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There are a number of irradiation experiments (UY) plotted which
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Kellenberger who may have giventhem to Werner Arber since | believe
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Materials and Methods

The principal cultures used are listed in table 1. In summary they
represent three distinct mutations which lead to the loss of ability to
ferment gatactose (Lederberg, E., 1950). The Gal,- and Galy- stocks are thé
result of a single mutation to (-¥ in each case, while the Gal,~ stocks
represent two independent mutations te (-) whose identity is based upon the
observation that no(+) recombinants have been observed in more thanm 11,000
prototrophic recombinants from crosses between them and upon the aynonyﬁous
behavior of the stocks in transduction experiments. These three loci are closely
linked to one another as indicated by the data iﬁ table 2, but the order of
the locl is not specified,

In addition, each of these loci is known (qﬁerbberg, E. and Lkernbérg;v
J., 1953) to be closely linked to the Lp or latent phagé lecus of E. c-~1i K-12.
Three alleles are known to exist at the Lp locus; (1) Lp+, overtly lysogenic
and showing evidence of free phage in cross hrushes with Lp® forms, and resistant
to lysis by free lambda phege, (2) Lp*, not overtly lysogenic and showing the
presence of free phage in cross brushes with Lp® forms, but resistant to lysis
by free lambda phage, (3) LpS, not lysogenic, and being lysed or lyscgenized by
free phage.

More extensive delineation of the interrelatiouship of these locl
has not been feasible until recently and it is hoped that with the aid of a
new method of dﬂ&iné;ishing the minus recrmbinants that mapping of this region
may be accomplished.
= Another locuas which has a direct bearing upon the problem is the locus

contnlling resistance to lamdda~2, the lrtic mutant of lambda. This locus, Lpp,
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has an epistatic effect upon events controlled by Lp (Lederberg, E. and
Lederbverg, J., 1953). Thus a change from Lp,® (lambda-2 sensitive) to Lp,T.,
(lambda-2 resistent) results in & lose by the cell of the ability to adsirb
lambda as well es lambda-2. Sensitivity to lambda by a cell therefere can be
magked by the rresence of the r allele of Lpz. The Lp2 locus 13 net clesely
fe—net—otosoly linked to either Lp or to any of the galactose leoci in questioen.

Methods of cultivation and media used were as detailed in Lederberg,
J. (1950). Liquid cultuivations were in penassay broth medium, with or without
added aeration, solld media used were of EMB bage, either with or without added
sugear, or‘for croeses, a synthetic form of EMB. EMS was used.

_ Bigh titxered lysates of cultures yer¢>prepared after tho method of
Weigle and Delbrtick (195 ) by 4inducing lysis of pepaséay‘grown cells by means>of
irradiation with small doses of ultraviolet; The UV was adinistered to saline x
suspehsions of the cells and the cells subsequertly diluted with 2X penassay
broth and incubated wigh aeration until maximal clearing was obtained,

Lytically grown lambda was obtained by infecting the sensitive cellé
by exposures to lambdbda prepared by fhe Lwoff technique. discarding the superEQT
tants after the adsorptions ang-resuspending the sedimented cells in mutrisnt
saline broth. The HSB suspensions were then incubated wkth aeration until

maximal clearing was obtained,



Table I

List of pertinent culturgs.

w518 F*H"Lacl'Galu- Iap)_"‘Iast
w750 F'MLac; 0al,” Ip, " 1p,"
w811 F"M Lac, Gal,, Lp,’ 1B,
W902 FT LT Gal,” Ipy Lp,”
W1210 ¥ Lac] Galy Lp) Lp,®
w1436 F L Th"Lac, “Gal;"Ip; ®Lp,®
w192k 7'M Lacy "Galy Lp; “Lpp®
w2175 ¥'ga1, "Lpy "1p,"

w228l F'M Lacy “Galy Lpy *Lpp®
w2342 FLac, Gal, Lp, 'Ip,®

w2373 FHL st~ Leuc Gal, "Lp) Lp,®



Table 2

Recombination between the Galactose Negatives

Cross Minimum Mumber of Percent

Prrototrophic Recombinants (+) Recombinants
F* Gal;~ X FGal,- (1) 1500 0.13

o+d (2) 6517 0.06

@< (35883603 0,027

11620 . 0.06
r* Gal- X ¥ Gal;- 4588, . s 0.13
: PR

F* Gal)- X ¥ Galy- 2684 | S 0.23
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whenphigh titersd lyszsatss of w1ld 3yve culiurss arz mixed with Gall-.
Galz- ;:; Galq- cells ani plated on FiB gaiactose mediwm, results such as those
in figura ﬁz are ebtained. Since each of these mutations te gal=- is capable
of reverse mutation the data shown in figure 1 have been corrected for the
number of reversiens by subtrawting this number as determined fram cantrel
rlatinga with no added lysate. Figure 1 shows that with increasing amounts
of addsd lysate thers is & lissar iﬁcrease in the mumber of gzlactose
fermenting papillae per plate. Iu addition, figure 1 indicates thnat lambdﬁ‘
sensitive cultures appear te¢ be more ﬁapable of showing the effect of added
lysate than lysegenir cultures or cultures cerrying e noa-plgque-forming
type of lanbda.

When lysates af gal- cultures are mixed with the varinsus gal- cells
and plated upon galactese wedium results similar to those shown in table 3
are ~btained., Each of the lysates of the gal- is capable of evozing galactrse
fermenting papillae uppn plates spread with the other gsl— cell types but not
with plates spread with cells of $t3 own type. The adility to il&ulduce gal+
clones in otﬁer gal= bal nat with cells of type corresponds to the differentiutinn
of these gal- mutatinons 2y irecombinaticunl analysis., Evidence cauplementing
this is anown in tadle 4 which shews that the ability t» evoke paplillae with
cells of &ype is restored 0y rcverse muitaiien. Presuaadly phenotyplc reverslcus
2an ba of two types, reverse mutati~n &t tha mutated lecus, aad.mutatinn at a
gecand locus whoese actinn aitmica bae actirin of ihe Iirst gene. Reversisns of this
éecond clags should not Ye able tn ovoike papillae fram cells of type. Such

reverslons ag the latter have not as yet been investigated. -



Interaction of Galy-, Gal,- and %al;-

Pable 3

Joue Gal,~ Gal,- Gal, - Wild Type
Titg(xlo l - 2."" u’og 1,7 lju
Cellsg
Galy- Lp* (1) o - 176* 43 a
(2) 2 2 - - 405
Galy- Lp® (1) 14 52 11 43 -
(2) 20 - 10 - 356
Gal;- Ip” (1) 89 - 202 - -
. (2) 50 85 - - 417
(3) k7 - - 50 394
* Fumber of apillaagper plate, 0.1 ml lysate plated.
Between 10° and 107 cells plated
Table 4 .
Restoration by Reverse Mutation of the Ability to
Transduce Previously Nontransducible Locl
Locus . Addttion
{all Lp-) Reversion _XNone Reversion Lysate
Gal,- Gal;* #1 0 et
Gal,- Galy, # 1 10 96
Gal,” # 2 6 552
Gal,® Galu: $5 39 204
Gal,” # 8 25 291
* Number of illae9per plate, 0.1 ml lysate plated

Between 10

and 10

cells pddbed.
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Examination of the other characteristics of the cells transduced to
gal (+) by lyehde exposure hnas uniformly shown no changes in any of them with
the exception of the indnctiﬁn 6! lysogenicity in the lamdda sensitive forms.
Direct attempts to transduce other factors have been uniformly negative. A
sumnary of the avilable data is given in table 5. In connection with the
negative results in attempts to transduce rylose and lactose loci 1t shruld de
noted that both xylose and lactosd containing media have some selective value

for galactose ferganting clenes. A

PTransduction in XK-12 thus far has been found to be limited to several
gxlactose loci’closely linked to the latent phage l-cus, Lp. These loci include
Galy, Galy, Ga13. Galy,, 0316. and pessidly several more that have not as yet been
classified. The experiments reported here will concern only Galj;, Gal, and 5514
although some observaticms on 6313 and Gals have been made. Hot all loci
contMolling galactose fermentation are transducible. Cne occurring in w2312 will
be mentioned later, and another induced by copper treatment by Helem %‘yers hay
been found.

The transductions described above have been effected by means of
lysates perpared by the Lwoff{ technique of inducing lysis with a small dose of
ultraviclet. Lysates prepared by lytic growth of the phage on a sensitive culture
appareutly have no transducing activity and have lost the transducing activity
included in the inoculum. The inability of this type of lysate to transduce is
demonsgrated by the resulis given in tadle 6.

‘ The necessity for lambda adsorption for transduction is fllustrated by
ﬂhe results given in table 7. When the variocus gal- are found coupled with the 2
allele of Lps, & combinakion which is incapable of adsorbing either lambda or

lamhda~-2, transductions are not observed. The presence »f this allele of Lp, does
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/
not interfer in the capacity of a culture to give rise to Aransducing lysates
Fransducrble
aud the transducibility of a gal~ locus found coupled with I.pzr is demonstrable
when a suita.bleu:cioss is made a.nd a gal- Lpz' recombinant obtained.

Recovery of the transducing activity of a lysate by the methed of
mixing lysate and cells on plates appears to be good in the case of lysxogenic
cultures, the variation being less than two-fold over a thousand-fold change in
the number of cells plated (figure 2). This is not the cé.se when the added cells
are lambda sensitive, the variaiion bei:g in this ca;sa twp or three-fold greater
over a similar range of cell concentrations. It should be noted again that t he
lambde sensitive cultures give approximately ten-fold or more transductions at
any cell densitiy, end that 4HE%; the relationship of the asoctivities on the two
types of cells ig not known. The ratic of number of transductions to phage
content of the lysates approximates 10~7 for lysagenic assay cells, about 1076
for sensitive cells, Imkxdzfxxfrse

Alternatively to mixing cells and lysate on plates the transducing
activity of the lysates may be adsorbed upon celle and the cells then plated out
on agar. Table 8 gives some indication of the adsorption of the transducing
activity and also some indication of the adsorption of the phage under the same

conditions,



Table wq T

Effect of the Lp Locus on Transducibility

i
S PRIy

Yalactose Locus No Additigg -W1ld Type Lysate
+._ 4 , .
Galy- Lpy Lp, 1* 426
Galy- Lp) " Ips® 1 | 2
Gal,- Ip,* 13,° 20 356
Galz- :.ﬁ}* LpF 14 | T
+ B
Gal)~- Lpy  Lp, 89 296
Gal,- Lp; " Loy 50 57
* Numbers of papil per plate, 0.1 nl lysake plated
Between 108 an 107 cells plated. '
Tadble ’ { P
Other Locl tested tut not found “ransducible
. _-Logcue ~Homber of Experiments . “ultures Invokved
Lacl . R . wll2
(ser or glyc) 1 w1678
Leuc 3 w1736, W1436
Methionine 4 58-161, w811, W1821, w518
Xylose 3 w1821
s 1 w518
Prol ” w1692, W1920, W2063
Mal_ 1 w2071
Med 23] {



Table ﬁlv
Action of Lytically Crown lambda in Transduction
Rxperiment Culture No Addition Lytic Lambda Lysate(2.4 x 10*0 lambda/ ml)
228 - W750 3» 2¢
W 518 9 8
w2175 7 : 8
239 w750 2 0
. w518 13 8
w2175 6 2
254 w750 - 3%
w518 - 6%n
w2281 - e
w2373 - 6
w811 - 39w

5 of papillae per plate. 0.1 ml lysate puted. '
lO -10 cells plated.

f\ R "'; 235 fuese re eae !nr,k:d aud streaked oot all fouund
e '
stuble . :

Wl 6..!.,' \ adsodd o w"-"f(drﬂ+ w foe p/?o.l’ub&d-. C‘MH&MH
wibn gerahn . Cuapat hobee alequg

34_«9411 rowe }\ ot Mw )
Gl "‘-“*SWW Q58 . Ab\-oJ-s—J y-y L\MJ
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Table 8

Adsorption of the Transducing Activity from Lysates
Adsorbding Phage Cell Percent Adsorbed
Cells T ter Titer . 4st Ads. 2nd Ads,* 3rd Ads.

X 1L09 X 107 Phage Trang.  Phage Trans, FPhage Trans,

Galy- Lp® (1) 2.5 0,71 60 79 50 41 16 s

(2) 3.9  0.55 52 33 - - - -
Galy- Lp®™ (1) 14 ¢. 10 - 79

(2) 18 16 - 72 - 56 - 0.0

(3) 14 ¢. 10 - 97 - - T - -
Galy- Lp' 18 6 - 35 - 33 - 0.0
Galy~ Lp™ 18 6.5 - 45 - 100 - 0.0

* The supernatant from the first adsorption was decanted
and an equivalent volume of fresh lysate added. Similarly for the third
adsorption. Assays were made of the amount of material remaining in the
supernatants. Tlters glven are for the phage~lysate adsorbing mixture.
Tw fue e»’-prﬂfwcuh ttveldin GOJLf' (rf" 0$J611 of twe Sediuent woos wode i
Sowe mSFaucey, Tebal recovery 1w twese Codes wor mow heacw foo 7, - d—,vgd\;mabfj

dwe b h\rw it Ahd cthuh)  woy wedeveshmated L’J fe wie of bro
{eu 058 0 cetly -



Some of the papillae evoked by lysate expossure have & propersy which
distinzuishes tham at once fromjspontaneous reversions, That 18, thay are
unstable for galactose farmenta{;ion and segregate (~) cells oner many single
colony transfers. The maimxm frequency nof unstabdble transductions and the
napure of the segregants will be taken up 1n-’L\1ater sections, it i3 necesgssary

to mention them now in order to consider the realtionship between the
transducing agent and the phage lambda. It 1s also necessary at this time

quﬁ.-\u\l nd

to mention some spet‘:ial cultures encountered during tha analysis of the

gsegregants meantioned above. These ;;;c?al cultures are notable for the fact
that they give rise to lysates by the I-woff{ technique in which. the ratio of
transduction activity to lambda plaque feorming activity is much claser to
unity than is found in the usual cultures of K-~12., These cultures will also
be considered in a later section and it will suffice to say here that exposure
of a population ¢f gal- cells to one o.f these 1ysgtes can rasult in the
transduction of several percent of the cells to gal+,

The data in table 9 indicates that when lamia sensitive cells are transduced
the resultant ¢sllas and their gal~ sogregants have for the most part become
lyaogenized. When Lplr forms are transduced they alss may become lysogenized,
but mach lt;ss frequently than sensitivee, Hewever, these results may be
misleading since the platinge involve large quantities of p"&e and it cannot
be certain that lysogenization was not prior or subsequent to transduction.

When the tranaductions are made with the Js;‘wlec‘:ial gl.ysates nenticned ebove, Besults
such as those shown in table 10 are obtalned. Under conditions where one percent

have been
of the ceclls xem transduced to gal+ the transductinsns have become lysogenized,

the same
or Lp.,r.'while the gal- cells in ihix enviromment have remained lambda sensitive.



. Table 9
Correlation of Lysogenization with Transduction

Locus transduced Lysate -- Transductions Segengants
- \a‘.nd Im & enotype soqurce Zumber Percent Lp"'; Bumber Percont Lp,
o Gal,~ L;ls wild 23 87 1 100
gelo- 24 75 7 100
galy- 12 58f 0 -
8al, - 22 77 9 100
Gal,- Ip;* vild 13 85 13 85
galy~ 20 95 20 95
galy- 23 100 23 100
wila 18 100 - -
wild - - 28 50
galy~ - - L 86
galy~ - - 40 83
Gal,- Ip3® wild - - 18 100
galo- - - 19 100
galy~ - - k5 100
ball- Lp,T wild - - 29 3.1
galy~ - - 18 5.5

Totals » 154 86 267 89



Table 10
Correlation of Transduction with Lysogenicity Using Lysates

Giving a High Frequency of Transduction

Cells Post _. Number of Colonies Observed
Exposed Exposure - '
to Cell Titer  Gal- Gal+ Gal- partially lysed Total
Broth L,1 x 109 3280 0 0 3280
HFT lysate® 3.5 x 100 2801 31(1.1%) 54 2886
¥ tiker - paxw? ) ploque s pev ml.
Table 10a
ination Col eg after HFT Lysate gure

Colony Xumber of Numbers_of Colonies of Each Class

Col Examin Ip® Lp Lp®
Gal=- . 31 : 31 0 0

Galt 26 | 0 23 3




The occurrence of stuble transductions among the various combinations
of transductions possidble is indicated by the data shown in table 11, With
but six exceptions the difference between expected and observed fequency of
stable gal (+) on the tra.nsduction plates is sufficiently great not to require
statistical treatment. In setting out this data it has been asspmed that the
only source of stable (+) on the plates is from spontanecus reversinons and
that the use of a no lysate addition plate as an indicator of the mumber of
spontaneoé;}Af;V:dequate in this sense. It is notable that transductions
~ involving gal, and galy are nearly all stable and it will be‘remqkered that
lysateé of these cultures have less papillae promoting activity upon one
* another tha.n\:e;:har cultures. These two locl are rqa_q_gy distinguishable ’by
erossing test and by use of the HFT lysates mentioned above. In ﬁhe other |
coﬁbinations of transductioﬁs possible stable transductions occur, varying in
frequency from less than nné percent to more then 50 percent. ‘

The segregants from the unstable transductions QQn be clagsified for locus
by three separate methods: (1) by the lysate by which they are __qj transﬂdnced
(transduction test), (2) by that locus which cannot be transduced to (+) via
a lysate (lysate teét)'. (3) by allelism test in crosﬁing (crqssing test).

In classifying the sggregants 4t will be convenient to refer to the origin of
the locus by specific termp. Exdmrxiomstypiexwiiixhwxwhidsxs By homotypic will
be designated the locus of the cell traﬁs‘hduced to (+), by heterotypic will
be designated the (~) locus (if any) of the transducing lysate, and by hemo-
heterotypic will be designated cultures with the loci of both té;sﬂﬂwuced<9eli
and transducing lysate. |

Since the order of segregation from a transﬁduced cell can not be specifie
without micromanipulative means the anal¥sis of segregants from a single
transduction in its absence is without great significance. However, the data

in table 12 indicate that a single transdubtion can give rise to all three

types of segregants, homotypic, heterotypic, and homo—heterotypic)
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Table §

The Occurrence of Stable Traznsductions

©

Fell Mmbarss of Stable iransductinng
Gonotype ABX " Source of Lysabde
- wild “ype _Galy~ - Gelg- Gal) -~
XERERE S XER R B X NER Rt B X RS Xy B XX R E X B D REX Ve HX KX PR REE X XXX X XX XX
Bxp't Obs., Zxp't Obs. Exp't Obs. Exp't Obe., Zxp't Oda. Shaby, Huia? 7 sl
’\’31') ' - 53.8
Galy - Lp;” 1/33 1 - - 1/11 11 0of56 20 130 29 Al 130 -
3§ 50
0 1yt M6 2- - - - - 1/92 0~ - - =@
232
g\’" Lpl+ 1/143 42 - - 1/ 4 - 12/27 27 73(54) 247¥ =7
N 1.3
Gal,—"Lpy®  0/46 15  of214 27 - - -  0/98 &4 Ha 38r LR
A3 . 2.0
*1p," 17/248 21- 14/83 61 - - - 14/79 52 (1) ¢ 10 3‘*"‘*0
AP
"t W 6 2/65 o- - - - 5/56 o naCI LA S
Galy~- Lpy® 19/835 383 29/72 72 11/472 20 4/128 21 - - w8 7 31:5
Ip,t  41/573 133 51/96 96 @~ - - - - = gmecd 3%
20.%
"Ip,’ 31320127 - - 31/23850 - - - - 7 sr 3
Exp't = number of stable expected = ng. pavillae control
o, papillae lysase rlate
Cbs. = number of stable observed = HNo. stable gbserved no, papillae fransd.
Bov—ib-—tanrte no. pap. in sample
Note: A number of different lysutes were suwployed. In the cage of Gal,~ lysates, the

first column rep;esenta lysates of W902, the second column, W12I0, In the case

of the Galj~ Lp, cells, the first is W750, the second W2343, a prototropin

derived from W750
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Table 12
Segregants from a Single Transduction, tested by Transduction Test.
The sequential order of the segregants is unknown
Cell Lysate Classification of Segregants
Genntype Source Homotypic Heter ic H heter ic

Gal,- Galy- - 17 2 1
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but it can not be stated that the segrlqpionoAin any sequence or if seqnential.
The analysis of single segregants from a large number of trandductions was
undertaken to clarify thils proqes;. In the initial experiments the transduction
tests were performed by mixing a portion of lysate from a culture of specific
locus and the culture to be tested upon EMB galactoae medtum. but after the

discovery of the HFT lysates test for allele vas by cross brush with lysates of

this property upon the same mediunm. |
The results et-a—la*ge—sunber of testa of segregants by transduction £;;; i;

given in table 13 and a summary of the cultures in this table which were also

tested by lysate fest is given in tadle 14. The agreement betwe;n the two tests

wag complete, that is, a culture classified by t%: first method as gal,~ was also

clagssified 3y as this locus by the second teggjfk summary of the segregants which

were tested by all three methods of determination 1s given in table 15. Agreement.

between the crossing test and the other two tests was also complete. Some 1ndi§ation

of the distribution of the segregént types, as judged by transduction test, can he

obtained from the distribution data given in table 16.

With regard to the crossing data givean in ﬁable 15 it will be noted that
no crossing data for gall- negregantnag; reported or crosses of heterotxpic segregants
from gall'transductions by gall- testers, This4m because a suitaﬁ}e stock is not yet
available., W2373, a hist leﬁc gal1 made by transducking W1765 to gal,- has not
been found sufficiently fertile in crosses with ilth' staocks t» warrant its use. A
new T"L™By~ (also Het) galy- also made by transduction to (-) may prove suitable.
It sheould be nnted that the number of protntréphic recombinants given in table 15
is probably lew by as much as 25 percent since in many instances only the smaXlsxt

plates with the smallest number of prototrrphic recombinants were counted in mmxyx

experiments involving many replicate plates.
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Table B
Analysis of Segresants by Transduction Assay. Summery,

Nature of . Type of Segregant
(riginal Homotypic* HoberotypicH® Homn-heterotynic**s Total .
Iransduction
Wild type on Gal~ 169 0 0 169
Gal- on Gal- _240(85,4) 37(13,2) L(1,4) 281

80905307 37682} L{os88) 450

fo7

* having the @al- locus of the transtnduced cell

*%* having the Gal~ locus of the transducing lysate
»#% having the Gal- locl of both transinduced cell and transducing

lysate.

Table |4
Analysis of Segregants by Lysate Test. Summary. Apeoment bptween

Lysate Tosts and Transduction Tests was mlegg

dature of the

original Heomotypic Heterotypic Homo~-heterotypic Total
Trgsducﬂon -
Wi1d type on %al- 21 0 0 21
Gal- on Gal= 39 % 9 0 58

& 9 0 74




Table '<

Summary of the Analysis of Segregants by Transduction test, Lysate test
and Crossing test,

original Number of Classification by
Transduction Segregants Transduction Lysate Crossing. test
tesh test B Homotypi Heterot
: Hoe (+) Tot. Prot. No.(+) Tot. Rrot.

Gal,- --X Galy-LpS 5 (1) Galy- Galy- 0 2786 3 3183

(2) " * 0 2675 2 3N

(3) " " 0 3485 23 5342

(%) " " 0 5952 1 1665

(5) " 4 0 5000 1 891

2 (1) Galy- Gal,- 7 3102 0 1988

(2) " " 10 s 0 1187

Galy~ ~=% Galy~-Lp* 8 (1) Gal, - Galu- 0 16104 3 1389 -

' (2) " " 0 5730 . 1 164

3) * " 0 3358 0 202

(4) L 5 0 12848 1 171

a7 3 (1) Gal,- Galy- 1 11200 ) 827

(2) f " 6 10608 0 718

(3) " * 3 5000 0 ko9
. Wild ==x Gal -LP® 4 (1)  Galp- Gal 0 7805
“ 2 2) - I 4992
3) " " 0 106
(1) " " o k552
Q‘Wild ——X Galz-Lp+ b( 1) VGa,lz- Galo= 0 Lo70
(2) " " 0 5384
(39 " " 0 2072
() n " 0 6988
'¥11d —x Gal,~Ip® 4 (1)  Gal,- Galy- 0 896
(2) ¥ " 0 918
(3) " " 0 1134
(&) " " 0 863




)

i
Table B _
Digtribution of the Segregant *ypes by Transduction Assay
Transinduced Scarce ¢of Lyséde '
cell Wild type Gal = Gal,-(¥902) Galo~(W1210) Gal, -
Gal,~ Lo, (W2343)_18 Galy- - 180Gal;-, 5 Gal,- - o seg. found
Lp, ® 9 Gal,- - 1 Gal,~ 6 Gal,~, 1Galy~ 1 Galj~-
Galp- Lpp (W2175) 20 Galy= 14 Gal- - - 8 Gal,-
P /\3 G&l - : ) 7 Gala-
* 4 2 Gals- Gals—
Lp} (W1210) 15 Galy= 19agalz- - -
_ 28601 2
Lplﬂ 16 Gal,- 20 Galp~ - - 21 Gal,-
' -1 Galy~
1 Gal,~Gal,=
Galy- Ip;" 20 Galy~  nef 16 Gal;~ - -
Lp;® 13 Gal,~  naf 18 Gal,- 17 Gal; - -
' 3Gal,~ 2 Galy-
Ip. T 29 Galj~ nsf 15 Gal) - - -
1 4 Iy
3 Gal,-

nsf = uo segregahts found
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Cultures giving lysakes with the HFT property have been prepared for each of
the gal- loci which have been given consideration to date. These cultures have
the common property that each is derived from the transduction of a gal— culture
by a lysate of gal,~-. It 1s not kﬁlown whether the transductions themselves of this
type are capable of giving rise mmxy to HFT lysates or not, but the HFT stocks thus
far obtalned have been segregants from such transductions. Whether the transductions
of galg- by other cultures gives rise to HFT segregants is not known, but one instance
_\in which the transduction of galz-—by galy- resulted in an unstable (+¥ which had
HFT preperty mmm:‘pas been encountered. Some idea of the frequency with .which

the HPT occur can be obtained from the following. Iff the case of transductions of

oo

gall-» by ga.lz-. out"*of;,' {g gal]- segregants examined % had this pfoperty and of the
heterotypic galz-.one'mif.zof five examined was HFT, In the case nf transducticns of
galu- by galp—, of 31 gal)~ segrexgauts tested one was HFT, while of the three hetero-
typic galy- tested one was HFT. In the above tests segregants which had been purified
th:_cough several single colony isolations were used. Since the HFT cultures segregulie
NFT lines it is possible thattthe above estimatious are low.
Attempts to 'obtain {+) cultures with HFT prop‘j'ty by reversion of (-) have been
unsucfesiful in the limited attempts made thus far. This too may be in part due to
the fact that the HFT cultures segregate KFT 11neei::.nce it was not known at the time
of examination that this was the case am? the NFT reversions obtained could well have
been from KRFT comprnents of the culture. The conversi~nx of a HFT culture FEREX to
NFT is fairly rapid and the HFT cultupes are easily lnst. "n one occasion it was ncted
“:‘g a culture which had been on stock slant only a few weeks had changed such that
of ten colonies tested 4 were found to be NFT. The NFT cultures which xsmk are derived
from HFT 1ines have not been investigated except in #® instancew, In addktion to
NFT property (or pessibly ne activity at all) the segregants were 1n‘:":;‘ne case ailskre
sagre gmtmmdmwhm oIRr immbwsre Sy wim= of a
gal- type which was not transducible except by ax a lysate of an unstable galit).

In one case ( and the negative results in the other cases can possibly be explained



®

by the contamination of the HFT cultures with NFT cells) X&Y' 3X gal (+) reversions
of &n HFT culture were found to be unstable for gal(+) and segregated (-) which were
of the same (-) type as the reverted locus. The examinati~n of more H¥T cultures to
to determine the relati-nship between duplication of certain loci and HFT property
xzdt 18 in progress. |

The lyeates of the HFT stocks which have been prepared thus far have not had
high phage titers althrugh they have been prepared in a manuer which gives high
titered lysates in NPT atocks. Whethef this indicates a lower yleld per bacterium of
plaque forming particles or different conditions for induction is not known at the
present. Preliminary experiments to determine the yield of HFT particles per bacterium
are regarded with reservation since the purity of the culture with regard to AFT cells
was not knowa.

The HFT lysates have been used principally for allelésm tests. Transductions
can alse be made via theseilyaates and the resultants studied. This has not been
carried very far. The data in table 1§ indicate that transductions by HFT kysates
are not appreciably different from these of NFT lysates as regards occurrence of
stable tramsductions and distribution of segregants.

The HFT lysates can be used for transductien frem gal(+) to gal(-) and have
proved of value in creating new stocks. Table 1§ lists some of the information
available on the s?ncks tfﬁnsduced to (-). Since the completion of the tadble galy-
and galy- LpS T’L‘ﬁi“ Hé;Ahave been prepared. The (-) stncks prepared thus far have
been made sterting with Lp® cultures. The resultéﬁé cultures may be LpS, Lp+ or LpT.
In geueral the procedure has been to miy HFT lysate and cells on EMB(0) and incubate
for 12-18 hours and then to streak out the growth and search for gal (-). om other

occasions examination of single colonies from cell populztions exposed to HFT lysate

has besn used.



Table 15
Transduction by HF? Lyzates., “istribution of the Segregants by
Transducyion Agsay
Transinduced HFT Lysate
Cell Genogtype Gal,- Ga1 - Gal) -
1 2 Gal.~
2 Gal,
1 Galy- Gal,~
+
Galr~- Lp 6 Gal;~- - 8 Gal,~
? ! 3 Galgy- L Gali—
1 Ga.l?_- G&ll -
Galy~ Ly " not done 15 Galy- -

* ot of o total of 18 transductions ( ¢ transductions
and spontanecus papillae) analyze#. The difference

between the nurber of segregants rep-rted and 18
represents the number of stable papillae observed.
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Table [ 7 G
Teansductions to Inability tb Ferment “alactose
Culture = Ipy " Galactose “egultant

Transduced Genotype Locus Transduced Lp; Genotype Cemment

W1L85 Lp® Galym Lpt or r 8 distinct (-) obtained
from single colonies

? 2 distinct (~% obteined
Galy~ + and r 2 distinct (~) obtained

w1673 Lp® Gal,- tar -
w2252 Lp® Gal, - r? 2 distinct (~) obtained
Gal,- r 2 distinct (-) obtained
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Separate mention of the cultures that were classified as double (-)
by transduction test must bYe made partially because the resulis are more
incomplete and parti®lly because they may offer some additiomal information
upon the transduction phenomenon. Four such (=) have been ohtaine._t_i".; ‘three
of the galyj-galpy- type and one of the ga.lz-gala- f;pe_,, The evidence &mt such
cultures are (--) is that they uzozransduced Zeither by homotypic xor hetero-
typic lysates but are transduced by wild type or some other gal (-).

Lysates of these (--) cultures have been found to have little
transducing activity regardless of the gal (-) tester used with but one exceptioh.
Whether this implies a fallure of the phage particles to pick up a fragment
of cell chromosome or whether the resultant thansduction is not phenotypically
(+) through some interaction among the genes concerned is not known. The
exceptional case resnlted in the recovery of each of the (-) making up the (—)
wagxreesysrsd individually and not conjunctively. The homotypic locks transduced
with thie lysate was not recovered smong the segregants,

As might be expected the (=) are more stable on galactose medium and
have seldom been seen to revert. %

Some experimeunts of interest have been performed with one of the
(=) obtained.(It wa ortunately a prototroph and the results obtained with

must
&
it ¥k also be repeated and extended with auxotrphic strains.

Although this (=) was not transduced by mttkex , lysates of wither
(-) singly it wae transduced to a lesser extent ( where a solid layer of papillae
by o watture of twe o
with a (~) w-uld have been obtained, less than 180 papillae were found)A. In this ‘\‘ij)m
1

‘ was
case 1t taken that the cells transduced to (+) had received two phage particles

seg meuls
with the addition of two (+) alleles in separate pjnan.



The cell that was transduced tn (+) may be represented as follows!
N L, | A

and the resultant transduction as fellows:

In this case the extra (-) added in the segments are inferred from the results
with transductions of single (~) in which the heterotypic lncus is recovered
among the segregants. Exzm Segrogation from this transduction in the abshnce

of crossing over or exchange between chromosome and segments can result in three

types of (~) segregants,

(1) ——=2"=1"==  (2) —2"==1"wr  (3) =2 1T—n
VR A

which would be classified as (~—), (27) and (1=) presumably. With exchaunge
between segments and the chromseome segregants with the (+) allebes would be
found in the chremscme and subsequent segregation weould yleld( in addition to
the types 2 and 3 above with the (+) tramnsposed) the following types:

(B) ~ee2me 1 (5) ~—=2t—el"en
Ap additional type can be obtained if there Pe exchanges bewkeen segments. The
order of frequency of exchange and ssgregation of the ebove types is unknown
Wut on anaslogy vith the simple tramiffions the first thewe menticned would
be expected most frequently, that is, loss of = segmant is more frequent than
exchange and loss of a segment.(This in turn is dependent upsn the independence
of exchange and loss) Examination of 24 separate segregants from one/éuoh
transduction gave the following distribution of segregants by transduction
test: 13 (=), 6 (17) and 5 §2). Since over 50 percent of the segregaunts were
(—) 1t appears that vhen loss of a segment occurrs it is more likely to involve

loss of both segments. The (1~) and (2~) found could be of two types, 2,4 and

3.5 above respectively. These types can be distinguighed by means
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of analysis of (+) reversisns. In cases 2 and 3 the reversions will be unstable
and segregate, and in cases 4 and 5 they will be stable for galactose. Reversions
were examined for their stabllity from each of the (-) obtained. All the (17)
®EXE gave stable‘re#ersions and therefore were presumadly of the L
type. ¢f the (2~) examined all but one gave stable reversions and therfore the
two typee———2"—1%—» and -—2:—-;3-: were indicated with the most frequent
being the former, e ‘

Examinatioh of the e (2;) culture giving the unstable reversions
gshowed that it‘!lltﬁ did segregate (=) cells but as yet 1t has not been established
that 1t segregates (27) of the following type ——2"—1%——s ,

The reversiome of this the type 2 (27) can be’of two types and they
should (perhaps) be distinguishable in turn by the segregsats that ’%y yield.
Reversion of the form --22:..5._. should be expected to segregate ()

predominately and reversigns-;f ;;;‘fcrm --ZtF-l;f-t shruld be expected to
segregate (1) predominately. e

Reversions of the type 2 (27) appear to be of two types. From one type
33 segreéants were obtained, of which 32 were (-=), the remaining one a (2-). The
other type gave almost equivalent amsunts of (2 ) and (—) and no (17) thus far.
The failure to recerr (17) types from the ®¥x reverted cultures is disturbing
but this may be related to elimination of the faly locus in crosshs. Presumadly
crosses between -—:g:::i::;—* and ——2%—1"=——s should yleld a larger number of
(+) than crosses between (17) and (27) of normal constitution when there is
sucessful transfer of the segment through the zygote. these (+) in additien would
be unstable for galactose. The culture used unfeartunately is a prototroph and

unless sucessful crosses between it and a Hfr strain can be accomplished th§ problem
can not be attack from this aspect.(:Sucessful transmission of the seément thr ough

the zygote was observed in some early edperiments not related to the abovﬁ)
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Examination of another (-~) has begun. In this case Galz-a.nd Galy~

are involved and a crossable stock has been selected. There has been another
complication in this case. ‘I'ha.t is when the culture was first isclated,and
also in the case of a repeat test, it was not found to be tranaduced by elther
(27) or (47) lyssates. Ixfeveral additional tests it has also reactive in this
menner. In the instances where it was attempted to obtain transductions by mixtures
of the two lysates it was found that the culture was transduced, to a lesser
extdnt, by lysates of (27). hmtmmxtnnxnxnxnnnnﬂ: It was thought
to explain this incongruent result by postulating that reversions had ocourred
during the growth of the culture and that in effect the cultye consisted of
(-—)wgs. (47) contaminants., On this assumptian th:b:;:ansductions of the culture
would in effect be of the form (27) —-x (47) and the resultant transductions
would be expected to segregate (47) predominately. This was not the case, of the
six segrega.nts. examined(from six separate transductions) 3 were (27), 2 were (—0
and only one was (47). This does not rulea::he explanation o2 but requires a
frequency
great dwxk of exchange between segment and chromosome for compatibdility. !
Examination of this culture had pregressed to the stage of isolating.
a (4 ) segregaant that gave unstable reversions as well as a xxxisk type which
did not, at the time of writing.
Not all of the Gal- cultures studied have been found transducible ald
though the most frequently occuring (~) after ultraviolet rsdiation appear to
be of this type. Three di,‘ginctly differsat occnrrence:of non-transducidle
gal- have been found. Two of these were induced by nltraviolet, and the third
by copper exposure ( H, B¥yers). Cme of the ultraviolet mutahts has been
examined to some extent. The results are given in tabls 18. It eppears that

thisg (-) is not transiuced by any of the lysates and futher that lysates of

it in turn truﬁﬁuce all known transducible loci, but Gal, with lowered frequency.
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Tabls 18
Analysis of a Net—transducible Galactose Locus in W2312
by Transductinn Asaay

Experiment Plate Additions
None . HFT Lysates X¥T
Gal.~ Gal,- Gal) -~ Wild Type
206 (1) o* o* o* 0 -
(2) 0 8 - - 0
220 (1) 0 0 0 0 -
(2) 0 . On* ox» o*# 0

* nunber of papillase par plate
** NFT (normal frequency of transduction) lysates used in these cases

o Table 14

Activity of Lysatee of W2312 on Selected Galactoss Loci

Galactose Plate Addition
Locus Nene W2312 Lysate
Galy~ Lp* i* : om
2= IpT  (220) 8 7

(221) 19 28
Galy- Lp® 17 i
Galg~- Lp® 3 121

* mimbers of papillae per plate
®* 12/12 examfied were found to be stable Galt

Table 15
Rewults of Crosses of W2312 with Selected Galactose Locl
Selacted Galactnse Mumbers _
Locug Gal+ Total Prototr-phic Rechmbinants Percent Galt
Galy= ¥~ 1 2112 0.03

Galy~ T 1 198 0.5
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For the purponse of collecting new gal- and for observiang the occurrence
of tmmnsducidble locij{two separate experiments were performed. Gal- zutations
were induced in Wl67j (glyc or éar)' Prol” and W1765 hist™ leuc” by means of
ultravinlet. Table 19 gives a summary of these sxperiments. Reccurrences of
both Gal;~ and Gals~ were found as well as s xumber of new lnci and pessibly
several (—). No recurrences of Gal,~ were observasd.

The effect of ultraviclet radiation on the transducing activity of lysates
has been investigated in three experiments. The first two experiments were concerned
with NFT lysates, the last with an HFT lysete. The effect of ultraviclmt upon
NFT lysates is shown in figure 2. With increaseing dose of nliraviolet there is
a linear increace in the activity of the lysates on Lp"' or IpF assay cells until
a survivial of the plaque-forming titker has become reduced about 107 3. Thereafter
there is a gradual decease in trapaduction activity with increaskng dose. On Lp:
there is a slight increase in transducing ectivity an? then a gradusl decrease.

The maximum reached by the lysatex on Lp+ or I.pr celles is about four times the
maximum reached on Lp® cellg. In performing this experiment about 188 Lp® assay
cells wers usa:?d since figure 1 indicates that this number of cells may indhcate
only about X one-thied to one-fourth the mumber of treansductions actually present
the Lp® assay is probably that much low, This then would suggest that the absolute
number of transductions 1s approximated upm%.pg cells when a sufficient nmumber of cells
are used and that the action of ultravioclet is to increese the assay pn Lp" or Lpr
cells to the level of the abseclute number present. In cocnnection with thls it
should be noted that survival of the transductionmo} Lp® 1s still about 0.5
even at the extreme doses used. From the above it is suggested that the action

of iywxtes of ultraviclet is meveral fold. Firsg and most rapid ks the destruction
of plaque forming activity 2 I.pB cells. Secondly, to destrqy that property of the

ag gy Bredudhe

phage which causes them to be"excluded" by lysogenic cellsk.‘and thirdly to déestroy

x E

-~ i
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Table

Transduction Assay of Some Galactose Negative Mutanis
’ Induced by Means Ultravioplet

. Possidle

Culture Mutant Transduced by HFT FFEREEXX
Treated Designation Gal;- GRT - Gal) - Genotype
W1673 Lp® w2310 0 + 0 Gal,-Galy-

w2311 0 + 0 " "

wa322 0 0 0 nontransducidle

w2313 + 0 + Galz;-

w2314 + + + Galx—

w2315 + + + Gglx—

w2316 0 + + Gal, -

w2317 0 o+ 0 Gal,-Gal, -

w2318 0 0 0 nontransducibdble
W1765 Lp® 238-2 0o 0 0 nontransducidble

2388 + + + Gal -

238-6 0 + + Gal,~

238-8 + + + G"lx'

238-10 + + + Galx.

238-11 0 + 0 Gall-Ga.lu-

238-12 + 0 + Galz-

238-13 + 0 + Gal 2~
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the transducing activity itself, perhaps by destrqying the adsorption of the
phage particles.

The effect of ultra.vi.'olct on HFT lysates is similar to that of UV
on NFT lysates. The increase in transducing activity with dose in this case
is not as great as with KFT lysates. A maximum is reached that is approximately
equivalent to the plaque titer of the lysate which suggests that plaque and
transducing particles may be the same but that appearance of a particle as a
plaque exciudes its appearance as a transduction. Platings for plaque formation
on EMB galactose have not indicated that one particle can function in both
capacities but the appearance of a plaque might be obscured by papillae formation.
The sum of the activities (maximal) of the lysate on the two assay loci is
2-3 times the plaque iitkxmx titer, which may de an indication that the activities
are confined to a single particle. The occurrence of transductions with LpT
genotype has been noted with this lysate, and the equivalence of plaque and
transduction titer might not be expected on the assumption that in these cases
the effsct was accomplished ¥y a defective phage particle which toﬁld not give

a8 well as to

rise to plagues B¥ lysogenization.(This would reqhire that 1pT genntypes were

the result of such defective particles rather than of a defective act of lysogen-

ization.)
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INTRODUCTION
Exchanges of géneti:c material between bacterial cells canr be
classified into two main catééories ( Lederverg, J., 1954). The firet
category is exemplified by the recombinational process found in
Byoherichia coli K~12 by Tatum and Lederberg (1947). This form of gentic change
includes a syngamic process, that is, the conjunction of large blocks of
genetic material, and there is evidence of linkage groups, linearity of
gene‘s, and requirement for intect cells ( Lederberg, J., et al, 1951,
~ Lederbderg, J., 1954).

| Under the second mxx maln category are found the exchanges

where one of the participating cells is not found in intact form, but

whose genetic material 1s presented as a solution or suspension of

| |
particles much smaller thag the cell, T This'category i
has been given the geﬁerél title of tranédﬁctionkZiﬂder and Ledefberg. 1952,
3.
Leder‘oerg, 1954) y and is readily subdivided. into two classel on the basis of
sub  of trans
the vector of recombimtion. The first class is ex-npllfied by the pneumococc:
transformation systemn(Austrian. 1952). where the genetic changes arIJAyroughi
' _ () -
about by means of purified preparations of desoxyri'bonucleic “MA In the
gsecond subdclass the genetic changes are mediated by bacteria.l virules or

bacteriophages § Zinder and I-ederberg. 1952, m m

A T syu amy,
%883, In contrast ﬂi&m ! . genetic transduction usually

results in monofactorial geq\tic changes, although dual changes have been
‘noted ( Stocker, Zinder and_.‘Led.erberg. 1953, Hotchkiss, 1954).

-'l‘he 'frequency'of occurrence of these exchange processes among the

7

i
E
'various geuera of bacteria is not known. Genetic recombination of the B, ¢oli’

K-12 type has been observed in about 50 additional stra:ln: of E. coli of over '
{ORS S &
2000 examined (inederberg and !l‘atum. 1953). gransdncti. e al e

us :
pueumccoccllt temmpferamittLgge have been observed 1;1 ﬂenggung ;nﬂnenu.g
—_—s>
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( Alexander and Leidy, 1951), Meisseria menigitidis ( Alexander and
Redman, -1952), and Escherichia coli ( Boivin. 1947). While strains

<D _

of E. coli are reported to show syngamy and transduction, p 1383414

Boivin's culture has been lost and firther studies with it are

impossible. Attsmpts to transfer genetic material via detfmz.kgﬁc&l?%c

acid preparations in E, coll K-12 have been unsucessful.(AAtch],y, 1951).

In Salmonella, Zinder and Lederberg (1952)demonst¥Rted phage mediated
transductions but falled to show the occurrence of ayngamic recombinat%on.
Thus, of the three forms of recombination considered, no one culture has
previously been observed to exhibit more than one of the exchange processes,
It is the purpose of this thesis to describe a limited system of transduction’
in E. coli mediated by the lysogenic phage of stratn K-12, lambda. The

occurrence within the same sgrain of syngamic recombirnation ard of phage

mediated transdnction promises to improve our under;tanding of both

processes.
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MATERIALS A.D METHODS
The principal cultures used are listed in table 1. In summary

they represent mutations at three distinct loci which lead to the I?u
of ability to ferment galaci;ose. Such mitations have been obtained by
irradiating galactose positive cultures or an indicator medium, EMB
galactose agar. The different loci have been distinguiaheﬁ‘y intercrossing
the various stocks and finding galactose positive recombinants in
certain crosses (Lederherg, E. 1950). ' 1}13 Gg]_l..

Gal;,- stocke are the result of a single mitation’ to (- ) in each case,
vwhilo Galz ' stocks represent two 1ndependent mtations to (-) vhose
identity is based \rpon the observation that no galactoee positiu
rgcopbimnts havfe been ob,_served in more than 11,000 prototrc:phic -
r}‘e'com‘bin&nt‘s from cros:es between theﬁ,and upon thé synonymous 'behavior
of the stocks in transduction experiments. These three loci are closely
linked to one a.nother ag indicated by the data in table 2. but the order
of the loei 13 not specified.

In addition. each of these loci is known ( Leder‘berg. ik and
Lederberg, “ 1953 ) to be closely linked to ’ latent phage )
Locus of E. coli K-12, Tres alleles are known to exist at the Lp locusf !
(1) Lp 4' overtly lysogenic '-(showing evid.ence of free phage in cross

srushes with Lps forns) and resistant to lysis by free lambda phage, {

{2) IpT ; not overtly lysogenic

e NS SERE-CPCTR but resistant to lycis by free lambda

15
>ha,ge, (3) Lp 'not lysogenic, and m lysed or lysogenized by free

hage.
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At least two other loci affect the interaction of lambda with
E. coli X-12, and are scored by resistance to lambdaéz. the lytic

mutant of lambda, One of these shows a coincidence change in maltose

e
fermentati on. Both mutations result in a loss by the cell ofhability
either
to adigfbhlambda or lambda~2 regardless of the state at the Lp ;ocua.

Methods and media were as detailed in Lederbverg, J.(1950).
Liquid cultures were in penassay broth, with or without aeration; solid
media were of EMB base, elither with or without added sugar, or Difeo
nutrient agar with 0.5 percent waCl, j‘or crosses, a synthetic form of
EMB, BMS,was used. | '

High titeréd lambda phage lysates were prepared by two methods.
The first and most commdnly used was that of Weigle and Delbrﬂck(195l)
in which induction by ultraviolet radiation (UV) is used. The UV was
administered to penassay grown cells resuspended in saline at a density
of about 107 per ml, After irradiation the cells were dlluted with double
strength penassay broth and incubated at 37C with aeration until maximal
_cléaring was obtained. " Lytic " lambda was prepared by infacting lambda
sengitive cells with UV-induced lambda; the infected cells were resuspended
in nutrient saline broth, These suspemsions were then incubated ét 37C

with aeration until maximal clearirg was obtained. Lysates prepared by UV

10 Per ml, whereas the lysates prepared

induction had titers in excess of 10
by the other method had slightly lower titers. Unless'otherwise specified,
the lambda used irn the following experiments was obtained by UV induction
of lysogenic bacteria.

Crosses were performed by mixing Cksaline suspensions of penassay
grown cells either before plating on the EMS synthetic medium (usually with

aedded galactose) or directly upon the plates

6



Tests of oultures for phage resction vere by the cross brush method
in vhich the cultyre is streaked across either phage or phage sensitive
. ) ) . . ' S
cells to ascertain vhether or not it ,:urrying bhage or sensitive to
phege ( Lcdorbnrgg_g and Lederberg, &g 1953).
] L‘u}u 3\911&8
" Bransduction assays were made in the case of , nornl}
rrequency of transduction H&B by adding 0.1 ml of lyeate to the
»upprppriato calln on EMB gn.laotolo agar and 1mmba.t1ng the' plato for L
48 houra. A nmnte plate with no lyute Mdad served as an d(:timte
. i gthey cases

of the anount or spontmeun reversion acenrring. or, the lysate was
spread 0n1y npon one~half of the plate, \uth L Iyu.tes giving a

(Her)
high fraqnoney cf trmduction,,tho lysate was oross brushed mul R

~ on the eell;, a He tosts phage sensitivity.
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EXPERIMELTAL RESULTS

General Gbgervations on frassduction

of a humbcr of loci 3&"5"‘* at reudon

: for ability to

Tests
b gave negative

be transduced £
results (table 3), The tests for t;%nsduction of the anxntrophic markers

vere performed by adding lysate to cells on minimal medium, the tests

on fermentation markers on EMB mediun with the apprepriate sugar, Al
was performed
/&e teat for transduction of streptomycin resistance b;r growing the

‘6~ addition | - ?\GU
o Gﬁactose negative cultures unable to fermert an additional
"ngn ca.rbohydrate such as lactose, xyloee, and e.ra.binose ( E. Lederberg,
unpublished) will give apparent transductions wheh plated with phage |
on media cOntaining these s‘nbstances. Such apparent tr(yé]eductions are

‘ not for the fermentation of the carbohydrate 1n the medium, but for _

s % RN
.

ga.lactose ferm nfatiOn,' since after purification, the transductionl '

clones are found only ge.lactose positive. Media containing these su‘ostances

.
ML LR Y Y e ‘-r-,‘ PO
- s T

have some selective action on gala.ctose fermenting clones. ’

Tt TR - e Tt T oy A e

EORE S SAEE S I S L S A R i R AP R AN

in the mmber of galactose fermenting papillae are obgerved (table L),

The mambexr of gelacfo:e‘ fermenting clones 4is proportional to the

anount of lysate added (figure l). Since each of these mutations to
inabdility to ferment galactoss ie capable of reverse mutation the data
met be corrected tn—each—ease, This haa been done for the data in
figure 1 by subtraoting the mmber of -éont&necu- reversions as
determined from ocontrol platings with no added lysate. In addition to
indicating proportionality, the data in figure 1 indicate that the cells
shov the effect irrespective of the Lp genotype of the cell, and that
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lubdu sensitive oalh are more ca.pnblo of showing the effect of added
lynata thanAg:?f;:&c ckltures. lbures
Z-Em\ of galactose mﬁn Sodbeday. |

When lyutes of galactose negative cultures are mixed with
the various plactc;u negative cells results sintlar to those showa in
~ table 4 are obm With the possible cxcoptlon of the interactions

of 8111 nnd G-J.;,. oa.oh of the lysates u capabdble ot mking gnlacton
termenting papillu upon platn cprm with non-honologou- nogutin

- cells. witb. the uml lyutu Ga.ll. Gn.lu 1ntmctionn are matic. sou-

tives giving -igalﬁcant &u‘feronees betvcen eentrol and lysato u’mod
Plates, metinos not. This laterastion \du bo dult with in more

detail in a later uotion. it will be mfficient to otate here that Lo
/OS( YU

euch interaction doeo not proéuee elones that are phenotypically .

of These loci
The differentiation A0y lysate interaction corresponds to the

differentiation Afiisist=tbi by reoombinatiqml analyels.

Actwit ,
5. Exbowidk of Lysstes of reverted galsctose pegative ultfres.

Reverse miation restores the ability of lysates of a galactose

Adecwhatwr  DrdD e ol

Tr oy A, e T e LR SN o
B T PSS AY R . .
+ RS

W . g

DR N SRR m o et D o e medt

Mimic reversals should be able to evoke papilla.e from cells of the S

‘ original mutant type Only in the improba.'ble event that they are located

| L in the restricted genetic segment that appea.rs to 'be ca:pable of genstic

. L ”tranSd.uctiono [ o 5 T S T T R N

i
ey > TR LA : I ‘ s FT WIS g LR L PR 3
T ,_.3 EOMRAL Laniiconsh A BT ‘y i v e B MG LV oM

m of the tra.naduoing astivity of a lyuto by the nothod
sohichddry
of mixing lysate and cells on the plates appears to be gamd in the case
of lysogenic cultures, the variation being less than two-fold over a

thousand~-fold change in the number of cells plated. Cell concentrations
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OPTIMAL-

Dbetween 5 X 107 and 5 X 108 appear to give f\deteotim of lysat
@etivity‘ When the assay cells are lambda sensitive the variation is
two to three fold greater over the thousand-fold range of cell values

6 to 109, with {increasing assay values as the mumber of cells

from 10
increases. Since the ratiox of phage particles to transducing particles
in a lysate is very laxv'go‘ the interaction between lysate and 'aensitive
cells 15 complex,mut fhx with the grest probé.‘nility that the inactive

phage pa.rticlea m intlusnce the expreuion of tho transducing pa.rticlu. o

el el i e WD e ————— e ein e e

The ratio of transductions to phage content of the lysates varies,
approximeting 10"7 for lysogenic assay cells, about 10'6 for sensitive

cells, that is, about a ten-fold difference in efficiency.

The necessity of lambda adsorption for transduction
The ﬁecessity for lambda adsorption for transduction is illustrated

by the results given in table b. When the various galactose negative cultures
are lambda-2 résista.nt, a combination which is incapable of adsorbing

either lambda or lambda~2, transductions are not obtained. The ability to
transform a galactose negative locus found coupled with lambda~2 resistance
is demonstrable when a suitable out cross is made and the galactose negative
lambda-2 sensitive recomdbinant obtained. Lambda~2 resistance does not

effect the ability of a lysogenic culture to give rise to phage and

transducing particles after UV induction,



@
sctunty @

Toe paffarof lvile lanbda. ™ -
2*0 transductions described thns far have baon effected by
eans of lysatca prqpnred Yy the nltraviolot indnotion tochniqne.

b yutaa prepared by lytic grwth of the phago on a -ansitiu aulturo

BAY

The %uu{uaﬁ"ﬂl g/mCJ

With the exception of the Lp locus in the case of lambda

sensitive cells, no changes have been observed in any of the other genetic
characterisgéos of the transformed cells. Many of the galactose fermenting
clones prodﬁcéd by transduction are different from the spontaneous reversions
in their instabiltty for galactose fermentation and in some cases for
lambda reaction., That is, they continue to segregate galactose negative
clones in the course of many serial isolations., In addition, in the case
of the transductions with Lpr reaction there 1s segrdb%tion for lambda
sensitivity with segregation for galactose fermentation. Lysates from urstabld
transduction clones also differ from lysates of galactose reversions: ;n
thevformer the ratio of transductions to plaques is much closer to unityy
(table 8).

Lysates of the cultures unstable for galactose fermentation

when prepared in the manner of the other cultures
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have lower phage titers. The reason for this is not known bui the
production of phage in these lysates is being studied further. With
the excg}ition! of transductions formed with wild type lysates, the
transduction titer of these lpsates is dependent on the genotype of
the assay culture.

¥hen portions of these lysates are cross brushed on galactose
negative cultures the 1ntersectio\n of the streaks is converted principally .
to galactose positive growth becanss of the high frequency of transduction
(EFT), The problem of the HFP lysates will be dealt with in more detail
in a later section.

Incidence 8f£cli¥sogentcity in thg,transduction clones derived from Lp®

recipient cella’
When NPT lysates are used in tranasductions to LPB recipient cells,

about 90 percent of the resultant transduction clones are lysogenic (Lp+)
or Lpr. There is some slight evidence for lambda sensitive transductions,
but these putative transductions have been found stable for galactose
fermenattion and it has not been possible to distinguish them from

spontaneous reﬂersions except by their frequency of occurrence,



@

When Lpr cultures' are treated with lysates a small fraction
(3-5 percent) of the segregants from the resultent transductions are
lysogenic whereas it had nothbeen pos#ible to lysogenize 1p° cultures
with previous methods (Lederberg and Lednn’berg, 1953).

The high incidence of lysogentpity in the transduction clones
nay be misleading owing to the excess of phage,and it cannot be ascertained
whether lysogenization took place before, concomitant with, or after
transductionj by the NFT phage. In the section on HFT 1ysa£ea the r%&?tionship
between transduction and lysogenization will be shown more clearly.

The segregahts from the transductions with Lp* reactlon are
Lp+. while the segregants from the hpr traﬁsductions are Lps and Lpr.

In speaking of the I.pr reaction it shpnld be noted that the
classification of Lpr is more subject to quantitative considerations than
the other alleles of Lp, The @wo cultures (W1924,W1027) derived from source;s
other than Frans&uction that showgd no plaque forming phage in cross brushes
with seneitive cultures gave plaque forhing phage after induction with
ultraviolet radiation, The amount of phage was greatly reduced ovei' that
obtained from Lp+ cultures under similar conditions. These two cultures
were obtained after separate procedures, one from an ultraviolet
irradiated Lp' 6dltuid, the other from an Lps culture treated with lambda
(E. Lederberg, unmpublished)., Both were stable as regards their lambda
reactions. The Lpr clones obeerved-a.fter transduction have not given plaque

they
forming phage after U.V. exposure, but'\differ from those which have given

phaga,by instability at the Lp locus

Whether the Yransductiong with I:;g:»r reaction are the results of

heterogeneity among the phage particles, the cells, or as the results of a

fdefective" =



- aoct of lysogoniza.tion is not tnown, but presumadbly the prodlem could

——y

\

w-Fl».-

!-;'-,

be investigated by statistical mean-.
Exigtence of transdnctions stable for galactose fermentation.

The evidence for the occurrence of stable transductions is the
increased mmmber of stable galactose positiva clones found on lysate
plates‘pr u erpueted faen sambaot piakires{ tabis ﬂ) Although the
increase could a.lso be explained on the assumption of a change in

: -favorm {pmfaneou,: reversions < /mlm; rat molt of rthewr are alss
selective conditions)\. e Tac eated, lysates ( 560 for 30 mimutes )y o tyrefeme
0 the Eaea -

m or fntratea of galactose positlve,lambda sensitive cultures gave of ’7;'“;“{‘5‘*"
0o 1ncreaae in num’ber of papillaej, suggasts that change in selective _ Gnd

conditions is not the case.
THE SECREGANTE ffiom THE UNITARLE TRANSOUCRO NS - ™

- The non-fermanting segregants from the unstable transductii 2

negative cultﬁres against lysates of the segregants,(3) by cresses wiph
known galactose negative types. _|In classifying the segregants it will
be convenient to fefer to the BEEFBEKREEXEYXERE parental soﬁrce of the
negative allele or alleles by generalized designations, By idlotype is
meant the genotype of the recipient cell parent, by allotype the gerotype
of the donor source of the transducing lysate, Amphitypic will designate
cultures which at some locl are. 1diotypbc and at others are allotyple, e
Unstable or. segrega}ng stocks, as will appear, are heterogenotes and

the underlying state 1s described as heterogenic to distinguish it from |
euploid heterozygoain for bntire ganomes. S . S [

For further analysis it will ultimately be desirablp to

T e MADE
1sola.t10ns with due regard to the complexities of colonixi fo
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A
Ve.rioue segregants wefe tested by one of the three possible @

three
methods, and eome cases (table 10) by al) methode. Tables 1f and 12

>*'u.,:.‘,; ho " R A w + kel “

preaent summa.ries of the analyais as transduction recipientn ard as

I P LR ".x PSR! BT e L g L—f e 4‘.‘ ‘t\.«*r-'v“v K L

tra.nsduction douors. The pattern of eegregation in the varioua trana-

o S L

duction experiments can be obtained from table 11. Gall- segregants

haVe not been tested in crossing experiments because no suitable
' - for this purpose ' -
stock is availablgt

— ..,.a»-_. — e

PG o P 3 _'f;~} ;4,;33 ‘_Ei‘,"l?};‘aii’-'f 4 Tgiies wxy vedolets, wnad
is, & culturq clauified by tho first aethod ns 6&14- vas .1!0 olauified
as: thiu m by tho other two. tute._ iy (IREES -

L
against lyuten of knmm cultnrn. !'vo vere Gsll mz-. and one vas

fied ss anphitypio in teatl

" an Galy, -, !he formor vere prototrophic o.nd 1t wvas not poni‘lle to
examine their behavior in crosses, The Gal ~ Gelu- w.lturo il erouable
but has not ‘uen tntod Wu yet. Co '

_ Becanu af the Ga:il- Gal;, intoraofion it is not peuible to tut
any of the anphitnic ngrqganta naing only tho throo‘Aso far considered.
' Attupts were made te anelyte the amphitypu rurther by the action of
thcu' lyutu on an ‘dditiom.l locnl, .‘6316- Lmtel of the two Gall-Gelz
were platod vith cclls of a Ga:l.s- culturo. Both lyutn had little action
in producing papilln . (This perhaps might hnve been expected since ww’ (i
Gal, -~ Won Galg-). Se'nnl unmu. ga.cme fernenting
clones v&do obta.inod from uoh intersetion. hovenr, ud a mber of
-egree-nu were tutod. or 16 ugregmts tron tko transd.nctiona l!r the
lysate of one uphitypio culture 15 wore Gelz . and om wn ehnified as
Gal)~ Gal,-. From the action of the lyu.te of the second amphitypie culture
five Oal;- and two Galy- seeregants vere cbiatned. Although both lysdss
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fransmitted Bul,_ and Gala-, confirming the existence of these fESEX in-

the parental. alturu. thc fulare to recover she 1diotypie ms- loons

among the ngramts is dimn-uag. X

Boyond the f_ugt,.t!m_t -Gals ,13_ & locus transdnced by lysates nothing s

known of Lts behavior. Al |

(dz;ﬂxwuw /
Although the uphitn&c cultures are not traaaforud ‘o wild e M

~ma.h thp action of a wingh pure J.yute, .

.nm The. mume- o2 tlu mmmua of eon: and 1ysate hate ok
s booa um.uatca bui tho yuﬂ; rodnead mlm' or tnnsdnettm wodnod }mﬂwpﬁ _;
_ by tho nixed lysate u expcctod. on she. mlwtion of MQondant interaction
bmocn the -cells and each of the tran-ducing activitios,
- The transduction§ prodused Yy _tho aotion ’ﬂf,' nixed lysates on
- amphityplo segregants appear to Be less stable than ti;énodnct!ons of cultpres -~
- #¥ negative at & single p.lactou locus. In addition they shi rise to
_ ®intermediate” ugrogmt- iz vhioh or.ly one of the twe transducing activities
 hag boen losh. rron the ¥4 olone. guu " stermediate” segregants in turn
give rigse to° Rgremts from which Yoth transducing activities have heen

lost, v , ‘
Under the section on transformed cells itk was noted that &b lysates

of the unstable galactose positive alones the ratic of transduction titer
RE MARKABLY

to lawpluu titer vugn:hish w
g o

. - these cultures wers not the
wﬂu,m

first to give BErr lyutu. In the course of .Zﬁ”mu .gmh from
sates

trm-ductionAw means of lyutn of thenm, mn-n oxecptio LLAYE ware




of transdncsion. ZHN

W An examina${on of » mmber of EFY cultures was made, the
remlts of vhich are shewn in tadle 1. \Wm @ -

S &cm for th‘véﬂ”’ -y TN _
these ccoptioml culture no differont froa tp other sogngmtl.

. !hnt 1:, thq rmted in iutn asti mtn In tha ‘same’ unw n m

(e ARSI P oAy \ :\vore unsuble .
for this proparty and unstablo on. rare: uc.utons :!'dr plmtuue%w
Regarding the lattu' 1nnta.uuty. e cnlturu vhich vare nosatin at
stngle locus segregated NFT segregants that were negative at this locus
and popp M M negativo at ai additional 1ocnl as wvell. In nont
instances , hovever, thc b 4 sagreganu vere of M smwe negativem‘ AT THE SAME

L“:l the p&ent gclactoso negatt'n HF? culture.

The galactose posit!.n renuionu of the Hﬁ cultnru that have
‘loon studied are still capnblo of givin; BFY lysatu. ht ares unstadle

- for placton fmontation. The mactou nogativo uaemn rron tho
reverted m cultnrn aro m. are oithor negative at tho same locuc as
the origiml negative HFT segregans$, or mgatin a% this locus and negative

which roved "hft"&é ‘thd ongw—d
- a% an sdditional locus, onoA\d:&h s thy 1d4otyplc locus in the fornation

z
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of the transduction clone., The galactose positive reversions of these
segregants are stable.

A charactersitic HFT culture has been obtained for each
galactose xxx% negative ;s well as for wild type. These cultures
were isolated initially by making lysates of random segregants
from heterogenic transductions and assaying the lysates or the
appropriate cells. Thie metht#d is laborious and inefficient. To
assist in the isolation a mor\e rapid method was devised, Random
segregantx c&loniea were picked to small volumes of water or broth
and 8 samples of each suspension were then spotted on an EMB galactose

platev spread with cells suitable for the detection of the HFT
culture desired. The plate xpmkkwk was given a small doee of UV

(about 10-20 seconds at 50 cm from a Sterilamp) and incubated for 24 hours.
At the end of this time HFT cultures were usually deﬁected by the

raised welt of galactose poaitive growth where lambda produced by

the inducthon and lysis of the HFT culture had transformed bacteria

of the background film of growth. '

The incidence of HFT galactose negative mmXmixsx cultures
is not high. Of 67 segregants tested, 7 wére found to be capable of_

HFT lysates, 1’:{0 true frequency might be higher than this, since m&u
segreganys were examined and there was opportunity to pick .FT
segregants from originally HFT clones,

Culturesiux giving HFT lysates that are pure for a particular
galactose negative allele are suitable for a.llelb/%n tests of unknown

gelactose negative cultures by the cross brush method.
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Egerinéntl with lysates g_i_y_gx_g.g high frequency of trapsduction
Although the HFT lysates have not yet been obtalined with

phage titers comparable tdﬂUFT lysates the titers have been sufficlent
for transfiorming a large fraction of a cell population exposed to them,
The largest fraction of transformation observed thus far has been 12,5
percent of exposed cells, but in most experiments the fraction has been
betweeg 1 and 5 percent.

. The use of HFT lysates has permitted the study of several problems
not atgéckable with ﬂFT lysates. One of these is the relationship of trans-
duction to lysogenisation with the phage lambda. Another problem is that
of the interaction of Gal, and Gal,. Both of these problems will be
dealt with in theAﬁext sections. With HIT lysates, transduction was
experimentally feasible ak X only whan a galactose phenotype is
generated that can be sdlected from a galactose negative background.

HFT lysates, permit the detection of galactbse negative segregants from
transductionn clones derived from galactose positin recipignt cells.
Tranaduétions in this sense have facilitated further studies of the

interaction of the galactose loci with the Lp locus,
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The relationship of lysogenization to transduction

| By exposing cultures of Ip® cells to HFT lysates, diluténg,
and then plating on galactdse medium to obtaln isolated colonies it is
possible to study the behaﬂor of ind{vidual cells with regard to thutx
transduction and lysogenization activities. Table 1"’ gshows the resulss
of an experiment in which 1.1 percent of a cell population was transformed
after exposure to a HFT lysate. The second portion of table ld'given
the phage reactions of the gaia.ctose positive (transductions) and
galactose negative colonies derived from cells exposed to the EFT lysate.
All of. the transductions were lysogeniszed or converted to the Lpi state

vhile the non-transformed colonies were either phage sensitive or

-

contaminated with phage. .
carries

These results suggest that lambda £ the transducing activity.
could be argued

However, under the experimental conditions employed it ifm=pusmilde

the transductions are the resultx of the action of two entities. The
~would
first, which actd upon the cells and makes them "potential" transductions,

and the secOnd lambda, which in the proceu of lysogenizing the cells,
would S‘omehmu L& s0 many phaqg tontacts to resuit 1n

sconvertd them to actual transductions. I» order fof transductionp $o-—he-——

( Vs 0 3% /
WWM the "potentiating® agent would have

preseat “in W about : . ever.
to be tire-omder-of ten-fold & excess ﬂ! lambda. &4&5& be -argwed $h5t

 becumse iz imkiw the experiment ﬁum&a&w onty—uhout=one—
it of=the—Tambis—vell—sombicchondosane—trencductiona=thet the-resio
. of the "potentiatingll spert {0 lembda weu wot- high. Tebe-wauld-not-necessarily

\ 4 ,ﬁ— ?"fﬂmhﬁh
petentiniity=bo—actunitiyr |The obrerveatben-of linearﬁ- of number of trans-;
~5_, -6 Wowidelingly
ductions to amount of HFT lyeate at high dilution&(lo ~10 / mwires

such au overwhelming eccess of anytacessory to Hotmake TS hw.ﬁ\;sw
the intervention n-aA"&'actor in§ W addition lambda Nighity. {mpwobuble.
A

ruui—c wa ble
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At thége dkkkmyx’ dilutions the probability that a single,f'ce‘}{ would N‘
| . ; L
anount both a::}O@/vonld (approximately the sqb{ojof thc\/

10/1912), Lambda most certainly must be the vector of transductio-.

B luteraction of Gal, snd Oul, { fosiccect). s,
~ ¥With -the :uso of HFY lysates it has Yeen posaible to0 study th
interaction of Oal,-and Gal,- cells with HFT Gal,~ and Gal,~ lysa.tu"z .
respectively. The results from one e¢ot of iunteractions is showan in tal;i;
15. After a preliminary period for the adsorption of the traneducing
activities the cultures were centrifuged, the superhatant lysate discarded
and the cells ;'eouspended in broth. The cells were then diluted and plated
oﬁ BMB g)Xue galactose medium, Bo galactose positive colonies were obdserved
on the wiApkX e\ ipid (it plates made from control unexposed cells
or from lysate treated cells. After 2 hours incubation at 37C two rafsed,

_slightly orvunge-$iuk colenies vere observed in sach experiment on the

piatos fron.eollir‘:u.p@ped to lyeate. These colonies were slightly lar, "

and after 24 hours develop



; roughened papillate surface. On stqgiing out they gave rise to positive
colonies, negative colonies that remained negatife, and to papillatiqg
galactose negative colonies. |

In each experiment a number of galactose positive colonies
derived from the papillating negatiie colonies were tmwimt picked and
streaked out twice for purification purposes., From the secomd streaking
galactose negative seéregantn wefe obtained and classified with regard
to negativé allele. In each experiment idiotypic and allotypic segregants
were observed and in one exﬁeriment amphitypic segregants were found. The
amphitypic ( Galy- Galy-) ségregants were transformed towild type
phenotype_bj lysates of wild type cells, and a lysate of , the ampﬁitype
' forﬁed galactose positive transduction clones when zpplied to Galz-

recipient cells.

The failure to realize a wild type phenotype when the positive

trans-
: qlleles are in a xxmmsposition, and its realization in the cis~position

constitutes a positional effect for these loci. YEE
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The action of HFT lysates on lambda-2 resistant cultures

(fekle )
In the previous discussion NFT lysates were stated not to

\»

transduce lambda-2 resictant recipieng cells, HFT lysates, on the

other hgnd. do transduce lambda-2 resistant cells, but at a low

frequency (one per 166 transducing particles), This is presumadly
'oﬁﬁiéiﬁiibh:?;-iﬁﬁx potency of HFT lysates, which helps to uncover any
residual interaction of transduqing phage and lambda-2 resistant bacteria,
regardless of which element had varied. Such variation might then de
eithér phenotypic,(e;pressivity) or genotypic (mutation) mither in

virus or bacterium.

The interaction of HFT lysates with lambda-2 resistant cells
is illustrated by the following observations. Some mutations to lambda-2
resistance are accompanied by a coincident change to Ywmbdx inability
to ferment maltose ( E. Lederberg, unpublished). Reversions to ability
fo ferggﬁt maltose ;s accompanied by reversion to lambda-2 sensitivity
a#d vice versa. These two phenotypic effects have never been separated
in crosses and 1t is presumed that they are the result of a single
mtation.

The transductions of a galactose negative, maltose negative
lambda-2 resisfant. lambda sensitive culture obtained by the action of
an HFT lysaté are of two types. Maltose positive andi lambda-2 sensitive,
ard maltose negatife and lambda~2 resistant. The first of th::: ixxr=x
types represents the detection by the HFT lysate of reverse mtation

of the locus in the recipient cells;éontrolling lanbda-2 resissance.

The second type of transduction in about 95 perceat of the caaés

is stable for galactose fermentation. Study of the transformability of

galackose negative segregante from the unstable transductionx clones Luwd
g
showed ‘them not to be susceptibittte
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to a higher frequency of transduction than the parentel EmXixxs maltose
negative lambda~2 resistant cul@bre. In th&§¢ cases, at least, there has
not been a mutational change in the recipient cell to a XEEXR greater
aptitude for transformation.

About 95 percent of the sxamwdwstizzuxsf maltose negative
lambda-2 res$stant transductions have been found Lp®, the remainder Lpr .
The Lpr forms may be stable or segregating for galactose, but dl segregating
clones are Lpr.Segregation for ga.lactOSe fermentation is usually accompanied
by segregation at Lp. Presumably in th?c&ses there has been variation
in the transducing particles, although it is possible that in the transductioans

ending in Lp clones that an agent distinct from lambda is opergting.
drand deho L
Crossing behavior of the unstable-galastose-powivive-owlbures

In previous sections it was noted that transduction clones
Snee
gave HFT lysates after UV induction. ¥f spontaneously produced phage 1is

similar tp phage preduced by the induction technic it might be expected
that in crosses bétveen transduction clones and gakactose negative cultures,

or between HFT galactose negative cultures and ndn-allelic galactose

" Q S nm't are uun:l. obsarvations vhigh- soggast that trmmtien "L sceur
/ dan mt pw qn iupgrmt pars in -nd: uou«, The first nmutzom <" tion

oSBTy

) ‘iﬂhﬂ.’is t&t ins mn Mnm an Kﬂ' allotyplo

‘whi‘uh ninh‘ium
usrmt antl an 1diotyp10 tntor, 11.200 prototrophl vere cmaﬂined befcro
a anlactou ponuiw rmbimnt vas enoountersd, A second observation 1s

,15..
frm Sho mi-u ot‘ a cross M lynomie unstable transducéion. N

(owpcu- af ;iving m lyutu) uﬂ n 1p® uhcton nvntin oul.turo. iﬁ

‘. mn ,, x.p’ tr-aaduction (umblo of ngm m lynin) -J
}o ma Ly' ahm:o hpun culm A oc-paruon of theu mtuu

uhovod no uniﬁennt 4norease h ‘the number of galactone positive oolonin

thave .
in thc cross bedkoen tho lyscgeAlo tramducuoa aal the unniun; Apparently

transduction does not confuse L—W&a&bﬂ, the results of crosses.
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The transmission of galactose heterogenicity in Eﬁsses is greatly
influneced by the F BEXX¥IX¥ polarity of the cross (table lig: When an __
axztzbis heterogenic F' culture is crossed with a noneallelic:galactosb
negative 1p® F~ culture, unstable galactose positive prototrophs arse rare,
When the unatable culture is ¥, and crossed with & non-allelic XX galactose
negative X Lp8 Tt culture, most of the prototrophs are galactose positive
and unstable., Some of the galactose negative prototrophs in these crosses

can be explained by ga.la.ctos'e negative segregante in the unstable xix

e~ galactose positive parent clone.

Sovmtoan galaotose negative wntants have been indnoed YWy m’u :

of ultraviolet light in auxotrpphic stocks skifsdle for crossing with
the Gal)~, Gal,~ and Oal)~ stocks used above. Of these 17, 14 were found

" to be tm-femod r lysates (to wild $yp tin of the li were reocurrences

ﬁ% or Gal,~ m Oalz—, four were appanutly mn mﬁum at. 0:11 )
(gyu e
-~ M,,. and tht mmu five were new loei m:an«d hy lyuho. Ozu c:

thn thru cmlmn nbt transformed » any lyuto was mm f};_r)hu .
eAuEM‘l»Y Nol

Iysates of 1% (#a transduced Galy, 0.1,,. ant Oalg, bub A;&“ Vel In
reoombhnation tnu this culture has glven pla.cton pesiwn tooonumu

"“h both “’12 ‘“‘1 “‘14 Yor oxphmtion 6f these rnuln 1% 43 necessary
ua’r TRAT CAM BE mm:oucev
1’% md.

:’
e

OYTS ICE
to postulate a doudle change, one vitout th

"v»tw_d,

beiv “and one viths.n tha rociﬁn. son-allelic $c awy of the Known loei,

S

B4 which in addition &ives an interaction with Gnl - such that tlu hetero~ f%
*:‘",

F2x zygous ccubination is not phommioall; galastose puitin. A" Omeso'vff‘ﬁ;;, i
fechnicad dt#ncull-a Seems o mere hlu(t) f{-'\aua.hn\ .

The study of The gqalachie m1qhvc Cufbuves wot o sEwnaed 27\’
dASCCVIMV-? wheel, wl}u\ca
:Iow ‘.g_nh,\/g, ) So

|1xo.4'c~l hot becn 0“”‘1 Wikdeved lm.] dxH’-:w.ﬂ-j ™

'Mﬁa.hvt' aud wb\l(‘(\ cu[‘-“w.# we ve m&WL]

were  trul
1 Srausdatchn s are wel Nad,\ celecded,

M 34_(9.:,‘1!4 po!lMc
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DIBBUSSION
The xmux results presented above can be placed in ba.n orderly
faahio;; by the following scheme. When lysogenic cells are exposed to .
ultraviolet radiation and the prophage is induced to form mature pha.g;,
on rare cccasions a fragment of the bacterial chromosome is included
within a phage particle. Wﬁen thie particle injects its genetic material
into another bacterial cell, the fragment is also injected and if the

recipient bacterial cell has the proper genstic constitution the presence

-

of thie extra genic material is made obvious. The—fregment—remains-within
- +

The allotypic fragment usually persists at cell di#ision, so that

segregating clones can be maintained indefinitelyysin mass culture. At
least two additional events are inferred: (1) diploid crossing over leading
to reorganized digenotes. Since these may be hetepogenic or homogenic, a

four
fpar x¥x strand (or more) stage is implied. (2) segr;ation occurs leading to

mh h;plogenotei, the state typical of E, coli. The fate o#the fragment is
unknown. Crossover haplogenctes (amphitypes) have also been isolated and
may represent either a third process, or the first two in sequence ( cf
Pontecorvo, 1954). Since heterogenotes give HFT lysates, ‘the fragment or
8 replica of it, is assumed to have a high probability of imcorporation
in the phage obtained by UV induction. The low ylelds suggest a burst of
one phage particle, a reversal of transduction,

| From this description it is e;'ident that the genetic transfer is
intimately assoclated with the process of lysogenization and lysogenicity.

Concerning the process of lysogenigzation in K-12 little is known beyond the

fact that cell and phage interact, there is a period of indecision, and the
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infected bacterium either dies or generates a clone containing lysogenized
cells. Once lysogenicity is established the capacity to produée phage
behaves as a nulcear gene that is closely linked wiith a mmber of loci
controlling galactose fermentation.

The firﬁ step in the scheme is the inclusion of a fragment =t
xhm within a phage partécle, In Salmonella the fragment is a random
* section of the cell's' genetic material, but in E, coli K-12, it is x quite
ﬁpecific, for only a restricted.group of loci are transduced by lambda.
Again in contrast to Salmonella, "lytic" lambda is 1ncompet% in
transduction., This may reflect an inherent difference between lytic and
UV induced phage.

In the establishment of lysogenicity the genetic material of
lambda enéers the cell and adsociates itself in some way with a specific
region of the bﬁcterial genome. In the induction process it is presumably
‘emerges from its place and starts to multiply. Transduction could de
gecounted for by some latitude in the separation of the galactose loci

from the prophage linked to them, and their common énclusion in some
maturé phagé particles. The close genetic proximity of the galactose loci
would suggest their increased liklihood of #nclusion, dut there is no

closely
necessity tha.t,\linked genes be also spatially close to one another.

(AT A NFTy
Thero are two types,\of culture in vhich transducing particlel

., are formod a.nd lt 1: legitinate to uk: vhether the two are dirferent
phemnm or ﬁx neroly quantitaively different aspoctl of a singlo
ph.nononon. The evidence for a unita.ry prooou 1: negative 1n na.tu;q. iha.t

’ 1:. no diffaronoe han baen xwted botweea BFY ) satoe a.nd m lyu.tn. )

? ' imna‘i’eﬂﬂ"‘""' hews
axco;pt pouibly the highar incidence of trmu&'m!t'fun- wawh Lp (Tenct
¥ 3

with the forner, This exception. ir it Yo ono, oould 1tself 'be explgnd,

on the basis of quantitative differences betwesn the two lysates.
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?hoA duction of transduoing particles in cultures giving | ‘

‘: -

i '
%&utn hn not Passed Leyond the ,prelininsry nug-. fhe evidence thus

. most w:
fo.r tuggut- tha.t M or the cells yleld transducing particles
With - the Befevunahin 5t

and that tho yield yer eell 1: mt largo. lh regard to tho frequency of
cells m-itting trmduoing actiﬂty it shunld 'be noted tha.t culturu ,

:ta.rtod rron a sin.gle ooloxv vith BH‘ property may contain &8 much as
' v;r#ur/ ow““:earézahm ‘
30 percont of cells wigh NFT property, - i T e
ﬂsfec"ﬁe. “dekive ’f R
?hoLnlaaa oF the 1ysatas of negreggting hﬂ:erozygoul

is
mactose posit2ve clones ind.icates that the fragment preferentially

s\? g

kcluded within tha phage particlea, o . Prosumsbly ezchange detween
= Cad- alse’ ™
fragsent uxl intact chromosome Aoccm'ﬂ saah that instead of giving lysates

predominately allotypic in character, idiotypic lysates are obtalined. The

exchange is sufficinetly rave, ;zovaver, that odgervation rhmains_ objective

in pature,
The nature of the association of the fragment with the infective

phage particle is not known. Presumably the material fs within the phage
membrane since it is not attacked by desoxyribomuclease. The availability
- of lyeates in which tkw» most of the phage patticles have activity (HFT
~ lysates) or have no Aa.ctiyity (NPT lysates) suggests that morphological
compafisons might possidly be made via electron micrsocopyof intact FTEKEE
PEEXTEIEE or disrupted phage pa.rticleu.
The fragment enters the bacterial cell in company with the prophgge,
by analogy with T2, probably by the inJection process (Hershey and Chase,1952).
The association of the fragment with the prophage in transduction
to lysogenic cells cannot be stated in the absence of phage markers, since
it is not ﬁossible to distipguieh betweén the previously carried and the
newly enstered prophage. The carriage of more than a single prophage by
cells of E, coli K~-12 has been reported by Appleyard (1954) and it is

likely that the transductions of lysogenic recipient cells are also

carrying more than a single prophage.



In 'only one instance, from more than 250 segregations studied, has megregation
from a transduction of lysogenic cell resulted in a change at Lp. In this
case an idiotypic segregant became Lps, and this might have been a spontaneous

"mutation”,

. In the transductions to Lps recipient cells the associatéon
between transduckng prophage and:‘;fragment is possibly better seen., These
tré.nsductions are of two kinds, Lp+ and Lpr. All/segregants from Lp'+ clones
have been-lységenic. On the other hand, Lpr transduction clones segregate
i.pr/Lps as well as Gal+/Gal~, The incidence of Lp® Gal- idiotypes supports
the notion that these loci are linked.

In considering the rekationship of the fragment to the rest of
the’genome no specifivc statements can be made with regard to its perpetuity
in the heterogenic clone. One would depend upon its possession of a
functional centromere, so that it would behave as a small autonomous
chromosome, or the fragment would lie attached to the homologous chromosome

attachment”
segment, either intersitia.lly or terminally. Either position presents

difficulties for crossing over, and the fragment as a separate chromosome

ﬁg}seems more plausible. |
A In the above sections the results have been treated and discussed

’in 7éeneral way. It is obvious that the study of this transduction system
has orly begun and that many experiments and interséting observations will
be made before the problem 1s completely understood. It. is proposed to investi-
gate lambda transduction further along the following lines.
| 1 " Whether the production of éransducing activity in APT cultures
. 1s related to the interaction of radiation and cells, or is the result of
a lmtation\ like event in the cell poputation.
2. The production of transducing particles in HFT lysates.
3. The action of radiation on transducing particles and the possibility

of inducing mutations.
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6. Further studies on crossing over between fré.gnent and idiotypic

S

loci using additional markers.
7. The relationship between lysogenkzation and transduction, ank

between lysogenization and crossing over.

8. Egtimation of the gene order of the transduced loci and their xmk

relationship to other mapped loci,
9. Study of the biochemical steps controlled by the various loci

@i the faxzpuxiyx fermentation of galactose.

4 The detection of other loci within the transduced re cm.E

5. The bshavior of the fragment transduced during meios‘l



SUMMARY
A cluster of loci in Escherichia coli K-12 was found previously

to cont;'ol -the fergentat‘bon of galactose. Lyalogenicity for the temperate
bacteriophage, lambda, was also found to be closely linked to these loci
in crosses. 'l‘hé phiage lamkda now has been fﬁund to transduce these loci,
as can be readily demonstrated by mixing lysates of galactose positive
cultures with galactose negative cells on ;i selective medium, EMB
galactose agar. . , ; The transductions
result in clones that are hebterogenic, that is, they are diploid

for a small region of chromosome. The small fragment of chromosome
transduced appears to have a functional centromere, and is perpetuated
within the clone even after many single colony isolations, but it may
on some occasions be lost. While in the cline it has been found to
cros.sover with its homologous region, on some occasions at least,

‘at a four strand stage. Each of the new phage particles formed in lysates
of hetez;?;enotes has a high probability og containing weit—ewiy—a-Fruguent,
ot the fragment &Skl TGINSMEY carried in the hateroge.nic clone.

A position effect on the expres;ion of two of the transduced loc¢i has
been Obgerved. Di;;eterogenotes of Galy and Gal) are not phenotypically

galactose positive in the trans positions, but are sojin the cis.



40

P

BIBLIOGRAPHY

Alexander, H. BE., and G. Leidy 1951
Determination of inherited traits of H. influenzae by desoxyribonucleic
acid fractions isolated from type specific cells
J. Exp. Med. 93, 345-359

Alexander, H, E, andW Redman 1453 £ mening 0CocE. Change ro
T LTy WG i sl
cerd - 1g¥1 Med ! ‘\1 191~ goc,
Rppleyard, R, K. 1954
Segregation of new lysogenic types during growth of a doubly
lysogenic strain derived from Escherichia coli K-12

Genetics 39, 440-453

Atchley, W. A. 1951
Cold Spring Harbor Symp. Quant. Biol, XVI, 441
(Discussion of Lederberg et al)

Austrian, R, 1952
Bacterial transformation reactions

Bacto Rev. _1_6_’ 31—50

Boivin, A. 1947
Direcked mutation in colon bacilli, by an inducing principle of

degoxyribonucleic nature: its meaning for the general biocjemistry

BXRBEIRAIXE of heredity
Cold Spring Barbor Symp. Quant. Biol, XII, 7-17

Hershey, A. D. and M, Chase 1952 :
Independent functions of viral protein and nmucleic acid in growth
of bacteriophage
J. Gen. Physiol, 36, 39-56

Hotchkiss, R. D, 1954
Double marker transformations as evidence of linked factors in

desoxyribonucleate transforming agents
Proc, Nat. Acad. Sci. 40, 55-60

Lederbverg, E. 1950
Genetic control of mutability in the bacterium Escherichia coli

Ph, D. M niversity of Wisconsin, Madison, Wisconsin

hededbers, € - and J, Lederberg 1953
Genetic studies of lysogebicity in Escherichia coli

Genetics 38, 51-64

Lederberg, J. 1947
Gendtid-recumbination in Escherichia coli
Ph, D. Dissertation, Yale University, New Haven, Conn,

Ledevber 5 1950
3 Isolation and characterization of biochemical mutants of dacteria

Methods in Medical Research 3, 5-22
The Year Book Publishers,Inc., Chicago, Ill,



<)

Lederberg, H., E.M.Lederdberg, N.D.Zinder and E.R.Lively 1951
Recombinational analysis of bacterial herddity
Cold Spring Harbor Symp. Guant, Biol., XVI, 413-443
Lederberg, J. and E, L. Tatum 1953
Sex in bacteria: genetic studies 1945-1952
Science 118, 169-~175

Lederberg, J. 1954
Recombinational ,mechanisms in bacteria
J, Cell, Comp. Physiol., Supplement 1954

( Svmmoaium on genetic recombhinastion. ORNI. Anril. 1954
Ny SEY A Vel pYesveae ~ LR it -ty T~y ~IJ

Pontecorvo, B, 1958 ) . . '
Arclysis of mubtic vecambinatim w Astev&i\lql pigee

J. Genetics 52, 226-237

Stocker, B.A.D,,zEiD.Zinder and J. Lederberg 1953
Transduction of flagellar chafgcthers in Salmonella

J. Gen, Microb. 9, 410-433

Tatum, E. L. and J. Lederberg 1947
Gene recombination in the bacterium Escherichia coli

J. Bact, 53, 673~-684

Weigle, J.J., and M. Delbrfick 1951
Mutual exclusion between an infecting phage and a carried phage

J. Bact. 62, 301-318

Zinder, N.D. and J. Lederberg 1952 v
Genetic exchange in Salmonella



Table 16
The trangmission of heterogenicity
in croggeg
{arenm' dells : Protosrophis recomdinants
i r —.Salactoge (+) Galactone (-)
Gal, (1) Caly- 1° 1 about 6000
Galy=s Oal,~(2) 541 99

* unstable for galactose fermentation, 6 galactose negative
segzregants tested vere Oal,-

% 25 of 30 examined were unstable for galactose firnentation.
One segregant from each of the 25 was tested, all were Galz-;

(1) control platings showed the ratiox of (+)/(-) in this
culture was 109/57

(2) control platings showed the ratio of (+)/(~) in this
culture was 115/13 :

25

Gty hp®  Gutt bp” 39 |
| 757 (agpr)

Gar ¥ E-PS Mx‘ l—v-“ 107 (aﬂarox-.)



Table 1

Principal cultures

Wisconsin
Stock Number Geotype™*
W518 o Lac,- Cal - Ip®

+ +
w750 P M- Lacl- Gall- Lp
W81l F* ¥~ lac,- Gal,- Lp'

‘ +

w902 P- 7-1-B)~ Hal - Gal,- Lp

+
W1210 F M- Lac,~ Galy Ip'
w1436 F' T-1-B,- Lac - Gal -~ Lp® ¥
w1924 ¥ M- Lac,~ Gal,- Lp”
W2175 al Gal,~ 1o’
W2279 F* W-Lac - Gal - Lp®

+
w2281 F M- Lac,- Gal,- 1p®

* Genotypic symbols refer to the following characters,
(1) Compatibility status, F

(2) Mutriticnal requirements; M, methionine; T, threonins;
L, leucine; Bl, thiamin

{3) Fermentation reactions; Lac-, lactose negative; Gal-, galactose
negative; Mal-, maltose negative

(&) Ph%ge reaction; Lps. lambda sensitive; Lp+. lambda lysogenic;
Lp  , lambda resistant, but not overtly lysogenic.

{(5) Drug resistance; S, streptomycin
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Table 2

Recombination between the various

.. Galactose loci

ALY
\Nl

' Minimum Number of Percent Galactose
Bross Prototrophic Recombinants Fermenting Recombinants
Fg Gali- X ¥ Gal,- (1) 1500 0.13 Y
(2) 6517 0.06 '
(3) 3603 0.03 ¢
: 11620 0.06 —
F Gal,- X ¥~ Gal,- 1588 0.13 ¥
F* Galy- X F Gal,- 2654 0.23
Ft 6o, - W750
g.d'— . wiso (aevabim Pheuawm)
F- ] N .

F~ Gody - w0
w gl , wsif , w436
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Table 3

—

/(, 1§;>

A

Observations on lambda lysate transductions

Locus Number of experiments

1, Loci not transduced

Lacl

(serine or glycine)
Leucine

Methionine

Xylose

Proline

S\

W & W -

[

9

1(1ytic lamdda)

2

1

Cultures involved™

w112
w1678

W1736,W1436"
58-161,W811,¥1821,W518%
w1821°

ws182
¥1692,W1920,W2062°
w2062°

¥2331,W23478

w2071

w2307°

2. Loei transduced

Gall
!

W &2
Uﬁ§5§§ Gal,
g “\}K\\‘ 4 Galb

: Gal6

(Footnotes table 3 contimued)

f- lytit lambda grown on M- culture

g~ lysate of prototrophic HFT Gal
h- lysate of prototrophic EFT Gal

2-
2

cul ture
culture

W750,W2279,W2280,W2373
¥1210,W2175,W2281

w2297
W518,W811,W1821,W1436,91924

w2070

P P ey
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Table 4

The interaction of lysates and cellg of
galactose negative cultures

Yytadtas (PR Starys
Rantnl and NS Gal. = ol al. wila
Atvu;y;vuv Caa 2 17 “-51 Al < U“d-u ol i N
Cellg Plaque jiter s type
Galy- g (1) 2> - 16 43 -
(2) 2 2 - - 408
Gal,- (1) 7S 52 n b3 -
(2) 20 - 10 - 356
Gal, - (1) 89 - 202 - -
(2) A 50 85 - - 417
3) 47 - - 50 394

* The no added lysate plate which repiesants the number of
spontaneous reversions ocouring on the plate. The remaining figures are
the mumbers of pepillae occuring on the plates per 0.1l ml of lysate ‘

added,



Table 5

Reatoration by revorse mutatlon of the abllity
$o transduce previously noa-transducible locl

ieﬁpie:t* Reversio None Lysate Reversion
oar, ¥l cant (1) 0 g
Gal - Gal,” (2) 10 96
Galy' (2) 6 552
Gal,,- tay,” (5) 39 204
caly” (8) ' 25 291

*rumber of papillas per plate, 0.1 ml of lysate plated,



. Table 6

The necessity of lambda adsorption
for transductiongl

r

7] P I [

Recipient tﬁ%ﬁ%ﬁ’* aﬁggﬁi&%
Cells (Lp*) Am ___ None ¥11d type Q;m
Gal;~ ] 1 Lh26*

r 1 1 2
Gal,- 8 ‘ 20 356

r 14 14
Gal,~ 8 L g9 296

r | 50 57

*Jumber of papillae per plate, 0.1 ml of lysate plated
++ s WM-ZW, n = fawbd-r Adptat. n
prome 40wt oo echiun O



_ Table
o acttfilot Lottcally mrom
lambdg
Plure oddchun
Experiment Recipient  Lp N\ s e
cellsg Allele __ Nome Lytic lambda Placue titer
228 Galy- + 3 2* 2.4 x 1010
Galy~ + 7 8
Gala— ] 9 8
239 Gal,~ * 2 0 2.5 x 1070
Galy~ + 6 2
Galy~ 8 13 8
23 Galy=- 8 - 6** 2.4 x 10V
Galy~- + - hd
Galz- 8 - | 1k
Galy~ s - 6**
Gal - + - 39+
280 Gal, - + 0 2w 2.6 X 1p7
Gal - + 1 2%*
Gal,~ + 14 10%*

#Papillae per plate, 0,1 ml lysate plated. Lysate prepared by
groving Galy~ lambda (UV inducticn) on a galactose fermenting culture.

*2Thege papillae picked and sireaked on E{B galactose medium
and found stable for galactose fermentation,



Taple 8

The gpecifié activity of lysates of the
transduction clones
Recipient ~ Transéueing Titers
Cell lysate Transductions on Lp assay cells P/pw
Plagues Galy - Gal - Gal; -
b 8 6 7 7
Gall- wild type 5.8 x 10° 2.4 x10° 1.8 x 10/ 1.3 x 10 32
Gal,- Gal,~ 7.2 x 10° 1.z x10° 1.0 x 106 - 60
Galy- Galy- ** 7 x 104 1.8 x 106 6.3 x 10* -
Gal,- Gal,- 6.2 x 108 4.3 x 107 1.5 x 108 - Y,
Gal)- dal;- 1 1.5 x108 5.0x1207 7.5x10° 7.4 x10 2
Galy- Gal,~ 7.3 x 108 2.5 x107 2.8 x 105 - 29

*% A gecond isolstion.

* Batio of plaques to transductions, the maximum transductign
titer observed is used for this estimate. Usual ratio P/T is about 10 -
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Tadble %

The occurrencs of stable transductions

I::ﬁl:“nt T vild tyostes
T/C* éype T**  T/C :ﬂrr 'ﬁlc%.c 7 37_# 7
Gal;- Ip® 38/1 1 14 - - - 1111 11 30/1 1 29
Ip¥ 46/1 1 2 - - - 811 4 271212 27
Wt W31 1 42 - - - 92011 0 - - -
Galy- Ip® 46/0 0 15 214foo0 27 - - - 98/0 0O &
1pt 248/17 17 21 83/ 16l - - - 79/ 14 52
wr 23/ 4 6 652 2 0o - - - 5/5 5 0
Bal,- Lp® 835/19 19 383  72/29 29 72 472/11 11 20 - - =
Lpt 573/41 41 133 96/51 5196 - - - - = =
Lp® 320/31 31 127 - = =238/3131 50 - - -

* Papillas transduction plate/ papillae control plate, T =

transduction plate, C =

control plats

*% Corrected for sample taken, gtable obs, X Papillae transd, plate

galactose fermenting papillae.

sample size’
With the exception of the T/C column, numbers given are nunber of stable
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Tavle 2% 10
Summary of the analviis of geszresants by
Yransduction test, lysate test and
by creseing test
Recip. Trned. 1 Clagsification of segrezant by
Culture Lysate ®rnsd. Lypsate Crogs ’
Idiotypie Allotypic
(+) Tot. Prot, (+) Tot. Prot.
Galy- Lp®  wild  (1)Gal,- Gal,- O 7805 - -
(2) v " 0 4992 - -
(3) " " 0 106 - -
(&) *® " 0 4552 - -
Galy- Ip*  wild (1)@al,~  Galy- O 4070 - -
(2) » . 0 5384 - -
(3) ¢ " 0 2072 - -
(4) * 4 0 6988 - -
Galy- Lp®  wild (1)Gal-  Galy= O 896 - -
(2) » " 0 918 - -
(3) ¢ " 0 113% - -
(L) ® | 0 863 - -
Galy- Ip® Galy~ (1)Gal,-  Gal,- 0O 2786 3 3183
(2) » " 0 2675 2 3471
(3) * " 0 3485 23 5342
(b) " 0 5552 1 1665
{5) ¥ " 0 5000 1 891
(2) *® " 10 L36h 0 1187
Galy~ Ip® Galy~ (1)Gal,-  Galy- O 16104 3 1389
(2) » " 0 5730 1 164
3) " " 0 3358 0 202
(4) " 0 12848 1 171
(1)6al,~  Gal,~ 1 11200 0 827
(2) n " 6 10608 0 718
Gy s " 3 5000 ) 409

’_,1 ;/‘eﬂ—c"'}iu— &1v¢1au‘(’ a]

2, fesk of lysabe of The
' it oy cwlheres

3. fest cvo.mu'.)

awst g Q«IJq}'cso‘F a kwown culbuves

SeolvbTaW ajan;ﬁ' ‘é«owu culheves



Galy~ s 463\ 0 W63
+ 20 0 20
Gal,- s - Gal,- (DY 6 1 0 7
(4) v 12 0 0 1
G&lb— l 0 4] 1l
+ Gal,~ (5): 36 6 0 b2
(6) ~18 3 0 21
Galy~ it 8 Ga.ll- 20 0 0 20
“;.“-fd G"]‘l}' 21 1 1 23
+(7)¢” Galy~- 19 2 0 21
(8) :- 14 3 2 19
(9) ¢~ Galy- 22 1 0 23
(10)-- 9 7 0 16
0aly- skt Oal,- (11)'17 2 0 19
‘ ‘ (12).351¢ 53 Xo el
+ (13)-16 3 o 19
r (14)°15 3 0 18

(17,187, (107, cultares of V2175, (2),(7),(9), caltures of W1Z10
(3),(6),(11), lysates of ¥W1210. (4),(5),(12),(13),(14) lysates
of W902, W902 is the Lpo® pareat of W2175,
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Table 12
Sesresants in table 11 whose classification
was confirm the action of their lysates on
known cultures
Recipient Lp Trnsd. Segregants
cells flenotype lvsate idietypie allotypic total
Gal,~ + wild 5 0 5
Gal,- + (1) L 0 ]
(2) b 0 b
Galy- s 4 0 4
+ L 0 L
cal, + Gal,~ (3) 4 5 9
(&) 0 3 3
Gal,- s Gal, - 0 1 1
+(5)  Gal- 0 2 2
(6)  Gal,~ b 0 b
(?) 0 1 1
Gal;- s Galy- (8) 16 3 19
(9} 0 1 1
+ (10) A5 a2 -8
60 19 79

(1),(5),(6), oultures of w2175, (2),(7), cultures of W1210
(3),(8),(10), lysates of W902, (4),(9), lysates of W1210



Tadle 18.
Galactose pesative cultures giving
/,,r"'\,_.-»"\-—"’"\
HFT Recipient Trasd, Hature o 5 o] Sature of Gal+
sulture cell lysate Gel+ re averaion EFT ges
Gall- Galy- Galz- unatadle Gall- stable
G'all- Gal - G‘al - m’t&blc Gal ~e Gal . 'table
e 0alj- GaL,%
Gal,-* 2
Cal~  Calr~ Gal,-  unstable Gal  stable
: G‘f‘ll‘ Gaj.z- msta§1¢ Gall-oalz- nene observed
Galg- Galg- unatable 0311-8312- nons obgerved
Gal;- Gal,~  unstable Gal,- shloe
Gal, - Gal,~  unstable Gal,-  slekete
Qa1 EUgH * unstable Cal,~ -
Gal,~ .. unstable Galz- stable
Cul- —Galz-‘
Gal - —Oalym - »%1-2-- S — N
Galy- Galy=  ut dune Cody - shble

* Trangduction made with a mixture of HFT Gall— and %al,- lysates.
** Those lysates were from a nixture of cultures, .



Tadle 1!"

Sorrelntion of lysomepiolty with tranaduction using
Araates £iving & high frequancy of tragsducticn

g
%&MA&M
ells Poat omber of colonies observed

Exposed Exposure

o cell titer Gal(-) Ogd(+) Gal(-)partially lveed .
Broth 5,1 x 107 3280 0 0

HFflysate® 3.5 x10° 2801 31 P

AL s St A - ':_, B b 2R N = ' Y s - :."A' ‘;'v e
Colony Bumber of Number of colonies
type . colonles examined 1p® Lp* L%
Gait-) n 3n 0 0
Gal(+) | 26 0 23 3

* Lamdbds plague ¢iter was 1,2 x 107, One ml of oell suspension
was added %o one ml of lysate and the mixture incubated at 370 for 10
minutes, The cells were then centrifuged down, the superhatant discarded
and the cells resuspended in one ml droth. The suspeusion was then diluted
and plated on EMB galactose mediunm,
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Teble 16
Zhe STRERLE interaction Detwean Oal)~ and Oal,-

hc&ptmt Trasd, unmber of colonies
Lp® celle  EFE lvsate Qal(+) _ Oai(~) - 1
broth
Pa1, fintye 0 b5 0
Gal) -~ broth 0 440 1]
o Og1, - 0 408 2

Bnm&nnuon o! maatone nogitive ugregsnn derived frm anlacton

lpient T Irnsd. G ~ aiﬁcation of usrem.ntn
Ln.w Ga,hr M—- Caly=0el,~ _Gal(-) papilleting
Galy~ Gl 10 2 0 1
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discovery of a compatibility mechanism (15), a lysogenic systen subject
to genetic control (10), and a 'syst,em of limifed transduction by temperate
phage {22) comparable to that of Salmonella (28), These three phenomena
involve transfer of heritable factors by infection in contras:i to bac‘oeriai
maling which involves the entire mﬁotype. The clarification, differentiation,
ard interrelationships of these mechanisms were emphasized inA this in-

vestigation,

I The LYSOGENIC SYSTEM IN E. COLI K~12

The relationship of a texperale phage, A, to a specific locus,

Ipq (latent phage) has already bsen reported (10), In gummary, the prin-
eipal veactlon types of bhacterial strains are: sensitive (Lps) s lysogenic
(Lp®), and the non-lyscgenic resistant type, Immne-I (Lp~). In crosses
vhey behave as a gystem of multiple allsles , 1inked most closely with
Galj, This linkage has been confirmed in a Cal* Lp* x Gal™ Lp® cross |

in another laboratory (27). In addition, the two factors segregated out
éf beterozygous diploids in the parental coupling._ This evidence points,

therefore; to 2 genic determirant regulating the maintensnce of Aprovirus.,



(2)

Prom a mmber of direct and indirect experiments it is known that all
thege types adsordb }., A second J.ocus, Lp2, controls registance or sen-
sitivitvy to)\§2, a virulent )..mutant, and is sitvated in the Maly~-S region
of the chromosome. AS i:pf strains cavnot adsord }\, they are therefore
not subjeet to any consequences whose initial reaction requires adsorptiong
Lp2 does not Jnterfere with the maintenance of Jtpmviously established

in Ip* strains, The genotype Lp®Lp," is consequently indistinguishable
from Lp*lps® types with‘ respect to lytic effect of )‘.‘ Crosé-react.ions of
)\&rj.th )\-2 antiserum have been observed,

Yew Data _gzz Tamwmne-1t The gtatus of the various isolates of immune~l

gstreins has bzen reporited, and the interpretation of their constitution with
respect to prophage had been reserved pending evidence of a Yeryplolysogenic®
phage that normally fails to mature to glve rise to lytic virus, The
segregation patternl of Gal+Lp+/Galh"Lpr diploids , also heterozygous for

il and Maly (table 7 ) is icentical with similar Lp' /Ip° results., The
hypothesis that Lpr types rpay carry a ncn-reproducing prophz;ge is supported
by experiments in which a low titer of }\was recovered by U~V induction of

at least one (22). Ip” types are also subject to transduction, and the

results of these stodies will be deferred to that sectlon,



Incidental Verdiant Tynes: Mo wew evidence bearing on the problem on

the "semilyscgenic” strain (10) can be presented, Teats to determine
whether host-modified )\,Has carried (section III) were negative,

An intermediate host reaction, semiresistant to both A and L—?,

comparable ©o the cre in Shigella paradysenteriae (25) and tﬁe le allele
of K-12 (11) haé been clarified, Standard )‘ s;spensions have a reduced
efficiency of plating {(eop) on this mutant such that the plaques produced
are reduced in size and number, and also show a reduced efficiency of
transduction, | The rmbants have been successfully lysogenized, but are
still semiresistant ’oo)\-Z. The protocols for crosses which estzblish

é mutation at a new Lpy locus nob linked to Lp2-Mai olr Lpl « Gai, and

conferring partial registence to ,L, are presented in table 13,

(3)
G

Mochaniem of infection; Mutaticn and Selection vs. Induction: Breeding

ezperiments amxi diploid segregations reveal only the chromosomal determi~
naat of lysogenicliy. The facility of the change Lps to Lp'g' encourages
the possibility that ldirectly induces (rather than selects) L’p+ among
the numerous survivors of exposure te phage. The following types of
‘evidence would be useful in elucidating the primary infection process:

(1) identification of a "prelyscgenic" genotype in the absence of phage



(L)

the mutation hypothesis. It wonld be characterized as

an apparent immune-l thait would be converted to a stable lysogenic after

would oncourags

treatment with)\, (2) a careful study of the dynamics of infection, in-
cluding the isolation of clonal psdigrees of ‘single cells exposed to )\
which engerder lysogenics. A purs lysogenic pedigree would favor the
induction hypothesis, ‘

Attempts to identify the prelysogenic genotype in K=12, and hybrids
of K~12 and other crossable lines have been unsuccessful, Preliminary
experiments of:; the infection précess (10) have disclosed lysogenic colonies
contaminated with sensliive cells and free phage long after initial con-
tact with \. These mined clones have since been confirmed in K-12 (18)
ard Salmonella (11,21,238B). The possibility that spontaneous alteration
of the bacteria predisposing to a- lysogenic decision plays some role in
the recovery of lysogenics is thus not yet excluded, However, the simplest
conception remalns that the genetic elements of the phzge are directly
incorporated in, or attached to the bacterisl chromosome as we have been
&ble to find no indication of an e.xtra-mmlear'inh-sritance of lysogenicity.

The Effect _q_!:’&_ and F on Cmssing Behavior: . The presence of )\ in

ona, both, or neither of the parents of a cross does not influence the

vield of recombinants. As noted earlier (8) sensitives were not eliminated



>
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as lethal phenotypes, tut the progeny of lysogenic x sensitive included
both parenial types, and no others, in ratios depsndent on tﬁe selected
auxotroph markers, On the other hand, the compatibility factor (F)
determines not only the yleld but also the segx’egation pattern of many
overtly unselected markers, FPrototrophs are recovered only when at leas.t
one parent is Fj; F also seems to direct the elimination of certain chro-
mogomal segments after the formation of the hybrid szygote (15,23). The
important distinctions of F and Aare summarized in table 1 o These

are emphasized to mitigate any confusion that might arise from the
suggestions that have been recorded clsewhere that kmay play a direct
role in sexual recombination as well as to emph:xsize the distinction bee
tween the A controlled transduction of restricted genetic factors and the
Facontrolled sexual recombination. The independent transmission of these
factors was demonsirated by the recovery of (1) Is“‘]lq_;8 cells on the one
hand, ard F'Lp' on the other, from mixturss of genetically lsbelled

FLp® and F'Ip*, and similerly, (2) Lp*F~ (but no Lp®F* or Lp’F*) as sur-

vivors frem F-Lp® expossd to )kacontaining filtrates from F+Lp+ cultures,



(6)
II TRANSDUCTION

Cell-free £iltrates derived from sultable Salmonella strains were
czpable of tramsferring unit geﬁetic factors to a competent recipient (28).
A wide range of irdependent mariers has been equally subject to transduction,
Additional analyeis has showm that the temperate phage of the donor strain
iz the vector of the genmetbic mteriai (16,25), Attempts to detect transe
duction in Kel2 among the survivors in the turbid centers of /{ plaques
were negative (10); but by using high-titer lysates obtained by U-V
induction (20), a succezsful trensduction was achieved (22). Two striking
contrasts with the Salmonella system were demonstrated: (1) the restriction
to a single geretic characier, galactose fermentation, and (2) a stz*:lkingr -
instability manifested by mosaic Gal®/Gal~ colonies after transduction
desplte repeated single colony purification on EMB galactose agar,
The incldence of persistent :i.nst:ability; rarely if ever encountered
in Saluonella (lh); varies with the recipient strain,

Confourding of Transduction with Recombination 7?: The conditions

roquired for transduction are gererally precluded inm crossing experiments,
Moreover, the unstable mosaie Gal+/Ga1" colony characteristic of trans-

duction has not been so far recovered among recombinant progeny. A



(7 A

more careful inguiry into the seffect of k and Gal segregation was recessary, e

however, in view of the transduction phenomenon, since it may provide an
alternatiw interpretation of the Gal-Lp cosegregation ratios currently
gsatisfied by a linkage explsnation, Crosses of genetically relatsd parents
differing only in the presence or absence of }\t—-:ere therefore studie;l,
Table 2 demounsirates no significant deviation in the yleld of C-a1+ e

combinants where parentfs vary only for the Lp marker,

Is Transduction a Selection Artefact?: Interaction of genotie

factors on reverse mubation of entirely indepehden’c loci have been re-
ported bafore {( 15). An analysis of the Gal- segregation from the une
stable transduction, the allelic tramsduction, reported below, as well
a3 many oither types of evidence (22) rule out the interpretation that
the transduction 13 2 selection artefact., The most convincing evidence,
howsver, has been the development of specific Gal™ transductions in Gal+
recipient strains by means of /l yith extreordinary high frequency of
transdvetion (22), when the )\ donor waz Gal™,

Transduction and F-irgnofer: dJust as lysogenization is independent

- . S S .
of the comversiecn of I inko ¥ etrains, the trensduction mediated by ),

is unrelated to the F status of either the recipient or the donor cells,



(8)

Crozses of F~ x I by standard technicues are completely sterile., Howe \b%
ever, recomdination of two nonallelic Gal” mtants can be indirectly deme
onstrated by transduction. Lysétes from Lp Gal'F~ were completely
functional in introducing the Gal' factor to Gal F~ cells; Siﬁilarly,
anrallelisn of two Cal F~ sireins can be established by the formation
of Gel* in transduction experiments whereas the sexual sterility of the
cross would bloék.cell recombination‘gg‘gggg;.,

Crosses of a strainﬂcharacterized'by-ité ephanced fertility, Hfr;
(15) digplayed a 1inkage of the Hfr trait to Gal (12), These data were
verified (taﬁ?ie 3v)ifoz- Gal"p, Despite this linkage, efforis to trame-
port the Her and Gal® factors simulteneously into G21"F Lp® reciéient
cells via }gpreparéd from Hfr bacte:ia were unsueccessful, The conversion
of F7 to F¥ by )\filtrates from ¥ otrains was examined by crossing the
Gal® transduction with F* tester strains and was likewise unsgccessfula
.The compatence of )gin transduction therefore continues to be confined h

to the Gal clustera‘

The Concurrence of Transduction and Lysogenization: Observations

" on the By coli system, as in Salmonella, are consistent with the hypothesis

that the vector of transduction consists of temperate phage. A4s a rule,



(9)

%ha trensductions Lsolated fyom Gal~lp® bactezﬁ:-" expesed to )\ are con- @
sigtently pure, stable lysogenics, despite the persistent instability of

the Gal® trait; the ensuing Galafsegragants are also lysogenic. Lyso-
genization occurs very much more frgquently than transduetion, but the
correlation of the two romained to be explqred as evidence bearing on

the hypothesis. In the first experiﬁent (table 4 , part A) transductions

usre picked as Ga}fbéapillae and streaked ou§ op EMB galactose agar. A

single Cﬂ1“ ('anrasentipg nonpuranulnduced cells) ard a single Ga1*

{the successﬁul transduction) were each teste§ for lysogenicity on an
appropria#e Lps in#icator; In experiment B; mgrked Galprs cells in

he approximate proportions expscted frgm_tra;sduction were Introduced

with the Gal™ and the_mixed culture on EMB gglactose plates, With the
sssumpbion that both Lp® strains would a&sef§ and be eqﬁally affected
bzA\s g disparity ip lyscgenizations of the two egsuing Gal* ciasses
was looked for. Whoreas all of the trensduction Gal™ were lysogenized,

only up to 708 of the artifically inserted Gal® or of the originmal Gai”

had been infecﬁeda Both parts of the experiment show a distinct corre-

lation of lysogenization with transductions; the incidence of lysogenization

i3 almost higher in these than in the control bacteria on the same plates.
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Segregation of lysogendc sersitive bas not so far been observed (up to @
500 tests) from these simultaneously transduced and lyscogenized recipiepts.
This evidence argues that A_is the passive vector of genetic material from

%5 source strain, This material is injected to the bacterium by the phage,

s

In Saimonella r‘i;he transduced genetic fac‘b_o:fs seem to undergo an im&diajbe
substitution for the v}?omolo.gues in the recipient bacterium, if they are
sucecessful at all, In E, coli K»l2, however, an intermediate stage is
perceived where one cax; detect simuli;aneously the presence .of the original
recipient and the new transduced gernetic factors in the same cells by virtwe
of their subseéuent segregation, The relationship between this replacemesnt
of genetle material and the coaversion of virulent ).into its prophé.ge

stage (”reduct:?.on“ 6) has not yet beén completely worked cru'b;, Az will be
described belov?, however, these processes have besn separated and are
therefore not mtually dependent.,

Lysogenization of Irmmne-l1 in Tronsduction Experiments: When immme-l

—e

strains such ag W-1027 and W~192} are exposed to l, no evidence of their
ly’sbgenization is ordinarily | perceived. Howaver, under conditions where

transductions can be selectively isolated about 5% of these altered bacteris
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are aleo found to have been lysogenized, Repsated serial segregation Xﬂk\,
of the resulting transductions showed that in some cases, lysogenicity
failed to segregate. Im others, lysogenicity and Gal segregate together,
while in a single instance a lysogenic Gal™ segregant was found wﬁich con=-
tinued to segregate Lpr colonies, Sometimes a very weak lysogenicity is
chserved ("onefplaQue types™ in crossfbrush tgsts), which is completely
lost after a few ﬁransfers, Some of these atypical cases are presented
in table 5, and suggest the following alternative interpretations:

(1)prr celis ére genetically lysogendc but carry a modified prophage.
Thezs cells are generally resistant to infection with A, However, ,&;
nay ba excepﬁionally introduced simultansously with the Gart fragment

and there may displace the avirulent form of the prophage, or when

Lp segregation is observed, both prophages persist together for the

tine being. (2) The Lpr 1s & "mll" allele., In transduction, Lp*

and Cal” factors are introduced, but the lysogenicAmmne segregation
cccurs when Cal segresgates. This hypothesis can not account easily for
the G=1"Lp’/” types except by devising a complicated scheme involving
crossingover, (3) Iimunes may or may not be genetically lysogenic,

The production of Lp+ signifies the occurrence of a double transduction

at two loci, Gal and Lp., (a) ordinarily these linked factors would tend
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4o be lost as a bleck in the er§uim; segragation, or (b) a lirked transe \Q
ducticn does noi operate., By a two-step process, two effective particles
have penstrated; one fragment carries Gal'{'; the other Lp®, Independent
spgregation is permitied and a2 mechanism requiring the breakage of a. 2=
facter linked fragment as in (2) is not called for.

In any ;:event, special assumptions mqst. be made on the avidity of
the Lps locus for pro~)\ to account for t.hé failure of transduciions to .
Ip° to segregate Lp’'/Lp° elong with Gal*/Gal™. However, the Lp® may
~only block the propagation of }\of its reduction to prOw)Q

Hypothesis (1) accounts for the occurrence of lmmunes which can
be induced by U-V (22), The vecovery of unsiable Lp  traneductions in
non~transinduced Gal~ would tend to support hypothesis 3, T];e most
deciszive elucidation of whether transduction displaces a mubant phage
particle with a2 wild {ype )g or whether a normal Lp+ allele is substituted
for a mutent or mull host Lpr gene would be provided by experﬁsents. with
genstically distinguishable: )\ preparations; Lpr/l,ps transductions were
pfom:’nent with irradiated A‘ tending to support hypothesis 2.

Irradiation effects: Quantitative assays of transducing potentiality

of phage preparation are necessarily based on plaque counts, The survivel



atier varioues ircatnents of placue~producing particles and transducing '\qz
particles are not identical either in Salmonella (28) or K12 (22).
In fact, it is known from both studies that transducing power may be .

increaged at some inleimediate dosages. A comparlson of the effects of

7.7 ard X-radiation is given in table6. A U~V dose reducing plaque

10 5

assay from 1/2 x 107 to 16.9 x 10° per ml yielded 170 ‘bransdu.ctions
frc;m an initial titer of 103 / ml. A comparable X~ray dose was found
to be betwaen iSD 5000 and 200,000 r, Yo ;-ecognizable transductions were
recovered at the latter exposure, Two vieupoinbts are indicateds

(1) the lytic and transducing principles in ,}\are separeble by their
inciependent sumrival; and (2) avirdent )\parﬁicles are produced but
they ave damaged vorﬂ,-y to the extent of virulence for the host cell.;
Conclusive evidence favoring ome or the other views of Lpr, however,

is not yet at hand, 4 decisix_re chemical and genetic separation of the

transducing naterial from the virus particle has not yet besn experi-
e :

mentally achleved, whether oﬁ not 1t is abt 211 thecretically possible,

GERETIC DT::FINITION OF THE GAL LOCI

H B

Recombination: Attsntio"n was focused on galactose nonfermenting

matants because of the coincidence of the first recognized A-sensitive
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mutand in Gal"’h (2;”518) , and the subsequent observation of linked @
segregation of Lp and Gal), (10). Gal® mutants have been isolated
directly by inspection of surviving colonles after U~V {reatment on EMB
galactose agar and also as non-papillating variants of Lac™ mputisbile
recovered on EMB lactose agar plates. Interaction of Gal™ and Gal*
cn the phenotyplc expresslon and revérse mutation of Lacy and Lac7 alleles
have been described (9). Recombination analysis provided the evidence for
a cluster of four linked Gal loei (7), Galy ana Gal), show a very low
order of crossovers, Preliminary data could only differentiate them
on the basis of behavior in Het crossesj Lp and Galy are both hemizygous,

while Ga1h+/Galh” heterozygous diploids ave readily obbtained (vebie T )o

Iransduction: Iransduction tests reinforce standard allelism tests

(table 8), and in fact have tentatively identified several new loci,
now awaiting confirmétion by recombination analysis. Whether the
relative yield of 0al” transductions is proportional to the map dise
tance between Lp and the Gal locus is ianueation. The results of
large-scale allelizm tests made available to date by new techniques

o facilitate crossing are summarized in table 9,



Tha in‘s tability characterisvic of the Gal® transduction results
in the mosaic colony already noted and deserves furthér coment.
Despite passage through a large number of serial single colonies, Cal-
segregants are almost always thrown off, In transductions from Ga1+,
1.8, Gal+ ~x Gal”, these (Gal” segregants have been identifiled as alleles
of the locus of the original racipiént st.rain, both by crossing and further
transduction tests. No other kinds of Gal~ have been recovered, On the
other hand, if the donor is a non-allelic CGal™, both donor and recipient
G-él"’ appsar among the segregam;s from the Gal® transduction (22). For
example, Galy, --x Gal}~ gives galactogse-fermenting intermedigtes ,
presumably of the constitution Ga12°Ga1&+/Ga12"Ga1h", The segregants
in all these tests are identified by (1) crossing experiments with Galy”
and Galy,” testers, (2) deriving X and subjecting the testers to its
action, and (3) applying Afrom Gel”, Ga1,”, Gal)™, ete. The Gely”

Galh“', a crossover type, has not been conclusively and consistently
egtablicshed, This double mutant would be identified as one which 1s
subject to transduction by Afrom Gal® and from any Gal® other than

Galy” or Gal),”, and would yield no Gal* recombinants in crosses with

Galz"’ and Ge.lh" testers,



(16) .
Diploid studiess The preceding ovidence points to a chromosomal O

localization of the Lp lysogenicity determinant closely linked to a series

of Gal loci., Evidence for the ségregation of a prophage linked to the Gelh
locus ruled out the possibility of a random distribution of cytoplasmic
particles in cells carrying A(lo). These observations have since been
extended to Galy and Gélh hybrids (all heterozygous Lp+/s), and also
Galh+Lp+/Galh“Lpr diploids (table 10}, | A study of such dipléids segregating
out distinguishable ktypes is in preparation, FPreliminary evidence also
has been obtained elsewhere from crosses with lysogenic paremts, one
- carrying a mutant k (or one "doubly lysogenic®) the other doubly
sensitive, which yielded Gal/Lp progeny in parentai couplings (1) .

The mutational independence of Gal and Lp was alsc examined in
the doubly homozygous diplo;d, Comparable experiments with the closely-
Lacl and Vg locl have already bieen reported, Lac’ - reversions were selected
in Lac“VgT/Lac"V4? diploids. Tae resulting doubly heterozygous diploids
were of two types: I.-’:a.c"'ifsr/l'.iac‘Vé‘;J and Lac"\Téx'/Lac"Vés, and with equal
ffequer-.cy (11).

4 double homozygote Galz"’LpB/Gaiz”Lps, also segregating a few other

markers, (end nnfortunately also Lp2) was prepared by stepwise exposure of
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the double 21&:%:@1’02;?’30@3 to U~V {1};) and the isolation of suitable \;\2
Preorganized” diploids, The resulting diploid, H-331 was infected
with )\. Several Ga126Lp+/Ga12°ﬁps isolations, A to G, were then allowed
to papillate on HMS galactose agar. Indeperdently occurring Gal' were
selected, and the segregation pattern of Lp and Cal, of the resuliing
double heterozygotes was tested, Thé incidenceA of mutation to Gal’
on the Lp* chromosome (coupling phase, or cis 'configuration) was come
pared with that on the Lps chromosome (repulsion phase, or trans-
configuration). The amalysis included a single Ga1+ and a single Galw-
segregant from a large mumber of diplolds, (pair analysis) and the
examination of many segregants from a single mags dipleid culture (xfandom_ B
analysis). From diploid B; 5 cis configurations and 6 trans configurations

(table 11)
wore scored., The conmclusion from this evidence/is that the condition of
the Lp locus, whether lysagenic or sensitive, has no significant beai’:’.ng
on which cne of £he 2 Gal~ alleles will mutate to Galﬂ (These pre-
liminary data will be expanded; and also extended to a corresponding

study of diploids first made heterozygous Ga12°Lp8/Ga12*Lp8, and then

infected with ))
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The above atudies provide to lrinds of Lp®/Lp®; 0al’/Gal™ diploids:

>\ ccupla d on the one hand withlGle' (cis) and on the other, with Galz" {%trans)
If the sctivity of from "trans” bacteria is confined to non Galy recipient
colls, a chromosomal bub not miclesr limitation to )\specificity is indicated,
£31 Gal” dincluding Gal,” is expected to respond to cis Ao 4 difference in A
from thege dipleids which are phenotypj.cally identical, and geretically
identical except for the arrangement of component parts established a
nosition effect.® So far, only }\fron ’1e trans~type diploid has besn
preparsd, Teble shows that while Galh"((}al;Galh‘") eells are subject
to transducticn, only rare Gal o transduciions were recovered. The develop
went of an adequate diploid culture to satisfy the nutritional prervequisites
for U~V induction in K-12 (3,5) and an intermediate growth period nec-
essarily permiis some selection for haploid segregants, The yield of ) |
obtained very probably includes a2 limited porition derived from 38_12ng+
aﬁd Ga_?.;Lp" haploids, The latbter '::roszovez" types may account for thess
transductions which were found. The data so far allow the tentative con-
clugion of a position effect hypothesis and straengihen the concept of an

Intimate relationship of Xand CGal at a specific action site on the

chromosome, Traunsductions of the double homozygote H-331 and lysogenic



derivatlives has apparently teen obtained, The analysis is complicated
by the fact that diploid-haploid instabilily can be confounded with trans-
ducticn instability,
COMPARATIVE GENETICS OF Lp AMD Gal I¥ OTHER LINES

Arong the independently isolated crossable strains of E, coli (12)
ths wild type of three lines (28,47, and 51) were sensitive to \ carried
by lins 1, A fourth, line 31, threw off roush variants which were all
)K,sensitivea These strains occurred in rature ag F~ but could be

altered to F by growbh with E~L2 or suitable derivatives, So far,

e

&b least ons Gal” mobant is subject to treznsduction. Preliminary intra-
line-l7 crosses established an Lp locus like that of Xw12, and a CGal-Ip
linkage, Very little mapping work has tecn completed among these strain,
and the emphesis so far in these studies has been the genetic behavior
of )\in outcrosses with E~12,

Sengitlves of each line are readily lysogenized by K-12 )\but
these lysogenics show a reduction of eop on K-12 gensitive indicators,
This system is entirely analagous to host modification demonstrated for

T2 (19) andlk~produced by strain C (2). The terminology established

for these systems will be used to describs the properties of our straine,
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...... eyt

Thus lines 28,31, and L7 can be designated as )\-‘d- lysogenic or /‘\* sensitive,
Lire ) sensitives are more resistant %o k& than to type A. }\* can be
introduced at low retes into ASensitive hests, bub normal rather than

;\\* is recovered, Slniiarly, normal /{is correrted to kﬁ after a single
passage in }\%‘r sengitive hoats, Thg feour phenotypes are readily dis-
tinguishable in cross-brush teste as‘ follows:

Reaction with:

~3ens., Fe3ens.
B
Example Type bacteria bacteria X k“
line 1 lysogenic A + + R R
line 47 sensitive B - - ) S
line 1 gencitive c - - S R
line 47 lysogenic D - > R R

+/« = lysogenic or not; R/S = resistant or sensitive
Two major hypotheses can be tested by intercrossing these types:
I lp controls all reactions: the tyz;es A-D are determinsd at a
cingle locus.
IT Lp controls lyscgenicity/ sengitivity; another locus, Mp, controls
resistance or sensitivity to /L*o
(a) Both )\zmd )\* az;e fixed at 'Lp in phenotypes A and D,

(b) Aio fixed at Lp in type A; A# is fixed at Mp in type D,

®



( 21)/®
A/

The consquercas of these hypotheses are shown in table 12, The critical
erosges for I and II are A x B and C x D)o The only decisive cross for II a
v3, LI b dis A x D, II b would be favored by the recovery of sensitive
recombinants as well as a novel genoiype whose phenotyplc effects are
unpredictable. Since there is a possibility that Lp and Mp are closely
linked a large sample of progeny many be required, One must bear in miﬁd,
in reviewing these iniercross data that the protolrophs represent recom-
bingtion of as yet unmapped mutritional factors, In addition, chromosome
and other lrregularities correlated with interstrain hybrids have not
teen analysed,

Effective transductions have heen achieved in these strains, Gale
in Jinesg 147 and 31 heve been used as recipienia, forgA_produced by line
1, 28, 31, and L7, A reduction ir the effectiveness of transduction to
live 1 recipients is parallel with the reduced effectiveness of lyso-
genization. In gensral no ;mportant differences with the K~12 mechanism
haye bzen demonstrated, Hypothesis II b is doubtful.so far, The dif-
ferentiation of the/kﬁ of different lines is still to be tested, 4

single intercrogs shows no genetic difference so far,

In preparing this report, it has been necessary to make mumerous
referencez to the unpublished work carried on in this iszboratory by
Professor J, Lederberg, Mr. M, L, Morse, and othcra, under other auspices,
Thege are cited by mumber to the bibliography.
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Table 1

Characteristics of F (compatibility factor) and A (virus)

Criterion F status ' )\(effects)
Tield of recombinants Decisive None
Pype of recombinanis Decisive None
Transmission to recombinants 100% Segregated according to linkage with

selected mutritional markers; behaves
as a genetic locus,

Transmission by infection Rapid and Results in mized clomes (3).

fixed
Cell-free preparations " Not yet Easily filtered.
accomplished
Effect of antiserum Siight if  Blocks adsorption
any
Role in Gal® transduction None _ Decisive
Table 2
The Effect of A on % Gal™ Progeny
L T~L~Th~Gal* parent
{4 CGal” parent x lysogenic irmmne
iysogenic 8.0 7.1
irmme . 6.3 6.3

sensitive 6.7 | 10.1



Table 3

Linkage of Gal, Lp, and Hfr

N L8>
i #hr g G b ok Malfp Lt
Pzt Az Genotypss recoveredt Total
f}sil Ip F
2+ + BN 1}4 %
- S wit w %
+ s <+ 5
hiad <+ - 0
*- 8 - h

Part Bs 2 x 2 contingencies

Gal®  Gal®  Total FY P Total

F* T o0% 0 20

P g kiko Lo

o 15% 0 15 13+ 5 i8 -
Lp® 11 29 ko 6 33 39
Lact o2 5 31 2% 9 31
Lac™ ] 26 3 F 2w 3
Vi F ix 9 10 3 9 10
V98 28 21 Lo = o L3
Tylo’ o 1 10 T 2 9
iply” 2 3% 50 16 23

% Parental combinmalion
1 Selected as Gal® and Gal™ prototropha.



Table L

Lysogenization in Transduced and Nontransduced Lp8

Part At Cal? and Gal™ from single papillae

Gal® /Gal”
Palr type Mumber Gal” Lp® Gal™ Lp*
Lp*/Lp* 13 Gal* Lp® 2 3
8
Lp*/Lp 15
1% /Lp* 3 Gal* Lp* 17 13
Lp®/Lp8 2
Lp® /Lp® 2
% Qalt sensitive 15,2
% Gal~ sensitive 47,2
:/;,ﬂ,(”,//_'», ,:/,'.( "
Part Bi Lysogenization of transduced and inserted Gal’
5 Az, Ho, Cal'® vecovered | x
Lp” atrsins Gentrol Treateds Types in mixture Ho. tested % lysogenic
GalLac* . - - 105 92 Cal*Lac* (inserta) L6 8.5
Gal=Lac™ . ... TLine k32 Cal"Lac” (Z}Lifﬁml) ™ ) Lo 72.5
Lc“&,(dm/«» ta;
Hixtureus 105.5 9 Gal*Lac™ (transdiictions) 103 100.
# 205

#  Spontancous reversions per 108 inoculum
swwr 108 Gal-Lac= and 109 Gal™Lac*.



Table 5

Transductions to Galh"’ Immne-It Segregation Patterns

Exp. 385t Strain 192s 27 Gal’

Number lysogenic

Nunber semilysogenic

- Number nonlysogenic
(1vs) (zeni) (non)
1 1 25
Coleny generation #2l #7 #
+ - - / \+ - / \G -
1 Gal” non t 19 Gal” lys 2 L Gal™ 1ys 18 noit 1 Gal" gemi 10al semi 18 Gal R
L (GaL* . and Gal
/ and Gal™) o 2 Gel” 1ys non
" 2 Gal™ non
11 Gal™ mon & CGal'lys ¢ Gal” mon Gal®lys 2 Gal* 2 Gal” 19 Gal® 19 Gal™ nom
1ys non non
111 Gal*lys Gal"non L3 1ys 3 non 1 seml
v 1ye/ non
v lys non non
&
VI 1lys non

Exp, 431: Strain 2110: 38 Gal*: 28 non, 1 semi (#23), and 9 lys

Segregation patterns
of lys

all Gal’ 1ys, a1l Gal” nont 2
21l Gel* 1ys, ell Gal= iye: 5
all Gel* 1ys, Gal™ 1ys ard non 2
both Gal* ard Gal* non: #23



Table

6

Survival and Traasduction with Irradiated }\

X—ra.y2 (=x 103 r)

Untreated
No phage phage vyt 50 100 150 200
Av, plaques/ml x 16° O 127,000 16,9  L1,667 3,975 377 100
% survival - 100\ 0,013 32:8‘ 3.13” 0.297_/ 0,008
TR avn a7 el
Ip® bacteria
No. Cal papillse 20 1,000 170 250 85 0 30
g " 0.5 100 k! 25 17 6 6
Lpr bacteria
No, Gal” papillae 39 60 - 135 15 3N 20
g n o 65 100 225 1917 5.2 3.3

20 mirmtes, sterilamp

2 303 rfmin, at 250 K.V., courtesy A. Novick, Radiobiology Inst.,

U, of Chicago.



Table 7

~

Segregation of Cal, Lp,.,. diploids

A E32 B, H-325
Segregation of Lpp, By, not Segregation of Vg, Mtl, Lpp, By not
tabhulated, tabulated,
Galgm Galgt Lp Mel Zyl M T,L. Galy- Galy+
1 L7 £+ e - 11
0 1 + o+ - - - 0 o
0 1 T S 2 0
0 0 + o+ S 0 1
1 0 + 4 + 0+ 0 0
2 0 o - 0 0
25 G 3 - A 13 0
g 1 s ¥ T e e 13 1
3 0 5 - - = - 0 0
6 0 8 4 ¢ - ¥ 7 0
1 0 s - + + + 0 0
- 0 8 + 0 F 3 0
0 0 g - - - * 12 0

50 0] Total tested cl 51




Table 8 .
Allelic Specificity of the Gal - \Iransduction at the

Gal 1, Gal 2, = Gal b locl.

/l“ donor bacteria Recipient cells
Gal 1 Gal 2 Gal b 1.24h+ 1+2-h* 1+2+h-
+ + % * + +
- 2 3+ - R +
i e + + Ld 'Q‘
+ + - < + -
dipicids:
+ o + Lp-:’ No
2 (2)+ + (300)%
' {trans)
+ - + Ip’
)
- = T TIo0 (cis) Ho datae

# Gal + papillae per 109 Jx,



Table 9

Summary of Current Allelism Tests

Total# No.

Exp. Yo, Gal™ type F™ pavent F* parent progeny Gal®  Maxinm,,b Gal+
5353 1xk 750 Lp* We2234 Lp® 5000 17 0.3
563 \ 2000 15 0.75
53l 2xh W-1210 Lp* W..223, Lp® 6000 25 0.h
563 1600 1 0,68
580 2400 8 0.3
535 L x 3. WeSi8 Lp® W-2315 Ip* 807 6 C.Th
582 hx%3 W.518 LpS W.2315 Lp® 5000 0 0

6700 5 0,06
583 1x? W.2291 Ip® We583 Lp* 7603 2 0.026

a1 Gail+ recombinants in these experimenits are Lps.

=Egtimated total,



Table 10 |
Behavior of Gal and Lp in Lac +/~ Diploids

o Payents - Diploid progeny
Type of cross , F (L Th) ¥ Lacy Lac) Caly Gal) Lp Gal Lp
1. Het diploids (a)(Het) <+ - + + + o+ + + +/w ' +/s or =/s y_S/
) A"'. - @ - + L R a8 .
(b)(Het) «+ a + + + + + + ° o/ .
Y ol M ; : +fo or </ not segregating
- - - - + * - + ' :
20 Lacl X L&Ch (a) _' . N - - . : _ ; Moatly 4,/. Most]_y +/° -2-/
b . | IR 2
(b) : . t i + : i : Mostly /e Mostly s/. 2/
3, Haploid x auxo- (a) Y /s tfe Hfe. ofr 4+ 'l'/u +/° Gal* Lp* / Gal-Lp8 (linked) 3/
(v) game, except M parent is LpT Gal* Lp® / Gal-Lp® (1linked)

1/ In Het crosses, Lp does not segregate, Cal 1 and Gal 4, two closely linked loci also differs Gal L segregates,
™ but Gal 1 doss not,

g/ Diploids resulting from delayed disjunction revealed by heterozygotes of two Lac pseudoalleles show no segregation
of Gal or Lp. Reversal of F status reverses the polarity of the Gal, Lp segregation.

3/ The only successful demonstraiion of heterozygosity of Gal and Lp,
L/ Acration phenocopy.

5/ +/¢ indicates purity for +, whother heinizygous' or homozygous.



Table 11

Segregetion Patterns of Gal* Revorsions in Cal,"Lp®/Gal,Tp* Diploids

Diploid Total * - Gal® - Gal® Gel™ Inferred
numbey Begre- 39.1 3a1 al Gal :’ll _ fl . type of
gante Ip* Lp®  Ip” Lp®  IpT Ip,®  Ipy” Ip,®  Mal' Mal®  Mal® Mad diploid
Al 161 76 6 3 76 ho 0 39 0 1 53 17 36 cis
B1 1 2 58 60 1 2 8 & 1 B 2 0 trans
B2 73 0 o W1 o 32 7 kil 0 33 7 3 0 trans
B 3 16 61 L i1 1o &5 0 57 5 65 0 kb 18 cis
c1 18 1 23 2 o 23 1 % 0 9 18 o 0 trans
E1l ) 30 0 3 27 26 b oL 6 30 0 6 1 cis
E 2 2h 0 12 12 0 12 0 12 0 6 5 12 0 trans
E 3 23 12 0 c 1n 12 0 11 0 12 0 3 8 cis
F1 86 32 1 2 3 1 2 30 3 32 1 @ 12 cis
F 2 ho 20 0 1 19 20 0 20 0 20 0 7 13 cls
F 3 23 12 0 0 11 12 0 10 i 12 0 3 8 cis
Fl 18 5] 0 i 6 0. 1 0 7 11 0 7 0 cis




Table 12

Genetic Determination of Host Modification:

line 1

@

lines 28, 31, L7

Genotypes Under

Bypothesis I
Ip locus with

Hypothesis IIa
fixed at Lp,

Hypothesis IIb

fixed at Lp in 1ine 1,

zlleles mcdified by Mp at Mp in other 1lines
Phenotypes  Symbol Lp Lp Mp Lp Mp
Iysogenic A * + r + - r
gensitiver B s 8 8 ] 8
gensitive C s 8 r 8 r
lysogenicH D 3t + s s +
AXB None ¢, D c, D
BXC None ?Ione None
CXD None A, B A, B
AXD None None B and Lp'Mp*
EXPTL. RESULTS: Limes crossed Typ¢0 A B C D Gal char,
Fxpt. Yo, 1x28 AGal"xB 0 146 1 0 *
18 0 0 0 -
CGal"xD 0 0 o 3k - +
2 8 18 3 -
118 1z 3 ACGl®xB 3 143 26 1 No record
L20 AGa~xB 4k 22 28 12 Gal* only
h23 AGal~xB 8 2 1 37 +
0 1 0 0 -
123 CxDGa*28 1 3 0 (and 28 Lpy")
BorC
bl CGal"xD o, 5 49 ¢ mostly Gal®
502 BGa1®xC 0 15 13 o] +
. 0 13 68 0 -
hh3 S 31x31 Bxa o 2% 0 1l
168 1xA47 A x B Gal~ 51 0 0 6 +
- . g 2 2 3 -
A Gal™ x 7 1 9 +
2 £
521 n 0 o 2 -
528 BxCGal~ 0 13 17 0 +
0 8 24 0 -
529 CGal*xD 3 2 2 2 +
2 2 28 0 -
523 A Gal”"xD 8 0 0 52 +
37 o} 0 19 -

P parent underlined.



Table 13
Geretic Control of the Semiresistant Phenotypes:

Nonlysocgenic (W-2147) and Lysogenic (W=-2172)

Part 1

Hypothesis I Hypothesis II
A new allele at Lpo: 4 3rd locus, Lp3, is involved:
Phenotype symbol Lpy Lpo Example Lpy Lps Lp3
A + 8 Type lysogenic + 8 8
B + T Tmmone~2 lysogenic + r 8
C + P W.2172 mutant + 8 p
D s 8 Type sensitive s 8 8
E ol r Immine-2 8 b o 8
F s p W-21147 mutant 8 s P
BxF Yields: B, F, E, C progeny Yields B, F, E, G, 4, D
CxE " " _
Regulta: Bx F No, of Progeny CxE
J: B C D E P A B C D E F
Hal* 55 1 1 1 0 1 22 2 1 26 0 1
Mal™ 0 88 0o o0 1 0 6 0 o 0 5 O
Part II Linkage of Lp3z to Lp;--Gal and Lpowdal ?
No. of Progeny
Parents Mal® I1py®  MalT Ly MalT Ip® Mal” Ipyt
F #al” x B #al” L 56 1 58
¢ He1l® x E Mal™ 27 25 59 o
¥al” Ipp®  Mal® Ipg®  Mal” Lp,®  Mal” Lp,®
F ¥al” x B Mal™ 59 1 0 59
¢ Mal® x B Mal~ 51 2 0 59
Mal® Lpy® Mal* LpsP Mal®” Lp38 Ma1” Lp3p
F Mal” x B Mal” ST 3 59
C Hal* x E Ma1~ 50 2 50 0
C Gal* x D Gal~ Gal* Lpy* Gal* Lp) B Gal™ Lpy * Gal> LpS
60 0 0 28
Gal® Lp,8 Gal* LpsP Gal= Lp,8 Gal™ Lp,P
37 23 37 26

The above data are comsistent with the hypothesis that an Lp3 locus separable
from Lpy and Lpp modifies the reaction to A-1 ard k-2, This locus is not

linked to Lpj--Gal or Lpo~-Mal.
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Keysort cards carry 68 bits. The following scheme 1s tentatively suggested
for organizing the stockbook. Further suggestions urgently rji?ested.
&. '

/

Stock number and series (3 digits only)

Iine: (13 2-10; 11-203 21-40; 41-..})
and E. connot'ﬂg’ Not E. 0011.3 escesese}

Event and agencys

"Mutation® spontaneous, sporad. Not "mutation”™: new isolate or receipt

spont; selected segreg. orrecombinant (sex or —-x)
oV Infection (F or hmm&..o)
X-rays or other mutagen *Cure" £ &« ®

Kind of locus changed:

Not indicated auxotroph

Lpy orx fermentation

Gal (by transduction) Sm

F Other resistance

Genotype: 1 bit each for:

Gal 1, 2, 4, x
lac 1, x

Mal 1, x
Xyl.ﬁtl Sbl.Ara.Sﬂ,Glu.Suc,Cen.m‘l,x 1
M, (7,1}

Other aux: AA, Vit, Pur, etc.
Hfr; F

Het

Heterocgenote or heterozygote
any suppressor

any temp.-gens.

Lp or other phage

V1 Vg Vx Ipp Lpy

oNNE

W
\nl\nUHHHHN\JN

S (incl s9)
Other resist. (v fut)
Fla

misc.

lyophil
who entered

L B

Blo » 2w
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323 Juns 10,
e
ATRIX 70 TEST TRANSDUCTION MAP SEQUENCES @
Secmencs Codes for mulbiple sxchange iypes
CLETRLOTE {Operators on donor gerotyps)
Zwpoint tesh
123 b
132 c
213 a
hepoint test
’ 123k b ¢ ae be bd
1243 b d ad bd be
1324 e b ab be cd
1342 ¢ d ad ed be
1423 4 b ab bd cd
The complete teble can be
1432 d e ac cd bd generated as the permutaw
tions of (a'h, cd?) where
213k - a c be ac ad atb=bb, be, bd, and bbsb,
Zih3 a d bd ad ac ' -
231 c a ab ac cd
2413 d a ab ad cd
3124 a b be sh ad
321 b a ac ab bd
Instructions:
i. Write down the donor genotype (differemtial markers only) in any arbitrary sequenca,

Coffey We X4 Y+ Zeo

Croup the experimental ‘results into the rave and freguent classeg,

Code these classes as transformations of the donor gemotype. The cods "a" maazus
"reverse th2 sign of the first locus written", "b" the same for the seccnd, eie,
Thus, (ad)(WeX+¥+Z=) would be W+X+¥+Z+,

The table glwes the codes for the multiple exchange classes (mec) corresponding to
sach sequence., Those models are excluded where frequently found types are imcluded
in the mec cedes, and vice versa.

Tha sequence eodos can be translated into maps by writing the donor genotype ss
Wiy i and transposing accordingly, Thus, 231 would be the map XWWZ,

123

¥or the reciprocal transduction, superimpose the operation abed, so that, e.g.. ac
becomes bds c becomes abd in the mec codes,

J. Lederberg
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Table 5
The frequency of transductiong unstable
for galactoge fermentation

zﬁzient Gel (+) ﬁgl_l- gzzfes ey
Galy~ Lp® ‘g/22(81) - o/11(0) o/29(0)

Lpt(1) 23/24(96) - 23/24(96) of27to)

Lp*(2) 17/24(71) - 24/ 24(100) -
Galp- LpS 28/48(58) 63/72(88) - 64/72(89)

1) 22/24(92) 19/24(79) - 16/2(67)

1pt(2) 16/24(67) 21/24(88) - 22/ 214(92)
Galj- Lp® 13/24(54)  of72(0) 21/24(88) -

Lp® 20/2(83)  0796(0) 19/24(79) -

Lp¥ 29/48(60) - 18/24(67) -

The figures shown are the fraction of cultures unstable for
galactose fermentation. Percentages are shown in parenthesis,
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Cis-trans position effectx in transduction hoterogenotu of __lc_l_l_g_m soll

— 1}10 phlluo lambda can transduce & fragnent vhich inclndon 'y olnstem' of gaml

‘for galactcse fermentation. Most of the transformed clones are "diploid" or
“heterogenotic for the transduced genes. Many combinations of non-allelic Gal- S
mutants give galsctose positive hetorogenotu as readily as Oal+/Gal-, w. e

_some combinations of Gal- gave smaller and dela.yed yields of positivo clonss.

Further aralysic disclosed a cls-trans position dt@t between oerq§ loot. ,
#gnsduction frox Ga.11+ Galb

For example, while tho c;u /-- hetea-ogenotes fomed. W

[T e e — e e

to Galj=Galy~ are pooitin. the trans h&‘* hetero’enotn from the tmsd'action

from Gall-Galg" ‘o 6‘11*0"11&" are phanotypically Zalactose negative. In the

" negative clones, positlve héterdczencies are later formed By orossing over 1A
-~ ocoasional osllss Further-segregation rosults in all possidle haploid combinations, ————
4=, =, 4+, and —. The delayed ylelds that were observed initially are based onm

_ these senomla:y events, Al Vvﬁagziproral trwnsdu*tions have given identical

- phenotjpes. Eed tna.t in netarogenotes the genea 1n the fragmant ara ftmuticnally

equivelent to tie hom&}sagoua genes In the chromosome. The galaatcse positive

phenotype tl'ms requ_res that + alleles be in adjacant nositiona efther in t.ha

" fragmext o%the chromosome.
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4, Pransduction o Lp® recipients

It has been stated previously that transductions to Lp8 recipients cells:

with LFT lambda +
f\re’ml'c‘ in lysogeny of the clone, Nearly all of these lysogenizations are Lp ,

but ¥X¥IE rarely a clone BX with Lpr phenotype results, With HFT lambda there is

r
a higher frequency of the Lp type, & result which may only be owing to the lower
. Vi br we
chances of sec%lary 1nfection£vithAHFT lysates. Of 58 syngenotes isolated as
singfé colonies, 13 (22 percent) were of Lpr Phenotype. These syngenotes were made

with different lysatex preparations, amicisere ddrived from different homogenctes,

and there is no indication, as yet, of an assoclation of Lpr clone formation with

either a locus or a lysate preparation,
- r h M. /\‘1//‘}’
The Lp clones descrbbed previoushy are carriers of a"defective® prophage
( Appleyard, 1954), but ¥X¥S plaque~forming lambdda, in small quantities, may be
obtained from them after irradiation with ultraviolet. The I.pr clones obtained YEEmX
with HFT lambda have not given lambda after UV treatment, and differ from previously
r - 8
descrided Lp  cultures im segregating for Lp, yielding Lp . Thus they appear to
V- 8 +.r 8 +, 8
be syngenotes of the form al~ Lp° //Gal Ip . Segresation yields Gal-Lp , or Gal Lp %
r
haploid segregants. No non-segregatiag Ip clones have been observed. This last

obgservation suggzests that the lambda "defect! in these cases is with lysogenization

as well as with production of plagque~formirg particles.



/

;5(//// 2z~

Obvious segregation at Lp was not observed when Gal+ segregated from
Lps recipients, apd it was not possible with these syngenotes to relate the
function of the prohhage to the genetic material. Lpr _,//L.ps heterogemts permit
study of this relationship. If the chromosomal fragment is independent of the Lp

8
genotype, Lp segregant cultures may be homogenotic. Gal+ reversions of segre ants
from Lpr__//Lps syngenotes were examined for their segregational behavior. Under
) r Cer—
conditionEs ¥XUX where the ¥E¥BY reversionk test indicated 23/23 Ip , segregants
sl ”
to have been homogenotes, W/11 Lp , sekregants were found haploid(tablel0),
{we

Although it 1s not possible to determine, cdequacy of the data, the indicatéon is

A

L 4
that the Lpr allele has & centremeric function, that Lp probabdbly does not, end
A % B +
that the LpS allele cannot so function. Failure to obtain segresation of the Lp

allele in transzductions to Lps recipients may only be an indication that the

heterogenotes studied are not the primary product of lambda-sensitive cell

interaction.



a3
fa°7
o
Table |0
Segregatignal beh%vior of Gal+ reversions
of v~ and Lp  segregants
Experiment Segrecapnt Munber of Fumber reversions
Phenotype Mumber Reversions per segregant found segregating
287 Ga12' Ip" 1 8 8
6al,” Lp" 1 6 0
292 Gal,” Lp 12 | 1 11
Gal,” Lp® 3 1 0
Galu' 1p° 1 1 0
2924 Gal,” Lp® 1 2 2
Gal, Ip" 3 1 3
Gal,” 1p®- 5 i 0
298 Gal,” Lp" 5 2 10
323 Gal 6’ Ip® 1 ' 6 1
calé‘ Lp® 1 2 0

- v 8 +,1r
Hl?erogenotes. 287: Gra,l2 Lo __//Ga12 lp

+ s X + r
292,792A,298; Ga12 Galq Lp _//Gal2 Gal, ILp

+ - s - + b-)
H G
323; Gal, “al,” Ip®// Gal Gal ' ILp
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Defective
Heterogenote
Humbe r

292
323
33
336
343
3u6
36
368
374
382
1154

4,204
Totals

_Gal~ Segregants
Lambda Sensitive Lambda Defective
2l 36

L 2

6 o
12 0
5 1

5 1
20 1l
3 o
9 0
14 1
156 1
16 2
-2 A
143 L9
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Fraction
Surviving

0
2.5
6.7
atd

1.0

Expt. 3156
Procedure:
¥
51 1.5
W0 18k
151 172  ;

Table 1

2/1/54

Ultraviolet irradiation of HFT 2=, lysate dilited 1-100
in D(M), 0.1 wl. sample removed and added to 10-m1,
Pengssay. HPT 2~ stock = 2l3-1l, mql- derivative,

- Distance from lamp, 50 cm,

UV oee in Seconds

B 60 1 9 105 120 1150 165 180
0.5 17.3 22,7 2.8 234 249 18,1  16.0 6.0 .S
293 L3 63. 8 7.1 53.6  95.8 ™ 69.9. TLT  58.9
6 28 3 W u 12 45 3,0 23 1k

0.3 - 0.18 6;23 0.09 0,11 0.077 0.029 . 0.6;9 0.015 0,009



N

N

No, of Trnsd.
Tosted

No, Seg.
£ Seg.

1pS
Ip*
LpR

%53 Gene Types of Non-Segregating Gal+
- 7

+

Ip
LpR

% Lp°

o

0

0

Ip _Gene Types of Segregating Gal+

-

Table 2
Analysis of Transduction on Gall"LpS Recipient
UV Dose in Seconds

¥ 0 B & B0 120 to 180
18 18 18 18 18 18 18
6 1 0 1 0
33 6.0 0 6 ‘ 6 6 0

1 17 16 16 17 -
2 e 0 0 1 0 -
3 2 1 1 0 0 -

58 88 sk b 9 00 -
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Introduction

The trans’er of gene$ic material Wetween bacterial cells by temperate

bactebhages has ‘een shown for certain Salmonella and for Corynebacterium

£ ae . In eah of these cases the transductian of genetic factors skmply

has beldemonstratd. This mechansism of gentic recombination is in contrast
with thcomplete scuasl mechanism of recombination in which the whole genetio
materialof the cellparticipates at oﬁe time. The study of these two mechhmisms
and thed interrelatonship is difficult in biological systems in which only one
has beenfmnd %o orrate. The present report summerizes a study of E. colf K-12
- where the:’ ilmlependen occurrence of sexual recombination { Tatum and Lederberg,

1S47) and jansductie recombination has been demé}trated.



