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Karl Popper’s work is. of great diversity. It touches. on virtually
évery intellectual activity. But he himself considered his philos-
ophy of science one of his most important achievements. And
deed his achievement here is revolutionary. It destroyed the
hilosophy of inducétivism which held sway over science for hun-
reds of years. ; o .

It should not surprise us that the recognition of this fact is
esisted by most philosophical’.’i “choolmen. Usually the debate is
arried out among philosophers. Their papers are philosophical
‘papers and science comes in by way of interspersed examples. In
this paper I shall try it the other way around, from the perspective
f the scientist. I shall try to give you an account of my scientific
field, the inquiry into the origin of life. And the philosophy of sCi-
“ence will come in by way of interspersed references. :
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-to finality and completeness’. I entirely agree with the view th
we should not rule out criticism by fiat or authority. Popp
fgught a lone battle against the Copenhagen interpretation at
time when anyone attempting to criticize orthodoxy was liable to
be labelled at-best an ‘outsider’ or at worst a crank. But Popper
f;arefully'argued criticisms won the support of a number of admik
ing and influential physicists. He has done a great service to: th
philosophy of quantum mechanics by emphasising the distinction
between state preparation and measurement and trying to get,'
clqare; understanding of the true significance of the uncertainty
prmgple, but. above all by spearhéading the resistance to the do |
matic traqquﬂising philosophy of the Copenhagenists. Because
some detailed arguments are flawed, this does not mean thaf his
overall influence has not been abundantly beneficial.

I

Before I come to my scientific story, let me briefly summarize
and contrast the major tenets of inductivism and of Popper’s
deductivism (LSD, RAS, BG, CR). I begin with a caricature of
inductivism in the form of eight theses: »

1. Science strives for justified, proven knowledge, for certain
truth.. o

2. All scientific inquiry begins with observations or experiments.
3. The observational or experimental data are organized into a
hypothesis, which is not yet proven (context of discovery).

4. The observations or experiments are repeated many times.

5. The greater the number of successful repetitions, the higher ¢
the probability of the truth of the hypothesis (context of justifica
tion). . : : : ‘

6. As soon as we are satisfied that we have reached certainty in
that manner we lay the issue aside forever as a proven law of
nature. ' .

7. We then turn to the next observation or experiment with
which we proceed in the same manner.

! 8. With the conjunction of all these proven theories we build the
edifice of justified and certain science. : :

10 See, for example, M. L. G. Redhead, Incomplet i
3 , M. L. G. R eness, Nonl
and Realism (Oxford: Clarendon Press, 1987), pp. 9ébff. o ocaht’ ¢
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The year 1644 marks the death of a great scientist, the Belgian
physician Jan Baptist van Helmont. He had spent his life and for-
tunes on scientific research. Yet during his lifetime he published
nearly nothing for fear of the Inquisition. In his last will he asked
his son to publish his results in the form of a book: Ortus medicinae.
i It became an instant success, with translations into several ver-
nacular languages. It culminated in a most daring thesis: ‘All life is
chemistry’. With this he established one of the most sweeping
tetaphysical research programmes in the history of science. To
this day, all the life sciences, notably biochemistry, molecular biol-
ogy and molecular evolution and certainly the problem of the ori-
gin of life are situated squarely within van Helmont’s research
programme. All the key problems in these fields come down to the
problem of the relationship between animate and inanimate mat-

ter. In an ingenious approach to this vexing problem van Helmont

carried out the first quantitative experiment in the history of biol-

‘ogy and he did it quite,methodically. I present his report in the
English translation: :

henware pot, placed in it 200 pounds of earth dried
" in an oven, soaked this with water, and planted in it a willow
shoot weighing 5 pounds. After five years had passed, the tree
grown therefrom weighed 169 pounds and about 3 ounces. But
the earthenware pot was constantly wet only with rain ... water.
.. Finally, I again dried the earth of the pot, and it was found to
be the same 200 pounds minus about 2 ounces. Therefore, 164
pounds of wood, bark, and root had arisen from the water

alone.!

Now, what is the philosophical methodology behind this experi-
" ment? Unfortunately, the record is silent on this point. So it would
seem to be legitimate to look at this report through the spectacles
of our current philosophy of science; in fact alternatively through.
inductivism and through Popperian deductivism. We may hope
for a double benefit: (1) 2 clear understanding of the historical
report; and (2) a clue as to which of the two mutually .exclusive
philosophies is right and which is wrong.
From the platform of our current state of knowledge it will
strike the inductivist as most important that van Helmont’s con-
clusion is wrong. This must mean to him that van Helmont did
not apply the proper inductive method of science. He reports only
one single experiment. There are no repetitions. He did not repeat
the test with 500 willow trees, Or with different kinds of trees, or
1 Cited by T. D. Brock and H. G. Schlegel, in H. G. Schlegel and B.
Bowien (eds), Autotrophic Bacteria (Berlin: Springer Verlag, 1989).

0 In 81‘11.rnmary, the indqctivist believes that science moves fr
o e pa1t1cu1ar§ to the general and that the truth of the particular
ata is transmitted to the general theory. :
Now let me give you a caricature of Popper’s theory of dedu

tivism, a}gain in the form of eight theses:
Science strives for absolute and objecti 1
‘ ive trut )
never reach certainty. ! ueh, but it “
km2. ?lésmentlﬁc i‘nquiry begins with a rich context of backgroun
owledge and with the problems within this context and with
metaphysical research programmes. :
in 3.A ‘Eiheo‘ry,. that is, a hypothetical answer to a problem, is freely
hvente within the metaphysical research programme; it explains
the observable by the unobservable. ’ k
th"r. Expel'lmentally testable consequences, daring consequences
at is, are dgduced from the theory and corresponding experi
ments are carried out to test the predictions. :
. S.IIf an e).iperlmental result comes out as predicted, it is taken as
th:grl;e 1t;ntljcseflf and sis an encouragement to continue with the
, but it is not taken as an element of
roof
the unobservable. P of the theory o
. 6.. As soon as an exp‘er%mental result comes out against the pre-
iction and we are sat1§f1ed that it is not a blunder we decide to
cor7131def the Fheory falsified, but only tentatively so.
) .CWC;th th}s we gain a deeper understanding of our problem and
p }?‘ eed to invent our next hypothetical theory for solving it
which we treat again in the same way.
CO8.1:.'I‘he concatenation of all these conjectures and refutations
nlrs1 itutes the dynamics of scientific progress, moving ever closer
to ic e truth, but never reaching certainty.
o n SIflmrnary, the Popperian deductivist believes that science
)\ oves from the general to the particulars and back to the general—
Pproce'ss Wlt_hout end: Let me inject a metaphor. I might liken the
T(;lpperlan.wew of science to that of a carriage with two horses. |
T e expeg 1m§ntal horse is strong, but blind. The theoretical horse .
c n sefe, ut it cannot p}lll. iny both together can bring the car- |
riage orward. And behmd it leaves a track bearing witness to the
incessant struggle of trial and error.

I took an eart

II

Wi] nowhcome to my story of science. It may be broadly character-
]1:)z‘e 1V as the de\{elopment of the relationship between chemistry and
iology. How is dead matter transformed into living matter?
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same history of science is seen as a fascinating intelle.ctua_ll'adven-
ture story and instead of heaping ridicule on our scientific fore-
bears we see them as the giants they are.

with different kinds of soils. One single experiment was enough
for him. This makes no sense to the inductivist. And so the induc
tivist must come to view van Helmont as one of those queer, irra-
tional, prescientific characters, amusing but irrelevant.

Now let us apply the Popperian view of science. Van Helmont
was operating within a rich context of Renaissance knowledge. It
was widely accepted that matter does not spring from nothing, nor
disappear into nothing. And it was an equally widely held theory
that the substance of growing plants comes from soil. The first
theory was to van Helmont what Popper calls unproblematic back-
ground knowledge. The second theory was to him problematic and
in need of testing. From both theories jointly he deduced a testable.
consequence. The weight gain of a growing willow tree must be
equal to the weight loss of the soil in which it is rooted.

He carried out an ingenious experiment, bringing the soil before
and after the growth period to the same reference state by drying.
The result did not come out as predicted. 164 pounds of added
tree weight compared to only 2 ounces of loss of soil weight, a
small amount well within the experimental error. In the face of
such a glaring result, van Helmont rightly decided that repeating
such an experiment would be a waste of time and money. And so
he decided to consider the soil theory falsified.

Van Helmont operated with a limited set of two possible material .
elements: earth and water. Having eliminated earth, the only
remaining possibility was water. His result then was to him proof
by elimination. This makes it understandable why he ends his
report with a definitive conclusion: ‘Therefore, 164 pounds of
wood, bark and root had arisen from water alone.’

"Today we hold that this is wrong. One of the important nutri-
ents of plants is carbon dioxide, a gas. Gases, however, were to van
Helmont non-material spiritual entities. Therefore, by his own
prejudice, he was prevented from including gases in his set of pos-
sibilities. It is ironic that it is van Helmont, who discovered that
there are gases other than air, who coined the name ‘gas’, and who
even discovered carbon dioxide.

There is an important Popperian lesson to be learned here. In
science our sets of possible solutions should never be taken as
exhaustive. They are limited by our limited imagination and by
our more or less unconscious prejudices. Inductivist philosophers
have always missed that simple point. ;

Here we have now a stark difference between inductivism and
Popper’s deductivism. The inductivists lead us to view science as a
gigantic book-keeping affair and major parts of the history of sci-
ence as irrelevant or even ridiculous. By Popper’s account the

I

After van Helmont’s famous thesis: ‘All life is chemistry’, a'nd the
recognition that plants feed on carbon diox%de and light wh1le‘an1-
mals feed on plants, it became accepted belief that plant chemistry
and animal chemistry were deeply divided; as deeply as both were
divided from mineral chemistry. In this situation, in th_e year 1806,
Jéns Jacob Berzelius, a Swedish chemist, came Qut Wl‘th two bold
conjectures. He held that there was an essential ‘umty ‘between
plant and animal chemistry which he came to call' org’amc chem-
istry’. This he distinguished from ‘inorganic .chem1stry . But more
importantly, he held that there was an unbridgeable gap between
organic and inorganic chemistry. His central dogma can be formu-

lated as follows:

The generation of organic compounds from inorganic com-
pounds in vitro, outside a living organism, is impossible.

He believed that a special force was at work inside all living beings
which he called ‘vis vitalis’. ' ' .

The year 1828 marks a watershed in the relatlpnshlp be’gween

chemistry and biology. Friedrich ‘Wéhler‘ published a simple
experiment. He reacted two wholly inorganic compounds, ammo-
nium chloride and silver cyanate, and he produced. urea, a com-
pound which had only been found in the urine of animals. Wohler
wrote triumphantly: 1 can make urea, and dqn’t need a dog for
this. He knew, with one single falsifying experiment, he had writ-
ten himself into the annals of chemistry. There is not a sh’red of
inductivism in this story. In fact Justus von Liebig, Wéhler s con-
temporary and friend, wrote a whole bpok to free science frorn'the
plague of inductivism.” But against h1s'burn1ng_ protest the nine-
teenth century sees the relentless spreading qf this plague. -
" But let us go on with our story. The nineteenth century had
already acquired a rich chemical _ picture‘ of .the Worlq. L1V1ng
organisms synthesized their constituents i 100 from inorganic
matter, and chemists were able to synthesize these same con-
stituents iz vitro and also from inorganic matter. Against t_hls
backdrop the next major question came into sc1fent1f1c focus. As1'de
from the obvious reproduction of higher organisms, where do liv-
ing organisms come from in the first place?

* 1. v. Liebig, Induktion und Deduktion (1865).
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" The;e vgas an intuitively obvious answer, which had come d

thzoll)lagctetri; :ges. bThe simpler organisms, the insects, the worms,
rise by spontaneous generation fro i

‘ m decaying de

organic matter. In the year 1861 the French microbiologistgLoﬁ

Neither Darwin’s nor Schleiden’s proposals can be said to have

at scientific value. They were not concrete enough to have
planatory or predictive power. T hey were components of a very
ague metaphysical research programme.

sterilized nutrient i i '
| nutrient broth. The first bottle was kept upright so th i v

1 the early 1920s the Communist party of the Soviet Union came
o the conclusion that its atheistic campaign would be bolstered if
could be shown scientifically that the origin of life did not
equire a divine intervention. And so, by the account of Christian
de Duve,® it was Alexandro Iwanowitsch Oparin, the biochemist,
and later Lyssenkoist who received the order from the party to
produce such a theory. It was produced and published in 19247
This theory incorporated the suggestions of Darwin and
Schleiden. By Popper’s standards Oparin’s theory should have
departed from these vague proposals by going in the direction of
greater concreteness. This would have generated explanatory
power. That means the power to explain many facts of today’s
organisms with few assumptions: And it would have generated
predictive power, which means testable, falsifiable consequences.
- But this is precisely what did not happen. Oparin’s primary impe-
tus was political. He strove for convincing power. And so he
designed his theory to be immune to criticism or falsification. He
invented the so-called ‘prebiotic broth’, but its contents were left
completely vague. This basic flaw was not corrected by the other
men who published early papers after Oparin, notably the Marxists
J. B. S. Haldane® and J. D. Bernal’ The theory remained vague and
untestable, and so it remained untested for thirty years.

The situation changed decisively when the American chemist
Harold C. Urey published his theory that the primordial atmos-
phere of the earth consisted mainly of methane and ammonia.” In
the same paper he proposed that the prebiotic broth was stocked
with the compounds which are formed when lightning strikes such
‘a primordial atmosphere. Now, for the first time, a portion of

perfectly free of bacteria while the second quickly developed:
dense growth. This was a resounding refutation. The thep ‘V"
spontaneous generation of living organisms was lai;i to rest o

Now microbiology had its central dogma: .

g;l:le ﬁeneratif)él of 1Whole living organisms from chemical com
ounds, outside a living organism is i i i ‘
B ot g 1s impossible. Life can opl

Again, there was no i ivi . k
\ inductivism here. Ther
tion of an alternative., - ® Wes merely a refuts
SiSIri hthe 5{;:ar 1859 Charles Darwin published his daring hypothe
mo,n aa‘c a ! or}ga’lilésmls are the evolutionary descendents of a com
ncestor. is led automaticall i :
. : . y to the question of the origi
of this prxmord.lal ancestor. In the year 1871 Darwin himself fv
an answer to this question. He wrote in a letter =

%t is often sa%d that all the conditions for the first production of
;Z;?fnsr%an:s? (arednow present, which could ever have bee
- But 1f (and oh! what a big if!) ive i
: . !) we could conceive in
z:ltmse x;\./a;lr:l I}Iftle polnd, with all sorts of ammonia and phosphori
» light, heat, electricity, etc. present i
. that a protein ¢
pound was formed, ready to " sti ol
, undergo still more compl
. ex.
zfexinges,d at the present da'y such matter would be instalrjltly
J oured or absorbed, which would not have been the casek”
efore living creatures were formed.*

E;ihgfyfﬁrsfearli(;r the German biologist Mathias Jacob Schleiden.

e founders of the cell theory, had s d irst

cell might have been formed und ’ o ooy st
: 12 er the ent i

pheric conditions of the young earth.’ entirely different atmos-

* C. Darwin, On the origi 7 k
_ , gin of species by means of natural 1 :
prise}:\mc;;zon of faz;g}ztreld races in the struggle for life (L{ond:r:?‘h/i(:ffﬁéz}foni gj.‘;;;le
. Darwin, The I ) ' \ :
1887), Vel 10 19 tfe and letters of Charles Darwin (London: Murray,
* M. J. Schleiden. Das Alter des M.
: j . enschengeschlechts: die E:
der.Arten u1‘1d die S"tellung des Menschen in der Natur——dreiwf/'or?;f's'z’:ehqu
gebildete Laien. (Leipzig: Engelmann, 1863). : e Jor

s Ch. de Duve. Ursprung des Lebens (Heidelberg: Spektrum

Akademischer Verlag, 1994).
7 A. 1. Oparin. Proiskhozhdenie zhizny (Moscow: Izd. Mosk. Rabochii,

1924).
¢J. B. S. Haldane, Rationalist Ann., 3 (1929).
*J. D. Bernal, Proc. Phys. Soc. (London) Sect. A, 62 (1949), pp. 537-558.
© H. Urey. The Planets: Their Origin and Development (New Haven:

Yale University Press, 1952).
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ic\}/}z?lrfy l()ielge}me Weakler and weaker. In 1982 the Germai physic
red kigen proclaimed that he had
_ . no doubt that the prebio
’t:)gio;h Igl(zntalned a}ll }{lnds of biomolecules and that it vvfs som
i eg1 i C1 e Xlno%\r/;s]f{;élg beef tea.”” And about five years later thi
rican Alan M. Weiner wrote i
ahr o in a standard textbook of mole

1. With every modification, the prebiotic
n'vagueness and ambiguity and it decrease
ecreased in explanatory power. The develop

ounter-scientific.
2. Most workers in the field were inductivists. They believed

¢t the sum total of the experimental results would tell us all
ut the prebiotic broth. There is perhaps no other example in
& whole of science which violates the principles of Popper’s
Ory of science more thoroughly. And there seems to be no other
entific enterprise, which has suffered a similar devastation from
attitudes of justificationism and inductivism as the prebiotic
th theory. It is a perfect example for the consequences of a con-
inued application of the wrong methodology of science.

\Y

et us now apply the Popperian methodology. We recognize at
nce: the problem is not how we can strengthen atheism. Our
roblem is one of explanation. How can we explain the mountain
f facts of biochemistry. Now we see the magnitude of the prob-
em. We have to explain biological facts which exist today with a
shain of evolutionary events which stretches over four billion
years. Our explanatory problem is clearly complex.

Now, many, scientists have been very successful without ever
hinking about the theory of knowledge. Others have been philos—
ophical inductivists, but in their scientific practice—quite incon-
sistently—deductivists. In the face of our complex problem we
cannot hope to succeed with either attitude. I propose, that we can
succeed only if we consciously and consistently apply a methodol-
ogy of science and only if this methodology is not fundamentally

flawed. ‘
Qur problem is biological. The solution will be a theory.of biol-
ogy, a theory about the overall process of biological evolution. But
let us be clear about our metaphysical outlook. We consider the

- process of evolution a historic process. If in a thought experiment
we would start it again under exactly identical conditions we
would expect it to run quite a different course. And if started
again, another different course. This is because we cqps%der that at
any point in this long process the number of possiblhtl'es exceeds
by far the number of simultaneous actualizations. This is what we
mean when we consider the process of evolution contingent and

indeterministic.
If we could tr

Ind i i

ind g:c},. lltdwc;uld not be an exaggeration to say that every expe
teld o molecular evolution has a different notion of wh

exactly was in the prebiotic soup.” "

h L.
th:tct(;lrécriétiznstoé moi’c of the others. Therefore, it was concluded
: ust have been several separate cauld i iot-
ic broth, with different i tioms. Othere dlombrsbot
chemical conditions. Oth. i {
he oy differe ‘ s. Others claimed that
gnificantly enriched with i
unknown cometary materi ingrodionts foam o Ot
rial or unknown ingredi i ‘
stellar dust grains. O e orobin et
. Others speculated that th ioti
would run out of one ! rolommic me e ol
; ake, and on to hot volcani
with more rain into another his sttt o when
er lake. If we check this si i i
’ : . 18 situation a
Popper’s theory of science we can make two observations gamSt'

:; ?\)ILEMiller,“}S'cience, 117, (1953), pp. 528529 |
. . Eigen, W. Gardiner, P. Wi i |
Sczeinﬁc American, 244 (1r91§;) pp.SggflsieSr and R Winkler-Oswaitsch,
. Weiner, in J. D Wats’on N. H : i
' , - D. » N. H. Hopkins, J. W. Robert
Steitz and A. M. Weiner (eds), Molecular Biology of the ge:z:elz ?i\/ljén?)‘

Park: The Benjamin/Cummings Publishing Company, Inc., 1987) PP

1098-1163.
e would

ace this historic process backwards, W
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expect to end up in purely chemical processes. But the theories of

chemistry are universal, independent of space and time. Here we

see the next difficulty: our desired comprehensive theory of evolu-
tion must trace a unique historic process of biological evolution
into a universal process of chemistry. This means that we have to
aim at a universal theory of evolution independent of the particular
chemical situations on the planet earth and notably independent of
special assumptions about nucleic acids or the like.

Next we have to consider the metaphysical problem of deter-
minism. Most physicists agree with Karl Popper that the laws of
physics are indeterministic in the sense that we cannot predict the
fate of individual particles, atoms, molecules with precision. The
process of evolution is based on singular events of mutation in the
replication of singular DNA molecules in singular cells. They are
therefore indeterministic in the sense of physics. Chemistry, how-
ever, is a science that is concerned not with single molecules but
with huge ensembles of molecules. The experimental results are
statistical results and in this sense of course predictable. If we con-
sider additionally that evolution proceeds in the direction of
increasing complexity, we arrive at the following overall picture of
evolution. Think of a landscape of chemical possibilities. The first
form of reproduction and the earliest phases of evolution may
occur in a narrow canyon, perhaps with unique singular possibili-
ties. As the complexity increases the number of chemical possibili-
ties increases. But all possibilities are actualized. Only after a cer-
tain degree of complexity has been reached will the number of
possibilities begin to exceed the number of actualizations. ;

This means that the whole picture of self-organization may well

be mistaken. Instead we might have to evoke the picture of a self-
liberation process, a process which creates its own prospects—an

unfolding of possibilities; a process that begins in necessity and.

ends in chance. In the earliest phases of this.overall process of evo-
lution, a biological selection is not required. It comes into the pic-
ture only later to keep the explosion of possibilities at bay. This is
how the interface between the historic process of evolution and the
universal laws of chemistry may well turn out to be.

How shall we proceed in building a more concrete theory? Karl

Popper spent a lifetime fighting against reductionism; against the
metaphysical notion that biology can be reduced to chemistry. If
we adopted for a moment the reductionist position we would try to
derive the desired universal theory of evolution from first chemical
principles, say from the differential equations of quantum chem-
istry and chemical initial conditions. Nobody has ever seriously
entertained such a reductionist position. We must expect that the

landscape of chemical possibilities has huge unknown continents.
The chemist will not have the solution to our problem.

This means we have to turn to biology. We have to begin with
today’s organisms and try—hypothetically—to follow the river of
evolution upstream—backwards in time; with the hope of arriving
at its source. If we do this, we do it with a certain hope. That all
organisms have highly conserved features which tell us about our
distant past. The earth is 4.6 billion years old. The oldest micro-
fossils are 3.5 billion years old. The oldest sedimentary rocks are
3.8 billion years old. But life on earth must be still older. So this is
now our hope: That the conserved features in the organisms living
today are older than the most ancient rocks.

What was the earliest organism like? At this point many philoso-
phers and scientists tend to fall into a trap, into the trap of essen-
tialism—of definitionalizing. They expect to gain real wisdom by
finding a definition of the word ‘life’. Popper spent a lifetime
fighting against such essentialism. So we will avoid this trap. We
will try instead to elucidate the process of evolution and treat the
problem of naming as secondary.

I now introduce two hypothetical postulates of my general
theory of evolution:'*®

(1) All processes of biological evolution are based on a process of
reproduction: An entity takes up food, grows and divides into two
entities that take up food.

(2) Variations occur due to by-products with a dual catalytic
feedback effect: with an altruistic feedback and an egoistic feed-
back.

By the altruistic feedback the catalyst promotes the reproduc-
tion process from which it is derived. By the egoistic feedback the
catalyst promotes its own formation. An altruistic feedback alone
is not inheritable. An egoistic feedback alone is destructive. Only
both jointly constitute evolution.

At this point I am still operating in a Popperian metaphysical
research programme. As a scientist I have to get much more con-
crete. We have to ask a particular question: How did the particular
process of evolution on the planet earth begin and how did it go on?

Our inquiry may be divided into two phases which may partly
overlap. The first phase is one of a strictly theoretical inquiry. The
second phase is the experimental phase. ‘

How can we make progress with a theory Wlthout experiments?
Popper has given the answer. We orient ourselves on the principle

* G, Wichtershiauser, Microbiol. Rev., 52, (1988), pp. 452-484."

* G. Wichtershiuser, Progr Bzophys Mol. Biol., 58 (1992), pp.
85-201. :
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The experlmeptal brogramme is now coming into full swin
With each experimental problem you are facing a huge Variabiliig :
of the parameters. So the function of the experiments is a aiy
mainly that of elimination. You always have expectatimqsg 1;
course. Bt_xt any positive result vis-d-vis such an expectation is Sitl(l)
ated Wlthln a field of negative results—if the experiments are ‘;
up with the right attitude; an attitude based on the understand‘Se
-of the poverty of our imagination. And if we run into a situatiglllg
-where all rgsults are negative, we have to modify the theory agaj ,
Or we Stop since we are at our wits’ end. Y s
- I'call my theory of the early evolution of life on earth the ‘Iron
kSulphur-Woyld’, for iron-sulphide is part of the energy source th_
battgry, that is seen as driving the whole press. But is this the ;) le
:ppss1blevworld of life? Could there be a cobalt-sulphur world orrl Z
ickel-sulphur world, or an iron-selenium world? The Unive;‘se is

of relative explanatory power. And of course we check our modifi-
cations constantly against the backdrop of unproblematic theories
of physics, chemistry, geology, etc. And now comes a most impor-
tant point. With every step in the ascent of our theory we are con-
fronted with a plurality of possibilities. Of course we should try to
formulate them all. But, of course, we will not succeed. If our
imagination is very limited and we think of only one single possi-
bility, then we might have the illusion that our task is the task of
proving this result of our poor imagination. But if we are lucky
enough to think of several alternative possibilities, then we recog-
nize instantly, that our task is the task of elimination. If we are
lucky, then we can eliminate all but one possibility, or one set of
possibilities. We then proceed to our next problem which we treat
in the same manner. The trick in such procedure is this: We
should begin with those problems for which our theoretical elimi~
nation process promises to be least ambiguous. ‘

In this fashion I confronted the following questions.

* What was the first food? the
~ . - same few nuclear
» What was the first energy source? processes—as our theorieprocessg& And by the Jaws of these
* What was. the first autocatalytic reproduction cycle? S see them—the proportions of the ele-
* What was the first form of division?. hi : .
ckel for a possible nickel :
. i - ? * . -sulphur world, there
What was the first form of structural coherences: predominance of iron. will valWays be a

For each of these questions I tried to steer the process of elimina
tion so that the explanatory power would be maximized. Eac
answer was chosen such that it explained not only one, but severa

facts of today’s biochemistry.
My present, tentative set of answers may be summarized in sim-

muQUSIYfanyWhere, anytime in the same unique way.
, Wth th}s highly speculative cosmological view, our whole prob
plified form. em mtuz}tlon appears to shift. There are many ciifferent che};)nicai
aces. :
» The first food for life was carbon dioxide. epstifilztediperhaps only one of them——p erhaps very narr owly
« The first energy source was the formation of e f L I—we expect to find the original homestead of life. H
i he pyrite from iron he starting process will ru . of life. Here
sulphide and hydrogen sulphide. ‘' , ; o . continuously. So th.e 0rigin 1s not a
* The first autocatalytic cycle was an archaic version of t i
reductive citric acid cycle. ,
 The first form of division was the cleavage of a large, unstab
molecule into two molecules.
* The first forin of structural coherence was the bonding of th

constituents onto the pyrite surface.

S;gﬁeis foff .conqgering CVer new spaces; it is seen primarily as a
tal atfair; and time comes in by way of the hi

| : e history o -
quering of space. ¥ of the con
bMetgphomcal'ly spegking, the process of evolution is a process of
eration—of liberation from the narrower chemical confines of
lron—sulphur W(?rld and from a two-dimensional existence on

And now comes an interesting observation. My theory instantly
found many supporters, among them great scientists. They all said
that they were not convinced of its truth, but they liked it for'i
explanatory power: In this fashion my theory had a peculia
degree of success before the first experimental shot was fired.




