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THE NEW SCIENCE AND THE NEW 
BIOTECHNOLOGY

Molecular biology, networks, barriers



Molecular biology: the basis of 
modern biotechnology

Å1938: the first occasion 
that the phrase 
Ψmolecular biologyΩ 
appeared in print

Witkowski J (1988) Fifty years on: 
ƳƻƭŜŎǳƭŀǊ ōƛƻƭƻƎȅΩǎ Ƙŀƭƭ ƻŦ ŦŀƳŜΦ 
Trends in Biotechnology6:234-
243



The new science of Molecular Biology 

ÅKey advances, 1938-1988
1938Υ ¢ƘŜ ǘŜǊƳ άmolecular biologyέ ƛǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘ 

time (Warren Weaver, Rockefeller Foundation)
1944: Transformation of Pneumococcus by DNA (Avery)
1953: DNA as a double helix (Watson & Crick)
1961: Theory of the operon (Jacob & Monod)
1972: Recombinant DNA (Paul Berg)
1975: Monoclonal antibodies (Kohler & Milstein)
1977: DNA sequencing (Gilbert; Sanger)
1985: Polymerase Chain Reaction (PCR; Kary Mullis)
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²ƛǘƪƻǿǎƪƛ W όмфууύ CƛŦǘȅ ȅŜŀǊǎ ƻƴΥ ƳƻƭŜŎǳƭŀǊ ōƛƻƭƻƎȅΩǎ Ƙŀƭƭ ƻŦ ŦŀƳŜΦ 
Trends in Biotechnology6:234-243



Evolution of the scientific enterprise
(Barabási AL (2005) Science308:639-641)
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The new industry of Biotechnology

Å1978: Genentech and Eli Lilly produce insulin

Å1980: Biogen produces interferon

Å1988: five proteins from genetically engineered 
cells approved as drugs by the Food and Drug 
Administration (FDA)
ïSynthetic insulin, human growth hormone, hepatitis B 

vaccine, alpha-interferon, tissue plasminogen 
activator

Å9ƴŘ ƻŦ мффлǎΩΥ Ҕ мнр ƎŜƴŜǘƛŎŀƭƭȅ ŜƴƎƛƴŜŜǊŜŘ ŘǊǳƎǎ 
approved



From bench to bed:
Crossing the Valley of Death

Butler D (2008) Translational 

research: crossing the valley of 

death. Nature 453: 840-842 



From bench to bed:
Crossing the Valley of Death



Big Pharma and the Valley of 
Death





Deconstructing the Drug Development 
Process: The New Face of Innovation
Å Forged in the early 1960s, the paradigm for pharmaceutical 

innovation has remained virtually unchanged for nearly 50 years. 
During a period when most other research-based industries have 
made frequent and often sweeping modifications to their R&D 
processes, the pharmaceutical sector continues to utilize a drug 
development process that is slow, inefficient, risky, and expensive. 

Å Few who work in or follow the activities of the pharmaceutical 
industry question whether change is coming. They know that the 
pharmaceutical sector, as currently structured, is unable to deliver 
enough new products to market to generate revenues sufficient to 
sustain its own growth. Nearly all major drug developers are 
critically examining current R&D practices and, in some cases, 
considering a radical overhaul of their R&D models. But key 
questions remain. What will the landscape for pharmaceutical 
innovation look like in the future? And, who will develop 
tomorrow's medicines?
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THE CHALLENGE OF NEGLECTED 
DISEASES

They desperately need new tools and interventions 



Neglected diseases, neglected populations



Kimalel Health Centre, Ministry of Health of Kenya, a KEMRI-DNDi partnership
http://picasaweb.google.com/cmmorel/20090620To25Kenya#

http://picasaweb.google.com/cmmorel/20090620To25Kenya




Malaria: the challenge
Å People at risk of malaria: > 2 billion

Å Malaria cases each year: 500 
million

Å Malaria deaths each year: 1 million





Critical scientific breakthroughs
of the 1960s-70s

American Journal of the Medical 
Sciences, 266:169-177, 1973

Nature, 216:160-162, 
1967



Scientific breakthroughs ςмфулǎΩ


