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deg/yr (see Table 1), more than 35000
times larger than the precession rate of
the orbit of the planet Mercury. As this
change of the longitude of the periastron
gradually allowed us to see the orbit in
different orientations, the measurement of
a second relativistic parameter y which
combines the time dilation effects due to
transverse doppler shift and gravitational
redshift, became possible. With these two
measurements the orbit could be com-
pletely solved for, and the masses of both
the components determined. The mass of
the  pulsar turned out to be
1.442+0.003 solar masses’, remarkably
close to the Chandrasekhar limit, at which
the degenerate core of a massive star is
expected to collapse and form a neutron
star. This stands as the most accurate
measurement of the mass of a neutron
star till today. The mass of the companion,
too, is very close to this, 1.386+0.003
solar masses, which strongly suggests that
even the companion is a neutron star.
This companion neutron star is not direct-
ly visible to us either because it is not
functioning as a pulsar or if it is, its beam
of radiation is not directed towards the earth.

The third, and perhaps the most im-
portant parameter to be measured for the
PSR 1913+16 system was the rate of
change of the orbital period, P,. The
orbital period is shortening with time,
which means that the components are
coming closer to each other. The binary
is thus losing energy, and the only reason
for this could be the emission of gravita-
tional radiation. Thus this was the first,
though indirect, proof of the existence of
gravitational radiation. In addition, it ser-
ved as an important verification of the
Einstein’s theory of gravitation. With the
latest measurements (Table 1), the ratio
of the observed Pb to that predicted
by general relativity stands at 1.0023 +
0.0047—an impressive agreement’!

These observations have of late also
led to an important theoretical activity of
parametrizing all existing theories of gra-
vitation in terms of parameters that can
be fitted to the timing data on the binary
pulsar® % The predictions from general
relativity still fit very well the data on
this binary pulsar, and two others that
were discovered rather recently. The data
already strongly constrain most other the-

ories of gravity. In time, binary pulsar
systems will provide even tighter con-
straints on theories of gravitation, and
judging by the present trend, general re-
lativity is well on its way to emerge the
final winner.
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Dipankar Bhattacharya, Raman Resea-
rch  Institute, Bangalore,

Nobel Prize for Chemistry

This year’s Nobel prize for Chemistry
was given to Michael Smith of the Uni-
versity of British Columbia, Vancouver,
Canada and Kary B. Mullis of Cetus
- Corporation, USA (presently a freelance
consultant) for developing methods for
site-directed mutagenesis and amplifica-
tion of DNA by polymerase chain reaction
(PCR), respectively" 2. These methods have
been so revolutionary that they have chan-
ged the way molecular biology is done today.
Site-directed mutagenesis allows one
to introduce changes in the sequence of
a given DNA. It has been instrumental
in the study of the structure—function
relationship(s) of the nucleic acids and
the proteins (by. mutating their genes).
Further, it has allowed detailed under-
standing of nucleic acid protein interac-
tions and various aspects of gene expre-
ssion e.g. transcription, translation and
processing of RNA and proteins etc. To
perform site-directed mutagenesis one de-
signs an oligodeoxyribonucleotide (oligo),
complementary to the DNA to be muta-
genized but with mismatches in regions
where mutations are sought. Oligos con-
taining deletions or insertions (with res-
pect to the template DNA) can be used

to perform deletion or insertion muta-
genesis. DNA is usually cloned in bac-
teriophage vectors (e.g. M13) to obtain

Site Directed Mutagenesis

Anneal

—
Heat, Cool

single-stranded DNA template. Various
steps of mutagenesis are depicted in Fig-
ure 1. As shown, the procedure results
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Figure 1. Site-directed mutagenesis. Sin
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gle-stranded DNA from M13 recombinants is

used as template. A complementary mutagenic oligo containing a mutation is used as
primer. Second strand synthesis is carried out in the presence of dNTPs, Klenow
polymerase and T4 DNA ligase. The heteroduplex replicating forms (RF) are used to
transform E. coli. Hollow circles (o) and filled circles (o) represent mutated and wild

type DNA sequence, respectively.
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in the production of phage progeny con-
taining both the wild type and the mutated
forms of the DNA insert. The mutants
can be identified by screening. As the
Tm values of hybrids of small oligos
with wild type and mutated DNA differ
significantly, plaque hybridizations using
radiolabelled oligo probes are generally
used (o identify the mutants. Although
the theoretical yield of obtaining mutant
plaques is 50% (Figure 1), in practice it
is much lower. However, many modifica-
tions to this general procedure have been
described which increase the efficiency
of the mutant strand selection®™

PCR is used for amplification of DNA
of interest up to several million-fold for
rapid and convenient analysis. The tech-
nique is so powerful that DNA can be
amplificd even from single cells mixed
with excess of unrelated DNA. The pro-
cedure, as shown in Figure 2, involves
three basic steps, (i) heat denaturation of
double-stranded templates, (ii) anncaling
of oligomeric primers (forward- and reverse-
primers) to the templates and, (iii) ex-
tension of the primers with DNA poly-
merase. These steps are repeated 30 to
40 times (hence the name polymerase
chain reaction) which lead to enormous
amplification of DNA region between the
two primers. Depending on the conditions,
the proccdure usually takes only a few
hours. When the PCR was first reported
in 1985, Klenow polymerase from E. coli
was used for primer extensions. But be-
cause of its thermolability, addition of a
fresh aliquot at cach extension step was
required. However, in 1988, Mullis and
his coworkers introduced use of thermo-
stable DNA polymerase from Thermus
aquaticus which climinated the need to
supplement the reactions after heat denatu-
ration stcps{‘. Several  modifications of
this technique have since been described
for various applications, c.g. one can
perform single strand-specific PCR for
direct sequencing from single-stranded DNA.
Another related technique of inverse PCR
allows one to perform DNA crawling by
amplification and cloning of regions flank-
ing a known DNA sequence’. Because
of the simplicity and its amenability to
a wide variety of modifications, the PCR
technology has gained immense useful-
ness in forensic science, detection of HIV
in early stages of infection (where im-
munological tests may be insensitive) and
diagnosis of several genetic diseases e.g.
thalassemias, cystic fibrosis, Duchenne mus-
cular dystrophy etc. DNA from appro-
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Figure 2. Polymerase chain reaction. Sche-
matic representation of only 3 cycles is
given. As the number of shorter DNA
fragments increases exponentially, a major
product of the reaction is the DNA bounded
by the forward- and the reverse-primers.

priate cells such as hair follicles, blood
cells, sperms or amniocentesis samples,
is used for amplifications and fingerprint
analysis. Direct analysis of microbial con-
tamination is another area where PCR
has become popular. It eliminates the
need for culturing different micro-or-
ganisms in their specialized media which
is a time-consuming and labour-intensive
process. In addition, several forms of micro-
bial contaminants can be tested in a single
reaction in a short time. For most of

these applications one does not need to
purify the DNA and the procedure works
even in presence of detergents such as
NP-40, Triton X-100 etc.

The PCR technique has also been an
important tool in the analysis of partially
degraded prehistoric DNA samples. How-
ever, an ingenious use of PCR was shown
by Tuerk and Gold® in a process that
they termed SELEX (systematic evolution
of ligands by exponential enrichment).
From a random RNA population they
selected two molecules that had a binding
site for T4 DNA polymerase. Sequence
of one of these was the same as found
in the T4 bacteriophage mRNA whereas
the other contained variations at 4 posi-
tions. Both of these sequences bind to
T4 DNA polymerase with similar af-
finities; therefore, the second molecule
represents a sequence that could have
evolved in nature but did not. Approaches
similar to the SELEX have since been
used to obtain (‘evolve’) other DNA/RNA
molecules from random pools. Some of
the efficient ribozymes could be obtained
by this method. Certainly the PCR tech-
nology has provided molecular biologists
with an incredible power in their hands
and it has become an indispensable re-
search tool even to perform routine tasks
of cloning, sequencing, and mutagenesis
etc’.
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