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Three modes of hereditary transmiscion are now recognized to occur 1n dacteria.
The first is simply the production of lixce by 1ike in the fission or vegetative
growth of bacterisl cells, The escond ia embodied in "sexual" reproduction, where-
by twvo ce'ls onn exchange or recombine their hereditary particles, giving rise to
new genotypee dletinet from either pareat, The third is infective trsnsmission,
whereby = hereditary charscter of one microbial line may be tronsmitted vin tke
medium to another, Of these three modes, the firet two are of course found in
pearly all forms of life; the third (apart from the behavior of parasitic viruses)
is a new principle whkich has bPeen firmly established orly in recent years (1)
through the investigantion of transformations of type in pneumococcus, Sexual re-

production is an even newer ool {n the hands of the dacterial geneticist. The

author's recent investigotion= of this phenomenocn are reported in the reprinte at-
taeched to thies memorandum,

The research program which is planped and under way in this lsboratory can be
categorized under two heedings, Yo, 1 ie an applicatiocn of the tool of breeding
apalyeis in bacteria to » problem in gene action--the reletionshiy between gene
wutations and changer in enzymetic epecificity, which is supposed tc represent
the primary function of the gene, ¥o., 2 ie an investigation of infective transe
misnione in » uninue strain of X, coli, wherein A, Boivin has reported the
transformation of & rough varisnt of ome type (C2-R) to the gmooth form of a

type (C1-8) from which the active extract 3= prepered.

1, See McCarty, K., Taylor, H,, Avery, O, T, Biochemical studies of enviren-
sental faciors essential in transformation of pneumococecal types., Cold Spr.
Harb, Symp. Qusné. Biol. 113 177-183 (10h6),
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Subtitle #1. Genetic centrol of bacterial enszymes

Although the general Sheory that the primary function of genes is the
elaboration of easymes is now gensrally accepted, there has deen little explor-
ation of the genetic control of specific enzyme systems (1), What wvork has deen
done hag led to the gemeralization that there is a one-to-ones correspondence
bestween genes and enrymes, from which it has been inferred (2) that the speci-
fielty of an enzyme is conferred upon an inactive precursor im a single step by
a single gene,

Bacteria have long been favorable materiale for enzymatic resesrch; now
that genetic procedures are also feasidle in E, coll, this organism becomes well-
euited for the experimental study of gene-enzyme relationships, Carbohydrate
splitting entymes were selected for this study becuse of the ease with which
mutante lacking particular enzymes can be detected, using indicator media,

Adbout 200 mutants deficient in the splitting of lactose have been isolated
s0 far, Genetic and chemical tests ars estill under way, but it can he stated
that mutations at no less than eight different genetic locl can lead to the
lose of lactose-splitting activity, To a limited exteat so far, mutations at
differsnt loci can be distinguished by their effect on the ensymatic splitting
of synthetic analogues of lactose such as methyl-B-D-galactoside. Tikewise, at
least four genetic loci involved in maltose-splitting snzywes have deen identified,

"Progressive® sutations, in the directien of increased enzymatic capaci-
ties, have been loocked for also, Thus far, in spite of extersive attempts, only
two have been found, ons c¢~pable of utilizing the glucoside salicin, and one
capable of utilising the straight-chain component of starch, amylose. In view

of the work previcusly described, psrt of the difficulty in sdppting E. coli to

new substrates may lie im the poseibility that several gene changes are required

concurrently,
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Preliminary chemiecal studies suggest that only a single ensyme is involved
in the splitting of lactose to hexose sugars, bdut it is premature to deny the
universal validity of the 1:1 theory., However, to impute eight, and possidly
more, enzymatic steps to the reaction it a strain on the imagination., Some
modification of the one-to-one gemernlizstion may be anticipated, Clarification
of the relationships will require an extensive program of chemical and genstic

analysis,

1. Besdle, G. W, Biochemical Genetics, Chem., Eev, 37: 15-96, (1945)

2, Bonner, I, M, Biochemical Mutations in Neurospora, Cold Spr, Hard, Symp.
qmant, Biol, 11: 14-24, (19l6)

Dr, K. P. Link of the Department of Biochemistry is kindly aseisting in the
preparntion of some of the synthetic substrates to be used in this study,
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Subtitle #2, Genetic transformations in E. coli

Dr. Boivin bas kindly msde available etrains Cl and C2 mentioned in the
preface, Since the C2K ~ C15 transformation is diffioult to avply quantitatively,
and provides only a single marker, we have endeavored first to obtain a series
of mutants of both these strains, By the use of straine earrying several trane-
formable characters, such prodlems as the linksge or assoclation of distinect
transforming sudbstances, and the possibllity of separating the chemical of spe-
cific traneforming agents can be attacked,

Several mutants have becn obtained in the transformable type C2, mostly
putritional mutants, resuiring various amino mcids for growth, including arginine,
leucine, lysine, threonine, tryptophane, isoleucine, and vmaline, One strain has
been 1solated which apvears to require a hitherto unidentified sudbestance, Tests
for the induced reversion to normsl of these mutants under the influsnee of
extracts of Cl ars under way as of thie date, A C2 mutant which was anasrogenic
(unabdle to produce COp gas in the course of sugar fermentation) wvas however
shown to de converted to the wild, aerogenic type by such extracts, To date
this has been our first confirmation of Boivin's conclusions,

Mutants have also been obtained in Cl, and will be used to determine vhether
mutant characters can also be transferred in thi; type of hereditary transmission,

The geneticiet's primary interest in these phenomena resides in the gene-like
babavior of transforming sxtracts, XNot the least of our efforts must therefore
be in the direction of purification, separation and chemical characterization
of these agents,

This work was initiated in colladboration with Prof, E, L, Tatum at Yale
University, with vhon day-to-day exchange of information and strains {e

continuing,



