differences, but 
hugely different pathological impacts and transmission 

Dengue Chikungun
ya

Zika

Vector Aedes 
aegypti

Aedes 
aegypti

Aedes 
aegypti

Sexual - - Yes

Pregnancy - - Yes

Breast-
feeding - - Evidences

Blood 
transfusion 

& organ 
transp.

- - Yes

https://www.cdc.gov/

ZIKA VIRUS

Pathological 
impacts

• Microcephaly

• Zika congenital 
syndrome

• Guillan-Barré 
Syndrome

Transmission



Targeting the Virus genome 
replication process







Godoy, AS. et al. Nat. Commun. v8, 2017
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Structural Similarity amongst NS5 
RdRps

ZIKV

DENV

JEV

WNV



ZIKV

DENV3

DENV2

DENV3(apo)









NS5-RdRp
5U04

3.111 CIBFar compounds
Compound Libraries

• Arlene G. Correa
• Luiz C. Dias
• Fernando Coelho
• Carlos Roque
• NuBBE DB

Virtual Screening
• Rafael Guido
• Carolina H. Andrade
• Melina Mottin
• Bruna K. Sousa



Collaboration:
• Arlene G. Correa







• 514  compounds drug-like/fragments)
• organized in 7 blocks

Número de compostos x 
Variação do Tm

• Measure affinity by MST
• Soaking & Co-crystallization experiments



Métodos





Domai
n IDomai

n II

Domain 
III

RNA 
binding site

ATP 
binding site







Jan 2017 XChem intro - SoakDB tutorial52

XChem: order of magnitude speedup

Conventionally

90
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3 weeks

1 month

1 week

Now @ Diamond

1000 crystals
1 w

eek(1.6 days)

30 min

hours/days

1.5 day

Spurlino, Meth Enz, 2011



• 500 fragments tested (4 days)
• 166 events (33%)
• about 16 sites (a lot in interfaces)
• 44 reliable hits and on interesting sites 

(8%)



• Two fragments close within binding distance at the RNA binding 
site





SIRIUS: the new 4th generation synchrotron facility 
recently inaugurated in Campinas/SP/Brazil



Collaboration with Profa. Laura Gil, Inst. Aggeu Magalhães, Fiocruz, PE)



Results
BHK-21-T7-Gluc-nsP-CHIKV-99650 antiviral screening
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Figure 3. Antiviral assay using BHK-21 cell line expressing CHIKV reporter replicon: 
(A) Replicon cell line was treated with compounds at 200 uM and those that inhibited the luciferase activity in ≥ 80% 

were evaluated in a dose-dependent manner (EC50) and the cytotoxicity (CC50) was determined by a MTT cell 
proliferation assay 

(B) EC50 and CC50 curves of compound CPI1091. Data represents mean and ± SD of three independent experiments 
performed in duplicates.



Towards the elucidation of the Replicon 
Organization and Structure



Towards the elucidation of the Replicon 
Organization and Structure



Towards the elucidation of the Replicon Organization

Titan Themis Cubed (FEI Company)

Initial Cryo-EM Images





Resurgence of Yellow Fever in 
Brazil/2017



Resurgence of Yellow Fever in 
Brazil/2017





Polymorphism analysis

YFV NS2B-NS3 PROTEASE– TO BE PUBLISHED
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Enzyme kinetics of YFV 
protease versus synthetic 
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Our first sub-nanomolar inhibitor ! 
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- Recombinant proteins
- Enzyme assays
- Biochemical assays
- Cell-based assays
- X-ray XTAL
- Cryo-EM

• Zika Virus
• Yellow Fever Virus
• Chikungunya Virus
• Mayaro Virus



Funding:

Collaborations
• Arlene G. Correa (DQ-UFSCar)
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• Carolina Andrade (UFG & Openzika Initiative)
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FAMILY 



... and nothing would have been 
possible without the 

Institutional Support of the
São Carlos Institute of Physics


