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Palaeobiochemisty—DBridging the gap between the living and dead

Development of very sensitive molecular
biological techniques like polymerase
chain reaction {PCR) and cloning on one
hand, and of computer graphics and cine-
matographic technigues on the other, have
allowed imaginations to soar toc heights,
unthinkable just a few decades ago. The
result is that the ‘Jurassic Park’ and the
like are no more only in the realm of
science fiction but have raised exciting
possibilities in the field of palacontology
which with the conventional approaches
had not remained as informative and use-
ful as it used to be.

Molecular biological studies of fossil
and geological materials have great poten-
tial—not only such studies may provide
very definitive and vital information about
evolution of living forms but also have
immense applied values, particularly in
the search of fossil fuels etc. Considering
this potential and considering the fact
that in India, molecular biologists and
palaeontologists/geologists generally do not
understand each other’s ‘language’, the
Department of Science and Technology,
New Delhi, sponsored a ‘brain-storming’
session on palaeoblochemistry at the
Centre of Advanced Study in Geology,
Panjab University, Chandigarh on 9 and
10 December 1993, with Ashok Sahni as
the coordinator. A base paper by Sahni
provided the background for the discus-
sion. The meeting was attended by many
leading geologists/palaeontologists repre-
senting various universities and institutes
and a number of molecular biologists.

Molecular biological studies on [ossil
material depend on the availability of
organic remains. Most of the organic
remains are degraded beyond recognition
durtng the process of fossiization. The
carbon decrived from organic remains of
the organisms is idenuifiable in coal, lig-
nites, petroleum crudes, etc. However,
these do not allow any information aboul
the original macromolecules. Ncverthe-
fess, In spite of all odds against them,
some biomolecules have been identfied
in Pre-Cambrian remains (500 million
years). On the other hand, cerlain con-
ditions of fossilization, for example the
entombment of the organisms in amber
(derived from certain plant resins') or a
continded burial 1n {rosen state, provide
a remarkably good prescervation of even

macromolecules like DNA. Under certain
conditions, some structural proteins, like
collagen, can be better preserved physi-
cally rather than chemically so that even
though amino acid analysis fails, electron
microscopy of the fossil material allows
rather detailed comparison with extant
collagens’. Radioimmunoassays have also
been apphed to detect small quantities of
proleins from bones, teeth or skins of
extinct animals’,

However, the most exciting and exotic
possibilities of applications of molecular
biology to palacontology are with the
fossil maternials that have preserved the
nucleic acids. Since DNA carries the
genetic information, comparison of the
DNA base sequences in extinct and extant
relatives allows a direct visualization of
the process of evolution that may have
actually occurred millions of years ago.
In the recent past several reports have
appeared which show feasibility of studies
in which DNA from organisms extinct
millions of years ago could be charac-
terized®®. At the heart of such dream

come true achievements lies the remarkab- .

ly simple technique of polymerase chain
reaclion, which attracted last year’s Nobel
prize in Chemistry®.

The polymerase chain reaction, or PCR
in short, depends on the unique property
of an existing DNA molecule to act as
the template for synthesis of its replicas
with the help of a DNA polymerase and
short complementary ‘primer’ sequences.
With the discovery of DNA polymerase
that can withstand high temperatures
(enzyme is isolated from thermophilic
bacteria), several cycles of DNA synthesis
can be carried out without the need of
supplying fresh enzyme for every cycle
of denaturation and reanncaling of the
DNA duplex and the primers. This results
in exponential increase in the amount af
new DNA synthesized. Since the process
of replication has a very high fidelity,
the large number of DNA meoelecules
resulting from PCR remain identical to
the original template, As a result, one
can start with very minule quantities of
DNA (in picogram or even smalier quan-
titics) and generate  sufficiently  darge
amounts for a varicty of analytical and
prepacative  approaches.  An  umportant
component of the PCR approach 18 the
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short primer sequences that need to flank
the region of DNA that one wants to
amplify. Our understanding of genomic
DNA in multicellular organisms has
revealed the repetitive occurrence of a
varicty of short sequences at short inter-
vals along iis Jength—this has been the
basis of application of DNA fingerprinting
and also provides a rationale for hoping
to amplify genomic DNA from suitable
organic remains of a wide variety of
fossil organisms.

With all the simplicity of molecular
biological techniques, there remain grave
dangers of artifacts. These were elaborate-
ly discussed at the brain-storming session.
The fossil material has all the chances
of being contaminated with DNA of a
vartety of extraneous origins, either during
the process of fossilization, or during the
long interval between its fossilization and
discovery by the worker or during the
interval between its discovery and pro-
cessing for PCR etc. The power of PCR
amplification would work as effectively
(if not more effectively!) on the con-
taminating DNA and one may end up
chasing an extant and undesirable DNA
rather than the real palaeontological stuff.

Thus molecular biologists who take up
such studies would need to worry about
the very high probability of amplifying
non-target DNA. At the same time,
palaeontologists and geologists would also
need to be ¢areful in selecting the material
for molecular biological studies. The first
thing that needs to be done is to identify
possible sources ot fossils that have a
good probability of retaining original
DNA, e.g. amber-entombed fossils
(amber deposits are known to be present
in India). Equally important 15 to deline
speeific questions in relation to such fossil
malcrial—whether one wants to study
evolution of certan specific genc/s or
onc wants to make more generad global
studics on changes n genomic and/or
organclle (mitochondria, chloroplasts, etc)
DNA dunng the course of time in related
taxa. The discussions during this meeling
tndicated that the exisung information on
the availability of fossils of hindy suitable
for molecular biological studies in Indid
is not sullicicatly specitfic and detatled.
Theretwie, 11 was decded thal this must
he {ust accomplished before meamngtul
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approaches in palacobiochemistry or
molecular palacontology can be taken up.
However, a related approach that was
discussed at the meeting and which could
possibly be taken up almost without much
delay relates to what may be called as
inolecular archaeology, ie. molecular
biological studies with the human and
other organismal remains known to be
present in a number of archaeological
sites—these studies may provide very in-
teresting and significant data for archaeol-
ogy, anthropology, demography, history,
cic. In these studies also, one would need
to be very careful about the contamina-
tions that may happen at the site or in

L

transit,

Another important step that was decided
upon in thc meeting was to organize a
laboratory workshop jointly by the Depart-
ment of Geology, Panjab Ugiversity and
the lastitute of Microbial Technology (IM-
TECH), Chandigarh, where interested
geologisis/palacontologists can leam the
relevant molecular biological techniques
and the molccular biologists get familiar
with fossil matenals and the vagaries of
extracting DNA from such sources. In
any case the session was a good meeting
point for specialists working with as
diverse material as the living and the
dead.
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Solid state physics meet

The 1993 Solid State Physics Symposium
sponsored by the Board of Research in
Nuclear Sciences (BRNS) of the Depart-
ment of Atomic Energy (DAE) was held
at the Bhabha Atomic Research Centre,
Bombay, from 27 to 31 December 1993.
This annual symposium, part of a series
started by DAE thirty six years ago, is
eagerly looked upon by the solid state
physics community in the country,

Over the years this conference has
continued to grow. This year the
organizers received over 850 abstracts of
contributed papers of which about two
thirds were accepted, This included 51
Ph D thesis abstracts, about 35 oral presen-
tations and remaining (443) poster papers.
Besides there were 21 invited talks making
it a very densely packed conference! It
should be obvious that any account of
this symposium, (given by an individual),
involving diverse topics and many presen-
tations going on in parallel, will be
imperfect. Anyway this report will present
a chronological record of the meeting to
avoid bias.

The Inaugural session started with a
comprehensive account by K. R. Rao
giving the evolution and the current situa-
tion of this symposium series. B. A.
Dasannacharya in his introductory remarks
recalled how participation by eminent per-
sons such as K. S. Krishnan enlivened
the 1959 Waltair meeting, pointing to a
rich heritage enjoyed by this symposium.
R. Chidambaram (Chairman, AEC) men-
tioned the need to strengthen collaboration
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between national laboratories and univer-
sities and how IUC-DAEF could con-
tribute towards this task. A. N. Prasad
(Director, BARC) spoke about the im-
portant role played by developments in
solid state physics contributing towards tech-
nological advancements in several fields like
space, defence, communication and so on.

Coming to the scientific sessions, the
symposium was off to a flying start with
a semunar on clusters and nanophase
materials. As we know the field of small
particles attracted attention of statistical
physicists for long and an account of it
is available in the book by R. Kubo
published in the early sixties, This field
has seen renewed activity because new
preparation methods have been developed
of producing clusters and nonophase
materials. The seminar touched on four
facets of the field. P. Ayyub described
clever use of phase transitions and
microemulsion route to production of
nanophase materials, This was followed
by an excellent account of influence of
grains size on the ferroelectric properties,
especially of the titanates, by D. Pandey.
Attention was then drawn to metal clusters
by M. K. Harbola who brought out that
while the local density functional method
can give reasonably good results for magic
numbers and polarizabilitics (to within
10-15%) more accurate calculations are
needed and one has to take account of
exchange and correlation effects. Ajay K.
Sood gave an exposition of Raman scat-
tering, optical absorption and photolumi-

nescence studies performed by him, parti-
cularly to unravel the contrasting
behaviour of C, and C,, fullerenes as
regards their amorphization undet pres-
sure,

In the afternoon session two compre-
hensive talks on SQUIDS were delivered,
one based on Hi-T, materials and the
other using conventional low 7_ niobium
films. A. K. Gupta surveved the develop-
ment, he and his team have been involved
with at NPL for the past 6 years, using
a number of ways of making Josephson
junctions on numerous Hi-T, materials.
He showed that other than the application
for recording MEG, both for NDT as
well as other medical applications, cur-
rently available sensitivities achieved by
Hi-T, SQUIDS are adequate. M. P.
Janwadkar presented the details of the
microfabrication facilities set up at JIGCAR
for making junctions and input cotl, etc.
With the development of transducer fabri-
cation essentially accomplished, one could
look forward to home-made SQUID sen-
sors, as remarked by R. Srinivasan, the
session chatrman,

In the first session on the second day
there were two presentations by P, Chaddah
and R. Bhatt. Chaddah showed that in
sintered ceramic superconductors the
inter-grain and intra-grain regions act as
two different phases of the material and
by exploiting the differences between their
response to an applied magnctic field,
one can, in particular, measure the lower
critical field in Hi-T, materials, Bhatt
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