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A REVOLUTION 

IN BIOLOGY
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BETWEEN 1950 
AND 1960 

SCIENTISTS 
DEFINED MODERN 

BIOLOGY AS 
PHYSICS
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1953: FRANCIS CRICK AND DNA

1916-2004

DNA Model and Experiment
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First protein X-ray  
structure.

1959: KENDREW AND MYOGLOBIN

Scientific American 1961

Painted by artist Irving Geis

1917-1997
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1962: PERUTZ AND HEMOGLOBIN

The REAL HERO of 
structural biology.

1914-2002
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CRYSTALLOGRAPHY

GIVES

STRUCTURE
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GET 

FUNCTION?
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2. 

COMPUTATIONAL 

STRUCTURAL 

BIOLOGY
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KENDREW, ME & ISRAEL
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Nobel Prize in 1962

Gave BBC Series in 1964

Sent me to  Israel in 1967

BBC TV Winter 1964
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CONSISTENT 
FORCE-FIELD 

1968
Small molecules, 
Hydrocarbons, 

Saturated, -CH2-
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Simple 
sum
over 
many
terms
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MOLECULAR POTENTIAL ENERGY 
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MOVING OVER ENERGY SURFACE
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EM: Energy
Minimization drops into
local minimum.

MD: Molecular 
Dynamics uses thermal 
energy to move 
smoothly over surface.
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NMD: Normal Mode 
Dynamics vibrates 
about minimum.
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MULTISCALE 

MODELING OF 

MACROMOLECULES
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EINSTEIN* ON 
SIMPLIFICATION

“Everything Should Be Made As 
Simple

As It Can Be, But Not Simpler”

*Einstein may have crafted this aphorism, but there is no direct 
evidence in his writings. He did express a similar idea in a lecture but 
not concisely. Roger Sessions was a key figure in the propagation of 

the saying. In fact, he may have crafted it when he attempted to 
paraphrase an idea imparted by Einstein. 

http://quoteinvestigator.com/2011/05/13/einstein-simple/
Michael Levitt 18
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PROTEIN ENERGY 

MINIMIZATION

1969
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MACROMOLECULAR ENERGY MINIMIZATIONMACROMOLECULAR ENERGY MINIMIZATIONMACROMOLECULAR ENERGY MINIMIZATIONMACROMOLECULAR ENERGY MINIMIZATION

Big  molecules, Big  molecules, Big  molecules, Big  molecules, 
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COARSE-GRAINED 

MODELS

1975
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COMPUTER SIMULATION OF PROTEIN FOLDING

Fold protein with 
1000 steps of 
minimization.

Escape from local 
minima with normal 
modes jumps. 

GLYGLYGLYGLY
ψψψψiiii

ASPASPASPASPVALVALVALVAL
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φφφφiiii φφφφi+1i+1i+1i+1

Reduced models
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QM/MM 
MODELS FOR 
CATALYSIS

1976
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THEORETICAL STUDIES OF ENZYMIC REACTIONS
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SIMULATING 

FUNCTIONAL 

MOTION
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RIBOSOME TRANSLOCATION
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RIGID BODY MORPHING
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MY WORK IS 
ALL BASIC 
SCIENCE
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BUT IS IT 
OF ANY 
USE OR 
VALUE?
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3. APPLIED 
COMPUTATIONAL 

STRUCTURAL 
BIOLOGY
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CANONICAL HYPER-VARIABLE REGIONS
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H1H1H1H1

L2L2L2L2

H2H2H2H2

Lesk & Chothia, 1987
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QUEEN ET AL 1989

KEY PAPER

32 Michael Levitt 17



BETTER SCIENCE LED TO BETTER PATENTS

Antibody

QUEEN
PDL

Antibody

WINTER
LMB

Think in three-dimensionsKEY IDEA
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Antigen Antigen
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BETTER PATENTS LED TO BETTER DRUGS

BIG PHARMA
& BIG MONEY
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I ENJOYED A 
WONDERFUL 
LIFE IN BASIC 

SCIENCE
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WHAT 
ABOUT 

TODAY’S 
YOUNG 

SCIENTIST?
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4. YOUNG BASIC 
SCIENTISTS IN 

THE USA

Michael Levitt 18

Levitt, M. and J.M. Levitt.  Future of fundamental discovery in 
US biomedical research.  Proceedings of the National Academy 

of Sciences, 114 (25) 6498-6503 (2017).  



39

25

30

35

40

45

50

55

60

65

70

75

1
9

8
0

1
9

8
5

1
9

9
0

1
9

9
5

2
0

0
0

2
0

0
5

2
0

1
0

2
0

1
5

Y
o
u
n
g
e
s
t 
5
%

  
  
  
  
  
  
  
M

e
d
ia

n
 A

g
e
s
  
  
  
  
 

O
ld

e
s
t 
5

%
  
  
  
  

Year

Average Age First R01 Grant

R01 Grantees

Basic Scientists

Clinical Scientists

Clinical Science PIs aging less than 

Basic PIs for Median and Oldest 5%.

Young Clinical Science PIs age least.

Young Basic Science PIs age most.

The First-Time PIs are not young;  

5 years older than youngest 5%.

All R01 Grantees are aging. 

AGING OF R01 GRANTEES & PIs

Michael Levitt 18



Under 4640

CHANGING NUMBERS IN AGE RANGES

Older Increase
Younger Decrease

Older Increase
Younger Decrease

Older Increase
Younger Increase

Michael Levitt 18

Over 55



HOW RELATIVE PI SUCCESS RATIO HAS CHANGED

PI Success Ratio =     Number of R01 Grantees of Age in Year

Number of Basic Science PIs of Same Age in Same Year
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Grantees/Basic Science PIs
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Increasing for Old
Decreasing for Young
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When more and more PIs between 50 and 70 are getting 
grants, departments will keep them on.
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Grantees Age Minus Median R01 Age (40 in 1980, 50 in 2014) 

FY 1978 TO 1982
FY 1985 TO 1989
FY 1988 TO 1992
FY 1995 TO 1999
FY 1998 TO 2002
FY 2005 TO 2009
FY 2008 TO 2012
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PI SUCCESS RATIO DRIVES NUMBER OF PIs

When a smaller and smaller fraction of PIs under 40 are getting 
grants, department will hire fewer young PIs. 

35             40           45      50        55            60      65   

-15            -10           -5      0            5         10       15   
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THE US BIOMEDICAL 
ENTERPRISE IS 

ELIMINATING YOUNG 
BASIC SCIENTISTS
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DOES THIS 
REALLY MATTER?

WE CAN APPLY 
THE IDEAS WE 

HAVE!
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(5) IS BASIC 
SCIENCE 

IMPORTANT 
NATIONALLY?
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SERENDIPITY OF BASIC SCIENCE

47

Story: “The Three Princes of Serendip”
Michele Tramezzino Venice 1557

They were lucky and smart.

Geography:  Where is Serendip?

Michael Levitt 18Michael Levitt 18

A scientific discovery is like winning a lottery.
Cannot really be planned or predicted.
You have to have a ticket.
Having more ticket than one ticket helps.
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IS BASIC SCIENCE IMPORTANT?

Very hard to tell who did what in science?  Priority is a 
subject of intense argument and needs to be 
disentangled with great care.  Ambitious scientists often 
bury the work of others.

Not easy to estimate the value of Basic Science without 
intimate knowledge of the scientific field.

Take the easy way out and rely on the Nobel 
Committee. 

They take more care than all other prize committees 
taken together and have done so for 121 years.

Michael Levitt 18



THE USA VS. THE REST OF THE WORLD?
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In four of the 
past five 
decades, the 
USA has won 
more Nobel 
Prizes than the 
rest of the 
world.  

In the USA 
loosing is 

advantage?

Michael Levitt 18
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SCIENTIFIC AMERICAN SEPTEMBER 2015
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453,544 M$

148,389 M$

243,293 M$

100,248 M$

58,380 M$

53,680 M$

36,196 M$

27,430 M$

39,110 M$

37,854 M$

26,321 M$

24,801 M$

140,000 M$

104,270 M$

US

CN

JP
DE

KR

FR

UK

IN

RU

50



51

MORE R&D SPENDING GIVES MORE NOBEL PRIZES

Michael Levitt 18

Cost per laureate in PPP$ Billions:
US: 28 B$     UK:            13 B$ 
Germany:   66 B$ Holland: 214 B$
Japan:  168 B$     China:  840 B$

Linear dependence on R&D 
spending over range of 10,000 X
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QUALITY BASIC 
SCIENTIFIC 

RESEARCH NEEDS 
MONEY AND FULL-
TIME RESEARCH 

COMMITMENT
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BUT WHAT 
ELSE IS 

NEEDED?
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(6) HOW TO 
WIN MANY 

NOBEL 
PRIZES
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MEDICAL RESEARCH COUNCIL LABORATORY OF 

MOLECULAR BIOLOGY (LMB) IN CAMBRIDGE
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27 LMB NOBEL PRIZES

57 Michael Levitt 18Michael Levitt 18

(1) Green from Southern Hemisphere
Light Yellow from USA
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(1) Ample research support.

(2) No visible bureaucracy (hidden from us by leader): 

Free supplies, advanced equipment, computing.

(3) Small groups (average three, often one).

(4) Collaborate with peers

(5) Intense peer pressure: 

You are only as good as your next paper.

(6) No hierarchy: Students are as good as Nobel Laureates.

A RECIPE FOR NOBEL PRIZES

Michael Levitt 18



QUESTIONS
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1. Does my life path generalize?

2. What does it take to be a scientist?  PPOK

Passion  Persistence  Originality  Kindness

3. How are young scientists best encouraged?

Independence or Collaboration? Teams or Stars?

4. Is universal fundamental research needed?

5. Should scientists be entrepreneurs?

6. Are Nobel Prizes important?
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