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PEROXIDASE LIKE ACTIVITY IN ADTOGENIC PARTICLES
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*

Peroxidase has been found to be very closely related to

catalase in structure and in function, Both are present in organism

which employ cytochrome system. This system derives energy from

the interaction of oxygen with the products of Krebs cycle. This

oxygen is reduced to hydrogen peroxide which is toxic and is

#

destroyed by catalase,

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 system provides energy.

In the abiogenesis of biochemical 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
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rationale for an investigation of the catalase like activity of

abiogenic materials,

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

peroxidase-like activity in the particles which are formed abiogeni-

cally in the mixture containing Minerals as calciun, 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 structure!L .¢ The

presence of nucleic acid bases has been reported in these parti-
cles." 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 smal? amount of minerals as ca'*, Mg" *, K", Na > C1

and so ammonium molybdate, 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

+ + ~
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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 particles 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 (NH, )gMo70,. 4H,0 solution
was prepared by dissolving 4,70 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 ml 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
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was found to be sterile, The mixtures were full of snherical 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 NaHPO, : 7.70 gm of

citric acid 1H,0 and 0.686 gm of oxalic acid 2H, 0 were weizhed

and dissolved in glass distilled water and diluted to 250 ml pH of

the buffer was measured and it was found to be 5.57. Ascorbic acid

1% was prepared in 1 vol, buffer and 9 vol. water and concentration

was periodically checked by titration with standard iodine and

starch. 2% of hydrogen peroxide was used. Iodine solution N/100

was prepared and standardised by standard sodium thiosulphate
solution 0.058% of molybdic acid solution was made in glass
distilled water. Bahadur and Ramgangyvaki (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.
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of 2N SO The residual ascorbic acid was enmarked from time to4°2

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 20
min

0 5 15 25

nin min min min min

Spontaneous (without
particle suspension) 5,0 4.9 4,8 4.7 4.6 4.6

With particle
suspension 3,5 -41.5 1.3 1.9 0,7 0.7

With heated particle
suspension 4.779 4,5 4,2 4.2 4.0 4.0

With molybdic acid alone 4.6 4.4 4.2 3.8 3.5 3.5

With heated molybdic acid 5.9 4.6 4,4 4.2 3.8 3.8

MIXTURE No. 2

5 10 15 20 20

min nin min min min min

Spontaneous (without
particle suspension) 5.0 4.9 4.8 4.7 4.6 4.6

With particle suspension 5.71 1.4 0.8 0.6 0.5 0.5

With heated particle
suspension 6.773 4.2 4,2 4,0 4.0 4,0

With molybdic acid alone 4,71 4,0 3.7 3.5 344 3,4

With heated molybdic acid 4.774 4,2 4,0 3.8 3.8 3.6



6

TABLE 3

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

0 5 10 15 20 25
nin min nin min min min

Spontaneous (without
particle suspension) 5.0 4.9 4,8 4,7 4,6 4.8
With particles
suspension 3.6 1.8 0.7 0.5 0.4 0,4
With heated particle
suspension 4.4 4,1 3.8 3.8 3.8 3.8
With molybdic acid alone 4.6 4,0 3.7 8.5 3.4 3,4
With heated molybdic acid 4.5 4.2 4.0 8 3.7 3.6

MIXTURE No. 4

0 5 15 20 25

min min min. min min nin

Spontaneous (without
particle suspension)

5,0 4.9 4,8 4.7 4.6 4.6

With particle
suspension 3.3 1.8 1.4 1.0 0.6 0.6
With heated particle
suspension 47,2 4,0 3.8 3,8 3.8
With molybdie acid alone 4.5 4,1 4,0 3.8 3.6 3.6

With heated molybdic acid 4.5 4.3 4,1 4,0 3,8 3.6



DISCUSSION

It has been observed that a sterilised mixture containing
6 gm, 7 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 36% 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 particies are
used in the experiments to determine the neroxidase-like activity by
the oxidation of ascorbie acid in presence of hydrogen peroxide, the
residual ascorbie 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 beating.
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 present 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
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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 molybdic 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 in the particles
described here suggests a mechanism of the liberation of energy by the
oxidation of organic material with the environmental oxygen-rich"
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, THE

SELF..SUSTAINING COACERVATES, CAPABLE OF GROWTH,

MULTIPLICATION AND METABOLIC ACTIVITY,

(Bahadur K., Ranganayaki, S., Singh, Y.P, and Kumar, 5.,
Chemistry Department, Allahabad University, India),

and
Jeewanu the self-sustaining coacervates

amino aids peptides, sugars, ensyme-like materials

nucleic acid bases 'and phospholipids (&)/have been prepared

by the action of light on aqueous mixture containing ammonium

molybdate, diammnonium hydrogen phosphate, biological minerals

and formaldchyde (J, These particles have distinct boundary
5,

wall/and internal structures and after fixing them with chromic
aé

acid they can be stained with gentian Violet, Rosine and gudan

Blue B whon diffcront lovalo sequire distinet stain (5) As
4 42),

these particles heave a composition similar to that of the present

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

biotics have been known to stop the growth of

microorgan i Kill them if present in larger

and certain organigns are. net affected by @ome antibiotics,
A few such microorganisma are al own which may use some

ee of organic carbon_and they may be

which antibiotics may act as activa

owth of

antibiotic as their
even depen on gone particular antibiotics for put there

bacteria known for



animals has been recorded. Penicillin has been found to
promote g h in chicks (6,7,8,9) and piga (10,1

Tyrothricin, gramicidin and neomycin also growth response

(18). Bacitracin promotes growth (14). This increase

in growth is not due to the ohange inthepotter of their
theirigs

anda the chan caus by

eoncentrat ion shove changes bret.
intestinal microflor 5,16,17,18}
feeding antib ics in

esses of the animal, It shows increase in

at (19,20, and plasma phospholipids (22)of
in

Antibiotics show interesting effects on the formation of

Jeewanu, tetracycline shows inhibitory aetion on the formation

of jeewanu, griseofulvin, and streptomycin act as aetivator in

dilute concentration but act ag inhibitor at high concentration.

Chioramphenie ol aets as activator and erythromycet-in acts as

activator at low concentration but changes jeewanu into a diff.
erent type of a very small microstructures,

Experimental

4% (=) enmonium molybdate solution and 3% (%) diamonium

hydrogen phosphate solution were prepared in distilled water.

Mineral solution was prepared by dissolving 20 mg of each of

sodium chloride, potassium sulphate, caleium acetate, magnesium

sulphate and potassium dihydrogen phosphate in 100 ml of

distilled water, 36% formaldehyde was used in the exper iment/

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 antibiotic as possible and filtered,
The filtrate is used as antibiotic solution,
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1 of the ammonium molybdate solution, 2 ml of the
diannonium hydrogen phosphate solution and i ml of the mineral
solution were taken in each test~tube, 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 05 ml and

in the other 1 of distilled water, To another set of two

testetubes in one 0,5 ml and in the other 1.0 ml of the penicillin
solution was added, Similarly in other set of two test tube

0.5 m2 and 1.0 ml of were added. And like this sets
of chloramphenicol, griseofulvin, erythromyein and streptomycin
were prepared in which one test~tube had 0,5 and another 1.0

of the antibiotic solutions,
to

One ml of 36% formaldehyde was added iy the mixture of

each test-tube aseptically, the test-tubes cotton plugged, mix-

ture shaken. gently and exposed to bright swum 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 at 1500 magnification,

-Observation-+ Resi (Table
sph4yiue ical partic es are observed. few of these

particies show budding, The particles are from i to

3 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, i. Effect of antibiotics on the formation of Jeewanu to
Antibiotic used mi of antibiotic golution added in the mixture

Pentcillin

Tetracycline

Chloramphenicol

Same particles as in the control No differencein 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 largerthan in control, Tendency to form

spherical as in the contro] mixture
A number of clusters of light blue
to colourless spherical particlesare also observed and many of these
show budding,

The number of particles is still
higher, A large number of clus-
ters of several particles from
light blue to colourless shades
are observed showing budding.
The diameter of the particles
tendency of crystallisation.
No hexagonal structure observed.

alline structures is
observed and particles are

in diameter.and ere about 2 to 3
Lesserrange from 0,5 toi



Streptomycin

The number of particles inereasé/eon~siderably. A few crystalline blue,
structures observed, The

number of particles is about four
times of the control, The diameter of

less particles showing budding are
observed,

Particle formed are spherical and
large in nunbar, A number of clus~
ters of light blue and colourless
particles showing budding are observed
and their size ranges from 07.5 to 2 peA few dark blue coloured crystalline
structures are also seen,
A large number of colourless spheri~
eal particles are observed, A few
dark blue particles of about 0,5 to
2,0 M diameter are also seen, The
nunber of particles is about 10 times
of the contrel and clusters of
eclourless particles are more predo-
minant, There is a tendency of
dissolution of the wall joining the
particles and this results in
irregular structures,

Oniy a very few blue spherical
particles of about 1.5 @ diameter
are observed and quite a few of
these show characteristic motion
of granules within them, The whole

colouA view is full of a new type of verystall particles of about 0.7. & in
diameter which move very fast and
appear like dot shape bacteria, ~

Thése small structure appear com
ing out from the big typical
particles,

Erythromyein

the particles range from 0,25 to 1.5
and clusters of light blue and

The number of particle is consi.
derably less, thege being only about
one tenth in the mixture in which
0.3 mi of griseofulvin solution is
added. A few biue particles of the
diameter from 05 to 2 m are also
observed,

Griseofulvin

A large number of white spherical
particles are observed in which the
joining wall hag dissolved, The

hed 0,5 ml of the streptomycin

number Onc-
four th the mixture whteh

solution. A very few typical spheri-~eal blue particles are observed,



Discus sion

Penicillin does not affeot) the formation of jeewanu.
Wit,

mM form
larger number of microstructures.

clusters of the areia'Big the are

mad most of them are either light blue or colourless. Tetra-

eyoline decreases the formation

of me Jeowanu 4n-othreture and decrease in the number of the

streptomycin mg/m, the formation of

jeewanu in-the mixtures is considerably increased but on doubi-

ing the concentration of the antibiotics the formation of the

ofparticles proportional to the

tétracycline in it, of griseofulvin or

particles is significantly decreased,

Erythronycin when-present (1 wl) inthe mixture

ecte as activator for the formation of jeewanu bitcon

Om doubling
e

concentration of the antibiotic jeewanu change

qualitatively and a new type of microstructures of the range

between 0.1 to .2 in diameter come out of the Jeewamt

o jeowamty- this process can be observed

under microscope. The fi granules show rapid motion.

summary (Abstract)

An aqueous nixture ntaining ammonium molybdate,

m hydrogen phosphate, nineralg and
4

\f formaldehyde on exposure to light show the formation of



cellelike miorostruc tures (Jeewan 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 dnereases thely growth and multiplication,
Griseofulvin, and

in smaller quantity activate4 formation of these particles
but when larger quantity of these antibiotics present--in
-the-mixture the formation of the particles is hindered.

the mixture

Erythromycin enhances the formation of jeewanu when

present in smaller quant fty but a large quantity

ef erythromycin in the mixture destroys the Jeewanu formed

and the mixture ia full of a large number of dot-like colour~

less particles showing great movability,

Tetracyclin inhibits the formation of the particles
and this inhibition is proportional to the amount of tetra-

eycline in the irradiated mixture,
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PHOTOCHEMICAL FORMATION OF SELF SUSTAINING COACERVATES*

By

Krishna Bahadur

Chemistry Department, Allahabad University, Allahabad, INDIA

How lifeless matter acquired the properties 0 iological
order has. been of interest to humanity since t dawn of human
civilization. In olden days when science w a n elewentary form,

scientists believed that living forns,e.g., insects, mice, duck
etc., sprang up from decaying organfc matter. The idea of spontane-
ous generation of life held the field till the end of the last
century. After the discove of microscope and technic of
sterilisation the old coneépt of organic materials getting converted
into well organised liy#hg 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 ptr life coming on the Earth from other planets as
infection. s approach, even if true, dces not explain how lifeless
matter got-éonverted into living systems for the first time. It

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

many were the misconceptions associated « this and not a few

simply
far

Theexpressionsof Mitcherlish, Engel, Huxley and others ted to
fhe present approach to the problem of origin of life finally. -taking
definite shape by the postulate of Haldane & Oparin commonly known as

harm 1932) under natural conditions by a slow process of molecular evolution
and these molecules then organised into the first molecular systen
with properties of biological order,

Here ffhe term molecular evolution has Aeen used in a restricted
sense. It only means the ultimate formation of molecules which formed
the earliest cells by chenical transformation which were taking place

64)on earth (4). 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 system which even on modification by
natural reasons can duplicate in this modified form. Actually=the

purpose of the investigation on origin of life is to search
the natural conditions which formed such replicating self-sustaining

. According. teo-thenMolecular or Chenical Evolution theoryHldane 192-9, first molecules constituting the earlieSt cells were synthesised

systens to begin with Adun 1961, Bahadur and Reva 1964)

The second reservation in the theory of melecular evolution is
that it is taken for grantec thag carliest cells were made of the
same materials which are found in the present day ceils. It isa
big assumption for it is equally probable that the chemicals which
are present in today's cell might not have been there to begin with

coneerned it may be quite probable. -Teday's
weight substances, as proteins anéd-nucleic. acids.in..them, as their,
ore in
nd were formed as e product of some evolutionary metabolism operat-

the cells At least so far as the size of molecules are

*Text of the_lecture delivered at obiolcgy Syrposium onPhoto~
chertical and otophysical Proecsses in Biological Systems sponsored
by University nt Commission and Indian National Science Acadeny
and organised by pur University ,Jawaharlal Nehru University,
Indian Agricul esearch Institute and Indian Photobiology Group
at Indian "eee Institute, New Delhi on 27th Jan.1972.

al
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e nossible there were other molecules
r yet in some way

whi. beang carried out by these
ceils (8).

vital corpernents att
in theearliest ceil
performiag the
high polymers of toda

mes the

natural amino aciés in natuce vas great? sought. With the sace

process of Logie t13 ab ogersi3 711 the chemicals present
in the present Gay wes eegrohca out and this yielded some very
encouraging results durire the last tuo

Leeb wag tne firct So electricity for che abiogenesis of

In 1953 electricity was

ir

ab

458,

19b5 9

fe
m

of low mol. we. are
formed in sterii.zged
as energy source

a

ace)af o*VG t

acid bases.and sugarg. vere Several detallea reviews
gf

The poinntoun the origin of lzfe 1s to investigate as

then the werk on po golving the prob-
lem of life syutiesis

how these rolecni 3 "orred

Lt of solvz this

interest the
hoeranuce of tre

a few in the wnois

The of orig n of life specifts knowledge of manya
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'Leon 1947)

(aby ) properties of biological order (37) and these were the precursors of
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scientists become reluctant in pursuing the investigatio on life
synthesis. Pasteur's work that life can be synthesisa@ with living
things'enly and some religious beliefs that formation of living from

ibuted a good
nd of the people that

Let us take 'the of a normal bi ologist. He thinks that
talking about the of life is"talking about the natural

these 19 increasing he certain tha t complex material like
and so he almost ceases to

gist than a serious jftterest to unveil this mystery. He is correct
so far he thinks that protoplasm cr cell be synthesised under
natural conditions and the problem of origin-of life has not much
to do with the"syntresis of the presert protoplasm-er..the cell. It
only deals th the study and probable factors which lead to the
synthesis,of those precursors which on evolution of billians
of

A biologist extends the evolution backward and finds .it easy
to explain the origin of complex forms »f- Living systems~ from earlier
simple structures but when it comes tothe problem of life synthesis
he expects the synthesis of a cell which is an evolutionary product
of.3 billion years. To.begin. with not. thew.present.cells,..but._their
precursors would have been synthesised.

Backward exploitation of the diversity of the phylology in

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. Lwo7f's work on the
loss or gain of the properties of individual cells during evolution
with time suggests that the evolution is loss not gain in the
properties of the individual cell. With.evolution-the-eell.beeomes
more different -tissues become capable of performing
sone specific function more. efficiently, but individually the-eell
loses its properties.

thet-many-preper-

Putting the work of Dillon and Lwoff together it appears that
to begin with there were fewer species and the earliest cellular
living systems were very simple in structure and were full of
cellular life. The study of origin of life is the investigation of
the natural formation of these precursors of cellular life. Onty

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 able to
adapt and even if they would have got synthesised in. -the nature
we would have only those earliest synthesised forms-on vur earth
and not higher forms of life.
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..¢hange in the system.due..te.--this constraint.of a type that the
This. property of a change taking place.ina systen, if possible, in response. to a constraint caused on thesystem is the inherent proper ty of a system of matter in equilibriumaccording to Le Chatelier's Principle (38, 37, 5): whieh~holds' thatif a-system of matter in equilibrium is subjected to a constraint ifpossible, a-change occurs. within the system of a type. that. theconstraint is partially. annulled.

Duplication.is an important aspect-ofthe~study-of-origiu-ofIn-the-Living-forms~thereare. tio tpes-of-dupticationss One
wheré the-sare~molecules~are~getting formedmore..and tioré"and"awd macro level-wheti the organism

acid assisted duplication of protein molecules is common in all thelivings of the present day. -The-other-type-of-duplication~i+e-;-theore. hélp of nucleic acid does not-exist in
_ the living.nes~wonder.s .whether-.there .

type of duplication in the living forms. Howevér
made of- protein molecules and their

actd, ano ther,molecule" of- very"high molecular weight. The important point is, gid living formsoriginate initially as a protein-nucleic acid system or were theymade of some simple molecules cf small molewular weight and theliving forms of high molecular weight molecules are the evolutioneryproduct of the earlier forms. It appears more probable that to beginwith living forms were made of small molecules and the nucleic

living forms could duplicate by themselves without needing the help '444of nucleic acid, If any mild change in the duplicating molecule 1939was affected by the physicc-chertical conditions of the environment, 440}the slightly modified form could also duplicate and this system ifin equilibrium with its environment could adapt and such a systemwould have been capable of duplication,

duplicates-as-a-whvte-and-Lt-is~known--as-reproduction. The nucleic

of energy r

and not a single molecule of -s0me organic systems.
One of the difficult aspects of origin of life is the questionof defining life or living forms. Though it appears to be easy todifferentiate a living from non-living form, it is very difficult ifone wants to define it in scientific language. Anattempt of thiswas. made- in one of the meetings of the Tnterpattonal Symposium on

system as a self perpetuating system. According to Bernal 4)embodiment of the self perpetuating system with-in a boundary was
perpetuation was not found satisfactory by genetists, ; Hor owi

s

defined living system as a monomolecular system in polymolecular
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environment, capable of multiplication and hetero-catalysis (ee:
The definition of Horowitg was-not agreeable. <Aecording to
Konikova,-the Russian genetist,.this definition can-be made correctif we introduce term "living" after the polymolecular environment in
the above definition but in so doing this certainly cannot be. the

(457) definition of living because it itself has.a-.word living in it.
Konikova suggested that a living system is a molecule or a complexwhich by the process of chemical reactions withthe molecules ofits environment accomplishes growth and multiplication. It remains

ST)
to itself while yet changing not in the direction of death or decay

suggested that nerve cells do not multiply and mules do not.reproduce
though both of them are established living systems on other

Pirie/ 44®) however did not agree to the limitation of
and multiplication for the definition of origin 4

songiderations.
In 1967 the Physicist J.D. Bernal gave a definition of life

in electronic language. According to him Life is a cvntinuous,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 lifeis 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 attemptin this direction in 1963. According to him if a system is capableof 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 synthesisof the material with which the system is made, inside the syscem ?multiplication means the system increases in number and the newerunits come in existence through the parent ones and metabolicactivity 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 abuve functions (3s),It will be possible.to.get living systems with -fewer..properties
derations but if a system has all the above three properties of
growth, multiplication and metabolic activity it may be considered
as living. Inanimateobjeets-having-one or-two-of thes2 properties
it-certainly can be taken
ttes~as-aboveis acceptable.to many of .the exobiologista,

aby > Peat than these and they are establisned living systems due to other consi-

oper ties~

In ail various discussions on the definition of lifall
note has laid any

geor living syste

molecule was" most
stress on the chemical-natu

inggenetists believe tha
Th though

probably virus even they did not defitie~life_as a system made ofnucleic ac} protein molecules though there-fs~ne-known livingsystey which is not made of these the chief components.nave 44Alar chemical a Lita

Pirie are necessary for the
present day cell because the are enzymes and catalyse manybiochemical reactions. But many metallic ions also show enzyme
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opinion that there might have been organisms which had only inorganiccatalysts in the place of proteins and such organisms might have been

properties commonly found in organic substances and it is quite
possible to conceiv organisms made of these inorganic substances
only. Bernal Gad 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 coenzymesin the polymerised form as nucleic acid) us 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 catalyticreactions in metabolism there were some other agents that did it,not so well, but sufficiently well for the slow time of the originof life". These evolved to produce protein ~ nucleic acid cellularlife which we now observe on the earth, Bahadur has suggested a
probable locale for these forms of life ¢ 14h4

+- One of the important aspect of the problem of
origin of life is to study the physico-chemical factors which broughtthe 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.

sluggish but could

oh, 17 bb 3

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 life synthesis.
Oparin-bas_studied- the.change.of....the__proper-ties-of-the - enzymes--wheninc orporated-in..coacervate~-par particies are commonly~
synthesised-by-the-bi ogeni-e-materials-as.gun_arabic.and~gelatine but
nany.abiogenic.materialean--also-form coacérvate' particles~and "the

have been useful in'
concentration-of-materials. Complete account of the work on
coacervates are availeble (33, 51, 52, 53).

particles the mixture. These appear to have a bounda-
ry wall, -~are~short~lived"atid eset af ter-a--day~or
radialty-on-press ng.---Fox-has~ been_s.tudying.the-effeot of different
ehenicals-on-these-particles-by-~incorpor ating them in the particlesor putting- them in theenvironment, His efforts are to introduce the
properties of growth, tiplicati on and metabolic activities by
using suitable chemical's 54,55).

SOIT, brt ttle" wa ~they-break-

i479Gein of commonly found in cells small spherical particles are formed which
ye)
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; v/
grown to maturity size and bua Bahadur emphasised that in waterwhere organic materials and necessary inorganic substances were pres=ent sun light synthesised amino acids, peptides, sugars, and suchother biochemicals and these organised in the form of microstructuresand formed Jeewanu. These Jeewanu were capable of adaptabilityand so these evolved into the present day celliiar life (@6,%). The1963 work on Jeewanu was soon repeated by Briggs ahd his confirmations
logy held at Oxford in 1964. He further repeated some experimentsof Bahadur and published another confirmation in space flight in 1965
Muller which appeared in Current Topics in Bioenergetics1A complete review of the work on Jeewanu has appeared 1946,

In- 1965 -Fox..claimed-the-properti es -of-gr owth, ~mul ti plication
these properties - to-- - be present-in - the-eoacervate"particles. Howeverin _these - particles. speeific-ehemicalsare.needed .to show each-one of
and. another added that-the-other property may be observed. -A new -

the property of growth, multiplication and metabolic activity isobserved in a natural way, once the experiments are set and no

Bahadur and Ranganayaki; photochemically produced self sustain-ing coacervates by the interaction of amnoniun molybdate, diammoniumhydrogen phosphate, minerals, commonly found in cells and formaldehyde
acids in free form and in eombined form as peptides and sugars asribose, deoxyribose, fructose, and glucose. These particles havedistinct boundary wall and intricate internal structure, Theparticles on separation from the mixture if extractéd withchloroform methanol : 80: 20 in a soxhlet yield a viscous yellow

particles on hydrolysis with perchlor c acid or formic acid insealed tube gives the tests for nucleic acid bases as adenine,guanine, cytosin, thymine and uracil. If the particles are kept in1 N sodium hydroxide for 24 hours, filtered and filtrate acidifiedwith dilute acetic acid a white precipitate is obtained whichon subsequent hydrolysis gives the test of desoxylibose nucleic

The particles can be fixed with chromic acid and subsequentlystained with gentian violet and then eosin. In the centralportion chromatine-like blue structures are obtained and theportion outside the central zone gets red stain with eosin likecytoplasm
It has been reported that the materials of the particleson digestion with hydrochloric acid show strong optical activityCohn (Reka, >RE gi70
The factors which are responsible for the natural formation

contains some macromolecules which have a number of molecules
THh7, Pabscey 1164 5 Bebe wt 1bd,

196i

andme tabolic.activityin..his_microspheres.and.in-1967-Oparin-claimed

the Jeewanu

{A770}

in aqueous mixture These particles have a number of amino

(4)

19-72)

f

g
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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 am held
tegether by electrostatic forces, when this macromolecule tries to
erystallise, it forms a highly deformed erystal 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 stuucture, The outer material forms a boun-

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

result in the material with which the aggregate is formed (ort

ary wall and here aggregate appears to have
structure structure is present in an

intricate internal
this appropriate

environment containing molecules which can form its body material

and in the outer material of the agregate, interact and finally

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 (By 47)
continued their living activity and the rest ceased their functions
goon after the supply of the necessary molecules was finished up
(5, 68h 1467) aA. (947)

Thus was formed a self perpetuating system, as desired by
Haldane (3 which was a chemical complex and this by the process
of chemical eactions with the molecules of its environment
accomplished growth and multiplication, Such a system was in
equilibrium with. 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).

a
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Synthesis of the Protocel1*
(Krishna Bahadur, Chemistry Department, University of Allahabad,Allahaba@, India),

hypethesis that life originated by a process of molecular orChemical evolution, Scientists, in different labcratories cfthe World, started investigation of the various natural conditionsWhich probably existed on the Harth in its earlier history andcould effect the synthesis of molecules which perhaps went tomake the earliest molecular associations with the characteristics

ting a particular synthesis any source enhow strong or hew difficult it might have been to gét in nature,was used and whoever discovered a source which was in
amportance cf that particular source
point was that the Synthesis of

ompounds mighting the csurse of its €volution
célls,
biogenesis cf

Proteins are the basic building materials of the present-dayliving systems. This the search for the natural Condi-f ticns for the abiogenic formaticn f amino acids, In 1913 Loeb

electrical method of production of aminc acids and obtained afew amino acids and sons nicregenous Compounds on passing electricdischarge in mixtures af gases aS methane, hydrogen, ammonia andwater(2). As there are evidences that these gases might havebeen present in the primitive atmcspheres of the it wasSuggested that amino acids were forred by e™ectric discharges takingplace in the clouds sf the primitive earth. However as Suggestedby Rubey(3) and referred the earth's primitive atmos-phere might have had little hyérocarbon, more carbondioxide and a certain amount of ammonia or nitrogen and water,

artificial light from an electric hulb, glycine and alanine are

(9,103, the source of light Employed for exposure (11) the natureof catalyst used, the pericd of.exposure on the format on of amino

i

é ~4 2

*

of it appears in emino acids (16,17), This process has also beenStudied in detaii(10,18,36,52)
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*acid in the mixtures, The exposure of mixtures cf gases, which

experiments have been carried gut demoastrating that Simple gaseousmixtures when acted Upon by ultra violet or electric dischargesyield products as cyanide, amino acids, aldehydes and aromatic -

probably were present in the atmosphere the earth before the&ppearance of oxygen, to X~ray also produces ami no acids (20).Groth of amino S

A number
hich and Waterof

numoer

+

derivatives
Abiogenesis of néntidess

The formation of peptides by the combination ef aminc acidsis another important step in biogenesis, This is a dehydration,endothermal reaction, The acdition cf each amino acid in a preformedpeptide chain involves the removal cf one molecule of water, andSince the cell is in aqueous medium it would be expected that itwill Consititute an endergonic reaction. It is found that teeformation of dipeptides by joining of two aminc acid moleculesinvolves positive free energies averaging around 2 to 5 kilogramCalories per mole (26)
This gave an idea to a few scientists that the formationof peptides possible ely under ccnditions where moisturewith the help of streng source of energy as

is absent and on
heat, Fox(27) (synthesised pept ides by heating a mixture of aminoacids in the absence of air at about 170°C for a few hours andnamed these peptidesas 'proteinoid', thereby meaning Small proteinmo.vecules, It is difficult to get a dehydrating Condition in natureand a high temperature as needed for this synthesis cn the surfaceof the earth after the of water, except near volcances,So it has been suggested that the formation of peptides took placeshear volcances, has been further denionstrated that underennydrous conditions and in presence cf strong phosnhoric acid,amino acids can be polymerised, The synthesis of peptides inaqveous mixtures conte ining a dehydrating agent as hydrogen cyanidehas been effected (28),

Bahadur and Ranganayaki (29,30) reported a still simplermethod viz., the photochsmical formation of peptides in aguéous mix.tures containirg amino acids, a Source of organic carbon and colloi-dal inorganic catalysts, Buch sterilised mixtures on exposure toSun-light cr artificial light show the formation of a numberof peptides, The amino acid used in the mixture undergoes photo~lytic deccmposition also and these decomposition products recombineforming new natural amino acids and peptides formation utilisingthese different amino acids takes place. This process of peptideformation can also be observed in the mixtures prepared for the studyof vhotochemical of amino acids and are initially devoid.of a Source of amino acids, if longer exposures are given, The rojeof period of expostre, nature of amino acids and organic earbonpresent in the irradiated mixtures, influence: of hydrogen ionConcentration and nature of Catalysts employed in this Synthesishave been studied in detail (31,32,33,34),
Perti and co-workers (37,38,39) Studied the photochemicalformation of peptides in agueovS mixtures employing visible andUltra-violet light end Succeeded synthesising a number ofpeptides, ported a similar synthesis of peptides inaqueous mixtures using visible light as the source of energy,Akabori(40) carried out she experiments of polymerising the Simplestamino acids as giycine over a clay base with ultra-violet light andobseryed the ferration of poi yglycine. However, when ultra-violetlight is used as the sources or energy the products formed decomposequickiy, The long ultra-v olet present in the Sun-light reachingthe surface of the sartu, is helpful in the Synthesis of peptidesand more peptides are formed when the mixtures of amino acids,water and colloidal inorganic catalysts are exposed to Sun-lightin quartz flasks after sterilisation. One such mixture, a saturatedSolution of glycine in water Containing insoluble glycine, was
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sterilised and exposed to sun-light in quartz flask by us,Increasing concentration of peptide was observed in this mixturefor over three years(41),
Abiogenesis of other compounds of biological interest

Synthesis of polynucleotides from ribose and purines in the

He further observed that if adenosine is irradiated with ultra.Violet light absorbed by adenine in aqueous solution of pyro-phosphate ester, adenylic acid and ddenosisne triphosphate areformed (46).
Role of light is abiogenesis:

Thus during the last decade almost all possible sow €esof energy were used for the Synthesis of amino acids and otherCompounds of biological interest and most of the Sources tried yieldedSome result. However, one point should not be missed, The questionis not that which source of energy can effect a varticular synthesisbut the real problem is that which is the weakest source of enérgystrong enough to effect the Synthesis of these products, Thisconsideration essential for as Hull (47) pointed out,on thermo-dyanamic ConSiderations, the stron er the source of energy employed,the quicker will be the end products broken down and for the

characteristic of living order, an effective means of their protectionthos e Sources of energy become more

Surface active materials may get concentrated along the beach ef byShore wind as described by Bernal(4). However these produ tswill finally get adsorbed on Soil particles and thus will become

In all these, the molecules playing a vital part in cellcetivities were synthesised directly in the mixture uSing whateverSource of energy that could result in their formation, It, however,remains yet to be solved whether most of these molecules consti.tuting the present-day cell were abiogendcally synthesised innature in the beginning and were than incorporated in the molecular
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Problem of energy tranSfarmations

The energy transformation is one of the most
im4

ortantaspects of the study of the origin of life and it has been discussedin considerable detail by Blum (50). Firstly energy is required forthe reduction of carbondioxide with water and this at present ismostly achieved by the photosynthesis taking place in green plants,Once these compounds aré raised to higher thermodynamic level theycan undergo Slow degradation liberating energy for the processestaking place in the living system. The conversion of one organicmolecule to another does not involve so much energy exchange as isnecessary for the reduction of the carbon of carbon dioxide toorganic carbon and on thermodynamic Considerations alone a pictureof transformation of certain organic molecules through successiveStepwise degradations all needing little energy of activation,the need for which may be still diminished by suitable catalysts inthe environment, can be imagined, Many such degradation of carboha-hydrate and prote ins in plant and animal tissues aré known tobiochemists, These appear very much Common in most of the LivingSystems but a number of variations are known and evén newer metabolicprocesses and stepwise degradations of organic molecules withinexisting living systems may Come to our knowledge in future investi-gations, It is not difficult to imagine catalysts other than thepresent enzymes which may do this work or might have been doingthis stepwise degradations in the earliets when the presentmetabolic processes of energy liberation had no Evolved to thepresent stage,
These processes are important because these provide theenergy necessary for the various hiosyntheses taking placewithin the. body. These degradations are in oné way different

freeLaboratory degradationssubstances Outs cally permissible
degradetions of organic

are usually fast and the energy is set
produced burns down the intermediate products ultimately to carbon.dioxide and water, Thus a piece of ignited wood burns down to ashand a few gases, In the living syStem these degradations are Slow,stepwise and the liberated energy is utilised at least in partfor the various life-activities and other energy régquirémentsof the organism. If a piece of wood would have burnt, as if inaSlow motion picture, a chemist would have observed the cellulose andlignin molecules oxida' ing stepwise, producing different intermediateproducts each undergoing stepwise oxidation liberating energy.Thus in a living system Enzymes have not only decreased the needof energy of activation but have also Slowed down and controlledthe degradations to liberate the energy in a form that could beutilised,

qu The heat thus

The process of raising the compound to higher thermodynamiclevel is different. at present most of the organic compounds onthe surface of the earth have been Synthesised at some Stage or theother by photosynthesis taking place in the green plants, . However,one thing is still not very well understood, The energy quanta necé-~SSary for the reduction of carbon dioxide with water to organic carbonis not present in the visible light which effects photosynthesis,T hough the mechanism of photosynthesis in green plants is now fairlyclear 50 far as the stepwise chemical reactions are Concernedfrom the first detected organic molecule upto the formation of thecomplex carbohydrate Structures, it is difficult to explain how themolecules theremodynamically at higher energy level can be formedwith visible Light which does not have the necessary quanta of energyfor this process, Perhaps the single stage of the electron pair israised to triplet stage by photochemical excitation and the energyof the triplet stage, by process of total transformation from onegroup another finally reaches a Spot which on going down fromthe plet Stage to singlet stage excitation liberat energywhich is sufficient to effect the reduction of carbon dioxide to

to

perhaps it is Something like the tunnel éffect oforganic carbon or

slectrons pass through thetunnel through the potential barrier,
a fewflo

barrier king

without theof electron rea potential for the
potential
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Future investigations alone will clear this picture,
A reversdble photochemical reaction :

However one thing about nhotosynthesis teking place inplants is important. The pigment in the photosynthesis is LightSensitive and is oxidised in presence of light. The oxidisedproduct changes back to reduced form during the darkness and isready for another electron transfer during the next exposure(51),It has been observed by Bahadur that a molybdenum complex showsSuch a reversible photochemical transforatmon (100). A sterilisedmixture of molybdic acid 0.05 per cent (w/v) and paraformaldehyde0.5 per cent (w/v) when exposed to sunlight or artificial Lightfrom an electric bulb turns blue after a few days of exposure,After the mixture becomes distinctly blue, if the mixture iscovered with thick black cloth and is kept in dark it becomesColourless again., This mixture on further exposure to lightbecomes blue and the colour can be discharged by keeping it in dark,The process can be repeated again and again and during thisthere is conSiderabke decrease in the pH of the mixture. If thisexposure is done in a sealed tube fitléd upto the top the bluecolour produced during exposure is not bleached on keeping inthe dark. Hence this bleaching réquires oxygen. During theexposure to light the molybdic form of molybdenum is reduced tomolybdous form and blue colour is produced, This is not themolybdenum blue which does not become colourless in the dark,In appropriate chemical environment 'ous! formof molybdenumoxidises to 'ic' form again in dark and becomes ready to receivefurther quanta of light.
This reversible photochemical reduction-wxidation transformation of molybdenum complex is interesting because it isaccompanied by simultaneous electron transfer in the environmentalorganic molécules(18), It is of further interest to mention thatthese mixtures show considerable fixation of molecular nitrogen(11),and also photochemical formation of amino acids (15)..-
In this connection of availability of the energy on thesurface of the earth for the formation of amino acids and peptides,it is of considerable interest to report the observation that in thephotochemical processes some amino acids were detected even in themixtures kept in dark (18), formation of peptides was observedin traces in the mixtures kept in dark (34) and considerable fixationof nitrogen was recorded in the unexposed mixtures also (11,18).As these mixtures were kept thoroughly covered with 'severalfolds of thickxéxx black cloth and kept near the exposed mixturesall the time during exposure, a earch was made for the radiationwhich was effecting these chemical reactions, So in another seriesof experiments similar mixtures were kept in a lead chamber of oneinch thick walls of solid lead. No formation of amino acids,peptides or fixation of nitrogen was observed in these mixtureseven after a few years, These exneriments show that radiatiors towhich the black cloth is permeablé also help in these processes ina feeble way and cosmic radiations or terrestraal radio-activitymight be responsible for these reactions.
How the problem of going up on the thermodynamic level wasachieved is not of great importance in origin of life on the earthbecause the earth had an initial stock of organic compounds abiogeni-cally formed much before life came in existence and in all probabilitythe earliest living systems were heterotrophic in nature(53,4,55)and they depended upon the organic substances already present in theenvironment which they simply assimilated there and by a seriesof stepwise degradations liberg ted energy necessary for their lifeprocesses, Autotrophs developed afterwards with pigments which couldeffect carbondioxidée fixation. It is of interest to investigatewhat.helped in enriching the Suprly of organic matter before thephotosynthetic pigment and the accessory eng mes of the photos yn-thetic apparatus of the autotrophs took over this work,

1



*

It that there may bc a possibility cf exciting molecu.
with ev even the rediatis s which do nxt otherwise ccntein the neces

is rogerded as ohutacremicelly inert in the
ochumann ronge .f r diaticcs acd needs much sh rt-r wave lensths,
Hewever Ruccier nroved the orecuctisn of mecastable
nitrogen molecules, They have obtServec, thet in nitrogen
by wave lengths in Schumann renege, the enissien z f hands belonging
to such high excited level cf nitrogen molecule that they could he -

a reeched by subss-usnt abserpticn cf light by metastable molecules
(%,57), These metastable nitrogen molecules possessing an extra
ordirary large amount of energy cf 9.76 GV cen certainly display
¢ definite chevicel activity cn colloision with methene
or cerben monnxide,

les

another importent COE rvation in this asnect is that the
energy requirement for shctolys s cf a bone is considerablyshifted te long wave length when the molecule is edscrbed- on an
ective surfsce. Thus water molecules adsorbed on sil ae, tes are
alse csecvmnosed in the range cf 23cc AP rather than in the
echumann ultrs viclet, The photolysis of water molecules
in these heterogeneous snvironwent is by the fact that
water forms at the surface cf porous silites ard
oxides, Superficisl hydr:tes the tyne - Si = OH, as observed by
Terenin in infra red spectra (58). The splittirg f OH radicals
from these hydretes requires quanta of lesser magniture thar. dues
the shotodissociaticn of gasecus water (59),

A

2

The shift of photochemically sensitive snectrsl rangetowrds longer wave lengths (amounting to Ca 1sV or mure than
20 K,cal, in energy) may be effecting the access bility f the

visible light when the subStrstes are adsorbed over a surface,
15 of the moounds concerned te the crdinaryre the

Bernal(4) also ezvhasising the role of light as the chier
Scurce of energy for the carliest fcrm cf living organisms writes,"The major essential for metebcLism $ withcut which the erzymes and
coenzymes Could not have is a source of energy and this
energy cen be provided either imacdiately by light or it can ke
dr. wn from Stores in which ensrgy has been Stored by the previoussection of light .......... It ns that iron end cther metal
coordinate cremvounds are suited nt ly for carrying out enzymeaction but elso cin abscrb light and being colcured, can absorb.it where it is much stronger in the visible region of Solar
spectrum",

The eencentreticr cf the amino acids nhctcchemically
synthesised in the oceans cf the orimitive earth would have con-
centrated by the of weve drift and adsorpticn in the mud
aS sugsested by Bernal (4,60) and thus acquired a dispositiun for
teing quickly acted upon by sun-Light fcrming pentides,

-

The exocriments carried out seo far only shew that amino acids
and peptides can be forved acuecus mixtures by Sun-Light. Wot
much is se fer known about the mechat: ism by which these have been
Synthesised, Unveiling of this mechanism may be quite a
cated place of physico chesical analysis.

Thé cf amin acids and peptides by different
methcds discussed so far does not exhaust the nossibility that
there may be many other processes still unknswn which might be

ancssible on the earth at some stege or the cther or night have
occurred at lecst as nhenomenal cnly but the Speciality of the process
of ahatechemical fermation of amin acids and peptides is that it is
acuite it: corformation with the two basic princisles of scie: ce,
The first of these is the uniformitarien orinciples used i+: thefirst plece by Lyell in his anelysis geological phenomencn,
namely as fer aS possible, by taking the past as if it were a
backward extension of the present. It means than, excent when
we have noSitive reasons not to believe it, we much imaging thet
the same kird of phenomenen, that occurs new occured ir the past -

and treee their vossible consecuence, The secend srinciple is bhy

tion



% ccocept of naturel selection may lead into the realm of teleology

Henderson(61) introduced by him in his,
€ Stages already present,

"Pitness of & vironment",

"he molecular

Thus abiogenesis developed considerably during the tast 10-15

We Should not expect te all about the living machire byfollowing, exclusively a similar aporoach, It seems hardly nece-rary tc say this ang yet we seem at times to So astray in justthis direction whether we are trying to study the nature ofviruses, the growth cf Cancers, the mechanism genetic inheritanceor aS in the or: sent case, the origi: and evolution of life,
The term "Molecular evolutic:" or "Chemical evolution"is at present being used too fréguently but until the CompleteSelf-replicsting machine ha? emergec, by naturalSelection, i. the sense in the word mey properly be usedwas net possible; and here an error may cresp into cur thinkingabout the origin of the livirg systems, For natural selectioniS Sometimes wrongly invoked, dircetly cr tacitly, to explain theorigin of the things which had to be present before evcluticn bynatural selection eculd take place, that is to explein eventslescing upte the appéarence «f the Self~replicating system interms of that have happened only after Such a systemwas already in existence, This incorrect apnlication of the

For chemical Changes te take place only thermo.b dynamic and kinetic comperents are necessary but ne spatil Componésntii. the sense of teplicating pattern is réecuired, and system afreplication is necessary. This lack seems t:: establish a shardistinction between Chemical reactions in non-living world andévolutionary adaytation in a living system,
There seems to be a tacit idea at various points that oncethere wes preset, a mixture of the Component molecules life mustarise and evolve,

:Nucleic acid and the problem of origin cf
Nucleic acid molecule csntrols the Sequence of aminc acids inthe prctein molecules, and thus helps in the transfer of inheritancecenetic code and under Suitable corditicns is Capable of dunli-cation in the Living system, The fossil record tells that theMajor molecular patt.rns of inheritance must have been oretty welleStablished even before at léest one billion

of cambrian - possibly since three a 6Systeas originated for the firstor themes of organicthis earlier period,

upon the direction in which natural selecticthen, than they did later,
a

The term was introduced te describe
fcr virus has caused

virus when it was crystallised for the first time « However, now

Jacket. The latter is left behind when micinto the host cell. After penetrating thefurnishes a pattern or template for replica



rerticles including the protein sheath, This leads to the deathof the host csll and release cf the virus narticles, Thus virusnarticle iS n-te Self-éeplicating system but denends for itsreplication uper the metabolism of the host cell. Virus-is net

virus, Virus is thus Bot a living System but it can be a vart ofthe living system if it reaches a suiteble living system. Thus BlumSuggests (63) if the term "living molecule" is used to describe

living sys and it is the cell-virus svstem which the LivingSystem, However the cell wes Living syStem even the

& virus, one runs the risk of having it accented in a more Completesense than it should te,
heny scientists seem ta think that i2 e virus particle wescnve formed or even if a nucleic acid molecule or Long polynuclectidewere formed tham the life could te ssid te have criginated, ThisSystem will be useless unless a living System is already inexistence rather the appearance cf any of these would indicate thatthe living system is already in existence, This Living system willContein a thermodynamic and kiretic Component as well as a template,

template or a locus in nucleic acid molecule - the deSoxyribaseuucleic acid. Jf senes are considered as being self-replicating,tue same difficulty will be faced which is met on consideringviruses as living molecules,

seems tc: be that it is aThe modern neept of the gene be that

Thus, as Bernal(4) suggested, unless we desire to push backthe doctrine of special creation to the creation of enzymes andcoenzymes Coenzyme in the polymerised form as nucleic acid - as thebeginning of life, we must assume that before there were enzymeste carrt out the Catalytic reactions in métabolism these were Someother agents that did it, net as well but sufficiently well for theorigin of life, Similarly, before there were any Coenzymes theremust have been some cther and less efficient means of transferringSnergy from place to place, Celvin(64) and Nicolaev(65) have shownthat iron coordination Compounds are capable of speeding Up manyChemical to several thousand times, Such compounds ofiron cr of other transition elements as Copper, nickel, etc. wouldform spontanevusly from any solution in which there are nitrogenousCompounds aS amino acids and these may have been the protoenzymesof the earliest Living system,
The present day cell has uSually organelles as chyloroplastsresponsible for photosynthesis, the mitochondria that carry out thechanges which constitute the mé.abolism that synthesiseorotein and cortain ribonucleic acid, désoxyribese nucleic acid.Containing chromosomes ete. The evolution of the céll leading tothe formation of these organelles will be considered later but hereit may well be said that all these represent Specialised versionsof what was originally an all - in living system. This will be anaggregate or molecular associetion and nt a Single nucleie acidmolecule which can do nething by itself,
in the nresent Living system some form f genetic informationis transferred from parent to offspring by nucleic acid, The sequenceHypothesis sugzests that this genetic infcrmatior is stored andtransmitted by the linear order uf the bases in the nucleic acidmolecules, This by some unequivocal precéss is expressed in thelinear sécuence cf amino acid residues da proteins, This informationis transmitted in one direction ouly that is from the base seouenceof nucleic acid to amin- acid Sequences, According tc Crick (66)the threes dimensicnal configurations of oroteins, as well as theira aggregations and the specific interactiors within the protein molecusles and the molecules of its €nvironment in a particular conditionare due to the articular linear order of their constituent aminoacids,

there are about 20 natural amino acids in proteins and fcurbases in nucleic acids investigation of the 'cod-ing problem hasbeen started with a view to comoile a time-indene:Cxpressing the sequence of nucleic acid bases wh
ndent dictionaryich are translated
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into a specific amino acids secuence in proteins (67,68,69,70,71).
However no presént theory of replication and protein synthesis

suggests ithe origin of the genetic text which is being replicated,translated and exnressed in functional proteins. The present theories
of replication, coding and protein synthesis suggests that the
infermatio necessary to order the linear secuence <f amine acids
in proteins is provided by the genetic sequence (72). Thus most
of the theories cf réplication, coding and protein synthesis employ
the absence of rules, restrictions or expeftation of tny order in
the sequence cf subunits in biological macro molecules, except whén
Such order nré-exists in genetic Sequence,

Generally genetists believe that origin of this genetic order
which exists in linear sequences of base in nucleic acid is due
to évolutionary process of natural selection from the random,
arbitrary ervors in memory or réplication cf pre-existing sequences
or due to the random mixing of sequences in the process of reproduc.tion. The initiel origin of the genetic order is usually considered
as a chance combination cf the subunits which for seme unknown
reasons became capable of self-duplication. Hewever, the theory
of natural selection suggests only an eventual choice from a
population of cempleted functionally distinguishable entities which
can replicate but it does not in any way itself impose fules for
the formation of any particular during its synthesis and
least the capacity to reproduce.

If we consider that before the present genetic CoOLat

there was a disordered reservoir cf molecular Subunits, it is diffi-
cult to explain the degree a d type of order which is new observed in
biclogical macromolecules without considering at some step, a
random or arbitrary choice of sequence cf the ordering process,

ak

AS suggested by Buller (73) the processes cf multiplicatio ,variatic 9 selection and also the adaptability produce genetic.
information which now results in choice cof certain sequence, from
Some €normous number of alternative secuences, However, all this
concerns the accumulation of genétic information to define a certain
State but provides no information to produce this state under
initial conditions to begin with,
Abiogenic origin of order i oleculss,

According ta Pattee (75) the possibility of conceivable
Sequences of even one Small molecule of TMV pretein in size is about
100¢00 where as it is difficult te even imagine the total number of
macromolecules existing on the surface of the rth as more than
10060 if the age of the earth is considered as 1o+* seconds and
the generation time as one secerd and a volume sf macromolecules
on the earth equal to the ent 3volyme of the surface of the
earth one metre thick or 5 x 10 em', considering 1019 molecules
ner em'. If all conceivable linear order of typical biological
macromolecules aré equa ly probable except for genetic control there
is no phySically realizable selective process to reduce effectively
the @normous number of Sequence orders So as the formation of Some
parvicular sequence may become evén an event,

& conceivable solutior to this problem appears firstly that
the genetic order originated with certain molecules which were
much smaller in size than even the Small protein molecules of the
present-day and it has Subsequently modified, to be able to produce
bigger protein molecules and seecndly that the nongenetic equi-.
probability of sequence must thermedynemically lead at some stage
to specific choices between the possitle sequence. Pattee's
hyvothesis for the origin of the degree and type of replicating order
now found in biolcgical macromolscules on computer feed-back mecha-
nism appears to be highly feasible.

Biochemical macromolecules have characteristic sequence
arrangement of their subunits. These arrangements are repeated by Some
order process withing the living cells by nucleic acid molecules, This
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in turn is controlled by the same degree f order in nucleic acidlinear base sequences, which are replicated ard express their crderln the arrangemért cf amino acids séguence in protein molecules
by a simple dicticnary - type code, These ecades are time ince pendent
and contain no inter-systems restrictic.s. The irformation feed

4 back is not considered on this ordering process and these codesare independent of the state of the growing Coniguration and itslocal environment. As these codes usually exclude any inherentrestriction cr expectation of order which did mt arise from pre-existing genetic crder, they do not in themselves lead to anyexplanation f the origin cf this hich degree of order wh ich is beingduplicated and decoded in protein, né ither they lead to the explana-tion of the crigin of the Peplicaticr or coding process themselves,
Cn the cther hand the process of natural selection has no means ofeffectively increasing the significant probability by producing one
poSitive sequence. Therefore the possibility is thet the precursorsof biological macromolecules were nt of random secuence but erystalstructures which were produced from thé restrictiocs inherent in their
growth similer to what is observed in a11 crystallisation processes,The general logical prod¢ess of discrete-state computaticn in SimpleConfiguraticns with feed-back can assemble élaburete > repeating wellordered Sequences, without recuiring pre-existing sequences fromwhich to copy. A molecular representation cf such a c.mputer by the
process of stereospecific polymerisation, in which the choice cfSubunit is determined by coditioral, state-dependent rules has been
Suggested by Pattee (74), From such redundantly ordered macromoleculesreplicating by fission, the evolutionary process cf variation andSelection may then effectively accumulate as much, genetic information
Capacity as produces survival value,

* It is then more reasonable to believe that the geneticnism themselves are the evolutionary result cf the natural occurreneces of ordered macromolecular sequencés rather than making Specialassumption that in living systems ordered macromolecular Séquenceare the evolutionary and result -f the Spontaneous, Chance originof genetic system,
Origin of molecular associations:

According te Schrodin er (140) "4A Small molecule might becalled as the germ of a solid", These small sclid germs can build
up larger and larger molecular associations. Cne iS a dull way of
repeating the Same structure in three dimensions again and again asin crystal formation and once the periodicity is established thereis no definite limit of the size of the agercgate, Another is asemi periodic way of building more and more extended aggregates withwide gans which allow even pasSage of smaller molecules and without
having the dull device of repetition. This is thé case with

molecules or groups cf molecules held together by vari-usintermolecular forces as hydrogen bonding, hydrophobic bonding,electrostatic interactions ete "9 in which éver y atom or group ofatoms plays an individual Tole, not eruivalent te that of many othersas in the case of a periodic structure, Thus by selecting suitable
Compounds and creating appropriate chemical environment, it isnossible to make a molecular association cf semi-pericdic nature andthe energy necessary for its formation may be derived during the
achievement of a Spatio-energetic pattern representing the state of
minimum energy by the materials of this gercgate,

In Such a process of format ion of molecular association,§ the material is made of semi-solid nature, the growth from outsideis inhibited and this starts inward from within, the gaps in semi-nericdic structure already formed are big enough to pérmit the
Wvassage of the environmental substrate
materials forming this agg~egated are nit

molecules selectively, the
resent preformed in theSnvironment but are synthesised during the course of the passage ofthe substrate molecules from the énvdronment through the preformedportion by the catalytically active atoms anc' groups already presentin the structure, this hypothe tical structure will start growing fromwithin by the synthesis the

System,
f the material of aggregate within this
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Eahadur (75,100) has shown that the slow tendency otherswise amcrphous material ts change inte erystalline state vet notactually achiging it due to the restrictions caused by the physico-chemical nature of the envircnment and the chemical Changes affectingthe material concerned. before and during this process under snecificecrditions results in the formation of molecular asSociatio.s withcharacteristics cf biological order and growth, multiplicationand métabolic activity.
So far the considerations of abiogenesis cf such materialswhich constitute the present form of living system, their energytransfer and transformation and possibility of establishment of someSort of order in otherwise random reservoir of molecules Concernedhave been made but in all these the basic discussions have beenaround the living systems of our earth only. It is worth while toconsider the possibility, as far as the present evidences allow,whether there is life or jiving systems any where in ourSolar system and then in universe and if So what variations may beexnected in them,

organic compounds:
Considerable evidences have accumulated to Sugeest thatorganic matter is common in the solar system. Briges (76) hasSugcested that the clouds of Venus centain volatile organic comnoundsand according to Briges (77), Sagan (78) and Wilson (79) suchCompouhds are trapped in the surface of the Moon. The colour changesof Jupiter has teen explained by Briggs (£0) as due to the abiogenicorganic systhesis, Saturn, Uranus and Neptune contain a largecuantity of methane. Brigss (81) and Guerin (82) have independentlySuggested that the 'blue haze! cf Mars is due to small droplets ofvolatile plant products According to Briggs (83) the earth musthave acquired about 10L 3 gm. of organic matter from carbonaceous1 alone,

Possibilityof extra terrestrial Lifes
It is amportant to investigate as on what planet in curSolar syStem life actually exists and recently this aspect has beenthe focus of considerable attention of the exobiclogists, Thereare tentative evidences of existence of Life on thé "maria" of Narsand cn no other planet r satellite, The evidences for life onMars are - the physico-chemical properties the atmoSphere andSurface can permit the existence of life - forms based on a terres-trial type biochemistry have beén demonstrated in the laboratory(84,85,86), the maria has rapid regenerative oroperties (87), theinfra-red absorption of the Martian maria, but not of the desertShow absorption at 3.5 u (88), certain Similarity between the re-flection spectra of maria and those of terrestrial vegetation adaptedto high and cold habitats (89) and the S€aSonal changés in thepolarization of light reflected from the maria somewhat resemblethat observed from some vegetation (90). However, it is debatablewhether terrestrial astronomical method can ever provide conclusiveevidenee of extra-terrestrial life,
To have a correct concept of the problem of origin of lifeprocesses it is necessary to consider the abundance of distributionof life in the universe as a whole. The order of the number of starsin our galaxy in about 1011, About 14 percent of these are starsof G-tyeé similar to our sun, and 75 percent of the these are

_ binaries, The orbital dynamics cf binaries has been Studied only'with a few systems (91) to indicate the presence cf planebs in thesestars, If the planets arose from condénSation f an squitorialnubula of the primitive sun (92,93) it will result in Slowing of theSolar rotation. According tc this view rate of rotation of anystar could be used as a criterion of the presence of planets (94),ut two-third of the galactic population are Slow-rotating starsand may theref.-e be accompanied by planets. Our sun is a second€neration star inthe galaxy and only such late stars will havesufficient elements cf high atomic weight tc yierd high densityplanets as Earth, First génération Stars may have planets ofH, Hi, C, N, 0 ete. Only and may be unsuitable ab.-des for life,

b i uw



Thus Briges (95) is of the opinion that the Universe is solarge that it is a statistical certainty that extra-terrsstrial life,6ven intelligent life, exists elsewhere,
Phe Chemical sature of livi-g systems

The chemical nature of the earliest forms of living systemis also difficult tc assess for as Heldene (96,97) suggested chemistryand physics may have been Significantly different in the Precambrian.The consideration cf the formation of the polymers of the presentform of living system and the centrol of subunit Séquence in thesemacromolecules have been made. Protein plays an important rolein them fcr it is the basic building material of the living systemsknown. Probably the earlicst living systems were also made of proteinsbut we do not. know whether allthe Living Systems in existenceelsewhere in the universe are also proteinous. According toPirie(98) proteins are useful to an organism because they are enzymesthat catalyse metabolic reactions very efficient.y. But therearé innumerable non-protein catalysts of Similar action Geg. OXida-
rare elements are esterase and so on. An organism uSing such
Systems might be sluggish but it would be Concéivable,

thetion can be catalysed by many metels and by thiourea,

There is a possibility of existence of such living systemsin the prebiological era which might have been made of materialscther than proteins and were consuming such nutrition the sunnly ofwhich was limited, together with such living systems which on
Subseugnent evolution produced the present form of living system(100).There might have been a period when such non-proteinous and proté inousform tight have existed side by side, However, those livingSystems which depended on such nutrition which was limited in alocality would have finished their life activity Soon after alltheir nutrients in that locality was booked in their bedy. But

1 proteinous living system continued their life activities becausetheir nutrition supnly was photochemically furnished through thecourse of time. The possibility of more than one form of Livingsystem Was been Suggested by Pirie also (98), Accordi: .g to him theevidence of evolution and Linnaean syStem cf claSsification supportthe idea that the number of svecies exiSting at any time has beengetting large. Prejecting this principle back it seems reasonableto think that all the present living SyStems Sprang from one or a few
ccmmen ancestors, But it is illogical tc think that this ancestorwas the. original and one of the only type of organism. And it iscorrectly doubted whether the problem of 'origin of life! should notbe modified as 'origin of lives',

Many inorganic substances resemble organic substances in manyphysical oproperties as high molecular weight, optical activity,viscosity, stability, sensitivity to pH and temperature of theEnvironment aS suggested by Sminnon (99). One wonders why thesemolecules cannot form living systems which may be dévoid of proteinor even organic material. This aspect of the problem has beendiscussed by Bahadur (75, 100) in considerable detail and experimentalevidences cf the existence of such systems has been provided,
Mentioning the possibility of existence cf such living systemsBernal had said (102) There may have been other radicallyincompatible forms on the sarth at earlier times and these or otherswe may Succeed in making artificially. When life exists on ctherplanets it is most likely that it will be radically incompatible withours though we may suSpect that it will show striking parallels,* biochemically as well as structurally",

The problem of défining 'lifet and livi system:
Still more difficult is the problem of defining 'life' or'living system' and the ideal definition of life is Still awaited,The problem of differentiating 9 Living system from a non-livingbecomes a hopeless job particularly when wé consider the b.rderline cases between living and non-living. Hewever it is necessary toheve a clear understanding as what we are looking for when we are
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looking for it all over the universe and studying the cause and
action of its origin.

heeording to Pirie (104) a rigid devision between living
and nen-living is not nossible and he considers life as not a
definable quality but a statement .f one's attitude cf mind
towards a System. Haldane (105) defined living system as a self
perpetuating pattern of chemical reactic.- and Bernal (103) and
Haldane (105) suggested that the embodiment with a boundary of a
self maintaining chemical process was the occasion of the origin
of life,

Konikava (106) proposed substitution of 'self maintain-ng!

with the substances of its environment accomplishes its reproduction
and development i.c., it remains t. itself while yet changing not
in the direction cf death or decay. Life is the attainment, BY a
chemical system, of the ability to rebuild itse1f by interacting
with other substances, remaining alive itself and begining to be
different from itself,

Horowitz's (107) definition of life is more specific and he
believes that a living system is a 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 Internaticnal
Symposium on Origin of Life op the o-rth held at Moscow in August,
1957, the problem of defining 'life' and 'living system' was
duscussed under the Chairmanship of Prof. Pauling. In this Pirie
(108) opposed the idea of mutatizn to be included in thesenseit is understood in biological context on the ground that to demand
that a living system whall mutate is a purely linguistic restriction
and it leads to absurdities, Only small fraction of the organisms
that are universally accepted as living have been shown to mutate
theugh many of them probably do. But some very ancient Species do not
Seem.to mutate much, Thus according to him it is important to
distinguish more clearly than Horowitz does between at least three
types of multiplicaticnss-

Multiplicatic s in many celled organism where the process
can fail as in worker bees and mules although the organism is
obviously still alive; multiplicatic in Single cells cf an organism
or a Singlé-celled organism which can be abSent aS in the brain or
the nevee cells although the tissue is obviously still alive and the
multiplicatio of the eell components such as génes and virus
which are Simple lifeless molecules 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 cepy.If these types of multiplication or reproduction ars accepted it is
unlikely that the ability to reproduce could be used as an adequate
ctitenion of life or living system.

Brownshtein (109) opposed the idea cf a mono-moiecular living
system on the ground that if desoxyribose nucleic acid of genes
is 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 Horowitz's minimum requirement for a living system is
"a Living molecule in a multi-molecular environment! Boownsht¢in
commented that if this definition is to describe the position accura-

ecntained in Horowitg's definition is negated.

Pauling (110) tried to establish a compromise between these
two different types of definitio.s proposed for a living system,
and said, "It is sometime 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 possible.

word by 'self-developing'. Thus he holds that a living system is
chemical Substance or reactionschemicalofprocessbywhichComplex

be added to as te read Mog Living molecule intely one
ulti-molecular living environment", but by doing so the idea
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ult to draw the lis of demarkationing Systems it becomes necessdefired propertiesfy it for being aly when systemati

reasé in the Size of
stands for the increase in the number ofunits come in existence throurh the narent oneactivity stands for any Series of chemicalwithin a boundary the result of Which is thatenvironmental molecules Entering the systemare Converted into the material with which the system is made. Thiscertainly is not an effort to define living svstem but Simplyto enumerate the essential eropérties which if present together ina SyStem will qualify it fcr admission to the category of the livingand these properties have been selected by going more towards theliving side of the line "f demarkation between living and non-livingwhere as it will be possible to have a few living systems which areaccented as living on other Considerations but prot having all these

ion for any appreciable time and¥ of a

@

Systems. Evolution

it. .There is consod

4 modél cell possesses hiorganelles as nucleus,6te, This model celtis* produced the assthere is co
2@lSo (115),

moc
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bacterial Rhodobacteriales, chromatium the chromatin granules are inassociation but not covered by a nuclear membrane (116,117). Distinct
chromaBomes are detected only L the organisms of the ccmplexityof SUg and even in this organism Spindle threads and intergonalstrands are lacking (118),

Slow evclutionary evidence of cther organelles of the cellscan alSo be traced, Thus in the blue-green algae, the photbosytheticpigments are dispersed throughout the cytoplasm and n distinct
Chicroplasts ars »resent whereas purple sulphur bacteeria have
granular pigment structures lacking the detailed micromorphclozy cf
higher plant chloroplasts, Mitochondria are totally abSent in blue-
green algae while minute granules possessing all the metabolicfuneticns of mitochondria can be obtained on ultracentrifugation of
many Species of true bactsria (120). True mitochondria thoughpresent in yeast cells are of very Simple structure with few internal?folds only (121),

By the evidence of cumparative cytology Dillon (123)concluded that origin of organelles are evolutionary Specializationend that the cerliest cells lacked such structures, their functions
being carried out by the undifferentiated cytoplasm. Briggs (115)is of the opinion that the organization of the primeval organicSolutions into a relatively inefficient molecular organisation doesnot oresent the problem of intra-cellular organizetio and Speciali-zation, The latter is a problem of cellular évolution and not ofbiopocsis,

Just as a conSideration of the cytological evolution of theorganelles of the modern cell is necessary to have some ideas ofthe internal structure of the organisms which were synthesised whenthe life began on our earth, it is also necesSzry to study whethertne loss or gain in the capacity of the carliest cells took placewith the progress of evolution: Lwoff (123) by his, extensive workon micro-organisms produced convincing evidence that. much of the
the capacity of the cell. Thus though a simple cell-like orgenism
developed more and more complicated organelles with evolution
making it mo e fit for verforming a particular function ig the specificprevailing envdéronment, the cell as a whole lost its initial Capacityor potentiality for performing very many types of vital functions in
many probable diverse environments which it originally had, Evenin the present organisms no cell of the body cf a multicellular
organism has the capacity of performing as many functions as a singlecéll of a unicellular organism can do,

lossevolution is accomplished by the loss in

Keeping the above mentioned evoluticnary changes in viewif one goss back in the time-cloch to exemine the earliest livingcells he expects to find them very simple in structure yet full ofcapacity of performing the verious functions of biologi al order,These functions are limited and it can be said that the initial livingsystems had very Simple structures and were full of properties withina certain limit, The synthesis £ these molecular associations withproperties of biological order is the outstanding problem of theorigin of life and this has been successfully solved by Bahadur
(112,113,114, 100, 75).
Crigin of enzymic activity

Before we conceive of any molecular association with characeteristics of living order the problem cf some sort cf metabclismiberating the energy ne@essary fcr the various activities cf this
aggregate becomes necessary. The metabclic processes observed inthe present day organisms might have been present in some of thecerlist forms of life but there is an €qual probability that thesetoo have evolved from some very Simple p5rocesses of the carliestliving systems, Whatever the form of the metabolism might have been,it is certain that these must havé been uSing some sort of catalysts,+be origin of enZymic activity in the prebiolcgical era is of interestparticularly when there is no possibility of thers being elab.rate



protein structures of the type we have to-day,
In the absence of typical enzyme like molecules Co-orginatécompounds of metals, various métallic ions organic moleculésWould have acted as the initiA search of enz ymictaining metal

by CalvinEnzymes aS Suggestedthe steriliseé acugous mixtures
erganic molécules made after irraeau diation lts (124) Tt has beén thativity is produced in

?
poSure and hydrogen ion Concéntration of

ake : is

It has been observ that the phosphatase activity

1, on The
dependent.period

Jee anu

(125)
when protécell like structures called

and is then confined: the mixtureinin the

for a leng time and the formation of molecular association is delayed(124), Recently Briggs (115) coofirmed the observation on phoSvhataseectivity in Jeewanu Synthesised photochemically. He observed mildesterase activity also inthe irradiated mixtures,

artificial licht If diffesedtirradiati the phosphataseactivity contin incréasing of irradiation

molecular association:
In the formation of the moleculer aSSociation which mayresemble cell model the work of Oparin (126) and Booji andDe Jong (127) on Coacervate formation is important. The coacervatealthough made from materials of biological origin as gelatine andgum arabic are simple systems and do possess limiting membrane withosmotic properties, These have selective absorption for eertainCompounds, Binary fission of the Coacervate droplets occurs underSuitable conditions, while vacuole formation is common. A study ofCoacervate formation by polymeric products of abiogenic reactionsmay yield interesting findings relévant to the origin of cells,
Microsphcres haye been prepared by treatment of thermallySynthesised peptides with water (128), These microspheres retaintheir integrity on cenurifucetion, show volume changes in hypertonicSalt Solutioas and can be made in various shape by inesrporating otheSubStances such as lipids and nuelcic acids, It seems possible thatSurface of these microspheres possesS Some properties in commonwith cell membrane, Rahadur prepared Jeewanu from ammonium molybdate -peptide complexes in presence of ascorbic acid and biologicalminerals and the peptices used were thermally prepared, These JeewanuShow the properties of growtn, multiplication and metabolic activity(114). In contrast with microSpnsres which have a ComparativelyShort life and normaily coalesce in a day or So forming clums ofirregular Shape at the bottom of the mixture and are made of brittlematerial which break radically on pressure, Jéewanu rétain theirShape ind€finitely and are made of a viscous, honey Like material(114).
For coacervates, microSpheres and many other objects producedby various sciéntists during the €Xpérimentation to duplicate themcrphology of célls Briggs in his paper, "The formation of cell-likestructures by the action of light on a possible primitiv carthhydrosphere, "read in the Fourth Internatisnal Phctobiology Congressheld at Oxford in 1964 writes, "Several authors as described in thereview by Oparin (126), have éonducted experiments to duplicate themorphology of celis by interaction of Simple inorganic and organicCompounds. While there isne doubt that the products obtained by» many of these workers bear a morphological resemblance to livingcell, this is the only feature in Common, in that the products aredissimilar in chemical Composition are metabolically inert, dc not'grow or reproduce cic. Moreover,

9 most of these aftefacts are producedfrom substances and under ecnditions that were probably guite absentfrom the primitive Earth, 'he only interesting products are thoseof Fox (128) who has shown that theremall ysynthesised proté inoidsproduce microspheres in water",
"However, more recently Bahadur (111) amd Perti (129) have
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described the formation of a series of cell-like microSpheres (namedby them Jeewanu, a sanskrit word fer particles of life) by actionof sunlight or an ultra violet on sterilised scluticns Containingcitric acid anc a colloidal salt of molybdenum and iron. It is the
purpose of this paper to report a confirmation and extension ofthis work", The synthesis of Jeewanu will be described later intihEs article,
Inherent prevertiss af matter

Consider the earliest Living systsmS with Simple internalstructures but full of properties and capacities within the limitsof biological order, The formation of such molecular associationshas been the most important aspect of the origin of life. If wetake properties of say iron hydroxide and after enumerating them allask as how will a céll-like small structure with Simple internalstructures can be formed full of properties within these limits,the answer is simple. Any method of preparating particles of thedesired size may be used with iron hyoroxide as the body materialcf the particles, Thus in shcrt, if the materiel concerned hasthe properties which are Sought in the particles, it is easy toprcépare the particles of such material with Simple structures havingthe properties within the particular limits described. If thematterConcerned had the properties which we include as the properties withinbiological order, it is casy to imagine the fommation of particleswith these properties, Howéver, this is just an over-simplifiedexample of the idea and this simily extends only this for and nofurther for in the ab.ve example the consideration of chemical andphysical properties only were made which any piece of the chemicalConcerned will show, but in the living System we are concerned with» the functional properties as growth, multiplication and metabolicactivity end many coordinated functions of different factors, willbe necessary to achiéve this result,
Bahadur Sugrested that matter has inherent propertiss ofduplication and adaptability (100,112). Thus under suitable condiations matter has inherent vroperty of duplication and if a systemof matter in equilibrium is subje€ted to constraint a change occursin the system if possible of such a kind that the constraint ispartially annulled, By the tern duplication of matter under suitableCondition it is meant that if a system at dynamic équilibrium has thevossibility of formation of Several molecule Species at the samethermodynamic level and neéding the same energy of activstion andin this system one of the possible synthesiseable molecularstructures is introduced, moré of this molecular structure will beSynthesised in the system than other possible structures, Onguantum méchanical resonance interaction Special stability considera.tion a system AA where A and A are identical will be more stablethan AB where A and B are similar but not identical (130). Thusif a molecule A is introduced in a system which has all the consti-tuents for its formation and which has the necessary available energyon thermodynamic and a€tivation energy Consideration, more of A willbe formed in the system than other possible molécular structures necdingthe same enérgy of activation and on the same thermodynamic lével.In a Simple way this property can be 6xpressed as "under suitable con=ditions matter has an inherent property of duplication",
According to Pauling and Delbruck (131) the smechanical resonanee interaetion Stability force wil 1 be negligiblefor larger molecule of the size of the protein as cempared to the«molecular interaction energy of the identical and unidentical molecu-ies and their duplication is not possible on this consideration,But if is more reasonable to beliéve that the initial Livingsystems were built of smaller molecules and in them the moleculesCould neve cuplicatcd by the quantum mechanical resonance inter-

pecial quantum

accion force. When these polymers became bigger in size this process
of one step as condidered
the more probable
eSent day nucleic acid

wes taken over by nucle ic acid assisted duplication process whereche duplication is a two step process insteadneve, The one stép process of duplication isprocess to begin with, before coming to our pr
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assisted two step duplication as observed inthe present form ofliving. Gurwitsch (132) has described duplication of Samplemolecules in specific environments,
The phenomenon of adaptability is of great importance inévolution and may be considered aS an important property of theLiving System. Adaptation as fer as it involves the alterationor variation of the characteristics of a Species, is a facet of

The reverse stasement namely that all €volutionary changes areadaptive is not true,

evolution and all heritable adaptaiv: changes evolutionary changes

There are two important aSpects of evolution. Firstly thatwhich exemplified Simply by changes and Secondly that which leadsto creation of new Species, The bulk of the Evolutionary changesfall within the former aspect of evolution and these are the changesthat a species oér a population of individuals bélonging to thatSpecies undergo in response to the environmental Changes, Thesechangss which if madé, enable the population to Continue tits existence,
Natural selection does not cause the disparity between theparents and the rest of the population, it is this disparity itselfIf a systematic slow environmental change occurs, then naturalsélection 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 evolution" (133),
Population of individuals adapt to new environment throughSystematic alteration in the frequencies of various genes carriedsy thé population. In bacterial population where Certain énviron-méntal constraint can be met by Single-gene Changés and where ingénéral the descendents of a given individual aré genetically:identical with the parent individual, adaptation of the DpopulationComes sbout in a single génsration and the response is absolute.In diploid, eross-fertilising individuals, as the ré Sult of genereccmbination the connection between the phenotype of parents aneoffsprings is much less than that in bacteria,
According to the computer model described éarlicr, theaccumulation of genetic information by adaptive natural selectionnecessary to Sequence ten inCreasing informationCapacity in the feed back pathis In

the aS Patte
large that the autononcus Computation that new remains is thr oughthe entire process of adaptive variations and S<lection, which maybe considered as an information feed-back loop from furtioningprotein moleculs to nucleic acid sequences. Phenomenon of

it quite conceivable that this capecity may erseeested

adaptabil ty "constains, termsis subjected Af Living systemoccurs in the
A living system is a System in eguilibrium. Thus the aboveStatement may be modified as if a system in Squilibrium issubjected

possible of such akind that the constraint is part
ut

annulled

@

to constraint changeCheb hat the constraint is possible of such
principle itself as proposed 1888,by

This adaptability is observed not only in living systemsbut can be observed in many systems in €cUilibrium. The studythe adaptabilit in snzyme has been observed by Bahadur andxena (134> 124) during the investigation of the inhibition ofurease by métallie ions.
If

the
change of a kind that the Constraint on the system is partiallyannulled and thus this can be Called as adaptability particularly1: Such cases as destruction of the terticry or the quarternarystructures <f the protein molecules by boiling cr other denatu-rating proeesses and their Subsequent regeneration under SuitableConditions involving the process wheré repair does not neesssarily
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include formation of new molecules but merely establishment cf
an orderly folding from an uncoiled rardom linear structure of
the neptide melecules formed due tc the distmrbance of thetertiry anc quarternsry structure of the protein molecules not
€ven provoking primary valency, such adantability has been observedin the case cf many enzymes, It has been reported that one caninactivate an enzyme and shew that this inactivation involves thedestruction of the tertiary or guarternery structures, in whichSubunits are packed together but not linked by primary valency.But by Suitablyyii cubating the inactive moterial, es such as
95 percent f the enzymatic activity can be recovered, This meansthat the tertiary ard cuaerternary structures depending on the
enzZyme Concerned are fefcrmed, One can carry this denaturationClear down to the random il level - that is go down all the way tothe primary structure and can climb almost C.7 1 thewey back upthrough the elnha helix Lato the tertiary folding and even into the
guarternary aggregation, This lest has been achieved in the caseof a] lease (135),

Meny of thesc precesses can bé explained on the thermedynamicStability of these cific ™ 7 cular folding but these Showadaotability in the sense that the damage waused by the constraintis being anpulled. Such changss alse take place in Living systemduring the constraint caused by the Changes in ¢envirdmnent and thedantives changes in living system can also be explained theremom
dgmamically.7

wynthesis of Jc. wanu
If adaptebility and dupliceticn are inherent prepertics ofthe matter it remains the att. of only creeting suiteble conditionsunder which these properties of the matter concerned could be obser-ved, Under these conditions a particular set of etter ifi Appropriatent will show growth - multinliceticr on lecular level,multiolication ~ multiplication on macrolevel and etabolie activity~Stepwise thermodynenic orocesses libersting cuergy for the sbovetwo processes of multinlicatic.: from the structural units available,degrading a part to liberate the necessary anount of energy andutilisicg e vart to provide the building later tal fcr the absvementioned growth and multiplication, The synthesis of such systemsvas be¢n achieved in the laberzitory (75,100,111,112, 114, 129, 136),The particles thus formed erow in Size. after achieving e maturitySize these reproduce by budding; the newly formed but may Separatecut of may remain attached t- the »arent unit end after achievingmaburity <ize buds agein, These varticles can be subeultured intheir Soscific environmental medium. I have named these particlesas "JEUWANU" a sanskrit word for the particles .f life (111),
4 number of procedures for their preparation have beendescribed (111,113,114,75,729,136,137). These varticles have a

boundery wall and complicated internal structures. These are madeof materials which are t oresent ttn the environment but aresynthesised within their body from the ~ molecules whichthem. Thus where the envirunzs medium may cnlya few fres amine acids pheto-chemically fermed ir the Squvsus?mixture containing « source <f organic carbon, inorganie catalystsand biological minerals ete, the budy material of the Jéewanu Shewsthe presence of only a few free amino acids but on hydrolysisa lerge number f natural eminc acids are prcduced thereby showingthat their budy structure is made of material very Similar tooaretein, The body material cf these Jeewanu show phoSphatase activity.Time-lapse photomicrographs Shuwirg growth anc multiplication havebeen successfully taken (100,101). Br c.nfirmed the workon the formation cf Jezwenu independsntly in his laburatory. In thspaver sntitled "The formation uf cell-like structuve by the actioncf light on @ possible primitive hydrosphere", "read in the FourthInternational Congress on Phcetobiolegy held at Gxford in 1964, inthe fcllowing of werds, A similar vaper entitled Naxperiments onthe Origin of cclls," has been published in wnace Flight 013g),
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"Laboratory Synthesis cf Protece]1s
"The primitive hydrcsphere was stimuleted by ashi 1.0 Kg. ofComoressed yeast at 500cc for 12 hours, The resulting ash wasxenined for celluler remains end for orgenic matters neither were'detected, The ash was then redissclved in 1.0 litre of tripledistilled water,"

ald chyde + ammonium nitrete, parafor-ium phosphate, tyrasine flone, citric acid +
phosphate,, a Sacein-hycrolysate alone. In scme exnerinentsthe effects of added inorganic Suspensic s (ferris cxide Scl.,m.lybdic exide sol., alumina) were also investigated, "

hyde + voriety of orgenic mixtures was tested including
tt eet

naldéhyde +

"The Solutions were placed i: , cuartz flasks, which wereSealed stcriliscd by autccleve, Zach Solution was represented byfour flasks in each experiment. Tye flesks of each sclutien wereimmediately covered with thick derk cloths and placed in a lockedCupboard, while the other two were exposed to the Light of a 500

opened and samples uf the contents immediately examined micresconica-lly. Some of the samples f the cortents of é€ach flask were inocu-lated into a series of stérile microbial greowth-media and agarSlopes, These were then sealed and incubated for 2 weeks at 37°C,No growth wes detected in any medium or on any Slope, indicetingthe absence of micrcbial in the flasks,"

flasks. four ths.
ren: ving below 300

In du
filter hich mercury lightThe flasks were

MicroScopic Xaminaticn of Samples from the flasks stored inderkness failed to reveal any but Samples from alli
revcging in sizé from about 0.6 u to 15 ue Most of these structureswere Solitary, but some showed bucding, while others Were associatedim groups ranging from 3 ta 15, Similar objects, though in differingquantities, were seen in all flasks!

the flasks exposed to Light globular Structures

samples cf the light-exposed sclutions were nowcentrifuged at 5000 r.p.m. fer 36 minutes, when the sclutionsScparated inte a precipitate and a cleer Supernatant, ssnples ofthe supernatant and the weshed precipitate were subjected to aminoscid analysis by high-voltage paper electroshercsis, Samples ofSolutions kept in the derk were Similarly examined, Io amino acidswere detected in any of the solutions (to which no acidshed been originally added) stored in darkness, However, all flaskséxposcd to light originally Containing aldehydes + ammonium saltsnow conteined free emino acids. Glycine, glutamate, aspartateand alanine were detected in alk, ap Toximately 0.1% of the addedcLdshydes were prosent as free emins acids after 4 months irradiations
"Examination of the precipitates from all flasks revealedthé sresence of the same four free

ide
acids, H.wever, the

bror
d several spotsorecipitates also naper that

with SN Hel, released numerous auino acids that were Feadllydetected on the paper eléctroohoretograms, From Rf values inseveral Solvents the following amino acids were tentatively identi.fied 5 glycine, alanine, Blutamdte, aspartate, histidine, Lysine

Stained with bluel Hy olysis of the precipitates

arginine, Serine, threonine, phenylelanine, leucine, valine,
"The hydrolysates were also cxamined by paper chromatographyUvdrg Spraying rsagents Specific fcr particular classes of organicCompounds, The silver chromate and xercuric nitpetceemmoniumSulphete techniques gave positive resetions with areas on theChromatograms with Rf vrlues Similar to adenine end guanine.Amsoniacal silver nitrate and aniline-diphenylamine were used fortentatively identifying glucose, fructose, ribose and 2-deoxyribose,Phenol-hypochlorite reacted with a Compound on all chromatogrenswith the Rf of urca, while diazctisation reactions showed nanySvots of which three were tentatively identified as vanillic acid,
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and 4-hydroxyphenulacetic acid,

of the original.
other substances,

Tests of the nrecinitetes for enzymatic activity have also

Detectable levels of esterase activity were found in Some preci-
nitates, while phosphatase activity was found in others, The lsvels
of activity were very low, but were quite répeetable, they
were undetectable in precipitates to 100°C for 5 minutes,
No dese activity was found in any precinitate,

bsen Conducted, usterase, peptidase and phos, hatase were Ssarched

"Detailed microsconic investigetion f the more interesting
microstructures synthesised by the above techniques revealed the

heacmatoxylin-ecsin, Janus green B, methylene blue, nuetral red,
ninhydrin, Saphranin, and toluidine blue),

many

azure I], eosin,

Conclusions
"Considered together, ths results presented ebsve demonstrate

thrt microscopic objects in the 0.5 te 15 u size range can be formed
by the orclenged action cf Light on Sclutions of simple organic
compounds in a mineral medium stimulating the primitive hydosSphere,
Some of these objects possess a mor phology Similar to that of Simplecells, The objects contain many of the organic compounds fcund in ~~

ptotoplasm, Some alSo appear to possess weak cnzymatic activity."
"While the definitions of end 'Living' difficult

problems, it can be said that these microscopic objects satisfy an
many of the oriteria of living cells. °* #-*rely proefcble

were formed ir abundence in oceans of the prim tive Earth and were
the immediate precursors of cellular life",

The cbservaticas on Jéswanu pasc many problems cf interest
in exobiology. Are these formed from orotcin Like materiels
only or can substances aiso form de.wanu ? The suggestion
chat matter has inherent properties .f duplication and adaptability
opén the possibility that if conditaons are creat-d objects
ede of many types .f Sunstances but showing the properties of
growth, multiplication and metabrlic activity can be synthesised,J wanu of quite different materials have been prepared (75),

Jecwanu described i. the ak ve photo-chemical reepar-tions
are diffcrent fre- 8 typicel unicéllvler orgenise ir the sense
that the presence of nucleic acid molecules or all the components

negative far. Hoscv: r, as adenine, guanine, ribose
end desoxyribese are nresent the presence of rudinentary
form of nucleic acid substituting the pyrimudines with some other

The tests for the presence of thyamine and cytosine hsve

culture media nave einen nega ive results and these can be sub-
eultured in their vecific media only.

An attemnt wes sade to Jecwanu of basically incrganic
materials as cuprous oxide (75, 100, 101). It has been chserved
that cuprous oxide can o¢ prepared by heating a mixture
of Fchling soluticn, biological molybdate,
2un arabic, Sucrose ani tragcs glucose, The cf these
preparation have been described else where (95,101), spherulesere prepared by boiling this rixture and these may be used for
secding ther similar mixture, These spherical chjects range
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0.2 te 3u in Size, Thes. vultinly by bud.iisg end hove
t belie cetivity (95,101). Thess ern be kept indefinitely in

active stege by previding nccessery nutriticn at appropriateint TV. 1s. These particles on analysis found t yield about
88 percent ash, They rt in rat cut 64 percent cf €upnhens oxide,4.2 percent cf carbon, 0.28 percent of nitroven ard rest is hycrorcn,
cxygen, biclogicel miner. end molybd-t.. The bidy material cf
these cuprous oxice shows rable c lase activity
which is destroyed on boiling (95,101). Time-lapse photomicrcgraphsof thes. w nu Showing growth and multipliceticn by budding heve
boen taken (75,100,101), These units hav. Licetsd int-rnal
structure with distinct boundsry wall and several photcmicrogre phs
Showing the 1 structures have been t ken (75,101), Sore
of these coccolith (139). Intcresting acentive changes

shotomicrographs( 75,101). Because of these properties of
biclogical order these have been named as Cucrous oxidehase are diffrent from inert cuprous oxice parti-Clos formed by reducing hI n with glucose, Particles
thus fermd do not sh.w growth or further mere
these are ly of cuorous oxide and do nt have cotelase
ectivity «Ss ir cuprous cxide J. wenu.

hav. obSeryed un these oerticles and rowth ang multiplicationef such corded time-lapse

Cuprous oxide J Wanu have been trained to utilise mannitol
as the scuree of carbon. these treined Jeewanu nesd only
Solutior, biological minsrals, oniur molyba: te and mannitol as
their nutzition. In the cf these consti-
tuents these trained hav been grown fer one year.

hling

ounmary

ryidence haS producsd that basic constituents of the
proscnt day living system as amino acids and nentidcs ar. formed
ia sterilised aqueous mixture -rgenic carbon and
del incrgsnic catelysts ou exposure to sunlight or artificial light
from cn electric bulb, The oolymers senarate out from the mixtureif rendered inSoluble by ¢ithcr increase in size cf the molecules
or by the chemicol reaction with the envircnmertal molécylées, The
Solid material thus is viscous like honey and it tends
bo erystallise, If the process of crystallization is BAndered
by the nature of the materiel concerned or the chémical reaction by
the molecules of the environment with this material the amorphousstate tending to crystallise accomplishes only partial success,
The effort to achieve a Spatio-energetic pattern represenging the
state of minimum energy hélps in establishing a subunit sequence
by computer feed-back mechanism establishing some sort of order
and decrease in entropy in otherwise random aggregate of moleculés.
A semi-permeable boundary is soon formed. I- the anclosed semi-
solid viscour matGrisl the molecules do not remain only randomly
held up but get arranged in certain pattern depending on inter
molécular forces as van der V 21's avecs, molecular interactions,Electrostatic interactios, hydrophobic bonds, hydrogen bonds etc,
and when this aggregate was of smaller molecules quantam mechanical
resonance interaction played a very important role. If this order
was destroggd by ceergy liberated by certein chemical reactions,
amonest some molecules when these came together in this wisecus mass,
they again tended to achieve the spationergetic pattern represéenginga state of minimum energy and if the environment continually supplied
such molscules to this mass, a dynamic state will result in these
particles, Complicated internal movement amongst organelles of
J¢.u nu can be observed und.r microscope.

Mettcr has inherent properties «f du lication a: d adapta-bility which can be observed under suitable conditions in any pleceof matter. If the molecular associations as described above, is
constituted of smaller molecules and the ccnstitwents necessaryfer its formation and the energy needed on thermodynamic and energyaf activation aré available the molicu: cs cfthis aggregate will get so arranged that the, facilitate the
or cess of multiplication f tan. molecules whose multiplication
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is permissible - others acting as catelysts and the building
métérial of the structure nesdéd for this prupase, The multipli-
cations may not be restricted tc né but a number of meiccules
ma thus duplicate,

'his association will nutrition from
é and will use it for ior cf energy and

building its body material and will grow in Size and reproduce
by budding, 's this has the property cf adaptation it will
evolve in milcly changing In the course evolu
tion with time the verious molecular Species Ccorstituting this
System which initially had svecific pcsiticn in this system
because cf their physice properties will acquire more
definite position resulting in the formation cf the
erganclles, First even the of organelles
would have been by the physico-chemical propertiesef the molecules concerned ard the thermodynamic econsidsration
but in pregress thes. gredwally ecquired sheave and
oeSition Which wes acre guided by the better functicn of these
for achievine eae particular effect for the system in an efficient
menver, Thus originated the first living systeus JESWANU, which
in the f evolution formed the cells,

The cf several types have been prepared all showing

véral photemicregraphs Showing the struc ure cf Jc anu
end their wall have becn tcken,

activity.
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than tic unicellvler orgausms of the rececnt -ge origanetcd the 'hot thin

soup! of pearoriirl ocean fror coacerveate colloid particles.

basteur's 101% dcrolashcd the foundation of the theory of spontanecas
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pertaculer signifaicer ces fur 1f there 13 such origin we must anticipate thet 1% would

be in units fer too smell to be in the merner in which we are .ccustomed tr
with

Chtrlcs Derwin (1871) exprcssel 6 view * letter (uncovered ty
C,Hardin)s

Tt 19 often said thet all the conditions for the first fornetion of » living
ard nov preseit whic could even have teen But if (and Oh} a

matter woula be instently cevoured or absorbed, vould not have been tne case

before creatures vor foro''." Want af lots? It is the cxpressicr of the new

property of acquired in the of evolution?
or

Is 1t soc thine whica resulted Pro- tue of matter?

phosp salts, ligit.

The funda ontal properties of laving systems night have appeared 1a the protein

ero be concuiyst es systems.
geouth of Dye

end Evolutuon cf eomm.e ach w Sys

; lron-heen eomple< ond 1ron eytocnront
1&7)y

Trensemin tion resetions of .n presence of metellic rons (Snel] (195

The Enerher

ch.1n of absi of several Poctors.Vor-ulis (1952): Lif. coul? ucve orisinctel] not es tho erd of A consoacutive

neCell:
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Cellular symbiosis,
symbiosis,

Virus--=% Plant virus Rea, anim). virus RN and DNA,

Gong senna

Thenodynamteally suided the nolecul r evolution wouli have.continucd without
the fornetion of systens witn living properties, Only when organic matter schieved
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potentialitics the prinordial life erorycd as ° new dimensi in netures

" Matter perpetuating its own Organisation",
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Ancient Hindus were of the opirion that life originated by natural ireaus

through the irterplay of primary eloacnts,

Resveda, I, 164, 363 Athurvaveda, IX, 10,17,
according to then life originated in waters

Atharvaveda, IV, 2,6,

Orgauisms origineted in sea slime by the action of heat, sun and air,

Living things deveoped from the amonphous slime under the influence

Anaximander (611-547 B.C.)
Living things arise in sea ooze and thev 'go through a succession of
stages in their deveopment.

Xenophane (560-480 B.C.)
Life originated from earth and water,

Lnaxagorus (510-428 B,C.)
Animels and man all came from the earth's slime by 8 fructifying factor=
the ethorcal embryo, which is carricd into the earth from the air with
rain water,

Plants and animals can originate from lifeless materials and

principles for the process warmth of the sun, earth and rainfall fron
the sky,

Epicurus (344 270 B.C.)
Worms and other animels arose from the earth or manure under
the influence of the moist heat of the sun and rain,

Aristotb (384-322 B.C.)

action of (Matter! and 'Form! where 'Form! is the energy of soul which
endows matter with life and keeps it alive..." The theory of
Spontaneous Generation."

Basilius (315-379 A.D.)

Ionian School (600 B.C.)

Theles, Greck schools

of heat,

Ermpedocles (490~44 B.C.)

Once upon a time earth produced Living things by the command of God and
es dey this ubility has been retained in fuli. force.

Saint sugustine (354-430 A.D.)
Living are produced fron Lifsless materials by the will of the God,

The nontion of "Geese Tréé" by by Neckan (1157-1217)
'Vegotable Lanb'~Pordenone (1331)
Recipe for the preparation of Lommnculus-Paracelsus3(1493-154 )

Recipe for the preparation of mice Van Helnont (4577-1544)
Harvey (1578-1657)

decay and analogous processes.
Descartes (1596-1650):

ancous gcneration is a natural process occuring under still
sf

to sun
Newton (1643-1726):

Plants wore from the attenuated emanation from tail of come

First evidence against the theory of Spontrneous Generation was croduecd
by Rodi (1626-1697)

Leeuwenhock (1632-1723) discovered the world of microorganisms
bacteria,

Buffon (1707-1788)
Introduced the hypothesis of the cxistence
and its fructifying role in the formation of microor

Needham (1715-1781):
"There is inherent in evry microscopic pastide of organic mat

special "Vital force" which vitalizcd the oreanic me tter.

Discovercd process of storilisntion and refuted the exrerinents of

Pouchct (1859)
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Li fen

Lord (18 7

Lite is it only chenecs its form but is never crented from dead
substances,

;

I, Tha Theory -o? Eternity of Life -- Preyor 1850
The Theory of Cosmozs. - Richter 1870

(vax He holes 1884. 5 Lirran 1952)
Iii, the Theory of Panspernin frrhenius - 1903.

IT,

distant period:Life

Haeckel (4866): The theory of Archogony. .
Pfluger (18%5): Ee identificd proteins na indissociable essence of the vital

process and omphasiscd the CG of cynnogen redicle.

lien (1899)2
He assumcd thrt COo was the primery orrenic compound.

these theorics heve a common umlerstandiny thot Life is ondowed with
absolute autonomy determined by specinl rrinciples and forced applicable to
organisms alone, the nature of which is radically different from the principles
and forces operating in the inanimate Kingdon.- end thusall these persons felt
an unabridzable gep be tween the Kingdons of orgenisns ant of inorganic nature,

NotorinLigtic approach was deveopcd by Spenéor y Mitchell, Schafer,
and Oparin,

Engels (193%)
"Life has neithsr arisen spontancously' nor has it existed etornelly.

It must have therefore resulted from a lons cvolution of matter, its origin
beins merely one step in the course of its historical development ,"

Oparins ork 1926, 1936, 1957, 1962,

socectOUQeavers
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The 1°-2 vos con? ined Ly (1964) wo pul forward the following pcintsworks

even planus. Thus ectls of Teck: (2) asur ]
ays (12) acvelope? centracios,

more vorplex than those of

the nucleus of sulphur discrete nuclous en} possessvshumerus chrawtin granulus secttered throuchout the eytopl si. Renroductics1s crvirely duc to tne inerowth of the coll welis (Del-porte 1939-40)
the chrom tir srenules of Rhodob-cillus (Chromotiur) vec in ess-e tion ea?have no

a
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Some intereatine photochemfca] reactions leading.th thaLouneklut ae
morphological gtruetupes , Jeewarn,

it is interesting to observe the influence of Sun-light()) on
the following sterilised(2) mixtures. The mixture show the appearance
of turbidity after certain hours of exposure to sunlight, This on
microsecpic examination show the formation of Jeewanu.
I Cltrie acid 1.60. m, colloidal ferrie oxida(3)-40-mi+y-~oollotel
molybdenum oxide(4) 40 ml. and @istilied water 140 ml.

Tho was dovided in two equal parts (one for light and
another for derk) and sterilised in 2530 ml conical flasks. One mixture
was kent for exposure in Sun light and another one was covered wkth
thick black cloth and kept near the exposed mixture ali the time as «
control, After 400 hours of exposure a turbidity appears in the
exposed mxture which should be examined under the microscope. The

turbidity increases with increasing period of irrefdation. (It is of
interest to follow this for 1000 hous or more)
"*Il Tartarte-acta 0.8 em. y Colloidal ferric oxide 10 ml., colloi -
dal molybdenum oxide 10 wl, buffer solution(S) of potassium dihydrogen
phosphate and sodium hydroxide of 6.0 value 20 ml. and distilled water

to light and the other one was kept in dark, after sterilisation in
150 mi conical flasks. A turbidity is observed after 600 hours of
expesure, (Follow this turbidity under microscope)

60 mi.

The mixture was dévided into two equal parts and one was exposed

Iqr acid 0.04 gm. , molybdehum oxide solloid 10 mle,
ferrie oxide colloid 10 ml., FaOH + KHoPO, buffer solution of 6.0
H value, 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 sem mixtuzes ware exposed
the mixtures were exposed in conical flesks of 150 ml capacity. Risk
First day the mixture was exposed for one hour and then allowed to
stand in the laoboratory for the night. Next day the mixture was
exposed to sun-light for 8 hours and kept in the lab. Overnight.
The turbidity was observed next morning. (Follow this turbidity
microscopically for 15 days)



atthe t Ae re

qv. Citric acid 0.04 gm, colloidal molybdenum oxide 10 ml,
eclloidal ferric oxide 10 ml., mneral solution 10 ml. and distil
water 524 ml.

The expord mixtures show turbidity after 12 days.{ It is
of interes* to follcw the turhidity and its increase microscopically
for one month or nore)

* Vint atio,

v. Mle,Citkric acid 3.2 mg., buffer solution of 6.0 pH value 40

mineral solution 80 mk. and distilled water 280 ml.

The mixture wes dévided aqually in eight different 150 ml.

coniesl flasks. 0.08 em. of anthracene wasdissolved in 5 ml of
re long

the sterilise4 mixtures were exposed to and half of these

were kept in dark. The turbidity was observed after four days of
exposure for 8 hours a day( Followthe turtidity for one month or

more under the microspopa)
OE Sm wo SR cer em SO FY OP ee

rem
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(1) For all the above experinent- sunlight
*

was employed for 8 Yours
a day. The mixture 'vere kept in dark for the rest cf the day.
The exposed "and unexposed mixtures were kept near each other for all.

(2) The flasks containing these mixtures were cothon plugged with
cloth lined cotton plugs and sterilised at 15 lbs rressure for 30

minutes. The mouth of the fissks were then sealed with polythene

paper before the experiments were

(3) Preparation of ferric oxide sol The method sdopted was one

described 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 in homt to remove hydro-
chloric acid and thus to evold the of the drolvtie
resetion. A concentrated solution of ferric chloride was added drop

by drop in boiling water. The resulting deep red cclovred sol was

dialysed for seven days.
Cone. of ferria oxide in sol 0.80 gp./litre.

(2 Debray, Compt. rend., 68, 914 (1869)

(2) Krecke, J.prak. chem.(2) 286,295(1871)

acetone. 1 ml. of this soluticn was added in each flask Helf of

the time. Th. ols ernlims were elactaebem loon WattsLighur'sibteWhenAkowee rae



(4) Preparation of molybdenum oxide colloid: Molybdenum trioxide solWes prenared by the méthod described by Greham(3). To » 5% sOlution ofPotassim molybdate a cone. solution of hydrochloria acid was addeddeop by drop with constant stirrinkg till ¢ slight excess, The wholecontent wag dgtiysed for 185 days and the Sol was then found free fromnitrogenous impurtties,
(3) Graham, AnnAnn. 4136 , 68 (1865)

(5) Preparstion of buffer solution of PH value 6.0. 5.70 ml of 0.2 Rsodium hydroxide end 50 ml. of 0.72 BZ acid potassium Phosphate were mixedtoget¢her to give 535.70 ml 'of the buffer Solution of pH 6.0,
(6) Preparation of the mineral solutions Por preparing the mineral so «Lution following chemicals were dissolved in 100 ml of distilled watee,Potasstum sulohate 0.02 Sodium chloride 0.02 gm., caletum acetate0.02 magnesium sulphate 0.02 gm.,

wig
0.02

ture
+

ag shaken till whole thing went in solution.

mineral tel gm. of
dihydrogen phosphate

he sbove

added
wer it and the
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