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The Welch Foundation is a legacy to the world from Robert Alonzo 
Welch, a self-made man with a strong sense of responsibility to hu-
mankind, an enthusiastic respect for chemistry and a deep love for his 
adopted state of Texas. Mr. Welch came to Houston as a youth and later 
made his fortune in oil and minerals. Over the course of his career and 
life he became convinced of the importance of chemistry for the better-
ment of the world. He had a belief in science and the role it would play 
in the future. In his will, Mr. Welch stated: “I have long been impressed 
with the great possibilities for the betterment of Mankind that lay in the 
field of research in the domain of chemistry.” Mr. Welch left a generous 
portion of his estate to his employees and their families. The balance 
began what is now The Welch Foundation.

The Welch Foundation, based in Houston, Texas, is one of the 
United States’ oldest and largest private funding sources for basic 
chemical research. Since its founding in �954, the organization has 
contributed to the advancement of chemistry through research grants, 
departmental programs, endowed chairs, visiting lectureships, and other 
special projects at educational institutions in Texas. The Foundation 
presents the Welch Award in Chemistry for chemical research contribu-
tions which have had a significant positive influence on mankind. The 
Foundation also bestows the Norman Hackerman Award in Chemical 
Research, an award that recognizes the work of young researchers in 
Texas.

Each year since �957, The Robert A. Welch Foundation hosts a 
conference which draws leading scientists from around the world to ex-
plore state-of-the-art research in various areas of chemistry. The Foun-
dation sponsors these annual conferences in order to support increased 
fundamental research in chemistry.

This year's two-day conference will be held on October 22-23, 
2007, at The Hilton Houston North Hotel in Houston. The title of 
the 5�st annual Welch Conference in Chemical Research is: Physical 
Biology – From Atoms to Cells. Presiding over the conference will be a 
member of the Welch Scientific Advisory Board, Dr. Ahmed H. Zewail, 
Linus Pauling Chair Professor of Chemistry and Physics, California 
Institute of Technology .
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    (�982)

PETER G. SCHULTZ  Professor, Scripps Research Institute and Director of the  
    Genomics Institute of the Novartis Research   
    Foundation. (2003)

AHMED H. ZEWAIL   Linus Pauling Chair Professor of Chemistry and  
    Professor of Physics, California Institute of Technology  
    and Director of the National Science Foundation  
    Laboratory for Molecular Sciences. (2002)
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PROGRAM
PHYSICAL BIOLOGY–FROM ATOMS TO CELLS

 Monday, October 22, 2007

 8:30 J. EVANS ATTWELL, Chairman of the Board of Directors
 8:35 AHMED H. ZEWAIL, California Institure of Technology, Conference Chairman

SESSION I – Visualization: From Atoms to Cells

 8:40 ROGER D. KORNBERG, Stanford University, Discussion Leader

 8:50 SIR JOHN M. THOMAS, University of Cambridge, "Revolutionary Developments from 
  Atomic to Extended Structural Imaging"
 9:25 Discussion

 9:35 SIR JOHN E. WALKER, University of Cambridge, "Rotary Motors with Atomic-Scale 
  Resolution"
 �0:�0 Discussion

 �0:20 Break

 �0:35 STEPHEN QUAKE, Stanford University, "Microfluidic Large Scale Integration"
 ��:�0 Discussion

 ��:20 CARLOS J. BUSTAMANTE, University of California, Berkeley, "Biological Single-Molecule  
  Spectroscopy"
 ��:55 Discussion

 �2:05 LUNCH

SESSION II – Theory and Computation for Complexity

 �:30 J. ANDREW MCCAMMON, University of California, San Diego, Discussion Leader

 �:40 PETER G. WOLYNES, University of California, San Diego, "Protein Folding and Beyond"
 2:�5 Discussion

 2:25 MICHELE PARRINELLO, Swiss Federal Institute of Technology, "Simulating Complexity: 
  Challenges and Progress in Atomistic Simulations"
 3:00 Discussion

 3:�0 ROB PHILLIPS, California Institute of Technology, "The Physics of Genome Management"
 3:45 Discussion

 3:55 Adjorn



Tuesday, October 23, 2007

SESSION III – Macromolecular Function

 8:00 DOUGLAS C. REES, California Institute of Technology, Discussion Leader

 8:�0 RODERICK MACKINNON, The Rockefeller University, "The Mysterious Cell Membrane"
 8:45 Discussion

 8:55 CHRISTOPHER M. DOBSON, University of Cambridge, "Protein Misfolding and  
  Disease"
 9:30 Discussion

 9:40 Break

 9:55 DAVID A. TIRRELL, California Institute of Technology, "Alternative Translations of RNA 
  Messages"
 �0:30 Discussion

�0:40 GEORGE M. WHITESIDES, Harvard University, "Why is it so Difficult to Design Ligands 
  that Bind to Proteins"
 ��:�5 Discussion

2007 Welch Awardee Lectures

��:25 NOEL S. HUSH, University of Sydney, "Symmetry Breaking, Delocalization and Dynamics 
  in Electron Transfer Systems"

��:50 WILLIAM H. MILLER, University of California, Berkeley, "Using the Initial Value 
  Representation of Semiclassical Theory to Add Quantum Effects to Classical Molecular 
  Dynamics Simulations"

�2:�5 LUNCH

SESSION IV – From Cells to Consciousness

 �:�5 ALEXANDER VARSHAVSKY, California Institute of Technology, Discussion Leader

 �:25 DAVID BALTIMORE, California Institute of Technology, "Inflammation: NF-kB and 
  MicroRNAs Play Their Roles"
 2:00 Discussion
 
 2:�0 LEROY HOOD, Institute for Systems Biology, "Systems Biology Will Transform Medicine"
 2:45 Discussion

 2:55 CHRISTOF KOCH, California Institute of Technology, "The Neurobiology of 
  Consciousness"
 3:30 Discussion

 3:40 Adjorn
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Ahmed H. Zewail is presently the 
Linus Pauling Chair Professor of 
Chemistry and Professor of Physics. 
For ten years, he has been the Director 
of the NSF Laboratory for Molecu-
lar Sciences (LMS) at the California 
Institute of Technology (Caltech). 
Currently, he is the Director of the 
Physical Biology Center at Caltech.

Dr. Zewail was awarded the �999 
Nobel Prize for his development of the 
field of femtochemistry, making pos-
sible discoveries of phenomena on the 
femtosecond timescale. He received a 
number of other awards, including the 
Albert Einstein World Award (2006), 
Benjamin Franklin Medal (�998), 
Robert A. Welch Award (�997), Leon-
ardo da Vinci Award (�995), Wolf 
Prize (�993), and the King Faisal Prize 
(�989). From Egypt he received the 
Order of the Grand Collar of the Nile, 
the highest state honor. Postage stamps 
have been issued to honor his contribu-
tions to science and humanity.

Dr. Zewail holds honorary degrees 
in the sciences, arts, philosophy, 
law, and medicine from some thirty 
universities around the world, and is a 
member of the National Academy of 
Sciences, the American Philosophical 
Society, and the American Academy 
of Achievement. He is also an elected 
member of the Pontifical Academy of 
Sciences, the European Academy of 
Arts, Sciences, and Humanities, the 
Royal Society of London, the Russian 
Academy of Sciences, and the Royal 
Swedish Academy of Sciences.

Dr. Zewail currently serves on 
several boards of international institu-
tions of higher education. He has been 
a Chief Editor of Chemical Physics 
Letters (�99�-2007) and currently is 
the Honorary Advisory Editor. He was 
also a member of the Board of Direc-
tors of TIAA-CREF (2004-2007), and 
since 2002 has been a member of the 
Scientific Advisory Board of the Welch 
Foundation.

At present, the focus of Dr. 
Zewail’s research group is mainly on 
the understanding of complexity in 
chemical and biological transforma-
tions in the four dimensions of space 
and time.

Ahmed h. ZewAil 
California Institute of Technology, Conference Chairman 
8:35 am - Monday, October 22, 2007
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PhysicAl Biology–From Atoms to cells

Molecular biomachines are complex, 
not only in their structure but also be-
cause they operate in the non-equilibri-
um state. New frontiers of research are 
now directed towards the observation 
of phenomena as they occur in space 
and time—visualization—and towards 
conceptionalization of the meaning 
and control of complexity. Studies at 
this level of the physics and chemistry 
of biology constitute the foundation of 
physical biology. As a new discipline, 
physical biology aims at understanding 
mechanistically how physical forces 
and collective interactions govern 
biological function. From the molecu-
lar to cellular length scale and on the 
time scale of motions, femtoseconds to 
seconds, such studies of structures and 
their behavior in motion provide the 
basic understanding for deciphering 
complexity—how the pieces are made, 
how their physical forces exert control, 
and how feedback and feedforward 
of elements allow for robustness and 
function.

The 2007 Welch Conference on 
Chemical Research, Physical Biology—
from Atoms to Cells, is structured to 
provide a broad perspective on current 
state-of-the-art methods and concepts 
central to chemical and biological 
behavior. The two-day conference 
has four sessions broadly covering the 
following topics: Visualization, Theory 
and Computation for Complexity, 
Macromolecular Function, and From 
Cells to Consciousness. The conference 
brings together �8 of the world’s most 

outstanding scientists in the areas cov-
ered. These areas include microscopy, 
crystallography, microfluidics, single-
molecule spectroscopy, protein folding 
and misfolding, abiological assemblies, 
molecular and systems biology, and 
consciousness and quantum mechanics 
of the brain.

The opening session, led by Roger 
Kornberg, addresses current methods 
of visualization in four talks by Sir 
John Thomas, Sir John Walker, Ste-
phen Quake, and Carlos Bustamante. 
The afternoon session, led by Andrew 
McCammon, is devoted to theory and 
computation, from macromolecules to 
cellular structures, with talks by Peter 
Wolynes, Michele Parrinello, and Rob 
Phillips. The opening session on the 
second day is led by Doug Rees and is 
devoted to macromolecular function 
with talks by Rod MacKinnon, Chris 
Dobson, David Tirrell, and George 
Whitesides. The closing session, led 
by Alex Varshavsky, covers areas of re-
search from cells to consciousness, with 
talks by David Baltimore, Leroy Hood, 
and Christof Koch.

Included in the above program is 
a special lectures by the 2007 Welch 
Awardees.
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Roger Kornberg is Winzer Profes-
sor in Medicine in the Department 
of Structural Biology at Stanford 
University. In his doctoral research, 
he demonstrated the diffusional mo-
tions of lipids in membranes, termed 
flip-flop and lateral diffusion. He was 
a postdoctoral fellow and member of 
the scientific staff at the Laboratory of 
Molecular biology in Cambridge, Eng-
land from �972-5, where he discovered 
the nucleosome, the basic unit of DNA 
coiling in chromosomes. He moved to 
his present position in �978, where his 
research has focused on the mechanism 
and regulation of eukaryotic gene tran-
scription. Notable findings include the 
demonstration of the role of nucleo-
somes in transcriptional regulation, the 
establishment of a yeast RNA poly-
merase II transcription system and the 
isolation of all the proteins involved, 
the discovery of the Mediator of tran-
scriptional regulation, the development 
of two-dimensional protein crystalliza-
tion and its application to transcrip-
tion proteins, and the atomic structure 
determination of an RNA polymerase 
II transcribing complex. Kornberg’s 
awards include the 200� Welch Award 
and the 2006 Nobel Prize in Chemistry 
(unshared). Kornberg’s closest col-
laborator has been his wife, Dr. Yahli 
Lorch. They have three children, Guy, 
Maya, and Gil.

roger d. KornBerg 
Stanford University, Discussion Leader 
8:40 am - Monday, October 22, 2007



�2

John Meurig Thomas is Honor-
ary Professor of Solid-State Chemis-
try at the Department of Materials 
Science, Cambridge. A graduate of 
the University of Wales (Swansea), he 
taught and researched at Bangor and 
Aberystwyth for 20 years before he 
became Head of Physical Chemistry at 
Cambridge I3 in �978, and Direc-
tor of the Royal Institution of Great 
Britain, London (�986-9�). He later 
returned to pursue his research in 
Cambridge, and was Master of Peter-
house from �993-2002.

A pioneer of solid-state chemistry 
and an expert on the design, syn-
thesis and in situ characterization of 
heterogeneous catalysts, his work on 
single-site solid catalysts has produced 
a strategy for the creation of new in-
organic catalysts, many of which have 
been exploited commercially. He has 
assembled numerous solid catalysts 
for environmentally benign processes, 
such as the regio-, shape-, and enan-
tio-selective conversions of organic 
molecules in air or oxygen.

His early work focused on 
chemical and electronic consequences 
of imperfections in solids and this 
prompted him to adapt various forms 
of electron microscopy for the re-
trieval of chemical information. Many 
new families of structures have been 
discovered by him. In recognition of 
his investigations in geo-chemistry 
(involving the deployment of micros-
copy, NMR and synchrotron radia-
tion) a new mineral, Meurigite,  

 
was named in his honour.

The recipient of many awards 
(Davy Medal, Faraday Medal, the 
Willard Gibbs and Linus Pauling 
Medals), he also has several honorary 
doctorates in the UK, US, Australia, 
Europe, Africa and Japan. A foreign 
Fellow of the American Philosophical 
Society and of many national acad-
emies, he was chairman of CHEM-
RAWN (Chemical Research Applied 
to World Needs) of IUPAC, �988-92. 
In �99� he was knighted by Queen 
Elizabeth II “for services to chemistry 
and the popularization of science.”

sir John m. thomAs

University of Cambridge
8:50 am - Monday, October 22, 2007
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revolutionAry develoPments From Atomic to 
extended structurAl imAging

Of the three kinds of primary beams 
(neutrons, X-rays and electrons) suit-
able for structural imaging, the most 
powerful are coherent electrons. The 
source brightness of such electrons sig-
nificantly exceeds achievable values for 
neutrons and X-rays: their minimum 
probe diameter is as small as 0.�nm, 
and their elastic mean-free path is ca 
�0nm (for carbon), much less than 
for neutrons and X-rays. Moreover, 
because electrons are focusable and 
may be pulsed at sub-picosecond rates, 
and have appreciable inelastic cross-sec-
tions, electron microscopy (EM) yields 
information in four distinct ways: in 
real space, in reciprocal space, in energy 
space and in the time domain. Thus, 
besides structural imaging, energy 
landscapes of macromolecules may be 
explored, and under optimal condi-
tions elemental compositions, valence 
states and 3D information (from 
tomography) may be retrieved by time-
resolved EM.

Advances in designs of aberra-
tion-corrected high-resolution electron 
microscopes have greatly enhanced 
the quality of structural information 
pertaining to nanoparticle metals, 
binary semiconductors, ceramics and 
complex oxides. Moreover, electron 
tomography sheds light on the shape, 
size and composition of bimetallic 
catalysts attached to nanoporous sup-

ports. With energy-filtered electron 
tomography, chemical compositions of 
sub-attogram quantities located at the 
interior of microscopic objects may be 
retrieved non-destructively.

Radiation damage is the main 
problem which prevents the deter-
mination of the structure of single 
biological macromolecules at atomic 
resolution using any kind of microsco-
py, irrespective of the primary beam. 
Great advances have recently been 
made via the EM of biological macro-
molecules and machines embedded in 
vitreous ice. Electron cryomicroscopy 
is now used to analyze the structures 
of molecules arranged as 2D crystals, 
helical arrays or as single particles; 
and cryoelectron tomography reveals 
nuclear pore complex structure and 
dynamics. Zewail’s revolutionary 
single-electron (4D) ultrafast-EM 
and diffraction is poised to contrib-
ute richly to the structural imaging 
of both atomic and macromolecular 
species.
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sir John e. wAlKer

University of Cambridge
9:35 am - Monday, October 22, 2007

John Walker is Director of the Medi-
cal Research Council Dunn Human 
Nutrition Unit in Cambridge, UK. 
In �974 he joined the Laboratory of 
Molecular Biology in Cambridge, UK 
where he helped to discover overlap-
ping genes in bacteriophages and the 
modified genetic code of mitochondrial 
DNA. In �978 he began studying the 
ATP synthase complex from mito-
chondria and bacteria, resulting in a 
complete sequence analysis from several 
species. This was the overture to his 
work leading, in �994, to the resolu-
tion of the 3D structure of the catalytic 
domain and central rotary stalk by X-
ray crystallography. The crystal struc-
ture pointed at once towards a rotary 
mechanism of ATP synthesis mediated 
by the asymmetry of the structure 
imposed by the rotating central “stalk”. 
Since this work, John has continued to 
unravel the secrets of this all-important 
enzyme demonstrating an unforeseen 
subunit stoichiometry that has led to 
new theories of the molecular me-
chanics of this nanomachine, and the 
structure of the stator.

In addition he has established the 
subunit composition of complex I, 
another highly complex membrane-
bound enzyme of the mitochondrion 
made of 45 different proteins, and he 
has defined transport pathways across 
into mitochondria.

In �995 he was elected Fellow 
of the Royal Society. In �997, he was 
awarded the Nobel Prize in Chemistry 
jointly with Dr. Paul Boyer for  

 

their elucidation of the enzymatic 
mechanism underlying the synthesis 
of adenosine triphosphate (ATP). He 
is a Foreign Member of L’Accademia 
Nazionale dei Lincei, Rome, Italy and 
the Royal Netherlands Academy of 
Sciences, and a Foreign Associate of 
the National Academy of Sciences, 
USA.
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rotAry motors At Atomic-scAle resolution

The lecture will describe the detailed 
workings of two rotary machines 
in biology. One, the ATP synthase 
is essential for life. The other, the 
bacterial flagellar motor provides the 
means for motile bacteria to find nu-
trients and to escape repellents. The 
workings of both machines have been 
revealed largely by a combination of 
structural biology and biophysics. 
They are both driven by energy from 
a transmembrane proton potential 
gradient generated by oxidative 
metabolism of foodstuffs. In the ATP 
synthase the rotary motion is coupled 
directly to chemistry that converts 
adenosine diphosphate to adenosine 
triphosphate. The rotary action of the 
flagellar motor turns the flagellum, 
and depending on the direction of 
rotation the bacteria either tumble or 
swim forwards. The components of 
the machines that generate rotation 
are likely to have a common evolu-
tionary origin.
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stePhen QuAKe

Stanford University
10:35 am - Monday, October 22, 2007

Stephen Quake studied physics (BS 
�99�) and mathematics (MS �99�) at 
Stanford University before earning his 
doctorate in physics from Oxford Uni-
versity (�994) as a Marshall scholar. 
He then spent two years as a post-doc 
in Nobel Laureate Steven Chu's group 
at Stanford developing techniques to 
manipulate single DNA molecules with 
optical tweezers. In �996 Quake joined 
the faculty of the California Institute of 
Technology, where he rose through the 
ranks and was ultimately appointed the 
Thomas and Doris Everhart Professor 
of Applied Physics and Physics. Quake 
moved back to Stanford in 2004 to 
help launch a new department in Bio-
engineering.

Quake's interests lie at the nexus 
of physics, biology and biotechnol-
ogy. Over the past half decade, he has 
focused on understanding the basic 
physics and biological applications of 
microfluidic technology. His group 
pioneered the development of Micro-
fluidic Large Scale Integration (LSI), 
demonstrating the first integrated 
microfluidic devices with thousands of 
mechanical valves. This technology is 
helping to pave the way for large scale 
automation of biology at the nanoliter 
scale, and he and his students have 
been exploring applications of "lab on a 
chip" technology in functional genom-
ics, genetic analysis, and protein de-
sign. Throughout his career, Quake has 
also been active in the field of single 
molecule biophysics; he has focused on 
precision measurements  

 

on single molecules, and in 2003 his 
group demonstrated the first success-
ful single molecule DNA sequencing 
experiments.

Quake received "Career" and 
"First" awards from the National 
Science Foundation and National In-
stitutes of Health in �997, was named 
a Packard Fellow in �999, was in the 
inaugural class of NIH Director's 
Pioneer Awards in 2004, and in 2005 
was selected as an investigator of the 
Howard Hughes Medical Institute. 
His contributions to the development 
of new biotechnology at the interface 
between physics and biology have been 
recognized by recent awards from the 
MIT Technology Review Magazine, 
Forbes, and Popular Science. He is a 
founder and scientific advisory board 
chair of Fluidigm, Inc and Helicos 
Biosciences, Inc.
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microFluidic lArge scAle integrAtion

The integrated circuit revolution 
changed our lives by automating 
computational tasks on a grand scale. 
My group has been asking whether a 
similar revolution could be enabled 
by automating biological tasks. To 
that end, we have developed a method 
of fabricating very small plumbing 
devices – chips with small channels 
and valves that manipulate fluids 
containing biological molecules and 
cells, instead of the more familiar 
chips with wires and transistors that 
manipulate electrons. We have been 
using these tools to investigate areas 
ranging from single cell gene expres-
sion in stem cells to deconstructing 
complex microbial systems.
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Carlos J. Bustamante received a 
Ph.D. in biophysics in �98� from the 
University of California, Berkeley. 
Since �994, Dr. Bustamante has held 
an appointment as a Howard Hughes 
Medical Institute Investigator. In 
�998, he became the director for the 
Advance Microscopies Department at 
Lawrence Berkeley National Labora-
tory, and a Professor of Physics as 
well as Molecular and Cell Biology at 
Berkeley. His research interests include 
single molecule manipulation methods 
and their application to investigate 
various biochemical processes: torque 
measurements on single DNA mol-
ecules, reversible folding of single RNA 
molecules by force, and the mecha-
nochemistry of nucleic-acid binding 
molecular motors. He was nominated 
as America’s Best in Time magazine 
(200�), received the Biological Physics 
Prize of the American Physical Society 
(2002), and he accepted the Alexan-
der Hollaender Award in Biophysics 
from the National Academy of Sci-
ence (2004). He has also received the 
Richtmyer Memorial Lecture Award 
by the American Association of Physics 
Teachers (2005), and a Doctor honoris 
causa by the University of Chicago 
(2005). Dr. Bustamante has given well 
over 400 presentations and lectures 
and has published over 200 papers in 
several journals such at PNAS, Nature, 
and Cell. He currently serves as a 
member of the Science Advisory Board 
of the Searle Scholars Program. He is 
an elected member of the National  

 

Academy of Sciences, the Science 
Advisory Committee, and the Board 
of Directors of the Burroughs-Well-
come Fund. He also holds several other 
advisory roles within the University 
of California, Berkeley and the larger 
scientific community.

cArlos J. BustAmAnte

University of California, Berkeley    
11:20 am - Monday, October 22, 2007
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BiologicAl single-molecule sPectroscoPy

I will present our recent results on 
the packaging of DNA by the con-
nector motor at the base of the head 
of bacteriophage f29. As part of their 
infection cycle, many viruses must 
package their newly replicated genomes 
inside a protein capsid to insure its 
proper transport and delivery to other 
host cells. Bacteriophage f29 packages 
its 6.6 mm long double-stranded DNA 
into a 42 nm dia. x 54 nm high capsid 
via a portal complex that possesses 5 
ATPases that hydrolyze ATP. This 
process is remarkable because entropic, 
electrostatic, and bending energies 
of the DNA must be overcome to 
package the DNA to near-crystalline 
density. We have used optical tweezers 
to pull on single DNA molecules as 
they are packaged, thus demonstrat-
ing that the portal complex is a force 
generating motor. We find that this 
motor can work against loads of up to 
~57 picoNewtons on average, mak-
ing it one of the strongest molecular 
motors ever reported. Movements of 
over 5 mm are observed, indicating 
high processivity. Pauses and slips also 
occur, particularly at higher forces. We 
establish the force-velocity relationship 
of the motor and find that the rate-lim-
iting step of the motor’s cycle is force 
dependent even at low loads. Interest-
ingly, the packaging rate decreases as 
the prohead is filled, indicating that 

an internal pressure builds up due to 
DNA compression. We estimate that 
at the end of the packaging the capsid 
pressure is ~6 MegaPascals, corre-
sponding to an internal force of ~52 
pN acting on the motor. The biological 
implications of this internal pressure 
and the mechano-chemical efficiency of 
the engine are discussed. We have also 
investigated the coordination between 
the mechanical and the chemical steps 
in the operation of the motor and have 
been able to propose the first putative 
cycle for this molecular machine. We 
determine, within this cycle, the step at 
which the chemical energy is converted 
into mechanical work and we have 
characterized the nature of the interac-
tions between the motor and the DNA. 
Finally, high resolution optical tweezers 
experiments are also making it possible 
for us to investigate in detail the opera-
tion of this motor and the coordination 
among the ATPases during the overall 
motor cycle.
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J. Andrew McCammon is the Joseph 
E. Mayer Chair Professor of Theo-
retical Chemistry and Distinguished 
Professor of Pharmacology at UCSD, 
and is an Investigator of the Howard 
Hughes Medical Institute. He received 
his B.A. from Pomona College, and 
his Ph.D. in chemical physics from 
Harvard University, where he worked 
with John Deutch. In �976-78, he 
developed the computer simulation 
approach to protein dynamics in 
Martin Karplus’s lab at Harvard. He 
joined the University of Houston as 
Assistant Prof. of Chemistry in �978, 
and became the M.D. Anderson Chair 
Prof. of Chemistry in �98�. He moved 
to UCSD in �995. He has invented 
theoretical methods for accurately 
predicting and interpreting molecular 
recognition, the rates of reactions, and 
other properties of chemical systems. In 
addition to their fundamental interest, 
these methods play a growing role in 
the design of new drugs and other ma-
terials. He is the author with Stephen 
Harvey of “Dynamics of Proteins and 
Nucleic Acids” (Cambridge University 
Press), and is the author or co-author 
of more than 500 publications on 
subjects in theoretical chemistry and 
biochemistry. About 50 of his former 
students have tenured or tenure-track 
positions at leading universities or 
research institutes. In the �980’s, he 
guided the establishment of the com-
puter-aided drug discovery program of 
Agouron Pharmaceuticals (now Pfizer 
Global Research and Development,  

 
La Jolla Laboratories), and contrib-
uted to the development of the widely 
prescribed HIV-� protease inhibi-
tor, Viracept. His group’s studies of 
HIV-� integrase flexibility contrib-
uted to the discovery of the first in a 
new class of antiviral drugs by Merck 
& Co., named Raltegravir in 2007. 
He received the first George Her-
bert Hitchings Award for Innovative 
Methods in Drug Design from the 
Burroughs Wellcome Fund in �987. 
In �995, he received the Smithsonian 
Institution’s Information Technology 
Leadership Award for Breakthrough 
Computational Science, sponsored 
by Cray Research. He is a Fellow of 
the American Academy of Arts and 
Sciences, the American Assoc. for the 
Advancement of Science, the American 
Physical Society, and the Biophysical 
Society.

J. Andrew mccAmmon

University of California, San Diego, Discussion Leader
1:30 pm - Monday, October 22, 2007



22

Peter G. Wolynes was born in 
Chicago, Illinois April 2�, �953. He 
graduated with an A.B. from Indi-
ana University in �97� and received 
a Ph.D. in Chemical Physics from 
Harvard University in �976. He 
spent most of the year as a postdoc-
toral fellow with John Deutch at the 
Massachusetts Institute of Technol-
ogy. He then spent from Fall �976 to 
�979 as an Assistant Professor in the 
Chemistry department at Harvard. 
In �980 he moved to the University 
of Illinois, eventually becoming the 
Center for Advanced Study Professor 
of Chemistry, Physics and Biophysics. 
In 2000 he moved to the Department 
of Chemistry and Biochemistry at the 
University of California, San Diego.

Wolynes has been a visiting schol-
ar for extended periods at the Institute 
for Theoretical Physics (UCSB), the 
Institute for Molecular Science (Oka-
zaki, Japan) and the Ecole Normale 
Superieure (Paris, France). He was a 
Fogarty Scholar-in-Residence at the 
National Institute of Health and the 
Himshelwood Lecturer at Oxford.

Wolynes’ work across the spec-
trum of theoretical chemistry and 
biochemistry has been recognized by 
the �986 ACS Award in Pure Chem-
istry, the 2000 Peter Debye Award 
for Physical Chemistry of the ACS 
and the Fresenius Award. He received 
an honorary Doctor of Science from 
Indiana University in �988 and was 
elected to both the National Academy 
of Sciences and the American  

 
Academy of Arts and Sciences in 
�99�. He is a fellow of the American 
Association for the Advancement of 
Science and the American Physical So-
ciety and a Fellow of the Biophysical 
Society. Most recently, Wolynes has 
been elected to the American Philo-
sophical Society, the German Acad-
emy of Sciences "Leopoldina," and 
Foreign Member, the Royal Academy.

Wolynes holds the Francis Crick 
Chair in the Physical Sciences at 
UCSD and in addition to continu-
ing his work on many body chemical 
physics, protein folding and structure 
prediction, he is also studying stochas-
tic aspects of cell biology.

Peter g. wolynes 
University of California, San Diego 
1:40 pm - Monday, October 22, 2007
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Protein Folding And Beyond

Twenty-five years ago, how proteins 
folded into organized structures on 
the basis of their sequence was a great 
mystery. By characterizing the energy 
landscapes of proteins with tools from 
the statistical mechanics of disordered 
systems like spin glasses, a “new view” 
of the folding process became possible. 
Energy landscape theory provided an 
incentive to pursue heroic new experi-
ments and to carry out difficult com-
puter simulations addressing protein 
folding mechanisms.

Many aspects of folding kinetics 
revealed by these studies can be quan-
titatively understood using the simple 
idea that the topography of the energy 
landscape is that of a “rugged funnel”. 
Folding kinetics can often be predicted 
quantitatively on the basis of topology 
alone because of the funneled nature of 
evolved protein landscapes. 

Energy landscape theory also has 
provided a quantitative means of char-
acterizing which amino acid sequences 
can rapidly fold. Algorithms based on 
energy landscape theory have been used 
to successfully design novel sequences 
that fold to a given structure in the 
laboratory.

Energy landscape ideas have 
transformed the prediction of protein 
structure from sequence data from 
being an art to being a science. The 
success of energy landscape- based 
algorithms in predicting protein struc-

ture from sequence will be highlight-
ed. While still more work is needed to 
achieve universally reliable structure 
prediction, many parts of what used 
to be called “the protein folding prob-
lem” can now be considered solved. 

Going beyond protein folding, we 
are presently learning that the fold-
ing and functional landscapes overlap. 
Allosteric proteins and proteins that 
are modified post-translationally often 
exhibit landscapes with evolutionarily 
constructed degeneracies. Understand-
ing these aspects of molecular biology 
requires new conceptions in energy 
landscape theory.
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Professor Parrinello is known for 
his many technical innovations in the 
field of atomistic simulations and for 
a wealth of interdisciplinary applica-
tions ranging from materials science to 
chemistry and biology. Together with 
Roberto Car he introduced ab-initio 
molecular dynamics, also known as the 
Car-Parrinello method, marking the 
beginning of a new era both in the area 
of electronic structure calculations and 
in molecular dynamics simulations. He 
is also known for the Parrinello-Rah-
man method, which allows crystalline 
phase transitions to be studied by mo-
lecular dynamics. More recently he has 
introduced metadynamics for the study 
of rare events and the calculation of 
free energies. For his work he has been 
awarded many prizes and honorary 
degrees. He is a member of numerous 
academies and learned societies, includ-
ing the German Berlin-Brandenbur-
gische Akademie der Wissenschaften, 
the British Royal Society and the Ital-
ian Accademia Nazionale dei Lincei, 
which is the major academy in his 
home country Italy. Born in Messina 
in �945, he got his degree from the 
University of Bologna and is currently 
professor of Computational Sciences at 
ETH in Switzerland.

michele PArrinello

Swiss Federal Institute of Technology 
2:25 pm - Monday, October 22, 2007
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simulAting comPlexity: 
chAllenges And Progress in Atomistic simulAtions

Computer simulation methods based 
on empirical potentials or on the ab-
initio approach have made invaluable 
contributions to our understanding 
of complex chemical and biochemical 
processes. However in spite of great 
progress in hardware, computer simula-
tions often fall short of what is needed 
for a realistic description of the systems 
of interest. It suffices here to mention 
the fields of nanoscience and biophys-
ics where systems composed of a large 
number of atoms need to be studied 
over very long time scales. In order to 
remedy this situation we are develop-
ing novel simulation methods that 
greatly extend the length and time scale 
of the simulation. We shall present a 
new approach to ab-initio molecular 
dynamics which accelerates simulations 
by at least one order of magnitude. In 
addition we shall describe methods for 
accelerating the study of slow processes 
and calculating free energies. These 
novel methods allow a wide class of dif-
ficult yet very important problems to 
be studied. We shall present a number 
of applications to structural phase 
transition and nucleation. Applications 
to phase transitions and nucleation will 
be presented.
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Rob Phillips is a professor of Applied 
Physics at the California Institute of 
Technology in Pasadena, California 
where he currently serves as the Option 
Representative for Biochemistry and 
Molecular Biophysics. Phillips received 
his PhD in condensed matter physics at 
Washington University in �989. Prior 
to the privilege of a life in science, he 
spent seven years of travel, self-study 
and work as an electrician.

Work in his group centers on 
physical biology of the cell, the use of 
physical models to explore biological 
phenomena and the construction of ex-
periments designed to test them. Some 
of the key areas of interest include the 
physics of genome management such 
as how viruses and cells physically ma-
nipulate DNA as part of their standard 
repertoire during their life cycles and 
how the physical properties of lipid 
bilayers are tied to the behavior of ion 
channels.

Over the last seven years, Phil-
lips has been working with Professor 
Jane’ Kondev (Brandeis University) 
and Professor Julie Theriot (Stanford 
University) on a book entitled “Physi-
cal Biology of the Cell” to be published 
by Garland Science.

roB PhilliPs

California Institute of Technology
3:10 pm - Monday, October 22, 2007
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the Physics oF genome mAnAgement

DNA is arguably the world’s most 
famous molecule with most of the 
attention it garners centering on the 
sequence of As, Ts, Gs and Cs that 
make up its information content. On 
the other hand, a host of biologically 
important processes such as DNA 
packing in both cells and viruses and 
transcriptional regulation involve large 
scale deformations of the DNA double 
helix. These problems offer an excit-
ing opportunity for a rich interplay 
between quantitative modeling and 
experiments which examine the con-
nection between the informational and 
physical properties of DNA.

One intriguing class of problems 
that we have been focused on in my 
group involves how viral genomes 
are packed during viral assembly and 
how these same genomes exit the virus 
during the infection process. There has 
been a longstanding debate about the 
nature of the driving forces that result 
in DNA translocation during the viral 
infection process. Recent contributions 
to this debate have come from many 
quarters including single-molecule 
experiments which make it possible 
to watch viruses eject their genomes 
one DNA molecule at a time. I will 
describe models of the ejection process 
and single-molecule experiments we 
have designed to test them.

A second case study in which the 
physical properties of DNA impact 

its biological function is DNA loop-
ing in transcriptional regulation. The 
elucidation of the operon concept by 
Jacob and Monod which gave rise to 
modern thinking on gene regulation 
was based on particular examples of 
transcriptional control in bacteria and 
the viruses that infect them. Interest-
ingly, both of the cases they considered 
(the lysis-lysogeny decision in bac-
teriophage and sugar metabolism in 
bacteria) involve large deformations of 
the DNA in the form of protein-medi-
ated loops. Work in my group has used 
a combination of statistical mechanical 
modeling, single-molecule experiments 
and in-vivo biophysics approaches to 
examine the interplay of the informa-
tional and physical properties of DNA 
during transcriptional regulation. The 
second part of the talk will focus on 
our analysis of looping in several differ-
ent transcriptional settings.
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Douglas C. Rees is the Roscoe 
Gilkey Dickinson Professor of Chem-
istry at the California Institute of 
Technology and an Investigator of the 
Howard Hughes Medical Institute. He 
received his BS in Molecular Biophys-
ics and Biochemistry from Yale Col-
lege, working with C.W. Slayman, and 
his PhD in Biophysics from Harvard 
University, where he conducted his 
graduate research in protein crystallog-
raphy with W.N. Lipscomb. Follow-
ing a postdoctoral appointment at the 
University of Minnesota studying ni-
trogenase with J.B. Howard, Dr. Rees 
joined the faculty of the Department of 
Chemistry and Biochemistry at UCLA 
until moving to Caltech in �989. He 
is a member of the American Academy 
of Arts and Sciences and the National 
Academy of Sciences. The research in-
terests of the Rees group emphasize the 
general area of structural bioenergetics, 
using crystallographic and functional 
approaches to characterize metallo-
proteins and membrane proteins such 
as nitrogenase and ABC transporters 
that mediate ATP-dependent energy 
transduction processes. 

douglAs c. rees

California Institute of Technology, Discussion Leader
8:00 am - Tuesday, October 23, 2007
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Roderick MacKinnon is currently 
John D. Rockefeller Jr. professor in the 
laboratory of Molecular Neurobiology 
and Biophysics at Rockefeller Univer-
sity and Investigator of the Howard 
Hughes Medical Institute. 
His research aims to understand the 
molecular mechanisms of a class of 
integral membrane proteins known 
as ion channels. By catalyzing the 
rapid and selective flow of inorganic 
ions, such as potassium and chloride, 
across cell membranes, these proteins 
generate electrical signals in cells. 
Among their many biological func-
tions, ion channels control the pace of 
the heart, regulate hormone secretion 
and generate the electrical impulses 
underlying information transfer in the 
nervous system. Central questions in 
the field of mechanistic ion channel 
studies include: How do their pores 
discriminate between very similar ions 
such as sodium and potassium, and 
how does neurotransmitter binding or 
a change in a cell's membrane volt-
age control the gating (opening and 
closing) process? These questions are 
being addressed through functional 
and structural studies of potassium and 
other ion channels.
Dr. MacKinnon is a member of the 
U.S. National Academy of Sciences 
and the recipient of numerous scien-
tific awards including the �999 Albert 
Lasker Basic Medical Research Award, 
the 2000 Lewis S. Rosenstiel Award 
for Distinguished Research Award, the 
200� Gairdner Foundation  

 
International Award, the 2003 Louisa 
Gross Horwitz Prize, and the 2003 
Nobel Prize in Chemistry.

rodericK mAcKinnon

The Rockefeller University
8:10 am - Tuesday, October 23, 2007
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the mysterious cell memBrAne

The cell membrane is a heterogeneous 
(lipid + protein + other substances) 
material whose physical properties are 
incompletely understood. An envelope 
of average thickness about 50 Å, the 
membrane is both a confining bar-
rier and a unique environment within 
which important chemical processes 
occur. As a barrier the membrane holds 
the molecular components of a cell in 
one place. As a unique environment the 
membrane is the seat of many of life’s 
most important chemical processes: the 
harnessing of light energy, the inter-
conversion of electrochemical gradient 
energy and chemical energy, the trans-
port of ions, water and nutrients, and 
the control of biochemical pathway 
switches that are triggered by specific 
external stimuli. Characterization of 
the membrane’s protein components 
– the membrane’s ‘molecular machines’ 
– has furthered our understanding of 
these membrane processes. However, 
it is increasingly evident that the lipid 
components of membranes fulfill a far 
more important role than mere inert 
holder of the protein components. 
Lipids modulate protein function, in 
some cases through specific chemical 
interactions and in other cases probably 
through mechanical membrane forces. 
I will discuss ion channel structure and 
function with emphasis on under-
standing the proteins and lipids as a 
functional unit.
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Christopher M. Dobson received 
his doctorate from the University of 
Oxford in �976, having worked on the 
application of NMR spectroscopy as 
a means of defining the structures and 
dynamics of proteins in solution. After 
a short period as a Research Fellow he 
moved to Harvard University as an 
Assistant Professor of Chemistry. In 
�980 he returned to the University of 
Oxford first as a Lecturer and later as 
Professor and Director of the Oxford 
Centre for Molecular Sciences. His 
research interests increasingly focused 
on defining the mechanism of protein 
folding and more recently on under-
standing the consequences of misfold-
ing particularly in terms of its relation-
ship to human disease. In 200� he 
moved to the University of Cambridge 
as John Humphrey Plummer Professor 
of Chemical and Structural Biology. 
From �st October 2007 he will serve as 
the next Master of St John's College, 
Cambridge.

christoPher m. doBson

University of Cambridge 
8:55 am - Tuesday, October 23, 2007
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Protein misFolding And diseAse

Proteins are involved in every chemi-
cal process that takes place within 
any living system. In order to func-
tion, after synthesis on the ribosome 
most proteins must fold into a unique 
and highly organised structure whose 
characteristics are encoded within the 
amino acid sequence. The principles 
behind the folding process are increas-
ingly becoming established through a 
combination of innovative experimen-
tal and theoretical approaches [Dob-
son, Nature 426, 884-890 (2003)]. 
It is increasingly clear, however, that 
the failure of proteins to fold, or to 
remain correctly folded, can give rise 
to serious cellular malfunctions that 
frequently lead to disease. One particu-
larly important group of such diseases 
is associated with the aggregation of 
misfolded proteins into remarkable 
thread-like structures usually known as 
amyloid fibrils, and includes disorders 
ranging from Alzheimer’s disease to 
late-onset diabetes, conditions that are 
becoming increasingly common in our 
aging populations [Chiti and Dobson, 
Annu. Rev. Biochem. 75, 333-366 
(2006)]. The manner in which the 
normal soluble forms of peptides and 
proteins can convert into pathogenic 
aggregates is being uncovered by a wide 
variety of in vitro experimental studies 
in conjunction with computer simula-
tions and the techniques of bioinfor-
matics. These studies are increasingly 

being linked to events occurring in vivo 
using a variety of strategies, such as the 
development of approaches designed to 
probe the consequences of misfolding 
and aggregation behaviour in model 
organisms such as Drosophila. This talk 
will try to draw together some of the 
ideas that are currently emerging from 
a variety of recent studies, including ev-
idence for the existence of an extremely 
narrow boundary between normal 
and aberrant behaviour [Tartaglia et 
al., Trends Biochem. Soc. 32, 204-206 
(2007)], and discuss how these ideas 
shed light on the origin, current prolif-
eration and potential means of preven-
tion of many of the diseases associated 
with misfolding.
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David A. Tirrell is the Ross Mc-
Collum-William H. Corcoran Profes-
sor and Chairman of the Division of 
Chemistry and Chemical Engineering 
at the California Institute of Technol-
ogy. After earning the B.S. in Chem-
istry at MIT, Tirrell enrolled in the 
Department of Polymer Science and 
Engineering at the University of Mas-
sachusetts, where he was awarded the 
Ph.D. in �978 for work done under 
the supervision of Otto Vogl. After a 
brief stay with Takeo Saegusa at Kyoto 
University, Tirrell accepted an assistant 
professorship in the Department of 
Chemistry at Carnegie-Mellon Univer-
sity in the fall of �978.

Tirrell returned to Amherst in 
�984 and served as Director of the 
Materials Research Laboratory before 
moving to Caltech in �998. He has 
been a Visiting Professor at the Uni-
versity of Queensland, at the Institut 
Charles Sadron in Strasbourg, at the 
University of Wisconsin, and at the 
Institut Curie in Paris. He was Editor 
of the Journal of Polymer Science from 
�988 until �999, and has chaired the 
Gordon Research Conferences on 
Polymers in Biosystems and on Chemistry 
of Supramolecules and Assemblies.

Tirrell’s contributions to macro-
molecular chemistry have been recog-
nized in a variety of ways, including 
his election to the American Academy 
of Arts and Sciences and the National 
Academy of Sciences. 

dAvid A. tirrell

California Institute of Technology 
9:55 am - Tuesday, October 23, 2007
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AlternAtive trAnslAtions oF rnA messAges

Macromolecular chemistry has tradi-
tionally been divided into two fields, 
with biochemists and biophysicists 
working on proteins and nucleic 
acids while polymer chemists and 
materials scientists have concerned 
themselves with synthetic polymers. 
These two classes of macromolecules 
are profoundly different from one 
another; proteins and nucleic acids are 
uniform, well folded, and evolvable, 
whereas polymers are heterogeneous 
and for the most part adopt random-
coil conformations. The advantage 
held by synthetic polymers is their 
compositional diversity; thousands of 
different monomers are available to the 
polymer chemist, while proteins and 
nucleic acids are made from relatively 
small numbers of amino acids and 
nucleotides. This lecture will describe 
an ongoing effort to diversify the set of 
amino acids that can be used by cells to 
make proteins. Implications for macro-
molecular chemistry, protein evolution 
and cell biology will be explored.
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George M. Whitesides was born 
August 3, �939 in Louisville, KY. He 
received an A.B. degree from Harvard 
University in �960 and a Ph.D. from 
the California Institute of Technology 
(with J.D. Roberts) in �964. He was 
a member of the faculty of MIT from 
�963 to �982. He joined the Depart-
ment of Chemistry of Harvard Uni-
versity in �982, and was Department 
Chairman �986-89, and Mallinckrodt 
Professor of Chemistry from �982-
2004. He is now the Woodford L. and 
Ann A. Flowers University Professor.

Awards: American Chemical So-
ciety (ACS) Award in Pure Chemistry 
(�975)–Arthur C. Cope Award (ACS) 
(�995)–Defense Advanced Research 
Projects Agency Award for Significant 
Technical Achievement (�996)–U.S. 
National Medal of Science (�998)
Von Hippel Award (Materials Research 
Society) (2000)–Kyoto Prize for Ad-
vanced Technology (Inamori Founda-
tion, Japan) (2003)–Paracelsus Prize 
(Swiss Chemical Society) (2004)–Dan 
David Prize in Future Science (Dan 
David Foundation, Israel) (2005)–
Welch Award (2005)–UAA-Dhirumb-
hai Ambani Award (National Academy 
of Science, India) (2006)–Priestley 
Medal (American Chemical Society) 
(2007)

Memberships and Fellowships:
American Academy of Arts and Sci-
ences, National Academy of Sciences, 
National Academy of Engineering, 
American Philosophical Society, Fellow 
of the American Association for the  

 
Advancement of Science, Fellow of the 
Institute of Physics, New York Acad-
emy of Sciences, World Technology 
Network, Foreign Fellow of the Indian 
National Academy of Science, Honor-
ary Member of the Materials Research 
Society of India, Honorary Fellow 
of the Chemical Research Society of 
India, Royal Netherlands Academy of 
Arts and Sciences, and Honorary Fel-
low of the Royal Society of Chemistry 
(UK).

Present research interests include: 
physical and organic chemistry, materi-
als science, biophysics, complexity and 
emergence, surface science, microfluid-
ics, optics, self-assembly, micro- and 
nanotechnology, science for developing 
economies, catalysis, energy produc-
tion and conservation, origin of life, 
rational drug design, and cell-surface 
biochemistry.

george m. whitesides 
Harvard University 
10:40 am - Tuesday, October 23, 2007
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why is it so diFFicult to design ligAnds thAt 
Bind to Proteins

The ability to design drugs (so-called 
“rational drug design”) has been one of 
the long-term objectives of chemistry 
for 50 years. It is an exceptionally dif-
ficult problem, and many of its parts lie 
outside the expertise of chemistry. The 
much more limited problem—how to 
design tight-binding ligands—would 
seem to be one that chemistry could 
solve, but has also proved remarkable 
recalcitrant. The question is “Why is 
it so difficult?” and the answer is “We 
still don’t entirely know.” This talk will 
discuss some of the technical issues—
potential functions, enthalpy/entropy 
compensation, protein plasticity, and 
others—that contribute, and suggest 
areas where fundamental understand-
ing of protein-ligand interactions falls 
short of what is needed. It will also 
suggest some approaches that do work, 
and give examples of experiments that 
suggest limitations to current under-
standing of the problem. 
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Noel Hush, Australian-born with 
dual British citizenship, earned both 
his bachelor’s and master’s degrees 
in chemistry from the University of 
Sydney. He was appointed a lecturer 
in physical chemistry at the University 
of Manchester in the UK in �950, and 
later joined the faculty at the Univer-
sity of Bristol from �955 until �97�, 
when he returned to Australia to the 
University of Sydney as the Foundation 
Professor of Theoretical Chemistry. 
He served as Head of the department 
from �97� until �989 and continues to 
maintain a vigorous research program 
at the University of Sydney.

His interests are principally in 
application of quantum mechanics 
to elucidation of electronic structures 
and dynamics, and range widely in 
this area. . A particular emphasis has 
been on fundamental understand-
ing of thermal and optical electron 
transfer dynamics in condensed phases 
or at interfaces, including electron 
exchange in solution, charge separation 
in photosynthesis and charge transfer 
at electrode/solution interfaces. This 
is connected with the phenomenon of 
mixed valency, ubiquitous in physics, 
chemistry and biology, in which the 
extent of electron localization has a 
key role. His current research interests 
focus on an area of nanotechnology 
known as molecular electronics, which 
embodies many of the concepts of the 
earlier electron transfer theory, and 
collaborates with University of Sydney 
colleague, Jeffrey Reimers,  

 
in theoretical studies of molecular 
circuitry and the design of molecular 
devices, such as ultra-dense random 
access memories. He is an Officer of 
the Order of Australia, a Fellow of the 
Australian Academy of Science, a Fel-
low of the Royal Society of London, a 
Fellow of the Royal Australian Chemi-
cal Institute and a Foreign Member of 
the American Academy of Arts and Sci-
ences. Awards he has received include a 
Doctorate of Science from Manchester 
University, the Flinders Medal of the 
Australian Academy of Science, the 
Centenary Medal of the Royal Society 
of Chemistry, the inaugural David 
Craig Medal of the Australian Acad-
emy of Science, the Physical Chemistry 
Medal of the Royal Australian Chemi-
cal Society and the Australian Federa-
tion Medal.

noel s. hush

The University of Sydney 
11:25 am - Tuesday, October 23, 2007
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symmetry BreAKing, delocAliZAtion 
And dynAmics in electron trAnsFer systems

Chemistry abounds with examples of 
molecules which have broken sym-
metry, such as ammonia, which is not 
flat but oscillates between two identical 
‘umbrella’ conformations. Benzene in 
its ground state is a flat symmetri-
cal ring, but has lowered symmetry 
in its first excited state. What is in 
evidence here is competition between 
energy of electronic coupling between 
nuclei (J), tending to delocalize, and 
energy of electron–vibrational cou-
pling (l), tending to localize. In the 
fully delocalized case, we have a static 
charge distribution, and in the strongly 
localized case there is dynamic equi-
librium between equivalent structures, 
with a measurable thermal exchange 
rate constant. An example would be 
the isotopic exchange rate between 
ferrous and ferric ions in water solu-
tion, where the localizing tendency 
is due to coupling to solvent phonon 
modes, The criterion for localization 
is that l should be greater that 2J. 
Electron transfer processes in chemistry 
and biology (both homogeneous and 
heterogeneous) are examples of such 
dynamic exchange between (at least) 
two potential minima, with the addi-
tional proviso that these generally have 
an overall driving energy (E0) so that 
forward and backward transfer rates are 
different. As well as thermal transfer, 
however, a vertical optical transition 
from initial to excited final state may 
often be measurable: this is named an 
intervalence transition, and from its 
spectroscopic properties all three pa-

rameters, J, l and E0 can be obtained, 
leading to a prediction of the thermal 
rate constant and electronic asymmetry 
in the ground state. Mixed-valence 
molecules or solids exhibit these prop-
erties also, and thermal; and optical 
studies of intervalence charge transfer 
in these ubiquitous systems leads to un-
derstanding of their unusual properties. 
In studying electron transfer, we seek 
to understand the nature of electronic 
coupling, which is often through mo-
lecular bridges, and the detailed nature 
of the vibronic interactions. This, for 
example, in the mixed-valence  radi-
cal cation of the ‘special pair’ diner in 
the bacterial photosynthetic system, 
we consider 70 internal vibrational 
modes and coupling to all atoms of the 
enclosing protein ‘solvent’, as well as of 
J. Such calculations take us to the limit 
of present-day computing capacity, and 
are yet still only approximations. How-
ever, an enormous amount of insight 
has been gained. Symmetry breaking 
in multi-electron systems can also be 
brought about by essentially electronic 
effects, as in the Mott transition in 
metals or in the internal electronic 
structure of nanoelectrodes, This work 
leads on naturally to Molecular Elec-
tronics, and the study of the nature 
of conduction, phonon coupling, 
switching and transistor action at the 
single-molecular level follows naturally 
from the earlier concepts. 
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William H. Miller was born in 
Kosciusko, Mississippi, in �94�, and 
grew up in Jackson. He received a 
B.S. in Chemistry from Georgia Tech 
(�963) and a Ph.D. in Chemical 
Physics from Harvard (�967). Dur-
ing �967-69 he was a Junior Fellow in 
Harvard’s Society of Fellows, the first 
year of which was spent as a NATO 
postdoctoral fellow at the University 
of Freiburg (Germany). He joined the 
chemistry department of the University 
of California, Berkeley, in �969 and 
has been Professor since �974, serving 
as Department Chairman from �989 
to �993 and becoming the Kenneth S. 
Pitzer Distinguished Professor in �999.

Professor Miller’s research has 
dealt with essentially all aspects of mo-
lecular collision theory and chemical 
reaction dynamics. The more sig-
nificant of his contributions include a 
comprehensive semiclassical scattering 
theory (the classical S-matrix) of inelas-
tic and reactive scattering processes, the 
reaction path Hamiltonian for describ-
ing polyatomic reactions, the 
S-matrix Kohn variational method for 
state-to-state reactive scattering, and 
a rigorous quantum theory of chemi-
cal reaction rates (and its semiclassical 
limit, the “instanton” model) that 
generalizes transition state theory. 
Most recently his efforts have focused 
on developing the initial value repre-
sentation (IVR) of semiclassical theory 
into a practical way of adding quantum 
effects to classical molecular dynamics 
simulations of chemical processes.

Professor Miller is a member of 
the International Academy of Quan-
tum Molecular Sciences (�985), the 
National Academy of Sciences (�987), 
and the American Academy of Arts and 
Sciences (�993). His awards include 
the Annual Prize of the International 
Academy of Quantum Molecular 
Sciences (�974), the E. O. Lawrence 
Memorial Award (�985), the Irving 
Langmuir Award in Chemical Phys-
ics (�990), the American Chemical 
Society Award in Theoretical Chem-
istry (�994), the Hirschfelder Prize 
in Theoretical Chemistry (�996), the 
Ira Remsen Award (�997), the Spiers 
Medal of the Royal Society of Chemis-
try (�998), and the Peter Debye Award 
in Physical Chemistry (2003). 

williAm h. miller

University of California, Berkeley
11:50 am - Tuesday, October 23, 2007
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using the initiAl vAlue rePresentAtion oF 
semiclAssicAl theory to Add QuAntum eFFects to 
clAssicAl moleculAr dynAmics simulAtions

Semiclassical (SC) theory provides 
a good description of essentially all 
quantum effects (interference/coher-
ence, tunneling and other classically 
forbidden processes, symmetry effects 
of identical particles, quantization of 
bounded motion, etc.) in molecular 
dynamics; this has long been appreci-
ated and validated by many applica-
tions to small molecular systems [cf. 
Adv. Chem. Phys. 25, 69-�77 (�974)]. 
Since SC theory is built on the classical 
trajectories of the dynamical system, it 
should in principle be possible to use it 
also to add quantum effects to classi-
cal molecular dynamics simulations of 
complex molecular systems (i.e., those 
with many degrees of freedom), e.g., 
chemical reactions in solution, in clus-
ters, in bio-molecular or any complex 
environment. The practical implemen-
tation of SC theory for systems with 
many degrees of freedom is based on 
various initial value representations 
(IVRs), which have recently undergone 
a re-birth of interest in this regard. 
This talk reviews the basic idea of the 
SC-IVR approach and describes a 
variety of recent applications that have 
been carried out using it. For a more 
detailed overview, see J. Phys. Chem. 
A �05, 2942-2955 (200�); Proc. Nat. 
Acad. Sci. �02, 6660-6664 (2005); J. 
Chem. Phys. �25, �32305.�-8 (2006).
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Alexander Varshavsky is Smits  
Professor of Cell Biology at the Califor-
nia Institute of Technology (Caltech). 
He moved to Caltech in �992, after 
�5 years at MIT. Dr. Varshavsky’s 
early work resulted in the �978-�980 
discoveries of the first exposed region 
in chromosomes and the first (multi-
catenanes-based) pathway of chromo-
some segregation. In the �980s, a set 
of interconnected discoveries by Dr. 
Varshavsky revealed the biological 
significance of the ubiquitin system, by 
showing that it plays a strikingly broad, 
previously unsuspected part in cellular 
physiology. Ubiquitin conjugation 
was demonstrated, by Dr. Varshavsky 
and coworkers, to be required for the 
protein degradation in vivo, for cell 
viability and also, more specifically, for 
the cell cycle, DNA repair, protein syn-
thesis, transcriptional regulation and 
stress responses. He also discovered the 
first degradation signals in short-lived 
proteins (including the N-end rule), 
the first physiological substrate of the 
ubiquitin system, the first polyubiqui-
tin chains, the first specific ubiquitin 
ligase, and the subunit selectivity of 
ubiquitin-mediated proteolysis. The 
latter is a fundamental capability of the 
ubiquitin system that underlies the cell 
cycle, gene transcription, cell differen-
tiation and many other processes. Dr. 
Varshavsky and coworkers invented 
major methods in biochemistry and 
genetics, including the ubiquitin fusion 
technique, in �986; the chromatin im-
munoprecipitation (ChIP) assay, in  

 
�988; and the first split-protein (split-
ubiquitin) assay for in vivo protein 
interactions, in �994. Dr. Varshavsky 
is a member of the National Acad-
emy Sciences, the American Academy 
of Arts and Sciences, the American 
Philosophical Society, and foreign 
member of the Academia Europaea 
and the European Molecular Biology 
Organization. Among his awards are 
the Gairdner Award (�999), the Lasker 
Award (2000), the Sloan Prize in Can-
cer Research (2000), the Wolf Prize 
(200�), the Max Planck Award (200�), 
the Horwitz Prize (200�), the Merck 
Award (200�), the Wilson Medal 
(2002), the Stein & Moore Award 
(2005), the Gagna Prize (2006), the 
March of Dimes Prize in Developmen-
tal Biology (2006), and the Griffuel 
Prize in Cancer Research (2006).

AlexAnder vArshAvsKy 
California Institute of Technology, Discussion Leader 
1:15 pm - Tuesday, October 23, 2007
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David Baltimore served as President 
of the California Institute of Technol-
ogy for nine years, then in 2006 he was 
appointed President Emeritus and the 
Robert Andrews Millikan Professor of 
Biology. Awarded the Nobel Prize at 
the age of 37 for research in virology, 
Baltimore has profoundly influenced 
national science policy on such issues 
as recombinant DNA research and the 
AIDS epidemic. 

Born in New York City, he 
received his B.A. in Chemistry from 
Swarthmore College in �960 and 
a Ph.D. in �964 from Rockefeller 
University, where he returned to serve 
as President from �990-9� and faculty 
member until �994. 

For almost 30 years, he was a 
faculty member at MIT. While his 
early work was on poliovirus, in �970 
he identified the enzyme reverse tran-
scriptase in tumor virus particles, thus 
providing strong evidence for a process 
of RNA to DNA conversion. Baltimore 
and Howard Temin (with Renato 
Dulbecco, for related research) shared 
the �975 Nobel Prize in Physiology 
or Medicine for their discovery, which 
provided the key to understanding 
the life-cycle of HIV. In the following 
years, he has contributed widely to the 
understanding of cancer, AIDS and 
the molecular basis of the immune re-
sponse. His present research focuses on 
control of inflammatory and immune 
responses as well as on the use of  
gene therapy methods to treat HIV  
and cancer in a program called  

 
“Engineering Immunity”. 

He played an important role 
in creating a consensus on national 
science policy regarding recombinant 
DNA research. He served as founding 
director of the Whitehead Institute 
for Biomedical Research at MIT from 
�982 until �990. He co-chaired the 
�986 National Academy of Sciences 
committee on a National Strategy for 
AIDS and was appointed in �996 to 
head the National Institutes of Health 
AIDS Vaccine Research Committee. 

His numerous honors include the 
�999 National Medal of Science. He 
was elected to the National Academy 
of Sciences in �974 and is a foreign 
member of both the Royal Society of 
London and the French Academy of 
Sciences. For 2007/8, he is President of 
the AAAS. He has published more than 
600 peer-reviewed articles.

dAvid BAltimore

California Institute of Technology 
1:25 pm - Tuesday, October 23, 2007
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inFlAmmAtion: nF-kB And micrornAs PlAy 
their roles

Inflammation is a coordinated response 
to a tissue insult. The insult can come 
from an infection or a foreign material. 
One transcription factor, NF-kappaB, 
is centrally involved in the response. 
However, the response involves 
hundreds of genes, some rapidly but 
transiently expressed, some slowly ex-
pressed, some expressed but not extin-
guished unless the stimulus is removed. 
We are examining the various ways 
that a single transcription factor can or-
chestrate such a complicated response. 
This has led us to ask if microRNAs 
might play a role and we have found a 
microRNA that is induced by NF-kap-
paB and can feedback inhibit synthe-
sis of proteins that in an induction 
pathway for NF-kappaB. This led us 
another microRNA that is induced by 
various inflammatory stimuli but the 
function of which is not so straight-for-
ward. While we search for its targets, 
we have found that overexpression 
of the microRNA in hematopoietic 
stem cells leads to myeloid hyperpla-
sia, a clear precursor a leukemia. The 
cytological picture is very similar to 
human acute myeloid leukemia and the 
microRNA is increased in some human 
cases of the disease. 
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Dr. Hood received his MD from 
Johns Hopkins in �964 and his PhD 
from Caltech in �968. He spent several 
years at the NIH Cancer Institute 
before moving to Biology at Caltech. 
He spent �0 years as Chairman of 
Biology before moving in �992 to the 
University of Washington as founder 
and Chairman of the cross-disciplinary 
Department of Molecular Biotechnolo-
gy (MBT). In 2000, he co-founded the 
Institute for Systems Biology in Seattle. 
Dr. Hood’s research has focused on 
immunology, the study of a variety of 
diseases including cancer and technol-
ogy development.

Dr. Hood was awarded the Lasker 
Prize in �987 for his studies on the 
mechanism of immune diversity, 
the 2002 Kyoto Prize in Advanced 
Technology for the development 
of the five different instruments, 
the 2003 Lemelson–MIT Prize for 
Innovation and Invention—for the 
development of the DNA sequencer, 
the 2004 Biotechnology Heritage 
Award for life-long achievements in 
biotechnology, and the 2006 Heinz 
Award in Technology, the Economy 
and Employment for his extraordinary 
breakthroughs in biomedical science 
at the genetic level. In 2007 he was 
elected to the Inventors Hall of Fame 
(for the automated DNA sequencer). 
Dr. Hood has received �5 honor-
ary degrees from Institutions such as 
Johns Hopkins, UCLA, and Whitman 
College. He has published more than 
600 peer-reviewed papers, received �4  

 
patents, and has co-authored text-
books in biochemistry, immunology, 
molecular biology, and genetics, and 
is just finishing a text book on systems 
biology. 

Dr. Hood is a member of the 
National Academy of Sciences, the 
American Philosophical Society, the 
American Academy of Arts and Sci-
ences, the Institute of Medicine and 
the National Academy of Engineering. 
Indeed, Dr. Hood is one of 7 (of more 
than 6000 members) scientists elected 
to all three academies (NAS, NAE and 
IOM). Dr. Hood has also played a 
role in founding or cofounding more 
than �2 biotechnology companies, in-
cluding Amgen, Applied Biosystems, 
Systemix, Darwin and Rosetta. 

dr. leroy hood

Institute for Systems Biology  
2:10 pm - Tuesday, October 23, 2007
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systems Biology will trAnsForm medicine 

The challenge for biology in the 2�st 
century is the need to deal with its 
incredible complexity. One powerful 
way to think of biology is to view it 
as an informational science. This view 
leads to the conclusion that biological 
information is captured, mined, inte-
grated and finally executed by biologi-
cal networks. Hence the challenge in 
understanding biological complexity 
is that of deciphering the operation 
of dynamic biological networks across 
the three time scales of life—evolu-
tion, development and physiological 
responses. Systems approaches to 
biology are focused on delineating and 
deciphering dynamic biological net-
works. I will outline the contemporary 
state of systems biology and then focus 
on its application to disease. It appears 
that systems medicine, together with 
pioneering changes in DNA sequenc-
ing and blood protein measurements 
(nanotechnology) and well as the 
development of powerful new compu-
tational and mathematical tools will 
transform medicine over the next 5-20 
years from its currently reactive state 
to a mode that is predictive, personal-
ized, preventive and participatory. This 
will in turn lead to the digitalization 
of medicine—with a profound future 
change in the delivery of health care.
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Christof Koch was born in �956 in 
the American Midwest, he grew up 
in Holland, Germany, Canada, and 
Morocco, where he graduated from the 
Lycèe Descartes in �974. He studied 
Physics and Philosophy at the Univer-
sity of Tübingen in Germany and was 
awarded his Ph.D. in Biophysics in 
�982. 

After four years at MIT, Dr. Koch 
joined Caltech in �986, where he is the 
Lois and Victor Troendle Professor of 
Cognitive and Behavioral Biology. He 
lives in Pasadena, and loves to run and 
to climb. 

The author of three hundred 
scientific papers and journal articles, 
and several books, Dr. Koch studies 
the biophysics of computation, and 
the neuronal basis of visual percep-
tion, attention, and consciousness. 
Together with Francis Crick, he is one 
of the pioneers of the neurobiological 
approach to consciousness.

christoF Koch

California Institute of Technology 
2:55 pm - Tuesday, October 23, 2007
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the neuroBiology oF consciousness

Half a century ago, many did not 
think it was possible to understand the 
secret of life. Then two scientists, Jim 
Watson and Francis Crick, discovered 
the structure of DNA, forever changing 
biology and the way we view ourselves 
in the natural order of things. We are 
now once again facing a similar pursuit 
in determining the material basis of the 
conscious mind. Consciousness is one 
of the major unsolved problem in sci-
ence today. How do the salty taste and 
crunchy texture of potato chips, the 
unmistakable smell of dogs after they 
have been in the rain, or the awfulness 
of a throbbing tooth pain, emerge from 
networks of neurons and their associ-
ated synaptic and molecular processes? 

I will summarizes what is known 
about the biology and neurology of 
consciousness, outline the limits to 
our knowledge, and describe ongoing 
experiments using visual illusions to 
manipulate the relationship between 
physical stimuli and their associated 
conscious percepts. I will introduce the 
audience to the modern, empirical pro-
gram to discover and characterize the 
neuronal correlates of consciousness 
(NCC),  I will argue why macroscopic 
quantum mechanical phenomena are 
unlikely to be key to understanding the 
mind-brain problem. I will conclude 
by discussing the limitations of a scien-
tific approach to consciousness.

Bibliography
Koch, C. The Quest for Conscious-
ness: A Neurobiological Approach. 
Roberts & Publishers, Denver, Colo-
rado, 2004. (www.questforconscious-
ness.com)
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THE ROBERT A. WELCH FOUNDATION
51ST CONFERENCE ON CHEMICAL RESEARCH
PHYSICAL BIOLOGY – FROM ATOMS TO CELLS

October 22-23, 2007

Hilton Houston North, Houston, Texas
(formerly the Wyndham Greenspoint Hotel)

ADVANCE REGISTRATION FORM

Yes ____ No _____ I will attend the complimentary luncheon on Tuesday, October 23, 2007.

Dr. Mr. 
Miss Mrs.   
                    (Last)                                     (First)                            (Middle)

Position    

Organization   

Department    

Address    

City/State/Zip   

Phone    Fax   

E-mail     

The conference is open to all and there is no registration fee.  Advance registration will be acknowl-
edged and accepted in order of receipt, to within the capacity of the available space. Prior to Septem-
ber 28, 2007 make your hotel reservations directly with The Hilton Houston North to receive the 
event rate. Reservations made after October 1 will be at the prevailing hotel rate. Their telephone 
number is 877-999-3223 or 281-875-2222.

Carla J. Atmar
The Welch Foundation
5555 San Felipe, Suite 1900
Houston, Texas  77056-2730
713-961-5168  (Fax)

You may register online at www.welch1.org/ChemicalConference/RegistrationForm.asp 
or return the above form by October 13 to:
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