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one observed in semiconductor lasers.
An empirical rclation was used to esti-
mate the threshold current to be
0.41 mA for the cell, which fairly
matched with the experimental value of
0.45 mA.

Two spectra were oblained at two
different current values, one above the
threshold and the other below the
threshold. The peak positions were al-
most the same for the two spectra, how-
ever, the peak heights of the spectrum
above threshold were much greater than
those below threshold, and the envelope
of the spectrum above threshold nar-

DNA structure: Yet

Manju Bansal

Everytime the story of DNA structure
seems to reach a conclusion, it bounces
back to centre stage by appearing in yet
another incarnation. The latest avatar to
manifest itself is a stretched and over-
wound form of DNA reported recently
by a French group‘, working with single
DNA molecules. When a moderately
large stretching force {of about 3 pico
Newtons) is applied, the DNA molecule
apparently becomes highly twisted and
extended, but even more amazingly it
takes up an ‘inside-out structure’ in
which the phosphodiester chain is on
the inside and the bases are exposed
(Figure 1 a). Precisely such a structure
was proposed in 1953 by Pauling and
C(:m::y2 (albeit with three strands),
making use of ‘the general principles of
molecular structure’, which they had
applied with such spectacular success In

predicting the a-helix and S-structure

for proteins3. While they were con-

vinced that the DNA structure was a
helix, they did not make use of the al-
ready available chemical data of Char-
gaff, which demonstrated that although
the base composition of DNA wvaries
widely, certain bases were always pres-
ent in equal numbers (viz. Adenine =
Thymine and Guanine = Cytosine),
clearly suggesting some kind of pairing
-~ between the bases. So in their model
building studies, when they considered
the question of arranging more than one
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rowed. This envelope narrowing effect
is similar to that observed in ordinary
lasers. This happens because the peaked
wavelength starts growing in intensity at
the cost of other wavelengths, which are
consequently suppressed. This narrow-
ing, called ‘line narrowing’ is a clear
indicator of laser action,

These observations confirm that
the emission from the cell was indeed
a ‘laser’, driven by an electrochemt-
cal reaction. Thus, ECL can prove
to be an easier alternative to pump con-
tinuous wave dye lasers in the near fu-
ture.

another avatar?

chain about the helix axis, they made
the wrong choice. As shown schemati-
cally in Figure 2, the helix axis can be
located either to the left or to the right
of the polynucleotide backbone. An axis
to the right of the chain, as shown in the
top right of Figure 2, results in a struc-
ture with phosphates near the helix axis
and the bases farther away from the axis
and ‘fanning’ out. Watson and Crick on
the other hand placed the helix axis on
on the left side of the chain, resulting in
the arrangement shown in the top left of
Figure 2, with the phosphates on the
outside and the bases inside. This ar-
rangement for a two chain molecule
readily explains Chargaff’s data, if a
specific base—base interaction 1s postu-
lated between the bases A and T, as also
between G and C. The two chains can
be either parallel or antiparallel to each
other. The antiparallel arrangement was
chosen, rather arbitrarily, since it was
consistent with the psuedo-two-fold
symmetry of the basepairs, but has sub-
sequently been confirmed by biochemi-
cal studies. Thus, the canonical
Watson—-Crick structure for hydrated
DNA, which gives the B-form X-ray
fibre pattern, a two-strand right-handed
helix, with ten planar A:T or G:C base-
pairs of nearly equivalent shape and size
arranged in a spiral arrangement, almost
perpendicular to the fibre axis, came
into existence®. The currently accepted
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detailed structure’ for the B-form of
DNA retains the essential features of the
original Watson-Crick model and s
shown in Figure 1 b. Since this structure
was observed when the molecule was
fully hydrated and it also immediately
suggested a possible copying mecha-
nism for the genetic material and the
semiconservative replication of DNA, it
was readily accepted as being the
‘biologically relevant structure’ for
DNA. This corollory was repeatedly
emphasized, since even before the
structure of DNA was known, X-ray
fibre diffraction and spectroscopic data
had clearly shown that it is quite a pli-
able molecule, readily undergoing inter-
conversion between various forms
(arbitrarily classified as A, B, C, etc.)
when ionic or humidity conditions are
changed. All these related structures
were considered as relattvely unimpor-
tant minor variants, or distorted ver-
sions, of the B-form, which occupied
the centre-stage for nearly a quarter
century after it was first proposed.

Once the Watson-Crick model for
DNA became an accepted fact, the
double helix came to be regarded merely
as a safe storage device for the genetic
information encoded in the nucleotide
sequence, that could only be accessed
after unwinding of the helix. Hence the
double stranded DNA molecule was
treated as being a very stable, intrinsi-
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Figure 1. Line diagrams showing four different two-stranded structures for DNA. a,
The Pauling-like anti-parallel duplex structure (P-DNA) with phosphate backbone in
the centre and bases exposed on the outside; b, The canonical, Watson—Crick B-DNA
structure, which apparently undergoes transformation to P-DNA, on stretching without
writhing; ¢, Z-DNA, a left-handed zig-zag structure, which has been observed for al-
ternating purine—-pyrimidine sequences, under conditions of high salt; d, An alterna-
tive model to P-DNA, which has also been proposed as a structure for the single-
stranded circular DNA in the Pf1 filamentous phage, with bases being in the centre
and intercalated. A 12-mer fragment of basepaired duplex DNA is shown for B and Z
DNA structures (Figures b and c¢) while an 8-mer fragment is shown for the two

stretched structures (Figures a and d).

cally uniform entity, requiring strong tural change in the cellular environment,
interaction with proteins or some other  This cozy ‘uniform B-DNA centric’
ligand, in order to undergo any struc-  world received a severe jolt, with the
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arrival on the scene of single crystal X-
ray structures of DNA oligomers. A
dramatic sequence-dependent structural
microheterogeneity was observed in the
crystal structures of DNA oligomers,
with the alternating sequences TATA
(ref. 6) and (CG), (ref. 7). The latter, in
particular, had only the Watson—Crick
G:C basepairs as a common feature with
the B-DNA structure, otherwise it was
completely different — first of all, it had
a left-handed helical twist and secondly,
it had quite different values for the tor-
sion angles, defining the orientation
about the various single bonds, in the
guanine and cytosine nucleotides. This
gives the phophodiester backbone a
distinctly zig-zag appearance (Figure
lc) and led to the structure being
dubbed the Z-form DNA. This structure
was solved using very high resolution
X-ray data, so it could not be ignored,
which was the fate of many theoretically
model-built structures, but $ince it was
only observed under conditions of high
salt, its biological relevance remained
questionable and it has also been rele-
gated to the domain of ‘interesting curi-
osities’. However, its formation may be
facilitated under the stimulus of tor-
sional stress induced by negative super-
coiling.

The faith in the ubiquitous nature of
B-DNA was restored when the next
crystal structure®, for a 12-mer frag-
ment, turned out to be very similar to
the fibre B-form, even though it had
alternating CGCG sequences, flanking
an AATT tetramer at both ends. How-
ever, a closer look at this structure
opened another Pandora’s box, since it
showed considerable local variability at
each dinucleotide step and appeared to
be slightly curved overall. This and
subsequent  oligonucleotide  crystal
structures have clearly blasted the myth
of ‘uniform B-DNA’ structure and in-
fact sequence-dependent variability is
now routinely invoked to explain phe-
nomena as diverse as intrinsi¢ bending
in mini-circles of kinetoplast DNA, to
rccognition of promoter regions and
replication origins in genomic DNA, by
polymerases. It has now become com-
mon to talk about A, B or C type dinu-
cleotide steps rather than assigning a
particular type to the whole structure!

The next development in the DNA
structure story came with the availabil-
ity of large genomic sequences. These
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PAULING

WATSON & CRICK

Figure 2. A schematic diagram showing
two possible arrangements of polynu-
cleotide chains about a common
helix axis. The symbols B, S and
P represent the bases, sugars and
phosphates, respectively. In the scheme
proposed by Pauling, the sugar phos-
phate backbone occurs inside and a
third chain (not shown here) was
also present, thus forming a triple-helical
structure. In the recently proposed
P-DNA, only two chains are involved
and each of the chains is highly
streiched. In the Watson-Crick scheme
also two chains are present, but
the bases occur on the inside and can
be involved in inter-chain hydrogen
bonds.

indicated the presence of several repeat
motifs, with sequences which had ear-
lier been shown to take up a variety of
unusual structures, for example a single
chain helix for poly (C), three chain or
triplex structure for [poly (A) + poly
2(U)] and a parallel four chain assembly
or quadruplex structure for poly (G).
One by one, they have all come out of
the cold-storage and found their rightful
place in the pantheon of DNA struc-
tures. A variant of the G-quadruplex
structure, formed by a single guanine-
rich fragment folding on itself (Figure
- 3) has, in particular, evoked great inter-
est since it has been postulated to occur
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Figure 3. A four-stranded quadruplex
structure, stabilized by hydrogen-bonded
guanine tetrads, can be formed by a
DNA fragment containing gquanine
stretches, interspersed with thymine
and adenine bases which facilitate
the chain folding back on itself. Such
sequences are found, ds single-
strand overhangs, at the ends of eu-
karyotic chromosomes and are expected
to take up this type of compact structure,
which could seal and thus prevent deg-
radation, as well as fusion of the chro-
mosome ends. The red ribbon highlights
the path traced by the phosphodiester
backbone.

in the telomeric regions at the ends of
chromosomes and effectively seal the
ends’. Also the loss of these regions
during successive replication cycle is
attributed as the primary cause for
‘ageing’. Retain the telomeres and re-
main ‘young forever’ seems to be the
current thinking.

To return to the beginning, the
Pauling-like
bases (currently termed as P-DNA)' for
a highly stretched and overwound form
of DNA, with rise per residue along the
helix axis of about 5.85A and 2.62
units per turn, as compared to 3.4 A rise
and 10 units per turn for B-DNA, had
also been proposed as a model for a
circular single-stranded DNA in the Pf]
filamentous phage'”. An alternative
structure for this DNA'!, packaged in-

structure with exposed

side the virus protein coat, is shown in
Figure 1d. In this structure the phos-
phate backbone remains on the outside,
with its negative charge being neutral-
ized by the basic groups in the coat
protein assembly, but the bases in the
two antiparallel strands are merely in-
tercalated, rather than basepaired
through hydrogen bonds, as in the
complementary Watson—Crick double
helix.

Thus, while the basic principles and
essential structural elements for protein
structure, elucidated during the early
1950s, viz. the a-helix and B-structure
from Pauling’s group® and the coiled-
coil triple-helical structure for collagen
from Ramachandran’s laboratory'? have
remained virtually unchanged and un-
challenged even today, with only their
permutations, combinations and linking
regions varying, in the more than 300
unique sequence protein structures
currently known, the structure for
a single DNA molecule seems to be
able to adapt itself to its environment by
twisting, turning and stretching into
completely different ‘avatars’. The last
word in the DNA story has probably
still to be written, but in the meantime
Linus Pauling, whose biggest disap-
pointment was that he did not discover
‘the DNA structure’, can now rest in
peace, his structure has at last found a
niche in the pantheon of DNA struc-
tures!!
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Lest we forget

S. R. Valluri

The immediate reaction of many Indian

scientists and technologists after the
recent nuclear explosions was a sense of

euphoria, that they could obtain notable
successes whenever the government
supported them. Detached introspection
by many however raised serious doubts
about these developments against the
historical background and potential
future consequences. Realization dawns
that the compulsions of the politicians
and some scientists to exercise such
options, will have to be moderated in
the present day world. They can lead to
dangerous situations to humanity at
large, apart from creating for ourselves
avoidable and adverse situations in the

virtually unipolar world in which we
now live. We do not seem to have any

leverage or any viable moves to play tn
the chess game of world politics.

It may not be easy the first time, but
history demonstrates that while it is not
simple, it is not as difficult the second
or the third time to achieve such objec-
tives, given the political will, economic

backing, and a reasonable degree of

capability. Therefore, whenever we sci-
entists and tcchnologi@mposc devel-
opment of weapons of mass destruction
and their delivery systems, we will do

well to think of the implications. Our

actions can have profound consequences
for humanity at large.

Nuclear power can certainly be used
for peaceful purposes, such as genera-

tion of electricity. In fact, considening
our limited fossil el resources, we
seem to desperately need it. But nuclear

weapons are tools of mass destruction
and their development and deployment
is altogether a differcnt affair. It was
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apparently the possibility for peaceful
uses of nuclear explosions (PNE), that
prompted India to look into the devel-
opment of nuclear explosive devices.
However, the line that separates the
development of devices for peaceful
purposes from those intended for not so
peaceful purposes, such as weapons of
mass destruction, is thin indeed. Our
priorities in the development of these
devices are now obviously for produc-
ing weapons of mass destruction.

The first ever test of a nuclear bomb
“Trinity’ took place on 16 July 1945 in
New Mexico. The programme got
started as a result of a letter from Ein-
stein to Roosevelt, due to the initiative
from the Hungarian scientist, Szilard.
The war in Europe was over by then.
The US dropped one bomb on
Hiroshima on 6 August 1945 killing
140,000 people in one stroke and even-
tually 200,000 in all, out of a total
population of 400,000. In Nagasaki,
70,000 people died directly and 140,000
people in all, out of a total population
of 250,000. ‘Of the 76,000 buildings 1n
Hiroshima, 70,000 were damaged or
destroyed, 40,000 totally’. ‘It is no ex-
aggeration to say’ reports a Japanese
study ‘that the whole city was ruined
instantancously’. Comment of a child
who withesscd the ¢xplosion and sur-
vived: ‘The river became not a stream of
flowing water but rather a stream of
drifting dead bodics. No matter how
much [ exaggerate the stories of the
burnt people who dicd shricking and
how the city of Hiroshima was burat to
the ground, the facts would still be
clearly more terrible’ (Richard Rhodes,
The Making of the Atomic Bomb, Simon
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OPINION

Schuster, 1986). It need not be stressed
that they were the bodies of innocent

people. These are inconvenient facts to
face. |

One would imagine that in the name
of developing deterrence, we too have
achieved the ability for such destruc-
tion. Our scientists and technologists
who have developed the bombs do not
seem to have personally realized the
enormity and the consequences of their
actions, presumably because our tests
were conducted underground. Bain-
bridge, the above ground ‘Trinity’ test
director said immediately after the ex-
plosion to Robert Oppenheimer, the
scientist who was responsible for the
whole programme ‘now we are all sons
of bitches’. Oppenheimer, put it more
succinctly. He recalled a line from Bha-
gavad-Gita, ‘Now 1 am become death,
the destroyer of the world’ (ibid.)

Szilard and several others, tried to get
the tests and use of the bombs 1in war
against Japan, and their proliferation,
stopped by having a letter written by
Einstein to President Truman., They
argued that it would precipitate a race
between the US and the USSR tor pro-
duction of these devices. By then, the
politicians got hold of the issue, with
the scientists taking the back seat about
its ficld use. From the estimated 12 to
1§ kiloton ‘Trinity" bomb, they gradu-
ated to megaton hydrogen bombs, ca-
pable of destroying whole cities and
civilizations and stockpited them in tens
of thousands, The Strategic Arms Lima-
tation Treaty (SALT), CTBT, and the
Nuclear Nonprohiferation Treaty {(NPT)
are asyminetric efforts ta conivol the
spread of the nuclear arms race. They
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