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UNIVERSITY GRANTS COMMISSION

Bahadur Shah Zafar Marg
New Delhi-110002.

GUIDEUNES FOR AVAILING THE FINANCIAL ASSISTANCE UNDER THE TRAVEL
GRANTS SCHEME.

P

1. The scheme is cpen only to (i) college teachers and (1) Research Associates and Post-Doctoral
Fellows working full-time in Universities and Colleges either in connection with the research work
or for attending International Conference. 7

2. In case of College teachers, the financial assistance will be limited to 50% (fifty per cent) of the
total expenditure involved in travel Registration fee and per-diem allowance.

3. In case of Research Associates and Post-Doctoral Fellows the assistance will be 100% of the total
expenditure on the items mentioned above. However the number of awards in a financial year
shall be restricted to only ten in these cases

4. Mere submission of the proposal will not be automatically eligible for getting the financial
assistance '

5. The proposals received will be reviewed by the subject experts and based on their recom-
mendation a final decision will be taken. Therefore, mere acceptance of the paper for presentation
by the Organisors of the Conference/Symposium will not mean acceptance of the proposal by the
Comméssron,'eventhough It Is one of the prerequisite for considering the proposal

6. Aproposal will be processed only if itis sentin the prescribed application along with the necessary
enclosures, if the proposal is sent without the necessary enciosures. it will be summarilly rejected

and no further correspondence will be entertained

7 The proposal will be considered only if the paper has been accepted for presentation in the
conference/symposium

8 A proposal wili be considered only if it is received one month prior to the date of commencement
of the Conference No relaxatior. will be given in thi regard

9. The application is to be sent to the Commission duly forwarded by the Principal or the Head of the
Institution

10. If the paper is Co-authored then a no-objection certificate (s) from the author(s) whois (are) not
] : ¢ ]
going abroad has (have) to be enclosed along with the application
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In order to ensure prompt action in releasing the grant, the following information/papers have to
be sent to the Commission as soon as the teacher/scholar comes back to India:

(a)

Statement of accounts giving details of expenditure incurred on various items viz. traval. air
port 1ax, registration fee and daily allowsnce alongwith an attested copy of the permit
issued by the Reserve Bank of India allocating Foreign Exchange of visit abroad of the
teacher concerned

Utlization Certificate in the prescribed form from the College Auditor for the total
expenditure incurred on the visit.

Betaiis of assistance received or facilities provided by the Organisors of the Conference or
any other similar Indian/foreign agency

Amount made available by the College/University/State Govt and other sources for
meeting 50% of approved expenses. (Not applicable in the case of Research Associates &
Post-Doctoral Fellows)

Amount payable for each item by the U.G.C as per terms and conditions.
A brief note on the participation of the teacher concerned in the International Conference

and on visit to other academic institutions if excursion ticket has been purchased for the
ViSit




FORM D

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH,RAFI MARG
NEW DELHI

Application for Grant under Retired Scientist Scheme
SECTION At:GENERAL M
<

1.(a) Name(s) of the applicant(s): A.PROF., KRISHNA BAHADUR
B. DR(MRS) S. RAN GANAYAKI

(b) Date of Birth A., 20th January, 1926,
B. 17th June, 1930,

2. Title 'of the Reseawxeh ¢+ Photochemical Splitting
Proposal of Water.

(a) Broad area/field : Organic Chemistry,
classification Biopoesis.

(b) Names & addressesof 3-4 ¢ 1. Prof.O,N.Perti,
research scientists of Retired Professor and Head
standing in the field Chemistry Department
in the other universities/ Motilal Nehry Regional
research institutions in Engineering College,
India actively engaged in Allahabad
the same area of research 9, Balrampur House
to whom a reference could Allahabad-211002

be made, Prof.(Mrs) Indra Kumari

Verma

Professor of Chemistry
Isde 1. Hauz Khas
New Delhi

3. Prof, Vishnu Chandra,
Chemistry Department ,
Gorakhpur University
Gorakhpur

4., Prof. R.P.Rastogi
Vice-Chancellor, BHU
Varanasi,
CERTIFICATE
I/we have read the conditions of 'Grant to Retired Scientists!'
and agree to abide by these if a grant is made.
§

w) ; ’ ~C-L \\\ {

. 0 L\,\T/\c\\_‘:

\

Signature and Date
Declaration & Attestation
I certify that the application is made with my approval and
support and I agree to provide all facilities to the applicants.
‘L_L‘-),\ b
r\; A f‘%\/rLGUU b

Signature of the
Head/Executive Authority of the Inst,
(Scal and Address)
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Duration of research : Three vyears

proposal

Amount of Grant proposed
(Detailed break-up,
Justification may be given
in Scetion €)

A=-Staff
1.Chief Investigators
(two)

2.Research Associates
(two)

3.Senior Research
Assistants (two)

4., Junior Research
Assistants (three)

Total

B.Contingencies

1 GhicE Investigators 1.15,000
( Two) 218,000

2. BResearch associates 1.10,000
(two) 2.10,000

Senior Research 14+ 10,000
Assistants (two) 2.40,000

Junior Research 1. 5,000
Assistants (three) 2, 5,000
3. 2,000

85,000

(A) staff Rs. 8,
Contingency Rse 29

Grand total %.113‘1,

Rse 3,75 400 per year dog

e £ @I w2 ey € o

2nd_year

5
60, 000
60, 000

27,600
27, 600

25, 200
25,200

21,600
g(,oOO

oOO s

3rd year Total

Rse

60, 000
60,000

28,800
28,800

25, 200
25, 200

21,600
21,600
21,690

e 1=

290,400 292,800

Rse

180, 000
180,000

82,800
82,800

75,600
75,600

64,800
64,800
64, 500

= s e o s o

871, 200

45,000
45,000

30, 000
30, 000

30, 000
30, 000

15,000
15, 000
15,000

255, 000




“as
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4. Research Specialisation

5. Research support received duri
from various sources:
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(b) Summary of the proposed work:

Organo-molybdenum microstructures (OMi), were examined
for their possible ferredoxin-like activity, It is because
these microstructures prepared by the action of sunlight on
sterilised aqueous mixture of ammonium molybdate, diammonium

hydrogen phosphate, biological minerals and formaldehyde

have a boundary wall £B and internal structure§z It was

observed by D.O.Hall et,al that these microsteructures can

be used in the place of ferredoxin in the system of chloroplast
~ferredoxin=hydrogenase which is found in the aly ae,which are
capable of splitting water to hydrogen and oxygen in sunlight,
In photochemical splitting of water ferredoxin is reduced to
ferrodoxin £2g% the electron liberated from water by the
action of sunlight in the green algae through photosystems I
and II. The electron of the ferrodoxin is then transported

to hydrogenase which produces H, from H™ and the meémbrane of
chloroplast helps in charge separation. For a membrane acting
in energy conservating manner, the flow of electron must be
towards the redox potential with high encrgy rather than from
high to low redox level, The action of light is to provide a
Channel for dissociation of cnergy on existing redox potential
along the membrane., Chemical nature of hydrogenase is yet

not very clear, Colloidal platinum also acts as hydrogenase
and many ferredoxinshave hydrogenase like properties. OMM

has characteristic membrane and this becomes important in
its ability of splitting water molecules. Thus according to
Hall, Rao et.al, chloroplast - OMM-hydrogenase system does
split water into hydrogen and oxygen and the ferredoxin-like
material of OMM is not destroyed by iight and oxygen, like

natural ferredoxin (2).




EXPERIMENTS ON THE: ORLGIN OF CELLS

Michael H.Briggs, D.Sc., F,R.A,S,, MiI.Biol; Fellow
Beed Service [ td. Hdarthan Park, Corsham, Wiltshire,

PUBLISHED IN:; Spaceflight, I,(4),129-131 (1965),
INTRODUCTION
It is now gencrally agreed that the first process for the

sriginatish of living cells with a terrestrial—-type biochemis-

try is {he formalion oF relatively large quantities of

organic substances on a primitive and lifeless planet (1525 84)

It has been conclusively demonstrated by many workers that
complex mixtures of organic Compounds can be produced by
the action of high-energy sources (UV, X=radiation, heat,
{ —radiation, electrical di scharges, etc.,) on mixtures of
simple gases such as methane, ammonia, hydrogen and water
(4,5,6,7,8). It is known that the atmospheres of the outer
planets are composed of just such gaseous mixtures, and
there are strong reasons to believe that the primitive
atmosphere of thec inner planets had a similar compositions
(4,6).

It has been shown that simple sugars can be converted
to polysaccharides (9), ~mino acids to polypeptides (10,41}
and nucleotides to simple polynuclestides (12) by a continua-
tion of the same mechanisms. The origin of life by chemical
evolution can consequently be represented by Figure 1.

The outstanding problem at the present time is to aceount
for the formation of the first molecular associations that

would be recogniscble as living cells,




Ligure 1.

CHEMICAL EVOLUTION OF LIFE

Mixture
Inorganic compounds -» simple organic
(H,0, NH5, CHg, H,NaCl, Phosphates, etc compounds

FHigh eneray \L
sources

ﬂMixture of

Proto-cell Sé* SR e S e s 5 Olyme e

Evolution by
natural selection

Primitive cellserem wrcrnencnecnaan3 Complex organisms

MORPHOLOGY OF PROTO-CELLS

When a simple mixture of organic polymérs is compared
to Che complexity of any cell from within a living organism,
tremendous differences are immediately apparent, & modern cell
possesses highly organised inclusions, known as organelles
(nucleus, mitochondria, microsomes, etc.). However modern
cells are the end-products of several thousand million years
of evolution and not only have associations of cells (i.e.,
organisms) evolved but there is considerable evidence for an
evolution of organelles (13),

Thus, the cytology of simple, modem organisms of ten
provides evidence of this evolution.

For example, the nuclear apparatus of vertebrate cells

is far more complex than that of even the most highly developed

plants, 1n that the cells of sezgglants lack astral rays and

well developed centrioles. When the nuclear cytology of the
sulphur bacterium, Begciatoa, is considered this organism
lacks a discrete nucleus, but possesses numerous chromatin
granules scattered throughout the cytoplasms. Reproduction
appears to be entirely due to in growths of the cell-walls

(14,15).
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The somewhat more complex Rhodobacteriales (i«e€.
Chromatium) have thelr chromatin granules in association; but

not covered by a nuclear membrane (444504

It is not until organis the complexity of Euglena
oxamined that distinct chromosomes can be detected, and €ven
with this organism spindle threads and interzonal strands are
lacking (16).

Similar evidence of a slow evolution can be found for
other organelles; Thus in the blue-green algae, the photosyn-
thetic pigments are dispersed throughout the cytoplasm and
chloroplasts are lacking. Granular pigment structures, lacking
the detailed micromorphology of higher plant chloroplasts, ¢an
be found in the purple sulphur bacteria (97 ).

The mitochondrion shows a similar evolution. This
organell e is totally ahsent from the blue-green algae, while
minute granules possessing 211 the metabolic functions of mito-
chondria can be obtaincd by ultracentrifugation of many species
of true bacteria (18). True mitochondria are present in yeasts,
but are very simple structures wi th few internal folds (19).

It seems an entirely reasonable assumption that the proto=

cells of the primitive sarth were very simple structures lacking

most of the organellec founc in the cclls of modern organismsSe

MECHANI SMS FOR THE ORLGLL OF PROTO-CELLS

Soveral authors (sce review by Oparin) have conducted
experiments to duplicatis the morphology of cells by interactions
of simple inorganic and ~rganic mixtures. While there is no
doubt that the products obtaine by many of these workers do
bear a morphological resemblance to living cells, this is the

only feature in common, in that the products are dissimilar in




7 i

chemical composition, are metabolically inert, do not grow or
reproduce, etc, Moreover most of these artefacts are produced
from substances and under conditions that were probably quite
absent from the primitive Earth, The only interesting products
are those of Fox (20) who has shown that themmal synthesised

proteionoids produce microspheres in water

However, more recently Bahadur (21) and Perti (22) have

e et o w R .
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5_work,

LABOBATORY SYNTHESIS OF. _PROTO--CELLS
of solutions was made up in 50 ml. conical flasks,
Each solution was represented by four flasks. The composition of
the various solutions is given in Table I. Each flask was
plugged with cotton wosl and then sterilised by autoclave. The
cotton plugs in the flasks were covered with polythenc sheet and
ellotape, Two flasks of each solutiosn were immediately covered
with thick dark cloths and placed in a locked cupboard, while
the other two were exposed to the light of a 500 watt bulb
continuously for a period of four months. Samples were taken
using ascptic techniques at various intervals,
After this time the flasks were opened and samples of

the contents examined microscopically, Some of the samples of
the contents of cach flask were inoculated into a series of

$teril¢ microbial broth-media and a ar slopes, These were then
g p

: : o) :
se2led and incubated for 2 weeks at 37 C. No growth was
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detected in any m:dium or on any slope, indicating the absence
of microbial contamination of the flasks.

MicrosGopic examination of samples from the flasks
stored in darkness failed to reveal any microstructures, but
samples from all the flasks exposed to light revealed numerous
globular structures ranging in size from aboutCL5‘F [¥o) 15 p.
Most of these structurcs were solitary, but some showed budding,
while others were associated in groups ranging from 3 to 15,
Similar objects, thoudh in diffe ring quantities, were seen in
all flasks., Highest yields were from flasks 1 to 5, though
objects formed in flasks 6 to/s%owod more detailed micromor-
phology.

Larger samples of the iightMQXposed solutions were now
centrifuged at 5000 r.p.m. for 30 minutes, when the solutions
Seéparated into a precipitate and a clear supernatant, Samples
of the sypernatant and the washed precipitate were subjected to
amino acid analysis by high-voltage electrophoresis, Samples of
solutions kept in the dark were similarly eéxamined. Results are
shown in Table II and indicate the fixation of atmospheric
nitrogen for flasks 1 .ts 3,

Analyses of the precipites by paper Chroma tography were
alsp conducted for purines, pPyrimidines, aromatic Compounds, .
reducing sugars and urea, Table III presents a summary of
those compounds tentatively identified.

fests of tho precipitates far enzymic activity have also
been conducted, Estcrase, peptidase and phosphatase were sea-
rched for in the precipitates using routine micro-clinical
assays. Detectable levels of estorase activity were found in
some precipitates, while phosphatase activity was found in

others. The leovels of activity wersz very low, but were qui te

repeatable. No peptidase activity could be found.
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Considered together; the results presented above demons—
trate that microscopic objects in the 0,5 to 15}; size range can
be formed by the prolonged action cof light on solutions of
simple compounds, Some of these objects possess a morphology
similar to that of simple cells; The objects are compcsed of
organic matter very similar to protoplasm. So also possess weak
enzymic activity, There is some evidence that the objects
reproduce by budding and are not merely formed continuously

from dissolved organic matter,

CONCLUSIONS

While the definition of "life* and thiving® is a difficult
problem, it can be said that these micrmscopic objects satisfy
many of the criteria of living cells. It seems entirely
probable that objects similar ts those observed in the present
éxperiments were formed in abundance in the oceans of the
primitive earth and were the immediate precurssrs of cellular
life,
Table I COMPOSI TION OF “SOLUTIONS

Pt Al e

1 2 3

Citric acid 0.8% Paraformaldehyde 0, 2% tartaric acid 1%
ferric oxide sol.15% molybdic acid 0.01% molybdic acid 0.01%
malybde%um oxide ferric chloride 0,01% ferric chloride 0.01%
sol, 15

4 5 6
L-tyrosine 0.05% ferric chloride 0.01% tartaric acid 1%

molybdic acid . ) L-tyrosine 0.05% ashed yeast#0,1%
0.01% : diammonium phosphate Q1%

7 8 9

L.tyrosine 0,05% paraformaldehyde 0.2% citric acid 0.8%
%Ashed yeast 0.1%  ¥ashed yeast 0.1% %¥ashed yeast 0,1%
diammonium phosphate 0.1% diammonium pho%phate
0,1

¥ashed yeast, with no organic contents was used to simulate the
primitive hydrosphere,
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IABLE TT AMINQ ACLD ANALYSLS

Solution in Solutions exposed to light - - =

€3 655 ca U e e eon 53 ems o B

o Supernatant Prec1p1tate Hydrolysed Hydrolysed
suoprnatant pre01p1tate

e T T

B
No ninhydrin alycine, glycine, glycine, glycine,alanine,
positive alanine, alanine, alanine, glutamlc absn
Compound s glutamic = glutamic glutamic aspartic aC1d
acid. acid, acid histidine,
aspartic lysine,
acid + Arginine.
several serire,
pep tides threonine,
phenylalanine,
tyrosine,
leucine,
valine,
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TABLE IIT COMPOUNDS TENTATIVELY IDENTIFIED IN MICROST UG-
TURES

Class of compound Compounds Detection Reagents on
paper chromatograms
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1. Purines Adenine, (1) Silver chromate
Guanine, (1i) mérecuric nitrate-
ammonium sulphide

ii. Reducing Glucose, (i) ammoniacal silver
Sugars Fructosé nitrate
(ii) acid potassium
permanganate
(iii) aniline-diphenylamine.

113, OGromatic Vanilic acid,
Compounds 3-hydroxy
benzeic acid,
4-hydroxyphenyl-
aceltic acid,

ive Ureides Urea i) Phenol hypochlori te
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GENETIC TAKEOVER AND THE MINERAL ORTIGIN OF LIFE
by

fe G, CGaims Smith
Cambridge University Press, Cambridge (1982),P.Q214

Evolutionary studies at all levels should give us further
insights as to general evolutionary mechanisms, for example
the roles of symbioses and of takeovers.

Bahadur and his school (see, for example, Bahadur &
Ranganayaki, 1970; Smith, Folsome & Bahadur, 1981) have been
studying microstructures-complex budding vesicles that Bahadur
calls 'jeewanu'! - which are generated when certain solutions
lio) ] prucipitatea in sunlight (for example solutions containing
molybdate, ammonia, phosphate and formaldehyde). Synthesis of
a number of our biochemicals has been claimed, It will be
interesting to know how these complex sfructures form. Is this

@ case of osmotic construction ? To what extent is their

compartmentalised structurs relevant to photosynthetic activity?

Perhaps the earliest photosynthesising organisms were a sub-

class of jecwanu, a kind whose structure was guided to some

extent by inorganic crystal genes.:

By the start of Chapter 9 we were beginning to think
about the kinds of polymers that wsuld have b:aﬁ availéble for
struc tural purmoses once the consistent synthesis of particular

chirally homogeneous monomers could be presupposed., Insights
-into‘possible first usesfor homopolymers and regular copolymers
can come, as we saw, from studies of polysaccharides, sugar
phosphate polymers, polynuclaotides and 'proproteins'!-both
natural and synthetic; Could we design molecules for holding
tog@thef clay particles ? Or could we even invent a 'nucléic,
acid enzyme (with oligonucleotide Coenzymes to go with it) ?

In considering first forms of nucleic acid replication

and the evolution of our protein-synthetic machinery, we are
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Coming to the final stagegiof the evolution of our kind of

life. But advances in understanding here could still be

relevant to the question of genetic takeov®r, Such advances

should tend to favour or refute the contention that the
invention of our nucleic acid-protein control machinery could
only have been made by organisms, highly evolved organisms,
that had had to manage without any such machinery to begin

wi th,

A useful .life ? To come back to the very beginning, there
are practical reasons for being interested in biogenesis if.
indeed first forms of 1ife were mineral and could be recreated,
Here would be a new technique of fabrication at the otherwise
difticult,; Colloidal, size level-through artificial selectian

of replicating defact structures, For example, exceedingly

finely enginecered semiconductor devices would become available,

made from the cheapest possible materials, It is such devices

that are perhaps most needed to solve the problem of converting

Cheaply and efficiently solar energy into other forms.




FORM D
ECTION-B : BIODATA OF THE SCIENTIST

A

a; List of honours & awards conferred on the 3/¢3
About Prof, Krishna Bahadur

eld Fellowship in 1960, worked in the Imperial
of Science and Technology, London for one
This fellowship is awarded to 2 Indians every
selection is made by the Nuffield Foundation,

Exchange Scientist in 1963, worked in the State
University of Florida at Talahassec for seven months.

Canadian Commonwealth Travelling Research Fellowship
in 1970. Worked in Sir George Williams University for
one year (Fellowship is offered 2 Scientists only from
whole of the Commonwealth countries)

Biography appeared in:

(a) Dictionary of Intern al Biography, Seventh
Edition (1970-71), Edited by Ernest Kav,

lcan Men of Science, 12th Edition, The Jacques
( ell Press, Tonipe, Arizona, (U.S.A )

World Who's Who in Science

(From Antiquity to the Present)

Marquis Who's Who Incorporated, ,
200 East Ohio Street, Chicago,Illinois (U,S.A.]

The last one is concerning Scientists from anti-
quity to the present of all over the world and

has thus bibliography of Charak, Bhaskara, Socrates
or Aristotle, :

Written several books., The list of awarded books:

(a) Antibiotics - 1976=77, Uttar Pradesh Hindi Sansthan,
Lucknow,

Chandrama ki Yatra - Avarded by Govt, of India =
Children's Book Award (ffa.ctioel &M?qun\ Qﬁiﬁkﬁygjj

Navecntam Awishkar - Jet Viman
awarded by Uttar Pradesh Government,




FORM D
SECTION-B : BIODATA OF THE SCIENTIST

S.No. 4(2) List of honours & awards conferred on the I/c:
About Prof, Krishna Bahadur

(1) - Nuffield Fellowship in 1960, worked in the Imperial
College of Science and Technology, London for one
year (This fellowship is awarded to 2 Indians ever

year and selection is made by the Nuffield Foundation;
England).

Exchange Scientist in 1963, worked in the State
University of Florida at Talahassec for seven months,

Canadian Commonwealth Travelling Research Fellowship
in 1970. Worked in Sir George Williams University for
one year (Fellowship is offered 2 Scientists only from
whole of the Commonwealth countries)

Biography appeared in:

(a) Dictionary of International Biography, Seventh
Edition (1970-71), Edited by Ernest Kay, Artillery
Mansion, Victoria Street, London, S.W.1.(England)

(b) American Men of Science, 12th Edition,

The Jacques
Cattell Press, Tompe, Arizona, (U,S.A.)

(c) World Who's Who in Science
From Antiquity to the Present) :
Marquis Who'!s Who Incorporated, oy
200 East Ohio Street, Chicags,Illinois (U. S, As)
The last one is concerning Scientists from anti-
quity to the present of all over the world and
has thus bibliography of Charak, Bhaskara, Socrates

or Aristotle,
Written several books. The list of awarded books:

(a) Antibiotics - 197677, Uttar Pradesh Hindi Sansthan,
Lucknow,

(b) Chandrama ki Yatra - Awarde by-Govt, of Tndia -
Childrent's Book Award ( &~ yUWdh od ool

ol iy
Rl UaN VA
% ,

(c) Navecntam Awishkar — Jet Viman
Awarded by Uttar Pradesh Government,
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()INFDRMATIDN REGARDING &
=T PRINCIPAL INVESTIGATOR
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(a) Name & Designation ¢ Dr. Krishna Bahadur, [F

- Chemistry Department,
. University of Allahabad,
Allahabad 211 D02

(b) Brief Bio-data s Born om 208h Jan, 1926,
indicati#ng. . his educational quallflcatlons 2 Meociy
specialised interest D.Phil,,D.Sc.,D.I.C. (Lond,).
particularly in Have published more than 300
relation to proposed scientific papers and 48 students
reseatch work have been awarded D,Phil, degree
under me. Nuffield Fellow (1960),
Exchange Scientist (1963),
%anadian Commonuweal th Researeh Faellouw
1968) . Have, been working on
Eh Photoﬁgffﬁ*§§llttlng of water by oo
: wrliCa. ® Tiwmation o] i tronemsince last b Yrs,
I have 34 Years of egxperience of
?T\f teaching and guiding researchs

(&) L Tt og Ihghftant s Attached 0ﬁWﬁNﬁx*§?
on

publicati
thisige relart
field \Q\

Ty

(d) List of research szheme ¢ None
being carried cut by
principal Investigator
//w’%H'Trﬁén01al support
prom varieous agencies/
orgamisations

dg%kNFDRMRTIUN REGARDING ODTHER RESEARCH SCIENTISTS TGO BE
ASSDCIA.ED UITH THE IMVESTIGATION

(a) Name and designation : Dr {iire) 8, Ranoanavaki, D So.,

ld!‘ Wiy
(b) Brief Bio-data indicat- 2 Reeéer Cheémistry Department

ing hPh_ specialised in- University of Allahabad

terest partifularly in Sha 1s D.Phil, amd BeSc, in

relation to proposed chemistry and guiding resegarch

research wark : sinece last ears, About 25
research students have been
awarded D.Phil under her and she
has published about 180 scienti-
fic pdpers, She is uWprkinog on ¢ iis
problem,for, the last several years,

(c) tist Bf publicatiops in 2 1in @OSY o? my' papers she is Cc-
this of related field suther.

(i List of ather pesecarch ¢ MNoae
‘ scheme with which the
| scientists is associajed
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,%«— Study of the functional properties of organo molybdeﬁum e

microstructures (OMM) as model for Protocells :-

OMM, a type of model of protocells, have been examined

for ferredoxin = like activity. It is because these micro-
Structures prepared by the action of light on sterilised
aqueous mixture of ammonium molybedate, diammonium hydrogen
phosphate, mineral solution and formaldehyde, have boundary
wall, a central mass and chemicals of interest in the study
of origin of life (1,2,3,4), That they have ferredoxin -
like material is evident because they can be used in the
place of ferredoxin in the photobiological system,chloroplast-
ferredoxin - hydrogenase (5,6), These microstructures were
tested for nitrogenase-like activity. It was observed that
if an aqueous mixture of OMM having acetylene in the overhead
space 1is exposed to light from a Xenon lamp, the amount of
acetylene decreases and ethylene increases with the period

of exposure (7).

If OMM and D20 mixture is exposed to the radiation

from Rayonet UPR 2337 nm keeping acetylene in the overhead
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space it 1s converted into CHD = CHD indicating that the
protons come from water and that these particles are capable
of splitting water (8). 'On irradiation of an agqueous mixture
of OMM and NaH14CO3, with 254 mm, 14C was found in the
organic material formed in the mixture(8) indicating fixation

of carbon.

Bubbles of gas are observed to be evolved when an
aqueous mixture of OMM is exposed to sunlight. The evolution
of gas continues for 4 or 5 days and then ceases but it
stops when sunlight is cut off, If the mixture is allowed
to stand in dark overnight and then exposed to sunlight

on the next day, again gas is evolved.

Warburg's study indicated that on exposure of OMM
suspended in water to sunlight, hydrogen and oxygen are
produced. As OMM have nitrogenase-like material the hydrogen
produced combines with nitrogen in the ratio of 1 vol, of
nitrogen to 1 vol. of hydrogen indicating the formation of
diimide (NH = NH) as an intermediate compound. If nitrogen
fixation is inhibited a mixture of hydrogen and oxygen

is obtained.

(;5) Aefanl /Nim 9 ML hok /)ny/fwsd ;
Exper imental approach :~ On treatment of the OMM with 1%

sodium €arbonate solution a fraction of OMM dissolves in
it and insoluble bluish rod-like structures are left in the

mixture, The dissolved fraction can be precipitated with




H@l as a yellow precipitate. This is some complex of
molybdenum which is capable of splitting water and fixing

nitrogen.

In another specific mixture in which OMM are produced

on exposure to sunlight, in the beginning for a few days only
= (8 ho G cxprrire o lod) v flice

spherical microstructures are formed. en eff day$ , after
the day's exposure, the mixture shows the presence of only
blue-rod structures which appear like crystals under the
microscope. On keeping this mixture in dark during the night
the next morning the mixture is full of blue, spherical
particles of 1 to 2/M« in diameter. These show distinct
boundary wall and some dense mass in the center under phase
contrast microscope. When this mixture is exposed to sunlight
on the next day, by the evening the mixture again has only
rectangular blue structureswhich appear like erystals under
the microscope. This mixture, on standing in dark during
night is again full of spherical particles the next mornings
and the process can be repeated for about one week when
finally this interchange stops and only blue. rod shaped
microsté?tures are left in the mixture. \Qd%ish to investigate
the relationship between blue Hlm& rod structure# like crystals
and the spherical OMM with boundary wall, both of which in

preliminary examination by X-ray diffraction appear non-

crystalline, employing extensive X-ray diffraction and other

e
technics, 1.want to determine the chemical-physical factors

that underlie the OMM structure and functional attributes.
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Microstructures with a specific morphology, with ability
to utilise the energy of sunlight for not only their formation
but éven for splitting of water in sunlight is of considerable
interest in the study of origin of life because this process
will set up an energy flow through the system and this will
provide additional stability. If to the mixture in which
OMM are produced on exposure to sunlight, some soluble salts
of semi~conductors and/or transitional elements is added
some of these are incorporated in the OMM formed and their
properties of photochemical splitting of water and fixation
of nitrogen is significantly improved. By incorporating
suitable amount of Mn, Cd, Co, &4n, La and Tc in the mixture
of OMM efficient OMM can be prepared which may become of
commercial interest. W2 have already done some work on these

lines.




Some quantitative idea of photochemical splitting of water

and fixation of nitrogen by the OMM

Incorporation of lanthanum and then titanium in OMM
renders them more efficient. The following table indicate
the pressure changes observed on exposing 20 mg. of OMM

Suspended in 5 ml, water taken in a conical Warburg's

flask (WF) of 14,5 ml. capacity and bottom area 9.5 cm2.

The pressure increase on an exposure of 30 minutes to
sunlight (i), and the pressure decrease during this period
as estimated by the decrease in pressure during the next

30 minutes on keeping the flask in shade (ii) were recorded.
From this the amount of hydrogen set free per day per
Square meter using 20 gm. of the OMM on six hours of
exposure (iii) and also the hydrogen consumed during this
period in grams (iv) were calculated, assuming that the

mixture is changed after each 30 minutes exXposure,




Pressure Decrea=- |[Net in-|§ of g of H

i W, E, im (8 in crease |H, pro used up
cm. Of mer- |pressu in pro-|diuced |[in N2 - 1
cury in 30 |re in cess in|ip g /|& P

mfe exposure |30 mif cm of m“ /day |g/m” /day
(1) in shade|mercury| (iii)
in em of |by ghoto-
mercury lysgﬁfof
(ii) in |water

WE in the
WF

Reference number
of OMM Condition

HM (Modi) J (Ac) 60 Oxygenic 5.75
HM (Modi) J (Ac) La60 |Oxygenic 10,50
HM (Modi) J (Ac) La ‘1‘1669 -do- 11.80

HMJ 60 anoxyge 14,00
nic

The gas tranéformation of the modified OMM when
their aqueous mixture is exposed to sunlight and subsequently
kept in shade will be investigated using gas chromatograph
and Warburg's apparatus with time and some scanning will be
done to see whether the process of water splitting and
nitrogen fixation can be enhanced in some of these OMM at

some particular pH using suitable buiffer.




2 ’pfgsénCe'of OMM the fixation of nitrogen continues @z/

even after the exposure is stopped if the hydrogen set free
by splitting of water is available under the condition when
rapid fixation of nitrogen takes place it is usually followed
by loss of nitrogen. The ability of OMM of photodssdthin cal
splitting of water has been considerably increased by adding
titanium sulphate and acetic acid in the mixture used for the
preparation of OMM. WE wish to prepare OMM by introducing
Silicon in these by adding soluble socdium orthosilicate in‘
the mixture before exposure and to examine the OMM produced

for thedir ability of splitting water in sunlight and fixation

of nitrogen. For this the time lapse study of the gas

exXchanges in sunlight and subsequently in shade willﬂbe
carried out using gas chromatograph. WB_also wish to eXplore
the possibility of utilising the OMM or some of its

modified variéty forrthe commercial expleitetio

n-of solar
energy.
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)/ \Je have been investigating the photoigzgéﬂgplitting
water by the molybdenum'aéeuanu since last g&?”&ears and
have prepared several modified MJ incorporating transitional
elements and semi-conductor elements in these structures,
During this investigation which was carried out, using War=-
burg's apparatus and chemical estimation, it was found that
some of these microstructures are strong nitrogen fixers on
exposure to sunlight, A few cf these shou good reductive

fixation of nitrogen whereas some are good oxidative fixers of
nitrogen.

(b) Research work done and progress in India

This work is not in progress anyuwhere else in India,

(c) Resgarch work done and progress in abroad

We formed a collaboration with Dr, D.0. Hall of the
London University, King's College, Lomdon and in this
collaboration we discovered that OMM have ferredoxin=like
material and these can subsittute ferredoxin in the
photobiological system, Chloroplast~ferredoxin=hydrogenase,
found in some algae which split water to hydrogen and
oxygen in sunlight. The work has been published (4).

Wg then formed a collaboration with Br, A« .Bmitheaof
pAEA—AmegRassarch Center, Moffett Field, California and
37 S P FOL#spme of Hauaii University to investigate the
nitrogenase=like properties in the DMM, = It-was Oosermal . -
that if DZD and MJ mixture 1is exposed to light keeping
acetylen in the overhead SpaCE,CHD - CHD is formed in the
Dver«hnad space of the mixture., It was further observed

14 :
that an agueous mixture of 0MM and NahH PD3 on exposure to

light shous thea presence O oF 14C:m the organic materlals

synthesised in the mixture indicating that OMM has
nitrogenase-like material and is also capable of Fixing
inorganic carbon to organic carbon. The work has been
published 3). It was subsequently observed chemically
that OMM are capable of fixing molecular nitrogen and
carbondioxide (?,MD.

Fven earlier in 1957 ue had formed
uith profe L Santamaria of the Institute of
Pathology Milano (Italy) to investigate the problem of
nitrogen fixation utilising the energy of light employing
colloidal molybdic acid as catalyst. The work was published
in Nature (f). This work =a was confirmed recently by the
work of Schrauzer (6) who rported that molybdenum has

nitrogenase-like activitys




,[*TECHNICAL PROGRAMME

1(8)

2

Phase one : STUDY OF THE REDUCTIVE FIXATION GF NITROGEN

(i) Several molybdenJm Jeewanu will be examlned for

their ability of fixing nitrogen in the form of diimide,
hydrazine and ammonia using Warburg's apparatus and by

chemical estimation.

will be investigated using Warburg's apparatus and gas
analysis by ga# chromatogram.

(itd)The effect of presence and absence of oxygen in

the reductive fixation of nitrogen will be investigated,

w
(iv) After detenn%pg the favourable conditions for

reductive fixation of nitrogen as observed by the above
experiments the amount of nitrogen fixed will bso
ostimated by chemical methods

(v) Gas chromatogrephic sstimation of the various
constituents formed during the gxposure of various

irradiation mixtures will be done.,

(ii) The optimum PH for the reductive fixation of nitrogen




(b) Phase two 3 STUDY OF OXIDATIVE FIXATION OF NITROGEN

(i) The offict af PY op LhE exidative fixation of

nitrogen will Ds determinec and optimum PH for this

fixation et a w samples of OMM will be undertaken
ratu

using Warburqg's appa
(ii) The amount of nitric nitrogen fixed by different
OMM under optimum conditions will be determined using @

(a) Warburg's

(b) Chemical :
(1ii) Experiments will be planned to segregate alkaline

nitrocgen fixation products from the acidic fractions to
avoid formation of NH4N02 by devising suitable apparatus,
Tcrbégin gith two lobed Warburg's flask will be used and

study will be made using Warburg's apperatuss Suhseouently.

e ———

simple apparatus for this will be deviseds.

Phase +hree :SEARCH FOR SUITABLE INHIBITORS OF NITROGEN
£055 REACIIONS

(i) Investigation of suitable inhibitors for nitrogen
loss due to decomposition of diimide will be undertaken.
Usual inorganic inhibitors as iodidse;, mercuricpons,
copper 10ns, cyanide ions an?éthers will be examined.
J'{ii) ' Inhibitors ‘of Tgss of nitrogen via ammonia
nitrite will be searcheds
(iii) 1f the effort of coarching suitable nitrogen 10ss
inhibitofs fail, an effort to segregate the primary
components of the final decomposition product itk Be

undertaken.




Anticipated results and their potential impact in unoerstandlng

4 o/
the origin of life (;/)

e e

Organo-molybdenum microstructures (OMM)“are models
for protocells which have several cheémicals of the present-
day cell but are basically inorganic and have about 44,50%
of molybdenum (9). These have é;;%séﬁ functional properties

;

as splitting of water in Suqv}ight and fixation of nitrogen.
By incorperating semiconductors and transitional elements
in these we may be able to produce particles which are
efficient in these functional properties. If the secondary
atmosphere of the prebiological era was made of carbon
dioxide, nitrogen and water vapours and there was not enough
organic matter on the surface of the earth or in the ocean,

particles like these could act as chemical precursors to

photoautotrophs. If efficient OMM could be prepared may be

these could be used for commercial splitting of water

utilising the energy of sunlight and the study of origin of

life could be put to some economic use, (8« ”‘1&"//37‘ 76’“"'”"5 il 5
A " Qerbic Tate oy otz ol )
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Additional facilities reguired uwhich are chargeable to
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(F) Equipment and apparatus -
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(1ii) Laboratory and UfFlcCE Chemical and
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A, Dearness Allowances

House Rent
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Contingencies.
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b
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Prof, (NLS)Inara Kuma:i

Verma
Profzssor of Chemistry
I.I,T,Hauz Kash, Kioos
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Universities

Title of tha FIoject 1 -licstions of the stulles on Crigin

dubetitle 2

Inaticution e aiiress | %ﬁ&?%?%i*ﬁ of allehsbsd,
alladb iy A iSe
wartment 1 Chesintry Department,University of A1lah

ipel Investigator and othar mesbers of the reseszch
group iL any

priscipel Iovestigator 2 PEG i« EKxlishne 3 s Heud,
emistry Depsrtament, University
@f silahabals.

assisted s Dx, (drs,} 5. Rangensyaki,feader,Chesistry
Becsrteent, University of Allahabad,.

soademic ﬁﬁﬁi&fiﬁ@t«ﬂﬂﬁ Bl @aﬁ%&fﬁﬁ axoeriencs of the
ators end publication related o t}% ﬁ&v& res afﬁm
Plecses indic ﬁ@ u&W 3@%%@&%% :

taken and in force with | “ﬁia&%ﬁﬁ or any &ﬁh@r‘
agency, giving details of tﬁ% ”fﬂﬁﬁ& ane number of pataons
employed, duration eto.

e Erishas Ba ahadur, eader
Department, Univeraity of
*iiahaﬁﬁﬁ,ﬁliﬁﬁaﬁaﬁ - 211 003,

(b} Brief Lio-data Born on 20th Jan. 1926, educational
: x&ﬁ%ﬁﬁ@ nas ﬁ%ﬁ%;iliﬁﬁmm B f‘%n@*%-c;iﬁgﬁ“iil.;@g* L
specislised inte- By XeCe {Lond.) » Have published aore
§ﬁ§t particulaxly than 200 scientific y&ffﬁﬁ and
in xwl&iiaﬁ Lo 40 students have Deen as iad D.Phil.
proposed research degres under me. Nuifield Fellowli960),
Work 2 Exchange Scientist (1963}, Canadian




Conmonweslth Research Fellow (1968).
Hove been working on Photolytie splitting
of water by fixation of nitrogen since
last 5 years. I have 34 yeers of
experience of teasching and guiding
resesrch,

List of Isportant @ Attached.

publications in

this or related

£ield

List of rescuarch
schene being
carried out by
principel Investi-
gator with finan-
cial support irom
various agencies/
organisations

{a) Hame snd designation 2

{b} Hrief Bioe-data indica- 3
ting his specialised
interest puartifulacly
in relstion @ propos
sed research work

Dre {Mre) 5, Ranganayeki,D.6¢.,

Reader, Cheadatry Departsent,
University of Allahabad, She is
BePhile, and D,85¢s in Cheslstry
and guiding research since last

20 years, &bout 15 research
students have been swarded D,Fhil
under her and she has published
about 100 scientific papers, She
is working on this problem for the
last several yesrs,

List of publications
in this of related
field

Liat of other research

In most of sy pepers she is Co=
author.

Bonee

scheme with which the
sciontists is &saocia-
ted

Brief outline of objective or work and lts importence. In
case it hes any R and © importance, pleasse substantiate @

Crganised alcrostructures are synthesised in certain
sterilised sgueous mixtures of simple organic and inowganie
substances when these sre exposed to sunlight or other sources

of energy. These alcrostructures have hess boundary wall and
internal structures and under specific conditions may show the




propurties of growth from within, sultiplicstion by bulling and
some metabolic sctivity (sece the attached confirsation of

Prof, H.H, Brigysi. Of the several types of sech microstructures
investigeted by ouwr schopl the ofgano molybdenum microstructures,
the molyidenus Jeowanu are é%y%i&ilf interesting because they
have many of the blochesicals of the preseat-day cslls,

seal of tho foncelonel prepectics of orysmo wolyhdonun
crostructures (. 3 :

GG, & type of wmodel of protoeells, have been exsained
for ferredozin - like mt:i%siw. it iz becouse these aiCEo-
sturectures preparsd by the action of light on sterilised
aguesus mlitwre of smsondun molytolates, dlamoaius hydrogen
phosphats, mineral selution end formaldehyde, have boundsry
wall, & central aase and chesdesls of interest in the study of
origin of life (1,2,3,4)+ That they have ferredoxin - like
materisl is evident betasuse they cen ke uwsed in the place of
ferredoxin in the photoblologicsl asystem, chloroplesticrredoxine
hydvogensse (5,68} These microstructures were tasted for
nitrogensse = like setivity, It was observed that if an sjueous
mixture of (i hawving ucg&tyiew, in the overhsed spoce is exrosed
to iight from & X@m&z lamp, the amocunt of acetylane docreases
and ethylene increases with the pericd of exposure (7).

If GH and D0 sixture is gosed ¢ the radistion from

kayonet U 2337 ns keeping scetylene in the mmraw ad spsce it
w sonverted into CHD = CHD » CHD fadlesting that the protons
ome ffom water and that these particles are capable of

u;m‘ g s? g;w!: {8). Un izrradiation of an soueous mixture of
et and He 0. with 254 e, L wag found in the organic
%&«imii%}. fumm in the siztureld) indicating fixstion of
Larhon.

Bubbles of gas «re cbecived o be evolved vhen &n scuecus
sizture of 0R 12 esposed to sunlight,. The evolution of gas
continues for 4 or 5 days &y then Ceuses but it stops when
sunlight 18 cut off, If the mixture is silowsd tc stand in
dark overnight and then exposed o sunlight on the next day,
ageln ges is evolvad,

warbarg's study indicsted thet oa sxposure of O8N
suspended in water to sunlght, hydrogesn and oxygen are produced,
A8 UM have nltrogensse-like material the hydrogen croduced
combined with nitrogen in the ratio of 1 wvol. of dilmide
(B = Hi) a8 an interoediste compound, If nitrogen fixation
is inhibited a mivture of hydrogen and oxygen iz obtained,

&n tr@@zwwt ai* tlzse G wim ;ﬁe sarf%im tmwaﬁ@m &aluﬁzm
& fragion of OME disscives in 1% sps Lnvoleble blulsh rodelike




tures are left in the mixture. 7The dissolved fraction
be precipitated with 1 8= 2 yellow precipitats, This 48
ne complex of sclybdenum which is ¢apeble of splitting water
fizing nitroyen,

in another specific alzture :ﬁ-.f& which 09 ares prodeced On
exposure 0o zmszli ahit, in the begloning for & ifew W*aya anly
..,;gu@_fic:wl smizrogstructureas are Ls)i’“ﬁs‘. ah{eﬁ ﬁitﬁ?l is br of
exposure to sunlight in thwee 4 3 Ltor i ‘g s snpoBure,
the mirture shows the presence of obly blue rod atzuctures which
appesr iike grystals wnder the J,is.rwss.m,wz:» s dng
f;ﬁi.&ﬂ&h&’:w in fémxa during the night the nest z%rqia g the mizture
iz £ull of blue, &i.,fmiwl partcicles of 1 & 2 in ﬁitﬁfﬁtﬁgn
these show distinct boundary wall and some dense mess in the
canter under phase contrant microscops, #hen this alzture is
sxposed to sunlight on the next day, by the evening the
minture again has only rectansuler blue struecture which gpesr
1ike cxrystals under the micrescope. This misture, on standing
in dark during night is sgadn full of spherical perticles the
next sornings and the process ¢an be repeated for sbout one
wook when finally this latsrchange stops and only blue, rod
shaped sicrostructures esre left in the aixture., I wish W
javestigate the relationship between blue rod structures like
crystals and the spherical ¢ with boundsry wall, both of
which in preliminacy exsmination by A-gay diifrasction sppear
ponecrystalline, employing extensive Xeray diifraction and
other technics, i want to determine the chenicaleghysical
factors that underlie the (8 structure and functional asttributes,

sicrostructures with a specific morpholoyy, with abllicy to
utilise the snesrgy of sunlight for not only thelr formation
but even for splitting of water in sualipght is of considerable
interest in the study of origin of 1ife Matsuse this process
will set up en energy flow through the gystem and this will
ﬁaravidaa additionsl stebility, If to the mizxture in which O8H
are nreduced on exXposure o sunlight, some soluble salts
ok &mi.mﬁdmtcra ad or transitionsl elements is added
some of these aFe incorporated in the OMn fotmed snd thalr
proper ties of gamﬁna%@mﬂ sslitting of water and fixstion
of nitrogen is significently improved, By incorporating
suitable amount of Mn, Cd, Co, In, Le and ¢ in the sixture
of oM efficient 0Nl oen be prepared which may become of
commercial interest, I heve aslrealy done some work on these

f chotochenical splifiing
e {;jv““‘}; g

Incorporation of lenthanum and then titaniuas in OMM rendezs
them more efificient. The following table indleaie the pressure
changes oks¢rved on exposing 20 mg. of (4 suspended in 5 ml. vater




taken in a conical varburg's flssk (WF) of 14.5 ml capecity ond
bBottom area 9.5 amz. ihe pressure increasce oh &n exposure of

30 minutes to sunlight (1), and the pressure decrease during
this period as estimated by the decrease in pressure during the
next 30 minutes on keeping the flask in shade (11} were recorded.
From this the emount of hydrogen set free per dsy per sguare
wmeter using 20 gm of the (MM on six hours of exposure (1i1) and
2lso the hydrogen consused during this period in grems (iv) were
caloulated, assuming that the mixture is chenged after esch

30 misutes syposure.

Pressurs |Lecrea] Net in |G of g of §g
in #,7, in (se in | crease H2 pro used up
cme of mer-|(pressu] in proge~|duced (in N,

cury in 30 (re in (use in 28 (in g/ [ficiim

| peference nunber Condition
of On ,

gxposure 30 ms | em of lay |g/m"/day
in shade meccury : ]
in on of by photeo|
imercury lys.Z of
{11) in water in
Wy } the Wi

_ i = |
e lsodl)d {ae) 60 Oxygenic il B.75 $.00 0. 70

Winodi) J (hc) Labl Oxygenic 5, wbig 18,50 7.60 4.57
#nlsedi)d gl Lba T4 60 ~do- w3e5 i1.80 8,32 250
i J 80 snoxygenic e 00 wihe G 14,00 14,70 11.00

ihe ges transiformation of the modified G when their
syueous mixture is exposed to sunlight and subseguently kept in
shade will be investigated uwsing ges chroemstograph and Warburg®s
apperatus with tisme and some scanning will be done to see vhether
the process of water splitting and nitrogen fixstion can be
enhanced in some of these OMM at some particuler pH using
suitable buffer.

In presence of OMM the fixation of nitrogen continues
even sfter the exposure is stopped if the hydrogen set free by
splitting of vater is eveilable under the cvondition when rapid
fixation of nitrogen takes place it is usually followed by loss

- of nitrogen. The ability of 0 of photolytic splitting of water

has been considerably increased by adding titanium sulphate and
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ANNEXURE A

The search for abilogenesis of amino acids started because
amino acids are building blocks of proteins and proteins are
builéding material of the present form of life on the sarth, The
modern study of origin of life started with the search of sbio-
genic process which could form amino acids under natural condi-

tions and good reviews of work on amino acids synthesis are

he
availeble (1,2). Of al;hprocesses of photochemical synthesis

ac
of amino scids using formaldehyde, mnacal nitrogen and inorga-

nic cetalysts are being investigsted by us.

Photochemical formation of amino acids hm?e teen observed
in sterilised équaous mixtures containing formsldehyde as a source
of organic carbon, amnigal nitrogen ap source of fixed nitrogen
and inorganic catalysts in colloidal state (3,4,5). The effect
of period of exposure, hydrogen ion concentration, nature of
catalyst and source of nitrogen on the formation of amino acids
have been studied in detail (6,7,8). This method of formation
of amino acids has been considersbly improved end it has been
observed that in sgueous mixtures of ammonium molybdate, diammo-
nium hydrogen phosphate, biological minerals and formaldehyde
the formetion of smino acid is so much in amount that it may be
tried on commercisl scale (9, 10, 11). The synthesis of as much
as i1 gm. amino acid per 1. has been cbserved in our laboratory(12).

The isolation of individual amino acids from these mixtures
premtfa adifficult problem, Preliminary estimation of amino
acids by titrimetric methods (13, 14) indicate that sufficient
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amount of amino acids are found in the mixture,. Chromat ographic
separation of amino acids has been carried out using column
chromatography and a total of about 3 gm, of amino acids per
litre of the irradiated mixture has been obtained (15)put the
products cobtained were not pure and further purificstion and
perfection of the separation by coluan chromatography 4s to

be tried.

It has been observed that the nature of amine acids

synthesized can be influenced by the change of the concentra-

tion of the reactants (16, 17) and under specific conditions

essential amino acids can be synthesised in appreciable amounts(18).

Amino acids are expensive commodity and a cheap method of
their production is of immense utility. This procedure of
photochemical formation of amino acids will provide a cheap
scurce of amino acids, One of the many problems faced by
developing countries like India is shortage of proteins and
this leads to malmutrition of the growing generation and the
availability of amino acids in large guantities, particularly
the essential amino acids, will greatly contribute towards
solving this problem and may be a major break though in the

nutrition problem of the whole world.

The method of separation of amino acids from hydrolysate
of proteins is well known hut the separation of amino scids
which have formaldehyde in the mixture presents difficuley.

We plan to achieve this separation by column chromatography
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after removing excess of amino acid by low temperature (below 59%)
distillation. Por subseguent analysis of amino acid, paper chro-
matography, titrimetric method modified for titration of specific
amino acids in prass%’é of other natural amino acids (1%, 20,
21, 22), gas chromatography, mass spectrometry and amino acid

analysers will be used,

The point is not to develop a method for isclation of
amino scid and their subseguent analysis which are well known
but to develop method which give good yields of amino acid in
the process of photochemical formation of amino acids which we
are investigating since last 20 years and isolate these amino
acids an? try to make this process commercial specially for the

essential amino acids for which there is world shortage,

There had been significant development in the work during

the last two years., It had been observed that in the above

ed
irradiaties mixtures microstructures known as Jeewanu are syntheée

sised in large nunbers (92), These particles have ferredoxin-like
activity (23), It haé been further observed that the particles
thus formed have nitrogenase-like activity. Thus a mixture of
scetylene if kept over the atmosphere of these particles in
water and mixture exposed to light, acetylene is converted to
ethylene (24). Using haa}z!;y water in the experiment it has been
observed that the ethylene formed is CHD=CHD, thus indicating
splitting of water molecule by thase particles with sunlight.
The parti:elca are also able to fix carbon dioxide to organie
carbon (25). Experiments with H *%co, tons in the mixture showed
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that the particles are gapable of reducing ineorganic 14& to

14,

organic and in this process water is split by the microe

structure (25),

Thus the mixtures we went to investigate will not only
provide a method for producing amino acids from the cheap

starting material hut also suggest a method of utilising the

solar energy for the fixation of nitrogen and carbon dioxide

D%
and splittine water to hydrogen and uaiggfb In this field of

work we are pioneers in the world and I reguest you to please

sanction this scheme so that we keep up the pace with the world.
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ANNEEURE B

will first investigate the conditions which help in
{a) the optimum formation of natural amine acids
(b) the optimum formation of essentisl amino acids as
Lysine, histidine, arcginine and proline and cysteine
which are normaslly synthesised in spprecisble amount

in our mixture,

We will develop guick methods of estimation of natural
amino acids and particularly of essential amino acids
because guick and accurate estimation of thege amino

acids is necessary to follow the reactions.

A method for the isclation of amino acifs from the mixture
of many substances produced in the irradiated miwmture is to
be developed, For this we will try

{a) Column chromatography

{b) chemical separation,

The separation of amino acids from those irradiated mixtures
is an extremely difficult matter not only because there are

many biochemicals found in them but &lso because formaldehyde

and phosphoric acid are present in the reaction mixture.,




PREPARATION OF SILICA JERWANU, 121111 J 24

Following solutions &re prepared :

4% ammonium molybdate soclution is nrepared by dissolving 4 ga
of the Salt in 100 nl of distilled water.

3% diamaonium hydrogen phosphate Solution is preparad by
dissolving 3 gm of the 8alt in 100 nl of distilled water.
#ineral solution is preparad by dissolving 20 mg of esach of
» sodium chloride, potussium sulphate, calcium acotate, magnesium
sulphate, nangansse sulphate and potassium dihydrogen phosphate
in about 85 ml of distilled water. One salt is completely
dissolved bafore adding ancther salt,
In a separate *test-tﬁba 10 0l of distilled water is

taken and 16 this 50 mg of ferrous sulphate is added with a

few drops of dilute sulphuric acid to aveoid hyd relysis. When
& complete 2olution is cobtained it is mixed with the above

85 ml solution of other salte and the total volume is made to
100 ]l witk distilled water.

36% formaldehyde solution is used in the experiment.

3% sodium chloride solution is prepared by dissolving 3 gm of
the salt in 100 =l of distilled water. L WJ) L;#a

6. 5% sol%a sgdium silicate (used in soap industryi\ia disso vAMZ

/\Ei}nm 0 ml of distilled watar,

PROCEDURS FOR PHEPARTNG PARBNTAL EWVIROWMENTAL MEDIUM (P2M).

50 ml of the smmonium molybdate solution, 100 ml of the diammo-
nium hydrogen phosphate sclution, 50 ml of the mineral solution, 50 ml
of the sodium chloride sclution, 50 ml of the scdium silicate and 50 ml
of formaldshyde are taken in & 500 ml pyrex conical flask. The flask




is coiton plugged and gently shaken. It is exposed to sunlight for
24 hours giving 4 hours exposure each day. The mixture is gentliy
shaken once or twice each day to disperse the sediment of Jeeswanu

getting formed throughout tha mixturs.

The mixture becomnes biue in about 2 hours of exposure. After

& fow hours of exposure & little of the mixture can be examined under
1500 magnification in a micracope to Sge the Jeswanu getiing fomed.
After 24 hours of exposurs the Jeewanu &re Separated by filtration
or centrifugation, washed with 2 ml of distilled water two or three
time® and driad in vacuum dosiccator. Yield = 1.2 gm.

We started exposing 2 similar mixture from light obtained from
1000 watts tungston bulb keeping it at 1 m distance from ths bulb.
The mixture has become just slightly bluish in 100 hours of sxposure

and no Jeewanu ars formed im it 30 far. So uSe sunlish®t as source of

exposurs.
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INTRODUCTION

It is now gensrally agreed that the first process for the
origination of living cells with a tercestrial-type biochemistry
is the formation of relatively largs quantities of organic
substances on a primitive and lifeless planet (1,2,3,4). It has
been conclusively demonstrated by many workers that complex
mixtures of organic compiunds can b: produced by the action of
high-energy sources (UV,X-raciation, heat, Y-radiation,clectri-
cal discharges, etc.) on nixturss of simple gases such as methane,
ammonia, hydrogen and wat:r(4,5,6,7,8). 1Itis known that the
atmospheres of the outer planzts are composed of just such gaseous
mixturas, anc there are strong reasons to oclieve that the
primitive atmospherss of the innter planets had a similar

compositicon(4,6 ).

It has been shown that simpl: sugars can be convetad to
polysacchariﬂes(9)) amino acids to polypeptides (10,11) and
nacleotides to simple polynucleoticdes (12) by a continuation of
of the same mechanisms., The origin of life by chemical evolu-

tion can conseguently be represented by Figure 1,

The outstanding problem at the present time is to account

for the formation of the first molccular associations that would

be recognisable as living cells.

Figure 1, CHEMICAL EVOLUTION COF LIFE

Mixture of
simple organic
compounds

Inorganic compounds

= CH,, H,NacCl, Phosphatées ,etc )

(H,0, NH

High enecrkgy
sources
Mixture of
polymexs

Proto=cellge—

\5’.
Evolution by
naturalselection

Primibive eol i8sevoean—vaii ~Complex organisms




MORPHOLOGY OF PROTO-CELIS

When a simple mixtur: of organic polymers is compared to
the complexity of any cell from within a living organism} tremen-
dous diffcrences are immediacely apparent. A modern cell possesses
highly organised inclusions, known asorganclles (nucleus, mitocho-
ndria, microsomes, etc, ) However modcrn cells arve the end-products
of several thousand, million years of evolution and not only have

associations of cells (i.,2., ccganisms) evolved but thers is

considarable asvidence for an evolution of organelles(13).

Thus, the cutology of simple, modsrn organisms often provides

evidence of this evolution.

For examplzs, the nuclecar apparatus of vertebratz cells is
far more complex than that of sven the most highly developed plants,
in that the cclls of seed-plants lack astral rays and well developed
centrioles, When the nuclear cvtology of the sulphur backterium,
Beggiatgg} is consicsred this organism lacks a disciet: nucleus,

but possesses numeious chromatin granules scattered throughout the

cytoplasms, Reproduction appeacs to be entirely cue to ingrowths

of the cell-walls (14,15),

Thesorevhat more complix Rhodobacteriales (i.e., Chromatium)

have their chromatin granules in associatiin, but not covered by

a nuclear membrane(14,15),

It is not until organism of the complexity of Euglena are
examined that distinct chromosomes can be cetected, and cven
with this organism spindle threads and intzrzonal strands are

lacking (16),

Similar evidence of a slow evolution can be found for
other organelles. Thus in the bluz-grzen algas, the photosynthetic

pigments arecdispersed throughout the cytoplasm and chloroplasts




(3)
are lacking. Granular pigment structures, lacking the detailed
micromorphology of higher plant chloroplasts, can be found in

the purple sulphur bacteria(l7),

Ther mitochondrion shows a similar svolution, This orga=-
nells is totally absent from the blue-gresn algase, while minute
granules possessing all thametabolic functions of mitochondiia
can be obtained by ultrecencrifugation of many species of true

bacterial(l8). True mitochondria are present in yeasts, but are

very simple structures with few intarnal folds(19).

It seems an antirely reasonable asumption that the proto-
cells of theprimitive earth were very simple structures lacking

mostof the organslles found in the czlls of modern organisms.

MECHANISMS FOR THE ORIGIN OF PROTO-CELILS

Several authors (see rcview by Oparin) have conducted
experiments to duplicate the morphology of cells by interactions
of simple inorganic and organic mixtures. thare is no
doubt that the procucts obtained by many of these workeirs do
bear a morphological resemblance to living cells, this is the
onlyfeature in common, in that th=o products are dissimilar in
chemical composition, are metabolically Inert, do not grow or
reprocuce, etc. Morsover most of these artefacts are produced
from substances and under conditions that were probakly quite
absent from the primitive Earth, The only interestingproducts

are those of Fox(20) whco has shown that thermal synthesisad

proteionoids produce microsphercs in water,

ﬁgwey;r(mora recgntlngﬁhadur (21) and Perti (22)7HAVE

y

DESCRIBED THE formation of a series of cell-likKe microstructures

A e i
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(4)

(Named b- them "Jecwanu a Sanskrit wordfor "warticles of life")

by the > On sgerilised solutions

containing citric acid and a colloidal sal of molybdanum or iron

It is bhe purpose of this papel Lo report a confirmation and

gf Elis work:

extensioy

IHE LABORATORY SYNTHISTS OF PROTC-CELLS

ot

A sericsof solutisns was made up in 50 ml, conical flasks,
EBach solution was represcnted by four flasks, The composition of
the var ous sclytions is given in Table T.  FEach flask was
plugged with cotﬁon wool and then sterilised by attoclave, The
cotton plugs in the flasks were covercd with polythene sheet and
cellotape. Two flasks of each solution ware immediately coverad
wWith thick dask cloths and placed in a locked Cupboard, wiile
the other tuo vere txposed to the light of 3 500 watt bulb
continuously for a period of fourmonths, Samples were taken using

aseptic tochniguss at vVarious gnteryale,

Afte: this time the £lasks ware opaned and samples of
the contents examirad microscopicallv. Some of the samples of the
contents of each flask were inoculated into a series of sterils
mi_robied browth-media and agar slopes. There were then sealed
and in ted:- For 2 wes : OC. No growth was detected in any
medium or on any slope, indicating the absance of microbial contami-

nation of the flasks.

Microscbpic eéxaminatio: of samples from the flasks stored in
darknessfailed to reveal any microstruccurcs, but samples from
all the flasks exposed to light revealed numerous globular stru-
ctures ranging in size from abaut Deb : Most oF the oo
structures wers colitary, but some showed budding, while others
wWere associated in grawmps ranging from 3 to 15, 8imilar objeéts,
though in differing quantititss, were seen in all flasks, Highost

yields vere from flasks 1 to S, tiough objects formed in flasks
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& to 9 sovwed more detailed micr-morphplogy.

Larger samples of the light-exposed soluténs were now
centrifuged at 5000 r.p.m. for 30 minutzs, when the solutions
Samples
of the supernatant and the washed precipitete were subjected to
amino acid aralysis by high-voltage electrophorssis. Samples of
solutions kept in the dark were siwilerly examined, Results are

shown in Table II and indicate the fixation of atmospheric

nitrogen for flasks 1 #o 3.

Analyses of the nrecipitable by paper chromatography were
also conducted for purines, pyrimidines, aromatic compounds,
reducing sugars and urea, Table IIT presents a summary of

those compounds tentatival

r enzymic activity have also
een concucted, Esterase, peptiase and phosphatase were
searched for in the precipitates using routine micro-clinical
assays. Detectable levels of esterase activity were found in
some precipitatas, while phosphatase activity was foundd in

others. The levels of activity wexc very low, but wers quite

répeatablc, No peptidasc activity could be found.

Considered togethers, the results presehted above demons-
trate that microscopic obhgects in the p.5 to 15 u size range can
be formed by the prolongsd action of light on solutions of
simple compounds., Some of thsse obrniects possess a mo - phdlogy
similar to that of simple cells. The objects are composed of

org=-nic mattz: very similar to protoplasm. So also possass weak

enzymic activity. There is s-me &vidence that the objects
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reproduce by pudding and are not merly formed continuously

from dissolved organdlc mattzr,

CONCLUSTONS

vihdile the definitepn of Y1if=" angd "living" i85 A difricult
problem, it can be said that these m crocopic objects satisfy
many of the criteria of livine eells, It sceup eoblrely
probable bat objects similer to |tbose -obscrved in the préscnt
experiments were formed in sbundance in the oceans of the
primitive Earth and wers the immediate precursors of cellular
lifcs
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Tabls I

B

15 2 3

citric acid 0.8% Paraformaldchyde 0.2% tartaric acid
ferric oxide sol,.15% molybdic acid l.0l1% i
nmolybdenumoxide sol,.l15% fer-ic chloride 0.01% molybdic acid

4 5
IL-tyrosing 0.05% Ferric chloride 0.01% tartaric acid 1%
molybdic acid 0.01% I=tyrosine 0.05% ashed ycast*0.1%

di smmor:iium phosphate0el%

7 8 2
Letyrosine 0i05% pacaformaldehyde 0.2% citric acid 0.8%
ashed y2ast QOel% ashed yeast 0e0l% ashed ysast Oel%

diammonium ptiosphate diammonium phosphate
Oe1% Oel%

*ashed yeast,with no organic contents,wes used to similatz the
primitive hydrosphere,




Table IT

Soluton in
dafk.

e rema

no ninhycdcrin
positwe
compounds

- Solutions exposed to light

(7)
AMINO ACID ANALYSIS

Supcrnatant Precipitate Hydrolysed Hydrolysed
supernatant Precipitate

e e e e e e e e e S SRS R SRS S O S SR

glycine glycine glycine glycine,alanine
alanine alanine alanine . glutamic acid
glutamic L ut i blutandc acid aspartic acid
acid, 14 histidine
aspartic lysine
acid + arginine
seveEral serine
peptides threonine
ohenylalanine
tyrosine
leucine
valine

Table III

P

e AR Rt A P i . B S

COMPOUNDS TsNTATIVE LYIDENTIFIZD IN MICROSTRUCTURES

Class of compound Conpounds Detection Reagents on Paper

1% Phurines

II.Redycing
Sugars

III,Armatic
compounds

-

IV, Urcidas

Chromatogcams

Acenine Silverchromate
Guanine mercuric nitrate-ammonium
sulphide

Gluccse (i) ammoriacal silver nitrate
Fructose (ii) acid potassium permanganate
(iiiYariline~ciphenylamine.,

Vaniliic acid
3=hyd - oxy
benzoix acid
4-hycroxyphanyl-
a@etbic acid,

(i) phenol~hypochlorite

e A A LA AT S AT r 50 0 A
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