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:
• Why basic science when applied goals are clear?

• Potential for US-Cuba basic science collaboration?
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“New products and processes are not born full-grown. 

They are founded on new principles and new conceptions 

which in turn result from basic scientific research. 

Basic scientific research is scientific capital.

Government can increase the flow of new scientific knowledge

through support of basic research, and the development of 

scientific talent.” 

Colleges, universities, and research institutes provide the 

environment most conducive to the creation of new scientific 

knowledge and are least under pressure for immediate, tangible 

results. 

1945: US framework for federal support of science

Vannevar Bush: Science the Endless Frontier, a 

Program for Postwar Scientific Research (1945)

Vannevar Bush

Bush in the 1940s

Chairman of the Research and
Development Board

In office

September 30, 1947 – October 14,

1948

President Harry S. Truman

Preceded by Position established

Succeeded by Karl Compton

Director of the Office of Scientific
Research and Development

In office

June 28, 1941 – December 31, 1947

President Franklin D.

Roosevelt

Harry S. Truman

Preceded by Position established

Succeeded by Position abolished

Chairman of the National Defense
Research Committee

In office

June 27, 1940 – June 28, 1941

President Franklin D.

Roosevelt

Preceded by Position established

Succeeded by James B. Conant

Chairman of the National Advisory
Committee for Aeronautics

Vannevar Bush

Vannevar Bush  (/væˈniːvɑːr/ van-NEE-var;  March 11,  1890 –  June 28,

1974) was an American engineer, inventor and science administrator, who

during  World  War   II  headed  the  U.S.  Office  of  Scientific  Research  and

Development (OSRD), through which almost all wartime military R&D was

carried out,  including important developments in radar  and  the  initiation

and  early  administration  of  the  Manhattan  Project.  He  emphasized  the

importance  of  scientific  research  to  national  security  and  economic  well-

being, and was chiefly responsible for the movement that led to the creation

of the National Science Foundation.

Bush  joined  the  Department  of  Electrical  Engineering  at  Massachusetts

Institute  of  Technology  (MIT)  in  1919,  and  founded  the  company  that

became the Raytheon Company in 1922. Bush became vice president of MIT

and dean of the MIT School of Engineering in 1932, and president of  the

Carnegie Institution of Washington in 1938.

During his career, Bush patented a string of his own inventions. He is known

particularly  for  his  engineering  work  on  analog  computers,  and  for  the

memex.  Starting  in  1927,  Bush  constructed  a  differential  analyzer,  a

mechanical analog computer with some digital components that could solve

differential equations with as many as 18 independent variables. An offshoot

of the work at MIT by Bush and others was the beginning of digital circuit

design theory. The memex, which he began developing in the 1930s (heavily

influenced by Emanuel Goldberg's  "Statistical  Machine" from 1928) was a

hypothetical adjustable microfilm viewer with a structure analogous to that

of  hypertext.  The  memex  and  Bush's  1945  essay  "As  We  May  Think"

influenced generations of computer scientists, who drew inspiration from his

vision of the future.

Bush was appointed to  the  National  Advisory  Committee  for  Aeronautics

(NACA) in 1938, and soon became its chairman. As chairman of the National

Defense  Research  Committee  (NDRC),  and  later  director  of  OSRD,  Bush

coordinated the activities of some six thousand leading American scientists

in the application of science to warfare. Bush was a well-known policymaker

and public intellectual during World War II, when he was in effect the first

presidential science advisor. As head of NDRC and OSRD, he initiated the

Manhattan Project, and ensured that it received top priority from the highest

levels of government. In Science, The Endless Frontier, his 1945 report to the

president of the United States, Bush called for an expansion of government

support for science, and he pressed for the creation of the National Science

Foundation.

Vannevar Bush was born in Everett, Massachusetts, on March 11, 1890.[2] He

was the third child and only son of Richard Perry Bush, the local Universalist

Early life and education

Vannevar Bush - Wikipedia https://en.wikipedia.org/wiki/Vannevar_Bush
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“Basic scientific research is scientific capital.”

Clinical 

Research

Basic Research

Translational

Research
25%

60%

15%

Priority: Discover fundamental mechanisms of biological 

processes. Use untargeted, curiosity-driven research as 

foundation to understand, treat and cure disease.

Government must fund 

basic research 

because industry 

can’t.

Why? Because…

NIH Research Portfolio



…biology is complicated, and for a good reason!

Fertilized egg

Embryo Dividing cell

Non-dividing cell

These processes are encoded in our DNA. But the processes 

themselves are not “hard wired”-- not simple switches, or even 

long, multi-step, linear pathways.

“Hard-wiring” would render us unable to sense and respond to 

differences in physiology, environment and experience.

Fat breakdown

Fat buildup

So, instead…



Networks of interacting proteins alter expression of genes

• Biology is complicated; 

therefore, so is disease 

• Mutations affecting receptors 

or protein networks affect risk 

or course of disease; all are 

“disease genes” 

• Basic research is essential to 

discover receptors, signaling 

genes, networks, interactions

Receptors receive physiological and environmental signals, 

triggering signaling and regulatory pathways 

Genes for biological (or disease) process 
(e.g., increased cell division, blood glucose, etc.)

And a corollary…



Fundamental biological processes are often solved in simple organisms 

• Simple organisms contain fewer 

layers of sensors/regulators

• Simple organisms allow simpler, 

more definitive experiments

• Complex organisms 

evolved from simple 

organisms

It works.  Recall the sources of big breakthroughs:

Breakthrough Experimental organism

Gene regulation bacteria and their viruses

Cell division baker’s yeast, clawed toad

Cancer genes chicken virus

Development fruit fly, sea urchin, fish

Aging and lifespan soil worm, pond scum

Learning and memory sea snail

Neuron-target connections chicken

And the new knowledge translates into applications…



Basic research is the foundation for today’s medicines

2010-2016: FDA approved 210 new drugs; >90% emerged from NIH-supported 

untargeted, curiosity-driven knowledge discovery (Cleary et al. PNAS 2018)

24 of the 28 most transformative drugs on the market emerged from untargeted 

knowledge discovery (Spector et al. Science Trans Med 2018)

Median time from first curiosity-

driven basic discovery to FDA

approval: 32 years

 
1815-Cholesterol discovered 
M.E. Chevreul, Recherches chimiques sur les corps gras d'origine animale. Paris, FG Levrault, In-8°, 

XVI-484 (1823). 

  

1904-The term, “atherosclerosis,” is coined and applied to obstructive process in arteries 
F. Marchand, Ueber Atherosclerosis. Verhandlungen der Kongresse fuer Innere Medizin. 21 Kongresse 

(1904). 

  

1908-Cholesterol-rich food linked with experimental atherosclerosis 

A.I. Ignatowski, Ueber die Wirkung der tierschen Einweisse auf der Aorta. Virchow's Arch. Pathol. Anat. 

198, 248 (1909). 

  

1913-Plasma cholesterol linked with atherosclerosis in rabbits 
N. Anitschkow, S. Chalatow, Ueber experimentelle Cholester-insteatose und ihre Bedeutung fuer die 

Entstehung einiger pathologischer Prozesse. Zentrbl. Allg. Pathol. Anat. 24, 1–9 (1913). 

  

1938-First description of the genetics of familial hypercholesterolemia  
C. Muller, Xanthomata, hypercholesterolemia, angina pectoris. Acta Med. Scand. 89, 75–84 (1938). 

   

1940s-Cholesterol biosynthesis pathway outlined 
K. Bloch, D. Rittenberg, On the utilization of acetic acid for cholesterol formation. J. Biol. Chem. 145, 

625-636 (1942). 
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Lovastatin
HMG-CoA reductase inhibitor

Discovery of LDL 

receptor, 

uncovering  

fundamental 

mechanism of 

statin action 

through feedback 

regulation of 

receptors

HMG-CoA 

reductase 

discovered

Plasma cholesterol linked with atherosclerosis 

in rabbits

Cholesterol 

discovered

Cholesterol-

rich food 

linked with 

experimental 

atherosclerosis

The term, “atherosclerosis,” is coined and applied to 

obstructive process in arteries

HMG-CoA reductase’s role in 

feedback inhibition of cholesterol 

synthesis described

Coronary Primary Prevention Trial reports 

correlation between reduced blood cholesterol & 

LDL and reduced coronary disease

Compactin (later 

known as 

mevastatin) and 

other agents, 

discovered in fungal 

extracts, were first 

potent inhibitor of 

cholesterol synthesis

Lovastatin isolated from A. 

terreus fungus

FDA approval for 

hypercholesterolemia

1815     1904     1908  1913  1938     1940s    1954     1957    1959            1974      1976   1978      1984  1987

LDL-cholesterol identified as 

the major lipid risk factor for 

atherosclerosis

Cholesterol 

biosynthesis 

pathway outlined

First 

description 

of the 

genetics of 

familial 

hyperchol-

esterolemia

Spector et al. Science Trans Med 2018

Example: Lovastatin

But, can curiosity-driven research be done by international collaboratives? 



International collaborative basic research: an example 

QBI Coronavirus Research Group (QCRG)

Launched March 2020 by Nevan Krogan, UCSF;

Initially 10 UCSF labs, grew to 113 labs, 44 institutions, 12 

countries, >1000 researchers; partner with 15 companies

Shared basic research goals: SARS CoV2 biology, COVID19 

pathology, identification of molecules that contact or 

interact with viral proteins

Collaborating teams bring different resources and 

expertise, approach shared goals with different 

conceptual or technological strategies; rapid basic 

progress, “handoff” to partners for application 

development.

• >50 papers published

• Provided reagents and resources with >400 labs world-wide

• Identified 332 cellular proteins that interact with SARS CoV2 proteins

• Gained fundamental understanding of transmissibility; identified targets 

• 26 drugs in clinical trials, one in Phase 3

QCRG



Basic knowledge discovery remains essential

➢ A formula for US-Cuba basic research collaboration:

• Identify shared interest by US and Cuban scientists in a particular matter 

(e.g., virus-host interactions, aging, disaster management) to be addressed

• “Work backward” to identify related foundational unresolved 

questions/problems that stir curiosity of basic scientists

• Assemble teams from US and Cuba that bring different resources, 

disciplinary expertise or technologies to the collaborative

➢ Must maintain robust commitment to basic research

• Today’s applied goals are clear only because of yesterday’s discovered 

knowledge 

• In all fields, e.g., biology, still vastly more unknown than known

• New knowledge enables innovation, development, products

Promotion of basic science? 



Promotion of, defense of, basic knowledge discovery

Flexner describes a great paradox of scientific research: the search for 

answers to deep questions, motivated solely by curiosity and without 

concern for applications, often leads not only to the greatest scientific 

discoveries but also to the most revolutionary technological 

breakthroughs. In short, no quantum mechanics, no computer chips.

- Princeton University Press 2017

Curiosity, which may or may not 

eventuate in something useful, is 

probably the outstanding characteristic 

of modern thinking. It must be absolutely 

unhampered. 

I [am] pleading for the abolition of 

the word ‘use’, and for the freeing of 

the human spirit.

- Flexner 1939

- essay in Harpers, 1939

256px-Picture_of_Abraham_Flexner.jpg (JPEG Image, 256 × 351 pixels) https://upload.wikimedia.org/wikipedia/commons/thumb/9/96/Picture_...
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