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Galileo, Newton, Darwin, & Einstein

The physical Crick & the biologist Watson

The human genome team 

The scientific

research

through the
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TheThe SequenceSequence ofof thethe Human Human GenomeGenome
J. Craig Venter, Mark D. Adams, Eugene W. Myers, Peter W. Li, Richard J. Mural, Granger G. Sutton, 

Hamilton O. Smith, Mark Yandell, Cheryl A. Evans, Robert A. Holt, Jeannine D. Gocayne, Peter Amanatides, 

Richard M. Ballew, Daniel H. Huson, Jennifer Russo Wortman, Qing Zhang, Chinnappa D. Kodira, Xiangqun

H. Zheng, Lin Chen, Marian Skupski, Gangadharan Subramanian, Paul D. Thomas, Jinghui Zhang, George L. 

Gabor Miklos, Catherine Nelson, Samuel Broder, Andrew G. Clark, Joe Nadeau, Victor A. McKusick, Norton 

Zinder, Arnold J. Levine, Richard J. Roberts, Mel Simon, Carolyn Slayman, Michael Hunkapiller, Randall 

Bolanos, Arthur Delcher, Ian Dew, Daniel Fasulo, Michael Flanigan, Liliana Florea, Aaron Halpern, Sridhar

Hannenhalli, Saul Kravitz, Samuel Levy, Clark Mobarry, Knut Reinert, Karin Remington, Jane Abu-Threideh, 

Ellen Beasley, Kendra Biddick, Vivien Bonazzi, Rhonda Brandon, Michele Cargill, Ishwar Chandramouliswaran, 

Rosane Charlab, Kabir Chaturvedi, Zuoming Deng, Valentina Di Francesco, Patrick Dunn, Karen Eilbeck, 

Carlos Evangelista, Andrei E. Gabrielian, Weiniu Gan, Wangmao Ge, Fangcheng Gong, Zhiping Gu, 

Ping Guan, Thomas J. Heiman, Maureen E. Higgins, Rui-Ru Ji, Zhaoxi Ke, Karen A. Ketchum, Zhongwu Lai, 

Yiding Lei, Zhenya Li, Jiayin Li, Yong Liang, Xiaoying Lin, Fu Lu, Gennady V. Merkulov, Natalia Milshina, 

Helen M. Moore, Ashwinikumar K Naik, Vaibhav A. Narayan, Beena Neelam, Deborah Nusskern, 

Douglas B. Rusch, Steven Salzberg, Wei Shao, Bixiong Shue, Jingtao Sun, Zhen Yuan Wang, Aihui Wang, 

Xin Wang, Jian Wang, Ming-Hui Wei, Ron Wides, Chunlin Xiao, Chunhua Yan, Alison Yao, Jane Ye, 

Ming Zhan, Weiqing Zhang, Hongyu Zhang, Qi Zhao, Liansheng Zheng, Fei Zhong, Wenyan Zhong, 

Shiaoping C. Zhu, Shaying Zhao, Dennis Gilbert, Suzanna Baumhueter, Gene Spier, Christine Carter, 

Anibal Cravchik, Trevor Woodage, Feroze Ali, Huijin An, Aderonke Awe, Danita Baldwin, Holly Baden, 

Mary Barnstead, Ian Barrow, Karen Beeson, Dana Busam, Amy Carver, Angela Center, Ming Lai Cheng, 

Liz Curry, Steve Danaher, Lionel Davenport, Raymond Desilets, Susanne Dietz, Kristina Dodson, 

Lisa Doup, Steven Ferriera, Neha Garg, Andres Gluecksmann, Brit Hart, Jason Haynes, Charles Haynes, 

Cheryl Heiner, Suzanne Hladun, Damon Hostin, Jarrett Houck, Timothy Howland, Chinyere Ibegwam, 

Jeffery Johnson, Francis Kalush, Lesley Kline, Shashi Koduru, Amy Love, Felecia Mann, David May, 

Steven McCawley, Tina McIntosh, Ivy McMullen, Mee Moy, Linda Moy, Brian Murphy, Keith Nelson, 

Cynthia Pfannkoch, Eric Pratts, Vinita Puri, Hina Qureshi, Matthew Reardon, Robert Rodriguez, 

Yu-Hui Rogers, Deanna Romblad, Bob Ruhfel, Richard Scott, Cynthia Sitter, Michelle Smallwood, 

Erin Stewart, Renee Strong, Ellen Suh, Reginald Thomas, Ni Ni Tint, Sukyee Tse, Claire Vech, 

Gary Wang, Jeremy Wetter, Sherita Williams, Monica Williams, Sandra Windsor, Emily Winn-Deen, 

Keriellen Wolfe, Jayshree Zaveri, Karena Zaveri, Josep F. Abril, Roderic Guigó, Michael J. Campbell, 

Kimmen V. Sjolander, Brian Karlak, Anish Kejariwal, Huaiyu Mi, Betty Lazareva, Thomas Hatton, 

Apurva Narechania, Karen Diemer, Anushya Muruganujan, Nan Guo, Shinji Sato, Vineet Bafna, Sorin Istrail, 

Ross Lippert, Russell Schwartz, Brian Walenz, Shibu Yooseph, David Allen, Anand Basu, James Baxendale, 

Louis Blick, Marcelo Caminha, John Carnes-Stine, Parris Caulk, Yen-Hui Chiang, My Coyne, Carl Dahlke, Anne Deslattes Mays, 

Maria Dombroski, Michael Donnelly, Dale Ely, Shiva Esparham, Carl Fosler, Harold Gire, Stephen Glanowski, Kenneth Glasser, Anna Glodek, 

Mark Gorokhov, Ken Graham, Barry Gropman, Michael Harris, Jeremy Heil, Scott Henderson, Jeffrey Hoover, Donald Jennings, 

Catherine Jordan, James Jordan, John Kasha, Leonid Kagan, Cheryl Kraft, Alexander Levitsky, Mark Lewis, Xiangjun Liu, John Lopez, 

Daniel Ma, William Majoros, Joe McDaniel, Sean Murphy, Matthew Newman, Trung Nguyen, Ngoc Nguyen, Marc Nodell, Sue Pan, Jim Peck, 

Marshall Peterson, William Rowe, Robert Sanders, John Scott, Michael Simpson, Thomas Smith, Arlan Sprague, Timothy Stockwell, Russell Turner,

Eli Venter, Mei Wang, Meiyuan Wen, David Wu, Mitchell Wu, Ashley Xia, Ali Zandieh, and Xiaohong Zhu

Science 2001 291, 1304-1351 [DOI: 10.1126/science.1058040]
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Inct-inofar@2010

What makes a successful team? 

J. Whitfield, Nature 2008, 455, 720
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““This paper demonstrates that teamwork in This paper demonstrates that teamwork in sciencescience increasingly spans university boundaries, increasingly spans university boundaries, 
a dramatic shift in knowledge production that generalizes acrossa dramatic shift in knowledge production that generalizes across virtually all fields of virtually all fields of sciencescience””

EJB4
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EJB4 
Para completudide em sua atuação com plena formação de M&D,l a PG precisa interagir além de sua própria arena, sem ir de lado mas com 
decisão.
Eliezer J. Barreiro; 04/03/2010
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""ScienceScience hashas contributedcontributed immenselyimmensely to to 

humanhuman progressprogress

andand to to thethe developmentdevelopment ofof modernmodern societysociety. . 

TheThe application application ofof scientificscientific knowledgeknowledge

continues to continues to furnishfurnish powerfulpowerful

meansmeans for for solvingsolving manymany

ofof thethe challengeschallenges facingfacing humanityhumanity........““

Kofi Annan Kofi Annan 
U.N.U.N. –– SecretarySecretary--GeneralGeneral

A A ChallengeChallenge to to thethe World'sWorld's ScientistsScientists

ScienceScience,, 2003, 299, 14852003, 299, 1485
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“We live today in a world of drugs. Drugs for pain, drugs for 
disease, drugs for allergies, drugs for pleasure, and drugs
for mental health. Drugs that have been rationally designed; 
drugs that have been synthesized or purified from nature. 
Drugs fermented and drugs engineered. Drugs that have been
clinically tested. Effective. Safe.”

zoomzoom

Inct-inofar@20110
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EJB7 Eliezer J Barreiro; 02/05/2010



The production of knowledge

M. Gibbons M. Gibbons et alet al., The new production of knowledge: the dynamics of ., The new production of knowledge: the dynamics of 
science & research in contemporary societies, SAGE, London, 1994science & research in contemporary societies, SAGE, London, 1994..
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EJB6 The production of knowlegde
Eliezer J Barreiro; 02/05/2010



11

Obrigado

ejb2010

Nobel Prize, 1959Nobel Prize, 1959
“for their discovery of the mechanisms in the

biological synthesis of RNA and DNA”

Inct-inofar@2010

“We have the paradox of the two cultures, 

chemistry and biology, 

growing further apart even as they

discover more common ground....

Pharmaceutical chemistry was until 

recently the bastion of organic chemistry…

…in the search for alternative or superior

drugs for the treatment of various diseases.”

Arthur Körnberg
Biochemistry 1987, 26, 6888-6891

EJB6
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EJB6 Rio de Janeiro, 05 de março de 2010, Prof. Eliezer J. Barreiro, LASSBio, UFRJ.
Eliezer J. Barreiro; 04/03/2010



D. Butler, Nature 2008, 453, 840
Inct-inofar@2010
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EJB5 Nature 2008, 453, 840
Eliezer J Barreiro; 02/05/2010
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INCT-INOFAR

TheThe drugdrug world world marketmarket, in 2008: , in 2008: caca. US$ 785 bi. US$ 785 bi

The technological The technological The technological The technological innovationinnovationinnovationinnovationinnovationinnovationinnovationinnovation is the principalis the principalis the principalis the principal
drivingdrivingdrivingdriving----force of pharmaceutical industry ;force of pharmaceutical industry ;force of pharmaceutical industry ;force of pharmaceutical industry ;

The dynamism of technological innovation The dynamism of technological innovation The dynamism of technological innovation The dynamism of technological innovation 
dependent of the interaction dependent of the interaction dependent of the interaction dependent of the interaction 

of Science & Technology;of Science & Technology;of Science & Technology;of Science & Technology;

Technological innovation is a Technological innovation is a Technological innovation is a Technological innovation is a dynamic process dynamic process dynamic process dynamic process 
perhaps the most dynamic of all perhaps the most dynamic of all perhaps the most dynamic of all perhaps the most dynamic of all 

industrial  activities;industrial  activities;industrial  activities;industrial  activities;



Top-5 drugs in world market (2009)*
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EtanerceptEtanercept
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* SJ Ainsworth, * SJ Ainsworth, C&EN C&EN 2009 (07/12) 13(07/12) 13--2121 Inct-inofar@2010

modestmodest
chemodiversitychemodiversity



NewNew drugsdrugs lauchedlauched betweenbetween 1994 to 20071994 to 2007

ca. 30 new drugs are lauched each year

celecoxibcelecoxib

indinavirindinavir

atorvastatinatorvastatin

imatinibimatinib

vorinostatvorinostat

sildenafilsildenafil

aripripazolearipripazole

montelukastmontelukast

maravirocmaravirocziconotideziconotide**

adalimumabadalimumab **

esomeprazoleesomeprazole

losartanlosartan

TherapeuticTherapeutic innovationinnovation
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New molecular entities...

B. Hughes, 2009 FDA drug approvals, Nature Rev. Drug Discov. 2010, 9, 89-92  doi:10.1038/nrd3101
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The creativity crisis in Bigpharma

The blockbusterThe blockbuster––drug syndromedrug syndrome
Inct-inofar@2010



About the creativity crisis...
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Discoveries & invention
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Universidade

Empresa

07 October 2009 vol 1, issue 1
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The scientific mainpower

Adopted from C. H. Brito Cruz & C. A. Pacheco, “Conhecimento & Inovação: Desafios do Brasil  no

Século XXI”, em www.inovacao.unicamp.br/report/intc-pacheco-brito.pdf (2/01/2009)

Inct-inofar@2010
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ProgramProgram budget: R$ 608 budget: R$ 608 millionmillion (392 FG + 216 (392 FG + 216 RSFRSF’’ss))
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INCT-INOFAR

Governance committeeGovernance committee
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EJB2 CGA/INCT-INOFAR
Eliezer J Barreiro; 02/05/2010
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Research teams (27): UFC: Manoel Odorico de Moraes Filho (FM); Ronaldo de Albuquerque Ribeiro (FM); UFPB: Margareth 
de Fátima Formiga Melo Diniz (LTF); UFAL: João Xavier Jr. (DF); Magna Suzana Alexandre Moreira (PPGCB); 
UNIFAL:Claudio Viegas Jr. (IQ); UFMG: Heloisa de Oliveira Beraldo (DQ); UFRJ: Adelaide Maria de Souza Antunes (EQ); 
Angelo da Cunha Pinto; (IQ); Carlos Alberto Manssour Fraga (LASSBio); Francisco Radler de Aquino Neto (IQ); François 
Germain Noël (ICB); Gisele Zapata Sudo (ICB); Lidia Moreira Lima (LASSBio); Patrícia Rieken Macedo Rocco (IBCCF); 
Roberto Takashi Sudo (ICB); UFRRJ: Carlos Maurício Rebello de Santana (IQ); UERJ: Theresa Christina Barja-Fidalgo (IB); 
FIOCRUZ-RJ: Francisco José R. Paumgartten; Marco Aurélio Martins; Patrícia Silva; UNESP: Vanderlan da Silva Bolzani
(IQ); CRISTÁLIA: Roberto Debon Moreira (Cristália Prod. Farmacêuticos Ltda); UFG: Valéria de Oliveira (FF); Ricardo
Menegatti (FF); USP: Fernando Queiroz Cunha (FM-RP); UNICAMP: Luiz Carlos Dias (IQ); UFRGS: Stela Maris Kuze Rates 
(FF); João Antonio Pegas Henriques (Inst. Royal,).

Foreign scientific consultantsForeign scientific consultants

Prof. Antonio Prof. Antonio MongeMonge, Universidad de Navarra, SP;, Universidad de Navarra, SP;
Prof. Camille G. Prof. Camille G. WermuthWermuth, Prestwick Co., , Prestwick Co., IlkirchIlkirch, FR, FR

EJB4
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EJB4 INCT-INOFAR
Eliezer J Barreiro; 02/05/2010



innovationinnovationinnovationinnovation

Why ?Why ?Why ?Why ?

How ?How ?How ?How ?

Can Can Can Can 
we?we?we?we?
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industry partnership

EJB3
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EJB3 The innovation chain of DD process
Eliezer J Barreiro; 02/05/2010



L. M. Lima L. M. Lima etet al.al., , BioorgBioorg. . Med. Chem. Med. Chem. LettLett., ., 1212, 1533, 3067 (2002) ; P. R. M. Rocco , 1533, 3067 (2002) ; P. R. M. Rocco et alet al., ., Eur. Eur. RespirRespir. J. J., ., 2222, 20 (2003) ;, 20 (2003) ;
L. M. Lima L. M. Lima et alet al., ., AAntiintii--nflammatorynflammatory & Anti& Anti--allergy Agents in Medicinal Chemistryallergy Agents in Medicinal Chemistry, , 33, 9 (2004) ; J. V. , 9 (2004) ; J. V. BevilaquaBevilaqua et al.et al., , 
Applied Applied BiochemBiochem. . BiotechnolBiotechnol.., , 121121, 117 (2005); M. S. , 117 (2005); M. S. AlexandreAlexandre--MoreiraMoreira et alet al., ., International International ImmunopharmacologyImmunopharmacology, , 55, , 
485 (2005); H. S. Campos 485 (2005); H. S. Campos et alet al., ., Braz. J. Med. Biol. ResBraz. J. Med. Biol. Res., ., 3939, 283 (2006) ; L.M. Lima , 283 (2006) ; L.M. Lima et alet al., ., AntiAnti--inflammatory & Antiinflammatory & Anti--alergyalergy
Agents in Medicinal ChemistryAgents in Medicinal Chemistry, , 55, 79 (2006), 79 (2006)
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L. E. Dardenne, LNCC

LASSBio LASSBio chemolibrarychemolibrary::
1538 1538 compoudscompouds

NewNew leadlead--compoundscompounds for for treatmenttreatment

ofof neglectedneglected tropical tropical diseasesdiseases

UdelaR, UBA, ULP
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N

SCl

Ticlopidina

Anti-thrombotic

Synthesis in 
1M scale

Prof. Vitor F. Ferreira Prof. Vitor F. Ferreira etet alal., ., InstituteInstitute ofof ChemistryChemistry

Fluminense Federal Fluminense Federal UniversityUniversity

Incremental InnovationIncremental Incremental InInnovationnovation

•• The second blockbuster drug (2009) in the market The second blockbuster drug (2009) in the market 
is an antiis an anti--thrombotic agent with patent protectionthrombotic agent with patent protection
until until 20122012 (Europe / EUA);  ~ 6% of  (Europe / EUA);  ~ 6% of  SanofiSanofi--Aventis Aventis 

sales  & 34% of BMS sales in 2006; sales  & 34% of BMS sales in 2006; 



Incremental InnovationIncremental Incremental InInnovationnovation
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The home
 of

INCT-INO
FAR

www.inct-inofar.ccs.ufrj.br
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