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A, Main lines of research,

1, BACTERIAL SEXUALITY. The discovery of sexual reproductlon in Escherichia
coli is the starting point of a direction of microbiological research, which
bas helped to restore the bacteria to a definite place in the scheme of
terregirial 1life, The mating process, originally inferred from cregs-bieeding
experiments, has been observed under the microscepe and consists of a cell-
to=cell pairing or conjugstion, during which genetic material passes fronm

one partner to the other, An elaborate system of mating typen contreis which
combirations sre sexuslly compatible,

2, RECOMBINATION ANALYSIS, This system cf cross-breeding allows a detailed
anzlysis of the genetic control of specific physieclogical processes. For
exsmple, the ability io form an enzyme, lactase, is conirolled by a consicdere
able number of different genetic loci, some of whieh have beecn found to im-
fluencs different aspscts of enzyme synthesis, Some of these loci ave found
in very compacht clusters and they interact in such a way @8 %o indicate
regional organization of the bacteriasl chromosome in relation to the physio-
logical actions of the genes, Mutations for drug resistance are likeuwlse
found to relate to charges of specific loci,

3, LYSOCEWICITY. It has been known for many years that certain bacterisl
strains might harbor viruses in a latent form, a relationship called !lyso-
genieity'., Recombinatiorsl analysis of lysogenic strains of Z, coli haa
shown the intimacy of the relationship betwecen the provirns and the bacterisi
host, within whose chromosome it occupies a definite site, This finding hos
bolstered the speculation that a virus consists of a potentially autonomous
segment of the host's chromosome--~the generality of this statement can, of

course, be questioned.
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l:o TRANSDUCTTON. This is another mechaniom of recombination, vhereby smali
fragmenis of tie Leredily of o strain can e transmibied Lo gnobtier, 0
Salmonella, these fragments are carried by phage, being incorporated more

or less adventitiously during the growth of the virus on the first host.

In addition %o its intrinsic interest as an unsuspected fezture of viruse
cell interactions, transduction also affords amother tool for genetic amalye
sis, In E, coli, another type of transduction has been found in which the
fragment is directly linked to ths provirus. The interaction between the
input fragment and the chromosome of the reciplent celis has been studied
in detail, and found %o paraliel the events of crossingeover in hybrid zyrotes
which have received a full complement from both parenis,

5, TMUROCENETICS OF SALMONELLA. The pattern of metwrally occurring anti-
genic combinations in these bacteria has been a long-standing puzzle of
considerable theorctical and epldemiological interest, By transductiomal

techniques, it has been posesible Lo reconstruct new types, and to exrlain

the existing types as ihe recombinations of various antigenic factors. Ir

addition, the phenomenon of phase variation has been clarified as an alter-
nation in the local functionnl “state™ of an antilgep-determining gene, (This
dimension of genic variation can be comtrasted with mmtational changss of
specificity, and offers new grist for the medel-building mills of theoretical
embryclogy) .

6, ABORTIVE TRANSDUCTION AND LINFAR INHFRITANCE, Another consequ nce of
transduction, besides the development of genetically stable recombinant types,
is a clore in which the new trait is exhibited by only one or a few cells,
When these cells divide, the tralt is passed on to only one of the progeny,
thus creating a single lire of descent. This pattern of linear inheritance
(which also has some developmental analogies in stem-cells) can be explained
by the transmission of a non-replicating gene-product, or perhaps a damaged
gene itself,
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7. PHYSICLOGICAL CGENETICS OF GALACTOSE FNZYMES: FOSITION ZFTECT, Trapncuction
in E; coli by the phage lawbda uniquely concerns a group of genes affecting
the metabolism of galactose. Kalckar and Kurahashi have shown thet a numbex
of thess mmtants are deficient either in a) the enzyme galactokinase, or b)
the enzyme uridine-di-phosphate-glucose transferase. (These mutants have
precisely the same biochemical defect as humans suffering from the hereditary
disease, "galactosomia," ) By transductional methods, we have found that

the mutants within group &) show a cis-trans position effect, that is heteroe
genotic ¢ells which have the const.imtion +nfet are unnble to utilize
gelactose, while cells of the constitution ++/-= can. The same bolds for tho
miants in group b, Howsver, although both groups of mutants are cleoselr
Linked to each other, a mmbtant from a) does not show the posiition effect with
a mutant from b). That is, the +»/ut combination here will produce both
enzymes., These resulis are explicit suppert for a unique, coherent funchtioml
segment of a chromosone concerned with a single enzyme. However, there are
gome apparent exceptions to the rule which may give still further insight
into these relationships,

8. ORIGIN OF DRUG-RESISTANT STRAINS OF BACTERIA. There has been mmch con-
troversy over this question, some authorities holding that antibacterial
chemicals might react directly with the hereditary framework of the bacteriz
to produce resistant mutantss on the other hard, much ladirect evidence
pointed to the esporadic occurrence of such mutants, independently of the dmug,
whose function is simply to provoke the selective ounigrowth of the rare re-
sistant forms, By verious technical inmovationz; it became possible to iso.
Jate resistant mutant clones without ever exposing them directly to the drug.
That spontaneous mutation can account for at least scme examples of diugp
resistance is therefore now beyond question, though there remains some dis-
cussion as to the possible operation of the alternative mechanism in a few
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unsettled cases.
o PRCTOFLASTI,y L.TORME, AR TE-E_ MECHANISI! CF LUTIDN OF Iitloiiniv. .y
puzzling observations (some quite ancient) on atypical growth forms of
bacteria have been coordinated into a simple working hypothesis, basad on
observatiocns on the action of penicillin on E, coli, The well-known fzed
that penicilliin is lethal only to growing baecteria, which then iyse, has
been the basis of the very useful 'penicillinemethod?! for the isolation of
growth=-factor depexdernt mutants. Recently, it was found thot this lysis
could be forestalled by maintaining the treated cells in a medium containing
hypertonic levels of sucrose (or certain other solutes), Instead of lysing,
the treated cells expand, snd the intracellular protoplast shede the limiting
cell wall, becoming a spherieal glebule, These protoplasts remain viable so
long 2& they are kept In the sucrose, and will regemerate walls to revert to
normal. bacillary shape if the penicillin is removed, If they are placed in
water or ordinary dilute medium, however, the protoplasts lyse and, of
course, lose their viability as & result, Therefore, the bactericidal aebion
of penicillin may be explained as an inhibition of cellwwall synthesis, wiile
protoplasmic synthesis contimmes until the wall has burst, |
In penicillinesucrose broth, the protoplasis increase in substanes, bat
fall to meltiply, simply becoming larger and larger spheres, In apger mediue,
however, the expanding protoplast is confined by the agar meshwork, and
theraefore forms blebs and processes at the points of least resistence. These
biecbs enlarge and emntuaL‘Ly rovnd up, the reiteration of the prbcess piving
& colony of protoplasits of various sizes: this is, in fact, the Letype grouth
of previcus authors. As a rule, the protoplastic colonies resume baciliazry
form, even after many serisl passages, when planted into mediwm without
penicillin. However, from time to time, mtatlons have occurred which imposed
a genetic block to some element of cellewall synthesis, for example in tho
biosynthesis of diaminopimelic acid, Thess mutants correspord to the
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genetically stable 'T-forme? of other workers. The subject has formerly

been dominated by lifee-cyclic or adaptive, rather than mechanistic hypotlieses,
These protoplasts have becoms useful objects of biochemical study, e.g.

of protein and nucleic acid synthesis, in the hands of other workers. Eiyl

oun interest in the problem was motivated in part by the hope that wali-less

protoplasts would be more receptive to the penetration of genetically active

mcleic acids, This hope is still unfulfilled, but remains the subject of

contimed experimsnt.
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C, As importent 2 contribulion s findings of fact ie the trainlyp of
graduate students and research fellows, Seme of thoze, who bave worked
in ths laboratory, and are now pursuing their own research programs
in microbial gemetics ares
Dr. N.D, Zinder Rockefeller Institute for Medical Resmearch New Yovk
Dr, M.L. Morse ﬁept., Biophysics, U, of Colo; Hedlicel Center Denwver
Dre S.G, Bradley dept. Bacterioiogy, U, of Ifﬁ.m?:a Medical School Mimnecpelis
Dr, P,D. Skaar Depi. Geneties Carregie Institutlon Cold Spring Harbor WY,
Dr. Bruce Stecker Lister Instituble for Preventive Medicire Tomndon
Dr. Aleck Dernstein Central Public Health Laboratory London
Dr. L. L. Cavalli~Sforza Serotherapeutde Imstitule NMilan
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