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Current

Fifty Years of Nutrition Research
in India

MALNUTRITION is, today, the most important
problem affecting more than half of mankind.

The problem is assuming alarming proportions,
particularly in the less developed countries, where
the population is continuing to increase at a high
rate. In the technologically advanced countries,
nutritional deficiencies have been largely eliminated,
and the need for research into nutritional deficiency
diseases is mainly of academic interest. Therefore,
the less advanced countries have to undertake
research on a large variety of nutritional problems
faced by them. Reviewed in the light of the above
considerations, the achievements of the Nutrition
Research Laboratories, Hyderabad, which celebrated
its Golden Jubilee during 26 September-2 October
1969, are significant.

From a modest beginning as a small Beriberi
Disease Enquiry Unit set up at Coonoor in the
year 1918 - almost coinciding with the emergence
of the subject of nutrition as a full-fledged science
the institution has grown into one of the leading
nutrition research centres of the world. The labora
tories has to its credit pioneering work on deficiency
diseases like kwashiorkor, marasmus, anaemias,
pellagra, endemic dropsy, beriberi, phrynoderma,
nutritional oedema, fluorosis, etc., which are endemic
in the developing countries. A striking feature
evident from the record of the activities and
achievements of the laboratories is the dynamic
and pragmatic approach adopted in tackling these
diseases. A typical example is the work done on
the etiology of pellagra, a widespread disease of the
Deccan region, traditionally linked with the intake
of jowar. Systematic and painstaking work at the
laboratories, involving the analysis of several hun
dred varieties of jowar, has made it possible to trace
the disease to amino acid imbalance in certain
varieties of jowar (excess of leucine) rather than to
jowar intake itself. The answer suggested for the
problem is selective propagation of low leucine
strains of jowar, rather than a drastic change in the
dietary habits of a large section of the population.
The work done on lathyrism, a paralytic condition
caused through the excessive intake of the pulse,
Lathyrus sativus, has led to equally striking results.
The disease has been attributed to the presence of a
toxic principle in the pulse, for the removal of which
a simple procedure - soaking of the grain in warm
water - adaptable under village conditions has been
developed. A finding of still greater significance is
that the concentration of the toxic principle varies
widely in different strains of L. sativus. As in the
case of jowar, the possibility of selective propagation

Topics

of strains of L. sativus, low in the toxic principle, has
been indicated.

In fulfilling its overall responsibilities towards the
improvement of the nutritional status of the people,
the laboratories has made important contributions
in several areas through extensive survey and
clinical work. Notable among the problems investi
gated are protein-calorie malnutrition and vitamin A
deficiency in school children and iron-deftciency
anaemia in pregnant women. For overcoming pro
tein-calorie malnutrition, recipes based on judicious
combinations of locally available and relatively
inexpensive vegetable materials like groundnut,
pulses and other cereals have been worked out.
The finding that a single massive dose of vitamin A
given once a year can largely overcome vitamin A
deficiency in children has attracted worldwide atten
tion. It is gratifying that the Government of India
have included a pilot project in the Fourth Plan
concerning large-scale administration of two doses of
200000 IU of vitamin Ato children at 6monthly inter
vals. Work on iron-deficiency anaemia in pregnant
women has established that the condition can be pre
vented and controlled by the daily administration of
tablets providing 30 mg of elemental iron and 500 tLg
of folic acid during the last 100 days of pregnancy.

Assessment and periodic review of the require
ments of calories and different nut~ents - proteins,
B-group vitamins, vitamin ,C, iron and calcium
of the people in different physiological groups, and
c(mstant review of food composition tables form
too major continuing activities of the laboratories.
Nutrient compositions of over 850 foodstuffs avail
able in India have been worked out.

An imaginative line of research initiated recently
concerns the upgrading of newly developed high
yielding strains of various foodgrains in respect of
their nutritive value. In collaboration with the
Indian Agricultural Research Institute, New Delhi, the
laboratories has been conducting a systematic screen
ing of all the newly developed strains to ensure that
apart from disease resistance and improved yield, the
nutritive value of the strains is also taken into con
sideration before they are released for propagation.

Another important topic of research taken in
hand recently concerns aflatoxins, the toxic princi
ples produced in foqdgrains (particularly groundnuts)
through fungal contamination, capable of causing
serious damage to the 'liver and producing cancer
in several organs. The approach being followed is
radical in that stress is distributed equally on
the improvement of harvesting practices and the
evolution of strains resistant to fungal attack.
An improved"-strain of groundnut (US 26) has been
evolved; even when the fungus grows on this strain,
the toxin is not elaborated.
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Improving the nutritional status of the people
and combating malnutrition are the mo,t important
tasks of the laboratories and these will be its
continuing responsibility. The various measures
and programmes which the laboratories has sug
gested to ensure this will demand very efficient and
effective extension programmes. Machinery of a
size commensurate with the magnitude of the task
has to be set up in addition to providing adequate
funds.

A significant feature of the work of the labora
tories in recent years is the collaborative approach

to the solution of the problems with other bodies
promoting research. This collaborative approach
can pay rich dividends and should be assiduously
cultivated and extended to other bodies like the
Defence Science Organization, the Council of Scien
tific & Industrial Research, and the Department of
Atomic Energy.

During the past fifty years the laboratories has
tackled and solved many important nutritional
problems of the nation and one can look forward
confidently to the successful solution of the prob
lems of the future.

International Conference on Ion-exchange in the Process Industries

N. KRISHNASWAMY
Central Salt &: Marine Chemicals Research Institute, Bhavnagar

THE Society of Chemical Industry, UK, orga
nized the above conference in the auditorium
of the Mechanical Engineering Division of

the Imperial College of Science and Technology,
South Kensington, from 16 to 18 July 1969. Over
300 delegates made up of scientists and industria
lists from different parts of the world participated
in the three-day conference in which two sessions
were held simultaneously both in the mornings and
afternoons. Dr Neil Iliff, President of the Society
of Chemical Industry, opened the conference.

Session 1 : Preparation and Properties of
Oraanic Resins

In the morning session presided over by Dr K. W.
Pepper, Dr T. R. E. Kressman described the prj}
perties of some modified polymer networks and
derived ion exchangers with reference to the kinetics
of exchange and equilibria. A knowledge of these
data revealed the structure of the modified poly
mers. After describing the various methods for
the pore structure determination of macroreticular
ion-exchange resins, Dr R. Kunin projected electron
micrographs for various resins. It was indicated
that it was now possible to obtain pyrogen-free
water with these resins and also that they were
useful for virus purification. Dr J. A. Mikes review
ed the developments in the field of porous ion
exchangers since 1951, by projecting electromicro
graphs of various stages in polymerization and
critically examined the methods of their evaluation
and discussed some useful methods. After de
scribing in detail the standardized procedure to be
adopted to obtain IR spectra of ion-exchange
resins, Dr D. H. Freeman discussed the use of IR
spectroscopy in recognizing the extent and nature
of crosslinking of poly(styrene divinyl benzene)
resins. The interpretation of different wave peaks
observed in the IR spectra was discussed and the
possibility of drawing up microstandards for ion
exchange resins was pointed out. Prof. H. P.
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Gregor described the preparation of an oleophilic
ion-exchange resin and its application in biological
separations. The kinetics of separation was found
to be dependent on the manufacturing conditions
which affect the structure.

In the afternoon section of Session 1 held under
the chairmanship of Dr G. E. Boyd, Prof. K. M.
Saldadaze described the structure and properties of
ion exchangers, chiefly based on styrene divinyl
benzene copolymers. Copolymerization of styrene
with different grades of divinyl benzene (para, meta
and technical) was studied and the products ob
tained were compared in terms of stability, etc.
By understanding the mechanism of formarion of
defects within the resin, it was aimed at overcoming
these and obtaining ion-exchange resins of the desired
quality. The influence of the matrix structure
on the exchange capacity was brought out. The
synthesis and study of anion exchangers based on
vinyl pyridine and alkylvinyl pyridine with different
grades of divinyl benzene was described by Prof.
A. B., Pashkov. The properties of the different pro
ducts were compared and shown to be affected by
the, nature of the' monomer employed. Mr G. O.
Roberts, discussing the effect of chemical and physi
cal structure on anion-exchange equilibrium in
quaternary ammonium ion exchangers, brought out
the influence of matrix on the exchange kinetics by
studying resins of different structures. The effect
of different substituents on the equilibrium charac
teristics of various resins was studied and the basis
for the resistance to organic fouling by macroporous
solvent modified resins explained. Prof. J. E.
Salmon explained the significance of the results
obtained from studies on the structural features
of ion-exchange equilibria; the values of !i.H ob
tained over a range of temperatures were compared
with results of calorimetric measurements for the
same resin. The observation that finely powdered
forms of resin exhibit higher rates of exchange
with possible mechanical filtration properties and
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hence could be used for improving the quality of
treated water was made by Dr F. Martinola when
discussing the properties and application of powder
ed ion-exchange resins. Besides, since powdered
resins were normally not regenerated and reused,
these lend themselves for adoption by unskilled
operators. The necessary prerequisites for ion
exchangers to be used in continuous systems, such
as good resistances to crushing, abrasion and attri
tion, resistance to osmotic shock and maximum
rate of exchange with ease of regeneration, were
discussed by Dr P. Grammont. He stressed the
need for incorporation of these characteristics, as
many of the existing resins did not exhibit them.
Discussing the thermal stability of ion-exchange
resins, Prof. G. R. Hall enumerated the conditions
at which different resins decomposed. In order
to establish the mechanism of decomposition, the
products of decomposition were analysed and the
exchange capacities were determined after heat
treatment. The effect of different degrees of cross
linking on thermal stability was brought out and
it was observed that resins with lower degrees of
crosslinking were more useful at higher tempera
tures. Dr H. T. Fullam considered the thermochemi
cal instabilities in anion-exchange processing; the
nitrate form of various anion-exchange resins was
exhaustively studied and various conclusions drawn.
Based on these, safety procedures to be adopted
while processing nitrate forms of anion exchangers
were recommended.

Session 1: Developments in the Desi~n of
Ion-exchan~e Plant

This session was held simultaneously with Ses
sion I, under the chairmanship of Dr N. K. Hiester.
Dr G. S. Solt reviewed the new techniques under
development in different countries for carrying out
ion-exchange processes aimed at reducing cost and
increasing efficiency of· ion-exchange reactions and
pointed out that the CI (or Asahi) process was
finding wide acceptance as is evident from plants
operating on this' principle in different parts of
the world. This process was discussed in detail
by the next speaker, Dr J. Bouchard, who enume
rated the advantages of this continuous process.
Dr R. C. Clayton presented a systematic analysis
of continuous and semicontinuous ion-exchange
techniques and described the stages of development
of a continuous system by enumerating its require
ments: the performance data for the pilot plant
showed that a continuous softener compared
favourably with a conventional fixed bed softener.
The features and requirements of a continuous
ion-exchange process were reviewed by Dr D. G.
Stevenson who also traced the progress in the
design of a commercial scale plant. The Chem
seps continuous counter-current ion-exchange con
tactor which uses the' downflow' system and its
application to demineralization process were de
scribed by Dr I. R. Higgins; the use of low-cost
lime for regeneration and lower requirements of
process water in complete demineralization steps
make the process very attractive. Dr M. J. Slater
compared the hydrodynamics of two continuous
counter-current ion-exchange contactors and ex-

amined the data, with special reference to voidage
and resin hold-up in each. Mr F. L. D. Cloete and
his collaborators presented a systematic analysis of
the performance of a pilot plant contactor in order
to provide a useful design procedure for predicting
the performance of a full scale plant. The distribu
tion of residence time of the resin in a counter
current continuous ion-exchange column was de
scribed for a system of moving bed contactor by
Dr J. C. R. Turner. The effect of fluidization of
the bed on the residence time was brought out by
the data obtained on actual experimental runs.

Session 3: Developments in the Desi~n of
Ion-exchan~e Processes

This session was held under the chairmanship
of Mr A. A. Lemon. After reviewing the essential
features of the application of ion-exchange resins
in mineral industry, Mr D. R. George described
the use of both solid and liquid ion exchangers to
recover sulphur and sodium carbonate from brines,
sea water and to recover potassium from. the Great
Salt Lake deposits. The feasibility of the tech
nique for these new applications was brought out
by the exhaustive data presented. In the com
bined ion-exchange-solvent extraction (Eluex) pro
cess for ammonium diuranate production, Mr J. W.
Fisher presented the results obtained with a semi
continuous mini-plant apparatus simulating plant
conditions and showed the suitability of the tech
nique for the purpose. The design and cost for
ion-exchange softening for a sea water evaporation
plant were presented by Dr G. Klein, who after
explaining the schematic flow sheet pointed out
its potential scope for preventing scale in evapo
rators and indicated the low cost of pretreated water
supplied to the evaporators. Fractional separation
of various feed mixtures by continuous ion-exchange
was shown possible by Dr M. Streat and the tech
nique was claimed to be easy to adopt as a conven
tional solvent extraction technique. Dr D. Glasser
described an apparatus for fractional ion-exchange
separation in which the resin was enclosed in an
annular section on the lower surface of a rotating
disc. Data on the separation of various ions with
very similar properties from mixtures under various
experimental conditions were presented and a simple
steady state mass transfer equation was derived to
describe the behaviour of the column of resin.

Session 4: Separation and Radl!>active
Waste Treatment

This session was held simultaneously with Ses
sion 3 under the chairmanship of Mr R. H. Bums.
Mr J. Inczedy described the planning of ion-exchange
chromatographic separations using complex equi- I

libria and presented data on the separation of
(I) bivalent cations by a cation-exchange resin using
a complex forming agent as eluant and (2) organic
aromatic acids, using a column of anion-exchange
resin and nickel(III) ions as the complexant eluant.
The use of a shielded ion-exchange facility as an
adjunct to a reactor fuel reprocessing plant for the
recovery and purification of valuable elements from
the nuclear industry was discussed by Dr E. J.
Wheelwright who also reviewed several separation
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flow sheets in this regard. Dr L. H. Baestle de
scribed the ion-exchange properties of zirconium
and titanium phosphates, with particular reference
to their use in the separation of nuclear reaction pro
ducts. The ion-exchange properties of a volcanic
tUff and its application to selective adsorption of
radionuclides were described by Dr W. Lutze. After
presenting the composition of the material and some
data on fundamental properties, such as apparent
self-diffusion coefficient, the construction of a pilot
plant for decontamination on a semi-technical scale
using this material was described.

Session 5: Suaar Processina by
Ion-exchange

Dr T. V. Arden was the chairman of this session.
The use of anion-exchange resins for syrup decolo
rization in sugar refining was discussed by Dr K. J
Parker who pointed out that colour removal by
'the resin was a selective process 'and hence it is
necessary to choose the proper resin structures to
.achieve max.imum decoloration. Mr E. Waleriai
iczyk described the problems of decolorizing beet

, sugar solutions and reported the purification effected
by combined carbon and ion-exchange resin treat
ment to be efficient; it increases the usefulness of
the resins. The prerequisites for a successful and
economical method for decolorizing beet sugar with
• Wofatit' adsorption resins on an industrial scale
were set dowh by Mr J. Pilot who described the
existing plants for this purpose. A modified' Desai'
process for the treatment of sugar beet diffusion
juice and the various advantages resulting from
the process were highlighted by Dr R. Kunin.

Session 6: Miscellaneous
Selected topics were discussed at this session,

which was held under the chairmanship of
Prof. H. P. Gregor. In discussing the thermal effects
in ion-exchange reactions with organic exchangers,
Dr G. E. Boyd presented experimental data on the
enthalpy and heat capacity changes in various
systems and indicated the possibility of reversal of
selectivity, depending on the nature of the iono
genic group and the' temperature of the reaction.
Dr D. Willis described the thermal regeneration
of weak electrolyte resins in mixed bed systems
under the 'Sirotherm project'; the theoretical
significance of the data collected and the practical
application of the study were discussed. Some
ion-exchange processes of energy transduction within
biological membranes were discussed by Dr D. E.
Weiss using a model sodium pump; the possible
technological potentials of resins with variable
crosslinking for separation purposes were indicated.
A theoretical model based upon irreversible thermo
dynamics was proposed and discussed by Dr M. G.
Rao for the ternary ionic diffusion rates in ion
exchange resins. Mr F. Wolf covered the theory
and application of ion-exchange catalysis in an
exhaustive presentation. It was pointed out that
a phenol formaldehyde type resin showed better
catalytic properties than a styrene divinyl benzene
suiphonic acid resin; this finding was corroborated
by Prof. H. P. Gregor and Dr N. Krishnaswamy
from their experimental evidences. Prof. H. P. Gregor
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,suggested that as the matrix or compound became
more aromatic, its catalytic activity increased.
The various cost reducing factors in electrodialysis
were discussed by Mr C. Chapman who described the
details of a commercial electrodialysis plant with
a new design and incorporating all the factors.
This was followed by Dr O'Brien's demonstration
of a film where the polarization phenomenon at
membrane surfaces was brought out in the studies
conducted by Prof. K. S. Spiegler in USA.

While Session 6 was considering selected topics,
there was a group discussion on the present situa
tion with respect to continuous ion-exchange plant
and its development potential. This discussion
between the industrialists, pure scientists and the
engineers in charge of implementing the designs
was very popular and highlighted the current
interest and trend in continuous ion-exchange
plants.

Session 7: Developments in Inoraanic
Exchanaers

This session was held under the chairmanship
of Dr C. B. Amphlett. Dr A. Clearfield presented
the detailed structure and properties of the at phase
of zirconium phosphate type ion exchanger, and
indicated the finding of two other phases, viz. ~

and r. Their ion-exchange behaviours were dis
cussed in relation to the at phase. The preparation
and properties of four new inorganic exchangers
of the zirconium phosphate type, by adopting
changes in the concentration of acid used and the
reaction temperature were described by Dr E.
Torracca. He pointed out that in this field which
was considered till now as exhaustively studied,
it was possible to obtain newer samples and further
careful researches might yield more products of
value. Dr G. Alberti compared the ion-exchange
properties of amorphous and crystalline insoluble
acid salts of tetravalent metals and polybasic acids.
While reporting the preparation of a product ex
hibiting the highest cation-exchange capacity re
ported so far, he pointed out the clear difference
in exchange properties of crystalline and amor
phous exchangers and explained these to be due
to steric effects. A similar difference in hydrolysis
effect was noticed. The use of the exchanger in
membrane form was also described. While pre
senting the properties of hydrous oxide inorganic
exchangers, Dr N. Krishnaswamy pointed out
the difference in the properties of ammonia and
sodium hydroxide precipitated samples. The cons
truction and use of an electrodialysis cell employing
inorganic membranes for desalting were discussed
with relevant details. Dr H. S. Sherry described
the ion-exchange properties of the synthetic zeolite,
Linde T, prepared according to a patented pro
cedure. Studies on alkaline earth-alkali metal
ion-exchange reactions on this zeolite have revealed
that it prefers potassium to divalent ions - con
forming to a theory based on selectivity. Cation
diffusion kinetics in synthetic zeolites of types X
and A were discussed by Dr E. Hoinkis. With
the help of a model, the behaviour was explained
and the effect of self-diffusion on ion-exchange
behaviour was demonstrated and discussed.
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The second half of Session 7 was held under the
chairmanship of Prof. J. E. Salmon. Dr L. V. C.
Rees discussed the computer programme developed
for determining the kinetics of ion-exchange and
compared the experimental and computed kinetics
of ion-exchange. The need for more exhaustive
accurate data was pointed out. Self-diffusion and
ion-exchange processes in synthetic zeolites were
reported by Dr A. Dyer and the behaviour of the
exchanger was shown to be related to the structure.
Dr H. W. Levi also described the self-diffusion and
exchange diffusion of cations in. vermiculite and
showed that· 'ne self-diffusion of certain cations was
governed by ;he hydration of the cations and for
certain othe 'only by the electrostatic forces.

Session 8: Water and Effluent Treatment

In the first section of this session held under the
chairmanship of Dr E. L. Streatfield, Dr D. E.
Weiss considered some ion-exchange processes
for partial demineralization, wherein a counter
current method using strong acid and weak base
resin helped in demineralization with least require
ment of regenerants. Also the preparation and
properties of an anion exchanger with barium ferrite
acting as a magnetic aid for inducing flocculation
were described. The demineralization of tertiary
sewage effluent was described by Mr J. G. Grantham
with data obtained from a semi-automatic pilot
plant operated over several months. This work
has shown the ability of modern ion-exchange
resins to withstand fouling or poisoning. The
possible effect of detergents on the life of the resins
and methods to overcome this were discussed.
Dr J. Seidl described the removal of organic sub
stances from industrial and drinking waters by ad
sorption resins and pointed out the inherent diffi
culties encountered, such as variation in the com
position of the wastes and lack of knowledge of
the structure of natural organic components of
~rface waters. The author stressed the need for
exhaustive studies to completely understand and
solve the problem. The relative merits of different
methods of ion-exchange treatment of condensates
were discussed by Mr R. Vincent with data from
various plants in existence. Results from experi
ments on the filtration and demineralization of
the condensates were compared and discussed. In
order to obtain biologically pure water by ion
exchange, Prof. L. Saunders studied various methods

for sterilizing ion-exchange columns and adsor
bents and used porous macroreticular resins and
membrane filtration to obtain the desired degree
of purity.

In the second half of the session presided over
by Dr M. Streat, the reactivation of phosphoric
acid and anodizing liquors by ion-exchange was
described by Mr J. Pilot. Also an expression was
derived to assess whether such reactivation was
economically justifiable for different acids under
the operating conditions studied. Ion-exchange
in the treatment of eflluent from metal finishing
processes was discussed by Mr A. E. Evington,
with particular reference to the observations made
at a plant. After enumerating the difficulties en
countered and the remedial measures adopted, the
use of the deionization process was advocated, since
reuse of water was possible and products with
cleaner appearance were obtained from the plating
shop by the use of deionized water. Dr C. Calmon
described the behaviour of ion-exchange in ultra
pure water systems. In an exhaustive treatment
of the sources of various contaminants and the
studies on different types of resins, the performance
of mixed beds was reported and the real causes for
poor performance in some cases were traced.

The concluding lecture of the conference was
delivered by Dr R. Kunin. In this, he traced the
developments in the field of ion-exchange since the
last conference of the Society of Chemical Industry
in 1954. After briefly reviewing the developments
topic-wise, the speaker brought out the pheno
menal growth of interest in this field due to the
high pitch of rese\lrch in the synthesis of improved
ion-exchange maferials. Though the conference
did not include the aspect of ion-exchange mem
branes, the speaker brought out the advances in
that field also. He expressed the hope that with
the developments in progress everywhere, this
technique will have a bright future and it would
enable economical treatments not hitherto possible
by other techniques. He also reminded the audi
ence that the various varieties and types of ion
exchange resins are always useful, as each suits a
particular application and newer developments do
not make the resins in use now obsolete.

The conference, truly international in character,
.served a very useful purpose and the Society of
Chemical Industry in UK has played a very useful
role by organizing the conference.
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Proton Magnetic Resonance (PMR) Study of Hydrates
S. V. MURTHY·

THE exact location of the protons in the
crystal structures has not been possible
through the conventional methods of struc

tural crystallography like X-ray diffraction, electron
diffraction, etc. This limitation is due to the fact
that the hydrogen atom is the lightest atom
possessing only one scattering electron and exerts a
negligible effect on X-ray scattering. In the X-ray
diffraction method, the H-position is only tenta
tively assigned after the heavy atom structure has
been determined, from considerations of hydrogen
bonding. This is only approximate and the hydro
gen bond knowledge also is very insuffi:;ient.

The technique of proton magnetic r ~sonance
(PMR) is, on the other hand, a powerful tool for
the location of the protons, since the proton
possesses a strong magnetic moment [2·7926 nuclear
magnetons (nm) as compared with 2·2171 nm for
%3Na, 2·2696 nm for SlBr, etc., and other heavy
nuclei] and hence gives strong PMR spectra which
enable their positions to be determined accurately.
Neutron diffraction studies give more accurate
data than NMR in the light nucleus location, but
they have the limitation that the dynamics of the
proton cannot be studied by them, whereas PMR
is an ideal tool for these investigations.

The study of the proton systems in wllich the
protons occur in pairs is very convenient. Due
to the local field produced at a resonating nucleus
by the neighbouring magnetic nucleus, the reso
nance is produced at different values of the external
field and the resonance spectrum shows structure.
Owing to the interaction of each neighbour, the
resonating nucleus gives rise to a pair of lines equally
disposed about the centre and the measurement
of the line-widths from the centre enables one to
calculate the internuclear distance and also the
orientation of the internuclear vector if a single
crystal is used. With polycrystalline samples, only
the internuclear distance can be evaluated. The
hydrates provide a very good example of proton
pairs and hence are highly suitable for PMR studies.
This was first suggested by Pake1 in 1948.

Theory
We shall now briefly describe the theory behind

the PMR study of hydrate water molecules. We
shall assume for simplicity that the lattice is rigid
and free from internal motions. Considering di
rectly the interaction between two nuclear mag
netic dipoles (of spin i), so that there are only two
possible orientations of each with respect to the
external field, viz. parallel and antiparallel, corres
ponding to m = ±!, the field at one nucleus due
to the other, in the direction of the applied external
field, will be. given by the classical theory as

H = ±~(3 cosl 6-1) ... (1)

.Present address: 55 Puttanna Road, Basavangudi,
Bangalore 4.
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where 6 is the angle between the line joining the
two nuclei and the direction of the external field
r is the internuclear distance, and fL is the magneti~
moment of either nuclens. Hence, the actual
field seen by the nucleus will be

H±~(3c'b26-1) ... (2)

This shows that a single resonance line will now
be split up into two by the action of the nearest
spin; the other neighbours will cause a broadening
o! the two split ~p lines. Hence, we expect for a
given proton pair and the corresponding pairs
(same 6) 111 all other unit cells in a single crvstal
two resonance lines equally spaced about the -reso:
nance field strength H by an amount ± fLlrl (3 cosl

6-1).
A quantum mechanical evaluation of the local

field at a nucleus due to the neighbour in a pair gives
an additional factor 3/2 into Eq. (I) if the two
nuclei are identical. Pake treated the magnetic
dipole-dipole interaction between the two nuclei
in a pair as a perturbation of the energy levels of
the nuclei in the applied field H. By a first order
perturbation calculation, he found the new energy
levels and from them showed that the resonance
peak should occur at field strengths given by

H.±3/2~(3c(ls26-1) ... (3)

. Using this quan~um mechanically modified equa
tIon, we can exam1l1e the variation with orientation
of the displacement of the peaks from the centre
and filid the angular disposition of the nuclear pairs
111 the umt cell and also the pair separation T. This
measurement of the internuclear distance may be
made with some precision, since an error o( 6%
111 measunng fL/rI causes an error of only 2% in T
itself. Pake's analysis also shows that for unlike
nuclei, th~ factor 3/2.is absent in Eq. (3).

A phYSical explanatIOn of the purely mathemati
cally derived factor 3/2 in the case of like' nuclei
has also been given. There are two dipolar mechan
isms. for line broadening: one is the local field
produced at one nucleus by- the z-component of
the other; the second arises from the limitation
of the lifetime of the spin state by simultaneous
spin-.exchange transiti01~s on the part of neigh
bo~nng nuclei mutually 1I1duced by their precession.
ThIS second process IS responsible for the factor
3/2. If the two nuclei in each pair are not identi
cal, their precession frequencies differ and the spin
exchange process does not occur. Hence, in this
case, the fact?r 3/2 is absent from Eq. (3).

If the specimen IS not monoerystalline but is in
powder form, it can be assumed that there are a
number of crystal grains with their axes randomly
distributed over all directions. The spectrum for
the specimen is thus the sum of the spectra for the
individual grains and hence the fine structure will
be smeared out. It has been shown, by a simple
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argument, taking into account the isotropic dis
tribution of the values of a, that the powder curve
is double-humped and from the separation of the
humps, . the internuclear distance can be found,
though the accuracy with powders is less than with
a single crystal. But from powder studies, the
orientation of the nuclear pairs cannot be deter
mined.

Studies on Hydrates

The first study of proton pairs in water mole
cules of hydrates was made by Pake1 on gypsum
(CaSO,.2H.O). Since then a number of hydrates
have been studied; the technique detailed above
is also called the . Pake method'. Studies on
over 70 hydrates (both single crystal and polyerys
talline) have been reported in the literature and the
various results that have been derived from these
studies are discussed in some detail in the
following.

Molecular structure - It has been possible to
get exact information regarding the stereochem
istry of the compounds by these studies, a typical
example for this being potassium pentaborate
(KR,08.4H10). The PMR study of this com
pound2,3 showed that there are only two dipoles
in the molecule and the molecular formula is more
appropriately written as K(H,B,OI0).2H10.

Effect of some physical meohanisms - Of the
many crystalline hydrates studied by PMR, the
case of lithium sulphate monohydrate is interest
ing. PMR spectra prcsen t ~ertain features which
are as yet unexplained theoretically in a complete
manner. Pakel first observed a certain peculiarity
in the PMR study of Li.SO,.H.O. It was found
that some of the Pake curves show a shift, so that
they are described by an equation of the form

H = 2«[3 co,· (+++o).co,' 8-1]+constant shift

Here, . shift' means a uniform deviation of H
from its value expected on the basis of the equation

H = 2«[3 co:.2l4>++o)cos· 8-1]

It does not refer to a displacement of the entire
resonance pattern. These shifts are' found to be
independent of orientation.

Li.SO,.H.O was also studied by Soutif and Ayant'
and Hirahara and Murakami'. But they did not
find the shift in the Pake curves. The latest study
by Si1vidi et aI', however, shows the shifts as ex
plained above. The shifts in the Pake curves are
orientation-independent for each axis of crystal

, rotation, but do depend on the pop axis and on
the axis of crystal rotation.

Several attempts have been made to explain
the shifts theoretically. Silvidi et al.' discuss the
various mechanisms that have been suggested to
explain the shift. Purcell' has suggested that per
haps the pop axes are fliFPing between two orien
tations making angles of a+~ and a-~ with the
field Ho. ,

Applying this concept" one obtains for the
splitting

< tJ.H> = 2at[3 cos· (++4>o).cos·8.cos· ~-1l+6 sin· ~
... (+)

Thus, the shift in the minimum of H is 6 sin· ~.

Values of ~ were calculated from the known values
of at and the shifts. But no clear suggestion re
garding the origin of the flipping vibration is avail
able.

Another motional effect may give a partial
explanation. This is ,the modifieo.8 Das effect'
that considers the vibrational-rotational motion of
the pop axes,. in simple harmonic potential wells
about their equilihrium orientations. This results
in a rather complicated modification of the Pake
curve. But the experimental results show that
the modified Das effect. is not the cause of the
peculiar results obtained in the case of Li.SO,.H.O.

Silvidi et al.s have also discussed and ruled out
the possibility of the shift being due to the effects I

of further interaction between nuclei.
The author suggestedlo a plausible mechanism

which can explain the shift. ,In the asymmetrical hy
drogen bond, which the oxygen of the water makes
with two near enough oxygens, the proton can alter
nate between the two possible asymmetrical states (in
the double minimum potential well). If this rate
of alternation becomes of the order of the preces
sional rate of the nearby proton, tnere can be
quantum mechanical coupling between the two
giving rise to an increase in the local field at the
proton site. This is analogous to the mechanism
that gives rise to a 3/2 factor enhancement in the
local field for like nuclei, since their precessional
frequencies are identical. This mechanism can
be orientation-independent. The effect can also
depend on the axis of rotation, since the axis of
precession and the line of alternation are differently
disposed. The classical models cannot explain the
orientation-independence. For a satisfactory ex
planation, 11 quantum mechanical concept is very
necessary as ,detailed above.

Internal motions and hindered rotations - It
was noticed by Pakel that the line-width obtain
ed with borax (Na.B,O,.10H.O) at room tem
perature is only about +.+ gauss, whereas the usual
value for the hydrates is about 10'8 gauss. This
decrease in the experimental value of the line
width is attributed to the presence of internal
motions inside the crystal which largely average
out the line-width. In such cases, structural data
cannot be obtained on the crystal. Only infor
mation concerning the pre>ence and nature of
internal motions can be inferred. If the internal
motion is about an axis, the motion is called hin
dered rotation. Structural information on such
crystals can be got only by experiments at
low enough temperatures, so that the internal
motions get frozen and the ideal of the rigid lattice
is attained.

Antiferromagnetic and ferroelectric transitions
PMR studies on hydrates at different temperatures
sometimes lead to tlLe knowledge of the antiferro
magnetic and also ferroelectric transitions if pre
sent. At the transition points, there is a definite
kink in the line-width versus temperature curve,
showing that the internal order has changed giving
,rise to the different physical. states.

A few examples of the transitions that have
been observed are quoted below.
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Antiferromagnetic transition:

NiBr•.6H.O (ref. 11); Neel temp. 6·5·K
CoBr•.6H.0 (ref. 12); Neel temp. 3·08·K
CuCl•.2H.O (ref. 13); Neel temp.
Fe.(P0.J•.8H.O (ref. 14); Neel temp, between'4· and

12°K

Ferroelectric transition:

Rochelle salt (ref. 15); Curie point -20·C
K.Fe(CN),.3H.O (ref. 16); Curie point
(CH.NH.)AISO,.12H.O (ref. 17); Curie point 160·K

Paramagnetic hydrates - An ,extensive study of
paramagnetic hydrates has also been made. In
these cases, the line-width is enhanced not only
due to the Pauli spin paramagnetism of the elec
trons, but also due to the hypedine interaction term
due to the interaction of the magnetic electrons
with the magnetic proton.

Some crystals which are expected to be para
magnetic do not show any broadening in the PMR
lines but give the same line-widths as the dia
magnetic compounds (author's unpublished work).
This is attributed to the fact that the demagnetiz
ing exchange interactions largely cancel out the
paramagnetism leaving the crystal diamagnetic.

Structure of the water molecule and studies of
hydrogen bonding - PMR investigations of hydrates
help in obtaining knowledge of the structure of
the water molecule in hydrate. Usually, in hydrates
the oxygen of the water molecule is hydrogen
bonded to another nearby electronegative atom
(an 0- atom of the other water molecule or any
group like SO" etc., or N or Cl as the case may be),
the hydrogens of the water acting as the binding
atoms. Since the positions of the hydrogen can
be located, it follows that the structure of the
water molecule can be obtained. A study closely
associated with this is that of hydrogen bonding.

Now the water oxygen atom in a hydrate is,
tetrahedrally coordinated and hence the HOH
angle-in a hydrate always tries to maintain its tetra
hedral value of 109·. This is seen from a table
compiled by Bacon1!. But the O-H distance can
vary depending on the hydrogen bond distance 0-0
(ref. 18). Hence, we may conclude that the H-H
distance in the triangle HOH also varies. This is
in contradiction to the general conclusion reached
by Silvidi and McGrathll• They have generalized
that the H-H distance is more or less constant at
an optimum value of 1·595 A in hydrates. From
the graph of O-H distance versus 0-0 distance,
we find that the O-H distance for a normal H-bond
of 2,76 A length is 1·0 A. Using this value we
find for the O-H distance an optimum value of
1·628 A. Now the O-H distance can vary between
0·96 and 1-1 A. Hence; we find the H-H distance
can vary between 1·56 and 1·79 A.'

Again, in a typical hydrogen bond arrangement
in a Jiydrate shown in Fig. I, HOH is, as explained
above, about 109·. But 0 1°0. varies between the
limits of 84· and 146· (ref. 18). In such a case,
when HOH # 0 1°°., the bond must necessarily
be bent, since it is more difficult to move the heavy
0 1 and O. atoms to the position of linearity th<l1J,
to allow the bond to be bent, retaining the HOH
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Fig. 1 - Schematic diagram of a water molecule in a
hydrate

angle at 109· as required. If, on the other hand,
° 100. is very nearly equal to 109·, some slight
adjustments are usually made in the HOH angle.
itself, so that the bond retains its linearity, since
a bent H-bond requires larger energy to be formed
than a linear one.

Some additional features of hydrate studies - The
PMR study of zeolites does not give consistent
values for the line-width (author's unpublished
work). This is because the water molecule in zeo
litic hydrates is constantly moving in the structure
occupying the vacancies and interstices in the lattice.
The fifth water molecule in CuSO,.5HzO (ref. 20)
is found to be zeolitic, while the others surround
the copper ion tetrahedrally.

Again, with the increase in the number of pop
vectors with different orientations in the lattice,
the PMR spectra become too complicated and
hence are difficult to resolve. Crystals with more
than four or five distinct p-p vectors are difficult
for PMR study. Though a unit cell may contain
a large number of water molecules, the space group
symmetry may reduce them to a sizeable number
of distinct groups of similar vectors (P-p vectors
with the same orientation, i.e. those which are
parallel to one another, are termed 'similar ').
For example, in the MgSPa.6H20 crystal studied
by the author21, though the unit cell contains 24
water molecules, the space group symmetry Pnma
of the orthorhombic lattice reduces them to three
distinct orientation groups of eight vectors each.

Conclusive evidence for the existence of the
hydroxonium ion HaO+ has also been obtained by
the NMR study of solid hydrates of a number of
acids, e.g. HClO,.H20 (ref. 22), H.SO,.H.O (ref. 23)
and H2S04.2H.O (ref. 24). Here, of course, the
NMR spectrum is due to an isosceles triangular con
figuration of three identical nuclei. The structure
of the HaO ion appears to be that of a rather tri
angnlar pyramid with the HOH angle about 115·.

Accuracy of PMR results - PMR is one of the
accurate methods of proton location for reasons
described earlier. The accuracy claimed in the
pop distance obtained is about ±0·03 A, which
is about 2%. Though the experimental accuracy
in the measurements of the line-widths is only
6%, the accuracy in the value of r is 2%, since r
is related to the line-width by an inverse cube law.
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But it is pointed out that in PMR experiments,
the distance measured is only the distance between
the magnetic centres of the two nuclei and not
between their centres of mass as is required. It
is shown that the centre of magnetism and the
centre of mass of the nucleus do not coincide. This
introduces another additional error in the r values
we use from PMR data.

Again it is shown26 that the inter-pair interac
tions broaden the free structure lines asymmetri
cally. Hence, the use of peak-peak splittings is
questionable. On the other hand, it is suggested
that the centre of gravity of the fine structure line
which is independent of inter-pair interactions
should be considered and in the Pake formula the
C.G.-C.G. splitting should be used. An estimate
of the error involved in this, depending on the
inter-pair distance, is also given26•

Finally, the experimental values of r must be
corrected for thermal vibrations. It is shown2'

that a reasonable mean value for the reduction
factor is such as to lead to an equilibrium pop dis
tance which is 5% smaller than the value obtaine<:t
directly from the Pake formula uncorrected for
oscillatory motion. It is found that, after cor
rection, the values obtained are closer to the equili
brium distance found in the isolated H.O molecule,
viz. 1·51 A.

Regarding the motional effects, corrections must
also be applied for the rocking vibrations·? (Das
effect) and waving vibrations· of the Hp molecule.

Summary ,
A critical account of the methods of the proton

magnetic resonance (PMR) study of hydrates is
given. The conclusions drawn from the hydrate
studies by PMR include: (1) structure of the water
molecule and information concerning the hydrogen
bonds, (2) other structural information like the
exact structural formula of the compound, the
number of molecules in the unit cell, etc., (3) study
of the internal motions and hindered rotations in
solids, and (4) various transitions like the ferroelec
tric and the anti-ferromagnetic transitions. Hydro
gen bonding studies form an integral part of
hydrate studies and the NMR studies coupled with
the neutron diffraction data have helped to solve

a number of problems connected with the H-bond.
The Li.SO,.H.O anomaly is also discussed and a
plausible mechanism to. explain it is suggested.
The possible sources of error and the accuracy
that the PMR technique is capable of have also
been briefly discussed.
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Studies on the Metabolism of Trace Elements & Seed Proteins·

TRACE ELEMENTS

Studies on Heavy Metal Toxicity

DESPITE the ubiquitous occurrence of metals
in biological systems and their importance
in nutrition, knowledge as regards their

mode of action is incomplete. The studies on trace
elements have been carried out with a view to
understanding the role of essential metals like iron
and magnesium in metabolism. Two approaches
are generally available for such an investigation.
One is the classical approach involving the with
drawal of the concerned essential element and
studying the consequences thereof. The other ap
proach is to introduce certain other metals in excess
which in turn can induce the deficiency of an essen
tial element due to ion antagonism. To begin with
studies were initiated by following the latter ap
proach, since one can discern the role of the essen
tial element and at the same time understand the
biochemical effects of trace elements at toxic levels.
The toxicities of metals like cobalt, nickel, zinc
and molybdenum have been studied in different
systems including the molds A. niger and N. crassa,
the insect Corcyra cephalonica St. and in a plant
system P. radiatus. The effect of the trace elements
on' various parameters, viz. growth, nucleic acid,
amino acid and carbohydrate metabolisms, has
also been investigated. The results obtained are
complex and subtler variations have been always
recognized depending on the nature of the metal,
the organism and the parameter studied. However,
a basic similarity is seen in the case of cobalt, nickel
and zinc toxicities which interfere with the iron
and magnesium metabolism in all the systems.
This is confirmed by the ability of iron and magne
sium to counteract the metabolic derangements
caused by the toxic metals. An interesting obser
vation has been recorded in A. niger where the
modes of counteraction by iron and magnesium
are found to be different. Whereas magnesium
exhibits an extracellular ion antagonism, iron does
not inhibit the toxic metal uptake and hence its
effect is intracellular. Molybdenum toxicity is
strikingly different from that of the other three
and it interferes specifically with the metabolism
of the sulphur containing amino acid in N. crassa.
Zinc toxicity also shows a singularity in the
Corcyra cephalonica St. where it interferes with
the nucleic acid metabolism at the level of purine
synthesis.

·The report summarizes the work carried out under the
scheme ", Studies on the metabolism of trace elements and
seed proteins", sponsored by the Council of Scientific &
Industrial Research at the Department of Biochemistry,
Indian Institute of Science, Bangalore 12. The scheme was
in operation from 9 September 1958 to 28 F:ebruary 1969,
with Prof. P. S. Sarma as the principal investigator. Other
workers associated with the work are Drs K. Sivarama
Sastry, E. Raghupathy, P. Radhakantha Adiga, G. Pad
manaban, S. Lakshminarayana Rao, K. N. Subramanian,
Shri N. Raman and .l4iss K. Mlllllthi.
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Production of Siderochromes during Cobalt
Toxicity and Iron Deficiency in Neurospora

After surveying this gross picture a more detailed
study has be.en carried out on cobalt toxicity and
Iron metabohsm III N. crassa. In this mold, the
biochemical lesions of excess cobalt are identical
with iron deficiency. It has been observed for the
first time that this organism secretes an iron-bind
ing compound into the culture filtrate under condi
tions of cobalt toxicity or direct iron deficiency.
The same compound is secreted in both the cases.
The iron-binding compound (X) has been isolated
from the culture filtrate as its iron complex (XFe).
XFe has been found to belong to the siderochrome
class of compounds, cyclic trihydroxamates, present
widely in fungi. It contains 3 moles of the unique
amino acid 8-N-hydroxy ornithine and it has been
identified as coprogen.

Cobalt has been found to induce iron deficiency
by accelerating the uptake of iron, but interfering
with heme synthesis. Thus, the cell surface is
in contact with a medium devoid of iron which
stimulates the synthesis of the iron-binding com
pound.

Role of Siderochromes in Iron Transport
in Neurospora

Coprogen has been found to be an excellent iron
donor for N. crassa, even though the binding affi
nity for iron is of the order of 1080• The incorpora
tion of ~9Fe into coprogen of the cell was much
faster as compared to FeSO,. Normal mycelia
of N. crassa contain two iron chelates of sideoro
chrome nature, accounting for 10% of the total
iron absorbed from the medium. A precursor
product relationship has been established between
the siderochrome iron and heme iron.' On the
basis of these results it has been concluded that
the siderochrome plays a key role in iron transport
in this organism and serves as the in vivo iron donor
for .heme synthesis. Under conditions of iron
deficiency, iron is not available for the formation
of the natural chelate and the iron-free compound
accumulates in the culture filtrate.

Regulation of Heme Biosynthesis in
Neurospora

Detailed studies have been carried out on the
mo?e of regulation of heme synthesis in Neurospora.
It IS known that in iron deficiency, the synthesis
of heme and the heme-protein, catalase, is low.
It has been found that 8-aminolevulinic acid (ALA),
the first intermediate in the pathway of heme bio
synthesis, accumulates and that the activity of
ALA dehydrase is very low, in iron deficiency condi
tions. A similar situation exi.sts in cobalt toxicity
and zinc deficiency. ALA synthase and heme
synthase comparatively show only marginal changes
under these conditions. Addition of iron and zinc
to the respective metal-deficient cultures results in
an induction of ALA dehydrase which is repressed



MET ABOLISM OF TRACE ELEMENTS & SEED PROTEINS

by protoporphyrin and less effectively by hemin
and hemoglobin. Thus, in Neurospora, the second
enzyme in the heme biosynthetic pathway, viz.
ALA dehydrase, functions as the regulatory enzyme
of the pathway in contrast with bacterial and mam
malian systems in which the first enzyme, ALA
synthase, has been shown to be regulatory. Iron
and zinc deficiencies and cobalt toxicity have been
found to interfere with the conversion of proto
porphyrin into heme, thus rendering protoporphyrin
available to repress ALA dehydrase. The repression
can be counteracted by inorganic iron and more
effectively by coprogen. Protoporphyrin is visua
lized as the corepressor for ALA dehydrase. Iron
in the form of coprogen would convert protopor
phyrin into heme, the latter having a lesser affinity
for the aporepressor. Coprogen would inhibit heme
binding to the aporepressor and render the repressor .

. non-functional which would lead to a derepression
of ALA dehydrase. .

Re~ulation of Nitrate Reductase and
Catalase in Neurospora

The mode of regulation of nitrate reductase in
Neurospora has been investigated in detail. The
effect of trace elements and amino acids on the
synthesis of this enzyme has been studied. Neuro
spora develops iron deficiency when grown in sole
nitrate medium provided with levels of iron normal
with respect to the usual ammonium nitrate medium.
The iron deficiency is caused by the depletion of
the iron stores in the cells because of the increased
activity of the three iron-containing enzymes,
nitrate reductase, nitrite reductase and catalase.
Concentration of this iron deficiency by increased
level of iron in the medium leads to a much lowered
nitrate reductase activity in the mycelia. This
repressive action of iron on this enzyme is mediated
through the iron complex, coprogen, and free amino
acids like alanine. Many amino acids, especially
cysteine, isoleucine, glutamine, asparagine, NHt
and histidine repress nitrate reductase effectively.
In the case of cysteine, isoleucine, glutamine and
asparagine, this repression is also accompanied by
inactivation of the enzyme present initially. Trans
fer of ammonium-grown mycelia to nitrate medium
also causes the induction of catalase. This induc
tion is believed to be by the Hps formed by the·
auto-oxidation of the flavins associated with nitrate
reductase and nitrite reductase, which are induced
by nitrate. Amino acids which repress nitrate
reductase block the synthesis of catalase also.
Cobalt toxicity in Neurospora has been studied as
a function of the nitrogen source provided to the
Qrganism. Cobalt toxicity is maximal when nitrate
is the nitrogen source and minimal in sole am
monium medium. Purified nitrate reductase is in
hibited by nitrite and hydroxylamine competitively
with respect to nitrate. During molybdenum
deficiency, though the nitrate reductase activity
is very low, the other activity exhibited by the
same enzyme, viz. NADPH-cytochrome c reduc
tase, is found to be normal. It is proposed
that molybdenum deficiency leads to the produc
tion of an altered enzyme possessing the latter
activity only.

Methods for Estimation of Ma~nesium,

Manganese and Siderochromes
During the course of these investigations three

analytical procedures have been developed. A
microbiological assay procedure for the determina
tion of magnesium at 1 (.lg level has been developed
using Neurospora as the experimental organism.
Sensitive chemical methods for the estimation of
manganese and siderochromes have also been de
veloped.

SEED PROTEINS

Studies on Phosphoproteins
This part of the investigation was started with

studies on phosphoproteins primarily from the view
point of structural aspects. From the chymo
tryptic digests of casein a phosphopeptone was
isolated and separated into three different consti
tuents by using column chromatographic and moving
boundary electrophoretic techniques. A compara
tive study of the amino acid composition of goat,
buffalo and rabbit caseins was carried out. Parallel
investigations were also initiated with the haem
protein catalase, where structural modifications could
be followed up by studying the biological activity.

Preliminary Studies on the Pulse
Lathyrus sativus

In view of the emphasis laid on applied resear.ch
in recent years especially in the context of increasing
food production it was felt at this stage that an
evaluation of the nutritive quality of the pulse
L. sativus and a study on the disease lathyrism would
be of interest. The reasons for choosing this pulse
for study were: (i) It is a cheap pulse with a high
protein content and cultivated in areas of low rain
fall. (ii) Neurolathyrism, a crippling disease caused
in the humans as a result of the consumption of
L. sativus, is still a public health problem in India.
(iii) It was claimed that excess selenium or manga
nese present in the seeds might be responsible for
this disease and hence it was felt that investigation
on L. sativus would fall within the purview of studies
on trace element metabolism.

So studies were initiated to evaluate the nutritive
quality of L. sativus seeds and understand the disease
lathyrism, which SUbsequently led to several inter
esting findings. The title of the scheme was thus
changed from "Studies on trace elements and
phosphoproteins .. to "Studies on trace element
metabolism and seed proteins".

Isolation of Homoarginine and QX-Dapro
from Lathyrus sativus

The proposition that the disease neurolathyrism
caused by the prolonged consumption of L. sativus
seeds is due to excess of manganese or selenium
present in them could not be substantiated and
the present studies have led to the discovery of
two new amino acids, L. homoarginine and ~-N

oxalyl-L-«-~-diaminopropionic acid (OX-Dapro).
OX-Dapro has been shown to be the chief neuro
toxic constituent of the seeds and could well be
responsible for human neurolathyrism.

~31



J. SCIENT. IND. RES.• VOL. 28. NOVEMBER 1969

... (i)

... (ii)

L. homoarginine has been isolated in 0·2% yields
from the seeds. The properties of the compound
and its monoflavianate and monopicrate derivatives
have been reported. L. homoarginine is nontoxic
to higher organisms. L. homoarginine is the pre
cursor to lathyrine in L. tingitanus. Investigations
on the metabolism of L. homoarginine by the ger
minating seeds of L. sativus have shown the presence
of an enzyme (ea homoarginase) degrading it to
lysine and urea.

OX-Dapro has been isolated from the seeds in
yields varying from 0·5 to 2·0%. The structure
of the compound has been established on the basis
of its physico-chemical properties, degradative and
synthetic studies. This has also been achieved
independently by another group of Indian workers.

Neurotoxic Action of OX-Dapro and
Related Compounds

OX-Dapro is growth inhibitory towards several
microorganisms and the rice moth larva Coreyra
cephalonica St. It is also severely neurotoxic to
the young chick and innocuous to normal adult
animals. The neurotoxic action of the compound
in the chick is characteristic of its structural inte
grity. Several other N-oxalyl amino acids have
been synthesized and shown to be neurotoxic to
the chick. It has been concluded that any
N-substituted oxamic acids wherein the substituent
carries another free carboxyl group are generally
neurotoxic to the chick. During these investigations
another interesting property of N-oxalyl derivatives
of diaminomonocarboxylic acid, namely the trans
formation in solution of lll-N-oxalyl amino acids,
viz. that of Dapro, DABA and lysine to their «
oxalyl isomers has been observed.

Existence of a Blood-Brain Barrier
to the Neurotoxin

The innocuous nature of OX-Dapro to normal
adult animals has been explained as due to an
effective blood-brain barrier (BBB) to this neuro
toxin. Thus not only the chick but also other
young animals, such as the new-born rat, pups,
and young guinea-pigs, are also susceptible to
the action when administered intraventricularly or
intracranially to adult r:).ts and mice.

Investigations on some of the experimental condi
tions which would effect an increased permeability
of the BBB to the neurotoxin have shown that
an • acidotic' condition makes adult animals sus
ceptible to its action. Adult animals treated with
acidotic chemicals or drugs come down with severe
neurological symptoms by mere intraperitoneal
administration of the neurotoxin.

The Demonstration of the Onset of
Neurolathyrism upon the Administration
of OX...Dapro

Repeated intrathecal administration of OX-Dapro
to adult monkeys has been shown to 'result in per
manent, total areflexic, flaccid paraplegia. Histo
logical examinations of the brains and spinal cords
of these monkeys along with those from monkeys
treated with other acidic amino acids have shown
an obvious destruction of nerve cells of the grey
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matter of the spinal cord accompanied by prolifera
tion of microglial cells, only in monkeys receiving
OX-Dapro.

It is suggested that even in humans a BBB system
could be operative towards this neurotoxin. Further,
in view of the variety of conditions which would
alter such a barrier, leading to an increased per
meability, it is reasonable to conclude that gradual
central effects of the compound might eventually
result in the observed clinical condition of neuro
lathyrism in man.

Elimination of the Neurotoxin from
the Seeds

Attempts have also been made to remove the
neurotoxin from the seeds. Roasting has been
found to destroy the neurotoxin. A preparation
containing 70% protein has been obtained from
the seed meal using carbonate: bicarbonate buffer
extraction followed by precipitation of the protein
by acidification. The protein preparation is com
pletely free of the neurotoxin. Preliminary studies
indicate that this protein preparation is very rich
in the essential amino acid lysine.

Biosynthesis of OX-Dapro

The biosynthesis of OX-Dapro in germinating
seeds of L. satiflus has been studied and it is found
to proceed in the following two steps:

Oxalate+ATP+Coenzyme A
Oxalyl CoA synthetase
---------+.Oxalyl CoA+AMP+PP;

Mg2+

Oxalyl CoA+«,~-diaminopropionic acid (DAP)
Condensing
---->,OX-Dapro+CoA

enzyme

Germination of L. sativl's seeds in the presence of
ICC-oxalate results in the incorporation of label
into the oxalic acid moiety of OX-Dapro. The
first step, namely oxalyl activation, catalysed by
oxalyl CoA synthetase requires Mg2+, ATP and
coenzyme A for its activity. It is a sulphydryl
enzyme and is inhibited by p-hydroxymercury
benzoate and iodoacetate. The second step or the
condensing activity does not require any cofactors.
Chemically synthesized oxalyl CoA serves effectively
as a substrate along with DAP to give OX-Dapro.
DAP has been shown to be the most effective sub
strate in comparison with other amino acids, like
«,y-diaminobutyric acid, lysine, ornithine, homo
serine and serine. The two enzyme activities have
been purified to 100-fold. Though the two enzyme
activities could not be completely separated, certain
purification procedures like alcohol and acetone
precipitations completely destroy the condensing
enzyme activity, while the oxalyl CoA synthetase
activity is further purified. Disc electrophoresis of
the 100-fold purified enzyme shows two protein
bands.

Mode of Action of OX-Dapro

In order to investigate the mode of action of
OX-Dapro, the changes in the levels of various



METABOLISM OF TRACE ELEMENTS & SEED PROTEINS

metabolites have been studied in 12 days old wean
ling rats, injected with OX-Dapro. A striking
increase in brain glutamine level has been observed.
there is also an increase in free ammonia level
in brain initially, which levels off subsequently.
Blood glutamine shows a small increase and free
ammonia concentrations in blood and liver increase.
The striking increase in brain glutamine concentra
tion in OX-Dapro injected animals is a clear indi
cation of ammonia toxicity, the glutamine formation
being a major ammonia detoxification mechanism
in the brain. Unlike the weanling rat, the adult
rat does not respond to intraperitoneal adminis
tration of OX-Dapro and there is no detectable
amount of OX-Dapro in the brain. These adult
animals do not show any change in brain glutamine
or ammonia concentration. Thus, the entry of
OX-Dapro into brain appears essential for the
change in glutamine level.
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World Congress on Fats & Oils

The International Society for Fat Research and
the American Oil Chemists' Society (AOCS) are
jointly planning a world congress to be held in
Chicago, Illinois, during 27 September-1 October
1970. Besides four plenary sessions, the following
symposia are being organized: (1) Metal-catalysed
lipid oxidation; (2) Physical and chemical methods
of testing oil and oil-based products; (3) Chemistry
of cruc;iferous oils; (4) Modem oil processing;
(5) Applications of fats and oils as foods; (6) Deep
fat frying - Chemistry, technology'and nutrition;
(7) The role of the oilseed processor in food protein
production for world consumption; (8) Biochemistry
of hydrocarbon degradation; (9) Chemistry and
biochemistry of polyunsaturated fatty acids;
(10) Biochemistry of tocopherols; (11) Atherosclerosis
and lipid metabolism; and (12) Relationship of
lipids to thrombosis and blood coagulation.

In addition, there will be a number of general
sessions devoted to the chemistry of fatty"acids and
derivatives, fat and oil industrial problems, lipid
biochemistry (including biosynthesis, metabolism.
nutrition, and clinical aspects), deterl(ent testing and
formulation, cosmetics and many others. .

Two short courses are being offered by the AOCS
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in conjunction with the world congress. The first
course on .. Processing and quality control of fats
and oils" will be given at Michigan State University,
East Lansing, Michigan, in the week before the
congress, 20-25 September, under the co-chairman
ship of Prof. LeRoy Dugan, Michigan State Univer
sity, and Dr R. ]. Hlavacek, Hunt-Wesson Foods.
In the week following the congress, during 4-7
October, a short course on .. Behaviour of membrane
lipids at surfaces" will be conducted at one of the
universities in New York City, with Dr Giuseppe
Colacicco, York College of the City University of
New York, as chairman.

In addition, an International Conference on the
Science and Technology and Marketing of Rapeseed
and Rapeseed Products will be held at the Le
Chanteler Hotel, Ste-Adele, Quebec, during 20-23 Sep
tember 1970. It is being organized by Dr Bernd
Weinberg of the Edible Oils Section, Depart
ment of Industry, 112 Kent Street, Ottawa 4,
Ontario.

Further details regarding the congress can be
had from the 1970 World Conl(ress Committee, The
American Oil Chemists' Society, 35 E. Wacker
Drive, Chicago. Illinois 60601, USA.



Biochemistry of Nitrogen Fixation
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THE nitrogen cycle in nature consists of bio
logical transformations of nitrogen gas and
its compounds, ranging from nitrate in which

the nitrogen atom exists in the highest oxidized
state, to ammonia in which the nitrogen atom is
in its most reduced state. These transformations
are of vital importance to all living organisms, since
they supply the nitrogen compounds essential for
life. These reactions are indeed equal in importance
to the photosynthetic system which supplies car
bon compounds. Biological nitrogen fixation, which
means reduction of molecular nitrogen to ammonia,
is an essential step in the nitrogen cycle. In addi
tion to the great theoretical significance of this pro
cess for understanding unique biochemical mechan
isms, its practical implications need hardly be
stressed. It is estimated "that about 108 tons of
nitrogen are fixed annually by biological nitrogen
fixation. In India, the new agricultural strategy
based on intensive agriculture relies heavily on the
use of massive doses of nitrogen. Nitrogen ferti
lizers produced by industrial processes are very
expensive and are in short supply. Energy equi
valent to about five tons of coal is required to
reduce one ton of nitrogen. Thus, for economic
reasons synthetic fertilizers can contribute only a
small fraction of the total nitrogen required by
crops. For a long time to come, therefore, the
biological processes will play a key role in agri
culture.

Excellent and exhaustive reviews on biological
nitrogen fixation have appeared recently!.·. In
this article, therefore, it is not intended to review
all the facets of this problem. The main emphasis
will be to describe and discuss the biochemical
reactions involved in nitrogen fixation. Organisms
responsible for this process are of very diverse types,
ranging from obligate anaerobes to photoautotrophs,
free living aerobes and symbiotic bacteria. It is
the purpose of this article to bring out the essential
unity of the biochemistry of nitrogen fixation in
these widely different types of cells.

Chemistry of Nltrol1en
As biochemical reactions are essentially chemical

reactions, which occur under very special conditions
Obtaining in.living cells, it would be of interest to
recapitulate some of the important chemical pro
perties of nitrogen gas, to serve as a background
to understand the biochemical reactions. Gaseous
nitrogen mo!ecule is diatomic. with an internuclear
distance of 1'095 A. The triple-bonded structure,
N=N, is extremely stable and chemically inert,
on account of the high bonding energy of the mole
cule. The formation of atomic nitrogen is not
possible by heat, as the di,sociation energy of
225'2 kcal per mole is quite high. Active nitrogen
can, however, be produced in the presence of elec
trical discharges at pressures below 1 mm Hg.

This is accompanied by a yellow afterglow effect,
caused by a slow release of energy. Active nitrogen
forms nitrides with sodium, arsenic, phosphorus,
mercury, etc. The precise nature of active nitrogen
is not clear. It is probably composed of nitrogen
gas in the ground state. The afterglow effect
accompanies a preassociation of atoms into mole
cules as follows:

clIsebargo
N. _ 2N ... preassociated molecules

... stable molecules

Active nitrogen forms hydrogen cyanide in the
presence of hydrocarbons, presumably by an attack
on the carbon atoms. Ammonia or hydrazine is
not formed in this reaction, thus showing that
hydrogen is not attacked. Multivalent nitrogen
atom can exist in different compounds in a variety
of oxidation-reduction states ranging from +5 in
nitrate to -3 in ammonia. Thus, under suitable
conditions nitrogen can combine both with oxygen
and hydrogen as follows:

N. + O. = 2NO and N. + 3H. = 2NH.

By analogy, both these reactions !Were invoked
in earlier years to explain the biological fixation of
nitrogen. Thus, although convincing evidence that
ammonia is the key intermediate in nitrogen fixa
tion was presented3.&, considerable difference of
opinion existed earlier about the first step. It
was not clear whether this involved the oxidation
of nitrogen followed by subsequent reduction to
ammonia, or it was the direct reduction of nitrogen
to ammonia. Virtanen8 and his group initially
proposed the formation of hydroxylamine as an
Intermediate (oximes). However, now it is uni
versally agreed that biological nitrogen nxation is a
reduction process and the key intermediate, am
monia, is formed by the direct reduction of mole
cular nitrogen. Thus, essentially the phenomenon
is chemically identical with the well-known Haber
process, in which nitrogen and hydrogen combine
to form ammonia. In the Haber process, molecular
nitrogen is activated by using high temperatures
(600°) and pressures (about 1000 atm). Combina
tion with hydrogen takes place in the presence of a
catalyst consisting of iron turnings or magnetite
impregnated with molybdenum, vanadium, alumina
and potassium carbonate. In the biological system,
the same chemical reaction takes place at biological
temperatures and atmospheric pressures. It is the
purpose of this article to describe the basic bio
chemical reactions which accomplish this miracle of
nature.

Techniques Used to Measure
Nltro~en Fixation

Burris et al.8 developed the use of stable isotope
18N to measure nitrogen fixation, This technique
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replaced the micro Kjeldahl method. used ear~er.
Nicholas 8t al.7 developed the technique of usmg
the radioactive isotope ISN with a very short half
life of 10·05 min. More recently. the reduction of
acetylene to ethylene catalysed by nitrogenase8-11

has been found to be a useful technique. since gas
chromatography can be employed for this purpose.

Components of the Nltro~en Flxln~ System
As in the Haber process chemical model. the

three main requirements of biochemical nitrogen
fixation obviously are: (1) activation energy. usually
in the form of ATP; (2) electron donor system.
presumably with a low redox potential almost equal
to that of hydrogen electrode (Eo at pH 7 = -0'44
V); and (3) catalysts which. of course. in the bio
chemical reactions, are the enzymes. Need for
energy in nitrogen fixation is surprising in view of
the favourable thermodynamics of the reduction of
nitrogen to ammonial2. However, ATP require
ment was unequivocally demonstrated in earlier
work by the inhibition of nitrogen fixation in the
presence of uncouplers of oxidative phosphoryla
tion, such as 2,4-dinitrophenol or by trapping ATP
by incorporating glucose and hexokinasels. The
Arrhenius plot for nitrogenase has a break in the
region 18-21°. Activation energies of 120-140 kcall
mole above and 31-54 kcal/mole below the break
are indicated. In studies in vitro. the requirement
of about 20 moles of ATP per mole of nitrogen
fixed is no doubt excessive and represents 10-30%
of sucrose available under anaerobic conditions.
As regards the electron donor sY5t~m. it is now
known that a number of auxiliary proteins, such as
ferredoxin and fhvodoxin in the reduced form, are
the physiological electron donors for the reduction
of the nitrogen fixing enzyme complex, nitro
genase. The mechanism of supply of the above
components of nitrogen fixing system is apparently
different in diverse types of organisms. But in the
final analysis, as will be clear from the following
description, the biochemistry of nitrogen fixation
is surprisingly identical, in anaerobic, photosyn
thetic and aerobic organisms.

Unaerobic organisms - The discovery of a non
haem. iron protein. ferredoxin, by Mortenson et al.16

was an important landmark in understanding the
mechanism of nitrogen fixation in Clastridium
pasteurianum. Carnahan st al.15 found that in cell
free extracts of this organism, nitrogen fixation is
dependent on the supply of pyruvate or IX.-keto
glutarate. On account of very low redox potentials
of the reactions of oxidation of these substrates
(E~ at pH 7 =-0'6 V). they are ideally suited as
electron donors for nitrogen fixation. Phosphoro
clastic cleavage of pyruvate thus supplies both ATP
and reducing powzr by the formation of acetyl
phosphlte and reduced ferredoxin (Fd) as follows:

CoA
CHsCOCOOH+Fd(ox)+HsPO, --+ CHCOOPOsHs

+Fd (red)+COs
ATP is formed from acetyl phosphate by trans

phosphorylation. Reduced ferredoxin (Eo at pH 7
= -0'42 V) acts as the reductant of nitrogenase.
It was also shownlS thlt ferredoxin artificially
redu:ed by potassium borohydride could also donate
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electrons for nitrogen fixation in the presence of
ATP. Hardy et al.n proposed that the role of ATP
is to activate a reduced intermediate, which then
reduces nitrogen.

Photosynthetic nitrogen fixation - Tagawa and
Arnonl8 reported the presence of ferredoxin in
spinach chloroplasts. This was subsequently found
to be identical with the photosynthetic pyridine
nucleotide reductasell• Ferredoxin is the first
reductant formed in the light reaction of photo
synthesis. Thus. ferredoxin is also involved in
photo-reactions of nitrogen fixing photosynthetic
organisms. such as algae and green and purple sul
phur bacteria. In these organisms. reduced ferre
doxin formed in the light reaction provides electrons
for the reduction of nitrogen. Thus. it was shown
by Bennet and Fuller20 that ferredoxin functions as
an electron carrier in the light-dependent hydrogen
evolution and nitrogen fixation in Chromatium.
Since ATP is also generated by photophosphorylation
of the cyclic or non-cyclic type. the light reaction
provides both the reducing power and ATP for nitro
gen fixation. It is thus clear that the mechanism of
nitrogen fixation in Clostridium and in photoauto
trophs is very similar. Both depend on reduced
ferredoxin and ATP. The main. difference is in
the source of these components. In the former,
phosphoroclastic reaction is responsible for the
formation of ATP and reduced ferredoxin. In the
latter, light reaction replaces the phosphoroclastic
reaction. It is also established that the reduction
of nitrite and hydroxvlamine to ammonia too is
dependent on reduced ·ferredoxinll•u .

Aerobic organisms - Small particles obtained from
Azotobacter vinel!lndii fix nitrogen gas when supplied
with an ATP generatin~ system and an artificial
electron donor. sodium dithionite13. These particles
also catalyse the ATP-dependent evolution of
hydrogen gas from sodium dithioniteu . Ferredoxin
is not present in aerobic heterotrophic nitrogen
fixing bacteria and hence the exact nature of th"
low redox potential electron donor is not clear. It is
obvious that non-heme iron proteins other than
ferredoxin are involved. However, the mechanism
of reduction of these electron carriers is obscure,
since reactions of the type of phosphoroclastic
cleavage of pyruvate do not occur in Azotobacter.
A more detailed discussion about the possible
mechanism in Azotobacter is given in a subsequent
section of this article.

As regards the other component of the nitrogen
fixing system in Azotobacter, namely ATP, it is
clear that this is formed in the respiratory electron
transfer chain. Jones and Redfearn25 have de
scribed the nature and intracellular distribution of
respiratory enzymes in Azotobacter. They found
that the respiratory chain components comprisin~

flavin. ubiquinone and cytochromes were almost
completely located in intracell:1lar particles (PI)'

Symbiotic bacteria - Ferredoxin is not present in
Rhizobium also. The formation of bacteroids in
the nodules and the presence of leghaemoglobin are
characteristic features of the symbiotic system,
which distinguish it from the asymbiotic Azotobacter.
It is of interest that h'lemoglobin in the nodules is
alm:>st completely deoxygenated. Low oxygen
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pressure is thought to prevent the diversio~of reduc
ing power generated in the bacteroids from the reduc
tion of nitrogen to the reduction of oxygen. This
alternate electron transfer mechanism to either
oxygen or nitrogen was invoked by Nicholas28 in
the case of Azotobacter. It is interesting to note
that, while leghaemoglobin is outside the bacteroids,
the nitrogenase is located inside27-n . This indicates
that haemoglobin is not involved in nitrogen fixa
tion. It is not an integral part of the nitrogenase.
Nevertheless, it is characteristic that it is found
only in nodules fixing nitrogen. It is probable
that it has a role in the transport of oxygen or
nitrogen. It might also prevent the inhibition of
nitrogen fixation by oxygen by acting as an oxygen
scavenger.

Appleby3Q has recently compared the character
istics of cytochromes and other pigments in the
electron transfer reactions in nitrogen fixing and
non-nitrogen fixing Rhizobium cells. In common
with the cultured (non-nitrogen fixing) bacteria,
the bacteroids contain autoxidizable cytochrome
C(550) and cytochrome b. However, it is extremely
interesting to note that they completely lack termi
nal oxidases, cytochrome a-a3 and 0, which are
present in non-nitrogen fixing cells. They contain
autoxidizable CO-reactive pigments cytochrome
C(552) and the haem protein P-450. As the
nitrogen fixing bacteroids are devoid of terminal
cytochrome oxidase activity, the author has postu
lated that Rhizobium haemoglobin functions as an
oxygen carrier. It is, therefore, likely that this
mechanism, which is exclusively present during
symbiosis, may be responsible for oxidative phos
phorylation coupled to electron transfer even in
the absence of cytochrome oxidase. At the same
time, the nitrogen fixing system is protected from
direct contact with oxygen.

Properties of Nitrogenase
Although different types of mechanisms are in

volved in the generation of ATP and the reducing
power in the systems described above, the enzyme
complex responsible for the utilization of these two
components appears to be similar, if not identical.
In recent years, considerable progress has been
made in the direction of elucidating the mechanism
of action of this enzyme complex, nitrogenase.
This has been possible on account of the purifica
tion of nitrogenase from ClJstridium and Azotobacter.
The development of a simple assay system using
sodium dithionine as an electron donor and an
ATP generating system has facilitated considerably
the assay of purified preparations23. The im
portant properties of nitrogenase are described
below.

Nitrogenase is a multienzyme complex which
contains non-haem iron, labile sulphur and molyb
denum. When provided with a suitable reductant
and ATP it catalyses the complexation and sub
sequent reduction of nitrogen to ammonia. Under
identical conditions it also reduces nitrous oxide,
nitrides, alkynes, nit riles and isonitrile,31. All these
substrates possess a triple bond and with the
exception of alkyenes have one or more non-bond
ing electrons. Nitrogen molecule is the natural

substrate with higher affinity of 0,03-0,1 mM in
cell-free extracts and 0,02-0,03 mM in whole cells;
Hardy and Jacksons2 conclude that nitrogenase
catalyses a step-wise two-electron reduction of
different molecules. It exhibits steric and electro.
nic specificities, which reflect the intricate topo~

graphy and complexing potential of the active site.
Nitrogenase is also involved in ATP-dependent hy_
drogen evolution and reductant-dependent ATPase.
Purified nitrogenase yields two compon'ents which
are called (I) molybdoferredoxin and (2) az()~

ferredoxin in Clostridium or nitrogenase I and
nitrogenase II in Azotobacter. It is a versatile
redox catalyst which combines ATP hydrolysis and
electron transfer in an integrated manner.

Mechanh,m of Action of Nitrogenase

Hardy and his coworkers have proposed the
following mechanism of nitrogenase action in the!
light of the available evidence8,12,aa,u This en-'
zyme complex consists of two distinct sites:'
(1) electron activation site (x), and (2) substrate
binding site (y). Electrons from a donor reduce x.'
Reduced x then reacts with ATP in the presence
of Mg2+ to form activated x (red)*. This activated
component .possesses extremely negative redox
potential and is possibly more potent than any
known biological reductant. Molybdenum may be
involved in this step. In the absence of substrates,
the electrons neutralize protons and are discharged
as hydrogen gas. This is the basis of ATP-depenc
dent hydrogenase as well as of reductant-dependent
ATPase, since in this reaction ATP is hydrolysed
to ADP and inorganic phosphate. These two re
actions are characteristic components of the nitro
genase system. The other type of hydrogenase,
which is ATP non-dependent, is not exactly typical
of nitrogen fixing organisms, since it is present even
in many bacteria which do not fix nitrogen. In the
presence of deuterium the purified nitrogenasell5

formed HD with an endogenous electron donor.
HD formation had the same requirements as nitrer
gen fixation and was inhibited by carbon mono
xide. Site y is involved in this reaction, since
HD formation is unrelated to hydrogenase. It
parallels nitrogenase and the requirement of nitro:
gen suggests complexed intermediates of nitrogen
reduction. The formation of HD from deuterium
suggests the involvement of diimide and hydrazine
metal complexes as intermediates. The substrate
binding site y is thus supposed to be very versatile~

as it can combine with a variety of molecules men
tioned above. However, recently with Azotobacter
chroococcum38, it has been indicated that there may
be some difference in the specificity for nitrogen
and some other artificial substrate. Thus, it was
found that the ratio of the two fractions of nitro
genase giving maximum rate of nitrogen fixation,
acetylene reduction and ATP-dependent hydrogen
evolution was 2: 1, but for cyanide and isocyanide
reduction it was 6: 1. Finally, y-substrate complex
is reduced by activated x reduced*. Site y is
distinguished by carbon monoxide and hydrogen
sensitivity.' Ferrous iron is involved at y site.

Intermediates in the reduction of nitrogen to
ammonia are not identined. The· absence of
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isotopic exchange reaction IINa1JN---+1'NaIlN
indicates that initial cleavage of nitrogen molecule
to atoms may not be involved, as it presumably
occurs in the chemical reduction". It is likely
that the intermediates diimide and hydrazine are
tightly bound to the nitrogenase, since the first
detectable free product is ammonia.

Physiological Reductants of Nitrogen
As stated earlier, reduced ferredoxin produced in

the phosphoroclastic reaction or in the photosyn
thetic light reaction is the physiological electron
donor of nitrogenase in Clostridium and photoauto
trophs. Another protein flavodoxin was isolated
by Knight et al.1I from Clostridium grown in iron
deficient cultures. This is a low molecular weight
flavoprotein and it can replace ferredoxin in vivo
as the electron donor in cells grown on low levels
of iron. Thus, ferredoxin (Eo at pH 7 =-0,42 V)

. and f1avodoxin (E~ at pH 7 =-0·28 V) are the
only known natural electron carriers which reduce
nitrogenaselt,lO. Numerous other donors such as
NAD(P)H (Eo at pH 7 =-0,32 V) are ineffec
tive17,IS. It has not yet been possible to explain
the basis of this specificity.
. In Azotobacter and other aerobes, ferredoxin is
absent. The artificial reducing agent, sodium di
thionite, was used to study nitrogen fixation in
cell-free preparationslS. The presence of a non
haem iron protein in nitrogen fixing particles of
Azotobacter vinelandii was reported by Nicholas
et at.'\, by using the electron spin resonance (ESR)
technique. This protein was markedly reduced by
dithionite. Shetna et al.'I,P purified two non-haem
iron proteins I and II from the same organism.
They reported that ESR and optical spectra showed
striking similarity with plant type ferredoxin. Both
these proteins contained about 2 g atoms of iron
and labile sulphur per mole. Molecular weights
ranged from 21000 to 24000. The occurrence of
these proteins of the labile sulphur iron type shows
that the question whether Azotobacter contains
ferredoxin or not is one of nomenclature only.
However, the physiological function of these pro
teins is still obscure. It is also not known how they
themselves are reduced inside the cell. In nitrogen
fixing subcellular particles of Azotobacter vinelandii,
Naik and Nicholas"'" reported the presence of an
enzyme, which catalysed the reduction of this
non-haem iron protein with NADH as the electron
donor. The reduction of the protein was detected
by coupling it to a nitrate reductase from Micro
coccus denitrificans. The same enzyme (NADH
viologen reductase) also catalysed the reduction of
benzyl and methyl viologen dyes with NADH as
~he donor. Redox potentials of these dyes (BV,
Eo at pH 7 =-0,36 V and MV, Eo at pH 7=-0,42
V) are more negative than that of NADH. The
redox potential of methyl viologen is almost equal
to that of ferredoxin or hydrogen electrode. How
ever, this apparent reversal of electron transfer
~ould not be shown to be ATP dependent. The
reaction was sensitive to 2,4-dinitrophenol, but this
was due to the reduction of the uncoupler to
~-amino-4-nitrophenoL The enzyme was specific
for NADH. as the donor. NADPH and dihydro-

lipoate could act as indirect donors via a tran&
hydrogenase reaction to reduce NAD. Nagai et at."
have further purified this enzyme, which was shown
to contain thiol groups and at least 3 atoms of Fe

.per mole protein. The average moleculer weight of
the purified preparation was 68000.

Effect of Combbled Nitrogen, Sources
Nitrogenase is inductively synthedzed in cells

fixing nitrogen. It is absent in cells grown on
ammonia or urea. Profound metabolic changes
occur in Azotobacter grown on combined nitrogen
compounds. Knowles and Redfearn" reported that
alternate pathways of electron transfer are func
tional in respiratory particles from Azotobacter
vinelandii, depending on the type of nitrogen source.
In cells actively fixing nitrogen, the major pathway
involves cytochromes bl and al. the main function
of which appears to be to synthesize high energy
intermediates required for nitrogen fixation. These
are not required in cells grown on combined nitro
gen, sufficient energy being obtained via the other
pathway involving cytochromes C,+C. and a.
NADH oxidase activity was more than 100% higher
in cells fixing nitrogen as compared to those grown
on urea. Cells grown on ammonia did not possess
particles resembling nitrogen fixing particles.
Lodha et al.18." also found that cells grown on
ammonia were more permeable, due to strnctural
changes in the cell membrane. Maximum NADH
oxidase and NADH-benzyl viologen reductase acti
vities were found in extracts of nitrogen fixing cells.
Glucose-6-phosphate dehydrogenase activity was,
however, high in cells grown on ammonia. Mehta
et at.IO•11 showed that urease is inductively synthe
sized in cells grown on urea or thiourea. Incorpora
tion of upO, and "S0, was faster in cells grown on
ammonia.

Intracellular Locallzation of
Nitrogen Fixation

In Azotobacter vinelandii the nitrogen fixing acti
vity is located in small subcellular particles (p.)
obtained by differential centrifugation of cell-free
extracts between 100000 and 144000 g for 6 hIlS.
Components of the respiratory chain are located in
slightly larger particles (PI) obtained by differential
centrifug-ation between 35000 and 105000 g for
90 minIS. Naik and Nicholas compared the acti
vities' of enzymes involved in respiration and in
hydrogen transfer in these two particles (Naik,
M. S. & Nicholas, D. J. D., unpublished results).
The nitrogen fixing small particle (P,) had higher
NADH oxidase activity, which was partially in
sensitive to cyanide. ATP-dependent hydrogenase,
NADH dehydrogenase and NADH-viologen reduc
tase were mainly concentrated in PI' An active
ATPase as well as NADPH and dihydrolipoic
transhydrogenases were also found in PI' Oxida
tion of a variety of substrates was faster in PI than
in p.. It thus appears that the respiratory particle
PI and the nitrogen fixing particle p. have distinct
functions in the electron transfer reactions in
Azototacter vine/antiii. In the fOJ mer, energy yield
ing oxidation reactions take place through the cvto
chrome chain, while in the latter, enzymes involved
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Seminar on Elementary Particles & Nuclear Physics

The Institute of Mathematical Sciences, Madras, is
holding a seminar on • Elementary particles and
nuclear physics' at Bangalore or Ootacamund
during the third week of January 1970, with the
support of the Department of Atomic Energy,
Government of India. There will be invited lectures
by eminent mathematicians, including Porf. Hans
Bethe, N.L., Cornell University; Prof. N. P.
Klepikov, Unesco Coordinator; Dr J. E. Drummond,
Boeing Scientific Research Laboratory, Seattle:

Prof. A. O. Morris, University of Wales, Aberyst
wyth; Prof. M. Gourdin, Universite de Paris, Orsay;
Prof. Alladi Ramakrishnan, Director, Matscience,
Madras: Dr Ramesh Chand, Matscience, Madras;
Dr V. Devanathan, University of Madras; Prof.
B. S. Madhava Rao, Indian Institute of Science,
Bangalore; and Dr Dave Pandres (Jr), Douglas
Advanced Research Laboratories, California. There
will also be individual seminars by the participants
on the particular subjects of their research.



Biogenesis of Mitochondria
J. JAYARAMAN

Department of Biochemistry. Indian Institute of Science, Bangalore 12

TABLE I - SOME PHYSICAL AND CHEMICAL DATA
CONCERNING MITOCHONDRIA·

·Data from ref. 4 and 5.
fRat liver.
tEeef heart.

CURRENTLY we are in an exciting phase of
research in the field of biochemistry; we have
learnt. for example. how to make nucl~ic

acids replicate under controlled conditions and give
rise to biologically meaningful molecules1•2 ; we even
know how to synthesize a gene in a test tubes.
The next problem is understanding ho.w.an en~lre

organelle of a cell is made. The mltochondnon
serves as the power house of the cell. i.e. it conv~rts

the energy derived by the oxidation of :,anous
substrates into a more utilizable form. This con
version is brought about by several enzymes, co
enzymes, etc., which form part of the mitochondri~n.

Some of the basic physical. chemic~l and .blO
chemical properties of the mitochondna are giVen
in Tables 1 and 2. These multifarious components
have to be synthesized, brought together. and kept
in proper orientation structurally and spatially. The
magnitude of the probleme is thus obvious. .

An attempt is made in this review to bnng
together the different lines of approach towa;ds
this central problem. Instead of merely catalo.gum.g
all the papers published in this field. a~tentlon IS

focused on the experiments which contnbute t~ a
significant understanding of the problem. D~awm.g

the analogy of a production plant, the subject IS

dealt with under four subheads: (I) Is there any
machinery available in the mitochondria to ma~e

the needed component? (2) How far is this I?achl
nery utilized by the organelle? (3) What IS the
nature of the assembly line? (4) How are all these
proce,ses controlled?

TABLE 2 - SOME IMPORTANT ENZYMES OF MITOCHONDRIA.

Structural protein
Contractile protein

·Data from ref. 4 and 5.

Complex I: NADH-ubiquinone oxidoreductase
Complex II: Succinate-ubiquinone oxidoreductase
Complex III: Reduced ubiquinone-cytochrome c oxidoreduc-

tase
Complex IV: Cytochrome oxidase
Energy transferring factors
Tightly bound auxiliary enzymes:

D-~-hydroxy butyrate dehydrogenase
«-Glycerophosphate dehydrogenase
'Fatty acyl CoA dehydrogenase
Pyridine nucleotide transhydrogenase

Bi'osyntheses by Mitochondria

Protein synthesis - It has peen known for a Jong
time that when an intact animal or plant is given a
dose of 'radioactive amino acid. the mitochondrial
fraction shows a specific radioactivity. almost
equalling that of the microsomal fraction?,8.
Roodynt Showed, for the first time, that isolated
mitochondria had the ability to incorporate amino·
acids into acid-insoluble products. This has been con
firmed in several laboratoriesand several reviews have
been published on the subjeet10,1l. A comparison of
some of the main properties of the mitochondrial
protein-synthesizing system with those of the
microsomal and bacterial systems is made in
Table 3.

Identification of the product of amino acid incorpora
tion by isolated mitochondria - The proteins of the
mitochondria can be roughly grouped depending
on the ease with which they are extracted. This
point is illustrated in Scheme 1 (ref. 12). It was
recognized early that when the mitochondria were
labelled with radioactive amino acids in vivo and
then fractionated. the insoluble proteins had more
radioactivity associated with them than the soluble
fractions18. This was much more striking in experi
ments with isolated mitochondria. As much as
65% of the total radioactivity incorporated by
the isolated mitochondria was associated with the
insoluble residue. while the soluble proteins were
not labelle<i14,l&. In fact. the maximum amount of
radioactivity was found in the fraction containing
the structural protein and this led to the general
assumption that this protein is synthesized by ~he

mitochondria. Haldar et al.le• for example. ISO

lated the structural protdn fraction from the mito
chondria. labelled in vitro, by the method of Criddle
et alP and after rigorous purification found this
fraction to be highly radioactive. Analysis of this
fraction on acrylamide gel electrophoresis revealed

Other proteins:

16 (."

6400,0

1'1 X10-"
37
63
H
8'0
3·18
0·45
3-80
1'46
8·S5

Usu~lly ellipsoidal
3·3 xl'O (.'

1000

l'hysical datat

Shape
Size
Average number per cell
Surface area of cristae per mitochon

drion
Number of units of electron transfer

per mitochondrion

Chemical da/at

Average dry weight. g
Lipid, %
Protein, %
DNA ("g/mg protein)
RNA ((.'g/mg protein)
Cytochromes ("moles/g protein)
Flavins ((.'mo!es/g protein)
Ubiquinone ("mo!es/g protein)
Copper (g atoms/g protein)
Iron (g atoms/g protein)
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several components, many of which were radio
active, of particular interest being a protein band
which corresponded to the factor 4, a component
of the energy coupling system. Neupert et at.lI
showed that on incubating isolated mitochondria
with radioactive amino acids, the outer membrane
fraction had less than 5% of the specific activity of

TABLE 3 - CoIiPAJUSON OF TlIB PROTEIN-SYNTHESIZING
SYSTKIIS OF MrtOCBONDlUA WITH THOSIt OF MIcsosolillS

AND BACTKlUA

Mitochon- Microsomal Bacterial
drial

Rate of amino acid 12-72 210-1200 abont 1000
incorporation ("11-
moles/mg protein/hr)

(+)1 (+)1Requirement for oxy- ++
gen

Involvement of ++ ++
pH 5 enzymes

External ATP ++ ++
External AMP (+)1
Succinate (+)1
Inhibition by
Actinomycin D (+)1
Acrillavin +
Chloramphenicol + +
Puromycin + ++ ++
Cycloheximide ++
Ribonuclease + +
Dinitrophenol ++

Extent of incorpora- Linear np Unear up to 30 min
tion to 3 hr

Contamination from Possibility
other systems of bae-

terial con-
tamination

Size of ribosomes 70s 1 80S 70s
Need for formylme- ++ Not demons- ++
thionyl tR."<A as trated
initiator of protein
synthesiso

OVery recently shown by Smith and Marcker'-n.

the inner membrane, while the soluble fraction was
devoid of any radioactivity. Similar conclusions
were arrived at by Beattie and coworkersll•1t-U,

who carried out an exhaustive investigation of the
kinetics of labelling of the various fractions, under
in vivo conditions, with tissue slices and with iso
lated mitochondria.

Linnane and Stewart" have successfully exploited
the fact that certain antibiotics like chlorampheni
col, tetracyclines and macrolides inhibit protein
synthesis carried out by mitochondria of the yeast
cell, but not the protein synthesis of the cytoplasm.
They grew the yeast, Saccharomyces csrevisilU, in
the presence of the drugs and then studied the
morphology and characteristics of the mitochondria
in these cells2ll • Under the electron microscope. the
cells grown in the pre.~ence of the drug had profiles
resembling those of the normal mitochondria, but
they lacked the intemal cristate structure. The
absorption spectra indicated that these cells lacked
cytochromes a+a. and b. These results led them
to suggest that the proteins of the inner membrane
and the tightly bound cytochromes a and bare
synthesized by the mitochondria themselves. Cyclo
heximide, a powerful inhibitor of protein synthesis
in the cytoplasm of the yeast and mammalian
tissues, has been shown not to affect mitochondrial
protein synthesisu-u . Mahler and coworkersl'l
studied the effects of both cycloheximide (actidione)
and chloramphenicol added at different time inter
vals to a growing culture of yeast, S. cerevisilU, on
the enzyme levels of mitochondria and concluded
that the synthesis of at least some of the soluble
proteins of mitochondria in the cytoplasm was
regulated by entities in mitochondria, the origin of
which is sensitive to chloramphenicol. But these
soluble proteins require integration into particles
before their activity becomes manifest. Again this
integration process was sensitive to chloramphenicol.
The complexity of the situation regarding the ex
tent and nature of participation of the two systems,

Mitochondria

1
Incubate with water at 30" for 10 min

------------.~

sediment Soluble proteins like catalase. malate dehy-

I
drogenase. glutamate dehydrogenase, etc.

Incubate with 0·9% KCl at 30· for 10 min

Ammonium SUlphate to 50% saturation

+Contractile protein

~
Supernate

I

Solubilize with detergents, reduce with Na,S,O,
and then ammonium sulphate to 13% satu
ration

sedime~nt ~Most of cytochrome •

I Incubate with 0·6M KCl at 30· for 10 min

---------,
~

Sediment.. lor............
Precipitate

(Structural protein)

~ ~
Precipibte Supernate

(Cytocbromes b and a)

Scheme 1 - Scheme for fractionation of mitochondria (adapted from Beattie'")

#2



JAYARAMAN: BIOGENESIS OF MITOCHONDRIA

mitochondrial and microsomal, in the generation
of mitochondrial proteins needs no stressing.

Corroborative studies at the genetic level, parti
cularly with yeast and Neurospora crassa, are dis
cussed later.

Mitochondrial ribosomes - Wintersberger18•u iso
lated RNA from purified yeast mitochondria and
studied their sedimentation characteristics and
found three species with sedimentation values of
235, 165 and 45. Ribosome-like structures were
detected in mitochondria and, on treatment with
ribonuclease, these structures remained intact,
while the cytoplasmic ribosomes disappeared1e,80.
Leon and Mahler81 also purified RNA from isolated
yeast mitochondria and studied its properties.
Three components, with 5 values of 23, 16 and 4.
were found, besides two minor components of 115
and 305. The values of 235 and 165 for the two
ribosomal RNA components (presumably) were
lower than those for their cytoplasmic counter
p'arts, isolated and analysed under comparable con~

ditions. Ribosomes have also been purified from
isolated mitochondria and their properties studied.
O'Brien and Kalp8,aa isolated ribosomes from rat
liver mitochondria and found them to have a
sedimentation value of 555. Also, the ribosomal
preparation consisted of spherical particles 145 A
In diameter, agreeing well with the measurements
made from the electron micrographs of the whole
cells. Under the same conditions, the ribosomes
isolated from the cytoplasm were 190 A in size and
had a sedimentation value of 785. Incubation of
mitochondria with radioactive amino acids for 5 min
showed the 555 particles to have a specific activity
almost 50 times more than that of the other pro
teins. Elaev", on the other hand, had reported that
rat heart mitochondria had three classes of ribosomes
sedimenting at 835, 635 and 455. Rabinowitz
et al.81 as well as Kuntzel and NoliN found the
ribosomes of mitochondria to have a sedimentation
value of 705. Rifkin and Luck87 reported the sedi
mentation value of the ribosomes they isolated from
the mitochondria of N. crassa to be 705, partially
reversing their previous claim that it was 805
(ref. 38). These ribosomes, in the presence of 2 mM of
magnesium, dissociated into two 255 and one 155
subunits. Though the presence of ribosomes in
mitochondria, termed 'mitosomes 'at, is fairly well
established, there still exists some controversy
regarding their size and very little is known about
their function.

Presence of other components of the protein synthetic
machinery - As mentioned earlier, the experiments
of Wintersberger18 with isolated yeast mitochondria
showed the presence of a species of RNA sediment
ing at 45. Further studies with this RNA showed
that they in fact accepted amino acids, showing
that they are probably transfer RNAs. Barnett and
Browneo have elegantly demonstrated that N. crassa
mitochondria had transfer RNAs for' as many as
18 amino acids. They also noted that at least the
tRNAs of phenylalanine, aspartic acid and leucine
were specific to the mitochondrial enzymes, i.e.
they were not charged by the cytoplasmic amino
acyl tRNA synthetasesu . A similar specificity for
the leucyl- and tyrosyl- tRNAs of the rat liver

mitochondria was demonstrated by Buch and Nassta•
These two groups of workers have also demonstrated
the presence of the tRNA synthetases in isolated
mitochondria and their absolute specificity for the
tRNAs of the mitochondria.

Is there a messenger RNA in the mitochondria i' 
In experiments using pulse-labelling techniques,
Wintersbergerta noticed the presence of a species of
RNA in yeast mitochondria, which had properties
similar to those of messenger RNA. Comorosan
et al." isolated, from mouse liver mitochondria, a
rapidly labelled RNA of molecular weight 1·5 X1()1
and claimed it had the properties of messenger
RNA. Attardi and Attardi" made the interesting
observation that the cytoplasm of HeLa cells had a
membrane-bound RNA, which is distinct from the
other known species of RNA in the cell. This was
found to be synthesized on the mitochondrial DNA
(MDNA). But intriguingly, part of this newly
synthesized RNA seemed to be exported to the
endoplasmic reticulum. The results obtained by
Woodward" with N. crassa appear to provide
confirmation of these results. In fact, Woodward
thinks that the MONA codes for the' structural
proteins of the cellular membranes'. " Transcrip
tion of MONA produces a messenger RNA corres
ponding to structural protein, some of which is
retained within the mitochondria for the synthesis
of mitochondrial membranes. The remainder of
the mRNA is transported to the site of protein
synthesis in the cytoplasm, where the structural
proteins of the other cellular membranes are syn
thesized." It is worth recapitulating the work of
Malller and coworkers87 that the synthesis of some
enzymes of cytoplasm is regulated by entities of
mitochondrial origin, the biogenesis of which is
sensitive to chloramphenicol.

Suyama and Eyer'7 studied the synthesis of RNA
by isolated mitochondria of Tetrahymena pyriformis.
They were able to show that the radioactive pro
duct sedimented in the range 14-185 with no
radioactivity in the 4-55 region. The radioactive
RNA hybridized with mitochondrial DNA; this
hybridization was not afiected by the addition of
large amounts of ribosomal RNA, suggesting the
probable specificity. Fukuhara" detected in yeast
cells an RNA species difierent from the ribosomal
RNA and the tRNAs. This RNA apparently was
membrane-bound, presumably with the mito
chondrial membrane and hybridized with the
MONA. The aerobic cells had a higher content of
this particular RNA than the anaerobic cells.
After ruling out the possibility that the hybridiza
tion with MDNA was fortuitous, Fukuhara con
tended that a new· species of RNA. coded for by
MONA, is produced in high quantities in the yeast
cells during aerobic adaptation (The formation of
mitochondria in the yeast during adaptation to
aerobic conditions is discussed elsewhere in this
review). More recently, Leon and Mahler81 studied
the incorporatioIj of radioactive uracil into mito
chondrial RNAs by yeast cells, which had been
released from glucose repression, a condition which
leads to an increased mitochondrial contmt of the
cell. Uracil was incoroorated both into mitochon
drial and cytoplasmic RNA, but the specific activity

443



j:·SCIENT. IND. RES., VOL. 28. NOVEMBER 1969

of mitochondrial RNA was three times higher. The
incorporation into the llS component of the RNA
was more rapid than into any other component; also
the rate of incorporation was more rapid in the 'early'
derepression phase than in the • late' derepression
phase. These results were interpreted to mean
that the rapidly labelled mitochondrial DNA is
different from the cytoplasmic RNAs. An inference
as to whether this RNA is the mRNA could not be
drawn, since the radioactivity was not chased by
unlabelled uracil. Similar results have been ob
tained with isolated yeast mitochondria".

RNA polymerase of mitochondria - The presence
of an enzyme system able to incorporate radio
active ATP into an RNA-like product was shown
in rat liver mitochondria~, lamb heart mito
chondriall and N. erassa mitochondria61. In all
these cases, it was shown that the activity was
inhibited by the addition of actinomycin D, showing
the involvement of DNA in the reaction.

Mitochondrial DNA - Although a number of
earlier workers have reported on the presence of
fibrils in mitochondria, it was Nass and Nass63 who
first demonstrated that these Feulgen-positive fibrils
were sensitive to DNAse and, thus, are fibrils of
DNA. These fibrils have been subsequently shown
to be present in the mitochondrial matrix of a
number of organisms6t• That the mitochondria
have DNA as an intrinsic component is fairly well
established by' isolation from a number of tissues
and the different sedimentation behaviour of the
nuclear DNA and the mitochondrial DNA in a
cesium chloride density gradient61 (Table 4). Also, the
initial observation of Vinograd and coworkers68,67

that the mitochondrial DNA was circular, consisting
of supercoiled cyclic filaments, has been confirmed
in several laboratories63,n.

DNA polym~rase of mitochondria - The ability of
isolated yeast mitochondria to incorporate tritiated
deoxy ATP into an acid-insoluble product, pre
sumed to be DNA, has been demonstratedu .
Haldar et a/.le found that isolated mitochondria of
rat liver and tumour cells incorporated tritiated
thymidine into DNA. They also showed that the
mitochondria isolated from livers of rats receiving a
dose of thyroxine had a higher rate of incorpora
tion, suggesting that the observed incorporation
was physiological. Two groups of worker, have
recently reported. on the purification of DNA

TABLE 4 - BUOYANT DENSITIES OF MAJOR (NUCLEAR) AND
SATELLITE (MITOCHONDRIAL) DNAs·

Source Nuclear Mitochondrial

Yeast lo698 lo684
Neurospora 1·713 1·701
Leishmania 1-721 1·699
Tetrahymena 1-685 1-671
Rat liver 1·703 1'701
Guinea-pig 1·700 1'700
Sheep heart 1·704 1·714
Chicken liver 1'701 1'707
Chicken embryo liver 1-698 1'707

·Data adapted from Granick and Gibor".

polymerase enzyme from isolated mitochondria. Katf
and Chik80 working with rat liver mitochondria
purified the enzyme 22-fold, and showed that the
product was a double-stranded replica of the
template MDNA. Meyer and Simpsonel purified the
enzyme from both the nuclear and mitochondrial
fractions of rat liver and demonstrated that the
activities could be separated from one another on
DEAE columns. They have also reported on the
differences in the two systems regarding their
requirement for magnesium and salt concentration.
Preliminary results of these workers61 also indicate
that the enzyme acts more as a replicating enzyme
rather than as a repair enzyme.

Biosynthesis of lipids - Although a completely
systematic survey of all the enzymes required in
the biosynthesis of all the complex lipids of mito
chondria has not yet been reported, Wilgram and
Kennedy" have found that some of these enzymes
are localized outside the mitochondria. Also, it
has been well established that the sterols are syn
thesized outside the mitochondriau and similar may
be the case with ubiquinone". The mitochondria,
however, are capable of quite high rates of fatty
acid synthesis and according to Hulsmann and co
workers88, they may well be the major site of cellular
fatty acid synthesis. Isolated mitochondria are
also capable of carrying out the enzymatic assembly
of at least portions of some of the phospholipids·.

The Self-sufllclencyor Otherwise of
Mitochondria in Reiation to Their Genesis

Origin of mitochondrial components - It has been
discussed earlier that the soluble proteins of the
mitochondria are· not labelled when the isolated
mitochondria are incubated with radioactive amino
acids. However, only cytochrome c has been
conclusively shown to be synthesized in the cyto
plasm and transferred to the mitochondria18,n,87.

This may be because of the lack of proper tech
niques to identify the enzyme proteins which may be
present in inactive form. However, severa,l circum
stantial evidences listed below (and discussed else
where) suggest that the insoluble or tightly bound
proteins of the inner and outer membranes of the
mitochondria are synthesized by the organelle,
while the soluble proteins and perhaps most of the
lipids are synthesized in the cytoplasm and trans
ported. (a) The physical dimensions of the MDNA
speak against its capacity to code for all the pro
teins of the mitochondria. (b) Genetic studies with
mutants of yeast and N. crassa have definitely
shown that the synthesis of cytochrome c and
malate dehydrogenase is controlled by the nuclear
gene. (c) Amino acid incorporation studies reveal
that the isolated mitochondria incorporate the
amino acid exclusively in the insoluble fraction,
while under in vivo conditions' all the proteins are
equally labelled. (d) Antibiotics like chlorampheni
col and erytltromycin, which selectively inhibit the
mitochondrial protein synthesis without affecting
th~ cytoplasmic protein synthesis, affect the forma
tion o( cristae in yeast mitochondria. Also, yeast
cells grown in the presence of these drugs were
deficient in cytochromes a and b. (e) Synthesis
of lipids of mitochondria has been shown to be
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TABLE 5 - DNA CoNTBNT OP SoMB MITOCHONDRIA.

·Data adapted from Granick and Gibor".
tThese values for mitochondria per nucleoid are given foe

comparative purposes.

categorical statement based on experimental evid
ences, theoretical cO,nsiderations indicate that the
MDNA can code for about half of the total mito
chondrial proteins. The DNA content of the
individual mitochondrion from several sources
(Table 5) lies in the same range as some of the
viruses and is only 1/50th of the content in an
Escherichia coli cell. It has been calculated?'·7r
that each yeast mitochondrion has 6 X 1O"1? g of
DNA, which would correspond to 2·7x loe nucleo
tide pairs, capable of coding for 9000 amino acids
forming proteins of a total molecular weight of
about 900000. Sinclair and Stevens?' deterntined
the average length of DNA fibrils isolated from
mouse liver mitochondria and found them to be

.4·96 fL. This length of DNA would then contain
14600 base pairs, which will code for 5000 amino
acids or proteins with a total molecular weight of
about 584000. Comparing these values with the
minimal molecular weight of 1·5 million, quoted by
LehningerC, it is obvious that the MDNA can code
only for part of the mitochondrial proteins.

Expression of mitochondrial DNA - The experi
ments discussed up till now would indicate that
mitochondria possess the heredity principle, DNA,
and all the machinery needed to decode the mes
sages and convey them into meaningful functional
proteins. But the basic question, how far these
are operative in vivo, remains largely unanswered.
Indirect evidences are forthcoming, particularly
from studies on yeast, that the MDNA does func
tion. It is increasingly recognized that individual
characters can be inherited not solely from the
nuclear chromosomes but' also through the cyto
plasm?9,8o. This phenomenon is not localized to
one organism, but is fairly widespread in bacteria,
molds, protozoa, fungi, insects, plants and even
animals. Typical examples of such type of inheri-.
tance, which has relevance to our discussion, is the
occurrence of respiratory deficiency in S. cerevisiae
and N. crassa.

(a) Petite mutation in yeast: Ephrussi and
Slonimski81 observed in their yeast cultures some
slow-growing clones, which they designated
, petites'. Further study indicated a lack of
respiratory capacity in these clones and a detailed

unaffected under conditions where mitochondrial
fonnation is inhibited, as in the presence of chloram
phenicol and cycloheximide. (f) Direct transfer of
proteins and lipids from microsomes to mitochondria
has been demonstrated, using a system comprising
radioactively labelled microsomes and unlabelled
mitochondria.

The data currently available do not permit one
even to speculate concerning the origin of the mito
chondrial nucleic acids. The situation with regard
to the lipids is somewhat less'complicated. We had
already seen that the mitochondria do not possess
enzymes for the synthesis of complex phospholipids,
sterols and probably ubiquinone. The significance
of the ability of mitochondria to synthesize fatty
acids and to add building blocks into lipids is at
the moment far from clear.

Turnover o/mitochondrial DNA - Several workers
have shownu by autoradiographic techniques that
tritiated thymidine is incorporated into MDNA.
The relationship between the turnover of nuclear
DNA and mitochondrial DNA has also been investi
gated by a number of workers. Schneider and
KuffS8 showed that the incorporation of thymidine
into MDNA of rat liver cells was at least 10 times
faster than into nuclear DNA, suggesting that the
fonner turns over more frequently. Reich and

. Luck" noted that the replication of MDNA in N.
erassa was independent of nuclear DNA. A similar
situation was shown to exist in Tetrahymena?O,71 also.
Smith et al.7' carried out an extensive investigation
on the content of both nuclear DNA and MDNA
in a synchronously growing culture of Saccharomyces
lactis at various time intervals. The results indi
cated the synthesis of the two DNAs to be out of
phase, the nuclear DNA preceding the mitochondrial
DNA. Neubert 8t al.?1 reported similar results
with rat liver. However, Guttes et al.u found that
in the slime mold, Physarum polycephalum, tritiated
thymidine was incorporated into MDNA through
out the cell cycle, without any evidence of perio
dicity.

The experiments with Tetrahymena?O indicated
that the tritiated MDNA was carried over several
generations intact; .this physical continuity of
MDNA has been confinned by Stone and Miller'll.
Reich and Luck" carried out a series of experiments
with N. crassa, which provided strong evidence that
the MDNA replicates in the same semiconservative
fashion as the nuclear DNA. They grew the organ
isms in a medium containing liN and then trans
ferred them to a medium containing UN. The
MDNA component was isolated at several stages,
at the end of I, 2 and 3 cell doublings, and analys~d

by analytical ultracentrifuge. In the first two gene
rations, they found only liN duplex strands, ap
parently having been transmitted intact from the
mother cell to the daughter cell. However, in the
third generation cells, they were able to detect
hybrid strands. A similarity in the mode of replica
tion of the MDNA and the nuclear DNA is also
supported by the observation by Kirschner et aP5,
of forked circular molecules of mitochondrial DNA
in electron micrographs.

Can mitochondrial DNA code for all mitochondrial
proteins; - Though it is not possible to make a

Origin

Yeast
Tetrahymena
NeurospOT'a
Beef heart
PhaHolus
POl( virust
T-even bacteriophaget
Polyoma virust
Escherichia colit
Yeast nucleus (haploid)t
Neurospora nucleus (haploid)t

DNA per mitochnndrion
(10-" g)

1
3'7

Qo2-I·g
0-5
5
2
2
0'05

50
250
900

44S
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analysis revealed the absence of cytochromes a+1It
and b in these cells. The conversion of normal
cells to the petites was enhanced almost lOOO-fold
by treatment with a small concentration of acri
flavine (I in 300000). Mating haploids of these
cells with one another resulted in zygotes. which by
tetrad analysis were shown to be petites. How
ever. mating with normal cells always resulted in
normal colonies. A number of independently ob
tained cultures of petites have been screened for
revertants or recombinants, but without result.
Based on these results, SlonimskiSl suggested that
the petite strains lacked a factor in their cytoplasm,
which is necessary for the maintenance of respira
tory capacity. This factor was designated as the
'rho' (p) factor. It is generally assumed that this
rho factor is the same as MDNA or closely related
to it. Support for this view comes from the
following observations: (I) The action spectrum of
ultraviolet induction - of the petites shows the
maximum efficiency at 265 mil, the same as for
nucleic acids. (2) The mutagenic action of dyes
like acriflavine in producing the petites is correlat
able with the well-documented capacity of these
dyes to bind with DNA and inhibit the RNA
polymerase activity. In fact, it has been demons
trated that acriflavine binds much more efficiently
with mitochondrial DNA of the yeast than the
nuclear DNA".

A certain amount of scepticism prevailed regard
ing the original suggestion that it is the absence of
the rho factor that was responsible for the respira
tory deficiency of the petite mutants. Recently.
based on elaborate studies by several groups of
workers on the presence and properties of MDNA
isolated from these mutants, Slonimski and his
group81 have suggested that this thesis may not be
valid any more. Instead, as mounting evidences
described below show, it is the alteration in the
mitochondrial DNA that confers respiratory defi
ciency.

Tewari et at."·" first compared the physical
properties of MDNA isolated from the normal
yeast and a cytoplasmic petite. They found that
the p. strains had a minute amount of a satellite
DNA, which was lower in density by 0'006 glml
in cesium chloride density gr.adient, compared to
the mitochondrial DNA of the wild type strain.
Carnevali et al." compared the bulk DNA isolated
from a wild type and petite strains of yeast and
found that the former had a satellite band at a
density of 10685, while in the latter it was replaced
by a band at 1·670. In contrast to these observa
tions, Moustacchi and Williamson81 and Corneo
et al.ss failed to detect any satellite DNA in the
petite strain. Recently, Mounoulou et al.8I have
pointed out critically the need to use identical
growth conditions. They compared a wild type
yeast and isogenic petite strain, both grown in a
chemostat and found equal amounts of MDNA in
both the cases. However, the buoyant density of
the mutant was different from that from the normal
mitochondria. Mehrotra and Mahlels1 repeated the
experiments of Mounoulou et al., taking precautions
to maintain the same growth conditions, and con
firmed that both the normal and petite strains had
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the same MDNA content. They further studied
the physical properties of the MDNA from both
the strains, in particular the buoyant density under
a variety of conditions, thermal denaturation pro
files and base composition. The DNA isolated from
the mitochondrial particles of the mutant had an
AT content of 90% as compared to 83% for the
normal MDNA. This alteration, according to
Mehrotra and Mahlels1, could make the MDNA of
the mutant genetically' incompetent.

(b) 'Poky' mutant of Neurospora: Mitchell and
Mitchell81 analysed several mutants of N. crassa,
which were deficient in respiration, and showed
that the deficiency is materially inherited. Three
such mutants, mi-I or poky, mi-3 and mi-4, have
been studied exhaustively. The mi-l mutant is
characterized by a deficiency in cytochrome a and
cyt b, while it produces an excess of cyt c. Both
mi-3 and mi-4 are devoid of cyt a and have reduced
amounts of cyt c. Reich and Luck" carried out
some interesting experiments which resulted in a
correlation between the inheritance of the mito
chondrial type from the maternal parent and the
transfer of the MDNA from the same parent. The
MDNA of N. erassa has two bands at densities 1'698
and 1,702, while the MDNA of N. sitopnila has in
addition a band at 1·692. Reciprocal crosses were
made between a mi-I mutant of N. erassa and a
wild type of N. sitophila. When 'N. erassa was the
maternal parent, all ascopores of the progeny were
mutants and none of them had a density band at
1·692. However, when N. sitophila was the mater
nal parent, the progeny was all normal and contained
the band at 10692.

Thus, these results would indicate that the respi
ratory competency or otherwise of the mitochondria
is linked to the properties of the DNA component
of the mitochondria. Still the evidence remains
largely circumstantial. Two attempts have been
reported which tend to provide positive evidence
for the direct transfer of information from one cell
to another by the mitochondria. Diacumakos et
al.1t injected mitochondria prepared from a cyto
chrome-deficient mutant of N. erassa into the hypha
of a normal strain and found the resultant myce
lium to be slow-growing and cytochrome-deficient.
A similar alteration in the growth characteristics
was not noted when the nucleus was injected. It
is, therefore, apparent that the injected mito
chondria have in some way interfered with the
normal mitochondria and have transmitted their
properties. Tuppy and WildnerlO reported that
when they incubated spheroplasts of petite strains
of yeast with a mitochondrial suspension of normal
yeast, 2·6% of the spheroplasts grew out into normal
colonies. However, it may be mentioned that these
results have been contradicte<itl•

Mode of Assembly of Mitochondria
Origin of mitochondria de novo - Most of the

support for the theory of de novo origin of mito
chmjria is derived from cytological observations
and is not backed by chemical or biochemical evid
ences. Also. much of the earlier work did not
stand the test of more rigorous experimental tools
like the electron microscope. Yet. there are some
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recent reports which cannot be dispensed with so
easily. Berger" found mitochondrial structures at
various stages of development, in the electron
micrographs of the photo-receptor retinal cells.
He concluded that the mitochondria arise de novo
in the cytoplasm near the nuclear membrane.
Adams and Hertig" followed the developmental
changes in the mitochondria of the oocyte and
observed that mitochondria appeared to develop
from regions free of other mitochondria. The fact
that a large percentage of these observations have
been made on a particular cell, the egg cell, may be
more than coincidental and should not be ignored.

Gro.wth and division of mitochondria - Altmann
proposed in 1909 that the mitochondria grow and
divide independently of the nucleus'. But the
closest direct proof to this visionary hypothesis has
been only recently obtained by LuckN ,,, in N.
crassa. A choline-requiring mutant of N. crassa
was first grown in a medium containing radioactive
choline, which extensively labelled the mitochondria.
The cells were then harvested and transferred to
a medium containing unlabelled choline. Samples
were taken out at the end of each cell division,·
mitochondria prepared and the radioactivity as
sociated with each mitochondrion determined by
radioautography. Calculation of the number of
grains per mitochondrion showed a random Poisson ,
distribution, which would rule out that the mito
chondria in the young cells have arisen de novo.
The distribution data would best fit a situation
where the mitochondria grow steadily during the
cell cycles, by the addition of new substance to the
old cells. In a subsequent work, Luck" demons
trated that mitochondria can accumulate more
lipid material without affecting the specific acti
vities of the various enzymes. Based on these
results, he concluded that at least in Neurospora,
mitochondria grow and divide. The inherent
danger in drawing such a conclusion based only on
studies with one component of mitochondria has
been discussed well by Roodyn and Wilkit".
Other evidence that mitochondria arise by growth
and division of pre-existing mitochondria has been
obtained in electron microscopic studies with a small
unicellular alga, Micromona~t8. This organism con
tains one nucleus, one chloroplast and one mito
chondrion. The three of them divide in synchrony
at the time of cell division. Bucher and coworker;"
have reported that the mitochondrion of the flight
muscle of the locust can grow up to 60 times its size
without any change in the specific activities of the
enzymes. More credence to this theory is also lent
by other reports100,IOl that electron micrographs of
the cell show mitochondria in dumb-bell shapes and
bud-like projection attached to them, which give
the impression of mitochondria in the process of
division.

Formation of mitochondria from other cellul:zr
membranes - Several cytologists, again purely on
the basis of morphological criteria, have claimed
that mitochondria are formed from other cellular
membranes by a pinching-off process. The nuclear
membrane, the microbodies and the endoplasmic
reticulum have all, at some time or the other, been
implicated in "this process'. For example, Bell and

Muhlethaler101 followed the maturation of fern
cells and claimed that mitochondria were formed
from evaginations into the cytoplasm of the nuclear
membrane. Reid101 has summarized some of the
evidences in favour of the role of cytomembranes in
the process of mitochondriogenesis. In fact, several
workers have also remarked on the apparent conti
nuity of the mitochondrial membrane with the
cytomembranes in their electron micrographs10&.

Bade106 followed the appearance of mitochondria in
regenerating mouse liver by electron microscopy.
He observed a progressive transformation of the
elements of the endoplasmic reticulum cisternae
into double membranes and cristae of the mito
chondria. At one stage in the process, an inter
mediate structure was found which was neither
cytomembrane nor mitochondrion,· and this was
termed 'promitochondrion'. During. regeneration,
many mitochondria with incomplete outer mem
branes were observed and they were often found to
be in close association with the endoplasmic reti
culum.

Turnover of mitochondria as an entity - The classi
cal experiments of Fletcher and SanadilOl deserve
special mention. These workers dosed several rats
with 86S methionine and 1&e acetate and at different
time intervals isolated the liver mitochondria and
fractionated them into cytochrome c, soluble pro
teins, insoluble proteins and lipids. By determining
the radioactivity in these fractions at all time
intervals, they were able to construct decay curves
for each component. Surprisingly, the curves were
linear and parallel to one another, suggesting that
the mitochondria turn over as an entity with a
half-life of 10·3 days. Bailey et al.1t? performed
similar experiments and obtained a value of 9 days
for the half-life of the insoluble protein fraction,
although the turnover rates of the lipids were much
more complex than those reported by Fletcher
and Sanadi. Neubert et al.va estimated the half
life of mitochondrial DNA of rat liver to be 8-9 days
using pulse-labelling techniques. Since the half-life
of the nuclear DNA in the same tissue was found
to be 20 days, these workers suggested that the
mitochondria turn over independently of the cell.
Cuzner et aPll8 found that in brain mitochondria,
cholesterol, cardiolipin and phosphatidic acid turned
over slowly" if at all, whereas the remainin~

phosphatides had much shorter half-lives. Luck"
demonstrated that in Neurospora, the ratio of
protein to lipid can be varied widely without affect
ing the function of the mitochondria. In a similar
way, the experiments of Swick et al.108 demonstrate
that the enzymic complement of the mitochondria
can be altered without any change in the rate of
formation of mitochondria as a whole. These
workers labelled mitochondrja in vivo, by continuous
oral administration of radioactive calcium carbonate
to the animal. The liver mitochondria were iso
lated at different time intervals and the decay
curves constructed for 6 different fractions, which
gave a half-life value of 4-6 days. When they
induced the enzymes alanine and ornithine amino
transferases, specifically, the enzymes had half-lives
of 0·73 and 1·03 days respectively. Droz and
BergeronllO studied the synthesis of mitochondria.
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They injected tritiated leucine to rats and followed
the· appearance of radioactivity in the mitochondria

.of liver and kidney at various time intervals by
electron microscope autoradiography. Sections were
examined from 10 min to 6 hr after the injection.
It was found that the number of grains per mito
chondrion showed a Poisson distribution over the
entire period. Therefore, it was concluded that
there was a continuous synthesis of mitochondrial
protei(l over the entire period of study.

Role of structural protein in mitochondriogenesis
First isolated by Criddle et alP, this protein frac
tion of mitochondria has been shown to contain at
least 30 proteins. Richardson et al.111 have shown
that the various respiratory enzymes and cyto
chromes bind with this protein and have implicated
it as the backbone material for the integrity of the
mitochondrial structure. As we saw earlier, the
results of amino acid incorporation studies streng
then this view. Sherman and Slonimskilll sug
gested that the aberrant mitochondria present in
the petite strains of yeast and N. crassa may be
due to the alteration in the structural protein
fraction, brought about probably by a mutation
of the mitochondrial DNA. Indeed, Menkres and
Woodwardl18 found such a difference in the struc
tural proteins of respiratory-competent and respi
ratory-deficient strains of N. crassa. They purified
the structural protein fraction to such a high degree
that they could find the difference in a single amino
acid residue. The tryptophan residue of the normal
strain was found to be replaced by a cysteine residue
in the mutant strain. Also, the structural protein
of the mutant showed reduced binding capacity for
NADH and purified malate dehydrogenase.

Though such a difference has been predicted in
the case of yeast also, there seems to be some
controversy in this regard. From ultracentrifugal
studies Katoh and SanukidalU did not find any
difference between the amino acid composition and
antigenic properties of the structural proteins of
the normal and petite strains of yeast. But Tuppy
and coworkers1l5,ne claimed a difference. They
purified the structural proteins from both normal
and petite strains and analysed them by acrylamide
gel electrophoresis. The petite strains lacked at
least one protein from the corresponding normal
strain. Also, these workers prepared rabbit anti
sera against yeast mitochondria and investigations
with these showed that at least one of the antigenic
determinants of the wild type structural proteins
was missing from the mutant strain. Schatzll7 had
shown that the FcATPase associated with the
mutant yeast mitochondria is cold labile, whereas
the corresponding activity in the mutant is cold
stable. Tuppy and Swetleyll6, therefore, postulate
that petite mutation causes the loss of a component
in the structural protein and thereby induces cold
lability of the atractyloside-sensitive nucleotide
binding, catalysed by F1factor.

Formation of mitochondrial membranes in yeast
during aerobic adaptation - The facultative an
aerobe, S. ccrcvisiae, has been studied exhaustively
in this connection. Marchant and Smith1l8 have
reviewed in detail the various membrane systems
present in the yeast cell and the origin of these

#8

membranes. There is ample evidence· that the
yeast cells grown under anaerobic conditions do
not have normal mitochondrial profiles when seen
under the electron microscope. Within a very
short time after exposure to air, the fully functional
mitochondria are formed in the cytoplasm. These
results are also supported by cytochrome analysis;
the anaerobic cells are devoid of cytochromes
a+a1, band C1' Linnane and coworkers first
reported that Torulopsis utilis, when grown an
aerobically, contained a complex system of reti
culate and lamellar membrane system in the
cytoplasm in place of the mitochondriallt. Though
they claimed that S. cerevisiac also contained similar
structures, they subsequently120 commented on the
essentiality of the presence of ergosterol and Tween
80 for such membrane formation. Polakis et al. l2l

could not find any evidence for the presence of these
cytoplasmic structures in the anaerobic cells even
in the presence of the lipid supplements, while
Morpugo et al.122 and Swift et al.123 supported the
findings of Linnane et al. Osumi and Katoh124•123
studied the stages in the mitochondria during aero
bic adaptation. Within 10 min of exposure, exten
sive membrane systems, resembling endoplasmic
reticulum, developed in the cytoplasm and after
1 hr, these gradually disappeared, giving place to
mitochondrial profiles with rudimentary cristae.
Only after this, fully formed mitochondria appeared.
These workers also stUdied the processes that take
place when a • petite' strain is grown in the an
aerobic conditions and ·is transferred to aerobic
conditions. Up to about 1 hr, the changes taking
place in the mutant are indistinguishable from the
normal strain, but thereafter aberrant mitochondria
are formed.

Linnane and his coworkersllt reported that the
membranous elements noticed in the cytoplasm of
the anaerobic yeast contained some primary mito
chondrial enzymes like succinic dehydrogenases, but
no cytochromes. These particles were, therefore,
termed' promitochondria '. Wallace and Linnaneuo
extended these observations. Polakis et al.l2l

showed that cells adapting to aerobic conditions
developed the ability to oxidize glucose. ethanol
and· acetate in that order. Schatz121 obtained direct
confirmation for the presence of membranous ele
ments by isolating them from anaerobically grown
cells and purifying them on a 'urografin • gradient.
In a recent exhaustive study, Schatz and co
workers127-128 clearly demonstrated the presence of
these structures in the anaerobic cell by the freeze
etching ~ethnique. The particles were also isolated
and found to contain succinate dehydrogenase,
oligomycin-sensitive ATPase and structural protein.
Study of the lipid composition of these cells also
showed that they contained all the major lipids of
the normal mitochondria in comparable quantities,
but there was considerable variation in the fatty
acid composition.

Effects ofglucose repression on yeast mitochondria
It is well known that glucose represses various
respiratory enzymes of yeast. Essentially, growth
in the presence of glucose results in severe modi
fication in the appearance of mitochondria and
reduction in their number104.13IH33. As glucose is
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converted to ethanol, one reaches a point in the
growth conditions in which the glucose concentration
falls to a level which can no longer cause repression.
At the same time, the cells begin to oxidize ethanol,
and the number of mitochondria per cell increases.
Chapman and Bartleyl84 have recently reported on
the kinetics of enzyme changes in yeast under
conditions that cause the loss of mitochondria.
The results support the thesis that it is the glucose
concentration that determines whether the pathway
of metabolism is anaerobic (glycolytic) or aerobic
(oxygen as final hydrogen acceptor). It is to be
hoped that this controlled removal of some of the
enzymes, termed 'inactivation repression '186, may
reveal in more detailed studies the metabolic control
mechanisms operative in the formation of mito
chondria. ]ayaraman et ap04, from their studies,
concluded that there occurs a dedifferentiation of
the mitochondria under conditions of glucose re
pression. The morphology of the yeast cell in the
repressed state is somewhat similar to that of the
cell grown in the presence of cWoramphenicol. The
prominent features are a decrease in the number of
mitochondria and an increase in large cytoplasmic
membranes. Characteristically, the mitochondria
in this phase possess poorly developed cristae and
appear less distinct against the cell background
than does standard aerobic yeast. Biochemically,
the mitochondrial type particles isolated from the
repressed yeast· are characterized by low total and
specific activities of the enzymes as well as poor
respiratory control.

Development of yeast mitochondria on release from
glucose repression - Utter and his coworkerslll have
shown that within a short time after the cells have
been released from glucose repression, I.e. when the
glucose in the medium is exhausted, most of the
mitochondrial activities are restored to normal
level. ]ayaraman ct al.104 have carried out an
exhaustive investigation of the appearance of the
various enzymes, cytochromes, and have correlated
the morphology of the yeast cells at various phases
of repression and derepression. The various enzymic
activities and the cytochromes appeared in the
• mitochondrial' particles at different time inter
vals, showing that they are not laid down concur
rently en bloc and that there may be considerable
autonomy in their synthesis. Also, as mentioned
earlier, during the repression, not only the total
activity of the enzymes, but also the specific acti
vities, decreased and these increased during
the derepression phase. Therefore, these workers
argued" yet specific activity should certainly remain
constant throughout, if increase in activity during
derepression were solely to be ascribed to mito
chondrial self-duplication and if there were only a
quantitative difference and no qualitative difference
between the mitochondria in the repressed and
depressed phase ". The general model of. assembly
of new mitochondria which has emerged from these
studies is one of stepwise interactions between
hierarchies varying in autonomy.

The effects of the antibiotics, chloramphenicol and
cycloheximide, on the mitochondrial formation in
the derepression phase, indicated that continuous
protein synthesis both by the mitochondria and the

cytoplasm is necessary. Also, evidence has been
obtained that the mitochondria constantly tum
over and the derepression phase was characterized
by a rate of synthesis much higher than the rate of
degradation (Jayaraman, J., unpublished results).

The inhibitor studies also revealed that the
synthesis of lipids need not be affected under a con
dition where the mitochondrial formation is inhibited
(Jayaraman, J.. unpublished results). PlagemannlS'

has obtained similar results with rat liver mito
chondria. He showed that cycloheximide, in con
centration enough to inhibit 90% of protein syn
thesis, does not affect the synthesis and incorpora
tion of phospholipids into mitochondria.

Mitochondria of respiratory-deficient mutants of
yeast and Neurospora - It has been already dis
cussed that the petite mutant of yeast, produced
by acriflavin treatment, is respiratory deficient and
that it has a mitochondrial DNA component dif
ferent from that of the normal mitochondrial DNA.
It is generally taken for granted that a mutation in
the mitochondrial DNA is responsible for the aber
rant mitochondria of the mutant cell. Immuno
chemical techniques have been used to get informa
tion regarding homologies between the mitochondria
and analogous membrane components of the mutant.
By the use of rabbit antiserum against respiratory
subparticles from wild type S. cerevisiae, Mahler
et al.137 were able to show the presence of cross
reacting material in a similar particle preparation
from a cytoplasmic mutant. Antibodies were ob
tained for the. NADH-cyt C reductase portion of
the respiratory chain. Kraml and MaWerl3e, by
immuno-diffusion experiments and by inhibition of
enzyme-antiserum precipitations, showed the pre
sence of an inactive protein in the petite mutant
analogous to a protein in the cytochrome oxidase of
the normal strain. The controversy regarding the
identity of the structural protein fractions of the
wild type yeast and the mutant yeast has already
been mentioned. Great caution is, however, needed
in interpreting the data obtained by immunochemi
cal methods. Menkres and Woodwardl11 have
shown that antibodies against mitochondrial struc
tural protein will precipitate the analogous protein
of yeast or beef heart, in spite of significant differ
ences in their respective amino acid composition.

Factors Controllinll Mitochondrlogenesls
As demonstrated by FredericslSl, mitochondria

possess enormous capacity to change their shape
and size in the cell. There can also be a lot of
variation in the number of mitochondria per cell
not only from tissue to tissue but also within the
same tissue. With the evidence currently available,
we can state, as a guideline, that the quality of the
mitochondria is under genetic control, while the
quantity of mitochondria is under the control of
other factors.

Control exerted by mitochondrial DNA - The two
maior evidences in favour of the biological role of
MDNA in the organelle formation are: (a) mutagmic
agents like acriflavine, phenylethyl alcohol and
dinitrophenol, which are known to bind with DNA
under suitable condition~, bring about an alteraticn
in the functional properties of mitochondria without
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apparently affecting the nuclear function; and
(b) the DNA components of the mitochondria iso
lated from wild type yeast and isogenic respiratory
deficient mutant are different. More information
on the control exerted by the mitochondrial DNA
has' come from studies on the drug resistance by
yeast cells. Linnane and coworkersuo isolated
several yeast mutants which were resistant to
chloramphenicol, tetracyclines and macrolide anti
biotics. By a series of ingenious experiments they
showed that two mechanisms are operative by
which the drug resistance is brought about. Chlor
amphenicol and the tetracycline antibiotics act by
affecting the cell permeability and this factor is
controlled by the nuclear gene. On the other hand,
the macrolide antibiotics, like lincomycin, erythro
mycin, spiramycin and carbomycin, act apparently
at the mitochondrial DNA level, since the resistance
in these cases is inherited extrachromosomally.
Thomas and Wilkieul explored this avenue further.
They isolated double and triple' mutants, i.e.
mutants which were resistant to one or more of the
above antibiotics, and thus showed that MDNA can
also have mutations at more than one place, as in
the case of nuclear DNA. They argued that if this
be the case, then recombinants should be isolated
by mating of strains which have different mito
chondrial markers. In a typical experimentU1, a
strain which was E'prsr was mated with another
strain which was Erpasr and the number of clones
obtained in the progeny for their drug resistance
analysed. Of the total 119 clones .thus analysed,
74 belonged to either of the parental group, 14 were
E'S'P', 23 were ErSrpr, 3 were E,srp', 4 were
E'srpr and one was ErS'P'. Two conclusions were
derived from these results: (a) recombination between
mitochondrial markers has taken place; and (b) the
resistances to erythromycin (E) and spiramycin (5)
are more closely linked to each other than the resist
ance to parmomycin (P). The first attempts to
•map' the mitochondrial' gene' have been initiated.

Role of the nucleus - During their studies with
the petite mutants of yeast, Slonimski and his
group'l observed some other mutants which trans
mitted the respiratory incompetency to the progeny
in a Mendelian fashion. Crosses of these mutants
with the cytoplasmic mutants gave rise to normal
colonies. These mutants have been termed P
mutants or segregational mutants. Shermanl " and
Sherman and Slonimskiu4 isolated nine different
p-mutants and found that three of them, Pa. Iy,
and lYe' lacked in addition the rho factor; in other
words, these are double mutants in the sense both
the nuclear gene and the mitochondrial gene do
not allow the formation of mitochondria. The Iy.
and Iy, mutants, as their name implies, have also a
defective lysine-synthesizin'5 system, apparently at
different points. The zygotes obtained ·by crosses
between them, however, did not require lysine
as expected; but they were still rho negative.
This has been interpreted to mean that the rho
factor once lost cannot be regenerated even if
complementation occurs at the nuclear gene level.
In keepin~ with the recent view on the mutation
of the mitochondrial DNA as responsible for the
petiteness, this would mean that complementation
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at. the nuclear gene level would not automatically
bong about a complementation at the mitochondrial
DNA level. More support for this conclusion is
derived from the finding that genetic analysis of a
revertant to lysine independence of lye strain showed
that the lysine requirement and respiratory defi
ciency are the effects of the same gene. Direct
biochemical support for this thesis is also derived
from the experiments of Mounoulou et al.88• On
comparing the physical properties of the MDNA
isolated from the wild type yeast with those of a
nuclear mutant, no difference was observed.

Sherman and Slonimskil41 investigated. the p-.
mutants which were rho positive, and found that
there was a general lack of cytochromes, parti
cularly cyt lI+aa and b. They contended, based
on these results, that mutation at anyone of the
p loci leads to multiple enzyme deficiencies. The
three sets of evidences, namely (1) mitochondrial
DNA codes for the tightly bound cytochromes like
cyt a and b, (2) nuclear mutation leads to a general
lack of these cytochromes, and (3) nuclear mutation
does not alter the properties of the MDNA, point to
the extremely complex relationship that exists be
tween the nucleus and the cytoplasm.

Yotsuyanagil41 made the interesting observation
during electron microscopic studies that only in the
rho minus strains, morphologically aberrant mito
chondria were present. The nuclear mutants which
are rho positive have apparently normal mitochon
dria. It would appear from these studies that the
inner membrane of the organelle can be formed, at
least to an extent, without concomitant synthesis
of cyt a and cyt b.

Jakobu , made a detailed kinetic analysis of
complementation with a neutral strain, rho minus,
in the case of three p gene mutants: PI' Pa and p,.
The results indicated that the complementation is
not simply derepression of a previously repressed
genome, but that the expression of genetic informa
tion in elaborating the respiratory system is a
secondary effect of the restoration of the functional
alleles of the p genes. She favours the theory that
the primary effect of the mutation (at the nuclear
level) is to alter the mitochondrial structure in such
a way as to block the synthesis or function of one
of the components of the electron transport. This
would provide indirect support to the template
model for the mitochondriogenesis discussed else
where in this review.

Sherman and his coworkersU7,141 isolated another
type of mutants with respiratory deficiency, which
were designated Cy mutants, since they were defi
cient in cytochrome c. There appear to be at least
six unlinked genes controlling the production of
cytochrome c. Carrying out elaborate analyses on
the intact proteins and haem peptides formed by one
of such mutants, cy 1-2 and its revertant CY 1-2,
these workers showed that the cy-l gene codes
for the primary structure of cytochrome c. Bio
chemical evidence for the fact that cytochrome c is
synthesized outside the mitochondria has already
been presented. It would be pertinent to mention
at this point that Munkres and Richardsu1 have
shown that the structural genes for malate dehydro
genase in Neurosporll are chromosomal.
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The mitochondrial malate dehydrogenases of
maizeno and manUl have also been reported to be
under the control of the nucleus. Another mito
chondrial enzyme shown to be under nuclear con
trol is ~-hydraxybutyric dehydrogenase in Para
meciumu1.

Yeast mutants have also been isolated with a
view to utilizing them for understanding the
mechanism of oxidative phosphorylation. Two such
mutants158,IU show altered ATPase activity, while
all the other components are apparently intact.
Beck et at.l53 described a mutant, P.> which was
unable to utilize non-fermentable substrates, but
contained all the cytochromes. The mitochondrial
particles from these mutants were characterized by
high ATPase content and also low affinity to ADP.
Interestingly, induction of mutation of MDNA by
acriflavin treatment always resulted in non-viable
cells. These workers conclude that the P. mutation
alters a mitochondrial membrane structure. On
the other hand, Parker et al.151 studied some oligo
mycin-resistant mutants of yeast. These cells when
grown in the presence of 10 p.g/ml of oligomycin
showed lower respiration and lower cytochrome
content, indicating that the drug affects the bio
genesis of mitochondria. In these cells, however,
the frequency of mutation to the rho minus state
was found to be increased 40-fold, than the normal
wild type yeast. Ycasne as well as Reilley and
ShermanU7 found mutants resistant to antimycin A
and showed that the synthesis of cytochrome a' in
these cells was inhibited.

Another class of yeast mutants have been iso
lated by Wilkie and Negrottilli. These gi mutants
grow well on non-fermentable substrates and have
a normal complement of all cytochronies. Under
conditions of glucose repression or anoxia, the
daughter cells derived are cytoplasmic petites.
The parent cells retain their respiratory competency
and if put back in a no!!-repressing medium give
rise to normal cells. Based on extensive genetic
analyses, Wilkie and Negrotti contend that the
continuity of the rho factor or MDNA is possible
in the gi strain only by way of intact functional
mitochondria. When the organelle is in a disinte
grated or dedifferentiated state, as in the presence
of glucose or in the absence of oxygen, the •mito
chondrial message' is not transmitted to the pro
geny. The gi character has been shown to be under
the control of the nuclear gene. It can thus be
said that the normal function of this gene is to
emure the continuity of MDNA even under condi
tions where the formation of mitochondria is in
hibited.

Other factors affecting mitochondriogenesis - The
effects of high concentrations of glucose and an
aerobiosis on the formation of mitochondria in
yeast have been discussed earlier. Variation in the
number of mitochondria per cell is brought about
in animal tissues, in response to hormonal stimula
tion. Tatal&t and his group suggested that thyroid
hormone exerts a selective control over the synthesis
of mitochondrial respiratory and phosphorylative
constituents. In fact, 4 days after the administra
tion of thyroid hormone, the amount of mitochon
drial protein per gram muscle was doubled. And

electron microscopic observations indicated an in
crease of 5-20 times in the number of cristae.
KadenbachllO, however, suggested that the increased
respiration of hyperthyroid liver is not caused by
an increased' amount of mitochondria, but by
specific changes of enzymatic equipment. Prelimi
nary results in this laboratory also indicate that the
mitochondrial protein content increases, without any
change in the specific activities of respiratory
enzymes, in the livers of rats administered the drug,
Atromid or P-chlorophenoxy isobutyrate (Rama
krishna Kuiup, C. K. & Aithal, H. N., unpublished
results).

Scarpelli et al.m found that starved rats had
2·26 ±0·25 X 1010 mitochondria per mg nuclear
DNA, while the normal rats had almost double the
amount of mitochondria, viz. 4·48±0·40xl010• On
refeeding the animal for 12 days, the mitochondrial
level was restored to the normal.

Experiments conducted by Gold and Menzieslll
indicated that while the properties of mitochondria
isolated from several tissues of the animal are the
same, their mechanism of synthesis may vary from
tissue to tissue. They injected a single dose of
tritiated leucine into the rat and followed the decay
of labelled mitochondria in four tissues. The mito
chondria of livllr and brain decayed exponentially
with half-lives of 8·4 and 24·1 days respectively.
On the other hand, the decay curves for lung and
kidney were biphasic, the lung mitochondria showing
two half-lives of 4·6 and 14·4 days, while the kidney
mitochondria had half-lives of 4·3 and 11-6 days.
The significance of these observations is not clear.

Several reports indi,cate that mitochondria within
the same cell may differ from each other in certain
properties. Avers et al.lO found that certain clones
in acriflavin-induced respiratory variants of yeast
contain at least two types of mitochondria: some are
cytochrome peroxidase positive and others are
negative. In a study of rat heart tissue, Ogawa
and Barmettl " found thilt different mitochondria
had different rates of reduction of tetrazolium salts;
adjacent mitochondria were frequently found, one
of which contained a heavy deposit of formazan
over all its cristae, while the other was free of such
deposits.

Two cases of human pathology have been reported
in which a muscular disorder was associated with
the presence of morphologically abnormal mito
chondria only in the skeletal tissue but not in the
other tissuesl8l,lIl. Even in the muscle, normal
mitochondria were present side by side.

The Present Status of the Problem
Much of the work carried out in several labora

tories towards understanding the basic mechanisms
involved in the formation of mitochondria has
necessarily centred around one organism, the yeast.
Reasonable amount of evidE'ncp. has accumulated to
favour a 'template theory' for the formation of
mitochondria. In short, it would mean that the
mitochondrial DNA componmt acts as the informa
tion carrier, just like nuclear DNA, and is trans
mitted from one generation to another. This DNA
also is capable of replicating, probably by a ~emi

conservative fashion (see ref. 167 and 168 for very
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recent work). Under favourable conditions, this
message is transcribed and translated to give rise to
components, which form the backbone of the orga
nelle structure. The other components, which arc
not synthesized by the mitochondria themselves, are
synthesized elsewhere in the cell and are integrated
into this basic structure, seemingly in a sequential
manner, and the fully functional mitochondria
emerge.

Whether this is a universal mechanism of mito
chondrial formation is difficult to guess with the
data we have today. It is well documented that
in N. crassa, the mitochondria arise by growth and
division of the pre-existing mitochondria. Also,
there are several reports on the presence, in several
tissues, of mitochondria with dumb-bell shape as
though they are in the process of division. Super
ficially, the results with rat liver seem to support
the template theory. But factors like continuous
regeneration of the tissues, the nutritional status of
the animal and the hormonal control make the
interpretation a difficult one. The recent discovery
of • mitochondrial DNA recombination' has opened
up a fruitful line of research.

Concluding Remarks'
Research on the subject under review.is currently

in an exponential phase of growth and as such it
is a difficult task to keep abreast of the number
of published reports, leave alone giving a critical
appraisal of all of them. It can be justifiably
claimed, based on the work reviewed here, that the
stage has reached where definite, critical questions
can be asked regarding the biogenesis of mitochon
dria. Some of these questions are:

(a) What is the biological role of MDNA? What
is the nature of the product directed by MDNA ?
What is the relationship between MDNA and
nuclear DNA?

(b) Two aspects of protein synthesis by mito
chondria have not been resolved unequivocally: the
bacterial contamination and the identity of the
product. The accumulated data on the presence
of mitochondria-specific tRNAs and ribosomes (see
ref. 169 for recent work) as well as antibiotic
inhibitors indicate the mechanism to be similar to
that of the microsomal system. Confirmatory evid
ence is still lacking.

(c) Much work needs to be done on the protein
protein interaction and lipid-protein interaction
under in vivo conditions, which is an essential pre
requisite for an understanding of the mode of
assembly of the mitochondria. The studies oli the
in vitro reconstitution of the electron transport
complexes170 should be of great help in this direc
tion. One major handicap in extrapolating the
results of the in vitro experiments to the in vivo
conditions would be lack of methodology to relate
the changes of enzyme activities with changes in
enzyme protein concentration.

(d) A new branch of molecular biology can be
said to have started with the study of mitochondrial
genetics. The experiments demonstrating recombi
nation at the mitochondrial DNA level and the
isolation of several mutants of yeast with altered
mitochondrial function could be cited as examples.
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Summary

Mitochondria contain their own specific comple
ments of DNA, RNA, ribosomes and tRNAs as well
as the various enzymes involved in the replication
of nuclei.:: acids and the incorporation of amino
acids into. proteins. .They are also capable of at
least partIal syntheSIS of some lipids. The mito
chondriogenesis is con trolled both by the nuclear
genes and 'mitochondrial genes '. Environmental
conditions like the l~ck of oxyg~n and the presence of
glucose or antIbIOtIcs affect the process of mito
chondrial assymbly, providing a tool for further
investigations. The bulk of the evidences is against
mitochondria being completely autonomous.
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Polyribosomes: Structure & Function
JOSEPH D. PADAYATTY
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STUD'Y of the transfer of information from
genes to proteins is the most active area of
contemporary research in biology. Messen

ger RNA carrying the information from genes as
sociates with ribosomes and serves as template for
protein synthesis. In 1962, Risebrough et al.1
found that in bacterial cells, messenger RNA com
plexes with ribosomes forming .. heavy" ribosomes.
These .. heavy" ribosomes are the same as the
.. active" ribosomes involved in protein synthesis
reported by Tissieres et al.' in 1960. The existence
of aggregates of ribosomes held together by strands
of messenger RNA in mammalian system wasre
ported by Giererl in the beginning of 1963. Gierer's
work was followed by that of Warner et al.·,e. Rich
called the aggregates of ribosomes held together
by strands of messenger RNA as polyribosomes
or polysomes. Polysomes contain the newly syn
thesized polypeptides, have the highest activity
in protein synthesis in vivo and are extremely sen
sitive to ribonuclease. Polysomes as functional
units in protein synthesis in in vitro and in vivo
systems have been supported by an imposing body
of experimental evidence. It is in this polysomal
structure that the activated transfer RNA mole
cules, the peptide bond forming enzymes, guanosine
triphosphate and other factors act together to
form a polypeptide chain. Considerable interest is
attached to the studies on polysomes aimed at
understanding the mechani~m and regulation to pro
tein synthesis.

Isolation of Polysomes
The presence of polysomes has been demons

trated in mammalianl -s, plantl-la, yeastU,la, bac
teriape-n and phage-infected cells12,zl. Polysomal
entity is extremely fragile and great care is neces
sary in the isolation of polysomes. Generally they
are isolated after lysing the cells under mild condi
tions and centrifuging through a sucrose density
gradient. During density gradient centrifugation,
particles are separated according to their mass,
shape and size. The reagents used in the isolation
of polysomes should be free from ribonuclease and
all manipulations should be done to minimize the
degradation of messenger RNA.

Polysomes from mammalian cells - Reticulocyte
polysomes have been studied extensively, because
the mature red blood cells synthesize predo
minantly a single protein, hemoglobin. Rabbit reti
culocvte polysJmes are prepared as described by
Richu . Reticulocytosis in rabbits is induced
by injecting phenylhydrazine subcutaneouslyU,zs.
Blood is collected either by heart puncture or from
ear veins. The nascent polypeptides synthesized
on polysomes of reticulocytes can be labelled by
incubating whole cells according to the method of
Kruh and Borsook28• The cells are collected by
centrifugation at low speed, lysed by the addition

of 8-9 volumes of .. reticulocyte standard buffer"
(RSB) which contains O·OIM Tris-HCI (pH H),
O'OIM KCI and 0'0015M Mgl+. The lysate freed
from the stroma by centrifugation is layered on
25 ml of 15-30% (wt/wt) sucrose in RSB and is
centrifuged in a SW 25·1 rotor at 25,000 rpm for
2 hr at 4°, The centrifuge tube is punctured, the
solution is pumped at a uniform rate by a Sigma
motor pump and the absorbance at 260 m(.l is moni
tored. The sucrose density gradient analysis of a
clarified crude lysate of rabbit reticulocyte is shown
in Fig. 1.

The number of ribosomes per polysome in each
fraction is determined by electron microscopy and
from sedimentation coefficient values. The number
of ribosomes per polysome in the peak fraction is
five. The radioactivity in the protein is maximum
in the p~ak polysome fraction containing penta
mers. Hemoglobin synthesis takes place predo
minantly on polysomes containing pentamers.

The reticulocyte system has been demonstrated
for studies of hemoglobin synthesise,.7, rat skeletal
muscle preparation for myosin synthesisls, rat
lymph nodes for gamma globin synthesis" and
transplanted hypophysis for the production of the
hormone, prolactin30• The eye lens polysomes are
of interest, since they are involved in the synthesis
of a relatively small number of closely related
proteinsl1. Bloemendal et al.1I have reported the
preparation of polysomes from rat liver in high
yields without using detergents and this method
can be used for the preparation of polysomes from

L5 765

600

J
00-

1.0
0

0.5

Fig. 1- Distribution of rabbit reticulocyte polysomes and
radioactivity [Reticulocytes are labelled for 45 sec with
"C amino acids. One ml of the cell lysate is centrifuged
through 25 ml of 15-30% sucrose in SW 25 rotor at 25,009
rpm for 2 hr at 4'. The tube is punctured and the gradient
is collected in 36 fractions. Optical density at 260 mfL and
radioactivity in each fraction are determined. The arroWS
labelled 4. 5. 6 represent sedimenting positions of tetramers,
pentamers and hexamers and dotted lines are schematic
representation of their distribution in the gradient (from

ref. 4)]
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other tissues. Polysomes from the cerebral cortex
of rat were prepared by Campagnoni ami MahlerBa

by a modification of the method of Bont et al.u
The human tumour HeLa cells are grown in tissue

culture" and polysomes are prepared from these
cells by simple techniques? The polysomes of
HeLa cells are more polydisperse than reticulocyte.
A specialized polysome distribution is seen in the
cells of tissues producing antibodies. Rabbits on
rats arc immunized, the tissues removed and poly
somes prepared according to the method of Becker
and Rich81. Polysomes thus obtained have a bi
phasic distribution with one cluster of polysomes
containing 7 or 8 ribosomes and another cluster
containing 16-20 ribosomes.

Polysomes from yeast and bacteria -- Marcus and
Halvorson87 have reported a procedure for the de
tection and isolation of polysomes ill yeast. The
yields of polysomes are low from stationary phase
cells or cultures allowed to cool slowly during har
vest, or extracts prepared by grinding for mote
than 10 min. Exponential sucrose density grad
ient sharpens the separation of the individual
species.

There is no general satisfactory method to lyse
cells of Escherichia coli rapidly to produce un
degraded polysomes. In some cases, methods in
volving gentle lysis have been described for specific
strains of Esch. coli, i.e. the osmotically fragile
strain of Mangiarotti and Schlessingel88 and the
pencillin sensitive strains of Kiho and Riehl?, but
their methods have only limited application. The
method of lysis of cells with the neutral detergent
Brij-58 (polyoxyethylene-20-cetyl ether) has been
successful in all K, Band C strains of Esch. coli
and T, bacteriophage infected cells22,31. Polysomes
present in whole unlysed cells degrade rapidly to
monosomes but, after lysis in cold lysate, they
are relatively stable. The high concentration of
Brij-58 or Luberol-W used to lyse cells does not
seem to have any deleterious effect on the poly
somes, monosomes or DNA of the cell and does
not inhibit the protein synthetic activity of the
ribosome supernatant or assay of RNA polymerase.
Phages MS-2, t/>X-174 and T, also seem to be unaffect
ed by the concentration of neutral detergent in the
lysate.

Treatment sufficient to disrupt the bacterial
cell wall, yet mild enough to preserve physiological
aggregates, is required to isolate polysomal aggre
gates from bacteria. Such a treatment has been
achieved by modification of the techniques of Mahler
and Fraser'o and Repaske'l. Their methods uti
lized the chelating agent ethylenediamine tetra
acetate (EDTA) and the cell wall active enzyme,
lysozyme, to form spheroplasts of a number of
bacterial speciesu Various procedures, such as
pulse labelling, addition of inhibitors, etc., can be
employed while the culture is in a physiologically
steady state of growth. Different methods are
used for the preparation of spheroplasts from other
organisms. Techniques for. the isolation of poly
somes from Esch. coli have been described by
Staehelin et al. tO and by SchaechtEr'3. Dresden"
has described a modified procedure for the isolation
of polysomes from Esch. coli K 12 and this method
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is used for the preparation of polysomes from Micro
coccus lysodeidticus and Aerobacter aerogenes.

Phage specific polysomes - The major protein
synthesized after the infection of Esch. coli B with
T, phage is the phage head protein. Studies on
the polysomes obtained after infection of the bac
terium with the phage arc of great in terest from
the point of view of elucidation of the relationship
between the size of polysome and the protein syn
thesized thereor,22 and studying the effect of amber
m~tations on the size of polysomes18. Polysomes
are the best source of functional messengers.

Esch. coli B is grown to 5 X 1GB cells per ml in a
synthetic medium22 or in the medium of Fraser
and Jerrel&&. Cells are harveste:I, infected with T,
phage at a multiplicity of three and converted to
spheroplasts with EDTA-lysozyme treatment. They
arc suspended in a spheroplast minimal medium
and incubated at 30° with constant shaking in a
gyratory shaker. The growth is arrested by the
addition of sodium azide solution and the cells
are collected by centrifugation. The spheroplast
cells are lysed with Brij-58, at:d the lysate almost
free from cell (lebris is centrifuged through 27 ml
of 15-30% sucrose in SW 25·1 rotor at 25,000 rpm
for 2 hr at 7°. The centrifuge tube is punctured
and sucrose gradient solution pumped bv a Sigma
motor pump at a uniform rate. The absorbance
at 260 m(Jo is monitored and fractions of 20 drops
are collected.

The T, phage-induced polysome profile obtained
36 min after infection at 30° is shown. in Fig. 2.
Phages T? (ref. 46), t/>X.174 (ref. 47) and monosomes
arc used as markers to calibrate sedimentation rates
in gradients. In a number of runs, the fraction of
distance moved by the marker from the top to the
total distance (from top to bottom) is found to
be: monoscmc peak (705), 0'17; t/>X-174 (1145),
0·25; (polysome peak, 0'51); and T? phage (4875)
0'78, indicating a linear relationship between the
fraction and the 5 values of markers. Assuming
that monosomes of Esch. coli have sedimentation
co€fficients of 705 and polysomes of increasing
size behave like increasingly larger members of the
same polymer series, 5 values of various polysome3
are determined according to the method of Martin
and Ames'B. The number of ribosomes correspond
ing to the 5 values of polysomes is calculated from
the relationship that 5 values are directly propor
tional to 0·58 power of their molecular weights".
Polysomes at the peak of absorbance have a sedi
mentation COEfficient of 2805 and contain 11-12
ribosomes per polysome.

The radioactivity in each fraction of the gradient
is determined. It is found that the maximum
incorporation of the label is in the peak fraction.
The nascently labelled proteins arc synthesized on
polysome in the peak fraction and are chara:terized
as the constituents of the phage' head protein. It
is concluded that polysomes containing 11-12 ribo
somes are involved in the synthesis of the phage
head protein of molecular weight 42000 daltons.

Structure of Polysomes

Electron micrographs of thin cell sections have
shown membrane-bound polysomes in such ordered



PADAYATTY: POLYRIBOSOMES: STRUCTURE /I: FUNCTION

Fig. 2 - Distribution of T. phage specific polysomes and
radioactivity [The nascent polypeptides on polysomes are
labelled with "5 by adding "SOt to the minimal medium
in which phage particles in Esch. coli B spheroplasts are
grown at 30° for 36 min. Cells are lysed and one ml lysate
is centrifuged through 15-30% sucrose in SW 25·1 rotor at
25.000 rpm for 2 hr at 7°. The tube is punctured. the gradient
is pumped at a uniform rate (20 drops per fraction) and
absorbance at 260 'ml-' is monitored. The radioactivity in
each fraction is also determined. -, absorbancy; and

_ counts per minute (from ref. 22)]

configurations as parallel double rows, loops, spirals,
circles or rosette;ao. Helical configurations have
been observeciaH4 in polysomes free in cytoplasm.
Cell-free preparations of polysomes often reveal
a similar degree of order. Relatively small poly
somes, such as those from rabbit reticulocytes, have
shown both irregular linear arrays and closed-in
polygonal structure;6,a,aa-n. Slayter et al.n sug
gested that the ordered polygonal structures might
be artifacts of preparation for electron microscopy.
Shelton and Kuffas noted that in polysomes con
taining 7-9 ribosomes, 6 of the ribosomes were typi
cally arranged in a circle, with the remaining turned
away like the handle of a mirror 'or turned inward
as if to start a spiral. Ordered configurations have
sometimes been observed in electron micrographs
of large polysomes. Rich et al.at observed irregular
clumping, presumably a drying artifact, but con
figurations resembling flattened helices have also
been observe<iu,ao.

These indications of order as seen with the elec
tron microscope suggest that ordered configurations
may also exist in solution. Several attempts have
been made to interpret sedimentation data in terms
of model polysome configurations. Gierels showed
that straight chain configurations contain more than
three ribosomes. Eiserling et al.n obtained fairly
good agreement with the experimental results, using
polygonal models for polysomes containing up to 5
ribosomes. Pfuderer et al." fit their experimental
data on the sedimentation coefficients of rat liver
polysomes containing up to 12 ribosomes with
helical models having 3 or 4 ribosomes per turn
and a pitch of 18-20°.

Compact helices and random configurations with
adjacent spheres in contact have shown that neither
model can provide adequate explanation of experi
mental sedimentation results for rat liver polysome;1l.
The helical model is too compact, while the random
configurations are too extended. The actual con-_
figuration may be a mixture of the two. The model
does not seem greatly different from that of random
configurations with inter-ribosomal interactions.

Polysomes and Protein Synthesis

Several types of evidence support the -view that
polysomes are the functional units in protein syn
thesis. They are (al the sensitivity of polysomal
structures to ribonuclease, (bl the progressive
breakdown of polysomes with time during protein
synthesis in cell-free systems, (cl the fact that
polysomes are more active than monomers in
general protein synthesis, (dl the lesser ability of
polysomes as compared to monomers to bind
polyuridylic acid and polyuridylic acid directed
incorporation of labelled phenylalanine into poly
peptide, and (el the finding that puromycin «;auses
a complete breakdown of polysomes to monosomes.

Cell-free systems - Identification of products
during cell-free amino acid incorporation by poly
somal preparations constitutes an active and pro
ductive area of research in protein synthesis. The
classical example is that of hemoglobin, synthe
sized by particles from reticulocytes82-8I. Other
instances are the incorporation into serum albu
mil,88,s7 and other serum protein;s7,8s by micro
somal and ribosomal preparations from liver,
into heavy and light chains of antibodies by p01y
somes from ascitic plasmacytoma celb61 or rabbit
lymph node;70, into myosin by polysomes from
embryonic chick muscle7l, and the synthesis of
alpha lactalbumin by particles from guinea-pig
mammary glan<i". Cell-free systems derived from
brain are highly active in amino acid incorporation
and well-characterized ribosomal and polysomal pre
parations have been described33,73-77_

The presence of functional polysomes has been
detected in cell-free systems from bovine anterior
pituitary glands capable of incorporating labelled
amino acids into growth hormone and prolactin
fractions7s. Messenger RNA isolated from germinat
ing peanut cotyledons binds to monomers obtained
from the dry seed and the polysomes thus formed
are active in protein synthesis".

Monomers attach in seriatum to a messenger
RNA molecule at the 5' terminus, move along the
strand to the opposite end, fall off concomitantly,
releasing the completed polypeptide chainsso,sl. This
model can account for the observed breakdown
of polysomes during in vitro incubation,' where
reattachment of monomers may be slow, -as has
been observed with particles isolated from reti
cuiocytesS2 and brain76,83. Polysomes may be form
ed by the attachment of ribosomal subunits, in
a stepwise mannel8H7, while chain termination
may lead to the release of subunit;s8. Monomeric
ribosomes may not have any physiological signi
ficance and are ascribable either to polysomal break
down or to association of the two subunits in the
absence of messenger.-
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Quantity of polysomes and amounts of protein
synthesized thereon - There is a relationship be
tween the quantity of polysomes and the amount
of protein synthesized thereon. The ratio of poly
somes to monomers and dimers is increased by
the fourth to seventh day after the induction of
metam'Jrphosis, thus coinciding with addit~onal
protein synthesises. There is also a shift to larger
polysomal aggregates during metamorphosis, which
suO"gests a higher average size of new messenger
RNA or a denser packing of ribosomes in messenger
RNA during this process.

In T, phage-infected Eseh. eoli B, 7 min after
infection, a polysome peak appears, which grows
in size with tim~lI. The results are shown in Fig. 3.
During late times after infection. there appears
to be mlXimum form3.tion of the polysomes. Pro
tein synthesis is also m3.ximum during this period,
as shown by the incorp'Jration of radioactive amino
acids into T, phage proteins. It seems that the
'amount of protein synthesized is directly related
to the qU3.ntity of polysomes formed.

Sizes of polysomes, messenger RNA and protein
synthesized thereon - Electron microscopic studies of
the polysomes involved in the synthesis of hemo
globin of molecular weight 17500 show the pre
sence of five rib'Jsomes per polysome"&? Poly
somes containing 11-12 ribosomes are involved in
the synthesis of T, phage head protein of mole
cular weight" 42000. The relationship between
the sizes of polysomes, messenger RNAs and pro
teins synthesized thereon is evident from the data
presented in Table 1. The determination of the
number of ribosomes per polysome is not free from
defects due to artifacts of preparation of the sample
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Fig. 3 _ Distribution of polysomes at different times after
infeotion of EICh. coli B with T, phage [Phage particles are
grown in Elch. coli B spheroolasts in a minimal medium at
30°. At d~finite intervals of time cells are collected. lysed
ani 0·5 ml portion> are c3ntrifuged through 15-30% sucrose
in SW 25'3 rotor at 22.000 rpm for 3 hr at 7°. The tube is
punctured. the gradient pumped at a uniform rate (10 drops
per fraction) and the absorbance at 260 mf' is monitored

(from ref. 22)]
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for electron microscopy81. Since polysomes can
exist in a variety of shapes, sedimentation coeffi
cient values may not reflect their actual sizes.
Moreover, calculation of the number of ribosomes
per polysome depends on the empirical relation
ship between the sedimentation coefficient values
and the molecular weights". The molecular
weights of proteins. especially those of higher order,
may not be accurate.

Constaney in spacing of ribosomes on messenger
RNA - Comparing the sizes of polysomes and
the corresponding messengers involved in poly
some formation (Table I), it may be inferred that
there is one ribosome for an average length of
90 nucleotides of the messenger. Staehelin et al."
have reported from sedimentation analysis of poly
somes from rat liver cells that the distance between
two adjacent ribosomes is 90 nucleotides. Further
more, the average length of 90 nucleotides between
two ribosomes is in agreement with a distance of
about 300 A obtained by electron microscopic
measurements of reticulocyte polysomes&,s8.

A messenger length of 90 nucleotides can incor
porate 30 amino acids into a protein. In other
words, one ribosome incorporates 30 amino acids
by the time it traverses the length of 90 nucleotides
of the messenger. This model involves the possi
bility of releasing one ribosome from the 3' end for
the movement of 90 nucleotides of messenger with
concomitant attachment of another ribosome at
the 5' end of the messenger. The relationship be
tween the sizes of polysome, messengers and the
proteins synthesized thereon indicates that the
spacing between ribosomes on a messenger is uni
form and universal. Since the average spacing
of ribosomes along the messenger, and, hence, the
size distribution of polysomes is the result of a
steady. state, reflecting the relative rates of chain

TABLE 1 - RELATIONSHIP BETWEEN SIZES OF
POLYRIBOSOMES. MESSENGER RNA AND PROTEIN

SYNTHESIZED THEREON

Protein Mol. wt No. of No. of
of protein ribo- nuc1eo-

somes' tides'
polysomes mRNA

T, phage head" 42000 11-12 1050
T. phage lysozyme" 18134 4-6 480

(also Padayatty. J. D.•
unpublished data)

Myosinll 170000-200000 50-60 4625
Actin" 60000-70000 15-25 1625
Tropomyosinll 30000-35000 5-9 800
Hemoglobin·... 17500 4-6 438
Rat liver" 30000 8-12 750
Bovine prolactin" 21000 7
Bovine growth 26000 8

hormoneu
Alpha chain of 30-35
collagen"

The numb" of amino acids per molecule of protein i.
calculated from the molecular weight (molecular weight of
one amin<> acid i. assumed to be 120) and the number of
nucle3tides per m.sseDKer molecule i. determined on the
ba,is that three nu.cleotides are involved in coding one amino
acid.
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initiation and chain extension, it is expected that
these parameters will vary according to metabolic
conditions.

Amber mutations may cause premature detach
ment of ribosomes from the messenger or produce
smaller messengers87, resulting in a decrease in
the size of polysomes. It is found that amber
mutations cause a decrease in the size of poly
somes and normal sized polysomes are obtained
when the amber effects are suppressed23•

Inhibition of host protein synthesis - The inhibi
tion of host cell protein synthesis was investigated
by studying the effects of infection of Krebs ascites
tumour cells by encephalomyocarditis (EMC) virus
on the protein synthesizing machinery of the cell,
the polysomes88• Microsomal preparations of un
infected cells are found to synthesize proteins in
vitro. The addition of viral RNA as messenger
to these cell extracts had no effect. By way of
contrast, similar microsomal preparations from'
infected cells demonstrated reduced protein syn
thesizing activity in vitro, but could be stimulated
by adding viral RNA. These results indicate that
in normal uninfected cells, messenger RNAs are
bound to the ribosomes, but in infected cells they
are not bound to ribosomes. This interpretation
is in agreement with the finding that polysomes
in HeLa cells are degraded shortly after infection
with polio virus. The process of detachment of
ribosomes from messen/(ers in polio virus-infected
cells has been studied". The results show that
host specific messengers in infected cells are altered
in such a way that the attachment of ribosomes
and loading of messenger RNA cannot occur.

Inhibition of translation of early messengers - In
T, phage-infected cells early messengers are found
to be in association with polysomes during late
times after infection1oo. During late times after
infection, translation of early messengers is inhibit
ed. The inhibition may be due to the appearance
of modified transfer RNASIOI-I03 or a new class
of transfer RNAlo" resulting in amino acid substi
tutions or chain termination in all polypeptides
coded by early cistrons. Another possibility may
be that the early messenger RNA itself is altered
during the latent period, rendering it still capable
of attaching to ribosomes, but incapable of being
translated into functional proteins.

Loadin~ of Ribosomes on Messen~er RNA
In the synthesis of alpha and beta chains of

globin by both rabbit and human reticulocytes,
there is apparent non-uniformity of the rate of
translation over different regions of messenger
RNAlo3,I08. Englander and Pagel07 pointed out
that non-uniform rates of translation may be due
to non-uniform distribution of ribosomes on mes
senger RNA. The possible causes of non-unifor-

, mity have been discussed by Winslow and Ingraml08
and ItanolO8. It is possible to cause non-uniform
distribution of ribosomes on messengers by trypto
phan starvation in reticulocyte system or by

. inhibiting peptide bond formation shortly after
initiation by sodium fluoride. Under these condi
tions ribosomes are loaded at one end or the other
of the message. These findings strengthen the

evidence for the mechanism of action of tryptophan
starvation or fluoride inhibition in causing poly
some breakdown and lend support to the conclu
sion that under normal conditions, the ribosomes
are uniformly distributed along the messenger
RNAlo8.

Conconi et al.no have suggested that the rate
limiting steps in protein synthesis exercise their
control uniformly along messenger RNA. They
arrived at this conclusion on the basis of studies
on the reformation of polysomes after recovery
from sodium fluoride inhibition. There are two
possible types of rate limiting processes which
would work in such a way. The first one is a gene
ral rate limiting step in protein synthesis, such as
supply of guanosine triphosphate or transfer factors.
Under the second process, if the cell contains dif
ferent amounts of the various transfer RNAs, then
the ribosomes would wait longer at the codon cor
responding to the charged transfer RNAs in short
supply than at a codon for which a plentiful supply
is available. And such rate limiting codons
would have to be more or less uniformly distri
buted along the messenger RNA. This is an exten
tension of the modulation hypothesis of Ames
and Hartmanlll.

It has been found that a fixed, approximately
constant number of ribosomes translate the entire
length of the tryptophan messenger RNA mole
cule1n. The rate of ribosome movement on any
region of messenger RNA is about 1350±320
nucleotides per minlll. From hybridization studies
it is concluded that the first ribosome is locat
ed immediately behind the polymerase on the
nascent messenger chain, and it travels in this
position behind the site of RNA polymerization
over the entire operon length. Morse et al.m con
clude that each ribosome occupies an average RNA
length of the order of 100-200 A, comparable
to the dimensions of the ribosomal subunitl13 and
the ribosomes are very closely packed in bacterial
polysomes.

The loading of a messenger molecule with ribo
somes to give a complete polysome should require
at least as much time as the synthesis of the pep
tide or peptides coded for by the messenger RNA,
Le. 10-20 sec at 37°. The time required to com
plete' a polysome by attachment of ribosome to
nascent messenger RNA chain might be greater
than that for translation. For polycistronic mes
senger ,RNA of tryptophan operon, it is 6·5 min
at 37°, for beta galactosidase messenger it is 2 min
at 30°, and for phage-infected Bacillus mcgatcrium
it is 30-120 sec. The relationship of the. time for
the processes of translation, messmger RNA syn
thesis and loading with ribosomes is not clearly
understood at present.

Bound and Free Polysomes
Ribosomes in intact cells may exist either distri

buted free in the cytopla~m of the cell or a1 tached
to the membrane of the endopla~mic reticulum in
mammalian systemlU•113 or cell membrane where
endopla~mic reticulum is ab~ent as in reticu1r\cytrsll8

or cytopla~mic membrane in bacterialD•m •118. The
large membrane-bound particles are not broken
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When Mangiarotti and SchlessingerM lysed Esch.
coli K 12 cells by a method which Yielded a high
proportion of polysomes, the remaining ribosomes
appeared only as 50S and 305 subunits. They
concluded that the 70S particles previously observed
in other extracts were all products of polysome
fragmentation146, In the cell, the run-off ribosomes
from polysomes, following completion of their trans
lation of a message, would yield directly only sub
units, which would not reassociate until combined
again with messenger RNA.

However, extracts prepared by other methods,
which preserved the polysome as well, have exhi
bited a peak that was considered to represent
largely free 70S ribosomes16,38,147,148, though there
is rapid exchange between subunits of 70S particles
and free subunits in growing celll«9. For direct
participation of 30S subunits in initiationl~163,

an obligatory dissociation of ribosomes in the poly
some cycle is by no means incompatible with the
existence of a pool of free 70S ribosomes.

release of the dissociation factor. A polysomal
ribosome is thus formed and the DF returns to
form another native 305 particle from a free 70s
particle1u ,U2•

Ron et aU" have studied the magnesium ion
dependence of free and polysomal ribosome from
Esch. coli. Polysomal ribosomes begin to dissociate
into 50S and 305 subunits at about 2 mM, half
dissociate at 1 mM and completely dissociate at
0·5 mM concentration of Mg2+. Free ribosomes
dissociate completely into subunits at 1 mM Mg2+
concentration. Polysomes freed from their nascent
polypeptides by treatment with puromycin disso
ciate completely at 1 mM Mg2+, At 2 mM Mg2+,
free ribosomes sediment as a single peak around
50S. They may be loosened ribosomes on the verge
of dissociation and hence altered in shape, and since
polysomal ribosomes do not behave in this manner,
the association with peptidyl transfer RNA and
messenger RNA apparently prevents such a meta-'
stable transition. Alternately at 2 mM Mg2+, free
ribosomes dissociate completely and then 305 sub
units dimerize.

The fate of polysomal ribosome is not clearly
understood. The following picture emerges from
the studies of various investigatorslU :

(A)

(B)

(C)

(D)

30S+ 50S_Polysome- - - -"
t I .
I I 7JS

3OS+50S~70S_Polysome

t I

305+50S_Polysome

t-7OSJ

305+50S_70S_Polysome

L 70s( I

Kohler et at.m have shown the accumulatioii
of 70S particles on treatment with actinomycin D
or puromycin or starvation for the carbon source
or for a required amino acid. The results show·
large increments of 70S peak with no detectable
increase in subunits. Puromycin treatment and
amino acid starvation which would eliminate nas
cent polypeptide (and presumably ilie attachment
of transfer RNA) could leave messenger RNA·
attac1led to the ribosomes. However, actinomycin D
treatment, and probably glucose starvation, deplete
messenger RNA and thus should eliminate the basis
for binding peptidyl or aminoacyl-transfer RNA·
as well. Thus, when released ribosomes are pre
vented from recycling, they accumulate in ilie cell
as free 70S units. Kohler et at.m consider that
the use of stoic1liometric excess of deoxycholate3'
which precipitates Mg2+ and growth in hypertonic
medium followed by osmotic shock might have
caused the dissociation of 70S units to subunits.

Zimmermann and Levinthal1&' showed that, with
. actinomycin D treatment of B, subtilis grown in

Tris-medium, 305 and 50S particles accumulate,
while, with B. subtiUs grown in phosphate medium,
70S particles accumulate. The run-off ribosomes
from polysomes· may exist as monomers (70S) or
as their subunits (305 and 50S), depending mainly
on the physiological conditions. However, there.
is rapid exc1lange between monomers and their·
subunits in intact cell:

Nomura and Lowrym reported that initiation
of protein synthesis in vitro is a function of 30S.
subunits and not 70S ribosomes. They found that
in ilie presence of messenger RNA (fs phage RNA)
N-formylmethioninyl transfer RNA binds ouly to
the 305 subunit. 70S particles could not bind
the amino acyl transfer RNA. This implies that
polysome assembly is sequential, the 305 subunit
binding to messenger RNA before the 50S subunit.

Amino Acid Control of Polysome Formation

Administration of a mixture of amino acids defi.
cient in tryptophan to rats or mice leads to loss
of large polysome aggregates and accumulation of
monosomes, disomes and other oligosomeslU-156.:

These changes are readily reversible by feeding a
complete amino acid mixture. Wunner et al.m .
proposed that the amino acid supply regulates the
equilibrium between polysomes, ribosomes and their
subunits. The effect of tryptophan deficiency on
polysome formation was confirmed by Sidransky
et at.m , but they were unable to produce similar
changes with several other essential amino acids
from a mixture fed to mice. Polysomes of Chang
liver tumour cells in tissue culture break down to
monosomes when glutamine or arginine is removed
from the medium in which they are growing.

The control of polysome formation through amino
acid supply remains obscure. The difference in
polysome profile between rats fed a tryptophan~

deficient mixture and rats fed a complete amino
acid mixture is identical in all respects to the changes
in profile caused by the addition of amino acids
to an in vitro protein synthesizing system deficient
in amino acidsl5'. The regulation through amino
acid supply of ilie release of free ribosomes and
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their re-utilization for polysome formation in a
cell-free system demonstrate that the mechanism
of control is entirely in cytoplasm. Fleck et al.168

also found that the polysome pattern in liver cells
could be regulated by amino acid supply even in
rats treated with actinomycin D sufficient to sup
press messenger RNA synthesis. It may be inferred
that the amino acid' supply regulates the degree of
association and dissociation of ribosomes with mes
senger RNA. This implies that the messenger is
constantly available in the cytoplasm.

During protein synthesis amino acids are re
quired for the formation of each peptide bond
from the beginning to the end of the polypeptide
chain. Consequently, the continuous movement
of the ribosomes along the strand of messenger
RNA, from the time of association of ribosome (or
nbosomal subunit) with one end of the strand until
its release at the other end, is dependent on adequate
supply of amino acids. In the whole cells main
tained under equilibrium conditions, the rate of
attachment of ribosomes to the messenger strand
balances the release of ribosomes that have just
completed the synthesis of the protein. In in vivo
system, there is disaggregation of polysomes pro
gressive with time.

When the polysome system is incubated in the
absence of free amino acids, there is also breakdown
of polysomes to monosomes, disomes and oligo
somes. Even after prolonged incubation in the
amino acid-deficient medium, the system is capable
of reactivation on the addition of amino acids. This
reactivation coincides with an increase in polysomes
and a reduction in monosomes and disome peaks.

The idea of coupled translation and transcription
proposed by Stent180 has gained wide recognition.
The model proposes that unless polysomes are
formed, resulting in the translation of messenger,
the messenger will not be liberated from the complex
of RNA polymerase and DNA. A reduction in
the rate of translation will result in a corresponding
reduction in the rate of transcription of messenger
RNA. Much experimental evidence now supports
that ribosomes are involved in the synthesis and
release of RNA from DNA templatel8l-lu.

Contrary to the view of coupled transcription.
and translation processes, there are a number of
reports in literature of a messenger synthesis in
the absence of protein synthesis. These include
the case of messenger synthesis in RCrel strainl86,188
as well as RCstr strain of Esch. COli181 ,188. In
these cases there must be either an uncoupling of
messenger RNA synthesis from messenger RNA
ribosome interaction or uncoupling of messenger
RNA-ribosome interaction from protein synthesis.
Hauge189 showed that T2 messenger RNA synthesis
takes place in a stringent amino acid starved auxo
troph of Esch. coli; it is the coupling of polysome
formation to protein synthesis which is not operative.
T2 messenger is produced in this str!ngent strain
at a rate which is not significantly affected by
70-80% inhibition of protein synthesis and the
messenger RNA so produced is associated with
ribosomes, forming a normal polysome.

Sekiguchi and Cohen1'o found that 75% of
messenger RNA found after T, phage infection is
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associated with ribosomes. This may indicate that
messenger RNA is transferred to ribosomes whether
it is translated or not. This behaviour resembles
that observed with RCrel and RCstr Esch. coli
in the presence of chloramphenicol, where in both
cases polysomes are built up in the absence of the
required amino acidsl7l• The need for ribosomes
alone and not for translation in order to facilitate
transcription is also suggested by the data of Shin
and Moldave182, Naono et al. l83 and Ravel and
Grosl88•

The selective omission of tryptophan from an
otherwise complete medium not only lowers the
rate of hemoglobin synthesis, a condition observed
when other amino acids are omitted. but is unique
in bringing out polysome disaggregation172. This dis
aggregation may be due to the location of trypto
phan codon near the 5' ends of messenger RNAs
coding for alpha and beta chains. In tryptophan
deficiency, the movement of ribosomes along the
messenger beyond tryptophan codon is inhibited.

Hormonal Control of Polysome Formation

Work in several laboratories has indicated that·
messenger RNA in nucleated cell is transported
from the nucleus to the cytoplasm only when it
is attached to the smaller ribosomal com
ponentl30,132,173. In the cytoplasm, this complex
appears to be united to the larger ribosomal compo
nent for the formation of polysomes. The majority
of monomer ribosomes isolated from the cytoplasm
are thought to be derived from polysomes. Thus,
the mechanism of polysome formation must be
considered in interpreting specific effects of hor
mone on messenger RNA synthesis and transport
to the cytoplasml18,m. There is evidence that
insulin as well as adreno-corticotropic and gonado
tropic hormones may control the translational
activity of cytoplasmic polysomesl18-l80. The trans
lational effects of hormone seem to occur indepen
dently of the effects on nuclear synthesis of messenger
RNA. Tata88 emphasizes that many hormones
may have multiple rather than single primary action,
thereby affecting the protein synthesizing apparatus
of the cells of the reproductive organ. The different
effects of estrogen on the activity and the formation
of uterine polysomes probably represent dual effects
of the hormone on transcription which results in
increased translation. Thus, the effect of estrogen
on polysome formation and protein synthesis seems
to be indirect.

Hamilton18l reviewed the control by estrogen
of genetic transcription and translation and con
cluded that ~-estradiol (a) stimulates the synthesis
of chromosomal and ribosomal RNAs, (b) increases
the rate of precursor particles, (c) accelerates the
transport of ribosomal precursor particles with
attached messenger RNA to the cytoplasm, and.
(d) accumulates new polysomes in the cytoplasm
having different amino acid incorporating pro
perties compared to those of old ones.

Summary

Poly(ribo)somes are aggregates of ribosomes held
together by strands of messenger RNA. Various
methods of isolation of polysomes from different
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sources are described. Polysomes may exist in a
mixed (helical, random) configuration. Protein syn
thesis takes place on polysomes in vitro and in vivo
and to a certain extent is regulated at polysomal
level. A direct relationship exists between the
sizes of polysomes, messenger RNAs and proteins
synthesized thereon. There is a constancy in
spacing of 90 nucleotides between two adjacent
ribosomes on the messenger RNA and thus the
loading of messengers with ribosomes is uniform
under normal conditions. Free polysomes in the
cytoplasm may be involved in the synthesis of
proteins for internal use and membrane-bound poly
somes may be responsible for the synthesis of
proteins for export. Ribonucleoprotein is always
associated with polysomes and may be involved
in the regulation of protein synthesis at the level
of translation. Polysomes are formed by the
attachment of smaller subunits, initiation factors
and then larger ribosomal subunits in a stepwise'
manner. The monomers or the subunits are de
tached from messenger RNA, depending on the
physiological conditions. However, there is always
a constant exchange between free subunits in the
cell and subunits in monomers. Polysome forma
tion and thus protein synthesis are regulated
through the supply of amino acids and by the
action of hormones.
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Ei~hth International Con~ress of Biochemistry

The Eighth International Congress of Biochemistry,
originally proposed to be held in Rome, will now be
held in Switzerland during 3-9 September 1970. The
programme of the congress includes several symposia

to be held in Interlaken, Luzem and Montreux.
Further details regarding the congress can be

had from Mr Francis]. Griffin, 14 Belgrave Square,
London SW 1.
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REVIEWS

THE PHILOSOPHICAL IMPACT OF CONTEMPORARY

PHYSICS by Milie Capek (Van Nostrand-Reinhold
Co., New York), 1968. Pp. xii+419. Price $ 8.00

This book is not confined, as indicated by the title,
solely to contemporary physics, but is devoted to
the philosophical implications of classical physics,
pre-Newtonian as well as post-Newtonian. Part 1
concerning this topic deals comprehensively with the
concepts of space, time, matter and motion, and
presents the corpuscular-kinetic view of nature,
which is the basis of classical physics. Some other
collateral trends relating to time and the ultimate
mechanism are also considered. This part comprising
nearly one-third of the book is perhaps its best
feature giving, as it does, a clear picture, specially
in Chapter 6, of the main patterns of the classical
mechanical picture of nature.

Part 2 deals with the revolutionary changes
brought about by the theories of quantum mechanics
and relativity. Each of the main physical concepts
dealt with under Part 1 is systematically re-examined
placing an emphasis on the historical setting and the
close connection between physics and philosophy.
Numerous philosophical interpretations relating to
space-time (time-space as the author would have it),
continuity, and determinism are carefully examined,
and shown to be compatible with the corresponding
physical notions. The first three chapters of this
part are devoted to relativistic mechanics, of which
a full and satisfactory treatment is given. The same
cannot, however, be said of the next three chapters
dealing with quantum theory as well as relativity.
Many important aspects of the former have not
been fully explained, nor sufficient emphasis laid
on the fact that it was the close fusion of special
relativity, and quantum mechanics, consequent
on the linearity of both, that brought about the
revolutionary changes in contemporary physics.
The philosophical significance of this has not been
carefully examined either. Some remarks on pp. 224
and 256 appear to suggest that general relativity
has also been brought into close fusion with quantum
mechanics, which is far from true. The introduction
of terms like' hodon ' and' chronon ' makes all the
arguments very confusing, and might well have been
avoided. There are numerous repetitions of ideas,
and even complete sentences throughout this part,
and it is difficult to understand the main arguments,
and their logical order. Chapter 17 attempts to
make some positive contributions of philosophical
interest to contemporary physics. This is a very
ambitious programme, and it is no wonder that the
contributions are too vague, and cursory, although
very enlightening in some places. Chapter 18
appears to be an unnecessary repetition of ideas
developed in the earlier chapters.

The last chapter containing the summary is by far
the most valuable part of the book, thanks to its
logical presentation. Readers who have some idea
of contemporary physics and its philosophical back-
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ground are well advised to read this summary
first, and then delve into the several chapters
containing beautiful quotations from the works
of the finest philosophers of western thought of
all times, the collection of which alone would
make this volume charming, whatever its other
defects.

The review would not be complete if some such
defects were not pointed out. The author's refe
rences to mathematics in several places show the
common mistake made by many laymen in confusing
mathematics with theoretical physics, which, how
ever, is not excusable in the case of a philosopher.
Thus, on p. 274 the author quotes with approval
the statement of someone that " the world is not a
mathematics ". In fact, no mathematician claims
that it is so, since mathematics is not physics, but,
on the other hand, a creative art like music or
painting. We also find in several places in the book
a free use being made of notions like topological
invariance, topology of points, topology of lumps,
topology without points, mathematical continuity of
space and time, and so on, without any attempt
being made to clarify them.

Another defect, which is owned by the author
himself in the preface, is that the book makes no
reference to th~ striking revolutions in theoretical
physiCs, specially in the theory of the fundamental
particles, that have taken place during the last
10-15 years, since the book was already in
manuscript form earlier. Just two such relevant
topics of major philosophical interest might be
~entioned here. The first relates to the spectacular
discovery of non-conservation of parity (left or
right mirror images) in weak interactions, and the
consequent enunciation and proof of the CPT
theorem combining the notions of invariance under
charge-conjugation (C), parity (P), and time reversal
(T), and which states that symmetry could only be
retained if one has a CPT mirror. The remarkable
explanation by Feynman that the positron could be
interpreted as an electron temporarily moving back
ward in time, and that this interpretation could be
handled mathematically in a way that is entirely
consistent with logic, and the laws of quantum
theory, and relativity, makes it necessary that the
concept of time elucidated at great length in the
author's book has to be re-examined. The fact that
an arrow of time can be built in to some of the
most elementary particle interactions has made
physicists look more carefully into what the great
philosophers have said about the direction of time'
in other words, it appears that at the present
m~ment, the physical implications of contemporary
philosophy reqUire a deeper study I Another topic
very recently being studied, perhaps one of the
most fascinating in the whole realm of physics,
is the decay of the neutral K-mesons Ko and Ko.
The violation of CP-symmetry in this interaction
implies that it is possible to make an absolute
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distinction between matter and anti-matter. This
again is a problem of great philosophical significance.

In his brilliant essay on the 'Two Cultures'
Lord Snow has deplored the deep schism existing
between the humanities and the sciences. The
present book is a welcome attempt to bridge this
gulf, although one of the cultures (physics) is ovel
burdened by the weight of the other (philosophy) I
The volume is certainly a welcome addition to the
subject of the philosophy of science.

B. S. MADHAVRAO

MOLECULAR SCATTERING OF LIGHT by Immanuil L.
Fabelinskii, translated from the Russian by Robert
T. Beyer (Plenum PUblishing Corp., New York),
1968. Pp. xxvii+622. Price $ 32.50

Of the few available treatises in the English language
the translated version of the Russian edition of
Dr 1. L. Fabelinskii's Mo/ecu/ar Scattering of Light
is the most comprehensive in its range and' depth.
The author, himself an active research worker at the
P. N. Labedev Physics Institute of the Academy of
Sciences of the USSR, has not only incorporated
in the book his own contributions but has also
surveyed the work of other investigators in the field,
principally those of France and India. The book is
chiefly devoted to the results of spectral investigation
of light scattering. Aspects like Ranlan scattering
and scattering by colloidal particles and impurities
have been partly or totally omitted.

The book contains ten chapters and an appendix.
The first two chapters deal with the theory of
molecular light scattering in condensed isotropic
media and in gases, and the spectral composition
of the molecularly scattered light. The Rayleigh,
Smoluchowski, Einstein and Mandelshtam, Brillouin
theories have been described. A general theory of
molecular l,ight scattering in ideal crystals given by
Motulevich is presented and its application to the
calculation of the intensity, polarization and fre
quency of the Mandelshtam-Brillouin (M-B) com
ponents in cubic crystals has been discussed. In the
third chapter the experimental arrangements for the
study of the different aspects of light scattering
have been described. These cover some of the
ultrasonic devices for measuring auxiliary para
meters. A review of the experimental work of
molecular scattering in gases and liquids and of the
fine structure in liquids has been made in the
following five chapters and the results have been
submitted to a critical analysis. A notable feature
of these chapters is the measurements carried out
by the author on the broad wing of the Rayleigh
line, the determination of the absorption coefficient
of hyper-sound employing the Ne-He laser and the
detection of the dispersion of sound velocities in
liquids. Chapter 9 is concerned with experimental
determination of the M~B components and their
properties in crystals. The last chapter is devoted
to a description of the stimulated molecular light
scattering which in recent years has assumed great
importance as a result of the development of giant
pulse-generating ruby lasers. The stimulated M-B
scattering and the stimulated light scattering of the
wing of Rayleigh line - the latter first reported
by the author - have been discussed. The appendix

consists of tables of scattering parameters and
calculation.

The book is eminently readable and contains a
stimulating account of the work, in particular of
recent work, in the field. Students and research
workers, who will find the book a good introduction
as well as a valuable reference, owe a debt of
gratitude to Mr R. T. Beyer for the service he has
rend~red in making accessible to them in fluent and
uncramped style the English version of the Russian
book. The text is free from misprints and errors
and is followed by a long list of references to
original papers.

PREPARATIVE ORGANIC PHOTOCHEMISTRY by Alexan
der Schonberg, Giinther Otto Schenick & Otto
Albrecht Neumiiller (Springer-Verlag, Berlin),
Second Edition, 1968. Pp. xxiii+608. Price $ 37.00

This edition, though an enlarged version of the pre
vious one published eleven years ago, is essentially
a new book. During this period, preparative organic
chemistry has grown both in size and depth. These
new developments have been included in this book.
This edition consists of 46 chapters. From its
contents and scope of treatment, various aspects
of photochemical transformations undergone by
commoner types of organic molecules have been
properly dealt with. Photoisomerization of dienes
and trienes, ketones, esters, halides and of hetero
cyclic compounds containing oxygen, nitrogen and
phosphorus has been discussed in a few chapters.
Stereoisomerization and cyclization reactions have
been dealt with in a few chapters. Photochemical
cyclization, dehydro/!jfnation, addition to carbon,
carbon multiple bonds, reduction, decarboxylation,
photochemical reactions of N-halogenated amines,
diazoalkanes, diazoketones, diazomine salts, nitriles,
epoxides and organo-metallic compounds have also
been discussed in detail in this edition.

The major emphasis is on preparative aspects and
on instrumentation side and a chapter on light
sources and light filters has been included. Large
number of interesting organic compounds like case
compounds, valence isomers and cyc1obutanes,
which have been obtained by photochemical reaction,
could not have been so easily obtained by classical
methods and these have been described in detail
in this book. In this respect, the utility of the
book has greatly increased, as attempts have been
made to complete the available data in one classified
form supplemented by due references up to 1965.

In recent years, organic chemistry has made
heavy ingress in the domain of photochemistry,
which was formerly a chapter of physical chemistry.
Recently with better understanding of physical
principles and ready availability of equipments,
it now constitutes a new discipline of organic
chemistry and its utility in organic synthesis has
been fully justified. The only criticism that can be
levelled against this book is that theoretical aspects,
particularly the Woodward-Hoffmann rule, have not
been mentioned anywhere against the background
of the wealth of information in cluded in all the
chapters of this book.

P. C. DUTTA
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PHYSICAL METALLURGY OF IRON AND STEEL by
Rajendra Kumar (Asia PUblishing House,
Bombay), 1968. Pp. xvi+456. Price Rs 35.00

The invasion of physics, chemistry and thermo
dynamics in the last two decades is rapidly syste
matizing the body of information known so far as
physical metallurgy and the choice of subject
matter based on one of the 80 odd metals may not
nowadays meet with universal approval, but has
been justified in the foreword by Prof. Honeycomb
on the grounds that steel represents the most
important group of engineering materials. The book
has 13 chapters. In the first five chapters, Fe-C
diagrams and the related topics are discussed to
build up the base for the understanding of the
phase transformations. Later, decomposition of
austenite (VI), pearlitic transformation (VII), and
bainitic transformation (VIII) are separately dealt
with. Martensitic transformation and hardening of
steel have been lucidly dealt with in Chapter IX.
The remainder of the book deals with precipitation
processes in tempering of steel, strengthening of steel,
ageing and precipitating in iron and low alloy steel,
and embrittlement of steel.

The book in particular is a painstaking and a
good compilation of facts and figures pertaining to
transformation in steel. It should have been better,
however, if the author had critically examined
these transformations in the light of the latest ideas
and principles evolved on the thermodynamics and
kinetics of structural and phase transformation.
To cite an example, the underlying principles of the
formation of metastable constituents, such as cemen
tite, bainite or martensite in steel structure have not
been touched upon in the discussion of the Fe-C
diagram. Further, one would have expected the
author to critically review the transformations in
steel, in the light of the recent theories propounded
regarding transformations in general. Shock harden
ing and irradiation of steels have been topics of
great current interest, but these have not found a
place in the book. Perhaps the author does not
consider these topics under the general purview of
physical metallurgy.

The book has comparatively few printing errors,
but in general there have been a number of lapses
in the citation of references. In a number of cases,
details of the reference to the appropriate volume
of the journal are lacking and sometimes reference,
when it is due, is not cited at all. As alphabetical
order has not been followed, reference numbers
are necessary whenever figures or tables are cited.
Though we have now adopted the metric system,
the author has mixed up the inches, centimetres,
centigrade and Fahrenheit - quite often on the
same page and even in the same para. The reviewer
was very much dismayed, however, at the fact that
out of the eight hundred and odd references cited
in the book only three refer to the work of Indian
authors published in Indian journals I In a country
where metallurgy is more or less synonymous
with ferrous metallurgy and physical metallurgy
synonymous with ferrous physical metallurgy, and
so many metallurgists being awarded the National
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Metallurgists award every year, it is really dis
heartening that the author could not find adequate
amount of good work published in India in this field
for reporting in his book. The author has also not
included the list of author index at the end.

Given that the above criticisms are valid, the book
cim be recommended as a text to the universities
where physical metallurgy of iron and steel is
included as a special subject. It is also a useful
reference for metallurgists engaged in research and
in the solving of the practical problems in the iron
and steel industries. It is a commendable attempt,
as there has not been any book by an Indian author
so far on this subject and taking into consideration
the limitations under which we work in India,
it is really a praiseworthy effort. The references
cited are not later than those of the year 1965
(only four of 1965 I) and as neither the preface nor
the foreword is dated, it is surmised that the
printers have taken an unduly long time for
printing the book. Our sympathies naturally go for
the author, as in the meanwhile a large number of
publications on phase transformations has appeared,
which might have perhaps changed the author's
concepts of writing such a book.

G. S. TENDOLKAR

PUBLICATIONS RECEIVED

TI{EORIES OF VALENCY - STRUCTURES AND PRO
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NOTES & NEWSPicture processin~ by
computer

New techniques of picture pro
cessing by computer developed
in the recent past have become
immensely valuable as powerful
tools in the realms of science,
engineering, education and art.
By picture processing is meant
either the transformation of gra
phical material, or the generation
of pictures from data or abstract
rules alone, or combinations of
these operations. There are thus
four categories relative to the
computer's input-output ter
minals:

Transformation
(1) Picture-+picture (some trans

formation is made)
(2) Picture-+abstraction (some

thing is measured or recog
nized)

Generation

(3) Data-+-picture (an invisible
real-world phenomenon is
made visible)

(4) Abstraction-+picture (a pic
ture is synthesized from
generating rules)

The basic principles, the present
state of the art and the current or
potential areas of application of
these different categories of picture
processing are briefly reviewed by
Leon D. Harman and Kenneth C.
Knowlton [Science, N.Y., 164
(1969), 19-29].

A typical picture reproduction
system would consist of a scanner,
similar to a television camera.
The electrical signals from the
scanner are then changed by an
analogue-to-digital converter into
num~rical representations on mag
netic tape. A general purpose,
high speed digital computer is pro
grammed to proce,s the picture
from the digital version, according
to one or more algorithms. The
processed picture, which is still in
discrete numerical form, is then
converted into the final photo.'
graphic form by a microfilm
printer which receives the neces
sary instructions from the com
puter. More microfilm systems
yield only black-and-white out
put; colour pictures are possible,
but the technology is not well
developed yet.

Picture-to-picture transformation
- Computers were used more than

a decade ago for research in
television bandwidth compression.
Pictures were stored on an element
by-element basis, and various in
formation-reducing manipulations
were introduced experimentally.
portions of a two-dimensional pic
ture were controllably transformed
in the computer domain and then
were displayed to observers for
assessment of the qUality of hypo
thetical transmission systems.
There are several modifications
and improvements to this sort of
picture-to-picture transformation.
In one version, microfillm plotters
are employed. rather than con
ventional television tUbe displays,
for graphical rather than pictorial
output. This method is usually
employed for simulating a half
tone process.. Another process
which results in apparently con
tinuous tone pictures from binary
microfilm dot-plotting uses a tech
nique analogous to the variable dot
size process of conventional half
tone engraving. Another useful
picture transformation procedure
is that of crispening images and
changing contrasts. Examples are:
(i) meteorological satellite cloud
pictures, where enhanced boundary
processing facilitates weather ana
lysis; and (ii) X-ray and electron
microscopic photography where
crispening and nonlinear density
manipulations are frequently re
quired for effective processing,
either manually or by machine.
Yet another kind of image trans
formation is that of reducing a
stereoscopic pair to a single picture
with the third dimension portray
ed, for example, by contour lines,
as in the automatic analysis of
aerial stereoscopic photographs.

Picture-to-abstraction -The situa
tion here is one which involves
automatic analysis of a photo
graphic image or a line drawing.
Generally, the output is some
statement of recognition or some
nominal, positional, or categorical
listing. For example, in particle
track detection, a single system
may produce more than 10 million
pictures a year. These must be
screened to find and analyse the
small proportion containing tracks

of interest. Techniques are under
development to have computers
accept photographs (including
stereoscopic pairs of the particle
tracks), refine the traces (by thin
ning lines, filling gaps), and then
determine line segments, directions,
lengths and modes. This informa
tion can be used to reconstruct
idealized line images and even to
select and print out only that
subset which satisfies certain pre
determined criteria. The most
common form of pattern recogni
tion by computer does not yield
a picture transformation. Rather,
some decision-making process is
initiated, or a literal or symbolic
statement is produced. Machine
reading of bank cheques, credit
card imprints and typescript are
examples.

Data-to-picture --.: This category
of processing by computer involves
assembly and pictorial portrayal of
masses of datum points permitting
one to see an otherwise invisible
phenomenon. A typical example
of a spectral reconstruction for
rapid integration by human vision
could be had in volatile graphic
display of air traffic in which a
radar blip depicting an aircraft
can be automatically accompanied
by alphanumeric identification and
flight information. ~other kind
of data-to-picture transformation
is that of map making, including
weather maps. A large collection
of data is stored, and from it
anyone of a number of displays
showing, for instance, population
density, economic levels, and
housing conditions, can be gene
rated on request. Less than one
hour of computer processing and
printing can produce a set of maps
which replaces weeks of skilled
human effort.

Abstraction-to-picture - On this
type of transformation visual
images are generated via random
dot patterns by means of a micro
film printer for producing black
and-white dot structures whose
individual loci and statistics are
flexibly manipulated for a wide
variety of studies in human percep
tion, notably stereopsis. The tech
nique permits rich flexibility of
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laser is yet far off and that if an
energy of 15,000 eV is achieved
that would be a factor of four.
too low in energy. Moreover, a
large volume is also needed to get
far greater energy output than is
put in. Presently Dr Haught is
attempting to realize average
energies of 5,000-10,000 eV and
Dr Lubin is developing a laser
which will create particle energies
greater than 15,000 eV [Sci. News.
95 (1969), 384].

Ishwarone. a novel
tetracycllc sesquiterpene

Ishwarone, a novel tetracyclic
sesquiterpene isolated in 1935 from
Aristolochia indica., and the first
of its kind to occur in nature, has
been assigned structure (I) on the
basis of chemical and spectral
evidence by a group of scientists
led by Dr T. R. Govindachari at
the Ciba Research Centre, Bombay.

a) r)
C\l3 H

Ishwarone, CaHIIO, m.p. 57°,
[1l]~+22'9°, \:tOH 211 mIL (~275),

Am"" 285-290 mIL (~ 30) ; v;~·

1706 (6 or higher membered satu
rated ketone) and 1418 cm-1

(-CO-CHI) and NMR signals at
I

II 0'75 (singlet, -(-CHa), 1-15
I I

(5, -C-CHs), 0·85 (doublet, ] =
I

6·5 cps, -CHCHs) and 0·55 (multi-
I

plet, cyclopropane H) is tetracy
clic (resistance to hydrQgenation,

" /lack of C=C in IR, NMR and
/ "

Raman spectra). Barton oxidation
of ishwarone gave a diosphenol
(methyl ether, m.p. 105-108°).
which on oxidation with H,O,-

o

~
~

11

111

1

Small pellets of solid matter are
preferred to either a whole solid
block of matter or even gas for
making plasmas with laser beams.
The reason for such a preference is
that in both the latter cases the
average energy per particle remains
low on account of cluttering up of'
neutral particles of matter with
ionized ones. In the case of pellets,
however, the whole sample gets
ionized and thus gives high average
energies.

There is one drawback, however,
in the case of pellets. The solid
pellet plasmaexpands very rapidly,
thereby causing a drop in energy
concentration. The heating pulse
must, therefore, be very fast and
the limitation is the shortness of
the laser pulses currently available.
Dr Alan Haught of United Aircraft
has produced plasmas with average
energy per particle of the order of
100 eV. Dr Moshe Lubin of the
University of Rochester has ob
tained 1000 eV per particle by
shining a laser producing 1·5 xl08

W in bursts about 4 nsec long on
a sample of lithium fluoride.

A plasma produced by laser
irradiation has a number of ad
vantages for controlled fusion
work. The plasma can be pro
duced inside a magnetic field,
without physical connections to
the environment outside. If one
makes a plasma outside the field,
one has to make a hole in the
field to put the plasma inside;
the subsequent closing of the hole
is not always easy to accomplish.
Alternatively, a neutral gas can be
held and ionized inside the field
by shooting a spark through the
chamber. But laser light will
cross a magnetic field without any
external physical aid. The plasma
is made inside the field without
any loss of its energy by collisions
with the background gas. Ioniza
tion is, therefore, complete.

Dr Haught and Dr Lubin have
found that magnetic fields stop
expansion of the plasma and the
energy that has been used for
expansion is then reconverted to
kinetic temperature. They are
now engaged in observing if this
excellent behaviour of plasmas con
tinues at higher energies. If this
can be achieved, then controlled
fusion. as in the case of hydrogen
bomb is feasible. But laser techno
logists consider that the threshold
of thermonuclear power through

Pro~ress in laser-made
plasmas

Research and development work
now in progress at a few centres
in the United' States indicates a
fair prospect for the eventual
realization of controlled fusion
through laser-made plasmas. A
concentrated burst of laser light
on small amounts of solid matter
will at once vaporize and ionize
them. Such ionization is capable
of producing plasmas, which can be
usefully employed in research on
thermonuclear fusion.

stimulus generation and control,
I impossible by other methods.

Many visual patterns produced
by this technique and related
processes can represent objects
not physically realizable and thus
provide an entirely new domain of
sensory stimulation. One notable
example of this transformation is
the stimulation which permits an
engineer to synthesize and activate
a circuit by drawing a complicated
electronic schematic on the face
of a cathode ray tube. ., Stock
parts" are evoked from the com
puter memory, and the engineer
types in component values and
enters input signals. Within
seconds he has displayed to him
the plotted graphic response of
the system to the specified input.
Other examples of explicitly
ordered pictures could be genera
tion of type fonts and the pro
duction of printed circuit designs
and masks. The ability to .. see"
mathematical models and the
results of their application can
provide powerful insights. Com
puters have been used widely in
this respect, both for pedagogy and
for research. Another kind of com
puter picture processing concerns
data which when analysed by hu
mans are pictorial, but which need
not be pictorial before machine
use. Electroencephalography and
electrocardiography are examples.

To conclude, image analysis with
the aid of computer ranges from
submicroscopic to cosmological and
from natural phenomena to com
plete abstraction. The utility,
both quantitative and qualitative,
is similarly spectacular. The pri
mary gains are in labour, time and
money. Tedious human effort is
saved; hours or days of delay are
compressed to minutes.
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Expulsion of bis-CO from
a-diketones

H,C-BH,
I I

H,C-NHR

la R=H+
b R=CH.

H,C BH.

I
"-N/
/"-H,C R

IIa R=H
b R=CH.

It was considered that the pro
posed structure was inconclusive,
since it was based on one of the
several possible interpretations of
NMR spectrum. The reaction of
aziridine with sodium borohydride
was repeated in aqueous tetra
hydrofuran. A product was iso
lated, which analysed for CaHaBN.
The IR of this compound showed
the presence of W-H (3300 and

Pyrolysis of ~-hydroxy olefins

Pyrolysis of ~-hydroxy olefins
to give olefins and carbonyl com
pounds has proved to be a general
and reliable transformation and an
elegant synthetic method for ex
tending carbon chains. During the
pyrolysis of (I) in an evacuated

a9SC-H
I

[Tetrahedron Lett., No. 3 (1969),
125].

pyrex tube at 300° for 24 hr (or
at 3500 for 2 hr), the formation
of 1,2,3,4,5,6,7,8-octahydrophenan
threne in almost quantitative yield
has been reported, instead of the
expected unsaturated ketone.
Further confirmation of the ab
sence of' ketone has been obtained
from the lack of olefinic protons
in the NMR and absence of a
carbonyl bond in the IR. The
pyrolysis product has been charac
terized by NMR, UV, IR and
mass spectral data [Tetrahedron
Lett., No.3 (1969), 205].

Reaction of aziridine with
sodium borohydride

Akerfeldt and Hellstorm [Acta
chem: scand., 20 (1966), 1418]
reported that the reaction between
aziridine and sodium borohydride
gives the four-membet:ed hetero
cyclic compound (Ia) rather than
aziridineborane (IIa).

o

~o

o

c~OelCH
~ 5

1 #

Cl Cl

J[

prepared from valerianol. The
above correlation requires that iso
ishwarone be formulated as (IV),
assuming that the stereochemistry
of the methyl ketone centre in
(III) has not been affected. Ish
warone can then be represented as
(I) and this was further supported
by a series of reactions, e.g. treat
ment with ozone to oxoishwarone,
with dil. HCl to a chloro com
pound, etc. rJ'etrahedron Lett.,
No. 3 (1969), 133].

Taking clue from the facile ther
mal decarbonvlation of norborna
diene-7-ones, the expulsion of ther
mal bridges from bicyclo[2,2,2]octa
diene-2,3-diones (I-IV) having a
dOUble bond arrangement similar
to that of norbornadiene-7-one, has
been attempted. Compound (I)
charred on heating at 350°, giving
80% of the starting material.
Compounds (II) and (Ill) at 1800

and 2200 gave respectively 32%
of 2,3,4,5-tetrachlorobiphenyl and
l,2-dihydroxynaphthalene as a
result of expulsion of CO.

111

Photolysis of (I)-(IV) in benzene
solution gave a smooth evolution
of CO, forming respectively anthra
cene, tetrachlorobiphenyl (97%),
l,2-dihydroxynaphthalene (53%)
and l,2-IIt-naphthoquinone isolated
as benzo[lIt]phenazine (43%).

The nature of the expelled
species as C.O. or bis-CO has been
ascertained from mass fragmenta
tion of (I). Support for the fact
that the bridge connecting 1,2- and
3,4-bonds is cleaved (concerted or
stepwise) prior to the bridge form
ing 2,3-bond has been found by ir
radiation of a bridged monoketone.
Aromatization may be considered
as the important driving force
for the reactions described above

NaOH gives a dicarboxylic acid,
ishwaric acid, CuHaaO" m.p.
HI-6°. Pyrolysis of the acid or
Dieckmann cyclization of its di
methyl ester affords the cyclo
pentanone, norishwarone, CuHaoO,
b.p. 105-8% .5 mm, v~~~C1. 1728
cm-I, which in turn gives a dios
phenol, Cu H180a, m.p. 148-50°,
showing NMR signals at 8 0·98

I I
(5, -C-CHa), 1-15 (5, -C-CHa)

I I
and 1'87 (5, olefinic methyl). These
data allow the deduction of part
structure (II) for ishwarone. Fur
ther elaboration was possible using
isoishwarone ohtained from opening
of the cyclopropane ring. Ishwar
one, on treatment with dry HCl in
ether at 0°, followed by brief
exposure to boiling pyridine, gives
an isomeric mixture of two un
saturated ketones which is homo
genized by treatment with p-tolu
enesulphonic acid in benzene to
isoishwarone, CuHaaO, b.p. 100°/
0·7 mm, [1It]~6·-7Hl°, v~~

1700 cm-l (6-membered ketone)
and NMR signals at 8 0·77 (5,

I
-C-CHa), 0·75 (d, ] = 6·5 cps,

I
-CH-CHa), 1·78 (d,j = 1·5 cps,

I
olefinic methyl) and 5·72 (un-
resolved multiplet, olefinic H).
Isoishwarone with OsO, yields a
diol, CuH.,Oa, m.p. 180-82°, [1It]~6·

_80° which is smoothly cleaved
by NalO, to a diketo aldehyde,
CuH••Oa, m.p. 108-10°, v~~~Cl.

I
1725 (CHO) and 1705 cm-l (C=O)

I
and NMR signals at 8 0·80 (5,

I
-C-CHa), 0·92 (d, ] = 7 cps,

I
-CHCHa), 2·17 (5, -CO-CHa)

I
and 10·05 (5, -CHO). Ozonolysis
of isoishwarone gave, besides the·
diketo aldehyde, a diketone,
CuHaaOa,m.p. 87-89°, [1It]~6· +1,97°,
v~:: 1700 and 1710cm-1 (carbonyls)
and NMR signals at 8 0·65 (5,

I
-C-CHa), 0·92 (d, ] = 6·5 cps,

I .
-CHCHa) and 2·08 (5, -COCHa)

I
which is found to be identical in
all respects (TLC, m.p., m.m.p.,
IR and ORD) with an authentic
specimen of the diketone (III)
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2740 em-I) as would be expected
from either (Ia) or (Ila).

On the other hand, in the case
of (Ib) and (Ilb),only(Ib) contains
an N+-H group. The reaction was,
therefore, earned out under the
same conditions withN-methyl
aziridine and a white solid was
isolated which melted at 57-8° and
analysed for CaH1oBN. The IR of
this compound showed no absorp
tion characteristic of N+-H group
which eliminates (Ib) as the possible
structure and suggests that the
compound is (lIb). By analogy the
compound obtained by Akerfeldt
and Hellstorm would thus be (Ila).
The 11B NMR spectra of the com
pounds CaHaBN and CsH1oBN,
from aziridine and N-methylazir
idine respectively, provided con
vincing evidence for the structures
(Ila) and (lIb) [Tetrahedron Lett.,
No. 59 (1968), 6169].

Metabolic fate of glutathione
in human erythrocytes

The way in which glutathione,
known to be synthesized in the
red cell and having a half-life of
2-3 days, undergoes destruction
in the erythrocyte remained a
mystery' until recently Srivastava
and Beutler, using normal and
glucose-6-P dehydrogenase-defi
cient human erythrocytes, showed
that the movement of oxidized glu
tathione (GSSG) from the red cells
is the result of an active process,
unidirectional, dependent upon
metabolic energy and temperature
sensitive [j. biol. Chem., 244 (1969),
9]. They anived at this conclusion
on the basis of the observation
that a portion of the oxidized
glutathione disappears from the
erythrocytes and can be recovered
from the medium when the normal
cells are inCUbated in the absence
of glucose or when g~ucose-6-P
dehydrogenase cells are incubated
in the presence or absence of
glucose. This movement of GSSG
is unidirectional, as there is no
transport of GSSG from the
medium to the red cells when the
normal cells are incubated in a
medium containing a high con
centration of added GSSG.

The continuance of outward
transport of GSSG even against a
concentration gradient as high as
25-foldis suggestive of the involve
ment of an active process in GSSG
ttansport. Since the normal cells

suspended in a glucose-free incuba
tion medium as well as the glu
cose-6-P dehydrogenase-deficient
red cells both in the presence or
absence of glucose in the medium
can tr,msport GSSG for several
hours, the source of energy for the
active process appears to be ' endo
genous " probably ATP. The ob
servation that GSSG transport
halts almost entirely after the
endogenous compounds, such as
ATP, are exhausted by preliminary
inCUbation of red cells in a glucose
free medium for 8 hr or by the
presence of O·IM fluoride in the
incubation medium provides evi
dence in support of ATP as the
endogenous source of energy for
the active transport. This ob
servation has found further support
from the finding of sensitiveness
of GSSG transport to fluoride ion
inhibition, a finding compatible
with the involvement of ATP
in the energy source by binding
the Mg2+. However, the possibility
that the fluoride ions may inhibit
directly a component of the trans
port system cannot be excluded.

Based on the hypothesis of
active transport of GSSG from
red cells, it is now possible to
account for the low levels of total
glutathione in glucose-6-P dehydro
genase-deficient erythrocytes and
the fate of intraerythrocytic gluta
thione, which has a normal half-life
of 2-3 days.

Sensitive radiochemical assay
for li-aminolevulinlc acid
synthetase

A new method of measuring
8-aminolevulinic acid (ALA) syn
thetase activity has been reported
from the Department of Bio
chemistry, University of Adelaide,
Adelaide, South Ailstralia. The
method, which is based on the
incorporation of 1'C-succinate into
ALA, is extremely sensitive, per
mits assay of the enzyme in normal
tissues as well as in small amounts
of tissue for which the existing
calorimetric methods are in
adequate and avoids difficulties
generally encountered in the exist
ing methods due to amino acetone
synthesis. Moreover, the sensiti
vity of the method can be adjusted
according to need by increasing the
specific activity of the 1'C-succinate
used. However, due to the high
cost of the isotope used, the

method is not recommended where
large number of routine assays of
samples with high ALA synthetase
activity and small amino acetone
synthetase activity are to be made.

To standard solutions of ALA.
HCI in trichloroacetic acid (TCA)
(or TCA supernatant of tissue
inCUbations), 100 fLmoles of labelled
potassium succinate and 1 fLillole
of carrier ALA.HCI are added and
the reaction mixture is applied to
Dowex-50(H+) columns (3 X1 ern).
The columns are washed with
30 ml of water and ALA is eluted
with 10 ml of 2M pyridine-acetate
buffer (pH 6·0). The eluates are
collected in round-bottomed flasks
containing 1 drop of cone. HCI
and twice evaporated to dryness
under reduced pressure on a Buchi
rotovapor and the residues are
dissolved in known volumes of
water. Aliquots of the above puri
fied eluate are mixed with a
suitable volume (1 ml) of acetate
buffer (pH 4-6) and 0·1 ml of
acetylacetone. The tubes are
boiled for 15 min and the ALA
pyrole is extracted into 25 ml of
ethyl acetate and then washed
with 3 ml of water; the ethyl
acetate layer is dried and the
residue is dissolved in 1 ml of me
thanol. Aliquots (0·8 ml) of the me
thanolic solutions are plated into
metal planchettes and counted in a
Nuclear-Chicago gas flow counter
[J. biol. Chem., 244 (1969), 60].

Department of Atomic Energy

An outstanding achievement of
the Department during the year
under review (1968-69) was the
going into criticality of both the
reactors of the Tarapore Atomic
Power Station; full commercial
operation at 380 MW is expected
to be achieved shortly. The other
two atomic power projects, viz. the
Rajasthan Atomic Power Project
and the Madras Atomic Power
Project, made sufficient headway
during the year.

Bhabha Atomic Research Centre
(BARC) -The three constituent re
actors, Apsara, CIRUS and Zerlina,
operated satisfactorily throughout
the year. In the thermal column
of Apsara, a pneumatic self-serve
facility was installed for irradiation
of samples. A fast neutron seed
irradiation facility for irradiation
of biological samples was installed
in the reactor pool in collaboration



with the International Atomic
Energy Agency. In the Zerlina,
uesign modifications to the core
support structure were incorporat
ed and special operational assis
tance as required was extended
in connection with Indo-Australian
experiments on fast fission ratio
measurements in U02clusters under
simulated boiling water conditions.

In the Physics group, the study
of K X-rays emitted in the thermal
neutron-induced fission of 28&U was
carried out using CIRUS. The
total yield of fragments was deter
mined. A high resolution X-ray
spectrometer employing a lithium
drifted silicon detector was fabri
cated for this purpose. Two units
of a centrifugal molecular still were
completed and various grades of
high vacuum oils were produced
by molecular distillation starting
from crude oil available from
indigenous sources. There is a
recurring demand for these oils and
it is estimated that their produc
tion will result in an annual saving
of Rs 3'4lakhs in foreign exchange.
A notable achievement was the
development of a proportional type
temperature controller with an
accuracy of 0·5°C.

The important development
work in the Electronics group was
concerned with: Mossbauer spectro
meter for applications in rare
earth spectral region, 2-parameter
nuclear data processor (for Nuclear
Physics Division), transistorized
nuclear instrument modules
capable of assembling nuclear
counting systems, medical scanner
for thyroid uptake studies, dual
channel electromyograph for diag
nosis of neuromuscular paralysing
disorders, transistorized liquid
scintillation spectrometer for the
assay of low activities and critically
monitoring system for active areas
for the detection of rapid changes
in radiation levels. Very good
epitaxial deposits of GaAs on Ge
substrates have been obtained and
optical systems having as many as
11 diel~ctric layers to improve the
efficiency of ruby laser, with a
view to using it as a range finder,
have been completed. Worl) on
low noise, high sensitivity oscillo
scope display systems for bio
logical measurements and fre
quency synthesis, handling fre
quencies up to 20 Mc/s with 5 kc/s
spacing has reached the final stage

.of completion.

NOTES & NEWS

In the Health Physics group,
a micrometeorological station with
122 m high tower was established
near the Tarapore Atomic Power
Project site which provides the
necessary meteorological informa
tion for the control of radioactive
contamination.

The computer facility built
around H-400 Honeywell com
puter system was set up in the
Modular Laboratories towards the
end of August 1968. A feasibility
study has been undertaken for the
control systems, with particular
reference to a Data Logger and
Recording Annunciator System
for the reactor of the Rajasthan
Atomic Power Project, and a
saving of Rs 4·5 lakhs in foreign
exchange is expected.

In the Chemical Engineering
group, air pulsers have been suc
cessfully adopted in the solvent
extraction processes in place of the
costly mechanical pulsating pumps.
Experiments on solar evaporation,
making use of extended surface
technique, were continued in the
Water Treatment Division. High
concentration of activity in sludge
was obtained and the process was
found to be far cheaper than
all the other alternative methods
available for the volume reduc
tion of medium level radioactive
wastes.

In the Metallurgy group, using
the techniques of activation ana
lysis and radiochemical methods,
methods were standardized for
(i) the determination of samarium
and neodymium in pure lanthanum
oxide, (ii) thorium in rocks,
(iii) isotopic analysis of 288Ra and
u'Ra in the presence of 228Ra,
(iv) isotopic dilution analysis of
samarium in rare earths, and
(v) radiochemical separation of Np
and Pa on BaSO,. Isotopic ratios
of 2°SPb/2°'Pb have been measured
on a number of galenas to deter
mine their model ages. From the
anomaly in 2S'U/238U ratios in a
secondary formation from Nay
gaon, its refined age has been'cal-
culated. .

In the Biomedical group:studies
have been conducted for adducing
evidence to show that callus cells,
under appropriate conditions of
exogenous nutrients, formed em
bryoids and later developed into
plantlets. This totopotency of
somatic cells observed so far only
in carrot and tobacco has now been

established in a medicinal plant,
Tylophura (Asclepiadaceae).

Tata Institute of Fundamental
Research (TlFR) - Research work
in theoretical physics was concern
ed with particle phySics, high
energy nuclear physics, solid state
physics, magnetohydrodynamics
and as trophysics. In medical elec
tronics, a device for monitoring the
degree of variation of energy asso
ciated with the electrical activity
of human brain has been developed
and built. This equipment can be
attached to a conventional electro
encephalogram machine. In the
area of nuclear structure studies,
parameters of some low-lying
electric dipole transitions in the
deformed nuclei, samarium-152,
gadolinium-152 and dysprosium
160, have been measured using the
single-gap beta ray spectrometer
fabricated .at the Institute. In
solid state physics, a phenomeno
logical model has been developed
to understand the factors affecting

.the lifetimes of positronium atoms
in molecular materials. In the
field of cosmic radiation, new
methods developed last year for the
study of cosmic ray fossil tracks
in crysta,ls in meteorites were
applied to investigate the charge
and energy spectra of nuclei with
charges greater than 22. It was
found that the time averaged
intensity of iron group of nuclei,
in the kinetic energy interval 700
150, MeV/nucleon, during the last
11 million years, was the same as
that observed at the earth today
during periods of low solar activity;
however, at lower energies the
flux was considerably higher. The
charge spectrum over the interval
of charge Z from 30 to 60 appears
to differ c~msiderably from the
universal cosmic abundances.
These results are important for our
understanding of solar terrestrial
relations and acceleration processes
in massive stellar envelopes.

Physical Research Laboratory
(PRL) - A superneutron monitor
(18 NM 64) consisting of three
independent sections, each with
6 counters, which was set up
towards the end of last year,
started working regularly from
August 1968. A high counting rate
[L-meson directional detector has
been commissioned and is pro
viding valuabl€ information on the
energy spectrum of the cosmic ray
time variations related to changes
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in the conditions of interplanetary
space. The solar radio spectro
scope was brought into regular
operation for recording the dyna
mic spectra of solar radio bursts in
the frequency range 40-240 MHz.

Thumba Equatorial Rocket
Launching Station (TERLS) - As
part of the Space Science Research
Programme three magnetometer
Langmuir Probe payloads were
launched in August 1968 from
Thumba to study the parameters
of the quiet day equatorial electro
jet. Eight Nike-Apache, two
boosted Arcas rockets and four
Centaure rockets were launched
during the year, with various
objectives, such as measuring.
neutral atmospheric wind above
85 km, study of electric 'field
in the ionosphere using BaCl2
technique, obtaining information
on the equatorial electron density
distribution in the D-region of
the ionosphere, etc. A universal
launcher has been designed and
manufactured by TERLS to launch
2-stage Nike-Apache or Centaure
or a Menaka meteorological rocket.

Coal research in Australia

The Division of Mineral Chemis
try of the Coal Research Labora
tory of the CSIRO, Australia, is
concerned with investigations on
combustion processes in general
and flames in particular. The
results of three major projects are
presented in report No. 36 of the
laboratory. Abstracts of papers
published and a list of recent
pUblications in the field are also
included. The first study covered
in this report deals with the
petrography of the Tomago coals,
and contains the main conclusions
drawn from the petrographic in
vestigations of samples from the
Tomago coal measures. From in
vestigations on as many as 33
samples it was deduced that there
were two categories of coal,
depending upon the microlithotype
contents of the clean coal compo
sites of the seams, viz. (i) those
with a moderate to high (more
than 40%) vitrite+clarite content,
and (ii) those with a very low (less
than 20%) content of vitrite +
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clarite. Two kinds of vitrinite
were identified: vitrinite A, which
usually has a coherent botanical
structure and occurs in layers of
nearly 100% purity, and vitrinite
B, which is intimately associated
with other macerals and lacks
coherent botanical structure. Re
flectance measurements were made
on polished surfaces of vitrinite
from each of the six idealized
Tomago seams. It was found that
all the coals were of high volatile
bituminous rank.

The second study on .. Chro
matographic gas analysis" reviews
the type of apparatus. used and
gives examples of gas mixtures
which have been separated by the
technique, and are of interest
to the fuel industry.

The third study entitled" Vitri
nite-semifusivite t ran sit ion
material" deals with the work
done to determine precisely where
the line of demarcation between
fusible and infusible components
occurs. For this investigation, a
small block, a few millimetres
across, including the region of
interest, was cut from a suitable
area of coal in a large polished
surface. The block was next
polished and photographed and the
maximum reflectance of the vitri
nite and semifusivite was measur
ed using a photomultiplier. The
substance was carbonized under
certain specified conditions and
photographed. The carbonized
layer was then polished again
and a third photograph taken. A
comparison of these photographs
enabled measurements on expan
sion. The main conclusions drawn
from such a study on a medium
volatile coal were: (i) the line of
demarcation between the fusible
and infusible components of the
inertinite maceral occurs in the
transition zone ·between vitrinite
and semifusivite, usually at about
the point where open plant cell
structures can first be recognized;
(ii) an anomalous, granular type of
vitrinite, producing a thick-walled
coke when carbonized, is associated
with the material from the vitri
nite-semifusivite transition zone;
and (iii) unusually high coke bi
reflectance values are probably the

result of high pressure applied
during the carbonization process.

Announcements

• Bires Chandra Guha Memorial
Lecturership and Sunder Lal Hora
Medal- The National Institute of
Sciences of India has awarded the
Guha Memorial Lecturership for
distinct contributions in the field
of biochemistry, nutrition, food
and allied problems, and the Hora
Medal for outstanding work in
biological and medical sciences
fo,: the year 1969 to Dr V.
Subrahmanyan and Dr K. Ramiah
respectively.

Dr V. Subrahmanyan, formerly
Director and now Emeritus Scien
tist, Central Food and Techno
logical Research Institute, Mysore,
is well known for his important
contributions to indigenous food
industry.

Dr Ramiah, Member, Rajya
Sabha, is internationally known
for his outstanding researches on
genetical breeding and agronomical
aspects of rice production and has
a large number of publications
in the field of genetics and agro
nomy of rice, cotton and wheat.
He has been responsible for intro
ducing several new rice varieties
which are being grown in several
parts of India and in some foreign
countries.

• Second Mastech Conference-The
CSIR-sponsored Second Mastech
Conference on 'Probability and
statistics and their applications
to science and technology' will
be held in Madras for a week in
December 1969 or January 1970.

Research papers relating to
probability, statistics or their
applications to science and tech
nology may be sent to Prof.
Alladi Ramakrishnan, Director,
Matscience, Madras. An award
of Rs 1000 will be made to the
author of the best paper read at
the conference.

The Mastech award for the best
paper at the first conference on
, Matrix analysis' held in Banga
lore in September 1969 has gone
to Prof. Mehdi S. zarghamee,
Aria-Mehr Uhiversity, Tehran.
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EVOLUTION OF LIFE
by

M. S. RANDHAWA, JAGJIT SINGH. A. K. DEY and

VISHNU MITTRE

Written by a team of experts, the publication represents a pioneering attempt in
India on the subject of Evolution of Life. A unique feature of the publication is the
synthesis of the vast amount of data available on the subject in such a manner as to
present a fascinating account of evolution of life in the context of Indian rocks, flora
and fauna. After discussing the origin of life in the Pre-Cambrian Eras, the publi
cation gives a systematic and connected account of the evolution of plant and
animal life in the succeeding eras, viz.

• Palaeozoic Era • Mesozoic Era * Cenoz.oic Era

The publication does not end merely with the organic evolution of man from his
animal ancestors, but also deals with his material culture up to the prehistoric times,
thereby establishing a close link between the perspective of geological time and the
brief history of human race during the recent past.

The publication is profusely illustrated with 199 illustrations showing the con
figuration of continents in the past, distribution of rocks in India, palaeoscapes with
plant and animal life through the age~ and a large number of plant and· animal
fossils.

A valuable publication both for the layman interested in the subject and for the
specialist seeking details.

Size Crown 4to Pages xxviii+360
PRICE Rs 45.00 Shillings 90 $ 14.00

Copies available from

SALES & DISTRIBUTION SECTION

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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TORY CENTRIFUGE with all the features of
Modern Centrifuge Engineering.

With brake and regulating ring transformer, electric speedometer, automatic timer
with safety device to avoid any sudden start, with control lamp, and complete
with the following accessories:

• Swine Head for 4x 100 ml. complete-with shields of V2A Iteel and alass tubes

• Reduclne Insertion of 50 mi. complete with elass tubes (fittine the swine head)

• Multi-Carrier of 2x25 mi. complete with glass tubes (fittine the swine head)

• Multi-Carrier of 4 X 15 mi. complete with elass tubes (fitting the swine head)
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GEOPHYSICS RESEARCH BOARD
&

NATIONAL GEOPHYSICAL RESEARCH INSTITUTE. ,

HYDERABAD 7

PUBLICATIONS

Publ. No. 1 "Compilation of Papers on the Assam Earth
quake, August IS, 1950", compiled by M. B.
Ramachandra Rao

Publ. No. 2 "Central Board of Geophysics" Quinquennial
Report 1949-53, Ed. M. B.Ramachandra Rao

Publ. No. 3 Geophysical Digest

Publ. No. 4 "Ground Water", Proceedings of the Symposium,
Delhi, February 1955

Publ. No. 5 "Geophysical Exploration", Proceedings of the
Symposium held at the Maharaja Sayajirao
University, Baroda, August 15-17, 1959

Publ. No. 6 Progress in Geophysics
Report on Geophysical Activities in the
Republic of India

Issue No.1 January-December 1965

Issue No.2 January-December 1966

Issue No.3 January-December 1967

Publ. No. 7 "Problems in Geophysics Relating to the Crust
of the Earth", Proceedings of the Symposium,
Hyderabad, January 1964

Publ. No. 8 Proceedings of the Symposium on Upper Mantle
Project, Hyderabad, January 1967

Publ. No. 9 Indian National Report on Upper Mantle Project
(1963-66) presented at the 14th General Assembly
of IUGG

Publ. No. 10 Indian National Report on Hydrology (1963-66)
presented at the 14th General Assembly of IUGG

PERIODICAL

Bulletin of the NGRI -Quarterly (from 1963 onwards)
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Out of print

Rs.3.75

Out of print

Rs.25.oo

Rs.10.oo

Rs. 2.00 ($ 0.50)

Rs. 3.15 ($ 0.60)

Rs. 3.50 ($ 1.00)

Rs. 19.00 ($ 2.80)
(Rexine binding)
Rs. 17.00 ($ 2.40\
(Ordinary binding)

Rs. 25.00 ($ 5.00)

Rs. 2.75. ($ 0.60)

Out of print

Rs. 22.00 per
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Journal of the
INDIAN BOTANICAL SOCIETY

The J. Indian bot. Soc. is a QUARTERLY now running Volume 48 (1969) ..

The annual subscription from 1967 (Volume 46 onwards) is Rs. 35.00
or £3.0.0 or $ 8.00 for a complete volume of four numbers.

BACK NUMBERS of the Journal and following SPECIAL PUBLICATIONS of
the Society are available:

Professor M. O. P. Iyen~ar Commemoration
Volume

Professor P. Maheshwari Commemoration
Volume - Vol. XLII A

History of Botanical Researches in India,
Burma and Ceylon:

Part I. Mycolo~y & Plant Patholo~y

by Prof. S. N. Das Gupta

Part II. Systematic Botany of An~io

sperms by Rev. Fr. H. Santapau, S.].

Part III. Palaeobotany by Dr. A. R. Rao

Part IV. Floral Morpholo~yby Dr. V. Puri

Memoirs of the Indian Botanical Society:

Part II (1959)

Part III (1960)

Part IV (1963)

Rs. 30 plus Rs. 2 posta~e

or 50 sh. or $ 7.50

Rs. 32 or 50 sh. or $ 7.00

Rs. 5.50 or 8 sh. or $ 1.20

Rs. 4.70 or 7 sh. 10 d. or
$ 1.20

Rs. 4.50 or 7 sh. 6 d. or $ 1.00

Rs. 3.50 or 6 sh. or $ 1.00

Rs. 7.50 or 14 sh. or $ 2.15

Rs. 14.50 or 28 sh.or $ 4.30

Rs. 16.50 or 25 sh. or $ 3.50
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Just published

THE WEALTH OF INDIA
An Encyclopaedia published in two series:

(i) RAW MATERIALS (ii) INDUSTRIAL PRODUCTS

RAW MATERIALS:Vol. VIII (Ph-Re)

Contains 202 articles: 195 on plant genera, 2 on animals and animal
products, and 5 on minerals.

The important topics covered include: ANIMALS & ANIMAL
PRODUCTS - Porpoises & Dolphins, Prawns, Shrimps & Lobsters.
BEVERAGES - Nira from Date-palm (Phoenix). DYES & TANS - Red
Sanders (Pterocarpus) , Oak (Quercus). ESSENTIAL OILS - Patchouli (Pogo
stemon). FATS & OILS - Pongam Oil (Pongamia) , Almond Oil (P1'unus).
FODDER - Kudzu (Pueraria). FRUITS & NUTS - Dates (Phoenix),
Chilgoza (Pinus), Pistachio· (Pistacia), Almonds, Apricots, Cherries, Plums
(prunus) , Guava (Psidium) , Pomegranate (Punica) , Pears (Pyrus). GUMS
Malabar Kino (Pterocarpus). MASTICATORIES - Betel Leaves (Piper).
MEDICINAL PLANTS - Isphagol (Plantago), Babchi (Psoralia) , Sarpagandha
(Rauvolfia). SPICES - Pepper (Piper). TIMBERS - Chir (Pinus), Douglas
Fir (Pseudotsuga). VEGETABLES -Beans (Phaseolus) , Peas (Pisum) ,
Radishes (Raphanus). MINERALS - Phosphates, Pigment Minerals, Platinum,
Quartz & Silica, Rare Earths.

The Wealth of India provides information for industrialists, drug dealers,
research workers, students, planners, and anyone - anywhere - who is
interested in useful plants, animal products and minerals.

Pa~es xxxii+394, Demy 4to 11 Plates and 142 text lllustrations

Can be had from

Sales & Distribution Section
Publications & Information Directorate, CSIR

Hillside Road, New Delhi 12
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CAHN MILLIBALANCE
A new Electrobalance ... Top loading for fast, accurate weighing of samples
from 0.01 milligram to 10 grams in research, education, quality assurance and
production control.

The Millibalance has a normal capacity of 10 grams and can take a 300 gram overload
without damage. The top loading feature plus tare control and digital readout makes it
possible to weigh 15 to 20 samples per minute.

The Millibalance has a direct digital readout for manual operation and proportional
electrical outputs for direct interface with recorders, analytical instruments, computers
and other automated quality assurance and production data acquisition and control
systems.

Weighing only 6~ lb., the Millibalance is highly portable - you can carry it anywhere.
use it anywhere. It can withstand rough treatment, vibration, temperature variations,
humidity, magnetic and electrostatic radiation and other environmental hazards which can
affect reliability of conventional Balances.

For further details, please write to

EXCLUSIVE DISTRIBUTOR

MARTIN & HARRIS (PRIVATE) LTD.
SCIENTifiC DIVISION

SAVOY CHAMBERS, WALLACE STREET

BOMBAY I

Printed and published by Shrl A. Krlshnamurthl, Publications & Inlormation Directorate. Council 01 Scientific &
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