World War to the beginning of the Second,
group of viruses called h&ci’ermphau’ remained hﬁ
wore than a sclentific curiosity. In the last few vears,
however, men like Luria, of Indiana Usiversity, and
Delbriick and Dulhecco, of Caltech. have lifted the
“phage” out of obscurity. It has now reached 3 prom-
inent position, in laboratories devoted to the bioiogét&i
sciences, as a remarkably useful “test animal” for the
study of veproduction, heredity, and the chewmistry of
life Tiself. _ '

The virus seems a promizing crack in the wall of
wiystery that surrounds the fumdamental ‘process of
reproduction principally - because it is the simplest
system in which reproduoction takes place. Small enough
to pass through & filter of solid porcelain, without any
metabolic system of Hs own, a times o seemingly life.

oM ornE miME of it discovery duving the 2:’21-;«‘&.

Ba{:éeri@p:’mw {hinck dorsd,
estapng from o the  corpse
of Tan L0 coll bacierium
that they have destroved,
ready loo attack  the next
Eoovoli Copper lefij. Fhis
scene was caplired with an
sleciron microssope,

Coltech  biologists are
using the viruses thot
attack bacteria to lsarn
maore obout heredity,
reproduction, and the

chemistry of life.

by C. M. STEARNS

less erystalline narsrial, the vivus stitl, onee iU gets inte
& living m\‘ﬂ can bring forth copies of itself, In fact,
the vivus is livtle more than o pive self-repraducing
principle,

But even so, virus reproduction is not easy 1o study,
For one thing, a virus will not veproduce ouniside of 2
hving cell, The study of its reproductive mechanism is
therefore ohscured by the chemistry of the sells within
which the virus muhtiplies, and frequently by the chem-
istry of the whole organism {for ingtanes. 2 man} of
which those cells ave a part.

This difheslty was partly oversome when. 2 number
of years ago. biologists hegan working with & group of
viruses that attack, not the cells of comp?w animals, bt
the velatively simple single-celled hacteriz. This group
of viruses has been given “the colleetive name of bacterio-
phage.
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Four holes made in bricterial colony by phae Stze and

clearness of " plagues”

Because the bacteriophage virns aiiacks bacteria, is
discovery raised gresi iwgnzs that it muight offer a cure
for bacieria-caused discases. It would be a stmple
matter, doctors thoughi, to dose s patient with bacterio-
phage and let the ph(wv kil the guilty bacteria. For
a number of reasons. the scheme failed. But bacterio-
phage. becauss It operates at such an elementary Jevel
of life, has wade np for its early failure by becoming
ar ideal tool for studies of wmm?umou. n bm‘atonc.e
at the Insiitote and elsewhere.

For the sake of obtaining uniform results, sue group
of scientists who work with bacieriophage have limited
themselves to seven closely refated strains, all of which
attack one kind of bacterium. The bactertum involved
s Escherichia eoli (hacteriol habitvally  shorten
the first word to “E7). E. coli’s natural habitat is the
intestinal tract of man and other anamals: 1t s almest
always there and almost abways harmiess, Bur E. eoli
thrives also in the test tube, or on the rimmed glass
dises known as Petri dishes. -

i ordinary studies of the phage’s reproductive proe-
., the phage’s attack on E. coli is not observed direct-
ly. It is possible, however, to watch the process. ?néel
micrnscops with “dark field ilumination,” E. coli look
fike mintature capsnles, and the phdgu pali’ldﬁs ave
no moere than minute Hashes of Hght a Hitde like winviows
in a suslit-pond. Focus on one individual E. coli bacter-
iumy, and after & few minutes you will notice that it
seemis 1o be bothn;:. inside. It is not possible 1o see the
phage estering the bacteriem (how it enters is, in fact,
ane of the st nnsolved ;smbieim of phage research};
but the beiling is proof that 2 phage has entered the
bacterial cell and begun i reproduce.

Then, audden?\*; after perhaps tweniy minutes, the
E. coli eell borsts wide opeu, aud 2 watchful BYE Ay
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idensify phage strain at work.

see a whele cloud of wew phage particles
from the broken corpse—pach new phage veady 1o hud
another E, eoll and repeat the proc 3ue . phag
hidden inside a bacterial well for fifteen or tv
minutes, has somehow multiplied itself 10 500 or mo

Bui, as in most stmilar Gtudie\ in curvent bio)
research, bacteriophage experiments rely not so much
on individual viruses attacking individ
the statistical results of thousands of
example: to discover the sffect of some
on the repmduﬁne power of a phsge, 3t s nol necessa ¥
{and would in fact be impossible} to inject the apent
inte one phage and then persvade that phage to enler &
single bavterium. Instead, the agent can be mixed with
fuid containing thousands or millions of phage, and
the mixture applwd ta Eocoli erowing on Peiri di
Thereafter, a simple count of the clear ¢ pots, or plaques,
on the Petri dishes sives the answer, Each plague repre.
sents an area where E. coli has succumbed 1o pha
the number of plagues is therefore a key 1o whai
the agent being tested had on the 1\hfwe
muitxph The who €1 proaf*rmrf* is cha
biologisis, respectfully, as an “elegany
that they admire its ingennity, its simplicity, and e
tack of ambigunity in its vesul

The Chemical Approoch

Another way of approaching the problem of reprodue:
tion as it cecurs in barvierio ;hdge is the chepsiend Wav
Chemical analy - yature of phage shows that
is made up Lirgely of pho ph.ruvcon‘fammu ;;m%eu
S0 chemists have added mdmm e
phorus 1o a medimn containi
phage, and at suiiable interval
{reiger counters}y the relative amounts of
phoros that remain in the wedium, that have been
up by the hacteria, and that have been tak
phage. By this techuigue rhemists have
arate the steps that the phage takes, duving ve
to build up the phosphorus-containing proteins needed
to make up the new phage parvicle

The experimem has l‘Ef’El‘idY revesled thar what a

i miw ;

of the ¥
ma\kmg., mstead of more E. u.}h material, rore 355} g8
material, And this, by the way, is geiting qmii, close
to the kind of thing that mav go on “when the gene of
the human cell uses the material swreounding it to wake
a second gene lke dtself to be transmitted 1o the oall’s
offspring. It is getting even closer, of vourse, 10 what
must happen wheu a virus, say 3 that ot polio, penety
the nerve cell of a victim.

Inseparably bound with the problems of repraduction
are those of heredity, for hermhhf 18 i the fnal analysis
simply something that vesults from the process of repros
duction.  And in- snderstanding heredity, two, the bae
teriophage is therefore wseful. The seven straing. of
phage that sclentists nse nvariably breed teue 1o form
in certain ways—in shape, for example, and in the
fength of time thai it takes for a phage 1o multiply and
burst the bacterium that it has invaded. For any ghven
oune of the seven strains of bacteriophage, these pariigu-
lar traiss remain unchavged through generation after
generation.

But there are a few traiis thas change. One contrels
the size of plague that each strain of phage can produre
in & Petri dish of ¥. coli: a strain that normally (in the

“wild” state, a biolegist would say) luwits itself to smal}
plaques may begin to make larger ones, Another change.
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able trait is defined by the range of ¥, coli types that a
strain of phage attacks phage strain way suddenly
ingrease in its ability o overwhelw differing kinds of
bacteriuin. - The fact that there are g few, but only a
very few, ways in which bacteriophage are known to
inutale wakes them seem as promising to the investigation
of the fundamental machinery of heredity and mutation
as. say, the {ruit iy, which is the old and valued stand-by
of genetivists—but which exhibits instead of a few, more
than five hundred genetic variations.

There is one further way in which bacteriophage may
prove useful in the study of reproduction and heredity,
and in fact in the study of g process se basic that it
applies to several other aspects of cell behavior as well.
This process is the ong by which substances outside
cell manage to pass through the cell’s membrane and
get inside, and is obvionsly a fundamental part of the
chemistry of life,

In the case of the phage. the problem centers arvound
the guestion of how a phage gets into a bacterium. The
reason why 1 weay be possible tn answer this guestion
is  this: wink' most phage have no trouble getting
through E. coli’s protective sheath, there is an occasioual
ntant form of phage that requires outside help.. This
helpless variety cannot break into E. coli unless there arve
added to the medium surrounding E. coli vertain specific
chemicals, such as tryptophane. If it is possible to dis-
cover why tryptophane is able to assist a phage to pass
the bacterial ‘wall, the answer may throw helpful light
on. the whele problem of rcell penetralion.

Such is the scientific position of the bacteriophage,
and such is & promise. What has it proved, so far?

First of all, the phage has proved that something
quite like sexnal reproduction goes on in the interior of
an ¥ coli that it has attacked. It was once supposed
that, at this simple level of life, veproduction followed
the familiav sonsexual system of division-——one unit
dividing to give two, the two dividing to give four, and
8¢ on. . Io swcho oz panern of veproduction, sach el
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{barring mutation) has of necessity ondy those chavacter-
istics that were possessed by s one “parent.”

In the sexual patiern of reproduction, however, fwo
parenis contribute traiis o the offspring. And it has
been found thst when E. coli is infected with two types

“of phage. the cloud of new phage particles that later

bursts, from the destroyed bacterium  coplains wany
phage that combine the traits of hoth of the two parent
types. This indicates, then, that there must be at least
sorae similarity hetween the heveditary machinery of
the phage and that of infinitely move complex systewms
such as the human being.

Ancther surprising  field of investigation has been
opened Lo view through the study of the effect on bae-
teriophage of ultravioler light. Ulwaviclet light of a
verlain wavelength can “kill” bacteriophage. so that it
is no longer eapabﬂe of 1Epmdemnv and destroying
E. coli. That is nol surprising, since ultraviolet hghl
has the power to damage a wide range of microscopic
germs and spores, dnd even the living cells of the human
eve. {as many peop e have found M inoking oo loug
at the sun). What is surprising is the recent discovery
that ultraviolet light of & slightly different wavelength
can bring the killed phage back fo life.

This discovery has raised many questions and
answered none, which is just what a great many iw-
portant scientific discoveries bave done in the past. But
it may open a pnew way o the understanding of what
makes a phage active and theveby help 1o disclose a
gew link in the chain of events that constitute life.

Practical vesults' from the phage reseavch now in
progress at the Tustitute {and elsewhere) are {ar, perhaps
vears, off. Bui, as the foregoing discussion of the pro-
cedure and promiss of phaﬂe research has aﬁwnp‘rtd 1o
show, the Edoe may someday assume a scieslific im-
pmtanw uut of all proportion to s size-—which is such
that it would ke between two and four hundred
thousand phage. side by side, to make a line one inch
fong.
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