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Peroxidase has been found ;bé very eclosely related to -
catalase in structure and in function. Both are present in organism
which employ eytochrome system, This system derives energy from
the interaction of oxygen with the products of Krebs cycle. This
oxygen is reduced te hydrogen peroxide which is toxic and is

destroyed by catalaée.

In order to make a system which is self sustaining it must
be continuously provided with energy. The stepwise oxidation of

organic substances in the living sysiem provides energy.

In the abiogenesis of ﬁiochemical substances which perhaps
went to form the first living system, the source of energy utilised
were probably many and the question of the relative contributions
of extraneous energy sources and internal chemical transformations

is an open one.

It is generally agreed that organic materials originated prior

to the first living system. Organic carbon is thermodynamically

at a high energy level than is inorganic carbon, The photosynthetic
production of organic carbon from inorganic and the stepwise oxidation
of such organic compounds to produce energy illustrates the central
part played by organic carbon as the source of energy for chemical
transformations within cells. The further requirement of catalysts

for such a stepwise series of energy liberations provides the




rationale for an investigation of the catalase like activity of

abiogenic materials.

Here in this paper an attgapts has been made to determine the

peroxidase-like activity'in‘tng particles which are’formed abiogeni-
cally in the mixture containing minerals as calcium, magnesium,
potassium, sodium, chloride and sulphate ions together with high
concentration of diammonium hydrogen phosphate, The mixture had
formaldehyde as the source of organic carbon and molybdenumoxide as
catalyst, The particles are formed on exposure to sunlight .

These particles have boundary wall and internal structurei.i The
presence of nucleic acid bases has been reported in these parti-

cles.2 It was therefore interesting to see whether these particles

had peroxidase-like activity also,

Methods and Result

The peroxidase-like activity was determined by oxidation of
ascorbic acid with hydrogen peroxide as is indicated by'the
decrease in the absorbance of the reaction of mixture at 264 um
(2,3,4). The peroxidase-like activity was determined by the
oxidation of ascorbic acid in the presence of hydrogen peroxide and
residual ascorbic acid was titrated against standard iodine solu-
tion, Thus all the mixtures in which peroxidaserlike activity was
determined contained different amount of diammonium hydrogen
phosphate and small amount of minerals as Ca++, Mg++, K+, Na+, €1
and SO4=, ammonium molvbdate, water and formaldehyde; The particles
of these mixtures have appreciable peroxidase-like activity and
this was destroyed by strong heat, The peroxidase-~like activity

of these particles was compared with the catalytic activity of




these particles was compared with the catalytic activity of molybdic
acid., It is very interesting to note that molybdic acid does not
possess peroxidase-like activity, but partieles having high content
of molybdenum and molybdic acid have been reported to act as

peroxidase in the oxidation of iodine.

Mineral solution was prepared by dissolving 20 mg each of
magnesium sulphate. Calcium acetate, sodium chloride and potassium
sulphate in 100 ml of glass distilled water. After these salts

dissolved 20 mg of potassium dihydrogen phosphate were added and

dissolve by shaking. Ammonium molybdate (NH4)6M0704. 4H,0 solution

was prepared by dissolving 4,0 gm of the salt in 100 ml of glass
distilled water. Diammonium hydrogen phosphate 6 gm, 7 gm, 8 gm
and 9 gm. of salt was used in different sets of experiments. 36%
of formaldehyde solution was used. Four mixtures each containing
10 ml of 4% (w/v) ammonium molybdate solution, 10 ml of the
mineral solution and 10 ml of distilled water were prepared in 250 ml
conical flasks, The flasks were numbered from 1 to 4., To the

flasks 6,7,8 and 9 gms of diammonium hydrogen phosphate were added
respectively, All the four flasks were cotton plugged and sterilised
in an autoclave at 15 1b pressure for 30 minutes. After cooling

40 m1 of formaldehyde was added asceptically in the last. The
mixtures were gently shaken to mix the contents avoiding the

contact of the solution with cotton plug. All the flasks were kept

in sunlight till the formation of particles.

After few days the mixture showed the formation of a sediment
and become blue in colour, After about seven days the exposed

mixtures were examined for sterility by petri dish technique and




was found to be sterile. The mixtures were full of spherical cell
like microstructures. On microscopic examination, these particles
were separated from environmental medium by centrifugation, washed
several times with distilled water and dried in a vaccum desiccator,

These dry particles were used in the experiments.

For the determination of peroxidase like activity following

solutions were prepared.

Special phosphate-citrate-oxalate buffer suggested by Purr

(1950) used for the determination of peroxidase-like activity,

15.65 gm of disodium hydrogen phosphate Na HPO4.2H20 + 7.70 gm of

2
citric acid 1H20 and 0,686 gm of oxalic acid 2Hé0 were weighed

and dissolved in glass distilled water and diluted to 250 ml pH of
the buffer was measured and it was found to be 5.5. Ascorbic acid
1% was prepared in 1 vol, buffer and 9 vol, waler and concentration
was periodically checked by titration with standard iodine and
starch. 2% of hydrogen peroxide was used. Iodine solution N/100
wés prepared and standardised by standard sodium thiosulphate
solution 0.058% of molybdic acid solution was made in glass
distilled water. Bahadur and Ramgangyaki (1) showed that those
particles‘contained 39,2% molybdenum on chemical analysis. Therefore

for 0,1% of particles 0,058% of molybdic acid has to be used. 0.1%

of particle suspension and 2N sulphuric acid were used.

To determine peroxidase-like activity 10 ml of ascorbic acid
20 ml of hydrogen peroxide and 40 ml buffer solution were taken and
brought it to 25° in a thermostate andi0 ml of particle suspension
was added followed by water to a final volume of 100 ml, 5 ml, of

this pipetted out rapidly into a'second flasks containing 10 ml.




of 2N HZSG4. The residual ascorbic acid was enmarked from time to
time by titrating it against N/100 iodine solution using starch
as indicator. The spontaneous oxidation of ascorbic acid by

hydrogen peroxide without adding particles suspension was also recorded

simultaneously.
TABLE 1

Peroxidase~like activity in the particles of Mixture No, 1 in terms
: of ml of N/100 iodine solution

10

min

e

Spontaneous (without
particle suspension)

With particle
suspension

With heated particle
suspension

With molybdic acid alone

With heated molybdic acid

MIXTURE

Spontaneous (without
particle suspension)

With particle suspension

With heated particle
suspension

With molybdic acid alone

With heated molybdic acid




TABLE 3

o

Peroxidase-like activity in particles of Mixture No. 3 in terms of
nl of N/100 iodine solution..

Spontaneous (without
particle suspension) -

With particles
suspension

With heated particle
suspension

With molybdic acid alone

With heated molybdic acid

MIXTURE No,

Spontaneous (without
particle suspension)

With particle
suspension

With heated particle
suspension

With molybdic acid alone

With heated molybdic acid




DISCUSSION

It has been observed that a sterilised mixture containing
6 gm, 7T gm, 8 gm and 9 gm diammonium hydrogen phosphate, each having
1 volume of 4% W/V ammonium molybdate, 1 volume of a specific mineral
solution and 4 volume of 367% formaldehyde, when exposed to sunlight,
cell like microstructure are formed; these particles increases in
- number with the increasing time, No particle formation takes place
when diammonium hydrogen phosphate is not added. These particles after
seven days are separated from the environmental medium by centifugation,
washed and dry them in vacuum desicator, 0.1% of these particlies are
used in the experiments to determine the peroxidase~like activity by
the oxidation of ascorbic acid in presénce of hydrogen peroxide, the
residual ascorbic acid has been titrated against standard iodine, It
has been found that the particles of all the four sets shows
appreciable amount of peroxidase-like activity, which is destroyed on

strong heating.

Experiments with equivalent amount of molybdic acid as may be
present in the particles showed that the peroxidase~like activity of
this amount of molybdic acid under similar conditions is far less and
this catalytic activity of molybdic acid is not destroyed by heating.
The peroxidase-like activity of the particles is far greater and is

mostly destroyed on heating.

The presence of peroxidase-like activity in the particles

described here suggests a mechanism of oxidation of the organic subs-

tances présent in the environmental medium by the oxygen enriched
compounds present in the envircnment. Some such process might have

provided the energy needed for the various chemical transformations in




the eaflier self-sustaining systems,.
SUMMARY

Peroxidase-like activity was observed in the particles which
was prepared abiogenically, This activity on strong heating was found
to be destroyed. The equivalent amount of molybdie acid under similar

conditions of experiments showed some peroxidase-like activity, which

was far less as compared to that of particles and was not destroyed on

strong heating,

The presence of peroxidase-like activity im the particles
described here suggests a mechanism of the liberation of energy by the
oxidation of organic material with the Enﬁironmental Qxygénérich" B
peroxides for the primordial abiogenic molecular evolution and bioche-~

mical transformations in the probable precursors of celluer life.
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STUDY OF THE RESPONSE TO ANTIBIOTICS IN JEEWANU,
 SELF-SUSTAINING COACERVATES, CAPABLE OF GROWTH,
MULTIPLICATION AND METABOLIC ACTIVITY.

(Bahadur K., Ranganayaki, S., Singh, Y.P, and Kumar, S.,
Chenmistry Department Allahabad University, India)

Jeewanu, the seli’-sustaining eoacervates)\(}ﬁ having
&ﬂko\e‘w Vioamnis and. Sl Ah lq"zw'\
a.mino acids &)53 peptide: s, suga.rs, enzyme~like materials,

{ Ramarasnangadly’, BAalnduy, Rac~ & "IL {Sm‘a'k l‘ﬂ"l"()
nucleic acid bases /\ ; and phospholipids | ave been prepared
by the action of light on agueous mixture containing ammonium
molybdate, diammonium hydrogen phosphate, biological minerals
and formeldchyde [2J, These particles have distinet boundary

4
wall/and internal structures and after fixing them with chromie
A
acid they can be stained with yntian Violet, Eosine and $udan
% (B aﬁw‘ 4). (:wp q,wz) |
ﬁlue B o 3 u X . "
these particles have a composition similar to that of the present

day cell, the effect of antibiotics on their formation was studied.

T_wwics have been kmown to stop the growth of

microorganisms- r Ki‘.ll them if present in larger eoncentration

and certain organiums not affected by Some antibiotics,
A few such microorganisms are al o known which may use some

antibiotic as their e of organic car and they may be
1dent” on some particular antibiotics for & Dbut there
“bacteria known for which antibiotics may act as activa

rth of




%ﬁ;a been recorded. Penicillin has been foun
promote g h in chicks (6,7,8,9) and pigs (10,1 ‘

Tyrothriecin, gran\l\i?tdiq and neomycin also growth response

(13). Bacitracin promotes growth pigs (14). This increase

in growth is mot due to the okénge in the pattern of their

intestinal mieroflors{15,16,17,18) and the changes caused by
joties in sn}aﬂ'fgbncentrat ion shmsg:m

tabolic /rlprw/eg;aes of the animal, It shows inerease in

at (19,20}%7“’@& plasma phospholipids (22). [
B

Antibioﬁes show interesting effects on the formation of
Jeewanu, tetracycline shows inhibitory setion on the formation
of jeewanu, griseofulvin, and streptomycin act as astivator in
dilute concentration but act as inhibitor at high concentration,
Chloramphenicol acts as activator and erythromycet-in acts as
activator at low concentration but changes jeewanu into a diff-

erent type of a very small miecrostruectures,

Experimental

4% () asmonium molybdate solution and 3% (-3,-') diammonium
hydrogen phosphate solution were prepared in distilled water,
Mineral solution was prepared by dissolving 20 mg of each of
godium chloride, potassium sulphate, caleium acetate, magnesium
sulphate and potassium dihydrogen phosphate in 100 ml of
distilled water, 86% formaldehyde was used in the experimentd/
The antibiotic solution was prepared by dissolving 100 mg of the
antibiotic in 10 ml of distilled water., The mixture is heated
to dissolve as much of the antibiotiec as possible and filtered.,
The filtrate is used as antibiotic solution,




1 ml of the ammonium molybdate solution, 2 ml of the
diammonium hydrogen phosphate solution and 1 ml of the mineral
solution were taken in each testwtube, The test-tubes were cotton
plugged and sterilised at 10 1b pressure for 15 min, After cool-
ing the test-tubes were divided in sets of two each, One set
of two test-tubes was kept as control adding in one 0.5 ml and
in the other 1 ml of distilled water, To another set of two
test-tubes in one 0.5 ml and in the other 1,0 ml of the penicillin
solution wag added, Similarly in other set of two test tube

0.5 ml and 1,0 ml of tetracycline were added, And like this sets

of chloramphenicol, griseofulvin, erythromycin and streptomyein
were prepared in which one test-tube had 0,5 ml and another 1.0

ml of the antibiotic solutions.
to

One ml of 36% formaldehyde was added in the mixture of
each test-tube aseptically, the test-tubes cotton plugged, mix-
ture shaken. gently and exposed to bright sum light for 4 hours,
After the exposure the mixture is allowed to stand over night in
the laboratory, Next day the mixtures are shaken gently and a
few drops of the mixture were taken out aseptically and examined

under a microscope in oil-immersion at 1500 magnification,

—obgenyatien + R Tokele 1 e
;@1@1&&% ¢ ) ¢ ex porimont wtheuh amdi briores.

¥ .
Cenmtrol—; 4nlue spherical particles are observed. A few of these

particles show budding, The particles are from 1 to
3 m in diameter and there is not much difference
between the slides of the mixtures containing 0.5 to
1,0 ml of distilled water.




Table No, 1.

Effect of antibioties on the formation of Jeewanu

Antibiotic used

of &

0.5 ml

Penicillin

Tetracycline

Chloramphenicol

Same particles as in the controlfl' No difference

in number or size

Fewer particles than in the
control

Number of the particles still
futher decreases

Size of the particles the same as in the control

The number of particles is larger
than in control, Tendency to form
hexagonal erygtalline structures is
observed and gome particles are :
spherical as in the control mixture
and ere about 2 to 3 m in diameter.
A number of clusters of light blue
to colourless spherical particles
are also obgerved and many of these
show budding,

1

The number of particles is still
higher., A large number of clus-
ters of meveral particles from
light blue to colourless shades
are observed showing budding.
The diameter of the particles
range from 0,5 to 1 u. Lesser
tendency of crystallisation.

No hexagonal structure observed,




Streptomyein

The number of particles 1nnreaséybdn~

gsiderably, A few crystalline blue,
reetangular structures observed, The
number of particles is about four
times of the control, The diameter of
the particles renge from 0,25 to 1.5gp
and clusters of light blue and colour-
less particles showing budding are
observed,

Particle formed are spherical and
large in numbar., A number of clus-
ters of 1ight blue and colourless
particles showing budding are observed
and their size ranges from 0,5 to 2

A few dark blue coloured crystalline
structures are also seen,

A large number of colourless spheri-
cal particles are observed, A few
dark blue particles of about 0,5 to
2,0 m diameter are also seen, The
number of particles is about 10 times
of the control and elusters of
colourless particles are more predo-
minant, There is a tendency of
dissolution of the wall joining the
particles and this results in
irregular structures,

Only a very few blue spherical
particles of about 1,5 m diameter
are observed and gquite a few of
these show characteristic motion
of granules within them, The whole
view is full of a new type of very
small particles of about 0.1 m in
diameter which move very fast and
appear like dot shape bacteria., -
Thdse small strueture sppear com-
ing out from the big typical
particles,

The number of particle is consi-
derably less, thege being only about
one tenth in the mixture in which
0.5 ml of griseofulvin solution is
added. A few blue particles of the
dlameter from 0.5 to 2 m are alse
observed.

A large number of white spheriecal
particles are observed in which the
Joining wall has dissolved, The
number‘g PR ticles is one-

fourth the mixture whieh LviffL-
khad 0,5 ml of the streptomyecin

solution, A very few typical spheri-
cal blue particles are observed,




Discussgion

Penicillin does not affect) the formation of jeewanu.in
Wity . ,0.65'/ i
mixture 5 (to 10 mg of chloramphepicol per ml of the mixture

frelps tien—of a larger number of microstructures.

W W%?
i)/ Big clusters of the particles showing budding are observed ;

@énd most of them are either 1ight blue or colourless, Tetra-

cycline when present—in—the mixture decreases the formation

of ~-G<g¢.=.ueu:¢am1 4n-mixture and decrease in the number of the
cqmmmq/ﬁva/(/zw

particles im—the mixture is proportional to the of

witn Awmg | wl 7.

tétracyeline in—i+., of griseofulvin or

streptomycin in—the mixture—is 1 mg/mt, the formation of 7

Jeewanu in the nmixtures is cqnsiderablj increased but on doubl-

ing the concentration of the antibiotics the formation of the

particles is significantly decreased.

Erythromycin when—present (1 mg/i ml) in—the mixture
acts as activator for the formation of jeewanu H#t—om
Om doubling this concentration of the antibiotic jeewanu change
qualitatively and a new type of microstructures of the range
between 0.1 to .2 /u in diameter come out of the jeewanm amé—32mw

a*ra%d—mm;—-this process tukimg=plece can be observed
“

under microscope. The ﬂﬁ granules show rapid motion,

Summary (Abstract

An agueous mixture containinﬁ_ E:ngnium ngéyhdate,
diapmonium hydrogen phosphate, m&‘ m:fnaralb end- 'M

: 4
formaldehyde on exposure to light show the formation of

5




cellelike microstructures ea.Lled(Jeewann)which are self-sustain-
ing coacervates. Penicillin has no effect on their formation,
Chloramphenicol acts as an activator for the formation of

these particles and inereases their growth and multiplication,
Griseofulvin, and streptomyein_wmhen present im the mixture

in smaller quantity a.otivate’ﬁ/the formation of these particles
but wg/m larger quartity of these¢ antibiotics present in

the mixture the formation of the particles is hindered.

Erythromyein enhances the formation of jeewanu when
present in smaller quantﬁ;y mme but a large quantity
of erythremycin in the mixture destroys the jeewanu formed
end the mizture is full of a large number of dot-like colour-

less particles showing great movability.

Tetracyelin inhibits the formation of the particles
and this inhibition is proportional to the amount of tetra-
eyeline in the irradiated mixture,

References

\GK) Bahadur, X, and Ranganayaki, S., J, Brit. Interplanetary
soc., 23, (12), 813 (1970).

(3\\ pahadur, K., Verma, M.,L, and Singh, Y.P., Zeitschrift Lfur
Allg, Mikrobiologie, 14, (2), 87 (197T4).

m\ Ranganayeki, S,, Raina, V. and Bahadur, K., J. Brit,
Interplanetary Soc., 28, (5), 279 (1972).




N S8ingh, Y,P,, Studies in the abiogenesis of 1lipids and other
compounds of biological interest, D. Phil, Thesis,
Chemistry Department, Allahabad University, India (1974).

\;AB{ Bahadur, K. and Gupta, J.L., Zbl, Bakt,, 127, (2),
643 (1972),

ewell, G;W,, Peterson, W; Elvehjem, C
26, (1947).,
“2?.':95 R s = +8 424 N : SC 1,

and Med)y 73, 523 (1950).

(10) = Groschke, A.0\ end Evamns, R,J,, Poultry $6i,, 29, 616(1950),
(11) stokstad, E.L.R.\gnd Jukes, T, H.,, Poultry sei,, 29, 611
(1950). : ’

4

&
'

(12) Bird, HR,, Feed Bigs 26 (15){/59 (1950) «

(13) 1illie, R.J. end Bird, H,R,)(Poultry Sei., 32, 531 (1953),

-(14) Noland, P,R. Tucker, D.L /and ¥ ephenson, E,L,, Rpt, Series
84, Agri, Bxper, Stg{ Univ, of Arkansas College of Agri,
(1952).

Agriculture, National Academy of Scienves and




Johansson, K.,R., First International Conference
Angibiotics in Agri. National Academy of Se
Research Council, 127 (1955),

Finland, M., Eng, J. Med,, 383,

Vandersall, J.H,, nd Conrad, H,R., J. Dairy
Sei,, 39, 929 (1956),

Perry, T.W,, Beesowm, W.M, and Vaegsteen, B,W., J. Animal

goi,, 12

Owen, P.G., Voelker, EH,, Jacobson, N,L,
{S.y J. Dairy Seci,, 38, 891 (1955),

Catron, D,V. et 2l,, Antibiotics and Chemother, 3, 571
(1953).




PHOTOCHEMICAL FORMATION OF SELF SUSTAINING COACERVATES*

By

o

Krishna Bahadur

Chemistry Department, Allahabad University, Allahabad, INDIA

How lifeless matter acquired the properties o iological
order has been of interest to humanity since t dawn of human
civilization. In olden days when science w n elementary form,
many were the misconceptions associated wi this and not a few
scientists believed that living forms ~e.g., insects, nice, duck
etc., sprang up fron: decaying organic matter. The idea of spontane-
ous generation of life held the field till the end of the last
century, After the discove of nmicroscope and technic of
steriligation the old congept of organic materials getting converted
into well organised livyihg forrs was discarded. Seeing the apparent
improbability of life” synthesis under natural conditions of the Earth _
many scientists as-Arrhenius (1) and Ch.Lipman (2) suggested the
possibility of ofir life coring on the Earth from other planets as
infection. s approach, even if true, does not explain how lifeless
nmatter got €onverted into living systems for the first time. It

fts the zone of tife synthesis from our Earth to some other
tant planet. :

, The expressions of-Mitcherlish, Engel, Huxley and others-ted to
"fhe present approach to the problen of origin of life finally-taking
definite-shape by the postulate of Haldare & Oparin cormonly known as
Haldane 1329, Molecular or Chenical Evolution theory/(8=%). According to-then
S e 2 first nolecules constituting the carliest cells were synthesised -
&F“”“‘qag)under natural condivions by a slow process of rolecular evelution
and these nolecules then organised into the first molecular systen
with properties of biclogical crder,

Herefﬁhe terrn molecular evolution has Meen used in a restricted
sense. It only means the ultimate formatiom of molecules which formed
the earliest cells by cherical transformation which were taking place

(B“A“AMWﬁEOOn earth (3), The term evolution has not been used in the strict
biological Sense where it is believed that evolution can follow only
when we have a replicating syster which even on nodification QY; .
natural reasons can duplicate in this nmodified forn. Aetusllybthe Jit
rxEn purpose of the investigation on origin of life is jmst to search
the natural conditions which forrmed such replicating self-sustaining

systerie to begin with @FHr.( flun 1961, Bahadur and Ramgunsgelel 1965)

The second reservation in the theory of melecular evolution is
that it is taken for granted thaih carliest cells were rade of the
sane rnaterials which are found in the present day cells., It is a
big assurmption for it is equally probable that the chemicals which
are present in today's cell might not have been there to begin with
/% l?é)and were forrmed as the product of some evolutionary metabolism operat-
ﬂkﬁ*”d“' T)ing in the cells ). At least so far as the. size of moleecules are
‘ coneerned. it may . be quite probable. _Today's—eell -has-high molecular.
weight substances, " as proteins-—and-nuecleie.acids-.in.then, as-their,

*Text of the lecture delivered at obiolcgy Syrposium onPhoto-
chemical and otophysical Proecsses 1in Biological Systems sponsored
by University ormiggion and Indian National Science Aecademy
pur University,Jawaharlal Nehru Universi ty,
esearch Institute and Indian Photobiology Group
at Indian iculturaﬁ\gfsearch Institute, New Delhi on 27th Jan.1972.
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vital componentseand 1t 1 qulte  nossible—there-were other molecules
in__ theearliest-e swgPramal ey maieﬁular weighis yeL in.some way
pe:fornAngﬁIIr.fu Lons=whicr-are being carried out by these
high-polyrers ol '

for—we—kwen—ediy. one LoXi o A earth—and -that- is
probein li-fe< S-bmag- eorctuer bh?u€§t is ulte probable that their
precursors were made least aminge acids and abiogenesis of
natural amino acids in nature was greatl; sought. With the sate
process of logic the abiws~s~‘ f almost al 1 thL chemlcals present
in the present day ecelis we )
encouraging results ﬂur*“~ the de g vle) “eeadeu.

beeb was ivat tomse-ebeevidicily the abiogenesis of
amino acids (9 shaooYver “?;‘ av,L'“j qilent electric
dfseharge in a.s E4.613 0L i On i o in.waser a number-of. amino
acids are. synthesigod iz the ¢ e electricity was
again used-for- Ahe-- g¥asis ?; 331 0_ac th*v‘time”eleotric
digoharges Wore paTecd oo cpne 0t r“mjne,.ﬂi —nm=H=0 10°) .
Photo-cnenical 1crmaflon o) 1t 10 acids in steriiised imixturesS
containing formaidehyde, amworin ni .-, nitrogen and iron or
molybdenum as inorgaric satalysts Z:: been served by Bahadur in
Bodnduur 1454, 1952 (10,18). PaVJOV"K“"I and Pasynskii k@hualned emino acids
Boksdur o by exposing similar ~ixtures to Ultra :Zw- - Mamyz. o+her :
Q“*“”“QYJumsébufce energy haxe ween used for amino acid synthesis

-

“%if”?m' < (ﬂk@éﬂi%kc N

Pasuing! Qg 1447
ral condltlons e

't o n}"-fwar\n O (,Iv;i n"“ ”f“('\Oa" gﬂld%”& ‘
prw v bags -«an-é-urn a2 4680°%C wmoo NO

A

abbainetdsc
of the earth after the o PR arab-ge—ef—=ter—on e

aVallahlﬁmgmmmL@AJﬂxﬂefﬁﬁuruné; voleanc2s.

4957 Batiodur obso-wed thai peptides of low mol, wi. are
S

formed in sterili soﬂ acucous mixiure coutaining amino acids, sugar
= as energy source wro; or molybdenun ¢- inorganie catalysts on
Poladur, 1958, exposure 5 ﬁ * ,su,a?“%m%%é) Forrmation of peptides in
1abl , \4et 51462, aqueous mnediur he ) Leen utuuleu b7 ule‘ﬂ and Steinman using
1445 ) dicyananice as cnsing agent (889—365+ < { S lRarwenasn amd umuzntaéw)ﬂbﬁ
g!";,&;wwwﬁ ennad K@,Mwym«' \
l«O‘gen&g«lo
been-worked-owvv- haold e leoninitor
acid-bases-and. sug S el h_,uvm»* & e\eral detalled rov1ews_@
@:,f% thits are now availchle =832 (S was 19hq , EParos 1963) {

The 1mro t@ﬂﬁ point iy the origin of life is to investigatle as
formed the earliest - auch systems are
synthes1sed uslug the cghenmicals, whose iogenes only
then the work on »,L;,~_4,f, Pacomes pertinent 3 solving the prob-
ler of 1ife syntiie

this
;opoesis,
1 bay : o 3 in t
field of Oilbln = 8 g BNEwo dee @,. ,here are ardly
a few in the whol? wﬂ:;dﬁﬁ_f; ¢ ivvesligding g-problem of or
of life as their whok{ ' =
e / <
The probrbn of i it jife necds uy@ylf*ﬁ\520W1edge of many
disciplines of science 101 - i 0] e te far >eff fron biol ogy
and mot being able tgfzee fhrouzh al h “prokicms invelved many
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scientists become reluctant in pursuing the investigatio on life
synth951s Pasteur's work that life can be synthesised with living
things “enly and some religious beliefs that formation of living from
non-living materials is the function of God, co ibuted a good

deal in creating such a back ground in the nd of the people that
the problem OT\origin of life cannot be solwved.

Let us take “the case of a normal MbHiologist. He thinks that
talking about the \rlgln of life 13 talking about the natural
synthesis of protoplasm or cells d with time as the knowledge of
these 19 increasing he is gett gﬁﬁertaln tha t complex material like
protoplasm and extremely intri€ate material like cell cannot be
synthesised under natural ﬁ. drtlons and so he almost ceases to
take active interest 1n e prob n and his apparent interest in
the problem of origin 1fe is mor\\xg Justlfy his belng a biolo-
gist than a seriou erest to unveil t mystery. He is correct
so far he thinks t at protoplasm cr cell cannot be synthesised under
natural conditiogns and the problem of or1gfﬁ\of life has not much
to do with the syntbesis of the presert protoplasﬁ\en,the cell,. 1%
only deals th the study and probable factors which lead to the
synthem§/6¥i those precursors which on evolution of- about\a\blllinns
of years, when in all probability they were synthesised for the first
timgg/fgsulted in the present cellular life and the protoplasm
contained therein.

A biologist-extends. the evolution backward and finds- it _easy
to explain the origin of complex forms-of-tiving systems from<eﬂ:l;er
simple structures but when it comes-to-the problem of life synthesis
he expects the synthesis of  -a-eell which-is-an evolutionary product
of .3 billion yearss Towbegin with.not.the..present.ecells .but.their

_precursors-would.have.been synthesised.

(Pivie 18543

“'&*f}t [443)

Backward exploitation of the diversity of the phylology in
abiogenic time suggests that to be thqghere must have been few
species) 3. The work of Dillon %Sgymﬁﬂo%s‘%hat the problem of
origin of organelles of a cell is not the problem of origin of life
but that of evolutionary cytology and the earliest cells must have
had very simple internal structures. Lwoif's (B8¢).work on the
loss or gain of the properties of individual cells during evolution
with time suggests that the evolution is loss .nd not gain in the
properties of the individual cell. With.evolution—the-eell-beeomes
more.-gophisti-ecated-and different-tissues. hecamefcapable of -performing
some specific. functien-more. efficiently.,. but-individuaily-the-eell
loses its-properties. u&hﬂs—%haugh_man—4ﬂ——farﬂﬂﬂrﬂ'Tﬁ‘“erutnnr
than-—unicellular organi-sm;—Ho—
ties—which an unicellular organismhass

Auf°{f@“lbutting the work of Dillon and Lwoff together it appears that

} abad 126 |

to begin with there were fewer species and the earliest cellular
living systems were very sinple in structure and were full of
properties of biological order (37) and these were the precursors of
cellular life. The study of origin of life is the investigation of
the natural formation of these precursors of cellular life. Only
these—on _evolution.resulted—in—the-present—form-of-cellular-life

and —the-proetoplasr—eeontained—there—in:

The- main-problem of life synthesis-is investigation: of how
much a system was synthesised.- This.system-eertainly.-had. one
property. and that is adaptability, otherwise no. matter-what
properties ~this system would have. it could not have been-ablYe“to
adapt. and-even if they would have.got-synthesised. in-.-the-nature
we would have only those earliest synthesised forms~on sur-earth
and not.higher forms of life.
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If a.mild-constraint is-eaused-on-a-system and-if there.is ayy;f
~change in. the-system.due.to-~this.constraint-of g type-that the
constraint rS"partially'annul%ed, then it is said that the system-is
eap able-of-adaptability. .This property..of.a change taking place in
a system, if possible, in response to a constraint caused on the
system is the inherent property of a system of matter in equilibrium
according to Le Chatelier's Principle (38, 37, 5) whieh—holds that
if a-system-of matter in equilibrium is subjected to a constraint if
possible,-a-change occurs. within the system of a type-that. the
constraint is partially annulled.

e

A gl‘“u;,\<;=<‘ %qg iy ;3

}

SN

Duplication is an important-aspect of the-study-of -origin—ef
ecdidaflp | Inw$hemlivingwiormsWtheremarawtngypesmofwdﬂpfitﬁtibnﬁf”Oné
Lsmnnwmo%etﬂiﬁF“IEV§1”WHéré“TheWsamewmoleculaswareﬁgqﬁting“f6fhéﬁ
more_and more and another is-at macro level-when the organism
dup%ieameﬁﬂaSmaﬂwﬁUTemandmLtmiSMknawnmasmpepnoduction. The nucleic
acid assisted duplication of protein molecules is common in all the
livings of the present day. 4%€~0$he¥w$¥p%m9iwdup}ieaﬁiﬂﬂ“ivevaihe
ore.witheut the help of nucleic acid does not-exist in_ the living
fommswaimxhewpreseﬂtwdaywaﬁdﬂnnemsﬂmemtimeswwondensmwhethermthere
ever was any other type of duplication in the living fornms, However
the-present ferms of living are made of protein molecules and their
dupl$eatinﬂ~is§ass4stedwhy“nﬁﬁléfvmacfdj”anﬁthér“molecure“of*verY“
high molecular wedght.~-The-impertant. point—isy 3id living forms
originate initially as a protein-nucleic acid system or were they
made of some simple molecules cof small molevular weight and the
living forms of high molecular weight molecules are the evolutionery
product of the earlier forms. It appears more probable that to begin
witn living forms were made of small molecules and the nucleic
acid-proteinémade living forms resulted as the evolutionery product

ﬁﬁmnw;(jg‘é) If so;the smaller molecules can duplicate by

~/ the quantum mechanical resonance interaction special stability_<}£vw[&ﬂt
force considerations only < .[ The molecules of such \ 194

living forms could duplicate by themselves without needing the help 1924

of nucleic acid, If any mild change in the duplicating molecule L9319

was affected by the physico-chemical conditions of the environmen t, 140/

the slightly modified form could also duplicate and this system if :

in equilibrium with its environmentcould adapt and such a systen

would have been capable of duplication.
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Bewnad 1961, Bukaslis 1964, Pahadir ook,

—

Many-~secientists are of the opinion that virus is a livi g
molecule agg\synthesis of virus will solve  the problem of origi
life, The virus iﬁkg\goleculgﬁgglah”ﬁuplicates in living envirorn

So only the cell plus~wirus eafi be called as a living system but ‘the
cell is living even wi t\¥1§55a So the living system is one which

is capable of per ming all the-_formations of living, has a system

of energy relense and is a group of molecules-held together and perfor-
migieégnetfgﬁg? properties which we call as the-properties of a living\
S and not a single molecule of -gOme organic systems,

7{%\..:"’\ [ Bakadur ame Ko
&

One of the difficult aspects of origin of life is the gquestion
of defining life or living forms. Though it appears to be easy to
differentiate a living from non-living form, it is very difficult if
one wants to define it in scientific language. An-attempt-of this
was. made in-one of the meetings of the International Symposium-on

ey he preblem of-origin . of life on the Earth held at Mosecow in Aug.
e O A th Baniing. and the shelom . Haldane \fex)'{efined 1iving
system as a self perpetuating system. According to Bernal (459(1ﬁ€7}
embodiment of the sclf perpetuating system with-in a boundary was
the ogcasion of origin of 1life. ¢.This functional property of self
perpetuation was not found satisfactory by genetists. / Horowitﬁf{%i%Ej)
defined living system as a monomolecular system in polymolecilar ‘
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environment, capable of multiplication and hetero-catalysis (#69-
The—~definition of Horowitg was-not.agreeable. #Aacording.feo
Konikova, ~the~Russian-genetisty - this-definition can-be-made correct
ifewe introduce~term "living" after the polymelecular«envirenment-imn"
v the -above -defimition but-in.so.doing this certainly cannot be«the

. defimition of livimg-because-it.iteself-has.a-word-living in.it,
Konikovélsuggested that a living system is a molecule or a complex
which by the process of chemical reactions withthe molecules of
its environment accormplishes growth and multiplication. It remains
to itself while yet changing not in the direction of death or decay
7). Pirie/{4B) however did not agree to the limitation of gromth

and multiplication for the definition of erigin Sf=dife—for-fre” Lvivy S4siem

suggested. that nerve.cells do not multiply~and mules~do notwreproduce
though both-of them are established living.systems-—on .other
congiderations.

In 1967 the Physicist J.D. Bernal gave a definition of 1life
in electronic language. According to him Life is a c.ntinuous,
partial, multiform and conditionally inter active, selt realisation
of the potentialities of the atomic electron state.

It thus appears that it is very difficult to draw a line
of demarkation between livings and non-livings and defining 1life
is a hopeless job, However it became necessary to at least enumera-—
te a few properties which a system must have before it can be
included in the category of living system. Bahadur made an attempt
in this direction in 1963. According to him if a system is capable
of growth, multiplication and metabolic activity the system can be
included in the category of living, where growth stands for the
increase in the size of the system from within by actual synthesis
of the material with which the system is made, inside the sysicem,
multiplication means the system increases in number and the newer
units comec in existence through the parent ones and metabolic
activity denotes any series of chemical reactions taking place within
a boundary the result of which is that at least a part of the
environmental molecules entering the system are converted into the
material with which the system is made and these chemical trans-—
formations provide the energy necessary for the various energy
requirements of the system for its performirg the above functions)&38$.
It.will be possible-to.get -living systems with -fewer properties
than these and they are established living systems due to other consi-
derations but if a system has all the above three properties of
growth, multiplication and metabolic activity it may be considered
as-living. Inanimate objeets—having one or-two-of thes2 properties
cab—-certainty-be—found-but-if-a-system-has—ali—these—three—properties—
it-certainly can be taken_as living. This enumeration-—-of
tres-as—above is acceptable to many of the exocbiologists, :

In ail thegg various discussions’gg,Ihe.definition of 1if

or living system is interesting-to note that none has laid any
stress on the chemical mat T the living systems. Thus~ though
genetists believe tha e eartiest living molecule wgsfﬁgst
probably virus even they did not define—3life as a sysStem made of
nucleic acid-and protein molecules though there~Ts—mo-known living

—

system which is not made of these chemicals—as the chief components.
At e Chomacal \\a}hﬁt.;\, & LLW /S‘*ifém S
A Aceording—+e Piri ;}iﬁﬂugfdfé'ns are nccessary for the
present day cell because theykare enzymes and catalyse many
biochemical reactions. But many metallic ions also show enzyme
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like activity and it is possible that to begin witq %&ese might have
been performing the work of protein enzymesg@Bernaﬁw 157 is of the
opinion that there might have been organisms which had only inorganic
catalysts in the place of proteins and such organisms might have been
sluggish but could h%X? certainly performed all the functions of 1ife.
According to Smirnova ¢ many inorganic substances have physical
properties commonly found in organic substances and it is quite
possible to conceive organisms made of these inorganic substances
only. Bernal e&;mw ites "unless it is desired to push back the
doctrine of special creation to the creation of enzymes and co-enzymes
(there is a school that would take one of these, namely the coenzymes
in the polymerised form as nucleic acid) ws the beginning of life,
unless then we are prepared to take such an easy way out, we must
assume that before there were enzymes to carry out the catalytic
reactions in metabolism there were some other agents that did it,
not so well, but sufficiently well for the slow time of the origin
of life", These evelved to produce protein - nucleic acid cellular
life which we now observe on the earth, Bahadur has suggested a
probable locale for these forms of life (375883 Puleds ;Ravssmayhnt16Y,
Paﬁ\&mkﬁi-\m’g 19 &Y y L] omnd Bafados o oL, 19 L4 j} -
Cell-Medels i~ One of the important aspect of the problem of
origin of life is to study the physico-chemical factors which brought
the molecules which formed the earliest cell together, kept them
held together and arranged them in some specific pattern that could
show the properties of biolcgical order.

Oparin is of the opinion that life originated as coacervate
particles, ‘Formation of coacervate helps in the concentration of
the material which might have been significant in 1ife synthesis.
Opa%fﬁmhﬁs@siggL@Q$$h£mehangamo£m&xhgﬂfpnepaﬁxiesmef@thevenzymesﬂwhen
Inecorperated—in-coaeervate—particltes:——These particltes—are—commonly—
synthesised-by—the-biogeniecmaterials—as_gum arabic.and—gelatine—but
manymahiogenicmmaterialmbanMmaksoMform“eoébéYVEngpafﬁic%eswand“thg'
formation of coaeervate-partieles could have been useful in o
concentration-of-materials. “Complete account of the work on
coacervates are availeble (33, 51, 52, 53).

Fox had been studying another type of particles known as
\///icrospherékkprepared by boiling his thermal peptides in water for

one minute and then cooling the mixture. Large number of spherical
particles are formed in the mixture. These appear to have a bounda-
ry wall, Hewever—these-are—short—tived and coalesce after—a-dayor
sowwthasamakewmﬁﬂemufwﬁﬁifﬁ7“brftti%“ﬁﬁf@??ﬁi“ﬁnﬂmtheywbreak,
radially—-on—pressing, —Fox-has-been studying the-effeet—of-different
ehenicals—on-these : oles—by—ineorporating-themin the partiecles
or putting-them in theenvironment, His efforts are to introduce the
properties of growth?xgpltiplication and metabolic activities by
using suitable chemicals (54,55),

Diie s o 8, 1 1063 Bahadur i '

: synthesised a type of particles photochemically
,gﬂwagzjﬁj””%ﬁich he named as Jeswanu/f(38, 56, 57). In the sterilised aqueous
?&:’@d&yuwﬂﬁﬁxture containing organic carbon, inorganic nitrogen and minerals
«%1jemhﬁwakcommon1y found in cells small spherical particles are formed whiph
ol m‘q‘yﬁ.) have definite boundary wall and intricate internal structures (MWWWWPH)

573758759). These particles are very similar to the present day

?{“cell in chemical composition and differ from the common micro-

7” organism that they cannot be grown on any known bacterial culture, .

’;th;ffifeya These particles multiply by budding&énd the small buds }égg P
" 9 iQéb !

{ \ :
. J ; g e VL o e 1] it a~irh
q& L /’b&LAL‘-«- 1967 - l‘fﬁi{é Baled ol Fa y‘i?«qunj £, 1990 /lga.ﬁ . “‘é‘“;; a_, 35




grown to maturity size and buQ{‘ Bahadur emphasised that in water
where organic materials and necessary inorganic substances were pres-
| acids, peptides, sugars, and such
ese organised in the form of microstructures
and formed Jeewanu. These Jeewanu were capable of adaptability
(Pabad obof and so these evolved : :
1963 ;P4 work on Jeewanu was s
"6 ) of this work was read in the 4th I
logy held at Oxford in 1964. He fy
of Bahadur and published another co

In»1965vFochlaimed»the“propertiesﬂofﬂgrowth3wmu}tipiicativn'
andwmetabolicaacxivity%in.mhisQmicrosphemesmandmin_1967a0parin*c
these,propertie5“t0wu~bewpresentwiawthemeoacerVKté particles.,
in -these particles speeific'ehemicalsarewneeded-toﬁshowweachﬂone of
these prOpertieswandwit«is~onlynafterwonemsuehwehemicals"is%removed‘
and_another added that- the other property may be observed.—A new—
sejﬂggmgxperiments~may~bewstartedbusing“aﬁ6fhér“set“0 “chemicals—to
observe -the other property in the partiecle. . Whereasfin the Jeewanu
the property of growth, multiplication and metabolie activity is
observed in a natural way, once the experiments are set and no
specific chemicals are needed for any specific property (63 /pakasl i+

2 14703 &Mﬁmiﬂiroqu)
Bahadur and Ranganayakinhotochemically produced self sustain-
ing coacervates by the interaction of ammoniun molybdate, diammonium
hydrogen phosphate, minerals, commonly found in cells and formaldehyde
in aqueous mixture SF) . J© These particles have a number of amino
acids in free form and in eombined form as peptides and sugars as
ribose, deoxyribose, fructose, and glucose. These particles have
distinet boundary wall and intricate internal structure.lf) The
particles on separation from the mixture if extracted with
chloroform methanol : 80:20 in a soxhlet yield a viscous yvellow
liquid. This contains an ethylalcohol soluble compound whie oy
the test for phosphon;,idsp(g)!g“"’mg “"u}"”""z‘”j"
with perchlorie acid or formic acid in
sts for nucleic acid bases as adenine,

guanine, cytosin, thymine and uracil. If the particles are kept in

1 N sodium hydroxide for 24 hours, filtered and filtrate acidified

with dilute acetic acid a white precipitate is obtainea which

on subsequent hydrolysis gives the test of desoxylibose nucleic

acid Bohader pued Rovgrumagads’ piag 70, Wurw REDD)

w.A«{f( A}\‘.ul“. B 4 “ :

i can A 4

{

The particles can be fixed with chromic acid and subsequently
stained with gentian violet and then eosin. In the ocentral
portion chromatine-like blue structures are obtained and the
portion outside the central zone gets red stain with eogin like
cytoplasm (663= (Bobddy s G pin 1973 )
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It has been reported that the materials of the particles
on digestion with hydrochlorie acid show strong optical activity
-( Powhnd, M“w’ﬁmtfwm?w gav0.)

The factors which are responsible for the natural formation
of morphological looking objects have heen discussed by Bahadur
//'€H—31§23943 The molecules of different chemicals are brought
/ together and are first held by coacervate forming factors. If this
/ contains some macromolecules which have a number of molecules

\ ’1 h"’{“s"»j«'/ T“fé?; flul«;gctw/ taby ) Retadd, [/1-4/( I?ﬂ;)
/A
\_5257‘*;ﬁ”’?”#4’*-—~444333"“-nl.Rthuaj St con elinméy Lﬁ&gtefypuLn/
shrcchie o 1t padich s (Miowmatt £ 4od ade budelns (M.MM(:) ) -
'“’g" wjéb&é q““fhyiff'LV(b“lji;e/Yeilﬁvakmmhﬁhk~:9345am4 f




attached to it by various intermolecular forces as van der Waals
forces, hydrogen bonding, hydrophobic bonding, molecular bonding
and others and also have many molecules adsorbed, absorbed and held
tegether by electrostatic forces, when this macromolecule tries to
crystallise, it forms a highly deformed crystal and the whole thing
results in a molecular mesh having wide gaps and passages through
which small environmental molecules have specific permeability.
The various gaps of different molecules held in this deformed
crystal structure remain active chemically and also catalytically.
The whole structure in an attempt to acquire a spatio energetic
pattern representing the state of minimum energy and it results in
a morphological looking stnucture, The outer material forms a boun-
dary wall and the aggregate appears to have an intricate internal

Wstructure (o). If this structure is present in an appropriate

- " environment containing molecules which can form its body material

and if it has a source of energy, may be of some physical nature
as obtained by irradiation or evolved by some chemical transformations
taking place in the mixture, # the environmental molecules enter the
aggregate through the appropriate passages in the boundary wall
and in the outer material of the agregate, interact and finally A
result in the material with which the aggregate is formed BT)./ diy

All such abiogenic morphological structures may not be able
to show the properties of biological order but those which happered
to be in theenvironment appropriate for them could show the
properties of biological order. Of such innumerable particles
those which depended on such materials which were continuously
getting formed in the mixture - say by photochemical process(ﬂnkhplq)
continued their living activity and the rest ceased their functions
soon after the supply of the necessary molecules was finished up

(5, 68 Bahads LAty o Rekade, 2l obal. 1247)

Thus. was formed a self perpetuating system, as desired by
Haldane (3)) which was a chemical complex and this by the process
of chemical “reactions with the molecules of its environment
accomplished growth and multiplication. Such-a system Was in
equilibrium witb*its environment so it could adapt and thus evolve,
Thus this system remained to itself while yet changing not in the
direction of death or-decay as desired by Konikova \47).
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Synthesis of Jeewanu. the Protccell*

(Krishna Bahadur, Chemistry Department, University of A1lahabad,
41lahabad, India),

The last twe decades were Spent on the synthetic apnroach
to the problem of origin of life apd having mostly agreed to the
hypothesis that life oricinated by a process of molecular or
chemical evoclution, sclentists, in different labcratories of
the World, started investigation of the various natural conditions
which probably existed on the Earth in its earlier histeory and
could effect the synthesis of molecules which perhaps went to
make the earliest molecular associations with the characteristics
of the biological order, 1In the hectie Search two important
points were either missed cr were postponed for censideration at
Some advanced stage of this investigation. .One was that for effeca
ting a particular synthesis any source -f energy, nc matter
how strong or how difficult it might have been to get in nature,
was used and whoever discovered g source which was helpful in
Some synthesis, emphasised the importance of that particulap Source
in the origin of 1ifc, Ancther point was that the syAathesis of
the compounds which are found in the present cell was investigated
in nature as a routine nc matter many of these Compounds might
have formed in the cell itself during the course of its evolution
and may nct have anything to do with the formation <f the earliest
cells, o

Abiogenesis of aming eaidoy

. Proteins are the basic building materials cf the present-day
living systems, This stimuiated the search for the natural Condi-
ticns for the ablogenic formation c¢f amino acids. In 1913 Lgeb
cbServed that if silent electrioc discharge is passed threugh a
mixture of ammgpia, formaldehyde and watér, plyecine and alanine =
are synthesised in the mixture(l), 'Ip 1054 Miller modified the
electrical method of production of aminc acids and obtained a
few amino acids and scme nitrogenous compounds on passing electric
discharge in mixtures of gases as methane, hydrogen, ammonia and
water(2). As there are evidences that these gases might have
been present in the primitive atmecspheres of the ear’h it was
Suggested that amino acids were formed by electric discharges taking
place in the eclouds of the rrimitive earth, However as Suggested
by Rubey(3) and referred &7 Bsrnal(4) the earth's primitive atmos-
phere might have had reitacively 1ittla hydrocarbon, more carbon
dioxide and a certain amount of ammonia or nitrogen and water,

In 1954 Bahadur+(5.6,103) observed that if sterilised
agueous mixtures copbaining paraformaldehyde as the source of
orgapic carboh,a scurce of fiZed nitrogen and colloidal insrganic
catalysts commenly found in soil are exposed to sun-light or
artificial light from an electric hulb, glycine and alanine are
synthesised in good guantity together with cther natural amino acids
in Smaller amounts. The influence of the source of organic carbon
(7,8), the hydrosen ion concentration of the irradiated mixtures
(9,105, the source of 1ight employed for exposure (11), the nature
of catalyst used, the pericd of ,exposure on the formation of amino
acids in the mixtures (12,13,35) and the mature of the surface of
thefvessex;containing the irradiated mixturss (14) have been Studied
in detgil (15),

It is ¢f censidersble interest to mention that the formation
cf amino aeids in a wixture which had no initial fixed nitrogen
has been ohserved, Hare molecular nitrogen 4s fixed and a part
of it appears in sming acids (16,17). This process has alsg been
Studied in detail(lo,18%36,52‘), ‘

Hasselstrom and Co-Workers(19) exposed aqueous solutions
of ammonium acetste and observed the synthesis of glycine and aspartic
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acid in the mixtures, The €Xposure cf mixtures cof gases, which
probably were present in the atmoSphere cof the earth before the
appearance of oxygen, to X-ray also produces aminc acids (20). ;
Groth (21) observed the fermation of amino acids by €Xpos ing ‘

2 mixture cf methane, ammonia and water to radiaticns from a

Krvpton lamp which produces Schumann radiations, A number -f .
€Xperiments have bsen carried out demofstrating that Simple gaseous
mixtures when acted Upon by ultra violet or electric discharges :
yield products as cyanide; amino acids, aldehydes and arometic
derivatives (22,63,84 25

Abicgenesis of peptides:

The formation of peptides by the combination of aminc acids
is ancther important step in biogenesis, This is a dehydeation,
endothermal reaction, The acdition c¢f each aminc acid in a preformed
péptide chain invclves the removal of one molecule of water, and
since the cell is in aqguecus medium, it would be expected that it
will eonsititute ap endergonic reac%ion. It is found that the
formation of dipeptides by Joining of two amin: acid molecules
invelves positive free energlies averaging around 2 to 5 kilecgram

N\

calories per mole (25).

This gdve an idsa to a feyw Scientists that the formation
of peptides cculd te possible only under ccnditions where moisture
is absent and only with the help of a streng source of €nergy as
heat, Fox(27) synthesised peptides by heating a mixture of amino
acids in the absépce of air at about 170°C for a few hours and
hemed these peptidesas 'proteinocid!, thereby meaning small protein
moiecules, It is difficult to get a dehydrating condition in nature
and a high temnerature ss needed for this synthesis cn the surface
of the earth after the appearances of water, except near Volcances,
So it has been suggested that the formation of peptides took place
Bl Nebeanocs T TY hoetp e further demonstrated that under
anhydrcus conditions and in presence of strong phoSnheric g1
amino acids can be polymerised. The Synshesis of peptides in
agueous mixturaes centaining a dehydrating agent as hydrogen cyanide
has been gffectad (2R 4

Bahadur and Ranganayaki (29,30) reported a still Simpler
methed viz., the photochsmical formation of péptides in aqueous mix-
tures contalning amino acids, a Source of organic carbon and colloi-
dal inecrganic catalysts., Buch sterilised mixtures on exposure to
Sun-1ight cr artificial 1ight show the formation of a number
of peptides, The aminc acid used in the mixture undergoes photo-
lytlic deccmposition 2lsco and thesge decompos ition products recombine
forming new natural amino acids and peptides formation utilising
these different aming acids tgkes place, This process of peptide
formetion can also be obServed in the mixtures prepared for the study
of phetochemical formation of amino acids and are initially devoid
of a source of anmine acids, if longer exXposures are given, The role
of period of €Xposure, nature of amino acids and organic earbon
present in the irradisted mixtures, influencz of hydrogen ion
concentration and nature of catalysts employed in this Synthesis
have been studied in detail (31,32,33,34),

Perti and co-worksrs (37,38,39) studied the photochemical
formation of peptides in aquecuS mixtures employing” visible and
Ultra-viclet light and Succeeded if synthesising a number of °
peptides, Briggs(13g) reported a similar synthesis of peptides in
aqueous mixtures using visible 1izht as the source of energy,
Akabori(40) carried out “he Cxperiments of polymerising the Simplest
amino acids as giycine OVEr a clay base with ultra-violet light and
cbseryed the ferration of poiyglycine. However, when ultra-violet
light is used as the scurcs or €nergy the products formed deccmpose
quickiy, The long ultra-vioiet present in the sun-1ight reaching
che surface of the carth, is helpful in the Synthesis of peptides
and more peptides are formed when the mixtures of aming acids,

Water and colioidal inorganic catalysts are exposed to sun-light
in quartz flasks after sterilisation. Ope sueq mixture, a saturated
Selution of glycine in waten Containing insoluble glycine, was
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sterilised and exposed to sun-light in quartz flask by us,
Increasing ccncentration of peptide was cbserved in this mixture
for over three years(41l).

Abiogenesis of other compounds of biological interest:

In 1962 Oro observed the formation of heterocycl ic bases
us ing cyanides (42), Formaldehyde produce a large number of .
Simple sugars in presence of lipme (43) and Schramm demcnstrated the
Synthesis of polynucleotides from ribose and purines in the
preésence of polyphosphate under anhydrous cenditions (44). :
Ponnamperuma observed the formation of adenosine by irradiating ks :
=h ggueous Solution of ribose and adenine with ultra-violet light (45).
He further observed that if adencsine is irradiated with ultra-
violet light absorbed by adenine in ggueous solution of pyro-
phosphate €ster, adenylic acid and ddénosisne triphosphate gre
formed (46).

Role of lieht is abiogenesis:

Thus during the last decade almost all possible sowr €es

of energy were used for the synthesis of amino acids and other
compounds of biological interest and most of the sources tried yielded
some result. However, one point should not be missed, The question
1S not that which source of energy can effect a particular synthesis
but the real problem is that which is the weakest source of energy
strong enough to effect the synthesis of these products. This
consideration is essential for as Hull (47) pointed out,on thermo-
dyanamic considerations2 the stron er the source of energy employed,
the quicker will be the end products broken down and for the
products thus formed to be effective in abiogenesis of the materials
leading to the formation of the first molecular associations with
characteristic of living order, an effective means of their protection

becomes necessary, However these sources of energy become more -
important which though effecéing the synthesis are too weak to
decomgose the products formed at least for g period long enough
that the products get removed from the field of reactions, It has
been suggested that the products of thé reaction may get concentra-
ted by their abSorption on the surface of the soil particles or
surface active materials may get concentrated along the beach of by
shore wind as described by Bernal(4)., However these prodw ts
will finally get adsorbed on soil particles and thus will become
more prone to the destroying influence of the high energy radiations,
Moreover the occurence of these energy sources would have been maore
of phenomenal nature onthe surface of the ezrth in contrast to
the energy obtained by Sun-1ight which in ail probability was avails
able in abundance since the very beginning of the earth,

cctivities were syn%he81sed directly in the mixture using whatever

nature in the beginning and were than incorporated in the molecular
assoclations which started Showing the properties of biological
order or not. However, the other @ossibility is that the molecules
as purines, pyrimidines, Sugars, organic acids, ddenosines and
ever:. the complete protein molecules as we see them to-day were
synthesised withip the proto-cells which initially were made of
VELy Simple peptides, amino acids and mineral molceules, Briggs(46)
whilé confirming Bahadur's (49) observation on Jeewanu reported

the presence of adenine, guanine, ribose, desoxyribose, glucgse,
fructose, a number of organic acids and peptides having abouf @ozen:
of natural amino acids in the protocells, Jeewanu structures, which
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Problem of energy transformation:

The energy transformation is one of the most important
aspects of the study of the origin of 1ife and it has been discussed
in considerable detail by Blum (50). Firstly energy is required for
the reduction of carbondioxide with water and this at present is
mostly achieved by the photosynthesis taking place in green plants,
Once these compounds are raised to higher thermodynamic level they
can undergo sSlow degradation liberating energy for the processes
taking place in the living system. The conversion of one organic
molecule to another does not involve So much energy exchange as is
hécessary for the reduction of the carbon of carbon dioxide to
organic carbon and on thermodynamic considerations z2lone a picture
of transformation of certain organic molecules through successive
stepwise degradations all needing little energy of activation,
the need for which may be still diminisked by suitable catalysts in
the environment, can be imagined, Many such degradation of carboha-
hydrate and profeins in plant and animal tissues are known to
biochemists. These appear VEry much common in most of the living
systems but a number of variations are known and even newer metabolic
processes and stepwise degradstions of organic molecules within
existing living systems may come to our knowledge in future investi-
gations., It is not difficult to imagine catalysts other than the
present enzymes which may do this work or might have been doing
this stepwise degradations in the earliets cells when the present
meétabolic processes of energy liberation had not evolved to the
present stage,

These processes are important because these provide the
€nergy necessary for the various biosyntheses taking place
within the.r body. These degradations are in one way different
from other thermodynamically permissible degradatioqs of organic
substances outside a living system, These laboratory degradations
&re usually fast and the enérgy is set free quickly. The heat thus
produced burns down the intermediate products ultimately to carbon-
dioxide and water, Thus a piece of ignited wood burns down to ash
and a few gases, In the living system these degradations are slow,
stepwise and the liberated energy is utilised at least in part
for the various life-activities and other cnergy requirements
of the organism. 1If a piece of wood would have burnt, as if in a
Slow motion picture, a chemist would have observed the cellulose and
lignin molecules oxiddsing stepwise, producing different intermediate
products each undergoing stepwise oxidation liberating energy.
Thus in a living system €nzymes have not only decreased the need
of energy of activation but have also slowed down and controlled
the degradations to liberate the eénergy in a form that could be
utilised, :

The process of raising the compound to higher thermodynamic
level is different. At present most of the organic compounds on
the surface of the earth have been synthesised at some stage or the
other by photosynthesis taking place in the green plants, However,
one thing is still not very well understood. The €ENnergy guanta nece=-
SSary for the reduction of carbon dioxide with water to organic carbon
is not present in the visible light which effects photosynthesis,
Though the mechanism of photosynthesis in green plants is now fairly
clear 50 far as the Stepwise chemical reactions are Concerned
from the first detected organic molecule upto the formation of the
complex carbohydrate structures, it is difficult to explain how the
molecules theremodynamically at higher energy level can be formed
with visible light which doeS not have the necessary quanta of energy
for this process, Perhaps the single stage of the €lectron pair is
raised to triplet stage by photochemical excitation and the Energy
of the triplet stage, by process of total transformation from one
group to another finally reaches a spot which on going down from
the griplet Stage to singlet stage excitation liberated eEnergy
which is sufficient to effect the reduction of carbon dioxide to
organic carbon or perhaps it is Someéthing like the tunnel effect of
the semiconductors where even without the necessary potential for the
flow of electron being reached, a few electrons pass through the
potential barrier as if making a tunnel through the potential barrier,
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Future investigations alone will clear this picture,

B_reversdble photochemical reaction :

However one thing about photosynthesis taking place in
plants is important. The pigment in the photosynthesis is light
sensitive and is oxidised in preésence of light. The oxidised
product changes back to reduced form during the d

ready for another electron transfer during the next exposure(51).
It has been obseryed by Bahadur that a molybdenum complex shows
Such a reversible photochemical transforatmon (100). A sterilised
mixture of molybdic acid 0.05 per cent (w/v) and paraformaldehyde
0.5 pér cent (w/v) when exposed to sunlight or artificial 1light
from an electric bulb turns blue after g few days of €Xposure,
after the mixture becomes distinctly blue, if the mixture is
covered with thick black cloth and is kept in dark it becomés
colourless again., This mixture on further €xposure to light
becomes blue and the colour can be discharged by keeping it in dark,
The process can be répeated again and again and during this

there is considerablke decrease in the pH of the mixture. If this
€xposure iS done in a sealed tube fiIled upto the top the blue
colour produced during exposure is not bleached on keeping in

the dark, Hence this bleaching requires oxygen. During the
€Xposure to light the molybdic form of molybdenum is reduced to
molybdous form and blue colour is produced, This is not the
molybdenum blue which does not kbecome colourless in the dark,

In appropriate chemical environment 'ous' formof molybdenum
oxidises to 'ic! fprm again in dark and becomes ready to receive
further guanta of light,

This reversible_photochemical reduction-sxidation trans-
formation of molybdenun complex is interesting because it is
accompanied by simultaneous electron transfer in the environmental
organic molecules(1l8)., It is of further interest to mention that
these mixtures show Considerable fixation of molecular nitrogen(ll),
and also photochemical formation of amino acids (15),

In this connection of availability of the energy on the
surface of the earth for the formation of amino acids and peptides,
it is of considerable interest to report the observation that in the
photochemical processes some amino acids were detected even in the
mixtures kept in dark (18), formation of peptides was obse rved
in traces in the mixtures kept in dark (34) and considerable fixation
of nitrogen was recorded in the unexposed mixtures also (11,18),
4s these mixtures were kept thoroughly covered with *several
folds of thickxdmx black cloth and keat néar the exposed mixtures
all the time during €Xposure, a searcg was made for the radiation
which was effecting these chemical reactions, So in another series
of experiments similar mixtures were kept in a lead chamber of one
inch thick walls of solid lead, No formation of amino acids,
peptides or fixation of nitrogen was observed in these mixtures
even after a few years. These €xperiments show that radiatiors to
which the black cloth is permeéable also help in these processes in
a feeble way and cosmic radistions or terrestrdaal radio-activity
might be responsible for these reactions.

How the problem of going up on the thermodynamic level was
achieved is not of great importance in origin of life on the earth
because the earth had an initial Stock of organic compounds abiogeni-
cally formed much before 1ife came in existence and in all probability
the earliest living systems were heterotrophic in nature (83, %4, 55)
and they depended Upon the organic substances already present in the
environment which they Simply assimilated there and by a series
of stepwise degradstions liberg ted energy necessary for their 1ife
processes, Autotrophs developed afterwards with pigments which could
effect carbondioxide fixation, It is of interest to investigate
what.helped in enriching the Supnrly of organic matter before the
photOSyn%hetic pigment and the accessory eng/mes of the photosyn-
thetic apparatus of the autotrophs took over this work,
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It zn-sa28 that there may be & nossibll ity of cxciting moleCls
l1es with even the radiatic s which do nut othsrwise ccntein the nece-
Ssary cusnbta- Nitrogsn is rug“rded as phctochemicelly inert in the
ochumenn pPange o F r=diatitns ai:d needs much short-r wave lengths,
Hewever Ruscisp sciertists have nroved the srocducticn of meiastable
nitrogen mclecules, They have observed, thet in nitrogen irrzdiated
by wave lengths in Schumarn rapge, the enissicnc f hands belonzing
to such high ex01ted 1evel of nitrcgen mrlecule that they cculd he
rcached by subss-usn abcfrptl*_ «f light by metastable molecules
(56,57), These mgtsstablc nitrogen molecuvles possessirg an extra
*rdlrary large amount of energy of 9.76 eV can certainly disnlay
¢ definite chericzl aectivity on colloisicrn with hydrcgen, methespe
or carbcn mcnoxide, '

anpother importint chbservation in this aspect is that the
ENergy rEOulrement for nhetolys s of a bopd 15 copsidersbly
shifted to long wave leﬁgth when the mclecule is adscrbed on an
cctive surf;ce. Thus -wat molecules adsprbed cn silicntes ars
2lsec deciompnosed in the rangp of 23vp A% rether thar 1o the
schumepn ultr: viclet, The gir#sp photolysis of water molecules
in these hetercgenecus envircopwent is explaired by the fact that
water forms at the surface of porous silice tes, slumino silic.tes and
oxites, superficisl hydr:tes of the type - 5i - OH, as cbserved by
Lerenip in infra red spectra (58). The splittirg of OH radiecels
from these hydrztes recuires guanta ¢f lesscr magpiture tharp does
the nhotodisscciaticn of gasecus watzr (59).

The shift of photochemically sensitive spectr-1 range
towsrds lenger wave lengths (amounting to Ca 1eV, or mure than
20 K.cal, in energy) may be effecting the aecess1bllity f the
&ﬁhutoChcmlCal re.ctions of the cumpounds concerned te the crdinery
visible light when the substr.tes arec adSQrbed OVETr a surface.,

v Bernal(4) alsc e=phasising the rcle of 1lizht as the chief

scures of energy for the earliest form of 1iving oPgenisme Writesy
"The major essential for metabelism , without which the erzymes and
coenzymes cpuld not have functic:ed is a scurce of energy and this
cpnergy cen be provided either immediately by light or it can ke

dr- wn froo stcres ir which energy has been stored by the previous
section of J1daght Jiiie.ives 4L hapens that dron ond cther meltal
coordinate ccmnounds are suited not o2ly for carrying out enzyme
getion But slse c-n ahs-rb 11ght and being colcured, can abscrb

it where it is much stronger in the ¢visible regaon of Sglar

Shal) etrum™,

The concentraticr of the aminc acids pheotochemically
synthesised in the oceans cf the primitive eqrth wculd have con-
centrated by the mechsrism of weve drift and adsorpticn in the mud
as sugzested by Bernal (4,60) and thus acguired a disposition for
being ou ickly acted upcn bv sun-light ferming peptides,

The experimenbs cerried out sc¢ far conly shcw that amino acids
and peptides czn be forwed i aguecus mixtures by sun-lisht. Not :
much is s¢ fer known about the mechavism by which these have been
synthesised, Unveiling of this mechgnism may be qu1te a compli-
cgted place of physico cheaical analysis.

The forametion cof aminr: acids and peptides by different
metheds discussed So far does not exhaust the possibility that
there may be many cther processes still unknown which might be
nossible on the ezrth ol Some stzge or the cther or nmight have
occurred at lecst as phenomenal cnly but the speciality of the process
of photochemical formation of amine acids and peptides ic that it is
.qu¢te i corformation with the two basic princisles of scie:ce,
The first of these is the uniformitarisn principles used 1» the
first place by Lyell ir his anelysis of geological phenomencn,
namely as fer as possible, by taking the past as if it were g
kackward extension of the present It means than, excent when
we have positive ressons not to believe it, we much imagine that
the same kind of phenomenun, that oceurs now occured ir L he nast
and trzce their possible consSecuenceé, The second srinciple is bpy
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Henderson(61) introduced by him in his, "Fitness uof L vircnment",
Thig states that the Subsecuent stoges'of complic. ted Systems make
use of the irherent propertics of the Simple stages already present,
This feor instance limits life for proctical purnoses to the regions
cf 309 to 409C (4), ,

“he molecular eveoluticn:

Thus abiogenesis developed considerably during the ast 10-15
yecrs bul does it solve the problem «f origin of 1ife? As Suggested
by Blum(63) we wculd st try tc describe an automcbile by grinding
Up its varicus parts and Subjecting them to chemical analyvsis, angd
we should nct expect to lesrp all abcout the living machire by :
followirg, exclusively a similar aporoach, It seems hardly nece-

fary tc say this ang yet we seem at times tao go astray in just
this dircction whether we are trying to study the nature ol
viruses, the growth of cancers, the mechanism of genetic inheritance
or as in the pr:sent Case, the origin and cvclution of life,

The term MMolecular evolutic:" or "Chenical evolution"
is at precent being used too freguently but until the Complete
Self-replicsting machine has emerged, svclution by patural
Selection, i the sense in wh.ch the word mey nroperly be used
was ncot possibles and here an error may cre:p into cur thinking
about the origin of the living systems, For natural selection
is scmetimes wrongly inveoked, dirzetly cr tacitly, to explain the
origin of the things which had to be present before evclution by
natural selzction cculd take place, that is to explein events
lezding uptc the appearcnce «f the self-replicating system in
terms of thirgs that could have happened wnly after Such a system
was already in existence., This incorrect apslication of the
ccucept of naturel selection msy lead into the reslm of teleology
and finalism, For chemical changes to take place conly thermo- : -
dynamic and kinetic competents are necesspory but no spati 1 ccmponent
i the sense of replicating pattern is recuired, and n- system of
reéplication is necessary, This lack seems t: establish a sharp
distinction between chemical reactions in non-livirg world and
evoluticnary_adaptation in a living system,

There seems teo be a tacit idea at various paints that once
there wes presert, a mixture of the component molecules life must
Sportarecusly arise and evolve,

Nucleic acid and the problem of oricin of lLife:

Fucleic acid molecule controls the S€quence of aninc acids in
the prctein molecules, and thus helps in the transfer of inheritance
- penetic code and under Suitable corditicns is capable of dupli-
cation in the living system. The fossil reccrd tells that the
@3 Jor molecular patt.rpns of inheritance must have beep oretty well
€stablished even before at least one billicn years, But living
Systens had existed and evolutio. has been going on for a long
time befors the beginiing of Cambrian - possibly since three a g
half bellion years ago when living systens originated for the first
time as suggested by Bernal(4), and the mejor themes of organic
cvolution were €stablished ir the course of this earlier neriod.
~nd as suggested by Blum(63) i , i y that strinctly physico-
chemical factors played a more prominent role in settins 1imits
Upon the direction in which natural selecticn could take place
then, than they did later,

» . 4 wrong use of tie ternm "liviig Molecule" fer virus has cgused
ccnsiderable mis-conception. The term was istrcduced to deseribe
virus whep it was crystallised for the first tine, However,
' i a ccmplete living system is guite

The virus ecnsists
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perticles including the protein sheath., This leads to the death

of the host csll and release of the virus particles, Thus virus
narticle is not 2 self-replicating system but depends for its
replication upcr the metabolism of the host cell., Virus-is not

¢ livipg system and it is the cell-virus system which is the living
system, However, the cell was a2 living System even without the
virus, Virus is thus Bot a2 living system but it can be a part cf
the living system if it rcaches a suitsble living system. Thus Blum
suggests (63) if the term "living molecule" is used to describe

& virus, one runs the risk of having it accented in a more Ccmplete
sense than it showld be,

Heny scientists seem to think that if = virus particle was
cnve formed or even if a nucleic acid meclecule or long polynuclectide
Were formed them the life could be ssid Lo have criginated., This
System will be useless unless a living system is already in
€xistence rather the appearasnce cof any of these would indicate that
the living system is already in existence. This living system will
contain a thermodynamic and kipetic compecnent as well as a template,

: The modern concept of the geéne seems to be that it is a
template or a locus in nucleic acid molecule - the desSoxyribose
aucleic acid., If senes are considered as beiny self-replicating,
the same difficulty will be faced which is met on corsidering
viruses as living molecules,

Thus, as Bernal(4) suggested, unless we desire to push back
the doctrine of special creation to the creation of enzymes and
Co€nzymeS -~ coenzyme in the npolymerised form as nucleic acid - as the
beginning of 1ife, we must assume that before there were enzymes
te carrt out the catalytic reactions in métabolism these WEre Some
other agents that did it, not as well but sufficieptly well for the
eriglin of lifey Similarly, before there were any ¢coenzymes there
must have been some cther and less efficient means of transferring
€nergy from place to place, Czlvin(64) and Nicolaev(65) havs shawn
that iron coordination Compounds are capable of speeding Up many
chemical reactions to several thousand times. Such compounds of
iron or of other transition elements as Copper, nickel, etc, wculd
form spontanecusly from any sSolution in which there are nitrogencus
compounds as amino acids and these zay have been the protoenzymes
of the earliest living systen,

The preSent day cell has usually organelles as ch¥loroplasts
responsible for photosynthesis, the mitochendria that carry out the
€nZ¥nic changes which constitute the me tabolism that synthesise
nrotein and corntain ribonucleic acid, desoxyribcse nucleic acid-
containing chromosomes ete, The evolution of the cell leading to
the formation of these organelles will be considered later but here
it may well be said that all these represent specialised versicns -
of what was oniginally an all - in living system. This will be ap
aggregate or molecular associzticon and n.t a single nucleic acid
molecule which cap do ncthing by itself.

In the nresent living system some form «f genetic infeormation
1s transferred from parent to offspring by nucleic acid. The Seguence
Hypothesis suggests that this genetic informatior is stored and
transmitted by the linear order of the bases in the nucleic acid
molecules, This by some uneguivocal prccess is expressed in the
linear secuence of amino acid residues in proteins, This information
is trapsmitted in one direction oizly that is from the base Seguence
of nucleic acid to amin- acid Seguences. According te Crick (66)

Lthe three dimensiocnal configurations of proteins, as well as their
aggregations and the specific interactions within the protein molecus
les and the molecules of its énvironment in a particular condition
areddue to the narticular linear order of their constituent amino
acids.,

4s there are about 20 natursl anino acids in proteins and feour
bases in nucleic acids investigation of the 'cogd-ing problem' has
been startcd with a view to comoile a time-indenendent dicticnary
€xpressing the sequence of nucleic acid bases which are translated
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intc a specific amino acids secuence in proteins (67,68,69,70,71).

Howevsr no presént theory of replication and protein synthesis
suggestsithe origin of the genstic text which is being replicated,
translated and expressed in functional proteins. The present theorles
of replicaticn, coding and protein synthesis suggests that the
informatior necessary to order the linear seguence of aminc acids
in proteins is provided by the genetic sequence (72). Thus most
of the theories of replicaticn, coding and protein synthesis employ
the absence of rule % restrlctlo S or oxoe@tatlo“ of tny crder in
the seguence cf subunits in biclogical macro molecules, except when
such order nre-exists in genetic seguence.

Generally genetists believe that crigin of this genetic crder
which exists in linear segusnces of base in nucleic acid is due
to evclutionary process of naturzl selection from the random,
arbitrary errors in memory or replication cf pre-existing sequences
or due to the random mixing of sequences i: the process of reproduc-
tion. The initizl origin of the genctic urder is usually considered
as a chance combination of the subunits which for scme unknown
reasonsS became capable of self-duplication., Hewever, the theory
of natural selecticon suggests only an eventual choice from a
population of completed functionally distinguishable entities which
can replicate but it does nat in any way itself impose Ffules for
the formation of any particular crder during its synthesis and
least the capacity to reproduce.

If we c:réider that before the present genetic contrsll
there was a disordered reservoir of molecular subunits, it is diffi-
_cult to explain the degree a d type of eorder which is Acw observed in

~ Dbiological macromolecules without considering at some step, a

random or arbitrary choice of sequence cf the ordering process,

As suggested by Buller (73) the processes cf multlpllcatio 3

variatio s Selection and also the adaptability produce genetic
information which now results in choice of certain seguence, from
Some enormous number of alternative seguences, However, all this
concerns the accumulation of genetic information to define a certain
state but provides no information to produce this state under
initial conditions to begin with,

4blogenic origin of order in molecules,

According to Pattee (75) the possibility of conceivable
sequences cf even one small molecule of TMV protein in size is . about
100200 where as it is difficult tc even imagine the total number of
macromolecules existing on the surface of the ear*% as mere than
10090 if the age of the earth is considered as 10 "~ seconds and
the generation time as cne seceind and a volume of macromolecules

on the earth equal to the eltlrg volyme of the surface of the

carth one metre thick or 5 x 10°3 cm , considering 1019 molecules
per cmS, If all conceivable linear order of typical biclogical
macromolscules are equa 1y probable except for genetic control there
is no physically realizable selective process to reduce effectively
the enormous number of secuence orders so as the formation of some
parflcular sequence may become €ven an event,

A conceivable solution to this problem appears firstly that
the genetic order originated with certain molecules which were
much smaller in size than even the smagll protein molecules of the
present-day and it has subsequently modified, to be able to produce
bigger protein molecules and seccndly that t he nongenetic equi~
probability of sequence must thermodynemically lead at scme stage
to specific choices between the possible sequence. Pattee's
hypothesis for the origin of the degree and type of replicating order
now found in biolcgical macromolecules con computer feed-back mecha-
nism appears to be highly feasible,

Biochemical macromolcecules have characteristic sequence
arrangement of their subunits. These arrangements are repeated by some
order process withing the living cells by nucleic acid molecules, THis




in turn is controlled by the same degree of order in nucleic acid
linear base seguences, which are replicated ard express their crder

in the arrangement of amino acids sequence ia protein mclecules

by a simple dicticnary - type code., These codes are time-independent
and contain no inter-systems restrictic.s. The irformation feed

back is not considered on this ordering process and these codes

are independent of the State of the growing configuration and its
local environment. As these codes usually exclude any inherent
restriction cor expectation of corder which did nct arise from pre-
existing genetic order, they do not in themselves 1ead to any :
explanation -.f the origin of this hich degree of order which is be ing
duplicated and deccded in protein, neéither they lead to the explana-
tion of the origin of the Peplication or coding nrocess themselves,
On the cther hand the process of natural selection has no means of
effectively increasing the significant probability by produc ing one
positive sequence. Thercfore the possibility is that the precurscrs
of biclogical macrcmolecules were not of random Secuence but crystal
structures which were preduced from the restrictic s inherent in their
growth similer to what is observed in all crystallisation processes,
The general logical pro€ess of discrete-state computaticn in Simple
configuraticns with feed-back can assemble elaborate, repeating well
ordered sequences, withcut requiring pre-existing seqguences from
which to Copy. A molecular representation of such a computer by the
process of stercospecific polymerisation, in which the choice cf
subunit is detsrmined by co ditioral, state-dependent rules has been
suggested by Pattee (74). From such redundantly ordered macromolccules
replicating by fission, the evolutionary process of variation and
selecticn may then effectively accumulate as miuch genetic information
Capacity as produces survival value.,

'.'itfié then more reasonable to believe that the genetic mecha-

“hism themselves are the evolutionary result cf the na ufal;occurrghg\ ‘gf» 

ce€s of ordered macromolecular sequences rather than making Special
assumption that in 1iving systems crdered macromolecular Seguence

are the evolutionary aend result -f the spontancous, Chance origin

of genetic system,

Qrigipn of molecular assgciations:

According to Schrodin er (140) " 4 small molecule might be
called as the germ of a solid"., These small solid germs can build
up larger and larger molecular associaticns. Cne is a dull way of
repeating the same structure in three dimensions again and agailn as
in crystal formation and once the periodicity is established there
15 no definite 1imit of the size of the aggregate. Another is a
semi periodic way of building more and more extended aggregates with
wide gaps which allow even passage of smaller molecules and without
having the dull device of repetiticn. This is the case with
complicated molecules or groups of molecules held together by vari-us
intermclecular forces as hydrogen bonding, hydrophcbic bonding,
€lectrostatic interactions etc., in which svery atom or group of
atoms plays an individual role, not ecuivalent to that of many others
as in the case of a periodic structure, Thus by selecting suitable :
compounds and creating appropriate chemical environment, it is
possible to make a molecular association of semi-pericdic nature and
the energy necessary for its formation may be derived during the
achievement of a spatio-cnergetic pattern representing the state of
minimum energy by the materials of this ggregate.

In such a process of formation of molecular association,

* the material is made of semi-Solid nature, the growth from outside
is inhibited and this starts inward from within, the gaps in semi-
néricdic structure already formed are big enough to permit the

"passage of the envircnmental substrate molecules selectively, the
materials forming this aggregated are n-t present preformed in the
eénvironment but are synthesised during the course of the passage of
the substrate molecules from the environment through the preformed
portion by the catalytically active atoms and groups already present

- in the structure, this hypothetical structure will start growing from
within by the synthesis -f the material of the aggregate withip this
system. A
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Bahadur (75;,100) has sh-wn that the slow tendency <f other-
wise amcrpheous material t- Change intec erystalline state vet not
actually achiging it due to the restrictions caused by the physico-
chemical nature of the eénvircnment and the chemical Changss affecting
the material concerned before and during this process under Specific
*cnditions results in the fermation of molecular asscciatic'.s with
Characteristics cf biological order and growth, multiplication
and metabolic activity., :

So far the considerations of abiogenesis of such materials
which constitute the present form of living system, their energy
transfer and transformation and poSsibility of establishmert of some
Sort of order in otherwise randem reserveir of melecules concerncd
have been made but in aj1 these the basic discussions have been
arcund the 1living systems of our earth only. It is worth while to

Far as the present evidences allow,

ng systems any where else in our
Solar system and then in universe and if sg what variations may be
expected in them,

BECEFPERE a0 organic compounds:

Considerable evidences havye accumulated to sugeest that
organic matter is commop in the solar system. Briggs (76) has
Sugcested that the clouds of Venus contain volatile organic compounds
and according tg Briges (77), Sagan (78) and Wilson (79) such
CompouhdS are trapped in the surface of the Moon. The colour changes
of Jupiter has been €xplained by Briges (20) as due to the abiogenic
grganie systhesis, Saturn, Uranus and Neptune contain a large
cvantity of methane. Briggs (81) and Guerin (82) have independently

., Sugoested thet the 'blue haze! of Mars is due to small droplets cf

- volatile plant products, According Lo Briges (83) the cartp must

have acquired about 10
coondrites alone.

gm. of organic matter from carbcnacecus =

Pessibility of extrs terrestrial life:

It is dmportant to investigate as on what planet in cur

Solar system 1ifs actually exists agnd récently this aspect has beep
the focus of considerable attention of the exobiclogists, There
are tentative evidences of existence of 1ife on the "maria" of Mars
and on no other planet .p satellite. The evidences for life on
Maprs are . the physico-chemical properties . f the atmosphere and
surface can permit the existence of 1life - forms based on a terres-
trial type blochemistry have been demonstrated in the laboratory
(84,85,86), the maria has rapdd regensrative properties (87), the
infra-red absorption of the Martian maria, but not of the desert
show absorption at 3.5 u (88), certain Similarity between the re-
flection spectra of maris and theSe of terrestrial ve

i 9) and the sessonal chang
polarization of 1ight reflected from the maria scmewhat resesmble
that observed from some vegetation (90). However, it is debatable
whether terrcstrial astronomical method can €ver provide conclusive
evidence of extra-terrestrial iife,

To have a correct concept of the problem of griglin of 11fe
RLocEsSes 1L 1s neeessary to consider the abundance of distribution
of 1ife in the universe as g whole., The crder of the pumber of stars
in our galaxy in about 1011, Apout 14 percent of these are stars
of G-ty-e similar to cur Sun, and 75 percent of the these are
binaries, i iCS of binaries has been studied only

i ystems (91) tc indicate the presence cf plangts in these
If the planets arose from ccndensation of an ecuitorial
L hubula of the primitive sup (92,98) it will result ip Slowing of the
ceakar nolation According tc this view rate of retation of any
star could be used as a3 eriterion of the presence of planets (94),
hkout two-third of the galactic population are Slow-rotating stars
and may theref.-e be accompanied by planets. Cur sun is a second
réneration star in t he galaxy and only such late stars will have
Sufficient elements of high atomic weight tc yield high density
planets as Earth, First generation stars may have planets of
He HIE, €, N, 0 ete, Only and may be unsuitable ab.des for Tife
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Thus Briges (95) is of the opinion that the Universe is so
large that it is a statistical certainty that extra-terrsstrial life,
even intelligent 1ife, exists elsewhere, .

The: Chemical nature of 1ivi-g systems:

The chemical nature of the earliest forms of living system

1s also difficult tc assess for as Healdsne (96,97) suggested chemistry

and physics may have been significantly different in the Precambrian,
* The copsideration ¢f the formation of the polymers of the present

form of 1iving system and the centrol of subunit Sequence in these

macromolecules have been made. Protein plays an important role

in them for it is the basic building material cof the living systems

known. Probably the earliest living systems were also made of proteins

but we do not. kncw whether all the 1iving systems in existence

elsewhere in the universe are alsg proteinous. According to

Pirie(98) proteins are useful to an organism because they are enzymes

that catalyse metsbolic reactions very efficient.y. But thers

are innumerable non-protein catalysts of similar acticn €.8., OXida=-

tion can be catalysed by many metzls and by thicurea, scme cf the

rare elemeénts are esterase and so on. An organism uSing such

systems might be sluggish but it would be Conceivable,

There is a possibility cf existence of such living systems
in the prebiclogical era which might have been made of materials
cther than proteins and were consuming Such nutriticn the Suonly of
which was limited, togsther with such living systems which on
subseugnent evolu%ion produced the present form of living system(100) ,
There might have been a period when such non-proteinous and proteinous
ferm might have existed side by side, However, those living

. Systems which depended on such nutrition which was limited in a

locality would have finished their 1ife activity soon after all
their nutrients in that locality was booked in their body. But
proteincus living system continued their 1ife activities because
thelir nutrition supnly was photochemically furniShed through the
course of time. The possibility of more than one form of living
system Was been suggested by Pirie also (98). Accordiig to him the
evidence of evelution and Linnacan system of claSsification Support
the idea that the number of species existing at any time has been
getting large. Projecting this principle back it seems reascnable
to think that all the present living systems sprang from one or a few
commen ancestors, But it is illogical tc think that this ancestor
was the original and cne of the only type of organism. And it is
corréctly doubted whether the problem of 'origin of 1ife! should not
be modified as 'origin of lives!,

Many inorganic substances reSemble organic substances in many
physical oproperties as high molecular weight, optical activity,
viscosity, stability, sensitivity to pH and temperature of the
envirgnment as suggested by Sminnon (99). One wonders why these
molecules cannct form 1iving systems which may be devoid of protein
or even organic material. This aspect of the problem has been
discussed by Bahadur (78, 100) in considerable detgsil apd experimental
evidences of the existence of such systems has been provided.

Mentioning fthe possibility of existence of such living systems
Bernel had said (1p2) ™ [~ .. ... There may have been other radically
incompatible forms on the earth at earlier times and these or otheys. =
we may succeed in making artificially. When life exists gn other
planets it is most likely that it will be radically incompatible with
ours though we may suspect that it will Show striking parallels,
L biochemically as well as structurally".

JLhe _problem of defining 'life! and living systems

Still more difficult is the problem of defining 'life' or
'living System' and the ideal definiticn of 1ife is still awaited,
The problem of differentiating 2 living system from a non=1iving
becomeés a hopeless job particularly when we consider the b.rder
line cases between living and non-living. Hewever it is necessary to
bave a clear understanding as what we are looking for when we are
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locking for it all over the universe and studying the cause and
sction of 1ts origin.

: According to Pirie (104) a rigid devision between living
and ‘nen-living 1S hot possible and he considers life gs not a
definable quality but a statement o f one's attitude c¢f mind
towards g system. Haldane (105) defined living system as " a self
perpetuating pattern of chemical reactioc.- and Bernal (103) and
Haldane (105) suggested that the embediment with a boundary of a
self maintaining chemical process wasS the occasion of the origin
of 1ife; : :

Konikova (106) proposed substitution of 'self maintain:ing'
word by ‘'self-developing'. Thus he holds that a living system is
s chemical substance or a ccmplex which by process of chemical reactions
with the substances of its environment accomplishes its reproduction
end development i.c., it remains t. itself while yet changing nct
in the direction of death or decay. Life is the attainment, BY a
chemical system, of the ability to rebuild itself by interacting
with other substances, remaining alive itself and beginning to be
different from itself,

Horowitz!'e (107) definition of 1ife is more specific and he
believes that a living system is g self-reproducing system with
ability to mutate rendomly and to reproduce in this new form. He
attributes three essential properties to a living system - self-
reproduction, mutation and heterocatalysis,

In a sectional meeting @uring the First International

. Symposium on Origin of Life sp¥he _-rth held at Moscow in August,
1957, the problem of defining '1life' and 'living system' was.
giscussed under the Chairmenship of Prof. Pauling. In this Pirie
(108) opnosed the idea of mutaticn to be included in the“sense
it is understood in bioclecgical context on the ground that To demand
that a 1iving system whall mutate is a purely linguistic restricticn
and it l1éads tg absurdities. Only small fraction of the organisms
that are universally accepted as living have been shown to mutate
thcugh many of them prcbably dos But some very ancient species do not
scem . tc mutate much., Thus according to him it is important to
distinguish meore clearly than Horowitz does between at least three
types of multiplicaticns:-

Multiplicatic s in many celled organism where the process
can fail as 1in worker bees and mules clthough the organism is
obviously still alive; multiplicatic in single cells of ap organism
or a Single-celled organism which can be abSent as in the wrain or
the newwe cells although the tissue is obvicusly still alive and the
multiplicatio . of the cell components such as genes and virus
which are simple lifeless mcleculés which can do nothing by them-
selves, It is probably the system which makes the other gene rather
than the genes which merely act as template for producing a ccpy.
If these types of multiplication or reprcduction arc accepted it is
unlikely that the ability to reprcduce cculd be used as an adequate
ctitenion of 1life or living system.

Brownshtein (109) opposcd the idea of a mono-molecular 1iving

system on the ground that if desoxyribose nucleic acid of genes :

i8 sunnosed to be alive because they have power of self-reproduction

and self-development, viral nucleic acid could be said to be alive.

The idea of Horowitzzs minimum requirement for a living system 1is

"g 1iving molecule in a multi-molecular environment' BnownShtein

commented that if this definition is to describe the position accura-
tely one word must be added b0 as to read, " a living molecule in

o multi-molecular living envircnment", but by doing so the idea

contained in Horowitg's definition is negated.

Pauling (110) tried tc establish a compromise between these
two different types of definitiors proposed for a living system
and said, "It is somctime easier to study a subject than to define
it", for as Pirie pointed out even with existing objects a rigid
division into the living and non-living is not possikle,
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Though it is qdif of demarkation
between living and non- I yste €S necessary to have
a few such clearly defired>properties which when present in a
system sheoudd qualify it fer being admitted to the cate
livipgs, particularly when Systematic study of
melecular asscciaticns resembling biclogical s
and this werk has Considerably advanced with e
results (111,112,118,114¢ W),

According to Bahadur {11200 = living System is ope which
1s capable of grcwth,’multiplicaéic and metabolic activity whepe
gro th means ipcrease in the size of the System from withip by the
actual synthesis of the material with which it is made, within the
system, multiplication Sstands the number of
the system where newer i ] i s :
and the term metabolic aotiwi a G B chemieal
reactions taking place withi cundary : cf which is that
at least a nart of the environmental molecules €ntering the systen
are converted intg the materisl with which the system is made, This
ceértainly is not an effort t: define - livicg system but Simply
Lo enumerate the essentia] roperbies which if preseit Fogetizn in
a System will qualify it fcr admissien to the category of the 1i
and thess properties have beep S€lected by going more towards
living side of the line of demarkation between living and non=-living
Where as it will he pessible to have 3 few 11iving systems which are
accenpted as living on other Cconsideraticns but not having all these
three properties together and it may be Co:icelveable to have living
Systems with jesser nerti 1 ‘ ut it will be
' i , ] properties
Cf these functions
transfer angd

This functignai approach to the Characteristics cof 5 living
System does not ineclude any comment on the chemical nature of the
SyStem concerned for we have Yet no information for or zgainst the
existence of living systems of €nitirely different chemical ComposSi-
tion than ours else where WEEE and the logical poSSibility of theip
exlstence  is €normous, :

properties of the earliest Gells.

The structure and the

Before we think of Synthesising g living system we cannct
8vold thinking of a cell which is the basiec unit of all the living
Systems. Evoluticn of higher mul ticellulap organisms from the
carliest unieellular - isn en i in detail by the :
biologists but usually Lol og i tops at uni-celiujar stage and
When it comes to the By g Sf 5 living system be unconsciously
essumes that one is discussing the Synthesis of a cell as he knows
it, There is consoderable evidence of €volutionary cytology to

the complicated Structure of the cell which
€ product of eveolution which this cell has under
gone during its existence Since last three apd half billijo
which is the estimate of Bernal of the time si
existence (4),

4 model Ccell possesses highl
organelles as hucleus, mitochondria, microSome, rj ome, chromoscmes
e€tc, This model cellis the end-product of evolution which not only
produced the assceiati. ns of celis as multicellular organisms but
there is censiderable evidence for the evoluti hese organeliles
2tso (115), The cytology of s imp i
proof of this evolution,
cells is far more complicated than that of even the most highly 4
developed plants and the cells orf Seed-plants lack astrel rays apgd
well developed cénlriofles, The sulphur bacserium, Beggiatoa lacks
discrete nucleus but POSSESses numerous chromatin granules Scattered
through out tpe cytoplasm and the Téproduction takes place entirely
due to ingrowths of the cell walls ie 017 T Somewhat more complex
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bacterial Rhedobacteriales, chromatium the chromatin granules are in
associatlicon but nct ccvered by a nuclear membrane (116,117), Distinct
chromasomes are detected only i: the crganisms of the complexity

of Euglens and even in this crganism spindle threads and intermonal
strands are lacking (118),

Slow evelutionary evidence cof cther organelles of the cells
can also be traced. Thus in the blue-green algae, the phobosy:ithetic
pigments are diSpersed througheout the cytoplasm and n. distinct
Chloroplasts are oresent whereas purple sulphur bacteeria have
granular pigment structures lacking the detailed micromorphclegy of
higher plant chloroplasts, Mitochondria are totally sbsent in blue-
green algae while minute granules possessing all the metabolic
functions of mitochondria can be obtained on Wl tracentrifuration of
many species of true bacteria (120). True mitochondria though
present in yeast cells are of very simple structure with few internal?
folds only (121,

By the evidence of comparative cytology Dillon (123)
concluded that origin of organelles are evolutionary specialization
end that the earliest cells lacked such structures, their functions
being carried out by the undifferentiated cyteoplasm. Briggs (115)
is of the opinion that the corganization of the primeval corganic
solutions into a relatively inefficient molecular organisation doas
not nresent the problem of intra-cellular organizatio- and Speciali-
zatlon. The latter is a problem of cellular evoluticn and not of
blopoesis .

Just as a ccnsideration of the eytological evolution of the
organelles of the modern cell is necessary to have some ideas of
the internal structure of the organisms which were synthesised when
the 1ife began on owr earth, it is also necesszry to study whether
the 1oss or gain in the.caracity of the earliest cells took place
with the progress of eveolutiont Lwoff (123) by his. extensive work
on micro-organisms produced convincing évidence that. much of the
€volution is accomplished by the selective loss and ho in in
the capacity of the cell. Thus though a simple cell-1like organism
developed more and more complicated crganelles with evolution
making it mo e fit for performing a particular function ig the specific
prevailing envdronment, the cell as g whole lost its initial capacity
or potentlality for performing very many types of vital functions in
many probable diverse environments which it originally had. ZHvenr
fxm in the present organisms no cell of the body of a multicellular
organism has the capacity of performing as many functions as a single
cell of a upnicellular orgsnism can do.

Keeping the above mentioned evoluticnary changes in view
if one goss back in the time-cloch to exemine the ecarliest living
cells he expects to fipd them very simple in structure yet full of
capacity of performing the verious functions of biologi al order.
These functions are limited and it can be said that the initial living
systems had very simple structures and were full of preperties within
g cértaln limit. The synthesis .f these molecular aSscciations with
properties of biological order is the outstanding problem of the
origin of 1life and this has been Successfully solved by Bahadur
(i1g, 113,114, 100, 75,

Origin of enzymic activity

Befeore we conceive of any molscular associsticn with charac—
teristics of living order the problem cf scme sort of metabelism
~iberating the energy ne®essary for the various sctivities of this
aggregate becomes necessary. The metabclic processes observed in
the present day organisms might have been present in some of the
cerlist forms of 1ife but there is an €qual probability that these
foo have evolved from scme very simple rocesSses of the earliest
living systems., Whatever the form of the metabolism might have been,
it is certain that these must have been using some sort of catalysts,
ibe origin of enzymic activity in the prebioclogical era is of interest
particularly when there is no possibility of therz being elabcrate




protein structures of the type we have to-day,

In the absence of typical enzyme like molecules Co-ordinatéc
compounds of metals, various metallic ions and organic molecules
would have scted as the initial €nzymes as suggested by Calvin.

A search of enzymic activity in the sterilised agueous mixtures con-
taining metallic catalysts and organic molecules Was made after irra-
digtion with interesting results (124). It has been cbserved that
considerable phosphatase activity is produced in these mixtures and
1t is destroyed on boiling. The phoSphatase activity is dependent

on the naturs of catalyst employed, organic molecules used in the
mixtures,; the period of €xposure and hydrogen ion conceéntration of
the medium (125), It has heen observed that the phosphatase activity
is lost on prolonged €Xposure when protecell like structures called
Jeewanu make their appearance in the mixture and is then confined

in the material of these molceular asspciations only. If diffusedt
artificial light is used as the sgqurce cf irradiation the phosphatase
activity continues %o incresse with increasing period of irradiation
for a long time and the formation of molecular association is delayed
(124). BRecently Briggs (115) confirmed the observaticn on phosphatase
activity in Jeewanu synthesised photochemically. He observed mild
esterase activity alsg inthe irradiated mixtures,

Synthesis of moleccular associations

In the formation of the molecular association which may

resemble e cell model the work of Oparin (126) and Booji and
De Jong (127) on coacervate Tormation is important. The coacervate
although made from materials of biological origin as g€latine agnd
gum arabic are simple systems and do possess limiting membrane with
osmotic properties, These have selecgive absorption for eertain
- Compounds., Binary fission of the coacervate dre ' curs un

suitabls conditions, while vacucle formation on Bn
Coacervate formation by polymeric products cf abiogenic reactio
may yield interesting findings relevant to the criginmof cells,

Microspheres haye been preparcd by treatment of Thermally
Synthesised peptides with water (128). These microspheres retain
their integrity on cenvrifucaetion, show volume Changes in hypertonic
salt solutioBs and can be made in various shape by incvrporating othe
substances such as 1ipids and nucleic acids. It seems possible that
surface of these microsSpheres possess some properties in common
with cell membrane, Bahadur prepared Jeewanu from ammonium molybdate -
peptide complexes in presence of ascorbic acid and biological
minerals and the psptides used were thermally prepared, These Jecwanu
show the propertics of growth; multiplication and metabolic activity
(114), In ccntrast with microspheres which have a comparatively
Shert 1ife and normaily coalesce in a day or so forming clums of
irregular shape at the bottom of the mixture and are made of brittle
material which break radically on pressure, Jecwanu retain their
Shepe ind€finitely and are made of a viscous, honey like material(ll4)

For coacervates, microSpheres and many other objects produced
by variocus scicptists during the €Xperimentation to duplicate the
mcrphology of cells Briggs in his paper, "The formation of cell-1like
structures by the sction of light on a possible primitiv earth
hydrosphere, "read in the Fourth Internatiznal Phctobiology Congress
held at Oxford in 1964 writes, "Ssveral authors as described in the
reéview by Oparin (126), have conducted €xperiments to duplicate the
morpholegy of ceils by interaction of Simple incrganic and organic
compounds. While there isneg doubt that the products obtained by
many of these workers bear a morphological resemblance tg living
cell, this is the only feature in common, in that the products are
dissimilar in chemical Cocmpositicn are metabolically inert, de not
*grow or reproduce etc. Moreover, most of these aPtefacts are produced
fr .m substances and under cconditions that were probably guige absent
from the primitive Earih, The only interesting products are these
of Fox (128) who has shown that theremally syunthesised proteinoids
produce microspheres in waten!,

"However, more recently Bahadur (111) amd Perti (129) have




P

described the formation of 2 series of cell-1ike microspheres (named
by thém Jeewanu, a sanskrit word fer particles of life) by action

of sunlight or an ultra viclet on sterilised scluticns ccntaining
citric acid and a collcidal salt of molybdenum and iron., It is the
purpose of this paper to report a2 confirmation and extension of

this work". The synthesis of Jeewanu will be descrihed later in
tihks article.

Inherent proopertiss of matter

Consider the earliest living systems with Simple internal
structures but full of properties and capacities within the limits
cf biological order. The formation of such molecular associations

as been the most important aspect of the erigin ol life, 77 we
take properties of Say iron hydroxide and after enumserating them all
ask as how will a cell-like small structure with simple internal
structures can be formed full of propeérties within these limits,
the answer is simple. A4ny method of preparating particles of the
desired size may be used with iron hydroxide as the body material
of the particles. Thus in shert, if the material concerned has
the properties which are sought in the particles, it is sasy tg
prépare the particles of such material with Simple structures having
the properties within the particuler limits described, If Thematter
concerned had the properties which we include as the properties within
bislogieal order, it is casy tc imagine the fommation of particles
with these properties, However, this is just an over-simplified
exampl€ of the idea and this simily extends only this for and no
further for dn bhe ab ve example the considergtion of chemical and
physical properties only were made which any piece of ths chemical
concerned will shew, but in the living system we are concerned with
* the functional properties as grouwth, multiplication and metabolic
activity end many coordinated fu ctions o t faet 311
be necessary to achieve this result,

Bahadur sug-ested that matter has inherent propertiss of
dupl ication and ac ability (100,112). Thus udder suitable condie
tions matter has ipherent property of duplication and if a system
of matter in !1ibrium is subje¢ted to constraint 2 change occurs
in the system if possible of such a kind that the constraint is
partially annulled; By the btern duplication of matter under suitable
Condition it is meant that if a system at dynamic ecquilibrium has the
posSibility of formation of Several moleculs: species at the same
thermodynamic level and needing the same energy of activstion apnd
£ in this system one of the possible synthesiseable molecular
structures is introduced, more of this molecular Structure will be
synthesised in the system than other poSsible structures, Op
quantum mechanical resonance interaction Speclal stability considera-
tion a system AA where A apd A are identical will be more stable
than AB where A and B are similar but not identical £€130): Thus
if 2 molecule A is introduced in a system which has all the consti-
tuents for its formation and which has the nccessary available enesrgy
on thermodynamic and activation €nergy consideration, more of & will
be formed in the system than other possible molecular structures necding
the same energy of activation and on the same thermodynamic level.
In a simple way this property can be expressed as "under suitable con-
ditions matter has an inherent property of duplication",

According to Pauling and Delbruck (131) the special guantum
mechanical resonance intersction stability force will be negligible
for larger molecule of the sigze of the protein as cempared to the
smolecular interaction energy of the idepntical and unidentical molecu-~
1€s and their duplication is not possible on this consideration,

But if is more reasonable to believe that the initial 1iving

©yStems were built of smaller melecules and in them the molecules

could have duplicated by the guantum mechanical resonance inter-

action force. When these polymers became bigger in size this process
wes taken over by nucleic acid assisted duplication process where

the duplication is a two Step process instead of one step as condidered
here, The cne step process of duplication is the more probable

process to begin with, before coming to our present day nucleic acid
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assisted two step duplicaticn as observed inthe present form of
living. Gurwitsch (132) has dsscribed duplication of simple
molecules in specific environments,

The phenomenon of adaptability is of great importance in
evolution and may be considered as an important property of the
living system. Adaptation as far as it involved the alteration
or variation of the characteristies of 1 Species, is a facet of
cvolution and all heritable adaptaive changes are evelutionary changes
The reverse stasement namely that g11 evolutionary changes are
adaptive is not true,

There are two important aspects of evolution. Firstly that
which exemplified Simply by changes and Secondly that which lezds
to creaticn of new Species, The bulk of the evclutionary changes
fall within the former aspect of evolution and these are the changes
that a species ofr 2 population of individuals belonging to that
Species undergo in Tesponsé to the environmental changes. These :
changes which if made, enable the population to continue its existence.

Natural selection doesS not cause the disparity between the
parents and the rest of the population, it is this dispapity dtccip |
If a systematic slow énvironmental change occurs, then natural
Selection may lead to adaptive changes in the population.

Thus evolution has been defined as the sum of adaptations,
It can be expressed more Simply as "adaptation is evoluticp™ Llo3) .

ration in the freguencies of various gENES carrie
. By Lke population. TIn bacterial population where Ccertain environ-
'”‘MGhtévaonstraint_Can be met by single;gene,CHfhgesuand where in

gcneral the descendents of a given individual are genetically _

identical with the parent individual, adaptation of the npopulation
come€s sbout in a single gencration and the response 1is absolute,
In diploid, cross-fertilising indivgiduals, as the result of gene
recombination the conneetiaon between the phenotype of parents and
of fsprings is much less than that in bacteria,

According to the computer mode] described €grlier. the
accumulation of i 1 \
necessary, leads equence with ever im€reasing information
Capacity in the feed back path. And as Patte (74) has suggested
it is guite conceivable that

ins is through
d sclection, which may
op from furtioning
acid sequencs Phenomenon of
in these terms, 1f o living systenm
in the organism if
= Constraipnt i partially annulled,
A living system is 3 System in ecguilibrium. Thus the above
Statement ma ifi if a system in eguilibrium issubjected
a change occurs in the system if possible of such
e kind that the constraint is partially annulled, But this is ke
Chateleir's principle itself as proposed by him in 1888,

This adaptability is observed not only in living systems
but can be observed ip ‘many systems in ecuilibrium. The study
i the adaptability in enzyme has been obscrved by Bahadur and
S-xena (134, 124) during the investigation of the inhibition of
urease by metallic ions,

If the constraint is stron
tural damage and i € ¢an be called as a
change of a kind t € 2o i he system is partially
annulled and thus this can be called as adaptability particularly
in such cases as destructicp of the terticry or the quarternary
structures cf the protein molécules by boiling cr other denatu-
rating prccesses and their subsecuent regeneraticn under suitable
conditions invelving the pProcCess where repair dees not neesssarily
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include formaticn of new molecules but merely establishment of

an orderly folding from an uncoiled rapdom linear structure of

the peptide mclecules fermed due tc the distorbance of the

terti-ry and quarternery structure of the protein mclecules not
even provcking primery valency, such adaptability has been cobserved
in the case ¢f many enzymes., It has been reported that one can
inactivate an enzyme and shcw that this inactivation involves the
destruction of the tertiary or guarternsry structures, in which
subunits are packed together but not 1linked by primary valency.

But by suitablyyiicubating the inactive moteriel, 2s xuch as

95 percent of the enzymatic activity can be reccvered. This meaps
that the tertiary 2rd quertcrnary structures depending on the
cnayme concerned are fefcermed. One can cerry this denaturatiocn
Clear doWn to the random cwil level - that 1s go down all the way to
the primery structure and can climb almost all theway back up
threugh the alpha helix iiito the tertiary foldinz and éven into the
cuarternary aggregation., This last has been achicved in the case
of 2lccolase (135},

Mapy of these precesses can be explained on ths thermedynamic
Stabllity of thesc specific molscular folding but these Show
adantability is the Sepssz that the damage ®aused by the constraint
is bedrg cppulled. Such changss alsc take plece in living system
during the copstraint caused by the changes in envitdmnent and the
c¢daptives changes in 1living system can also be explained theremo-
dynamically,

vynthesis of Jo.wapu

If adaptebility and duplicaticn are inherent propertics of
ing suitable conditions

ﬂnderrWhich{thesefpropértiés*bf*theémattér*‘g,f’%'V*‘»fgdwi bs
ved. Under these conditions a particular set of 1A appropria

¢avironment will show growth - multiplicaticn or aclecular 1eVely
multiplication - multiplicaticn on macrolevel and =metabol ic activity=-
Stcpwise thermodynamic processecs liberating cnergy for L he above

two processes of multiplicatic: from the structural units aveilable,
degrading & part to liberate the necessary ancunt of energy anrd
utilisirg = vart to provide the building saterial for the above
merticned growth and multipliceticn. The synthesis of such systems
has been achieved in the laberitory §ea, 100 111,112, 134, 139, 1596},
The partieles thus formed grow in size. A&fter achieving 2 maturity
size these reproduce by budding; the newly formed but may Sseparate
ocut of way remein attached t. the ,arent unit anpd after achieving
maburity cize buds agein, These particles con be subcultured in
their specific environmental medium. I have named these particles
s "JEEWANU" o sanskrit word for the narbicles of 13fc (1115

& number of procedures for their sreparation have been
deseribed (111,113,114,75,729,136,137). These particles have a
boundary wall and complicated internal structures. These are made
of materials which are n:t present tn the environment but are
Syathesised within their bedy from the srvironmental molecules which
coter them. Thus where the envircvhmental medium may coatedn endy
a few frec aminc acids photo-chemically formed ir the sGuksus <
mixture containing = source of organic carbon, dnorganic catalysts
and bioclogical minerals ete, the Ludy material of the Jeewanu shcws
the presence of oply a few free amino acids but en hydrglysis
a lerge pnumber f natural aminc acids are prcduced thereby sheowing
that their budy structure is made of materia] vely similar te

oretein, The budy material of these Jeewanu Show phoSphatase activity,

Time-lapse phctomicrographs shiwing growth and multiplication have
been successfully taken (100,101). Dr M.Z.Brigss confirmed the work
on tac formation of Jezwsnu independently in his laburatery. In ths
paper catitled "The formaticon of cell-like structure by the action
cf light on 2 possible primitive hydrosphere", "read in the Fourth
Internaticnal Congress op Photobiology held at Oxford in 1964y ip
the fellowing of werds, 4 similar vaper entitled "Jxperiments on
the Crigin of cells," hss teen published in wnace Trisht(la8),
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"Lobgratory synthesis cf Protecslls

"The primitive hydrcsphere was stimuleted by ashinz 1.0 Kg. of
comoressed yeest at 500¢C, for 12 hours. The r:sulting ash was
- examined for celluler remains =nd for crgenic matters neither were
detected, The ash was then redissclved in 1.0 litre of triple

distilled water M

"4 voriety of orgsnic mixtures was tested, including formslde-
hyde + amaonium nitrate, acetaldchyde + amnonium nitrate, parafor-
maldehyde + azmioniun phosphate, tyrasine glone, aitric scigd +
cmilonium phosphate,, a Sacein-hycrolysatc alone, In scme exXperinents
the effects of added inorganic Suspensic s (ferris cxide Scl.,
m.lybdic exide sol., 2lumina) weres also investigated, "

"The solutions were placcd i, cuartz flasks, which were
sealed sterilised by autcclave., GDach solution was represented by
four flasks in each experiment., Twe flasks of sach sclutien werc
immcdiately covercd with thick derk cloths and placed in a locked
cupboard, while the other two were exposed to the light of a 500
watt ccatinuously for a nericd of four to six months, In duplicate
sXperiments flasks were exposed t¢ o high pressure mercury UV light
with & filter remcving rediation below 300 m u, The flasks were
opéned and samples of the contents immediately examined micrcscopica-
11y, Some of the samples of the cortents of €ach flask were inocu-
lated into a ssries of stérile microbial growth-media and agar
Slopes, These were then scaled and incubated for 2 weeks ot 37°%C,
No growth wes detected in any medium or on any Slope, indicesting
the sbsence of micrcbial ccitamiration in the flasks "

: " Microscopic cxaminaticn of samples from the flasks stored in
darkness failed to revaalyégg;microstru T 1les fire i
e

al truct 11
the flasks exposed to light vealed numerous globul tructures
rerging in size from about 0.5 u to 15 u., Most of these structure
were solitary, but some showed bucdirg, while otheérs were associated
i groups ranging from 3 to 15s Similar ubjects, though in differing
quantitics, were seepn in all flasks!

" Lerger samples of the light-exposed scluticns were new
centrifuged at 5000 r.p.:. for 30 minutes, when the scluticns
Separated inte a precipitate and s clear supcrnatant, Samples of
the supernatant and the washed precipitete were subjected to amine
scid anglysis by high-voltage paper €lectrocheresis, Samplss of
Solutions kept in the derk were Similerly examined, I'o aminc acids
were detected in any of the solutions (to which nc amino acids
hzd been originelly added) stored in darkness. However, all flasks
€xposcd to light originally Containing aldehydes + amrmonium salts
ncw contezined free aminc acids., Glycine, glutezate, aspartate

nd alanine were detected in alk. «p roximately 0.1% of the added
cldehydes were prosent as free emino acids after 4 months irreadiaticny

"Bxamination of the precipitates from all flasks revealed
thé presence of the same four frec aninc acids, Huwevery the
rreécipitates also showed several peptide spots con papef'éh&t S
Stained with bromophenol bluel Hydrolysis of the precipitates
with SN Hel, releesed numercus auino acids that were Feadily
detected on the paper electrophoratograms., From R values in
Scveral solvents the following aminc ccids were tentatively identie
fied : glycine, alanine, glutamite, aspartate, histidine, lyﬁine,
arginine, serine, threonine, phenylelenine, leueine, valine,

"'he hydrolysates were also cxamined by paper chromatography
Uzdng spraying rcagents Specific fer particular classes of organic
comoounds, The silver chromate and mercuric nitretec-ammnoniun
Sulphate techniques gave positive recetions with areas on the
chromatograms with Rf values similar to adenine asnd guanine.
Ammoniacal silver nitrate and aniline-diphenylamine were used for
tentatively identifying glucose, fructose, rib.se and 2~deoxyribose,
Phéncl-hypochlorite reacted with = compound on ell chromatogrems
with the Rf of urca, while diazetisation recactions showed many
Spots of which three were tentatively identificd as vanillic ac¢id,
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3=-hydroxybenzoic acid and 4-hydroxyphenﬁlacetic acid,

For the irradiastich psrlods ussd, owr0X1matﬁ1y 1% to 9%
of the original y added crganic ccmpouads had been converted to
cher substences.,

Tests of the precipitates for enzymatic activity have also
becn cenducted, dsterasc, peptidase gad phos. hatase were scsarched
for in the OrEClﬁltatfs us ing routine micro-=clinical asSsays,
Detcctable levels of esterase activity were found in Scome preci-
nitates, while vhosphatese activity was found irn others, The lsvels
of act1v1ty were very low, but were quite repectable, thguah they
were undetectable in orEClhlu tes heat.d to 100°C for 5 minutes,

No peptidase aectivity was found in any precipitate.

"Detailed microsconic investigation of the more interesting
microstructures syanthesised by the abeve techniques revealed the
presence of considerable internal architecture, Vacuoles, spherical
solid inclusions, and apparent wall-structures were sSeen in many.
dome of the objects fluoresced ip the UV, while many were stginable
with biclogical dyes (e,g. acidic carmlﬁe, agure 1Il, eosin,
haematoxyl in-ecsin, Janus green B, methyléne blue, nustral red,
ninhydrin, Saphnanin, and tclu1u¢“e blue) .

Conclusions

"Considercd t“gsthsr the recsults presented above demonstrate
thet microsconic objects in the 0.5 tc 15 u size range can be fcrmed
relo ged acticn of nght on sclutions of simple organlc
; di
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protoplasm. Some a150 appear to possess weak enxymat

WWHile the definitions of T13fctiand Thavingt —we GifTCUIT
problems, it can be said that these microscopic obgects satisfy
mefiy of LHe eriteria of 1ivipe cells, dL s o o ndncly proboble
Uitk b isels sinmlier Gc these observed i: the Ppesent experiments
were ferped in abundance in oceans of the primitive Earth and were

the immedjate precursors of cellular life",

The cbservaticas on Jecwanu posc many problems of interest
in exebiclogy, Arec thCu€ Juswanu formed from ovrotein like materieals
only or can other substances aiso form Jeiwanu ? The suggestion
that matter has inherent ﬁluycitlcs .f duplication and adaptability
open the possibility that if suitable conditions are creat:=d objects
rade of many types of substances but showing the properties of
growth, multiplication and netabelic acti’ity can be synthesised,
Jo- wsnu of quite different materials have been preparcd (75).

decwanu deseribed i the gbove pbotoschemical reepar: tions
are diffcrept fro- a3 typical unicellular organism in  the sense
that the presepnce ¢f nucleic acid moleculss or all the components
of nucleic acid mclecules kas not been dctected in them so fer,
The tests fcr Che presepnce of thyamine and cyltosine hsve given
negative resulss=sé far, ”os;v_r, as adenine, guanine, ribose
end desgxyribcse are nresent the presence of sc:¢ rudimentary
form of pucleic acid sdbstitubins the pyrinudines with scome other
bases riay be imagined, 11 the sttesnls te gruw these in bacterizl
culture media have given ncga*lve results and these can be sub-
cultured in Lheir Speeiffc pedia only.

an attenpt was o 0 prevare Jeewanu of basically incrganic
materials as cuprous oxid oy 100, 1013, It has been cbssrved
that cuprous oxide Jocwa: : o€ preparsd by heating 2 mixture
of Fchling solutien, bilologieal tincrals, ammonium molybdate,
zun arablc5 sucrose and hhu;s of glucose. “hs deta 115 of these
preparation have been acs Lbed else where (95, 101). 5751l spherules
arc prsnarsd by boliling thi qurs ard these may be used for
seading obber siniier unbo:‘*f These¢ spherical chbjects range

U‘
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frem 02 te 8w inBiges Thes, oulbioal¥ by budaiig 2nd hove
~tobolie cobiviby {95,101, These ce-n'be kel Indelinitely ip
active stcge by providing nccesssry nutriticn et appropriate
int-rvals., 1hese partitles on analysis -erc ficund to. yicld abolt
88 percent ash, They cuontiin about 64 perecent of fupbeoms oxide,
4.2 percent of carbon, 0.28 percsnt of nitroren ard rest is hydrogen,
cxyeen, blologicel miper- 15 2nd molybd-C-, Th o bedy mater ia] of
these cuprous oxice Jecwanu shews ccnsid-rable ¢ tilssSe zctivity
which is destroyed on boiling (95,101). Time=lapse photcmicrographs
of thes:. Jde-wnnu showing growth and multipliceticn by budding have
been taken (75,100,101), These tnits have ccmalicated internal
structurc with distinct boundiry wall and several photomicrogrophs
showing the internsl structures havs been taken (75,101), soms

of these rssemble coccclith (139), Interesting adavtive changes
hav: bcen observed in thesc particles and growth angd multiplication
of such chang-d Jc.wanu have alsc beéen recorded or time-lapse
ohotomicregraphs( 75,101), Becasuse of thesc propertiss of
biclegical corder these hzve been nancd as Cuorous oxide JccwanWe
thege are difforent from »cbeb lic. i vy dnerfb cuprous oXxide pofit i
¢les formed by r=ducing Fihlinhs scluti-n with glucose, pamticles
thus fermed de not show growth or wultiplicaticng further meore
these -~articles are culy of cuprous oxide znd do oot have cofalace
g€t viby 5 i cuprous oxidc Jocwanu,

Cuprous oxide Jeiwapu have been troined to utilise mennitel
as the scurcc of carbon. these troined Jeewanu nced only F=hling
solution, biologicel minerals, zuvnoniue melybG:te and menritol as
their put-ition, 1n the environpeoisl wediunm ¢f these ecnslti=-
tucnts thesc trained Jeowenu hav: becn grown for cvsr cone year,

rvidenCe has lLeen prod a’
present day living syste cids and peptidzyg e € :
in sterilised agueous mixture ceontoinirg orgeni€ cerbon aid € I I0ls
dal dnergsnic catelysts onl ©xposure te Sunlicht oFf oriirfieis] (HehE
frem en elsctric bulb. The polymers separeate outl Irom The mixturg
if rendercd insoluble by cither increasc in sigze of the molecyles
or by the chemical recaction with the environmental mclecules, The
splid materijasl thus scpar:ted is viscous like hopey and it tends
o crystallise. If th: process of crystallization is Bindered
by the nature of the material concerned or th:e chemical reaction by
the molecules of the environment with this material the amorphous
state tending tc crystallise accomplishes only partial success.
The effort to achieve a spatio-energetic pattern represenging the
state of minimum energy he€lps in establishing a subunit sequence
by computer feed-back mechanism sstablishing some sort of order
and decrecase in entropy in otherwise random aggregate of molecules.
A semi-permeable boundary is soon formed. I- the =nclosed semi-
solid viscour materisl the moleculss do not remain only randomly
held up but get arranged in certain pattern depending on inter
molecular forces ags van der W:nl's fprecs, molscular interactions,
€lectrostatic interactions, hydrophobic bonds, hydrogen bonds cte,
and when this aggregate was of smaller molecules quantam mechanical
resonance interaction played a very important role. If this corder
was destroyzd by emergy liberatced by certein chemical reactions,
amongst some molecules when these came togetier in this viseous mass,
they again tended to achieve the spationergetic pattern represenging
a state of minimum energy and if the environment continually supplicd
such molecules To this mass, a dynamic state will result in these
particles, Complicated internal movement amongst crganelles of
Jecuw:.nu cen be observed under microscope.

Metter has inherent properties of du lication and adapta-
bility which can be observed under suitable conditions in any plece
of matter. If the molecular asscciaticns as described above, iS
constituted of smaller mclecules and the constituents necessary
for its formation and the energy needed cn thermodynamic and energy
of  activation ccnsideraticns are available the molzciics of
this aggregate will get 5o arranged that theyv facilitate the
pr.cess of multiplication ©f the molecules whose multiplicaticn
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is permissible -~ others acting as catalysts and the buillding
meterial of the structurec ncvd d f or this prupcse, The multipli-
cations may not be restricted tc - ne but a numbér of mclceules
ma thus duplicate,

whis ~cleculer association will assizilate nutrition from
e enyircnzent and will use it for libsrzs ion ©f encrgy and
tuilding its budy material and will grow in size and reproduce
by buddlhg. ‘s this has the property cf adaptaticrn it will
evolve in mildly changing envircnme ts. Tpnithe course of cvslu=
tion with time the wvaricus mulbcuWar species caonstituting this
system which initially had specific pecsition in this system
because cf their physico -chemicec]l propertics will acquire mcre
definite position resulting in the formetion ef the anleCuler
crganclles, First cven the arrangeacnt of wolecular organclles
wiuld have beepn mestly detarmined by the thSIC\—CthWCal propertics
of the molecules concerned and the thermcdynamic consideration
but eveluti-n in pr :.gress thes:¢ gradwmlly acquired shspe and
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Oxygen and UV as mutagens, Morphology and Microbial Evolution,
Evolution of Bluew-green Algae, Derivatives of Chlorophyll in Sediments,
An Oytline of Cellular Evolution, Serial Symbiosis, Classical and
Symbiotic View, Difference Between Prokaryotes and Eu Karyotes,
Microbial Evolution.
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Aristotb (384-322 B.C.)

. LlVan things can be formed from lifeless materials by the
action of 'Matter! and 'Form' where 'Form! the energy of soul which
endows matter with 1ife and keeps it alive, " The theory of
-Bpontaneous Generation.

Basilius (315-379 4.D.) : ; :

Once upon a time earth produced living things by the command of God and
' i g-dey-this ability has beei: rebaluned in fuldl forco.
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e produced from Lifeless materials by the will of the
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decay and analogous processes.
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First evidence agninst the theory of Bponteneous Gsneration was produced

by Redi (1626-1697) :
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morphological structures , Jeewanu,

It is interesting to obsorve the influence of Sun-light(1) on
the fellowing sterilised(2) mixtures. The mixture show the appesrance
of turbidity after ecertain hours of exposure to sunlight, Tﬁis on
microqcopic examination shaw the formatiocn of Jeewanu.

Y Cltriec acid 1.60 gn, colloidal Perrie 0x140(3) 40 mley-sollosl
molybderun oxide(4) 40 ml. and @istilied water 140 ml. ;

Tho midture was d;vidsd in twe equal parts (one for light and
another for derk) and sterilised im 250 ml conical flssks. One mixture
was kept for exposure in Sun light and snother cné—vas covered wkth
thick black cloth and kept near the exposed mixtura all the time as o
econtrcl, After 400 hours of exposure a turbidity appears in the
exposed mixture which should be examined under the microscope. The
turbidity increases with increasing period of irrefdation.(It is of
interest to follow this for 1000 hours or more)

**II  Tartaric acid 0.8 gm. , Colloidal ferrie oxide 10 ml., collol -
dal molybderum oxide 10 ml, buffer solution(5) of potassium dihydrogen
phoéphate and sodium hydroxide of 6.0 walue 20 ml., and distilled water
o The mixture was dévided into two eoual parts and one was exposed
to 1ight and the other one was kept in dark, after sterilisation in

150 ml eanieal'rlasks..A turbidity is observed after 600 hours of
exposure, (Follow this turbidity under micrescope)

113 Citiraric aeid 0.04 gum. , ualybdehum cxide =olloid 10 ml.,
ferrie oxide eolloid 10 ml., FaOH + KHoPR, buf fer solution of €.0
. pH valuc 10 ml., mineral solution(6) 10 ml and distilled water 10 ml.

Two such mixtures were prepared . One was kept for exposure
and another was for dark. After sterilisation iks miximres ware tx;n:ed
the mixtures were axposea in conical flasks of 150 ml capaeity.
First day the nixtnre was exposed for one hour and then allowed ta
stand in the 1aoboratory for the night. Naext day the mixture was
exposed to sun-1ight for 8 hours and kept in the lab. Ovcrnight.
The turbidity was observed next morning.(Follow this turbidity
microscopically for 15 days) :




IV, Citric acid 0.04 gm, colloidal molybdenum oxide 10 ml,
eclloidal ferriec oxide 10 ml,, mineral solution 10 ml, and 4istilyd
water 20 ml. |

The expoed mixtures show turbidity after 12 days.l It is
of Intercst to follew the turkidity and its incresse microscopically

for one wonth or more)

v. Citkric acid 3.2 mg., buffer solution of 6.0 pH value 40 ml.,
mineral solution 80 mk. and distilled water 280 ml.

The nixture was dgvided aqually in eight different 180 mi.
conical flasks. 0.08 gm. of anthracene wasdissolved in 5 wml of e
acetone, 1 ml, of this solutiecn was added in gach 91&2;:‘Halfwof’ 1
the sterilised mixtures were exposed to sun=light and half of these
were kept in dark. The turblidity was observed after four days of
exposure for 8 hours a day{ Followthe turtidity fo& ons month or
more under the microsporpe)

(1)_Far all the abtove experiment: sunlight waes emploved for 8

a day. The mixture were kept in dark for the rest of the day.

The éxposeé*and unexposed mixtures were kept near each other for all
mmtuu.mm,mwﬁmsM%.euuim%surmMm-WWw”Vm‘”?wMSwﬁw
bl Wi urd an T Adust @ madiiakion

(2) The flaosks containing these mixtures were cotéon plugged with

cloth lined cotton 1‘ s and sterilised st 15 lbs rressure for 30
minutes. The mouth of the flasks were then sealed with polythene

paper be fore the experiments were started.

(8) Preparation of ferric oxide sol : The method adovted was one

deseribed by Debray and Krecke( 1,2) which consist of hydrolysis

of ferric chlorfide by slowly pouring concentrated solution of the

salt in boiling water followed by dgllysis in howt o remove hydro-
chloric scid and thus to avoid the reversXsal of the hidrolytie
resction, A concentrated solution of ferric chloride was added drop
bydrop in boiling water. The resulting deep red ccloured sol was
dislysed for seven dayb.

Cone, of ferric oxide in sol  0.80 gm/litrs,
(1) Debray, Compt. rend., 68 , 914 (1869)
(2) Krecke, J.prak. chem.(2) 3_, 28€,205(13871)




(4) Preparation of molybdenum oxide colleoid: Holybdenum trioxide sol
Was prevared hy the méthod deseribed by Graham(23). To & 5% solution of
Potsssi m molybdote = cone. solutior or hydrochlorie acld was added
deop by drop with constant stirrinkg t111 e slight excess; The whole
eontent wag dgilysed for 15 days ang the sol wss then found free from
nitrogenous impurttisg,

(3) Graham, Ann, 436, 65 (1B6S)

(8) Preparation of buffer solution of PH value 6.,0. : 5.70 ul of .2 N

sodium hydroxide and 80 ml. of 0.2 U acid potassiun Phosphate were mixed
' .
togetiher to give 55.70 m1 of the buffer solution of PH 6.0,

(6) Preparation of the minerasl sglutinnz For preparing the minergl 50 -
lution following chemicals were dissolved in 100 ml of distilled watew,
Potassium sulohate 0,02 gm., éﬁdium'chlqrida 0.02 gm., caletum acetate
0.02 gm., magnesium sulphate 0.02 gm., zine sulphate 0.002 gm.,
Aftprvdisselving the above minerals compietely 0.02 Em. at“

patassiun;dihydregen'ﬁhabphate'qeéuéig wig added to 1t and the hii#?;gv o

S, .

vas shaken till whole thing went in selution,
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