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Report on lac- study 
X. E. korton 
Oct. 4, 1956 

Preparation of stocks 

The plan of this study is to prepare pairs of stocks co&airing 

the same lac- allele, the i1:itia.l member to carry Cavalli's Hfr, N-, and 

a LV-induced lac-, the other to be a lac- F- prototroph derived from the 

first by recombination l,;ith YlO. For chromosome mapping, each Hf?r stock 

will be modi.fied by selection of 6, vr a marker closely linked on the left of 

Lx-l. In future, the Hfr stock will also carry P-, one locus for which 

is reported to lie between Lx-1 and V; (Pried, m.s.; her data fit equally 
W32% 

well the order P V6 lac-1). An Hfr P- 1% stockAms obtained by W 

irradiation of WlC95 and is being tested to determAne the location of P-. 

Preliminary tests indicate the order P $ lac or V?j lac P, 

Pending the development of the P- stock, F- prototrophs and Hfr 
w112 

IL P+ stocks were prepared for the genes lacgtc7, IL~cT~~, lacl , laci5, 

lE3F7 
,~3229 

4' 1 9 -1 w3U6, and for 12 law derivatives of rJl@Y5 (1940-51). 
w106 

In addition, F- or F+ prototro?hs were prepared for lac3 wU5 , lac5 , lac7w133, 
~3128 

and 1s.c (Table 1 and Fig, 1). 
-dt& 

In the course of thFs work, -fop lac- stocks were isolated 

which differed in recombination and reversion patterns from the lac- paren&%. 

W3l59 is a stable isolate from a cross of YlO with the very highly mutable 

Wl.951, and fails to recombine with XL951 and all but one of the apparently 

single-step lac-1 mutants. W3229 is a spontaneous derivative of W3120 

accidentally isolated in serial transfer. It is much more stable tl-an 

87 its la$'- ancestors and fails to recombine with any of the recognized he-1 

mutants. At present it is the means by which lac-1 is identified, since the 

lac-1 pseudoalleles have sufficiently high recor.bination rates to be indistinguishable 

from unlinked loci in streak tests. W3146 was isolated from a cross of 

wll2 W3129 by ?K!l2 in a. attempt to introduce LaCl into an Hfr stock; it 

recombines with ml2 and all tested lac-1 mutants and is aLlost certainly 
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not a derivative of Wl12, since it remains S' gal- VE like W3129, (Of the 
wll2 stocks in table 1, the Hfr lacl is the only one not yet prepared.) The 

origin of the two-step mutants W3229 and W3159 raises questions about the 

nature and f!requenoJ of spontaneous changes in recombination pattern of 

lac- mutants. 

Streak allelism testg 

Cross-streaks of Hfr L lac- and F- lac- prototrophs on bi lac plates 

are convenient tests for allelism, but their interpretation, although Elear 

in most cases, is in others made difficult by too frequent lac# reversions, 

especially when they occur in the I& line, and by the relallively bw fertility 

of 3H3, W3164, and W3l-40. Tests with highly fertile Hfi stocks have been 

unambiguous. 

The ILao- stocks tested fall into two groups, The majority fail 

to recombine with W3229, and are therefore desi;jnated lac-1 (Table 2). Of 

these Y87, Y53, Wl950, and Wl951 appear to be allelic, but may be separated 

by their reversion rates, which are in the order Y53< Y87< Wl950 = Wl951 

when compared as prototrophs. The latter two stocks are exceptionally revertible 

and are robably identical, as they were isolated in the same eqeriment. 

Similarly, Wl948 and Wl949 have not been distinguished by recombination and 

revertibility tests. All other apparently sin&+step lac-1 mutants recombine 

with one another. Five lac- genes remain unclassified with respect to 
~3225;' 

locus, since they recombine with lacl ~3128 , lac-2, 3,4,5, Q-&d lac , 

as well as with each other. The two recently obtained lac- from W32$ 

have not been adequately tested. With chromosome mapping tests, some of these 

' unclassified genes will probably be found to be peeudoallelic with known 

loci. 

Intensive allelism tests 

Quantitative recombination tests have been deferred until 

Vz P- stocks are available. A few intensive allelism tests were carried 

out on material at hand, without re-isolation of stocks, so that reversions 
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in the agar stabs over varying tir>e intervals were confounded with unavoidable 

reversions in the Penassay broths in which the cultures were grown up and 

on the 1: lac plates on which they were tested. Colonies were counted at 

2,!+ hrs. to minimize reversions on the plates. Despite the crudeness of these 

tests, theJ are of interest in confirming the cross-streak tests and providing 

a rough measure of reversion rates (Table 3). 

813128 lac- Hi&- F& 

This stock was received from Borek as a questionable double mutant. 

Hist + reversions on D(O) remain lac-. Lao- prototrophs were obtained from 

a cross with KLfb95. Both his-L and hist /: were isolated from lac# reversions 

on B lat. All the evidence is consistent h6th indepencient origin of hist- 

and lac-, with hi&$ reversions in some la+ papillae. 

Persistent diplodds " 

from Hl lacq59 colonies were isolated which carried Het, as shown 

by lacv colonies in the cross with Wl940. The lac- parerits have been stabbed 

as KL+2 and the &.acv:‘diploids as Ml>1. 

An attempt was made to test allelisn. of the lac- segregants of 

H271, a diplbid lac+ which segregates stable and mutable lac-. The original 

lac 
wl12 

constitution of this stock was y53/lac , which was lac- in phenotype. 

Unfortunately, the ~53 Hfr tester is of low fertility and the 15112 tester 
,&Z 

has -been zgnthesixed, so a conclusive s.nalysis has not yet been-de. 

Interaction of lac, gal- and lac, nal& I 
E, W, Lederberg reported that cross-streaks of lacl- galf; 

and lac l- gal- gave a bluish color after 48 hrs. on B lac, but that other 

lac- loci are negative or give a less intense color. This has been confirmed, 

the color reaction being puch clearer on pa.per prints than on the agar plate. 

A gall- lac# tester should be tried. Cells lysed by T6 on B lac sgar 

give a blue reaction, but I was not able to differentiate la-1 from other 

loci by this method. In fermentation tests on EXdB agar, read at 2.4 hrs., 
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all the lac- prototrophs in this study (l:rith the exception of the m.l-1 and 

gal-2 stocks) behaved as follom% 

Locus ma.1 mt1 gal zylose 

2and 3240 slow SlOV + + 

3 and 5 0 0 very slow # 

all others 4 # # 11 

Pl transduction 

Attempts to grow high tit- Pl in L broth were unsuccessful on a 

variety of lps stocks. The Swanstron+ Adams cocfluent lysis plate rrethod 

is now being tried. As soon as good lysates are made, the tramduction system 

will be eqlored. 
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Jw1946 
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J w1949 
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w3229 
i 

J w45 

w108 

7367 

~~208 

WI-45 

wl33 

~3128 

w19110 

~1942 

w1943 

w1944 

w1947 

LOCUS 

1 
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'1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

4 

4 

5 

7 

~3237 
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Table 1 Lac Stocks 

F- mototroph 

w3120 

3H3 ind. Hfr (JL) 

W3230 IT23 

w3134 M2 

W322l -M+ N6 

w&L 

w308q mal;: _ 

W3148 EJ 

m945 W3152 w 

wls144 w3153 w 

K&48 w3174 I 

K1949 w3156 u 

wl950 w3157 I 

Ill951 W3158 II 

w3175 q 116 

w3159 N9 

W3229 ' w3133 Nl 

W3164 sr m5 W3112 

W2243 

w3u#o sr N4 , W=44 FI‘ 

013127 ' 

W22.45 F# 

W3238 \ 

C’ 

'w3215 

w3151 
ii o w3154 

Hf!r M- P- : ' , I.' 
W3237 

N23 

I?7 

N9 
I) 

1) 

w 

w 

w3240 w3240 



Table 2. =5 recombination pattern 

Stocks recombine to give I& if the corresponding bar& do not overlap. 

wll2 

w1941 

w1945 

wl948,9 

w31116 

~1946 

w3159 

~3229 

3,SP 3,31/3m WJf 
3J20 3J31J 3lsrf,s/J-p --- 



Table 3 Allelism tests 

l&per. 1. 0,lml. F- md 0.1 ml. Hfr from overnight cultures into penassay. 
After 4 hrs. plate 0.1 of mix on M lac, 

F- Hf'kM- 
W3229 3H3 wJ-943 

w3133 0 0 0 

w3134 22 23 > 1000 

w3U8 1 13 0 
* 

W3Qciq 0 - >lOQO 
Eqer. 2. Mix centrifuged, washed with saline, concentrated in saline l/10. 

LQ nil, of concentrate on 14 lac, 

W3229 wl943. 

w3133 3 2 

W3089 0 - 

Bpr.3. 0.1 ml. F- and 0.1 ml. Hfr in 10 ml. penassay. After 3 hrs. plate 
c?,L rrl. on N lat. 

F- no H.fk allelic Hf!r Hfk = w3229 

w3133 0 

w3134 44 

W3089 0 

w3u8 0 

W3152 0 

w3153 l-4 

w3174 0 

w3156 0 

w3157 26400 

w3158 29000 

w3159 0 

w3175 0 

w3229 

3II3 

0 

52 

wl94l 0 

wl945 0 

W9& 15 

=948 0 

wl949 0 

w1950 um 

wl951 17ooo 

wl951 32 

w3u 0 

0 

50 

0 

0 

0 

11 

0 

0 

15@0 

23200 

0 

0 



Table 3 (cont.) 

&per. 4. 0.1 ml. F- and 0.1 ml. Hfk in 10 ml. penassay, After 24 hrs. plate 0.1 ml. 
on M lat. 

F- nom allelic Hfr 

w3127 32 w3J-40 153 

W3ll.2 0 w3164 0 

w3151 0 m944 0 

w3154 1 ul947 1 

W3l.47 3 m9150 2 

W3u9 1 WI942 0 

W31% 1 a 0 

w3155 0 1) 0 
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Second report on lac- study 

N. Morton 
Jan. 10, 1957 

New stocks. Five new lac- stocks have been prepared by UV-irduced mutation 

in W3236 and called W3267,8; N39-1,2,3. $B stocks were derived from each of 

the Hfr lac- stocks by selection in broth. In f'uture, a Vg stock will be 

used as source of new lac- mutants to assure identity of the I$ marker. 

Lao- stable derivatives of the two allelic mutable stocks W3120 and 

Wl940 were obtained after UV treatient (N36). Of 10 non-papillate colonies 

of each type tested, 2 of each stock failed to recombins with other lac-1 

mutanta. These colonies were labeled W3269-72. 2 

Mapping of 86, lac, P. wll r\ A cross was made betweenWl366 Vi lac l fj%4)'F- ? 

and W3236 Hfr-1 P- M- on D-O+proline. The scoring of 2l.8 recombinant8 

gives as the most likely order f 

wr) v6 lac P 'J yx ,,, 
35 15 22 31 ..- 38 

(TLBl 

In several other experiments~some selection for P+, but the same order 

and approxinately the same distances are indicated. 

ONPG tests 

Single color iaolatea f'rm LO were groun overnight on a rotator in 

YZ broth + 0.5% lactose +0&k glycerol. These cultures were spun down, the 

pellet mmmpended in lml. water, and the 0~11s autolysed by sha@.ng with 

l-2 drfJpfJ of ISnzem. To O.lml. of this mixture were added 2 ml. of an 

ONPG solution (3Qng./Locknl.) and the color read by eye after 10 minutes at 

37' C. All of the single-step lac-1 mutants were ONPCH. Of the two-step 

lac-1 mutants, W3159 and Y7O were also +, but W3229 axi W3269-72 were ONKL. 

All of the remaining lac mutants were ONPCL exeeptW3267, which contained 

reversions, W3268, which is a weak fermenter of several sugars, and W3239, a 

lac- stock reoeived frcm Borek. Lac-3, lac-5, and N39-1,2,3 were not tested. 
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Aliquots of all stocks were tested for lac+ reversions before autolysis; 

only Wl95O and W3267 contained a detectible number of aversions. 

Fermentation tests 
w3268, N39-1, ati lae-3 ferment galactose, maltose, glucose, and 

arabinoss weakly or not at all. N39-3 does not ferment maltose, but does 

ferment the other sugars, Lae-5 does not fgrment galactose or maltose but 

does ferment glucose and arabinoss. The remaining lac- mutants will ferment 

all the other sugars tested. 

Crossover supznWsion in two-step mutants 

Of the 2 ONPG + two-step lac-lx&ants, Y70 shows the$<zbination 

pattern as X53, and W3159 covers all of the recognized lac-lregion except 

u1946, W3229 and W3272 cover all of the lac-1 region and presumably extend 

beyond it, since they are ONPG-, However, they have not been shown to be 

allelic with any ONPG- single-step mutant. W3269-~1 do not recombine with 

lac-2 and lac-4 or with the majority of lac- mutants of unknown location. 

Either the region of crossover suppression is large, or most of tbs lac- 

mutants are in the neighborhood of lac-1. 

Transduction tests 

If an M lac plate is spread with two drops of an F- lac- prototroph and 

half of the plate respread with 1 drop of a PI. lysate obtained from a non- 

allelic! lac- Hfr Vi by the Lennox modification of the Adams layer plate 

technique, then a yield of from 20 to 300 colonies will bs obtained with Pl 

at a time when the control half of the plate is blank or has at most a few 

colonies. Allelic lysates give zero yields. In all combinations so far 

tried, the proportion of Vi among lac+ colonies is less than l$. No per- 

sistant heterogenotis have been obtained. 

RecombSnation tests 

More than 20 crosses have been made of Hfr q M- lac- x F- luo- prototroph 



on M lac, the colonies being cross-streaked, without purZU.oation, against 

T6 on M lat. The Hfr parents have been W3229, Wl946, W3l46, and W312O. 

In every case, ths proportion of VI among the recombinant8 is less than SO%, 

with no evident reversal of ratios in reciprocal matings. 

Discussion 

So far attempts to map the lac-1 region have been unsuccessful. This 

may be due to multiple adjacent orossovers in pairing regions, to proximity 

of the Hfr-1 elimination region to Vi, or to heterogeneity in the location 
r 

of V 6 mutants. It Is not clear what the moat expeditious way to investigate 

these possibilities will be. Tentatively it is proposed to use W3133 as a 

universal receptor for all Pl lysatss and as a universal F- for all Hf'r-1 

atooks, excluding lac-1 lysatee and stocks. This procedure Is suggested by 

the fact thatW3229 5 gave no $ recombinants with W32l5, W3151, W3154, and 

W3ll2, indicating perhaps that there is a V6 locus closely adjacent to the 

crossover-suppression region of W3229 and W3133. If at least one cross gives 

anexoesa of V& thps will give some hoPe that ths Egion can be mapped with 

existing stocks. If there ia no such cross, the moat hopeful possibility 

would seem to be that the Hfr-1 locus is responsible for the mapping difficulty, 

and either transduction with F- donora andreoeptora, another fertility 

system, or the use of P as an unselected marker may be tried. To introduce 

P or another Hfr into existing P+ stocks would be difficult. 
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