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INORGANIC ORIGIN OF LIFE

Several models of protocells have been studied
during the last five decades in which coacervates of
Oparin, microspheres of Fox, thiocyanate particles of
Smith, marigranules of Egami and Jeewanu of Bahadur
are important.

Study of the functional prcperties of organo molybdenum
microstructures (OMM) as mcdel for Protocells :-

OMM, a type of model of protoeells  have been
examined for ferredoxinh - ike activity. ‘It is because
these microstructures prepared by the action of light
on a sterilised aqueous mixture of ammonium molybdate,
diammonium hydrogen phosphate, mineral solution and
formaldehyde, have boundary wall, a central mass and
chiemicalls sof interest 1in the study of origin of life
(1,2,3,4). They have.ferredoxin - like material
because they can be substituted for ferredoxin in the
photobiological system chloroplast - ferredoxin -
hydrogenase (5.6). It was also 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), indicating the nitrogenase -
like activity of OMM.

If OMM and D,0 mixture is exposed to the radiation
from Rayenct UPR 2337 nm keeping acetylene in the over-—
lead space it is eonverbed dante CHD — CID indiecating
that the protons come from water and that these particles
are capable of splitting w' ter (8}, @n krradiation ol
an aqueous mixture of OMM :.nd NaH 4C03, with 254 mm,

4c was found in the organ e material fermed in the
mHitire  (8) indicating fix tieon of earboen;

Bubbles of gas are observed to be evolved when an
agqueous mixture of OMM is exposed to sunlight. The
evolition of gas icontinues for 4 oer &5 days and ithen
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
ralie 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.

Experimental approach :- /)n treatment of the OMM with
1% sodium Carbonate solutios>n a fraction of OMM

dissolves in it and insoluhle bluish rod-like structures
are left in the mixture. '‘he dissolved fraction can

be precipitated with HC1 as a yellow precipitate. This
is some complex of molybdenum which is capable of
splitting water and fixing nitrogen.

In anolher spcific mixture in which OMM are
produced on exposure to sunlight, in the beginning, for
two days, only spherical microstructures are formed.
Then on the third 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 u in diameter. These show distinct
boundary wall and some dense mass in the center under
phase contrast microscope. When this mixture is
exposed to sublight on the next day, by the evening the
mixture again has only rectangular blue structures which
appear like crystals under the microscope. This mixture,
on standing in dark during night is again full of
spherical particles the ne:t morning and the process can
be repeated for about one +veek when finally this inter-
change stops and only blue, rod shaped microstructures
arc lefl in the mixtlure, [ wish to investigate the
relationship between the b ue rod structures like crystals
and the spherical OMM with boundary wall, both of which
in preliminary examination employing extensive X-ray
diffraction and other technics, appear non-crystalline.

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 sun-
light 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 viz. Mn, Cd, Co,
Zn, La and Ti are added some of these are incorporated
in the OMM formed and their ability of photochemical
splitting of water and fixation of nitrogen is signifi-
cantly improved, These may become of commercial interest.
I have already done some work on these lines,

In presence of OMM tae fixation of nitrogen continues
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 photolytic splitting of water has
been considerably increased by adding titanium sulphate
and acetic acid in the mixture used for the preparation
of OMM. I wish to prepare DMM 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 sun-
lTipht and fixation of nitrczen. For this the time

lapse study of the gas cxchanges in sunlight and
subscquently in shade will be carried out using gas
chromatograph, I also wish to explore the possibility
of utilising the OMM or some of its modified variety
for the commercial exploitation of solar energy.

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
indicates 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 og 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 d:y per square meter using
20 gm. of the OMM on six hcurs of cxposure (i11) and
also the hydrogen consumed during this period in grams
(iv) were calculated, assu ing that the mixture is
changed after each 30 minu es exposure. -

Reference number Condition ~ Pressure Decrease Net in- g of g of Ho

of OMM

in W. E in in pres- crease Ho pro- used up
em.of = - sure in in pres. -duced in Ne
mercury in 30 mm in sure in in fixation
30 mm shade in cm of m?/day g/m2/day
exposure(i) cm of mercury  (iii)

mercury by photo

Gii)in lysis of

WE water in

the WF

HM(Modi) J(Ac)60 Oxygenic =3 0 9.0
IM(Modi) J(Ac)La60  Oxygenic 50 10.50
HM(Modi) J(Ac)LaTi60 = do - - 35 11.80

HMJ 60

anoxygenic -6.00 14.00




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 o6f these OMM at some
particular pH using suitable buffer,

Facilities needed :- Apart from chemical and glass
aparatus which a chemical "aboratory usually has an
autoclave, optical microscope with phase contrast
arrangement and attached camera, photo Warburg's
apparatus, Xenon lamps, clinical mercury vapour lamps,
mass gas chromatograph, X-r:ay instrument for taking
diffraction X-ray photographs and analysis of elements
at different points of the OMM and an electron
microscope will be needed.

Outline of Second Year's Work :- After getting some
basic information in the first year, in the second
year I would like to use isotopically labelled H, C,

O or N in molecular forms suitable for experiments
employing both radioactive and isotopic forms of

these elements to understand the mechanism of the
photochemical splitting of water, fixation of nitrogen
and nitrogen loss.

Anticipated results and their potential impact in
unders tanding Lhe origin of life :-

Organo molybdenum microstructures (OMM) arc modcls

for protocells which have seyeral chemicals of the

_ present-day cell but are basically inorganic and have
about 44.50% of molybdenun (9). These have certain
functional properties as sgplitting of water in sunlight
and fixation of nitrogen. By incorporating semi-
conductor and transitiona'! 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 thése 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 iife could be
put to some economic use.
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INORGANIC ORIGIN OF LIFE

Several models of protocells have been studied
during the last five decades in which coacervates of
Oparin, microspheres of Fox, thiocyanate paYticles of
Smith, marigranules of Egami and Jeewanu of Bahadurc

are important:

Study of the funetional prcperties of organe molybdenum
microstruclaores (OMM) as model for Protocells (- :

OMM, a type of model of protocells, have been
examined for ferredoxin - | ike activity, It is because
tliese- mierostructures: prepared by the action of light
on a sterilised aqueous mixture of ammonium molybdate,
diammonium hydrogen phosphate, mineral solution and
formaldehyde, have boundary wall, a central mass and
chemieals of interest in-the study of origin of life
(1,2,3,4). They have ferredoxin - like material
because they can be substituted for ferredoxin in the
photobiological system chloroplast - ferredoxin -
hydrogenase (5.6). It was also 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), indicating the nitrogenase -
lake activity of OMM,

If OMM and DO mixture is exposed to the radiation
from Rayonct UPR 2%37 nm kkeeping acclyviliebo - in Lthe over—
head spaece it is convertced into CHD = CIID indicating
that 1he protons ceme [From water and that these particles
dre capable of splitting w: ter (8}, On irradiation of
an aqueous mixture of OMM :nd NaHl4cos, with 254 mm,

C was found in the organic material formed in the
nixture (8) indicatiing ITix:tion of earbon.

Bubbles of gas are observed to be evolved when an
aqueous mixture of OMM is exposed to sunlight, The
cvolution of gas continues for 4 or 5 days and then
ceases but it stops when sunlight is cut off. If the
mixture is allowed lo 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 ol | vol of nitropen to 1 vel, ol hydrogen
indicating the formation of diimide (NH = NH) as an




