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Virus Cell Reproduction

$1,000 AAAS prize awarded for concerted attack on
key problem in biology, the biochemical processes which en-
able living cell to reduplicate original.

See Front Cover

» A CONCERTED experimental attack on
what is probably the key problem in biology,
the biochemical processes which enable a
living cell to produce new living material
which reduplicates the original, won for
Dr. Barry Commoner of Washington Uni-
versity, St. Louis, the $1,000, 26th New-
comb Cleveland prize of the American
Association for the Advancement of Science
at Boston.

This process is the fundamental basis of
all reproduction. Tobacco mosaic virus
offers certain key advantages for experi-
ments designed to penetrate the secret of
this still unmastered problem. This virus
is capable of being reproduced.

When a very minute amount of the virus
is inoculated into a tobacco leaf, within a
matter of days large amounts of new virus
appear in the infected tobacco cells. In
this respect, the virus behaves like any other
reproducible part of the cell, such as a
chromosome.

The virus also resembles the agents of
normal inheritance in that, like the chromo-
some, it also exerts a profound influence
over the chemical and other characteristics
of the cell. So, when a tobacco plant is
infected with the virus, the flowers pro-
duced are streaked with color instead of
showing the solid color of a normal flower.
The shape and color of the leaves are also
affected.

No Direct Cell Relationship

For these reasons scientists have come to
regard viruses, such as tobacco mosaic, as
sort of free-wheeling genetic agents which,
once inserted into an appropriate living cell,
are able to imitate very closely the be-
havior of the cell’s ordinary reproductive
machinery. The virus acts, however, with-
out any direct relationship to the cell’s
nucleus.

Unlike the ordinary reduplicating agents
of the cell, tobacco mosaic virus possesses
certain very important experimental advan-
tages which permit biochemical experiments
that cannot as yet be accomplished with
agents such as those found in the chromo-
somes.

Tobacco mosiac virus can be taken out of
the infected cell and isolated as a pure single
substance—a nucleoprotein. As such, it can
be kept in solution for years, and most im-
portant, will still be capable of being re-
produced if put back into a tobacco cell.

The fact that the virus can be taken out
of the cell, handled as a chemical, and then

put back into the new cell without losing
its biological powers is what distinguishes
it from the cell’s own reproductive agents,
and leads to the enormous experimental ad-
vantages.

Dr. Commoner’s research efforts have
been designed to take advantage of these
experimental opportunities, and to find out,
in precise chemical terms, the specific proc-
esses which occur inside the cell when the
virus is reproduced. The experiments have
involved a large degree of teamwork and
are the product of the efforts of a number
of collaborators and students.

Dr. Commoner stressed the fact that
many of the experiments would have been
impossible for one or two persons to carry
out alone.

The fundamental approach, adopted by
Dr. Commoner and his collaborators at
Washington University, was to make de-
tailed quantitative comparisons between the
biochemical processes which go on in other-
wise identical pieces of infected and un-
infected tobacco leaf. By comparing the
chemistry of the two tissues, it is possible

to sort out from the complex scramble of
cellular metabolic processes, those specific
reactions which are linked to the reproduc-
tion of the virus.

Since the chemical composition of the
virus is so well known, it is possible to
scan the metabolism of the infected cell to
find out from where the material required
to form the new virus comes, and what
biochemical processes are involved in its
final assembly into virus. Dr. Commoner
and his associates found that the new virus
formed in an infected cell is made from the
simplest form of nitrogen available to the
cell. This is ammonia. The cell avoids the
use of ready-made intermediates, such as
amino acids and proteins.

Isotopic Nitrogen Tracer

By using isotopic nitrogen as a tracer, it
was shown that the virus is not produced
in a single synthetic operation, but by
assembly of previously synthesized subunits.
The first subunit formed is the nucleic acid
component of the virus. A little later, sev-
eral separate units of the protein of the
virus are formed. Finally, the nucleic acid
and protein units are assembled to form the
rod-shaped nucleoprotein molecule which is
the actual virus.

It was discovered that the infected tobacco
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cell makes a small amount of protein which
may represent free protein fragments of
the virus. These proteins were found to be
close relatives of the virus; because of their
ability to react with the blood of rabbits
which had been immunized against the
virus.

Dr. Commoner pointed out that this early
information constituted only part of what
was needed to be known about the bio-
chemistry of virus reduplication. He stated
that reduplication can be thought of as two
consecutive processes: (1) The cell is insti-
gated to set up the biochemical apparatus
required to make the virus. This apparatus
is lacking in the normal cell and is induced
in the infected cell by the entry of the virus.
(2) Once established the new synthetic ma-
chinery goes into action and produces virus
which is identical with the molecules which
served as the original stimulus for the cell.

Biochemical Mystery

The greatest mystery in this process is
how the entering virus actually determines
that the biochemical machinery of the cell
shall produce a nucleoprotein which is the
replica of the virus.

This question is the fundamental problem
of all biological reduplications. Dr. Com-
moner pointed out that, to accomplish this
basic effect on the infected cell, the enter-
ing virus must somehow leave an impres-
sion of its own specific chemical composi-
tion on the chemistry of the tobacco leaf.
He stated that he and his colleagues had
kept a sharp lookout in all their experi-
mental work for any chemical change in
the infected cell which seemed to imitate
the composition of the invading virus. Un-
til recently no such effect was noted.

However, in recent studies of the changes
in the nucleic acid composition of the leaf
during the infection process, the first break
in this problem occurred—it was found that
the infected cell synthesized new nucleic
acid which, while not identical to the nu-
cleic acid of the virus, bore a simple numeri-
cal relationship to it.

This discovery indicates that the invading
virus imprints the structure of its own nu-
cleic acid on the nucleic acid-synthesizing
machinery of the host. It suggests that this
event is the key to the question of how the
virus is able to redirect the chemical ma-
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chinery of the host cell toward the making
of virus instead of normal protein.

This new information opens the way for
new studies which should in time spell out
in specific chemical terms the exact way in
which the virus exerts this influence over
the nucleic acid metabolism of the tobacco
leaf. Dr. Commoner stated that this infor-
mation ought to shed a good deal of light
on the general question of virus reduplica-
tion, and on the more general problems
associated with the growth and reduplica-
tion of cells.

Incomplete TMV Fragment

The two electron micrographs—one on
the cover of this week’s Science News
Lerrer and one on page 42—show, at
approximate magnification of 55,000 times,
the molecules of tobacco mosaic virus, or
TMYV, (opposite page) and of the new
non-virus protein B8 (front cover).

Protein B8 is produced by polymerization
of a small protein which is found in TMV-
infected tobacco leaves, but which is absent
from normal tobacco. Results suggest that
this non-virus protein may represent an in-
complete fragment of the TMV protein.

The fact that the non-virus protein may
be polymerized to form protein B8 which
resembles TMV closely in size and shape is
support, but not proof, of this idea. Other
non-virus proteins -have also been found
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associated with TMV infection but electron
micrographs of these have not yet been
obtained.

Protein B8 is a close immunochemical
relative of TMV in that it will react with
anti-sera prepared by injecting rabbits with
purified virus. Conversely, TMV will react
with anti-sera prepared by injecting protein
B8 into rabbits.

Dr. Commoner’s work has already lead to
the discovery that a drug, thiouracil, which
imitates the structure of a key component
of virus nucleic acid is an infection suppres-
sor of tobacco mosaic virus reduplication.
Such information serves to stimulate the
search for drugs which may be effective
against other viruses.

Dr. Commoner placed special emphasis
on his conviction that the importance of the
investigations carried out by his group was
that they were directed toward finding the
answers to broad, general questions of how
living things reproduce. He pointed out
that this type of investigation is the essen-
tial requirement for progress on all fronts
of science.

The investigations were supported by re-
search grants from the National Foundation
for Infantile Paralysis, and the American
Cancer Society and the Lederle Laboratories.

For earlier reports on the work of Dr.
Commoner and his associates, see ScIENCE
News LerTer, Jan. 10, 1953, p. 25.
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Concert Hall Society invites you to
accept this extraordinary introductory offer:
OF THESE

MAJOR
WORKS

313
RP.M.
Long Play

SCHUBERT:

Symphony No. 8 (Unfinished)

MOZART:
Piano Concerto in E Flat, K 107

E make this amazing offer to introduce you to

the superb tonal and musical qualities of our
High-Fidelity recordings. The music is presented
by such outstanding artists as the brilliant con-
ductor Otto Ackermann; the noted pianist Artur
Balsam; the celebrated British conductor Walter
Goehr, and the superb organist, Alexander
Schreiner.

The four works were selected to show our un-
matched fidelity of tone in a wide variety of media,
ranging from a piano solo to the fine Netherlands
Symphony Orchestra. Through the miracle of our
hot-stylus-variable pitch cutting method we are
able to present these 4 major works on one long
playing record. To insure the finest material and
surface qualities these records are specifically
pressed for the Concert Hall Society by RCA
Victor Custom Record Division.

Membership Limited to 3,000

The exclusive Concert Hall Society—member-
ship limited to 3,000—makes this introductory
offer (1) to demonstrate a notable advance in

for only $10_0

BEETHOVEN:

“The Ruins of Athens” (Marchand Choir)

BACH:

Toccata and Fugue in D Minor

high-fidelity recording technique; and (2) to an-
nounce that 275 subscriptions are now available.
The story is told in a free brochure, which will
come with this magnificent L. P. record. Enclose
$1 with coupon. If not delighted, return record in
5 days; your dollar will be cheerfully refunded.
Concert Hall Society, 507 W. 56th St., N. Y. C.
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