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© Dear Dr. Bahadur,
G

thanks for your very suggestive letter. I knew, naturally,
the bulk of your work, bus I was not avare of some important
which I would like to diskuss with you. but let me first answer

_
your question. r

. from the formation of the spherical particles is. certainly very
Work. I retired from the" University a few years agot r orden to

tor of a department, and I renonced also to experimental work, cons
sidering the theoretical biology as the domain requiring all my
attention. Thus, I have not the technical possibility to do those

__measurements.,, at a fet

The idea to study the entropy shift probably resulting
~

4

Nevertheless L can give you sone information which seem:
to confirm your idea. Some'years ago I-worked on the mec <

Y 'goacervation. The idea was, that. the macremolecules in th coacé,-

@ repulsing component, the macromolecule being in equilibrium
between these' antagonistic elecrdstatic fields. In order to join
the coacervate a macromolecule mus thus overcome the nesative

demon.

ee
e
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tion wha
1 >

A macromoletule joining the ooacervate would be
and loose its kinetic energié which is.transformed into an increase
of the electrostatic fiela, an event equivalent to reduction of
entropy. ;

and arabic sum, whi form very dens e coacervate grains
rapidly and forming two sharply separated levels: the supernatant
equilibrium Liquid and the coacervnte. As expected,

tion, while the coacervate aecumulated at the bottom kept tue
duitial temperature. energy has been extracted out of a
part of a initially homoencrvetio meaium and converted to a hither
form cl-enervy. Iintropy had' peen reduced.

Linke (Protoplasma
ch

I strongly belenve that the globules you obtain xre ; aysi-
eochemicnlly related to coace'tvateg. they are no auorphous misses



«

of isoelectric precipitates and ly no crists) Taher afplay sharp delimited phrase boundaries for thecoacervate state, it seems vot too far fetched to bratentropy shifts observed during coacervation may arise also atthe formation of your spherical particles.
There is another point of your letter which seems to meoutmost important. We - that 1s a preup of mostly youns blonhystcists in Perlin, working together with the perspective to writea book on the biophysical aspects of biogenesils = have studied the

enersetig conditions. Let us. considur e.f. a glyctn molecule inwhich, one of the twa symmetrical hydrogen atoms is to be substi-

eal and yields a D-alanin. The dit rerence ist experimentally wellestablished and ist possibly due to the orlentatisn of tre electron

atkinetics of the ablogen formation of amino acids under different

substitutiontutend by CH in order to form an alanin moleculeof one of th am requires 2000 cal and ields an or 2200

spin.
a

e

If I bry the synstesis by short wave UV with quanta ener-
alanin. But in, the primitive ocean the synthes1s took place at-about 38 to-40°C. The quanta energy distribution fat a losarythmicscale) is something like the courve drawn at the small leaflet.
Quanta of 2000 c#l or more, sufficient to produce a L-alanin, are
somewhat scarce but still aviable; those. of 2200 cal or more are

-, more. less numerous. Thus we must obtain an opticalyactive sub-

and Degies about 10" cal, I must obtain the same output of

stance with predominance of L-alanin.
I ignore the temperature at which you performe 'the synthe-sts, but it cannot be too high, -vecause the resulting polypeutidloose their enzymatic activity by heating, and as this happensusually slightly above 70°C, I suppose that the temperature must

be well below this limit, not so far away from 40°C. Logically
you obtain an optically active solution, while other methods per-formed at higher energy levels produce only racerates. You may.-understand that-I was quite happy.reading,your letter, and thatIhave mugh respect for your achievement.

1

There is also another aspect to be considered. There is
upually-some gap

destroy be
tween the activation energy requirei to form

and to emical bond. E.g. one needs some 4000 cal in
order to make a péptide bond and some 12000 cal in order to break
kstx it. If I expose a inixture of amino acids to UV radiation, Ishall break the bonds as quickly-as I,byild them, and the yieldof. peptides will be small, whatever be the irradiation time. The
same is true, with. modified energy levels, for the
abiogenic synthesis of all organia substances including amino
acids.

F

mperature or aAt low
7

synthesis or
dipeptide is elatively infrequent event but then thir.stake place on the descending branch of tke Boltzmann distribution,
and the breaking of a bond will be an event even much less frequentt
thgn its formation. The product will therefore accumulate much
quicker that at hig energy synthesis, This explains why, with re-
latively small amounts of energy and. in-relatively little time
you obtain an astonishingly high ameunt of organis proteinlike

4 substances.
We- conclude, and beautiful experiment oonfirms our

aka not take place in the atmosphere with a dramatic cooperation
inion that the pérebi accumulation of organis substances
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er daghtnings hard OV rays OUT ¥ 661buttherm
the

whose luke A ocean,an Lt tok
heat, than in the this superficial layer AGCESSibie to solar runSo far, your model of ablosenesia of pe: tides seensthe best representation of what may heve happened really.

the warmpiace hole mass

i mentioned allready, that we prepare the publishing of »book on these problems. The work advances nicely and we hope tostart writing at the beginning of 1978, May I ask yout theto sent me all the avdiable off/rints related to this problenand for the other the necessary bibliorraphical referancies.
In order to give you an idea th:

>
ef this book

higher Level of
upon thetructures.

+2 must &problems whichtions? der yeu "or

Very sincerely yours

(Prof. Dr./J. Segal)
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My dear colleague,
with great joy I learned that your troubles are finished, andthat you cre in & good state of health and able to do more valuable

I just came back from a Symposium on ilatural Selection in Cheko«Slowakia, where I met Oparin. I haa pfepared a lecture on

by this pos:Sibilit explai n of chiralie amino aclds,
proceed to some controle experiments at low temperatures, including

©

your method, I just have sent to him a photostat of your paver in tJe Brit. Interplanet, 50c, 1870 with the description of the metnodsyou used, I am perfectly avare, that in such a Paper you can onlype an outline of the methods, and you know perfectly that oftenthe success depends on some detail, So, if you have any advice toSive, please write it g to Gladilin (K. Le Gladilin, Bach Instituteof Blochemistry, Academy of Sciences of the URSS, Leninski Prospekt,117 071 Moskow W = 71, URSS) ana send a copy to me,

Scientific work. Meanwhile

1

rest you.
have some informations which may

*

Synthesis at low
Cal active molecules you obtain

in thich I also spoke of optie
Oparin wags very much interested

He will - or more Sorrectiy his main collaborator Dr. Gladilin will «

Among I
discussions with' regards to your
heara alsotrust easy to understand expressions of mis-

under critical thermodynamical conditions chemical yeactioas
long as people do not understand, that

couressels,

ol St

with, First of

usual ne. I also heard the
yo

states : ot
due to bacterial proliferation in

there 1a no Contrary evidence, But in this case, the assumption of abacterial proliferation appears completely absurd, In a vessel with140 m1 of. liquid you add 10 ml of a 30% fokmaldehyde solution, thusestablishing & 2% formaldehyde Concentration, In such a medium ne

the
opinion

agree
rild anf later d

die acien-tist
a bacteriological we Ealiave it fo granted as

bacterium can Brow,
eae



So I must oonolude that something happena in your experiment
which, until now, we cannot fully understand from the physicochemical
point of wiew, but its elements are acoessible to analysis. Chiralio &

molecules are due to the low energetic level; macromolecules arise
even in aquegous media, especially in the presence of phosphates:
when these macromolecules have a global electrical charge and a dipole
mowent, they form liquid crystals, either in form of ¢ liquid coacer-
vates or of linear threads of fibers, or even of membranes (1 am sen-
ding you an offprint offering a hypothesis of the formation of mem-

branes in coacervate systems); several authors (Linke and Segal, Fox, os

Gladilin) have observed budding or dividing of coacervates and micro-
speheres; synthetic polypeptides always display some enzymatic acti-.
wity, and this activity seems to increase, if the molecules are orlene -

this biocatalytical activity can be explained by the energy.liberated;
tated in a multimolecular structure. The physicochemical mechanism of

at the transtition of peptide bonds from the keto to.the.énol form,
4

an event Likely to happen at any unspecific peptide bond (Segal an

halaidjiew; Biophysikalische Aspekte der Struktur, Dynanik und @ii 4

asynthese der ciweissmolekiile! Thieme, Leipzig, 1977).
Every single event in the jeewanu can be discussed

«

on the basis.

mOSt complexe function which, by now, is-not easy to be: ahderstood.
A physicochenical approach seems to me still the best thing we can do

of concrete physical knowledge. Put together they must produce a tater

about it.
] wieh to you a good health to carry on this interesting work

* Very since ely yours 4
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