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“Science is made of facts, 

just as houses are made of stones; 

but a mere collection of facts is 

no more science

than a pile of stones a house”

Henri Poincaré, 1902

(1854-1912)





The Nobel Prize in 

Physiology or Medicine 

1908

Emil Fischer (50)

Paul Ehrlich (54)

Daniel Bovet (45)

The Nobel Prize in 

Physiology or Medicine 

1952The Nobel Prize in 

Chemistry

1902

Ernest Fourneau (39)

1852-1919

1854-1915

1872-1949

1907-1992



Prêmio Nobel, 1959

Arthur Kornberg (41)
1918-2007

“Much of life can be understood in rational terms if

expressed in the language of chemistry... the 

historical roots of chemistry and biology
are intertwined in many places… 

Pharmaceutical chemistry was until 

recently the bastion of organic chemistry… 

in the search for alternative or superior

drugs for the treatment of various diseases...” 

Biochemistry 1987, 26, 6888-6891



Os físicos Crick (46) & Wilkins (46)
& o biólogo Watson (34)

Uma das maiores

conquistas da

Ciência

através dos

tempos... 
JD Watson & FHC Crick, 

A Structure for Deoxyribose Nucleic Acid, 

Nature 1953, 171, 737–738 .

(62)

The Nobel Prize 

in Medicine & Physiology

1962

Início da Biologia

Molecular







The Sequence of the Human Genome
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]



Dia Mundial do DNA = 25 de abril 





“ligações” 

de hidrogênio ...

Linus C. Pauling (53, 61)
1901-1994

The Nobel Prize 

in Chemistry

1954

The Nobel Piece

Prize 

in 1962





C17H19NO3

C16H18N2O4S

morfina

penicilina

John Vane (55)
(1927-2004)

Sir Robert Robinson (61)
(1886-1975)

AAS
C9H8O4

18891808

1929

Sir Alexander Fleming (64)
(1881-1955)

The Nobel Prize 

in Chemistry

1947

The Nobel Prize 

in Medicine & Physiology

1945

Bengt Samuelsson (48)

Sune Bergström (66)
(1916-2004)

E. Boris Chain (39)

Howard W. Florey (47)

(1906-1979)

(1898-1968)

The Nobel Prize 

in Medicine & Physiology

1982

(1910-1994)

Dorothy C. Hodgkin (54)

The Nobel Prize 

in Chemistry

1964

(1934)



Gertrude B Elion (70)
(1918-1999)

Burroughs Wellcome

(atual GSK)

6-mercaptopurina, 

azatioprina,

alopurinol, trimetoprim,  

nelarabina

HN

N N

N

O
HO

O

H2N

George Hitchings (83)
(1905-1998)

James W. Black (64)
(1924  - 2010  )

Henry H Dale (61)
(1875-1968)

Otto Loewi (63)
(1873-1961)

ICI

aciclovir
propranolol



James W. Black 

C. Robin Ganellin

1988

John C. Emmett

Graham J.  Durant



Adolf Windaus (52)

colesterol

HMGCoAR

Akira Endo

Albert Lasker Award 

for Clinical 

Medical Research, 2008*

Mevilonina
/compactina

1985

Michael S Brown (44)Joseph L Goldstein (45)

University of Texas, Dallas 

LDL

J Med Chem

1985, 28, 1

As estatinas: inovação bilionária

19281927

Heinrich Wieland (50)
(1877-1957) (1876-1959)

Konrad Bloch (53)
(1912-2000)

1964

Feodor Lynen (54)
(1911-1979)

1975

John Cornforth (58)

lactona

(1940) (1941)

(1917-2013)

(1933)



Edwin G. Krebs (72)
(1918 –2009)

Edmond H. Fischer (72)
(1920)

J. Michael Bishop (53)
(1936)

Harold E. Varmus (50)
(1939)

Tinibes: inibidores de TK’s

imatinibe

for their discovery of the cellular 

origin of retroviral oncogenes



Dans les domaines de 

l‘observation le hasard 

ne favorise que les esprits préparés.

L. Pasteur, Conference, Université de Lille (07 Décembre, 1854)





What makes a successful research team? 

J. Whitfield, Nature 2008, 455, 720

W Masona, D J Watts, Collaborative learning in networks, PNAS 2012, 109, 764; M Williams,

Productivity Shortfalls in Drug Discovery: Contributions from the Preclinical Sciences?, JPET

2011, 336, 3; R Guimera, B Uzzi, J Spiro, L A N Amaral, Team Assembly Mechanisms Determine

Collaboration Network Structure and Team Performance, Science 2005, 308, 697.



Prêmio Nobel 1875-2008*

• Bruce A.Weinberg (Dept. of Economics, Ohio St. Un.) & 

Benjamin F. Jones (Northwestern Un.) estudaram os 

ganhadores do Prêmio  Nobel (525 em 555) de física

(182), química (153) e medicina (190) entre 1901 e 2008 

(Ε 835): criatividade e variabilidade;

• < 1905 ca. >60% tinham ca. 30y (física 1934 = quântica)

> 1980 ca. <19% tinham 40y

• expansão do conhecimento científico, no início do 

século 20 doutorava-se aos ~26 anos; < teóricos;

• Quanto conhecimento se precisa ter, em uma área, para 

fazer-se contribuições científicas relevantes ?

* Física.net

Age dynamics in scientific creativity,

PNAS 2011, 108, 18910



Nature 2009, 458, 274



Cambridge University Press, 

Cambridge UK, 1995

Science & Criativity = Innovation!





Os medicamentos 

foram uma das

maiores invenções

do século 20 !







Tinibes
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2011
2014

Fármacos do século 21



A percentagem dos alvos foi tabulada

pelo número de empresas que estão

estudando-os (considerando apenas

h-alvos)

Número total de alvos estudados
em programas de pesquisa nas

empresas farmacêuticas

Alvos estudados por 5
ou mais organizações

247 são alvos “comprovados”
(que tem fármaco no mercado) 

712 são alvos “novos” 
(sem fármacos no mercado)

β-sítio da APP-clivagem enzima 1 (BACE1),

α7-nAChR, GPR119, mGluR5, H3R, 

microtúbulo associado a PTN tau (MAPT)

Novelty in the target landscape

of the pharmaceutical industry*
P. Agarwal, P. Sanseau, L. R. Cardon

Nature Rev. Drug Discov. 2013, 12, 575–576

* Pfizer, J& J, Novartis, Bayer, Roche, Merck, Sanofi, GSK, Abbott, AZ,

Alvos estudados por
muitas organizações
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eliezer  2015Praia do Boqueirão, Saquarema, RJ

Muito obrigado

pela atenção!


