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The ressarch undertaken in this field can be reviewed under the

following he=dings:

1.
2,
3
b,

Yormal genetice end cytogenetics of Jacheriehis goli.
Genatic control of fermentation ensymes 1# 3 o0li.
Lysogenis bacterial viruses.

Recombination in Salmonella,
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1. Jormal gemetics snd gytogenstios of Eycherichis gold.

Efforss to unravel the complex life cycle of E. goli strain X-12 were con-
tinued during 1950, dut with no great clarifieation of the underlying mechantiems
to date., The main gquestion remaining unsolved 1s the basis for the elimination
of genetic meterial from the sygote which resulis, for example, in diploid cells
which are deficlent for part of one gene set {(including genes controlling mal-
toses and galsctose fermens$ation, and streptomycin-resistance.) A rumder of com=
plex hypotheses,were tested critically, but none of them were surported by the
experimental results, This problem, though difficult, is an important one, since
on it hinges the question of how ¢lose is the similarity detween the genetic or-
ganization of brcteria and of other plants and animals whose breeding systems
have been successfully axploited for both scientific and technical purposes.

The evidence, overall, shows & very close similarity, in particular that the
bacterial genes are organized in chromosomes, but there are certain psculiarities
that cannot yst be understood in terms of simple chromosose bebavior, like that
of the more familiar materials of experimental treeding.

Another approach we have been following is a direct oytological exmminetion
of haploid and diploid clones of E. goli., These can be distinguished almost
absolutely on the basis of thelr nuclear structure, as illustrated in the accom-
panying photogrephs, Plgures 1 and 2, However, a study of the nuclear consti-
tution of haploid and diploid bacteria in all growth phases must be completed
bafore tooc definite econclusions may be drawn. In certain zrowth phases, haploid
bacteria mey somewhat resemdle what we have regerded as the typical diploid oy~
tologlcal picture, raleing the possibility that the morphological differences
are basged primerily only on the larger size and more open structure of the d&iplcid
nuclel, which gives the appearsnce of & greater number of resolvable granules,
The cytological pletures so far do not permit an 1dsntification of chromosomes

or anything like a count of the chromatic units, so that this level of correlation
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of genetic and cytological study remains to be exploited. There are indications
thet the nuclear Ybodies may De visurlizadle in living cells by phase mlicroscopy,
and 1% 1s hoped that this may help $o fill in the ploture of the bahavior of the
nuclear bodies &uiing cell divieton, genetic segregation, and so on.

In connectlon with these studles we have also desn studying the mode of
action of verioua bactericidal agents, such 28 ultrasviolet light, mustard gas,
formaldehyde, and others. These agenin have profound effects on the genetic
behavior of diploid cells, correlated with dlstuvbances in the nmuclear picture,
Flgure 3 shows a small olone of cells, neer reccvered from ulira-violet exposure.
The large, filamentous cell 1s typlcal of sublethal responses tc some bactericides;
the small cells have probadbly split off from the large cell at an earlier time,
and are multiplying more repldly.

One of the applisations of diploid olones is to the prodlem of dominance,
For a number of reasons, it has been important to determine whather drug-resis-
tsnce is a recessive or dominant trait. Unfortunstely, genes controlling resistance
to streptomyecin in E. goli are often sliminated during melosis, so that hetero-
gsygzotes are &ifficult to secure; however, one or two exceptional diploids have
been isclated which are heterosygous for strepiomycin-resistance, and the latter
is found to be recessive: 1.e., a cell carrying one Tactor for suscertibllisy
and one for resistance is phenotypically susceptible tc this drug. Resistance
$0 vaoteriophsges has also bdeen found to be recessive, sc that it 1s likely that
most mutations for resistance to antibacterial agents will be recessive to the
wild-type, dominant, sensitive form. This has some bearing on the mechanisms
of developument of drug-resistance in the course of chemotherapy, but makes it
the more lmportant theat we understand the gzenetic organization of the bdacteria
we wigh to eradicate,

A recent finding which may make it possidle to rationalize the genetic
behavior of E. ¢oli E-12 is the imolation of other strains which can be cressed
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with this strein, Until now, the crossability of J., goll was nearly unique for

a single strain, X~-12, attempis to use othor sitrains having given inconclusive

or methodologically uselsess resulis, BHowever, by courteay of the State Publle
Health Laboratory, we have received s conslderable number of fresk lsolztes of
this bzcterium from huassn sources, and almost 10% of these strains have be-n
found to cross with K=12, and probadly with eash other, so that the phanocmenon of
recombination is no longer a unigue cne, There are indicetions that some of
these strains dc not show the sberrant genetic tehavier reported for X-12, In
addition, the natura) differences between the various intercrosssbdle etrains
provide stundant material for studying the basis of serological and cultural
characteristies which sre ussd in the clsssification of these decteria zs lsclated
from their natural heditats.

2. Gepetig gontrel of fermentstion smzymes 1n 3. sgll.

The primery fermentetion enzymes (in particular the oligosaccharases) of
bacteria are usually recognized as "adaptive®, thet is, they are produwed by
the bacteria only afer contact for some time with the substrate (e.g., lactose).
A previocus report mentioned that the distinétion betwveen "edaptive® and non-
adaptive or constitutive ensymes was rather blurred, because small amounts of
lactases can be detected, By special techmigues, within unadapted cells., It
has now been found that "adaptivity® is under genetic control, for in addition
to previcusly descrided mutations which prevent adaptation, and limit ensyme
formation, a new mutation has been found whese effect 1s to cause the cells to
rroduse lactase abdudantly, regardless of previous exposure to lactose or other
subatrates, This further i{llustrates the conscept that the snaymes are produced
as a result of a complex cell machinery in which the genes play a master-coatroll-
ing rather than a direct rele. (The alternative hypothesis, that each gens
playe a direct role in the production of a single enzyme hae had wide currency

as the so~called "one gene-one snsyme theory®.)



Anothar firdine nrevides tha first evidence for 2 cocsidle "rosition effect®
of bacterial zenex, and shows how complex these may bde, Two lsctsse«nesstive
mutations had been studled here yreviously, snd thought ts be %zllelie®, i.e.,
affecting the ssme gene, for when crossed vith esck othor, theses mutents had
not given riss toc nonweutant offepring, DTests on a lerger sccle showed, hovaver,
thet these two mutatinne wers not ldentical, becszuse non-mitsnt offsyring oceurred
In & ratio of about l: 2000, The mutstions may thorefore be thonght of 26
sffecting two genes exiremely close together or ndjacent, Btudles of hetero-
zygous dipleids have mow shown thet a cell whieh crrriec one nonemutant gens
on one chromorone, znd the non-muient form of the sdjrcent gens on the other
chromosome doer not ferment lactoss, whareas these genes in the normsl rasitionm,
together on the same chromoscne, show normel activity, Several examples of this
kind sre known in Drosophils; we mey speculste that the twe genes cust lie
adjacent because they interact through a non~diffusidle primary gene product.
Although this material may be more sultable in some respects then Drosophila,
1t is rather doubtful that eny immedizte progress on 1dentification of the
hypothaticzl gene products will follew, cwving to the inesuperable technical 4iffi-
culties. Xurther studies in the purification and kinetics of lsctese 2re being
pursued in oollaberation with Professor H. A. Lerdy and his students at the
Bncyme Instiiute.

3. lLysogenic bagterial viruses.

(Since this section must be cleared by Chemical Corps before relezse, no
detailed information will be given here prior to pudlication.) This investi~
gation deals with the transmission of a latent virus in crosses of carriser,
resistant, and susceptible atraing, Methods of ¥disinfeetion® or removzl of

the virus from viadle, infected bacteria are aleo under study.
%. Regombinatiop ip Salmonslla.

For scme time, we have attempted to find a system of genstic recombination

in a pathogenic bacterium, Ealmenslla iyphimurium, comparable to that we have
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been using in E. goll. For neasrly three esrs, concerted sfforts in this direo-
tion vers wnsucoessful, elth-ough sbond thiriy dlfferent stralne of £. Syphisrium
and related species had been laboricusly and exhauetively testad in variocue come
binati-ns, ¥We 414 not have even the lesser satiafaction of a defiritely nesative
regult, for eartain combinstions grve new tynee whick sirorgl suggested = vew
sombinetion proeess, but which for incidentil reusune were technlealiy wne:it-ble
for further atudy, However, = malr of atrains hzz novw bsen found which glve
mite eclezreul avidenca of genstie roeenmdbinatiorn in Sslmonellse typhimerium,
npening up the voasibhility of 2n zaalysis in this gveelers comparaVie to th-t ia
E. goli K=12. The specis) interest in Szlmcnella Iis the oprortunlty affsrdsd

to study zeretic amnects of nathogenielt,, for which ¥, ¢oli is umsulisdle,
Tpvever, 2 Aotailad anslyele of the formal genstlca of this materdal will da
necessary dbefore anyr serions work on the infactlcus dlsesse asvscts cen hope to

be mncessfnl, (¥otet DBeocause of the recensy of these resulis, plesss eonsil$
Frofessor Lederberg befors pudlication.)



