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Application for getting Financial Assistance to attend International
Conference/Symposium under 'Travel Grants' Scheme.*

A. BIO-DATA

1 Name of the applicant (in BLOCK let- Bol. KRISHNA BARADLUR
ters)

a6(a) Date of Ot rth and age on the date of QEK
63applying

Pred
osev Gard Head Chany Ls Dep) lou2 Designation

werd, U V2. yoAALS3 Official address with pin code

2a In case of College, the University to
which it is affiliated

5. Field of specialisation Emgin A & fe ( Avs bees '¢)
6. List of publications in the specific field

Q 35 Au el,
Papers

(attach separate sheets)

7 Whether a member of National/
International professional bodies (circle
the appropriate word)

8 If the name of thetf

Fourcopiesaftt
New Deini-110 002

Grants Comm ionapphcation along with all the encius should be sent'to Secretary

(2) The proposal wii be processed only if

ta) ail the of this apphcation form are filed and

(b the necessary unclosures are sent along wim the orooosal
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pu9.Date of appointment to the present post

10. Date of confirmation in the substan-
tative post

1 Bb

B. CONFERENCE DETAILS

hecebw11 Title of the Conference to be attended

12 Name of tHe Organtsdrs with complete
address

13 Duration of the Conference ©SHOde

Conference/Symposium (put a mark
under the relevant column) Yes/No

x14 The role of the applicant in the

(a) Presiding/Chairing a Session (If yes.
attach documentary evidence)

(b) Delivering a plenary lecture/invited talk (If
Yes attach documentary evidence along-
with 4 copies of the full text/Summary of
the lecture/talk that was sent to con
ference organisors) a

(C) Presenting a paper (pre pape -s)

15 Whether the Paper has been accepted
for presentatican? (If Yes attach docum
entary evidence and 4 copies of the
Paper sent to tne organisors)

16 (a) Indicate the mode of presentation (attach
documentary evidence) No

Oral

(i) Both

16. Indicate whether the paper has been co-
authored No

v
Chins(a) arve there names along with ad

t Dy CMs

&A Ka, hal ir

et ae
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17

19.

20. Indicate the amount to be paid to the

21. Has the applicant approached

Has the no-objection certificate (s)
from the Co-author (s) have been en-
closed? (attach photo copy of the certi-
ficate (s)

18 Indicate the complete travel pian from
the proposed date and time of departure
(from the place of working to the Con-
ference) and back

Do the Conference authorities send the

papers for review before accepting?

Qw the CHvief Outhey

-Yos/No

30% be Lack

YestiteDoa not know

(a) If Yes attach the documentary evid-
ence and sulso the criteria followed
them, if any

organisors and the amount required
from the Commission on the following
heads, (attach (i) the communication
fromthe organisors and (it) letter from
the travel agent regarding air fare)

(a) Travel within India to reach the nearest

airport

(b) Air-fare (Both ways)

(c) Registration fee

(d) Pre-diem required
( indicate the number of

{days and the rate)

the

organisors/any other agency to

by

Assistance required from
the Commission

To be paid to orga-
nisors

fh, {oO
fo 3308006

BAO "OO

fy. TACO ©

Total (in Rs.) fo 8O%0O

byt



4

(a) Waive Registration Fee?

(b) Support Ar Travel?

(c) Get the maintenance Allowance?

{d) Support boarding and lodging?

(e) Any other? (specify)

22. 1f 'YES to any one of the above item,

indicate the latest position and the

amount likely to be made available (at-
tach documentary evidence).

23. Indicate the agency/institution to whom

applied for meeting the remaining (50%)
cost involved in attending the confer-

ence.

incor
will b
he or

hall .

lace:

Date:

Pertif

oe+

24 Has the applicant availed the financiat

assistance from UGC for attending
seminar/conference/Symposium etc., in
the last 3 years prior to the date of the

present conference? ¥gs/No

(a) If YES give the details in the following tabie.

Name of the Conference Place and dates of Total

attended Conference

a

25. Proposed date of joining duty in the

Institution

26 Any other intormation the apphcant
would like to give in support of the case

Financial U.G.C. sanctioned letter

assistance availed No. with date.
(in Rs)

As Lbnavens hy Ave» not pike frvmeel
4 Be adigeck boache cin

ply r, iy youPf ppt .

iv)

ate
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i certify that (a) the details given above are correct (b) if the information supplied is found to be
"oe

Ncorrect on later date} shall reimburse the entire money to the Commission, (c) the money received
vill be used for the purpose for which it 1s requested, (d) tn case financial assistance ts received from
he organisors or any other agency | shall pay back the amount granted by the Commission, and (e) |

hall abide by the decision of the Commission.

WS Va Fe 1 Chaduy
lace

/ Ly. cay { (Signature of the applicant)ate

Tertificate by the Head of the Institution:

{ certify that: ae

(i) The details given by the applicant are correct
it) The applicant has not availed the provision in the last 3 years

The college has been declared fit to receive financial assistance under section 128 of the
UGC Act.

iv) The applicant has enclosed all the relevant documents/paper

Siqnature

Name in Block A. R IN GH
letters

Designation

ate ID-4U-&Q Address

Office Seal



UNIVERSITY GRANTS COMMISSION
Bahadur Shah Zafar MargNew Delhi-110002.

GUIDEUNES FOR AVAILING THE FINANCIAL ASSISTANCE UNDER THE TRAVELGRANTS SCHEME.

1 The scheme is epen only to (i) college teachers and (11) Research Associates and Post-Doctoral
or for attending International Conference

Fellows working full time in Universities and Colleges either in connection with the research work

the
financial assistance wil be limited to 50% (fifty percent) of thetravel, Registration fee and per diem allowance

3 Incase of Research Associates and Post-Doctoral Fellows the assistance will be 100% of the totalexpenditure on the items mentioned above. However, the number of awards in a financ;shall be restricted to only ten tn these cases.
al year

4 Mere submission of the Proposal will not be automatically eligible for getting the financialassistance

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 presentationby the Organisors of the Conference/Symposium wil not mean acceptance of the proposal by theCommisston: -eventhough it is one of the prerequisite fo: considering the proposal
6 Aproposal will be processed only if it is sent in the prescribed application along with the necessa ryenclosures, if the Proposal is sent without the necessary enciosures, it will be summanily rejectedand no further correspondence will be entertained

7 The proposal will be consicered only if the paper has been accepted for Presentation in theconference/sympostum.

BA Proposal will be considered only if itis received one Prior to the date of commencementof the Conference No relaxation will be given in this fegard

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

10 Ifthe Paper is Co- authored then a no- objection certificate (s) from the author(s) who is (are) notgoing abroad has (have) to be enclosed along with the4 ol Cation



8

11-In order to ensure prompt action in releasing the grant, the following information/papers have tobe 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 !tems viz. travel. airPort tax, registration fee and daily allowance alongwith an attested copy of the permitissued by the Reserve Bank of india allocating Foreign Exchange of visit abroad of theteacher concerned.
«

(b) Utilization Certificate in the 'prescribed form from the College Auditor for the totalexpenditure incurred on the visit.

{c) Detaiis of assistance received or facilities provided by the Organisors of the Conference orany other similar Indian/foreign agency

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

(e) 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 Internationai Conferenceand on visit to other academic institutions if excursion ticket has been purchased for thevisit
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FORM D

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH, RAFI MARG
NEW DELHI

Application for Grant under Retired Scientist Scheme
SECTION A: GENERAL

4.(a) Name(s) of the applicant(s):

(b) Date of Birth

2. Title of the Research
Proposal
(a) Broad area/fieldclassification
(b) Names & addresseof 3-4

research scientists of
standing in the field

A. PROF, KRISHNA BAHADUR
B. DR(MRS),. RANGANAYAKI

A. 20th January, 1926,
B. 17th June, 1930.

: Photochemical Splittingof Water.

: Organic Chemistry,
Biopoésis.
1. Prof.O.N.Perti,Retired Professor and Head
Chemistry Department

in the other universities/research institutions in
India actively engaged in
the same area of research
to whom a reference could
be made,

Motiial Nehru Regional
Engineering College,Allahabad
9, Balrampur House
Allahabad-211002

2. Prof.(Mrs) Indra Kumari
Verma

Professor of Chemistry
I.1.T.,Hauz Khas
New Delhi

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

4. Prof. RP.Rastogi
Vice-Chancellor, BHUVaranasi,

CERTIFICATE
I/we have read the conditions of 'Grant to Retired Scientists!
and agree to abide by these if a grant is made.

LA

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,

Signature of the
Head/Executive authority of the Inst.

(Scal and Address)ar



A

= 2

3. Duration of research : Three vears
proposal

4, Amount of Grant proposed
(Detailed break-up,justification may be given

RS Se RS
in Section C) Ist year 2nd year 3rd year Total

Se

A=Statf
60,000 60,000 180,000

( two)
1.Chief Investigators .60, 000

60,000 60,000 180,0002. 60,000
2,Research associates 8 27,600 28,800 82,80026 4004

( two) 27,600 28,800 82,8002. 26,400

3.Senior Research 9 25,2060 25,200 75,60025 2001

AsSistants (two) 25,200 25,200 75,6002, 25,200
4.Junior Research 21,600 21,600 64,80021,6001

Assistants (three) 2, 21,600 21,6CO 21,600 64,800
3. 21,600 21,600 21,600 64.500

Total 288 000 290,400 292,800 871,200
we Se ESR eee ee

B.Contingencies
4. Chief Investigators 1.15,000 46,000 15,000 45,000

(Two) 2.15, 000 45,000 15,000 45,000
2. Research associates 1.10,000 10,000 10,000 30,000

( two ) 2.10, 000 10,000 10,000 30,000

Se Senior Research 1.10, 000 10,000 10,000 30,000
10,000 10,000 30,000Assistants (two) 2.10,

4, Junior Research 1. 5,000 5,000 5,000 15,000
5, 000 5,000 15,000Assistants (three) 2, 5,000

3. 5,000 000 15,990
85,000 85,000 255,00085,000

(A) Staff
Contingency

200

Grand total = Rse14 26, 200

3,75,400 per year for cs
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SECTION B : BIO~DATA OF THE SCIENTISTS

1. Name ; Prof. Krishna Bahadur
M.Sc., D.Phil, D.Sc.,D.I.C. (Lond)

Designation ; Retired Prafessor and Head
Chemistry Department,University of Allahabad,Allahabad=211002

Date of Birth 20th January, 1926
2. Educational Qualifications :

Degree Institution conferring Field(s) Year
ca Pe ne SOS OS ew oe ere See no Oe AR et DAR Orgs on sy em

B.Sc, University of Allahabad Chemistry,
Zoulogy,
Botany 1944

Chemistry=
specialisation
in Organic
Chuuis try 1946

M.Sc.

D.Phil =-do= Chemis try 1949

D.Sc, ~do- Chemistry 1956
D.I.C, Imperial College of Science

and Technology,London Microbisclogy 1962
Eg Ee ee ees ee vn een BORD Ge ree ms rome On SB Se Ce en en S Os aEe

3. Research experience
during the last 5 yearsof service career

Institution No. of papers
published(list of paperswith reprints
may be given
as Annexure

Year Nature of work done

ee ee ano Ce a owe FRESE Oe eo ees RE oy ee ee coe ars ee Gee oe re ee 06 ee On eee or 0 Ce oF eee eo

University of About 25 (listAllahabad 1989 life, phota-
1984 to Study of

'chemical splitting
of water and
fixaticn of N, and2

attached)

2

OT
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4. Research Specialisation Organic Chemistry, Plant
Chemistry, Microbiology,
Fermentation, enzymology,Biopoesis (Origin of life).Photochemical splitting of
water and Fixation of Nitrogen.

5. Research support received during the last 3 years or pendingfrom various sources?

(a) CSIR Support
past/present/
pending

(b) Support from
other sources
past/present/
pending

Total
period of
support
wi th
dates

Title of project Total
g CSIR amoun tincludi

mee one

Sanction No., if any of
grant

or

Nil

Nil

SECTION B : BIO-DATA OF THE SCIENTIST
1. Name

Desi gna tion

Date of Birth
2. Educational Qualifications

Dr(Mrs) S.Ranganayaki
D.Phil, D.Sc,

Reader, Chemistry Department,University of Allahabad, Allahabad-
211002

17th June, 1930

ee eo yrs OD8 os ee oe Oo ee eee on rs Te one yO OE Os OO Oe ers oe Poem ee Oey

De gree
Bema en

B.oc.

M. fe -do=

D.Phil
dD. Sc, d Oo

Institution Conferring
ee ere eesan = oD

Annamalai University

Allahabad University

Field(s) Year

Chemistry,
Physics,English 1950

Chemistry=
Organic 1952

Chemistry
Chemistry

1955

1961
ers COMER TET Ga RETA Pe eB Ee ES or ers oo PO NS eS oe ee 0 ee ee oe es Os ee CS ee pc OP a ew OCP

/5



3. Research experience during the last 5 years ofservice carcer

No.of papers
published(list of paperswith reprints
may be given
as annexure)

Institution Year Nature of work done

Ge emt em es een ed -, mie Gos exe at RM STR Er Ge ER END "2 By ESR REOM BARC MEN YRS OAD EO OO een EO aE SR Eee we ay SOs eG FAS ent

Study of Origin ofUniversity of 4984 About 25 papersAllahabad
Splittingdwater and
fixation of Ny and

te .1 fa Photochemical (List attached)
1989

a

4, Research Specialisation
Chemistry, Enzymo1ogy, Microbiology,Fermentation, Biopoesis (Origin,of Life), Photochemical splittingof water and fixation of Nitroce

Organic Chemistry, Plant

5. Research support received during the last 3 years or pendingfrom various sources

Title of the project Total Total
including CSIR amount periodSanction No., if any of of

grant support
wi th
dates

eT ED yoy > Te ne A OD Me A OD OE OD EN ee OD OE ES

(a) CSIR support
past/present/
pending Nil

(b) Support from
other sources
past/present/
pending Nil



DETAILED RESEARCH PROPOSALSECTION

(a) litle he investigati Phot: Mical plit of
er

(b) Summary of the proposed work:

Organo=molybdenum microstructures (OMM), 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 and intemal structured It was
opserved by D.O.Hall et.al that these microstructures can

be used in the place of ferredoxin in the system of chloroplast
~ferredoxin=hydrogenase which is found in the alc ae,which are

capable of splitting water to hydrogen and oxygen in sunlight.
In photochemical splitting of water, ferredoxin is reduced to
ferrodoxin exon 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 membrane of
Chloroplast helps in chargé separation. For a membrane acting
in energy conservating manner, the flow of electron must be

towards the redox potential with high energy rather than from
high to low redox level. The action of light is to provide a

Channel for dissociation of energy 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 light and oxygen, like
natural ferredoxin (2).



EXPERIMENTS ON THEORLGIN OF CELLS
Michael H.Briggs, D.Sc., F,R.A.S., M.I.Biol. FellowFeed Service Ltd,,Hartham Park, Corsham, Wiltshire,

PUBLISHED IN: Spaceflight, I,(4),129-131 (1965),
INTRODUCTION

It is now generally agreed that the first process for the
origination of living cells with a terrestrial-type biochemis-
try is the formation of relatively large 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 compounds can be produced by
the action of high-energy sources (UV, A=radiation heat,
¥ -radiati on, electrical cischarg.s, 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 the 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 (10,11)
and nucleotides to simple polynucleotides (12) by a continuae
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 account
for the formation of the first molecular associations that
would be recagnisibls as living cells.
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Figure 1,

CREMICsL EVOLUTION QF LIFE
Mixture

Inorganic Compounds simple organic
CompoundsNH Phosphates, etc2( H

High energy
Sources

Proto-cell Mixture of
BR olymers

Evolut on bynatural selection
PE1H0 tive COL] meree cee mem enenee mes > Complex organisms

MORPHOLOGY OF PAOTO-CELLS

When a simple mixture of organic polymers is compared

to the Complexity of any cell from within a living organism,
tremendous differences are immediately apparent, A modern cell
possessés 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.¢.,
organisms) evolved but there is considerable evidence for an

evolution of organelles (13).
Thus, the cytology of simple, modem organisms often

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, in that the cells of seedflants lack astral rays and

well developed centrioles. when the nuclear cytology of the

sulphur bacterium, Begoiatoa, 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 their chromatin granules in association, but

not covered by a nuclear membrane (14,15).

It is not until orgénism of the complexity of Euglena are

examined that distinct chromosoms can be detected, and even

with this organism spindle threads and interzonal strands are

lacking (16).
Similar evidence vf a slow @volution can be found for

other organelles, Thus in thc blue-green algae, the photosyn-

thetic pigments ere dispersed throughout the cytoplasm and

chloroplasts are lacking. Granular pigment structures, lacking

the detailed micromorpnology of higher plant chloroplasts, can

pe found in the purple sulphur bacteria (17).

Th. mitochondrion shows a similar evolution. This

organel}e is totally absent from the blue-green algae, while

minute granules possessing all the metabolic functions of mito-

chondria can be obtained by ultracentrifugation of many species

of true bacteria (18). True mitochondria are present in yeasts,

put are very simple structures th few internal folds (19).

It seems an entirely reasonabl2 assumption that the proto=

cells of the primitiv arth were very simple structures lacking

most of the organellcs femme in the cclls of moderm organisms.

MECHANISMS FOR THE ORTGIN OF PsOTO-CELLS

Several authris (s£e review by Oparin) have conducted

experimonts to duplice*s the morphology of cells by interactions

of simple inorganic and -roanic mixtures. While there is no

doubt that the products ybtained by many of these workers do

bear @ morphological resemblance to living cells, this is the

only feature in common, in that che products are dissimilar in
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Chemical composition, are metabolically inert, do not crow or
reproduce, «tc, Morcover most of these artefacts are produced
from substances and under conditions that were probably quite
absent from the primitive Sarth, The only interesting products
are those of Fox (20) who has shown that thermal synthesised
proteronoids produce microspheres in water

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

describéd the formation of a series of cell--like microstructuresRa ee LO Fog CT ee ee

word for of life")by them(named

by the action af sunlight or an UV lamp on sterilised solutions
containing citric acid and a colloidal sol. of molvbdenum or ironCS ie PEN Rg) Orr on gen es coe

the purposs. of this paper to report a confirmation and

extonsion of this work,

THE LABORATORY SYNTHESIS OF PROTO-CELLS
A series »f solutions was made up in 50 ml. conical flasks.

Each was represented by four flasks. The composition of
the various solutions is given in Table I. Each flask was
plugged with cotton wool and then sterilised by autoclave. The
cotton plugs in the flasks were covered with polythene sheet and
cellotape, Two flasks of each solution 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
continususly for a period of four months. Samples were taken
using aseptic techniques at various intervals,

né flasks were spened and samples of
the contents ¢xamined microscopically. Some of the samples of
the contents of cach flask were inoculated into a series of

Arter this time

$terilc microbial broth-media and agar slopes. These were then
sealed and incubated for 2 weeks at 37°C. No growth was



of micrabial contamination of the flasks.
MicrosGopic cxamination of samples from the flasks

stored in darkness failed to reveal any microstructures, but
samples from all the flasks exposed to light revealed numerous

Most of these structurcs were solitary, but some showed budding,
while others were associated in groups ranging from 3 to 15,
Similar objects, tnough in differing quantities, were seen in
all flasks, Highest yields were from flasks 1 to 5, though

9objects formed in flasks 6 to /showed more detailed micromor=
phology.

Larger samples of the light-exposed solutions were now
centrifuged at 5000 reo.m. for 30 minutes, when the solutions
separated into a precipitate and a clear supematant.. Samples
of the sypematant and the washed
amino acid analysis by high-voltage electrophoresis,
solutions kept in th dark were similarly examined, Results are
shown in Table II and indicate the fixation of atmospheric
nitrogen for flasks 1 to 3,

Analyses of the precipites by paper Chromatography were
also conducted for purines, pyrimidines, aromatic Compounds,
reducing sugars and urea, Table III presents a Summary of
those compounds tentatively identified,

Tests of th precipitates for enzymic activity have also
been Conducted, Estrase, peptidase and phosphatase were seam
rehed for in the precipitates using routine micro=clinical
assays, Detectable levels af esterase activity were found in
Some precipitates, while phosphatase activity was found in
others. The levels af activity were very low, but were quite
repeatable, No paptidase activity could be found,

detected in any mdium or on any slope, indicating the absence

globular structures ranoing in size from about 0,5 tc

precipitate were subjected to

Samples of
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Considered together, the results presented above demons-
trate that microscopic objects in the 0.5 to 15 p size range can'

be formed by the prolonged action sf light on solutions of

Simple Compounds,Some of these objects posséss a morphology
Similar to that of simple cells. The objects are composed of

organic aatter 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 living is a difficult
problem, it can be said that these microscopic objects satisfy
many of the criteria of living cclls. It seems entirely
probable that objects similar to those observed in the present
experiments were formed in abundance in the oceans 2f the
primitive earth and were the immediate precursors of cellular
life.
fable I COMPOSITION OF SOLUTIONS

1 2 3

a

ferric oxide sol.15% molybdic acid 0.01% molybdic acid 0.01%
tartaric acid 1%Citric acid 0.8% Paraformaldehyde

ferric chloride 0.01%molybdenum oxide ferric chloride 0.01%sol, 15%
4 5 6

tartaric acid 1%% ferric chlorideL=tyrosine 0.05% ferric chloride
molybdic acid tyrosine 0.05% ashed yeast#0, 1%

diammonium phosphate 0.1%0. 01%
7 8 9

L.tyrosine 0.05% paraformaldehyde 0.2% citric acid 0.8%
diammonium phosphate 0.1% diammonium phosphate

0.196 0 1% ashed yeast*Ashed yeast 07,176

¥ashed yeast, with no organic contents was used to simulate theprimitive hydrosyhere,
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TABLE II
Solution in

Supernatant Precipi tate
awe OMA

glycine,
alanine,
glutamicacid.

No ninhydrinpositive
Compounds

a ee en ees

TABLE TIT

Class of compound

Ee ee

i. Purines

Reducing
Sugars

ii.

Aromatic
Compounds

iii.

Ureides

C. Ponnamperuma,Nature,

M.H.Briggs, Sci.BANE Culture 26,
M. Calvin, *Chencal Evoution?+t
A.I .Oparin, Ori
(1957).

Solutions_®xposed to

er re er ee re ar

AMINO ACID ANALYSIS

a

glycine,glycine,
alanine,
glutamic
acid,
asparticacid +
several
pep tides

ac

Compounds

ee

Adenine,
Guanine,

(i) ammoniacal silver
(ii) acid potassium

Glucose,Fructose

(iii ) aniline-diphenylamine,
Vanilic acid,
3-hydroxy
benzoic acid,
4-hydroxyphenyleacetic acid,

REFERENCES

201, 337 (1964).

alanine,
glutamic

light _ ag 2dark
Hydrolysed Hydrolysed
superna tant precipitate

glycine,alanine,
glutamic acid,
aspartic acid,
histidine,
lysine,
arginine,
serine,
threonine,
phenylalanine,
tyrosine,
leucine,valine,

aren meme oe,

id

Ee

COMPOUNDS TENTATIVELY IDENTIFIED IN MICROSTUC-
TURES

Detection Reagents on
paper chroma tograms

(i) Silver chromate(ii) mercuric nitrate=
ammonium sulphide

nitrate
permanganate

(i) Phenol~hypochloriteiv. Urea

1.

160 (1960).
Univ. Oregon Press(1961)

2
3.

4. ofLif theEarth* Academic Press

N.H.Horowitz & S,L.Miller, Fortschr, Che, Org. Nat,5.

20, 423 (1962).
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S.L.Miller & H.C.Urey, Science 130, 245 (1969)

C,U.Lowe, We Rees & RMarkham, Nature 199, 219 (1963).
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GENETIC TAKEOVER AND THE MINERAL ORIGIN OF LIFE
by

A.G Cairns Smith
Cambridge University Press, Cambridge (1982), p. 424

Evolutionary studies at all levels should give us further
insights as to yeneral evolution®ry mechanisms, for examole
the roles of symbioses and of takeovers.

Bahadur and his school (see, for examole, Bahadur &

Ranganayaki, 1970; Smith, Folsome & Bahadur, 1981) have been

studying microstructures-complex budding vesicles that Bahadur
calls !jeewanu! .. wnich are generated when certain solutions
are pr cipitated in sunlight (for examole 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 structures form. Is this
a case of osmotic construction ? To what extent is their
Compartmentalised structurs relevant to photosynthetic activity?
Perhaps the earliest photosynthesising organisms were a subs
Class of jewwanu, 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 would have ben available for
structural purposes 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, polynucleotides and 'proproesins'!-both
natural and synthetic. Could we design molecules for holding
together Clay particles ? Or could we even invent a 'nucleic
acid mizyme (with oligonucleotide coenzymes to go with it) ?

In Considering first forms of nucléic acid replication
and the evolution of our protein-synthetic machinery, we are



=Qe

coming to the final s tagegrot the evolution of our kind oflife, 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 life were mineral and could be recreated,Here would be a new technique of fabrication at the otherwisedifficult, colloidal, size level-through artificial selection
of replicating defect structures, For example, exceedinglyfinely enginzered semiconductor devices would become available,
made from the cheapest possible materials, It is such devicesthat are perhaps most néeded to solve the problem of convertingcheaply and efficiently solar energy into other forms.
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REGARDING OTHER RESEARCH SCIENTISTS TO BE

Chemistry Department,
University of Allahabad,
Allahabad 211 002

Born on 20th Jan, 1926,

vence Ff
Pos tesvresig fg
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Study of the functional properties of organo molybdemum

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 molybadate, 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 photobielogical system,chloroplast
ferredoxin ~ hydregenase (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 is exposed to light from a Xenon lamp, the amount of

acetylene decreases and ethylene increases with the period
of exposure (7).

If OMM and D2Q mixture is exposed to the radiation
from Rayonet UPR 2337 nm keeping acetylene in the overhead



Space it is 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 aqueous mixture
of OMM and NaH'"co, with 254 mn, was found in the14

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
ef 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
Giimide (NH = NH) as an intermediate compound. If nitrogen
fixation is inhibited a mixture of hydrogen and oxygen
is obtained.

On treatment of the OMM with 1%Exper imental ppro
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
spherical microstructures are formed.

opie day$, after4

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 2M 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 crystals 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

microstyctures are left in the mixture. wish to investigate
the relationship between blue Hm@ rod structures like crystals
and the spherical OMM with boundary wall, both of which in
preliminary examination by X-ray diffraction appear non-

erystalline, employing extensive X-ray diffraction and other

technics, 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 even 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 exposare to sunlight, some soluble salts
of semi~conductors ana /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. We 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 ZO 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 em m".

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 exposure,
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Pressure in-Decrea- Net of g of H2Reference number in WF, in se in crease H, projused upof OMM Condition 2
Cie of mer- in Npressu in pro- duced
cury in 30 19re in cess g / ee

exposure m30 mit cm of /day g/m" /day
(1) in shade mereury (iii)

in om of by hoto-
mercury lys o£(ii) in water
WE in the

WE

4.75 ~1,0 5.75 4,00 0.70HM (Modi) J (Ac) 60 Oxygenic
HM (Modi) J (Ac) La60 Oxygenic 5.57 -5.0 10,50 7.60 4.57

-3.5 11.80 8.32 2.50HM (Modi) J(Ac)La -do - 8.30

HMJ 60 anoxyge 8.00 ~6.00 14,00 14.70 11.00
nic

The gas transformation 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 buffer.



4 pr sence of OMM the fixation of nitrogen continues 3

N 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 pho todo nr col

splitting of water has been considerably increased by adding
titanium sulphate and acetic acid in the mixture used for the

preparation of OMM. wish to prepare OMM by introducing
Silicon in these by adding soluble sodium orthosilicate in
the mixture before expoSure and to examine the OMM produced
for their ability of splitting water in sunlight and fixation

of nitrogen, For this the time lapse Study of the gas
exchanges in sunlight and -subsequently in shade will be
carried out using gas chromatograph. wish to explore
the possibility of utilising the oMM or some of its
modified variety for.the commercial 10 So.exp
energy.
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@ az /the sponsoring institutic

have been investigating the photo splitting
"of water by the molybdenum geeuanu Since last afe~years and

5 have prepared several modified MJ incorporating transitional
elements and semi-conductor elements in these structures,
During this investigation which was carried out, using War-

d burg's apparatus and chemical estimation, it was found that

q some of these microstructures are strong nitrogen fixers on

exposure to sunlight. A feu cf these show good reductive
Fixation of nitrogen whereas some are good oxidative fixers of

nitrogen,
(b) Research work dine and progress in India

5 This work is not in progress anywhere else in India,

(c) Research work done and progress in abroad

We formed a collaboration with Dr, D.O. 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 (§$).

We then formed a collaboration with Dr. A. Smith of

R a. esi BE ON Center, Moffett* Field, California and

Dr. C. Fol ds ome ot Hawaii University to investigate the
in the OMM, It was observed

nitrogenase=like properties
that if D.0 and MJ mixture is exposed to light keeping

2
spac a CHD = CHD is formed in the

It was further observedacetylene in the overhead

14
that an aqueous mixture of CP0M and NaH

14cin the organic materials
over-head space of the mixture.

on exposure toco
3

light shous tha presence of

synthesised in the mixture indicating that OMM has

genase-like material and is also capable of fixing
The work has beennitro

inorganic carbon to organic carbon.

published (g). It was subsequently observed chemically

that OMM are capable of fixing molecular nitrogen and

carbondioxide (F 10) »

Fyen earlier in 1957 we had formed

L. Santamaria of the Institute of General

investigates the problem of

the energy of light employing
The work was published

a collaboration

with prof.
Pathology Milano (Italy) to

nitrogen fixation utilising
colloidal molybdic acid as catalyst.
in Nature Q@). This work was confirmed recently by the

work of Schrauzer (6) who reported that molybdenum has #

nitrogenase~like activity.



*TECHNICAL PROGRAMME ©
: Ga), Phase one 3 STUDY OF THE REDUCTIVE FIXATION OF NITROGEN

Gi) Several molybdenum Jeswanu will be examined for

their ability of fixing nitrogen in the form of diimide,

hydrazine and ammonia using Warburg's apparatus and by

chemical estimation.

(ii) The optimum @H for the reductive fixation of nitrogen

will be investigated using Warburg's apparatus and gas

analysis by gagchromatogram.
(iii)The effect of presence and absence of oxygen in

the reductive fixation of nitrogen will be investigated,

(iv) After
determing

the Favourable conditions for

reductive fixation of nitrogen as observed by the above

experiments the amount of nitrogen fixed will be

estimated by chemical methods.

(v) Gas chromatographic estimation of the various
constituents formed during the exposure of various
irradiation mixtures will be done.



(b) Phase tuo STUDY OF OXIDATIVE FIXATION OF NITROGEN

(i) The effect of 8H on the exidative fixation of

nitrogen will 6 determinec and optimum pH for this

fixation cf a feu samples of OMM will be undertaken

using Warburg's apparatuSe

(ii) The amount of nitric nitrogen fixed by different

OMM under optimum conditions will be determined using +

(a) Warburg's apparatus

{b) Lnem

(iii) Experiments will be planned to segregate alkaline
gree

nitrogen fixation productc from the acidic fractions to

by devising suitable apparatuSe
avoid formetion of NHNOS

study will be made using Warburg's apperatus.
tuo Lobed Warburg's flask will be used and

with

simple apparatus for this will be devised.

(c) Phase three : SEARCH FER SUITABLE INHIBITORS OF NITROGEN

LOSS

(i) Investigation of suitable inhibitors for nitrogen

loss due to decomposition of diimide will be undertaken.

Usual inorganic inhibitors 4s iodide, marcuricicns,

copper ions, cyanide ions andpthers
will be examined.

of nitrogen via ammonia

nitrite will be searchede
(ii) Inhibitors of loss

(iii) If the effort of searching suitable nitragen loss

inhibitors fail, an effort to segregate the primary

components of the final decomposition product will be

undertaken.

ahaande
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Anticipated results and their potential impact in understanding
the origin of life" C5

organo-molybdenum microstrudtires (oMM)~are models.
for protocells which have several chemicals of the present-
day cell but are basically inorganic and have about 44,50%
of molybdenum (9). These have functional properties
as splitting of water in sun light and fixation of nitrogen.
By incorporating semiconductorsand 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

(6< ik bab alife could be put to some economic use, 4

G
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STAFF REQUIREMENTS
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S48c0/ aem. M.Sc. in Chemistry
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Research Associate D,Phil,20

Zp Prof Krishna Bahadur
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1 Pay of officers J 3

Pay of establishment
One Office assistant @1600/p.m. 12,000.00
One lab attendant @ god/-pem.

Allowances and honoraria Nil

-36 0602

A, Dearness Allowances Per rule

House Rent Nail

C, City Compensatory Allowance Nil

D. Other Allovance Nil

E. Travelling Allowances RS. 5,000.00 15,000

Contingencies
A, Recurring Rs, 45,000.00 135000'00

>

8, Non-recurring Nai

Total 0,806
+
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862,000.00pa
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Prof.(Mcs)Indra Kumari
Verma

Professor of Chemistry
Hauz andl Khoo
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Prof.Vishnu Chandra,
Chemistry Department,

- GorakhpurUniversity
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. Prof.R.P,Rastogi~ Vice-Chanceller,BHU
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Commonweclth Research Fellow (1960).
Have been working on Photolytic splittingof watexs by fixation of nitrogen since
Last 53 years, I heve 34 years of
experience of and guiding
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this ox related
£ieid

ia) List of reseuxch § None.
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principal investi-
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various agencies/
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ting his specialised University of Allenabad, she is
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ease it hes any KR and & importance, plesee substantiate

BON.

Grgenised macroetructures are synthesised in Certain
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internal structures ami under specific conditions may show the
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Substances when these exe exposed to 853 fF other sources
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30 minutes exposure,

teken in a conical warburg's flask {#7} of 14,575 m1 capacity and
the pressure inerease on an exposure of

30 minutes to sunlight (4), and the pressure decrease duringthis period as estiauted by the decrease in greseure during the
mext 36 minutes on keeping the flask in shade (14) were recorded,
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UNIVERSITY GRANTS COMMISSION

17. Title of the project Photoaynthesis of Amino Acids
2. (a) Institution and 8 University of Allahabad,

address Allahabate211002,
(b>) Departement Department of Chemi stry
(a) Prineipal Investigator: Dr. (Sm ? S, RaencanayakiMig, D,Phil., Z3Se,

3, Academic qualification anf research experience of the Investigator,
existing facilities ané suitability of the project 1 (Please indie
cate the research scheme already uncertaken and inforce with funds
from commisgion or any ether agency) «

(a) qualification § Maes D.Phil, D.Se
(b) Research Experience +s. 25 years, Published 50 scientific .

papers,
te) Fecilities ALL routine facilities are availerle

anc the project can be handled
out any further substantial require=
manss of equipment.

{d) Seheme in progress ~

4. Brief cutline of objective pt work and its importance +

Kindly see.

5. Aetual plan of work Kindly see 'enc osure B°
proposed (echnical programe ance plan of

work)

6. Duration of the preject + 3 years.
Ve Detailed estimate of the expenditure to be incurred on the project

fon annual basis ené not to exceed 3 yaars) 1

(a) Statt a
(i) One Senior Research Fellow = a, $00/- pem. (fixed)(ai) Two Junior Rescarch Feliows « Re

(444) Attendant ixed)
Total

ancy including + is. 5000/« per year
reprints ete.

GRAND TOTALS feePani220 400 /=, Rex, year LeU

(cont
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Thus the total grant needed for three years will be 22,400x3
Me 67, 200/m«

(Note s I want one Senior and Two Junior research fellows as well as
a lak, assistant, Their pay and contingency may he modified
according to the prevailing rules of UOC and reguisitecalculations fer 3 years may be made if this da not found in

83. Any other information useful in evaluation of the project 4

This method of formation of amine acid would be cheap and
financially viable, It aiso may lead to solving the problem
of orotein deficiency in developing nations,

9, Certified that
(a) Facilities required such az laboratories, equipment ete.

are available in the department.

fb) Re foreign exchange is required for taking up this project.
{e) Phis research proposal has net been submitted to any other.

agency for essistence.
(d) The additional staff te be recruited under the projectwill be on tne same conditions as prevalent for similar

categories of the staff in the University/College.

(Signature)

REGISPRAR PRINCIPAL INVEST IGRTOR HEAD OF THE
UNIVERSI?Y OF ALLAHABAD DEPARTMENT OF CHEMISTRY DUPARTMENT OF

1321KVER 83 IP 515 GF 59619269HABAD
ALLAHADAD UNIVERST
CHEMISTRY,



The search for abiogenesia of amino acids started because

amino acids are building blocks of proteins and proteins are

pudlding material of the present form of Life on the earth. The

modern study of origin of life started with the search of abio--

genic procesa which could form amino acids under naturel condi-

tions and good reviews of work on amino acids synthesis are
Ke.

aveileble (1,2). Of ali processes of photochemical synthesisAK
of amino ecids using formaldehyde, amonfea] nitrogen and inorga-

nic catalysts are being investigated by us.

Photochemical formation of amino acids
have

been observed

in sterilised aqueous mixtures containing formsidehyde as & source

ef erganic carbon, ammonical nitregen eae source of fixed nitrogen

and inorganic catalysts in colloidal state (3,4,5), The effect

of pericd of exposure, hydrogen ion concentration, nature of

catalyst and source of nitrogen on the formation of amine acids

have been studied in detail (6,7,8), This method of foxmation

of amino ecids has been considerably improved and it has been

observed thet in equeous mixtures of ammonium molybdate, diamno-

nium hydrogen phosphate, biological minerals and formaldehyde

the formation of amino acid is so much in amount thet it may be

tried on commercial scale (9, 10, 11). The synthesis of as much

as 11 gm amino acid per 17. has been observed in our laboratory (22).

have

fhe isolation of individual amino acids from these mixtures

present,a aifficult problem. Preliminary estimation of amine

acids by titrimatric methods (13, 14) indicate that sufficient
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amour of amino acids are foun' in the mixture. Chromatographic
separation of amino acids has been carried out using column
chromatography and a total of about 3 gm. of amino ecids per
litre of the irradiated mixture has been obtained (15)put the
products obtained were not pure and further purification and

perfection of the separation by colwan chromatography is to
be tried,

it has been observed that the nature of amine acids
synthesized can be influenced by tha 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 acics sre expensive commodity and a cheap method of
their production is of immense utility. This procedure of
photochemical fomnation of amino acids will previde e cheap
source 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 smino acids in large quantities, particularly
the essential amino acids, will greatly contribute towards
solving this problem and may be @ major break though in the
nutrition problem of the whole world.

The method of separation of amino acids from hydrolysate
of preteins is well known 'hut the separation of amino acids
which have formaldehyde in the mixture presents difficulty.
we plan to achieve this separation by column chromatography
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after removing excess of amino acid by low temperature (below 5%)

distillation. For subsequent analysis of amino acid, paper chro-

matography, titrimetric method modified for titretion of specific
amino acids in pressure of other natural amino acids (13, 20,enc

21, 22), gas chromatography, mass spectrometry end amino acid

analysers will be used,

The point is not to develop a method for isolation of

amino ecid and their subsequent 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 and 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

irradiat ter mixtures microstructures known as Jeewanu are synthe-

sised in large numbers (9), These particles have ferredoxin-like
4

activity (23), I have been further observed thet the particles
thus formed have nitrogenase-like activity. Thus 4 mixture of

acetylene if kept over the atmosphere of these particles in

water and mixture exposed te light, acetylene is converted to
vv

ethyLene (24). Vaing healehy water in the experiment it has been

observed that the ethylene formed ia CHD=sCHD, thus indicating

aplitting of weter molecule by these particles with aunlight.
The particles are also able to fix carbon dioxide to organic

earbon (25). Experiments with H Meco, fons in the mixture shoved



that the particles are capsble of reducing inorganic 44, to
organic 14, and in this procesa water is split by the micro~

atructure (25 ).

Thus the mixtures we want to investigate will net only

provide a method for producing amino acids from the cheap

starting material but also suggest a method of utilising the
solar energy for the fixation of nitregen and carbon dioxide

and eplittine water to hydrogen and water, In this field of
work we are pioneers in the world and I request you to please
sanction this scheme so that we keep up the pace with the world.
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ANREXgm

will First investigate the conditions which help in

(a) the optimum formation of naturel amino acids

(b) the optimum formation of essential amino acids as

Lysine, histidine, arginine and proline ané cysteine
which are normally synthesised in appreelable amount

in our mixture.

*

will develop quick methods of estimation of naturel

amine acids and particularly of essential amine acids

because guick and securate estimation of thege amino

acids is necessary to follow the reactions.

3. A mathod for the isolation of amine acids from the mixture

of many substances oroduced in the irradiated mixture ia to
be developed. For this we will try
(a) Column chromatography

tb) chemical secarat ion.

The seperation of amino acids from those irradiated mixtures

is an extremely difficult matter not only because there are

many biochemicals found in them but also because formaldehyde

and phosphoric acid are present in the reaction mixture,
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PREPARATION OF SILICAJ 121111 J 24

Polloving Solutions are prepared 3

4% aumonium molybdate solution is prepared by diasolving 4 gule
ef the salt in 100 al of distilled water.

3% diamoniua hydrogen phoSphate solution is preparad by

dissolving 3 gm of the 8a1t in 100 ml of distilled water.
"4ineral 3clution is proparad by dissolving 20 mg of aach of
Sodium chloride, potassium sulphate, calcius acetate, magnesium

Sulphate, manganese sulphate and potassium dihydrogen phosphate

in about 85 ml of distilled water. One salt is completely
b-fore another salt,

Ta @ Separate test-tube 10 nl of distilled water is
taken and to this 50 mg of ferrous Sulphate is added with a

few drop® of dilute sulphuric acid to avoid hydrolysis. When.

& complete golution is ebtained it is mixed with the abeve

85 ml solution of other salte and the total volume is made to

100 ml with distilled water.

36% formaldehyde solution is used in the experiment.

3% sodium chloride solution is prepared by dissolving 3 gu of

3.

he

5.

the salt in 100 wl of distilled water.
é. 53 luble

of distilled water.

PROCEDURE POR PREPARING PaR RENTAL 2NVIR0NM8NTAT MEDIUM (PEM) *

50 ml of the Sanonium aolybdate solution, 190 wl of the diamac-

nium hydrogen phoftphate selution, 50 wl of the mineral solution, 50 ml

of the sodium chloride Sclution, 50 ml of the sodium silicate and 50 ml

of formaldshyde are taken in @ 500 ml pyrex conical flask. The flask



is eotten plugged and gently shaken. It is exposed to sunlight for

24 hours giving 4 hours exposure each day. The mixture is gontiy
shaken once or twice each day to disperse the sediment of J eewanu
getting formed throughout the mixture.

The mixtures becoues blue in about 2 hours of exposure. After
a few hours of exposure & little of the alxture can be exanined under

1500 magnification in a microscope to see the Jeqanu getting formed.

After 24 hours of exposure the J sewanu are separated by filtration
or centrifugation, washed with 2 ml of distilled water two or three

tine and dried in vacuum desiccator. Yield = 1.772 gm.

We Started exposing 4 similar aixture from light obtained from

1900 watte tungston bulb keeping it at 1 m distance from the bulb.

The mixture hag become just slightly bluish in 100 hours of exposure

and no Jeswanu ara formad in it 30 far. So uSea Sunlight as Sou rag of
exposure.
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ON THe ORIGIN OF CELISEXPERIMENTS

Michael H.Brigcs, D.Sc., F. Re a MIBiol. Fallow
Feed Service Ltc,,Hartham Pazk, Corsham, Wiltshire.
PUBLISHED IN: Spacefliht, I, (4), 129+131(1965),

INTRODUCTION

It is now generally eqrveed that the first process for the

origination of living cells with a tercastrial-type biochemistry

is the formation of relatively large quantities of organic

substances on a primitive and lifeless planet (1,2,3,4). It has

becn conclusively demonstrated by many workers thet complex

mixtures of organic compiunds can b produced by the action of

high-energy sources (UV,X=raciation, heat, Y-rediation,clectri-
cal discharges, étc.) on mixtures of simple gases such as me thane,

ammonia, hydrogen and wat £(4,5,6,7,8). Itis known that the

atmospheres of the outer planets are composed of just such gaseous

mixtures, anc thers are strong. seasons to lieve that the

primitive atmospheres of th: innter planets had a similar

composition(4,6 ).

It has been shown that simp: sugars can be conveted to

polysaccharides(9), amino acids to polypeptides (10,11) and

nacleotides to simple polynucleotides (12) by a continuation of

o£ the same mechanisms. The origin of life by chemical evolu-

tion can consequently 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 OF LIFE
Mixture of

Inorganic
compounds(H, 0, NH

3° CH simple organic
2

High energy
sources

Mixture of
polymerslls

v
Evolution by
naturalselection

Primitive gem ~ Complex organisms
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(2)
MORPHOLOGY OF PROTO-CELLS

When a simple mixtur of organic polymers is compared to
the complexity of any cell from within a living organism, tremen-

dous differences are at ly apparent. A modern cell possesses
highly organised inclusions, known asorganelles (nucleus, mi

ndria, microsomes, étc,) However modc#n cells are the end-products
of several thousand, million yeais of evolution and not only have

associations of cells (i.6., oxganisms) evolved but there is
considerable evicence for en evolution of organelles(13).

Thus, the cutology of simple, modern organisms often provides
evidcnee of this evolution.

For example, the nuclcar apparatus of vertebrate cells is
far more complex than that of evan the most highly developed plants,
in that the cells of seec=plants lack astral rays and well developed
centrioles, When the nuclear cvtology of the sulphur bacterium,

Beggiatoa, is considered this organism lacks a discret.: nucleus,
but possesses numexous chromatin granules scattered throughout the

cytoplasms. Reproduction appears to be entirely due to ingrowths
of the cell-walls (14,15),

Thesonevhat more complax Rhodobacteriales (i.¢., Chromatium)

have their chromatin g¥anules in associatiin, but not covered by

a nuclear membrane(14,15).

It is not until organism of the complexity of Euglena are

examined that Gistinct chromosomes can be detected, and even

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 blus-green algae, the photosynthetic
pigments arecispersed throughout the cytoplasm and chloroplasts

a
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(3)
are lacking. Granukar pigment structures, lacking the detailed
micromorphology of higher plant chloroplasts, can be found in
the purple sulphur bacteria(17),

The mitochondrion shows a similar evolution, This
nells is totally absent the blue-gresn algae, while minute

granules possessing all themetabolic functions of mitochondria
can be obtained by ult of many species of true

bacteria(18), True mitochone=ia are p in yeasts, but are

very simple structures with few internal folds(19),

It seems an entirely reasonable asumption that the

cells of theprimitive earth ware very simple structures lacking

oto

mostof the organelles found in the cells of modern organisms,

MECHANISMS FOR THs ORIGIN OF PROTO-CELLS

Several authors (see ¥ vicw by have conducted

experiments to duplicate the morphology of cells by interactions
of simple inorganic and organic mixtures, While there is no

doubt that the procucts obtained by many of these workers Go

bear a morphological resemblance to living cells, this is the

onlyfeature in eommon, in that the poducts are dissimilar in
chemical composition, ave metabolically inert, do not giow or

etc. Mor most of those actofacts are produced
from substances and under conditions that were probably quite
absent from the primitive Earth, The only interestingproducts
ars those of Fox(20) who has shown that thermal synthesised

Uparii )

reproauce

proteionoids produce microspheres in water,

Howev.r,more recently Bahadur (21) and Perti (22) HAVE

DESCRIBED THE formation of a series of cell-like microstructures
ty
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(Named them Jeow anu a Sanskrit wordftor "pacticles of life")
by the action of sunlight or an UV lamp on sherilisec solutions
containing citric acid ane a colloidal sal of molybdanum or iron
Lt is the purpose o£ this paper to veport a confirmation and
xt nsion o£ this wor"ke

ce

THe LABORBTORY SYNTMESTS. OF PROTO..CE LLS
A SOr solutions was made up in 50 ml. conical flasks,

Zach solution was sepresented by four flasks. The cmposition of
the va ous solutions is given in Table I. Each flask was
plugged with cotton wool ana then sterilised by attoclave, The
cotton plugs in the flasks wera COVER Ia with polythene sheet and
cellotape, Two flasks of each solution wece immedidately coversd
w th thick cak cleths ana placed in a locked cupboacd, wile
the othe tio were XWIOSE to the light of a 500 watt bulb

oamp les were taken using
continuously for pc iod oz fourmonths.
aseptic t at va-ious inte cvals,

Aft: - this time the flasks were opened and satmmles of
the contents ¢xaminec microscopically. Some of the samples of the
contents of each flask wese inoculated into a series of stecils

browth-media and agar slopes. There were then sealed
and incubated for 2 weeks et 37°C. No growth was detected in any
medium ox on any slope, indicating the absence of microbial contamie
nation of the flasks,

Microscopic examinatio of samples from ths flasks stored in
darknesefailed to reveal any nicrostruccurcs but samples from
all the flasks exposed to light revealed numerous globular
ctures ranging in size £rcom about Oed u to 15 u. Most of these
structures were colitary, but some Sslowed bucGing, while others
were associatcc in groups canging from 3 to 15, Similar objects,
though in differing quantitites, wer? seen in all flasks, Highzstyields were from flasks 1 to 5, though objects formed in flasks

1
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$5)

6 to 9 sowed more detailed wic -morphplogy.

Large samples of the solutons were row

centrifuged at 5000 r.p.m. for 30 Minutes, when the solutions
separated into a precipitate anc a clear supernatant, Samples
of the supernatant and the washed precipitete were subjected to
amino acid aralysis by high-voltage electrophoresis. Samples of
solutions kept in the dack similerly «xamined, Results are
shown in Table II and indicate the fixation of atmospheric
nitrogen for flasks 1 &o 3,

Analyses of the xrecipitable by paper chroinatography were
also conductsd fo purines, pyrimidines, aromatic compounds,

Table III presents a summary ofracjucing sugars and urea,
tnose compounds testatively identifisd,

Tests of the prcepitates for snzymic activity have also
been conducted, Esterase, peptkase and phosphatase were
searchéd for in the precipitates using routine micro-clinical
assays. Detectable levels of esterase activity were found in
some precipitates, while phosphatase activity was fourd in
others, The levels of activity wei. very low, but wers quite
repeatabl.. No peptidases activity could be found,

Considerec togethes, the results presented above demons-
trate that microscopic objects in the 0.5 to 15 u size rangé can
be formed by the prolonged actkon of light on solutions of
Simple compounds. Some of these obrects possess a mo.phology
Similar to that of simple calls. The objects are composed of

ic matte. very similar to prctoplasm, So also possess weakOrg

enzymic activity. There is some evidence that the objects
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(6)
reprocuce by pudding and are not merly formed continuously

from Gissolved matter.

CONCLUSIONS
_

"hile the definiton of "Life" and "living" is a difficult
problem, it can be said thet these m. objects satisfy
many of the criteria of living cells. It ssems entirely

probable hat objects simile. to | those observed dan the préscnt

experiments wet. formed in abundance in the oceans of the

primitive Earth and wars the Tint Late prcursors of ccllular
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COMPOSITION OF SOLUTI ONS:Table I
2 31

Chtric 0.8% Parafocmaldchyde 0.2% tartaric acid
farvic oxide sol,15% molybdic acid 1.01% 1%

4 5
Let 0.05% Ferric chloride 0.01%

acid 0.01% .05%

7 8

Letyzosine 005% pacaformaldehyde 0.2%
ashec yeast ashec yeast 0.1%

cLammonium phosphate

001%ferric chlo-
vide 0.01%

6
tartaric acid 1%
ashed ycast*o.1%

Aismionium phosphateo.1%
9

citric acid 0.8%
ashac yeast
diammonium phosphate

molybcenumoxide sol,15% chloride 0.01% molybdic acid

*ashed yeast no organic wes used to similats the
primitive hydrosohert: .
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(7)Table II AMINO ACID ANALYSIS

Soluton in Solutions exposed to light
dark. Supernatant Precipitate ~Hydrolysed Hydrolysed

Supe snatant Precipitate
ome ec Sad aes cere,

olycsne glycine glycine, alanine0 ninhycrin giycine
alanine alasine alanine glutamic acid

compounds glutamic biutamic blutanic acid aspartic acidacid, acia histicine
aspartic lysineacid + argininesav al serine

threonine

tyrosine
leucine
valine

tic:
ylalanine

Table Tit COMPOUNDS TANTATIVE LYIDZNTIFIZD IN MICROSTRUCTURES
Class of cxmoound Detection Reagents on Paper

Chromato ams

Silverchromate(ii) mercuric nitrate-ammonium
Sulphide

1. Purines Aanine (i)
Guanine

Gluccse ) silver nitrateFructose ii) acid potassium pe smanganateSugars
( Lid ) a

Tit, Avmatic Vaniliic acid
ompounds 3-DyGloxy

benzoix acid
acetic acid.

ae

IV, Urea (i) phenol-hypochlorite

te

at
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