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A chiral image of the Linear Accelerator of the Weizmann Institute. Taken from a poster on a Symposium,
chaired by Prof. David Milstein, on Asymmetric Catalysis and Chirality , celebrating the 2001
Wolf Prize Award in Chemistry, at the Weizmann Institute (see reports on meetings).
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HOW DID LIFE BEGIN?
WHY DID LIFE BEGIN?*

* Dedicated to the memory of Shneior Lifson whose
seminal work in this area showed the way forward.

The question of how life emerged on the primitive earth
remains one of the most challenging scientific riddles
of all time. I began to take a serious interest in this
subject some two years ago and to my surprise found
an area in disarray. I found that the various theories
that had been proposed over recent vears to account
for the transformation from inanimate to animate were
often strikingly different, contradictory in some key
elements, and frequently based on quite different
premises. Where on the planet did life emerge - on the
earth’s surface under the action of solar radiation, orin
hydrothermal vents under the seas? Or did early life
arrive here from some extraterrestrial source? What
was the composition of the early atmosphere that led
to life’s emergence - a reducing atmosphere of methane,
hydrogen, ammonia and water, or 2 neutral one
containing mainly carbon dioxide, nitrogen and water?
And given that life systems are primarily characterized
by a metabolism and the ability to reproduce, which
came first - metabolism or reproduction? What is the
source of the complexity associated with all living
beings, even the simplest ones? Is life's emergence due
primarily to laws of complex systems that have yet to
* be defined, as advocated by some? Or is the emergence
of complex biological systems explicable in terms of
established physical and chemical principles? Even a
sense that the many different theories were showing
some signs of convergence toward a more broadly
defined general theory seemed to be lacking. Thus,
beyond the wide agreement that life is no more than
the manifestation of a physico-chemical process, the
general questions of where life originated, by what
mechanism, and even by what general principles
remains an open one,
Given that the solation to the problem of how life on
carth emerged is not just chemical but also historical
in nature, one might legitimately ask if the answer will
ever be known. There is a considerable difference
between asking how life actually did emerge and how

19

life could have emerged. In fact given Popper's ideas
on scientific methodology, there is concern that detailed
theories on the specific mechanisms that led to the
emergence of life are problematical if they are not, at
least in principle, falsifiable. So where does one
proceed from this confusing starting point? What
questions regarding life’s emergence can we
legitimately ask in the present state of knowledge?
What general conciusions do the existing theories allow
us to reach, when we consider the various points of
disagreement? My current research interest is to
address aspects of these fundamental questions, and
by taking a different methodological approach, to
propose some tentative steps that may aid in their
resolution.

The Nature of Causation

In my view a useful starting point requires us to address
more clearly the nature of causation. The question of
what causes change and motion in the universe has
been the subject of scientific inquiry since the time of
Aristotle and before. Though Aristotle outlined the
framework for modern scientific thought, the
teleological viewpoint that he helped establish proved
unable to adequately explain the design and order so
evident in the world, particularly with regard to living
systems. It was only during the seventeenth century,
two thousand years after Aristotle, that the modern
philosophical foundations of the natural sciences were
laid down by Descartes, Bacon and others. The essence
of that change was that the deeply entrenched
teleological view of nature, in which purpose underlay
natural phenomena (that is, processes occurred as
means to achieve particular ends) was replaced by a
mechanical-mechanistic wotld view, in which all of
nature, including living systems, behaved according
to well-defined laws of nature. The comment attributed
to van Helmont in 1648: »All life i chemistryn,
characterized this new way of thinking, and was
reinforced 150 years later by Emmanuel Kant, though
interestingly, Kant's view of living systems as a *natoral
purposer remained teleological, and led to his famous




comment that there could never be a Newton able to
explain »a single blade of grass.»

In line with the modern scientific methodology, all
recent theories regarding the emergence of life are
mechanistic in their approach. All ask the mechanistic
how question but not the ostensibly inappropriate
teleclogical why question. The why question seems to
take us back to that discredited methodological
approach in which purpose played such a dominant
role, But to refrain from asking why questions is to
misunderstand the methodology of modern scientific
inquiry. As Wicken has cogently argued, asking the
why question remains an essential component of
scientific understanding and therefore a legitimate
component of modern scientific methodology. A two-
tiered approach to causation is often crucial in obtaining
a proper understanding of natural phenomena;
understanding whys is no less important to discovering
hows and in fact in many cases may be an important
preliminary step before the mechanistic how can be
tackled. So, for example, in the context of chemical
reactivity one might ask both how and why do chemical
reactions occur? The how refers to the mechanism of
the particular reaction - that is, the detailed description
of the individual steps that lead from reactants to
products. For example, does it proceed in a concerted
one-step process, or are intermediates formed along
the reaction pathway? Is some form of energy input,
such as irradiation, required for the reaction to ocour?
Is a catalyst involved? But understanding why the
reaction occurs is a necessary preliminary step to
understanding how it occurs, and it is the conceptual
framework of thermodynamics that provides an answer
to this question, The laws of thermodynamics teach us
that encrgy flow has direction, that macroscopic
chemical systems react because there is a driving force
that strives to increase the entropy of the reacting
system till it reaches a maximum - the so-called
equilibrium state, Interestingly, the thermodynamic
explanation as to why a reaction takes place is
teleological in nature since the consequence of a
process {(an increase in entropy) is proposed as the

reason for its occurrence.

Life's Driving Force

The phenomenon of life is unique - in its complexity,
its diversity, its teleonomic character, and its sheer
abundance on this planet. We belicve that merely
asking the mechanistic question: how did life begin is
insufficient. We need to ask the preliminary question:
why did life begin, teleological misgivings
notwithstanding. It is this question that constitutes the
true mystery, the one that Darwin judiciously ignored,
the one that Kant proclaimed, and through his famous
o explain & single blade of grass» comment, to be
insoluble. Just as gravity constitutes a fundamental
physical force by which an enormous range of physical
phenomena can be understood - providing an answer
to many why questions - so we suggest that the life
phenomenon, so uniquely different to inanimate
chemistry, needs to be addressed by both how and why
questions. In effect we need to find the modern
scientific expression for the vital force, the physical or
chemical law from which life’s essence may be
deduced.

One might initially propose that the driving force for
the life reactions is just the same as that for any other
set of chemical reactions and can be understood in
thermodynamic terms. In one sense this is true - a living
system coupled to its energy source does, of course,
fully obey the laws of thermodynamics. But despite
life’s compliance with the laws of thetmodynamics,
living systems do exhibit a strange thermodynamic
behavior. Life is a far-from-equilibrium system and as
we have recently pointed out, many of life's metabolic
reactions actually proceed up-hill in a thermodynamic
sense?, and only take place because they are powered
by an external energy source. In fact from a
thermodynamic perspective living systems operate
very much like a refTigerator. A refrigerator’s operation
involves the transfer of heat against the normal
temperature gradient - from cold to hot - and it is only
due to an external source of power that the up-hill
direction of heat flow is permitted. Similarly, with
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living systems it is ouly due to the constant input of
energy - through either nutrition or photosynthesis -
that life's up-hill metabolic processes can take place.
So though life’s processes do not disobey the laws of
thermodynamics, one might say that they proceed
despite the natural thermodynamic direction that favors
death and disorder over life and order.

So if maximizing entropy is not the driving force for
life’s reactions, what is? What principle can explain
the systematic and persistent drive of a natural system
toward complexity and organization? Clearly such
organization did not come about by chance alone. There
is no accepted teleomatic principle that can explain
the spontaneous emergence of a metabolic system.
There is no known scientific principle that prediets or
explains the tendency of a natural system to tap into
some external source of energy in order to power its
counter thermodynamic direction. This is not to say
that natural systems do not or caunot organize. For
example micelles or crystals are two common examples
of supramolecular entities that form spontaneously
under appropriate conditions. However in contrast to
living systems this type of spontaneous ordering is
driven by a thermodynamic force, and always results
in an increase in entropy. Life on the other hand is
constantly striving in the opposite direction.

" In order to obtain some hint as to what is the driving
force for the life phenomenon, we need to ask what
was the initial reaction that began the process that
initiated life’s emergence. Eigen® has proposed that a
simple molecular replication reaction constitutes the
primal life reaction. While thete is no wide agreement
regarding the chemical nature of this replicating entity,
all we really need is an in principle characterization of
that entity - the fact that it possesses the remarkable
ability to replicate. We have recently pointed out that
the replication reaction is indeed driven by a powerful
extrathermodynamic driving force, even without
knowing, or needing to know, the precise structure of
the replicating entity®. At this point it is sufficient to
point out that replicating entities do exist, are
experimentally observable, and that life itself is a
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manifestation of that chemical replication process.
However, what is unique about the replication reaction
is that, being autocatalytic, it has an enormous
amplification effect simply because the kinetic rate
equation is exponential in form*, Lifson® recently
pointed out that an autocatalytic reaction could in
principle take place some 20 orders of magnitude faster
than a regular catalytic one. The magnitude of this
number is crucially significant and life's essence hinges
on this simple fact. Numbers of this magnitude propel
molecular quantities into macroscopic ones,
macroscopic quantities into cosmological ones,
Newtonian forces into nuclear ones. Such enormous
rate differences place replication in a unique kinetic
category and enable us to differentiate between what
we would call »regular chemistry» and »replicative
chemistry». In other words, once matter present in
either microscopic or macroscopic quantities, and
capable of replication begins to do 50, we are entering
a kinetic world of awesome power, one that is in a
unique class of its own. Thus the point we are making
is that life processes are kinetically, rather than
thermodynamically controlled. Replication is at the
heart of all life processes, and the exponential form of
the replication rate equation has profound kinetic
consequences. From a chemical reactivity perspective
life is merely an extreme expression of kinetic control.

Implications of Life's Driving Force

In the limited space available here it is not possible to -
adequately discuss the implications of this idea, but’
some directions may be briefly mentioned. If we accept
the proposition that the power of replication was the
force that directed replicating entities in their up-hill
thermodynamic direction toward ever increasing
complexity, then that proposal has immediate
implications for the question how life emerged, Firstly,
mechanisms for the emergence of life that do not satisfy
this driving force condition would not fit in with our
suggestion. So mechanisms associated with the so-
called metabolism first school of thought, in which
the primacy of metabolism is presumed, would appear




untenable. Our driving force hypothesis considers
metabolism to be a consequence of replication so that
replication would have preceded metabolism. In our
view metabolism is natural selection’s solution to the
problem of how to counteract the negative
thermodynamic consequences of increased complexity
that enhanced replicating ability demands, Thus we
believe that the evolution of metabolism specifically,
and complexity in general, is driven by the kinetic
power of replication, and directed by the guiding hand
of natura: clection.

A second implication of our identification of the power
of replication as life’s driving force is that the essence
of life does not need to revolve around a specific type
of chemistry, in this case the chemistry of certain carbon
biopolymers - nucleic acids and proteins. In our view
the essence of life rests on the concept that replication
atany level (chemical, biochemical, biological, or even
physical} is autocatalytic and hence driven by the
enormous kinetic force aliuded to earlier. Accordingly,
anything that can make more of itself will tend to
abound, and through the mechanism of natural
selection will over time tend to get better at making
more of itself, If pink tables with blue polka dots could
make more of themselves, the world would tend to
rapidly fill with pink polka-dotted tables. Happily pink
polka-dotted tables cannot replicate, so we are spared
such a garish spectacle, but the world is literally
brimming with life in its various manifestations,
because it is full of entities that can make more of
themselves. In other words any kind of replicating
entity, whether molecular or supramolecular, and
sufficiently complex to undergo imperfect replication,
would over time, in principle at least, tend to evolve,
leading to the creation of many different life forms.
The reascn that only one life system (the one based on
DNA replication) has managed to emerge (on this
planet at least), is highly significant, and may provide
some hint regarding the likelihood that any replicating
entity formed by fortuitous stochastic chemical
processes will be able to successfully follow the long,
convoluted evolutionary path to complex metabolic life

forms.

To summarize, I believe that answering the question
why did life begin is not only scientifically legitimate,
but also scientifically essential, Its answer constitutes
a necessary prerequisite to the more difficult historical
question how did life begin, which still awaits a
satisfactory answer, and should provide greater insight
into lifes essence - the nature of the life force.
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SYMPOSIUM CELEBRATING THE 2001
WOLF PRIZE AWARDS IN CHEMISTRY

To : Henri Kagan, Ryoji Noyori, and
] Barry Sharpless
Sponsored by: The Weizmann Institute of Science,
and The Israel Chemical Society
Chairman; Prof, David Milstein, Weizmann Institate.

Asymmetric Catalysis and Chirality

May 135, 2001,
Weizmann Institute, Rehovot

. PROGRAM
K. Barry Sharpless, Scripps Research Institute
Stitching with Nitrogen.
Meir Lahav, Weizmann Institute
Oligopeptides with Homochiral Sequences Generated
at Interfaces. Relevance to the Generation of
Homaochirality on Earth.
Henri Kagan, University Paris-Sud
Some Facets of Asymmetric Catalysis.
Ehud Keinan, Technion
Osmium and Rhenium Oxides in Asymmetric Organic
Synthesis.
David Avnir, The Hebrew University
Chirality Measures: From Quartz to Enzymes.
Ryoji Noyori, Nagoya University
Asymmetric Hydrogenation via Architectural and
Functional Molecular Enginsering.
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Dr. Moshe Narkis - Research Award
The winner of the 2001 SPE Research Award, given in
memory of John C. Moricoli and sponsored by the
Bayer Corp. and the Southern California Section, is
Dr. Moshe Narkis, Professor in the Depariment of
Chemical Engineering at Technion- Israel Institute of
Technology, in Haifa, Considered the leading polymer
scientist in Israel, Dr. Moshe Narks is an expert in the
area of particulate-filled plastic materials; he is the
developer of *Caesar-Stoner, a highly filled particulate-
polyester composite, commercialized in 1988 and used
as an altemative for marble.

Additionally, Dr. Narkis has made extensive research
contributions in the areas of conducting polymeric
materials, crosslinking of polyethylene, percolation in
conducting systems, sintering in intractable polymers,
and polymeric blends.

An industry consultant and worldwide lecturer, he has
published more than 250 articles and patents, has
served on the editorial boards of several scientific
journals, including SPE's Polymer Engineering &
Science, and has supervised some 60 Ph.D. and M.S.
theses, Dr. Narkis's research is recognized for the
singular way it bridges the academic and industrial
worlds.
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The 67* Annual Meeting of the Istael
Chemical Society

will be held on:
January 29-30, 2002,

at the Ramada Renaissance Hotel, Jerusalem.

Chairman of the Organizing Committee,

Prof. Haim Levanon, The Hebrew University.

The 6th International Symposium on
Polymers for Advanced Technologies

September 2-6 2001, Eilat

Co-Chairmen:
Menachem Lewin and Abraham J. Domb

Under the Auspices of:

The Polymer Chemistry and the Polymer Materials
- Science and Engineering Divisions of the ACS

The Chemical Society of Japan

The Society of Polymer Science, Japan

The European Polymer Federation (EPF)

The Israeli Chapter of the Controlled Release Society

The Israel Chemical Society

The Israel Polymer and Plastic Scciety

The Journal, Polymers for Advanced Technologies

Sponsored by:

The Hebrew University, The Weizmatn Institute

Ben-Gurion University, Technion

Alex Grass Center for Drug Design, HUI

David R. Bloom Center for Pharmacy, HUJI

For details and program link to:
http; .congress.co.il/polymers/
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The First Israeli CombiTech Symposium

)¢}

Advances and Applications
in Drug Discovery

Organized by
The Israeli Society for Combinatorial Technologies

will be held on
October 14-15, 2001

at the Wix Auditorium,

The Weizmann Institute of Science, Rehovot,

For more details link to:
Jhwww.weizmann.ac.ilfiset/

Israel Polymers and Plastics Society
The 30" Annual Meeting of the Society

Will be held on
December 13%, 2001

At the David-Intercontinental Hotel in Tel-Aviv

The central theme of the Meeting will be:

“Advanced Technologies and
Applications of Polymers and Plastic
Materials Serving the Industry”

For more details contact educationi@aeai.org.it




THE LONDON MARATHON, THE UNIVERSITY

OF GREENWICH, AND ARTHUR ISRAEL VOGEL

Bob Weintraub

Director of the Library

The Negev Academic College of Engineering (NACE)
POBR 45, Beersheva. E-mail: bob@nace.ac.il

My father, Abraham Weintraub, is the oldest finisher
ever of the London Marathon. He is also the fastest
marathon runner in the world over age 90. It was with
thrill and pride that I was there at the London 2000
and 2001 Marathons as he crossed the finish line.
During my stays in England, 1 was privileged to be
housed at the dormitory of the University of Greenwich
in Woolwich, London, together with the fine athletes
that run The Marathon for Age Concern.

These visits to London led me from being a spectator
at the finish line at the Marathon on a chemical
literature adventure that led from Woolwich to Vogel's
textbooks. During our short stay at the dorm we visited
the library at the University of Greenwich, The campus
librarian gracicusly gave us a tour of the University
Library and presented us with a copy of the book An
Hlustrated History of the University of Greenwich, by
Thomas Hinde. Since the book is not held at any
library in Isragl, it was a great pleasure for us to add
this book to the collection at the NACE Library.

The University of Greenwich opened its doors in 1891
as the Woolwich Polytechnic. The rich history and
contributions of the University of Greenwich traces
back to 1864, when in an effort to educate the poor,
Quintin Hogg and Lord Kinnaird launched a rragged
boys» school near Charing Cross.

The discussion of Arthur Israel Vogel in Hinde's book
caught my attention. Most chemists and chemical
engineers are familiar with the name Vogel from his
books on Chemistry which they probably used as
textbooks during their student years or as reference
books to search for specific information. Although
Vogel passed away in 1966, his works are still in print
and updated regularly by new editors and widely used
around the world.

As I was eager to find out more information about
Vogel's life we placed a query on a listserv for science

librarians and recetved several responses. One of the
respondents was Dr. Eugene Garfield, Past President
of the American Society for Information Science &
Technology, and Chairman Emeritus, Institute for
Scientific Information, who referred us to an obituary
of Arthur Vogel in a 1966 issue of the journal Chemistry
in Britain by G. H. Jeffery. All of the biographical
information about Vogel presented here is taken directly
from either that reference or from the book by Hinde.
Garficld responded, in part, with the following
observation:

] was somehow attracted to this inquiry becanse T have
been thinking a great deal lately about citation index
coverage of book material. The author in question, A.
1. Vogel, was an incredibly prolific author, Anyone who
is doing a biography of him should be aware of the
enormous impact of his numerous books and papers.
Indeed, this impact continues in the newer editions of
his books. In the Web of Science there are over §,000
lines of information indicating that for each there is
one or more publications that have cited his work. It
seems that almost every page of his books was cited
explicitly by someone.» (22 February 2001.)

Vogel was Head of the Department at the Polytechnic
{which became part of the University of Greenwich)
for 32 of his 34 years at the school. His special interost
was refractive indices and surface tension, although
his research was notable for its wide ranging
applications. An essential feature of his research was
the purity of compounds. Shortly before his death, he
prepared a paper on the 1000® pure compound to be
investigated in hig laboratories.

During wartime, evening classes were transferred to
the weekends. Vogel was Jewish and could not teach
on Saturdays. Part of Vogel's teaching load was taken
over by his colleague, Dr. Jeffery, the only other full
time staff member of the Chemistry Department in
London at that time.

Vogel is best known for his textbooks. These are listed
here with dates of publication of the first edition:
Elementary Practical Chemistry (1936), Textbook of
Qualitative Chemical Analysis (1937), Textbook of
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Quantitative Chemical Analysis (1939), Practical
Organic Chemistry (1948), Elementary Practical
Organic Chemistry (1957).

In a tribute to Vogel, Jeffery stated:

vThe initial writing and the constant revision of this
large volume of publications represents a prodigions
effort by one author, and typical of the man, all new
material incorporated into the books was carefully
checked in the laboratory».

29

During our stay in Woolwich, we saw the laboratory
named in honor of Prof. Vogel, where his roll-top desk
is preserved.

My trips to England, to see my father cross the finish
line at the London Marathons, took me on an adventure
into the land of Chemical Literature that led from The
University of Greenwich, to Prof. Vogel's desk and
textbooks.




How did life emerge on the earth? This question
remains one of the most challenging scientific riddles
of all time. Following the dramatic advances in
molecular biology that tock place in the sccond half of
the 20th century, there was a underlying sense that a
solution was imminent. More recently however this
optimism has been replaced by uncertainty, even
confusion. Recent theories on the emergence of life
appear to be diverging, rather than converging toward
some common view, and as a result the general question
of where life originated, by what mechanism, and even

FTreinin, A

by what general principles, remains an open one.
Accordingly, we believe a different methodological
approach to the problem may help clarify some issues.
We suggest that before the question *how did life begin
can be usefully considered, the question why did life
begin® needs to be addressed. The nature of life’s
driving force (the answer to the why question) should
be understood before life's mechanisms and the
evolutionary pathway from inanimate to animate (the
answer to the how question), can be successfully
deciphered.

The Hebrew University, Jerusalem

Avner Treinin was born in Tel-Aviv in 1928, and at the
age of two moved to Jerusalem, where he still resides.
His academic education in the Hebrew University was
interrupted by the War of Independence in 1948, He
used his chemistry knowledge at the time for produecing
explosive contraptions to be used by the newly
established Israeli armed forces.

After the war he continued his studies in Jerusalem
and did his Ph.D. work with Gabriel Stein and then his
PostDoc with Norrish in Cambridge, England. After
returning to the University in Jerusalem, he developed
an active research group that concentrated on the
photechemistry and spectroscopy of anions. He served
as the Dean of the Faculty of Science in the years 1975-
1978.

Treinin is also well known as a Hebrew Poet. His Poetry
books include: Hyssop on the Wall (1957), Mount and
Olives (1969), The Blocked Gates (1976), The Periodic
Battle (1978), Gleanings of Forgetfulness (1982),
Euclidum (1985), Reflections - selected poems (1988),
The Memory of Water (1991), The Dial of Ahaz (1956),
Poems: 1952-1998 (2000). He also published many
articles and stories (uncollected).

He received many literary Awards : Milo (1969),
Agnon-Jerusalem (1979), Brener (1986), Bialik (1989),

Fichman (1955).

The effect of science on his poetry is reflected in the
following poem published in Euclidum and translated
from Hebrew by Vivian London :

Antoine Laurent Lavoisier,

How would I breathe without you,
what a wild wind

the world was before you

For what was the breath of life
you turned into a gas

and what burned in me

before it passed

how did you manage to get it
right onto the balance,

to my balanced mind which has seen:
There is no body without weight

and even when the body fades

it loses not a bit of weight

as for example:
Your body minus your head + guillotine
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We review the field of Coherent Control which has
been demonstrated formally, computationally and
experimentally to be a viable method for controlling
the outcome of isolated atomic, molecular and
electronic processes. Coherent Control is a method
which takes advantage of the quantum nature of matter
and the incident light to encode quantum interference

Moshe Shapiro, Chemical Physics Department, Welzmann Institute, Rehvot.

into the molecular dynamics. We show that molecular
reaction dynamics is intimately linked to the
wavefunction phases which are controllable through
coherent optical phase excitation. The result is a
powerful method to control the outcome of future
events and especially the yields of branching chemical
Processes.

In Israel, a course in industrial chemistry is offered to
high school students who opt fora major in chemistry.
This course is an integral part of the chemistry
curriculum and combines scientific, technological,
environmentai, and societal issues in the context of the
chemical industry, The program was planned to be
taught after the general basic chemistry course, and to
be related, as much as possible, to the students

scientific background. The case study method was
adapted for teaching this course. This method enabled
us to describe real situations and actual problems that
exist in the Israel chemical industry. Two different
industrial chemistry case studies were developed, on

31

Miri Kesner, Department of Science Teaching, Weizmann Institute, Rehovot.

Fertilizers and on Bromine and its compounds.

The successful development and implementation of a
course on industrial chemistry requires the active
cooperation and participation of the industry under
study. Support of the local industry is important in both
the development stages, as well as during the
implementation of the case studies in the classroom.
Therefore, a Chemical Industry - Education Link
Center, has been established in the Department of
Science Teaching of the Weizmann Institute of Science.
This center is funded by the Chamber of Chemical
Industry in the Israel Manufacturers Association, and
by the Israel Chemicals Ltd. (ICL).
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