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I. IN'J.1R0DUCTI0N 

Regarding their response to bacteriophage, three 

types of bacteria have been characterized. Some are 

resistant, some are sensitive, and others show an 

intermediate response to phage. A considerable amount 

of work has been done on the resistant and sensitive types 

of bacteria, but little inforr.,ation is knowri about the 

intermediate response of bacteria toward phage. Cells 

showing this intermediate type response have been i;:;ola ted 

by several groups of workers and have been designatej 

semi-resistant, variably (partially) resistant, or 

:i.ntermediate. 

The work done by Carta and Bryson (13) indicated that 

the Tl-variable mutant (B/r/lv) derived from c1 radiation 

re~:;j_stant strain of Escherichj_a coli B although genetic.:all;y 

stable is phenotypically unstable. That is, variable 

populations are phenotypically heterogeneous with regards 

to their response to phage Tl. These populations concist 

of cells in the phenotypically sensitive and resistant 

states. The proportion of cells in either state is growth 

s taze depen'..ient v;i th a predominantly grea tee number of 

resistant state cells present during log phase and a 

prejominantly greater nu~ber of sensitive state cells 

present during lag and stationary phases. It appeared 

... 
J. 
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that this Tl-variable response is controlled by certain 

genetic factors. Therefore, for a better understanding 

of the mechanism of variable resistance, it was felt 

necessary to determine the genetic factors controlling 

this type of response. The purpose of this research was 

to locate and characterize these genetic factors. 



II. Ll'l'Eh/\TUHT~ Rii::VIE\'i 

This review Js divided into t,;;o ,;1,?jo:' paT·ts. The 

first p2rt concern~ the research that has b2en cione in 

attc~pts to characteriz8 various intermediate resp8~s2s 

of bactoria to bacteriophage. The secona part deals with 

work related to the mapping of loci controllin~ various 

respon1,es of Escher:i.ch:i.R coli to bacteriophage 11'1. 

Resir;tance to Jbcb!~'iophac;e 

Several bacterial mut3nts obtained by seve~al groups 

of worker·:s and sho-v-tns inter:nediate ty1)e8 of .ccsistance to 

bacteriophage have been isc 1 2tPd. t~t detalled studies on 

pr>eJ.irnin::!ry st1;.cli:r.: u.ir1ce1't1:'...nc:; the pr·ope:i:ties of th12se 

s'..;:U 1 rer,nineJ unirnc.m . 

.1-. F'a::-'tJall:r c2.~ varlD1)1y res:i.st::1 i,L: ',lJtd.nts 
-----·-•-·'•---,- - ----~. _ ... --·---· ~--. -·------·------···- ·--•·---·--~ ... ~- ..., -------·~-
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at a higher rate in populations of induced resistant mutants 

than in populations of spontaneously arising resistant 

mutants. 

It was found that in b~oth cultures containing a 

high titer of phage, tile growth rate of the partially 

resistant bacteria was retarded and that typically 

resistant cells (B/r/1) arising from the partially 

resistant cells predominated. However, in lower concen-

trations of phage the B/r/lp cultures regained their 

normal growth rate and the population composition of the 

cultures remained unchanged during the growth stages. 

In cases of growth on solid medium, if high concentra-

tions of Tl were added, there would be a delayed appearance 

of bacterial colonies and these consisted of typically 

resistant cells. 

When B/r/lp cells were plated with lower concentra-

tions of phage generally 100 percent efficiency of platiDg 

could be observed. The time for colonies of this partially 

resistant culture to appear on phaged plates was found to 

be 10 hours later than on unphaged plates. From the above 

observations, they concluded that the predo~inating type 

of cells in the partially resistant cultures are different 

from the cells in sensitive and resistant cultures. 

In 1966 Carta and Bryson reported the isolation of 

.s imilc1r types of rnutant s (B/r/1 v) from ultra violet--irra-
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diated E.coli B/r cultures (13). The mutants were 

isolated by first treating appropriately diluted log 

phase cultures with ultraviolet light. These diluted 

cultures were stirred (magnetic stirrer) on an watch glass 

during the irradiation. After 90 to 99 percent of the 

population had been killed, one-tenth ml of aliquots of 

the treated cultures were spread on nutrient agar plates 

and incubated at 37 C for 2.5 hours. Then o.1 ml of a 
9 

Tl phaee suspension containing 1 x 10 plaque forming 

unit (pfu)/ml was spread on the same plates and inc;ubation 

was continued for one to two days. Before assaying for 

the variable character, the colonies were streaked four or 

five times with intervening subculture on nutrient agar 

plates in order to eliminate the bacteriophage. 

The properties of the isolated mutants were found to 

be very similar to the wild type B/r strain except in 

their response to phage Tl. Both B/r/lv and B/r strains 

were abJ.e to ultilize lactose, arabinose, xylose, and 

galactose, were unable to ultilize maltose, and were 

sensitive to streptomycin and sodium azide. 

The productton of Tl by B/:::.1 /lv cells w2s studied. 

It was found that the burst period of the B/r/lv culture 

was longer than that of the sensitive culture, and the 

final phage yield v1as found to be much higher in B/r/lv 

than in the sensitj_ve c~lture. 
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In micromanipulation experiments., B/r/lv cells were 

singly isolated from various growth phases and placed into 

phage Tl medium and observed periodically. The proportions 

of cells in the resistant state were detennined by 

counting the number of 1.solated cells that formed clones 

(which eventually lysed) and those that did not form clones. 

They found that the highest proportion of cells in the 

resistant state (those that formed clones) occurred at 

mid-log phase. 

The percentage cloning efficiency of B/r/lv cells 

was determined by counting the number of clonies formed 

in the presence of excess Tl and comparing this to the 

number of clonies formed in the absence of phage Tl. The 

peak value of coloning efficiency was in the range of 

43-89% and occurred consistently at mid-log phase. 

The above studies indicated that with regards to its 

phage response B/r/lv cultures consist of phenotypically 

heterogeneous populations. Also the proportion of 

phenotypically Tl-sensitive cells to the phenotypically 

Tl-resistant cells was growth stage dependent. At lag 

and stationary phases most of the B/r/lv population was 

phenotypically sensitive to Tl., but at mid-log phase 

most cells were phenotypically resist3nt to Tl. Therefore, 

it appeared that the response of a cell toward phage was 

variable. For better describing this particular response 



7 

toward phage Tl the term "partial resistance" was changed 

to "variable resistance 11 • 

2. Semi-resistant mutants 

Another intermed1ate type of mutant was isolated from 

several wild type bacteria such as Shigella paradysenteriae 

Y6R, Salmonella ~nteritidis, Salmonella typhimurium and 

Staphylococcus _pyogenes (64) by Wahl and Blum-Emerique in 

1952. They designated these mutants as semi-resistant 

strains (65). 
The semi-resistant bacteria could be found arising 

spontaneously or as the result of induced mutations. Most 

characters of the mutants were identical to the wild type 

strain except in their reaction to phage. rmmunolor;ical 

studies showed that both wild type and semi-resistant 

strains were antigenically similar. 

One character of a semi-resistant strain derived 

from Shigella paradysenteriae was that on agar medium 

the number of plaques formed by phage S13 on this strain 

was always smaller than the number of plaques formed by 

the same number of phage S13 on the sensitive strain. 

Also, the size of the plaques was generalJ.y smaller and 

the shape was more irregular tha~ plaques formed on the 

sensitive straino 

In liquid medium, the adsorption of phage by an 

early log phase sensitive strain was 96% whereas th9 
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adsorption by th~ sexi-re~lstant strbi~ ~as very low (66). 

Only 0.7;; of tbe bacter·ia of semi-ru_,istant cultures 

were able to b2 infected by the ph.::ge. The authors 

designated the fraction of ba8terio which ~era able to 

adsorb and support the pr0pagation of phagss as being in 

a :recept :t ve st& te, while those uninf'ected ba,:; te:cia 1•1er2 

conside1·ed to be in a refractory state. 'l'here w:.:is an 

equiljhrium between these two statesc Each different 

semi-resistant strain was characterized by their 

proportlon of refr;;.ctor-y and receptive bacteri& in the 

population (62,67). In general the lower the proportion 

of' receptive bacte1,ia in a se,ni-resis'crrnt population., 

the smaller was the siz2 of the plaquco Also, in the 

presence of phagec, the rec ::pti VP b:. ;t er:~a con t5.nue 

to appear as descendents of refractory bacteria. 

Tl1erefore, froti1 the po:irit of' v:iew of its re&ction to ph8ge, 

the semi-- res is t2,nt cuJ tu t·c~ is a hcte::'."o0eneous ;,opula tloo c 

semi-resistant population in the receptive state, the 

rate of inult1plicat:1.on of phai~e was usually sJ.o·:r2r thc1n 

t 1'C ,.,.,,,0, ··r'··I, of t,. C t'-1']. D'.)=_ i· I",;·•·. +-~·i.e r•,',! 1_7_ i:_·1r:;.,_, __ irv•,':) t·, _;,.,-,•n of.' u • 6-'- • ,'/ .. , u 'c.i "-'. cJ. • . • - v 1 . • . . , _ _ _ 

the phage on the semi-resistant strai~, the phage first 
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no massive lysis could be observed because of the slow 

phage proliferation. The yield usually was very low and 

a high titer could not be obtained. 

For supporting the propagation of phage S13 in both 

the sensitive and the semi-resistant bacteria, it was 

found that the absolute and relative concentrations of 
++ 

P04- and Ca ions in the medium were very important (68). 

The phage would only grow in a certain range of ca+~ 

concentration with the P04- concentration lower than a 

certain maximum. The gro~th of phage S13 on semi-resistant 

strain of Shigella par_adysenter1c1e was found to require 

more calcium and tolerate less phosphorus than on the 

sensitive strain. 

Finally, the author.:. used the term "reactivity 11 (63) 

instead of "virulence II to describe the different reactj_ons 

of the very similar strains toward the same type of phage 

under the same condition. The reactivity of a strain 

is related to the frequency of appearance of the receptive 

state bacteria as descendents of refractory bacteria. 

Under given condition the greater the number of receptive 

bacteria in a semi-resistant population, the higher its 

reactivit~r. 

Intermediate type resistant mutants 

In 1962 Bendigl<eit et al_. (9) obtc-\ined several 

mutants fro:n Eo coli B sbo·,;:i.ng intermediate resjstance 
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to bacteriophage T5. They found that this resistance was 

quite stable for each individual mutant but the degree of 

resistance among mutants differed. In liquid or agar 

media, the growth rates of intermediate,sensitive, and 

resistant cells are all identical in the absence of TS. 

But in the presence of phage T5, colony formation of the 

intermediate cells was delayed in comparision to the 

resistant cells. In h:tgh concentrations of phage T5, 

colony formation was prevented. 

It was found that the intermediate mutants 

as well as the sensitive cells, could not be killed by the 

phage which had been previously inactivated by heat, by 

sonic oscillation or by antiserum but could be infected by 

the ultraviolet light treated phages. They also found 

that iron could protect the intermediate type cells but 

not sensitive cells against the action of phage T5 or 

UV-treated T5. Microscopic study sh01.1ed that in the 

presence of T5, the death and lysis of mutant cells were 

reduced by iron. When iron was added at the adsorption 

period, the multiplication of phages was greatly reduced. 

From the above results the authors proposed that 

this intermediate type of resistance is primarily due to 

a low rate of adsorption. 
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Bo M~pplng of the Lcci ___ q:.)nt1'011ing H2sistsnt/Sensitive 

Response to Phage TJ in E.coli 

1. The tonB locus 

mutants, Y:::rncfsky Dnd Lenno.x ('(1) found that pb8.f:E-: Tl 

rcGistnnt colls could be easily obta~ried th&t 8lso had 

tr .. e try- muta ti0n. 'I'i1et,e data j_nd ica te that the gene 

controlling resist~nce/se~sitivity to phage Tl (tonB) is 

closely ass'.:>ciated wit:1 try·ptophtine (try) region and that 

regions. During further study on th~ accumulation of the 

inte~1ediates in tryptophan2 synthesis produced by these 

deletion mutants, they f,:::c\t1d 'chat the tonB is clo3eJy 

1 inked to the try gens ;;:, nd :i '.; c~1 th~ sarae s j c12 as the 

leuclne (leu) marker. 

In 1966 Sinsner (~8) further establi2hed th,~t at.tt;l>So 

1::,'i·t~·r,l•,t,nnl· ''it,r. f'cr pro'-,r···1r•·nQq0) i·s a· J·~c> " 1 0"'' 0''' J .. '.0 "'1k2d \··,."-" 1....lvL ..... : •.. -~ ..... • ,.:) __ . .,,, __ ,t-·.l:.c.:.,;~ r.._,. , ... ') \...1-L. VC..·-t) lJ ._ 

tu Tl G?~e tut is on the opposite side of try region, 

\·ll1l0h me:2.ns that i::he '.l.'l n.:::trker (tonb) lje::, beb1c-en the 

try irnd a ttcpso marker.c, on the bacterinl chronGsome. 

A ~3';:cond locuf) 1:ihicl'. ccntr·ols the rcsistErncc/ 

sensitivlty respons2 to phsge Tl was mRpped on b~cterial 

chromoscmt! by sever-al \·:o::·1.:ers (:i.'( ,23,51). 'l7h13 locus 1·:as 
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phage Tl but also the cells' response to phage TS. This 

Tl 1 T5 controlling gene was named tonA lo0us (21). 

The transduction experiments done by Demerec et al. 

(23) showed that the cotransduction frequency of azi-pan 

(azi, resistant/sensitive to azide; pan, genes determining 

and regulating pantothenic acid biosynthesis) with tonA was 

about 23.1 to 61%. This result indicated a very close 

linkage relationship between tonA and azi-pan markers. 

Data obtained from conjugation mapping gave more 

information about the position of this tonA locus on the 

bacterial chromosome. Maccuro and Hayes (51) found that 

the tonA locus is about 2 minutes (in time of transferring) 

apart from azi and on the same side with lac (lactose 

fermentation) region. Curtiss(17) f'o1.rnd that the tonA 

gene is about 4 minutes away from pro (genes determining 

and regulating praline biosynthesis) and on the same side 

with azi marker. 

From the above date, it is clear that the tonA gene 

is located between pro and azi markers on the E. coli 

chromosome. 

A chromosomal map indicating the positions of both 

tonA and tonB loci is given in Fig. 2. 



III. MATERIALS AND METHODS 

A. Reagents and Media 

Xylose and all the L-amino acids were obtained from 

Nutritional Biochemical Corporation, Cleveland, Ohio. The 

nutrient agar, nutrient broth, agar, yeast extract, penassay 

broth, tryptone, and bromothylmol blue were from Difeo 

Laboratories, Detroit, Michigan. Streptomycin sulfate and 

potassium penicillin G were obtained from Eli Lilly Company, 

Indianapolis, Indiana. Ethyl methanesulfonate (EMS) was 

obtained from Eastman Kodak Company, Rochester, N. Y. All 

the other reagents were reagent grade and were purchased 

from J. T. Baker Chemical Company, Phillipsburg, New Jersey. 

The concentrations of each differ2nt aqueous stock 

solution are listed below: 

L-amino acids 

D-glucose 

Str·eptomyc in 

Penicillin G 

13 

5,0001'/ml, when 501'/ml con-

centration was used in the 

medium 

50 o /ml, when 0.5 1' /ml concen-

tration was used in the medium 

20% 

20,000 '( /ml 

40,000 units/ml 
-1 2.5 X 10 M 
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The composition of lOX strength minimal salts stock 

solution is shown as follows (19): 
K2HP04 105.0 g 

KH2 Po4 45.0 g 

Na citrate • 2H2o 4.o g 

MgS04. 7H2o 1.2 g 

(NH4)2S04 10.0 g 

H2o 1 liter 
In preparing the above medium, magnesium sulfate was 

added last after all the other chemicals had been dissolved. 

This stock solution was divided into several 100 ml-bottles 

and autoclaved. MiniMal broth medium was made by diluting 

the stock salts solution nppropriately with distilled water, 

sterilizing, and then adding the proper amount of sterile 

stock glucose (20% solution), and in some cases, the appro-

priate sterile stock amino acid solutions. For solid minimal 

medium a sterile agar solution was added to the minimal 

broth medium so as to give a final agar percentage of 1.5. 
The concentration of glucose and amino acid in the medium 

were 0.2% and 50 t/ml respectively. 

The following media were used for the isolation of 

mutants, and in conjugation and transduction experiments: 

L Broth (LB) (49): 
Bacto-tryptone 

Yeast extract 

10 g 

5 g 
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NaCl 

Glucose 

water 

The pH was adjusted to 7 .o with 1 N NaOl-I. 

Bromo thymol blue-xylose agar: 

Bromo thymol blue 

Xylose 

Nutrient agar 

Water 

5 g 

1 g 

1 liter 

60 mg 

10 g 

23 g 

1 liter 

L Broth Agar (LA) (49): LB contained 1.2% agar. The 
-3 sterile Cac12 was added to final concentration 2.5 x 10 M 

before pouring plates. 

L Broth Soft Agar (LSA) (49): LB contained o.6% agar. 

Before distributing 2 ml portions of soft agar(LSA) into 

sterile tubes, CaCJ 2 was added to give a concentration of 
-3 2.5 x 10 M. This soft agar was maintained at 45 C before 

using. 

SAH (Soft Agar with 0.39% agar) (25): 
Nutrient broth powder 8 g 

NaCl 5 g 

Agar 3.9 g 

water 1 liter 

The pH was adjusted to 7.4 with NaoH. 

Tryptone Magnesium Medium ('rry-Mg) (25): 

Tryptone 10 g 
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NaCl 

MgCJ.2 • 6H2o 
Water 

This medium was used without pH adjustment. 

B. Bacterial_ Strainn _ c:.r:d Pxtc;terio?hages_ 

10 g 

2 g 

1 liter 

The E.coli B/r (radiation resistant and Tl sensitive), 

B/r/1 v (Tl variable), bacteriophace Tl, and phage Plkc were 

obtained from this laboratory. The donor strains HfrBl, 

HfrB2, and HfrB3 were kindly supplied by Dr. Herbert Boyer 

(Department of Microbiology, University of California Medical 

Center, San Francisco, California). The phage Plbt used for 

transduction exper•ir.~ents was kindly d.ona ted by Dr. W. B. 

Dempsey (Depdrtment of Biochemistry, University of Texas, 

Soutrmes torn r,,-;edica J. Sc:hoo1, and Ba sic Research Unit, 

Veteran 1 s Adr,dnist!'at.:ton H0spJ. tal, Dallas, Texas). 

All bacteriRl broth cultures were grown at 37 Con a 

reciprocating water bath shaker (New Brunswick Scientific 

Company,New Brunswick, New Jersey) and, the cultures on 

solid media were incubated at the same temperature. The 

stock bncteriaJ. cultures were maintained at 4 C and trans-

ferred to fresh media every six months~ 

The ph~ge Tl was propagated as follows: A four hour 

log pbase culture of E. coli B/r was mixed witb a. small 

ammrnt of stock phage 'I'l and incubated at 37 C with aeration. 
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The ratio of phage to bacteria was 1:10. After the mixture 

was clear, the lysate was centrifuged and a few drops of 

chloroform were added to the supernatant. The mixture was 

shaken at 37 C to evaporate the chloroform and then assayed 

for plaque forming units. 

The assay procedure for phage involved adding 0.1 ml of 

a serially diluted phage suspension into 2.5 ml soft agar 

(0.7%) at 45 C, and addin8 a drop of log phase B/r cultures 

into the phage agar mixture before it was evenly spread on 

the surface of nutrient agar plates. After 6 hours incuba-

tion time, the well separated plaques were counted and the 

phage titer was calculated. 

C. Isolation of Bacterial Mutants 

1. Amino acid requiring mutants 

Amino acid requiring mutants were isolated by following 

the procedure described by Gorini and Kaufman (30). Five ml 

of an overnight stationary phase culture was transferred 

to 45 ml of fresh nutrient broth and grown for 3 hours. A 

portion of this Jog phase culture was spun down by using a 

clinical centrifuge (International Equipment Coopany, Boston, 

Massachusetts) at its maximum speed for 10 minutes. The 

precipitated cells were then resuspended in an equal volume 

of minimal salts medium a~d 0.1 ml of ethyl methanesulfonate 

was added to every 10 ml of culture suspension. The culture 
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was incubated with aeration by shaking for another hour and 

then centrifuged. The precipitate was resuspended in an 

equal volume of minima1 salts solution then 50 ml of m:i.nimal 

medium containing 0.2% glucose and a growth factor amino 

acid (501/ml) were added. The cells were grown overnight, 

centrifuged and resuspended again in minimal salts medium. 

This overnight culture was diluted with 9 volumes of minimal 

salt medium containing 0.2% glucose but without the amino 

acid growth factor. After three hours incubation, 2,000 

units of penicillin G per ml were added and the cells were 

grown with aeration for another two hours. The penicillin 

treated cells were centrifuged and resuspended in minimal 

salts medium. The culture was assayed on nutrient agar, 

and then 0.1 ml of a suitable dilution of the cell suspension 

was spread on minimal agar plates containing 0.2% glucose and 

0.5 1/ml any particular growth factor. Tl1e growth factor 

requiring auxotrophic suspects appeared as small colonies 

on plates, whereas prototrophs appeared as large colonies. 

Small colonies were replicated using the velveteen 

method (46) on minimal salts agar with 0.2% glucose and with 

or without c.mino acid (501 /ml). Any colony which did not 

grow on a plate without amino acid but on plate with a 

particular amino acid was considered a mqtant requirlng that 

particular amino acid. 

Further purification was accomplished by streaking 
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the mutant clones on minimal salts agar containing 0.2% 

glucose and 50 '(/ml of the required amino acid. Single, 

well isolated colonies were picked up and transferred to 

nutrient agar slants. These slant cultures were used as 

stock strains for all experiments. 

2. Streptomycin resistant mutants 

The streptomycin resistant mutants were isolated by 

growing ethyl methanesulfonate treated cells overnight in 

nutrient broth and then screening these by plating 0.1 ml of 

a suitable dilution on nutrient agar containing 200c 

streptomycin per ml. Cells were treated with the same con-

centration of EMS as described previously. After the one 

hour incubation with EMS the cells were spun down, resus-

pended in an equal volume of nutrient broth, incubated over-

night, and screened. 

3. Xylose non-utilizing mutants 

XyloE,e non-utilizing (xyl-) mutants were isolated from 

stationary phase culture that were treated with EMS as 

described above. These EMS treated cells were spread on 

bromothymol bluc-xylose-nutr:i.ent agar. The xyl coloni.es 

which appeared blue were picked up and further purified on 

bromothymol blue-xylose-nutrj_ent agar. Mutants were 

maintained on nutrient agar slants. 

D. Spotting Tsst 

The original HfrB3 strain gave very low recombination 
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frec_;uency presumtaly be(;au2-e it had reve::.-oted to a predomi-

nantly F + population (3::i) ti. ftc.'.J:1 re pea teJ t; !'onsfer s in vario1rn 

laboratories. Therefore, a spotting test was used to re-

isolated the HfrB3 strain from the predomin~ntly F+culture. 

The isolation procedure followed the method described by 

Taylor and Adeleberg (60). Colonies of the rev8rted dono.:.' 

culture were spotted on a lRwn of F- recipients that had 

been p11 2pa red on media s elective for recorabinant ;,; 'I'he 

faster gro,,:ing Hfr clonie~, which appeared on t:·;e ::~elective 

media were picked up and used as donor strains fer all the 

conjugation experiments. 

The assay m~thod was based on tt0 streaking test of 

Carta and Bryson (13). Cells from ea::_·h ir.clivic1unl colony 

were picked up and streaked on nutrient acar piatss~ After 

12 to 11~ hou:'s incuhation time milky f,alitic::: suspenf';ions from 

each colony were cross st~eaked on nutrient azar against a 
10 

pha2;c ~'1 (c:n. 5 x 10 pf'u/ml) str'ec:k and j_ncubstecl over-

nightQ Resistant aad sensit~v8 st~ai~s were cro~~ streaked 

in the S8me ~an~2r 2nd served as controls. The sensitive 

cu.l tu:ces :sho·1:ed no gro,,:th after the point of c.:.rntc::ct vl:L th 

appeared later, Resistart str2ins gre~ uniformJy in the 
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a much reduced amount of growing beyond the point of contact 

with the phage streak (Figure 1). 

F. Acridine Orange Test 

Hirota's method (39) was used for this test. The 

variable culture was grown overnight in penassay broth 

(pH 7.4) plus 30Jlg/ml acridine orange. The treated cells 

were streaked on nutrient agar plates and each individual 

colony developing on the plates was used for assaying the 

variable response. 

G. Conjugation 

The transfer of chromosomal mate~ial from one bacterium 

to another by direct cell to cell contact was discovered 

in 1946 by Lederberg and Tatum (48). This process, cc.lled 

conjugation, has been shown to occur in many bacteria (7,8, 
10,18,27,40,50,52,73,74). 

Bacterial conjugation involves random collision of cells 

or opposite mating type and the fornration of an effective 

contact between them, followed by the unidirectional transfer 

of genetic material from donor to recipient cell (33,34,35, 

44,55,57). There are two successive stages in bacterial 

conjugation (3lJ.,36). The first is the formation of zygotes. 

Three steps a re involved j_n this process: the formation of 

specific pairs; the conversion of specific pairs to effective 
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Figure le Streaking test for assaying the bacterial 

variable response to bacteriophace Tl. Portion of a Petri 

dish contalninl nutrient Blar upon which different saline 

suspensions of E.coli have been cross-streaked asainst 

bacterjophage Tl: (top t::! bottom) sensi t:l.ve (B/r), 

variably resista.nt (B/r/lv), and resistant (B/r/1) to Tl. 

The direction of the bacterj_al streaks which develop2d is 

from right to left across the vertical phage streak. 
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pa1rs; arnJ the transfer of u~netic mater:tnJ. The second 

volves two steps: the integration of the transfe~red 

material into th2 rccip3.ent chromosome and the s~gre3ation 

of the recombinant chromosome. 

In Hfr X F cross, the transfer ccnsist2 of the P ,,r, .Lu--

gresoive panetration of a Hfr chromosone into the F c~ll 

(55). Psn~tration alway~ starts from the same extremity or 

origin in all cells of a given Hfr type, and proceeds in a 

predete:--mined sequcnc·e. The time required for t:c·ctisfe:r•rj_n.3 

stopping matinc; at intcr·v2.ls b~· vio]ct~t e.gi.i;ation to br ... •~,k 

time period. A genetic map can be con8tructed in unit5 a~ 

amo112; the 

frec:iuen::y 



othe:;:• hand, the closer ttw dtstance betv-:cen the two markers, 

the higher the probability is for cotransfer. By comparins 

the cot re: nsf er f:r·equenc iec of' unmapped mf'\rkers 'lli tl1 other 

unselected markers of known locationsJ the position of the 

unm:1.pped m31'ker-s can be di~termined. 

1. ~xper'irnental 

Tho parental strains used in conjugation study were 

routinely checked for their genetic markers a fe~ days 

prior to using them in experinents. The matings between 

donor and recipient strains com,.j_::::;tcc:1 of mixinz; in a 250 rnJ 

Erlenymer flask 0.5 ml of a 103 phase cultur2 of donor cells 

grown in penassay broth with 5 ml of recipient cells grown 

simi1arlf. 'I'i1is mixture 1.·:2s incubated for 1 hour & t 3'( C. 

The surface are2--bolum2 reJ.r: t j o:1.:;b5.p 0!.' tt:is rni xtur·e c:ll J.o-,.;c!d 

for aeration without shc::i:ing and the l ~10 ratio of Lic-,nor to 

recipient cells allo'.-J2d the donor cel:i.s a better chan,J£~ to 

make effective paj_rins with recipient cells. Serjal dilution2 

of this mating mtxture ~ere mnde and th2n 0.1 ml portions 

of the wixture were pl~ted on medium s~lective for reccmbi-

nants. Tr}e urnnr::ted donor and recipic:nt c:.::lls W8I',~ spread 

on the smne typ8 of rnec1iu1,1 and sr::r·v,;;d afa co:1trols. HelJ 

iHolated recombinant co10njen were picked and purified by 

streaking on selective agar plates. 

2. Jnt·~nuption of 00~1:jucat:i_on - -·----~-- ., -- ~---~ ... ----------~--------·-·· - ---···· 
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(j) Mixed samples (4ml) of the donor 3nd recipient cultures 

were removed from a flask at various time interval and 

tranGfcrred into a 5 ml glass cup of a Virtis blender 

(Virtie Company Inc., Gardiner, N.Y.). Cell pairs were 

separated by blending the samples for 2 minute3 2t maximum 

speed (23JOOO rpm). The blades a~d the cup were cleaned 

between samples by washins sever3l ti~es w1th sterile 

disti11ed water. Toe blended mixtur2 wo.s tmmedie.tely poured 

lnto a cooled stsriJe empty tl1.be anc'l diluted 1.d tb saline 

in an ice buct-:et. Duplicate 0, 1. r11l samples o:f' the blecJ:sd 

material were plated on various selective media fo~ scori~g 

the different rscomhinant olassos. 

(ii) The second method for icterrupted mating was carried 

out as above e),cept a Sorva~U o:uni-TiiJ.>.ar· (Ivan Sorvall, Inc., 

Norwalk, CcJnm.,ct:Lcut) iri~:.tcod of a Vir•tJ s mixer ,,;as used to 

blend pairing cells and the-' blended mc.terial was dil,J.ted 

5 fold riiht after sspar2tion. 

(iij_) The thir6 procP.dur::: f,yr, intcrr·upt:~ve conjuca.t:ic,n i•12:s 

based on the method dsscr·irY=d by Ha.Gn and Grost, (32). 13'Jti1 

into 5 rnJ. of nutrJent br:..,th r:nd 5.ncubatcd ove:~'ni 0ht i;•;:i.tbout 

aerDtio~. the~, a 0,5 ~l aliquote of donor culture was 

dilut0d tonfold into 4.5 m} fresh nutri2nt broth and incu-

(0.2 rn]) and the ovs~nisht culture of - \ T,ll j 
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were added to 1 ml nutrient broth and shaken for 5 minutes 

in a water bath. The mixture was diluted by adding 0.5 ml 

of the cells to 200 ml prewarmed nutrient broth. Both the 

diluted and the undiluted mixtures were then plated on 

selective media after incubating for one hour without 

aeration. 

H. Transduction 

In transduction, a bacteriophage acts as a genetic 

vector transferring bacterial genetic material from one 

bacterial strain to anotber. This mode of genetic exchange 

has been extensively investigated by many workers (47,49,59, 
72,75). Phages accomplishing generalized transduction 

appear capable of incorporating any portion of the bacterial 

genome, including both chromosomal genes and episomal factors 

( 2, 42) . 
In general, during conju~ation, the donor bacterium can 

contribute a very substantial part, or even all, of its DNA 

to the related recipient cell. The process of transfer of 

DNA requires direct conta,t between the donor and recipient 

cells (34,36). In transduction, genetic transfers occur 

indirectly from donor to recipient bacteria by means of a 

bacteriophaJe vector. However, for obvious reasons only a 

small portion of the bacterial genome can be incorporated 

into the phace. ~herefore, onJ.y those genes whi~h are close 
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together on the bacterial chromosome will be simultaneously 

transduced by a phage particle (49,75,6,22,24). The higher 

the cotransduction frequency of two markers, the closer the 

distance between them. Usually, no cotransduction can be 

obtained when two markers are two minutes or more apart. 

The correlation of cotra~sduction frequency with map distance 

in terms of transferring time (minute) has been summarized 

by Taylor and Trotter (61). 
1. Experimental 

Methods of Lennox (49) and Dempsey (25) were used in the 

transduction experiments. 

(i) Lennox's method 

Phage Plkc was used as gene carrier and the titer of 

the phage obtained by this metl1od was usually very low. 

a. Phage assay 

An overnight culture of 1 ml indicator strain (x289) 
-3 

in LB was added to 9 ml LB (containing 2.5 x 10 M CaCl2) 

and grown for 1.5 houra with aeration. The log phase 

culture (1.8 ml) was added to 0.2 ml of Plkc phage lysate 

at different dilutions in sterile tubes. After 20 minutes 

for preadsorption, 0.2 ml of the mixture was added to 2 ml 

LSA and poured on LA plates. After the top layer of soft 

agar had been solidified, the platez were inverted and 

incubated for 6 hours. The plaques were counted and the 

phage titer ~as calculated. 
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b. Phage lysate preparation 

The donor strain was grown as above. To 1.9 ml of the 

donor cells 0.1 ml Plkc phage with a titer of 6-8 x 107 pfu/ml 
was added. After 20 minutes at 37 C, a portion of this 

adsorption mixture (0.2 ml) was transferred into 2 ml LSA 

and plated on LA medium. When the soft agar cooled, the 

plates were inverted and incubated for 6 hours. Then to 

each plate 5 ml of LB was added and the plates were allowed 

to stand in a refrigerator overnight. For harvesting the 

phage particles, the soft agar layer was broken up with a 

spreader and poured into centrifuge tubes. A small amount 

of chloroform (1:40) was added to the lysate, and the mixture 

was centr5.fuged by usine a clinical centr·ifuge at maximum 

speed for 10 minuteso The chloroform was then evaporated 

by shakine the mixture at 37 C for several hours. Then the 

supernatant was assayed as described above. The phages were 

usually grown for another cycle on the donor strain before 

being used for the transduction experiments. 

c. Transduction to recipient cells 

The recipient strain was gro·.m as above. The phage 

which had previously been grown on donor strain was diluted 

to allow for a multiplicity of infection of about 3 ~hen 

it was added to the recipient cells. After 20 minutes 

preadsorption time the mixture was diluted and 0.05 ml of 

each dilution was plated on media selective for recombinants. 
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After a suitable incubation period recombinant clonies were 

purified as described previously. 

(ii) Dempsey's method 

Dempsey's method was applied here with some modification. 

The phage Plbt was used as the genetic vector for transfer-

ring the gene markers from the donor strain to the recipient 

strain. 

a. Preparation of phage 

The Plbt phage strain obtained from Dempsey was diluted 
8 

to 5 x 10 titer by adding 0.05 ml of the phage stock (1 x 
10 

10 pfu/ml) into 1 ml ammonium acetate (2%). 

Donor bacteria were grown from small inocula in LB 

overnight. The culture (1 ml), along with diluted phages 

in 1 ml of 2% ammonium acetate, was added to 30 ml of melted 

SAH at 45 C. This mixture was then poured evenly onto three 
2 

150-cm large sterile petri plates which contained fresh LB 
-3 agar with CaC1 2 , at concentration of 2 x 10 M, and incubated 

5 hours. 

Harvesting was done according to Helling (37). The 

lysates were collected by adding 10 ml 2% ammonium acetate 

to each petri plate, scraping the top layer of soft agar 

into a centrlfugc tube and emulsifying. The emulsified 

material was centrifuged at low speed (5,900 x gin a Sorvall 

Refrigerated Centrifu6e, Ivan Sorva 11, Inc., Norwa ll{, 

Connecticut) for 10 minutes. The supernatant was saved and 
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the precipitate was resuspended in 10 ml of fresh 2% ammonium 

acetate and centrifuged again. The precipitate was discarded. 

The supernatants were combined and stored at 4 C overnight. 

Then these lysates were concentrated and purified by two 

cycles of alternative low speed and high speed (2 hours at 

20,200 x gin a Sorvall Centrifuge) centrifugation. Pellets 

from the second high speed centrifugation were resuspended 

in 2% ammonium acetate and again stored overnight at 4 C. 

Usually the phages were grown for two cycle on the donor 

strain before they were used in the transduction experiments. 

The method of assay for phage titer was similar to that 

described in the method of Lennox. 

b. Transduction to recipient cells 

Transduction was done in 2% ammonium acetate solution. 

All the solutions used in this experiment were pre·..:armed to 

37 C. The recipient cells were inoculated into LB medium 

and set at 37 C overnight. Four ml of the overnight culture 

was added to 60 ml of fresh L broth and incubated for 4 
hours. The cells were centrifuged by using an International 

Centrifuge (Inter'national Equipment Company, Boston, Massa-

chusetts) at 3,020 x g for 10 minutes. The cell pellets 

were suspended in 4 ml of 2% ammonium acetate in a sterile 

centrifu3e tube, and then 0.7 ml of 0.1 M MgC12 was added. 

Half of this suspension was pipetted into another .sterile 

tube. One of the tubes was used as the control. One-tenth 
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ml of 2% ammonium 2cet2tc! v,121;:. added to Otie control tube, 

and the same volume of phage (3 x 109 pfu/ml) \-Jhjch had 

been grown on do~~r cells was ad~ed into another tube. Then 

o.4 ml of 0.5 M CaC12 was added to each tube. After a~low-

ing the mixture to stand for 5 minutes at 37 C, the tube3 

were centrifuged and the cells ~-:ere suspended in 1.1~ lf:l Try-

Mg solution. Finally, serial diluti.ons cf the cell su2.pen-

sions were spread on agar medlR selective fer recornbtnnnts. 

I. Genetic NomencJ.ature 

'l'he rules ancl syr.ibois of genetic nom2t1clat1.,~:i.·e proposed 

by Demerec et al. (21) are followed in this thesis. The 

symbols try, his, tyr, thr, leli 1 and met d2si?~t1c, te the 

dine, tyrosine, threonine, leucine, and methionine respective-

ly._ Plus and minui:i sign3 indicate the c~ll 1 8 ability or 

inab11itf, respectivelyj t.o synthesize the 2.mino ac:id. T'he 

gene xyl, gal, and lac determine the util!zatio~ of xylose, 

ga lac to:;e, lacto3e re spec ti vely. Plus and mint1 s si.cns ind l-

cate the ability and inability to utilize the s~bstrate. 

'l'he str· 2:en2 determines the response to str·cptornycin 

(sand r indicate sensitjvity and resistance, respectively, 

varj_a ble 1:espon~; e tm-;a~c; ph2-.ge '111. Pl u~, and rG:l.nt)s s:igos 
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indicates that the variable coding region is active giving 

the variable response, whereas Tlvar indicates that the 

variable region is inactive and gives not the variable 

response but the sensitive response. 



IV. RESUL'I'S 

A. Isolation of Escherichia coli Mutants Carrying Various 

Genetic Markers 

The strains used throughout this work were all deriva-

tives of the E.coli B/r strain. Most of these mutants 

were isolated by using mutagen and penicillin treatments 

as described in Materials and Methods. Table I gives the 

data concerning the origin and genotype of each isolated 

mutant and some other bacterial strains which have been 

used in this work. 

During the isolation process, several approaches had 

been tried for the isolation of the streptomycin resistant 

mutants. No success was achieved until it was realized that 

because of their low mutation rate to streptomycin resistance 

the cells had to be treated with a mutagen (EMS) and allm·1ed 

to grow overnight in nutrient broth to allow for phenotypic 

expression. The xylose negative mutants usually could be 

isolated easily by spreading a portion of the overnight 

culture of mutagen treated cells on bromothymol blue-xylose-

nutrient agar plates. 

For the isolation of amino acid mutants, the relatj_ve 

chance for isolating each mutant from mutant suspect 

colonies was quite different. Some mutants could be iso-

lated easily and other with great difficulty. For example, 

33 



Table I. Description of Escherichia coli B/r Strains 

Strain rv:a ting Relevant Genotype 
Fu:-nber Origin Typ~ try his Tl var tyr str xyl thr leu met 

r1 ·"" .hv 2522 from BcJyer HfrBl + -+ -t s + + + -t· 
AC 2 ,-,;:,3 from Boyer HfrD2 + -+ + s ,- + +- + ::J-
_.\c 25211- .:f ro:n Boyer •Yf"l "1•)3 -;- + + -t- + -{- + tl.L r D s 
r 1:.r lC)C)~ fron1 AC 2j24 Hi"lrB3 + + -t s + + + ._,, .l _:_ 

,,-,Tr CU~2 f'r1O:n 1\C ::2522 I-IfrBl + + _1., r -t- + ..... + \..•1.1 I • 
crsr 1003 f'r-•orn ,.,.,_] 1002 HfrBl -t + r + + + + \J.,_J. 

,··, 7 1' 10()~ :rr•o1n ;~c 2~23 1-if'r•B;? + + + s + + + .,_, _::-:. 

c:-i J_ (_;·:::: ~) f~o:-n AC 2523 }if .:--:~32 + + + + + + w 
s 

Cu L. J_0()6 from CH lOOL;. H1'rl32 + + c• ..., + + 
C>I ~~001 B/r/lv I~- + + + + s -+ + -+ + 
r•;_r 
J.;..1. 2002 frorn CH 2001 F- T +- + s + + + + 
CE 2003 r~ ""'~n""' CH 2002 j_i' - + + + r -{· + + 4-... J.. .._,,.1 

2()0'~ 2003 - -+ C•T f'.rorri C,. }1 + + + -1- + .tl n r 
( 'TT 2005 from c:;: 2002 p- + + + + -t + _,n r 
,·, .. T 2006 _rrom ca 2005 'P - + + . -1-''-"[ \ r 'T' + 
c1~: 2 r-.ry1 f'r>om Ci-I 2001 - -;- + + -:-- -!-\) ....... 1 i Ii, + - ..J. 
CT-1' ~lOC10 fro::1 r,•. 200:+ n- ' + + -1- t 

v!'"l i1 "I'" r "1-

CH 2009 from (VY 200L\ E' + ' r ~- ' + 1.,,1~1 
.,.. -.-

('T_;; 2010 F - + I 
'-'~• f'ro~n C-7 2009 r ..,. -1- -!--Ch c~Oll from. rs• 2012 }i' + ' s + -1- -1- + ',J:1 T 
0T• 2012 B/r: F + I + + + + -1-._,.t1 i- s 
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in the case of isolating thr mutants from strain CH 2007 

no mutant could be obtained even after 683 mutant suspects 

(the small colonies which appeared on low amino acid 

containing agar plates) had been picked up. While for the 

isolation of his mutants from strain CH 2004, four mutants 

were obtained from 60 suspects. The frequencies for obtaining 

the mutants from small suspect colonies are given in Table II. 

B. Reversion from the Variable (B/r/lv) to the Sensitive 

(B/r) Trait 

Besides the phenotypic instability described by Carta 

and Bryson (13), it was also found that the Tl-variably 

resistant mutant (B/r/lv) is also genetically unstable. The 

revertant rate was calculated by testing the Tl-variable 

character of each colony from a B/r/lv stock at different 

time intervals. The results are shown in 'l'able III. The 

data indicate that there is a high reversion rate from the 

variable trait (B/r/lv) to the Tl-sensitive (B/r) trait. 

C. Acridine Orange Test 

Before attempting to genetically map the Tl-variable 

locus (TlvarA), it was necessary to check at first whether 

or not this locus was associated ~1th cytoplasmic o~ 

episomal genes. Acridine orange was used in this experiment 

for detecting whether a cytoplasmic genetic factor or 



Table II. Frequency of mutants arising from mutant suspects 

Parental Strains Genotype of 

(strain number) 
Frequency 

Isolated Mutants 

CH 2001 try 1 • 88 • 
- 683 CH 2007 thr <l . . 

leu <l • 456 Lu 
CH 2007 . O'\ 

CH 2004 lys <l 86 

CH 2004 tyr - <:1 27 • . 
AC 2523 thr- 2 . 159 . 
AC 2523 leu 3 • 554 . 
CH 2004 tyr 2 . 60 . 
CH 2004 his- 4 . 60 . 
CH 2010 tyr - 4 84 . . 



Table III. Revertant rate of Tl-variably resistant 

mutant CH 2001 (B/r/lv) 

Time of Testing 

Feb. 1967 

Mar. 1968 

Oct. 1968 

Revertant Rate 

Two out of 223 B/r/lv cells reverted back 

to the Tl-sensitive genotype 

One out of 154 B/r/lv cells reverted back 

to the Tl-sensitive genotype 

One out of 138 B/r/lv cells reverted back 

to the Tl-sensitive genotype 



episome exist that may control the variabJe response. 

Ninety colonieG were pic~ed up from acridlne orange treated 

B/r/lv cells and none of thi::m lost the Vc::riable response 

to phage Tl. Th:L::: result :Lndica ted th2 t ttw gen2 control-

ling the Tl-variable respo:-ise in the B/l"/lv cell is probably 

chrorao~omally rather than episoffially locat2do 

In an attempt to identify and map the gene responsible 

for the controlling of Tl-varjably resjstant character, a 

bacterial cross was first carried out between strains AC 

2522 {HfrBl carrying try+ ,TlvarA-) and CH 20011 

try-, Tl varA +). 'I'he stndn AC 2522 (HfrBl) wa;0\ 

F- stra:lns at hie;h frequencies. In thls Hfr done,~• st:::•2.in 

the point of 01·igin for tro.nsferring cer"Hjt. ic markers .., C• 
.Lu 

near to th2 tr? reglono The direc:tlo'1 or tra n::, fE: r (·• 

-'-"' 

near to the try regiono The direct:i.on of trarisfor is 

counter-cJ.oc!n·1lcc~. Tb.:ts mes.ns that the do,1or c0ll transfsrs 

its eenes startin~ from the try resion ta0ard the gal-lac-

thr region. Both tt2 entry poi~~ ~nd the direction of gene 

transfer of thL:; H.frBl strain 2re sl1owr1 in Fi,GL12e 2 

The results of crosses bct~ecn the Hf~Bl and th2 CH 2004 (F-) 

are e:j_ ven in Tat,Je IV. 



Table IV. Frequency transfer of donor unselected markers among 
recombinants of crosses between AC 2522 x CH 2004 

Donor 

Strain 

AC 2522 

HfrBl; str5 , 

Recipient 

Strain 

CH 2004 
- r F; str, 

+ - - + try, TlvarA try, TlvarA 

Selected 

Marker* 

*The counter selected marker was strr. 

Number of' Frequency (%) Transfer 
of Unselected Markers 

Recombinants Tl var-

182 0 

vJ 
\.0 
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assayed for the Tl-vs.rh:1ble char·acter. It .-,as found that 

none of these 182 recombinants lost the variabl2 response 

character. Therefore, it c.:.ppeared tbat the gem~ control1ing 

the Tl-variable r·espon3e is not at; the try--g;;:,1-lac--- Y.'ec;i.on 

on the chromosome. 

For further investi~ation of the locus of the Tl-

variable gene, t~!e region o~ the other side of tn5 chromo-

som~ was checked by using the donor strain CH 1001 (HfrB3). 

The entry point of this EfrB3 is also neal' th-2 try rogl.on, 

but the direction of cene transfer 1s opposite to that of 

HfrBl. This means ths genes transfer in R clockwise 

direction (Fir;urc 2). S:::'Ieral cro$ses wer·e made oeh1ee:1 

S'l,·-~ai·n Cl·_1, 1()01 (TnTi'r"B->.') - r·' ,...,L,.i-ant"' -.:> CH '~0('' 1 tp-) .!. • ..:,. l d w , v , ~- U .l. .. "- .) 'r \ ; • The 

frequP-nc::.2s of transfe:r1°2d ciunor mn:i.:·ke:,."s are shO'.rn in Table 

v. When try +,.m:c; used as r.e1.ectc:d marker, it ,·ias found tr2at 

about 10% of the donor's ,rJ.varfl.- msrk0r· coLild be trausf2rred 

frequencies s + of both the str and xyl genes Kere found also 

to be about 10%. These results indicated that the TlvarA 

gen2 is J oca tcd scJ n2·,:her·0 r,car the trv- hi. s- s tr-xyl- - - regicn 

on the chromosom~~ However, the relatjve d!stances of the 

Tlvar-A gene from 0ther markers st.i.11 could not be detc•r·m:Lned 

from these data because transfer frsqu0ncies af the 



Table V. Frequency transfer of donor unselected martcers among recombinants 

of crosses between CH 1001 (HfrB3) and CH 2004 (F-) 

Do:-ior 

Strair. S-crain 

Cl-I 1001 

- s ,,.,~ A+ .... r TlvarA ,str, . .Lvar ,s~r, 
+ -xyl ,thr .... - .,_, ,.,, ... t-

XY .L ,vn., 

Marker* 

~-try 
. + 

try 

Number of 

Recombinants 

JOO 

110 

?re~uency (%) Transfer of 
Unse:.c::cted Markers 
try-i- TlvarJ\.- strs xyl+ 

100 

lCO 
9 J.2 

1::..8 16.3 

Rec!pient strain r0vertant rate control : The llh colonies from CH 2004 had 

t>een p:i_cked :...1p before mating and te::::-ted for variable response, none of them 

lost the v~riable re~ponse. 

*The counter selected marker was thr~ 
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was also selected for in recipient csll3 (CH 2009). Crosses 

were perforr.ied bj' using CH lOC:l (F.frDJ) as tt~e donor ce11s. 

The transfer frequencies for other unselected rrarkers among 

r.he try+ and his+ recombinant.s a.re listed on Table VI and 

VII respect:! vely. 'I'he data on '112ble VI agree with the 

results from Table Vindicating that the 'I'lvarA locus is 

located at the try-his-str-xyl--- reeJon. 'I'he data on 

'11able VII shm, a higher cotrarisferred .frequency (36-40%) 

for TlvaPA -~ when his was used as the selected m2rker. 'I'h:ts 

result indicates that of the markers TlvarA: str, xyl, and 

try the one closest to his is TlvarA. 

In order to determine more prec5seJ.y th2 relative 

pc[;ition of the his and the 'l1lva:rA loci on the ch:comosom'.:: 

map, a new marker (tyr) was developed in the recipient cell 

(CH 2CJ.0). Crosf.::es i·:er·e c~rrj_ed out bet'.1een CH 1001 (HfrJ.33, 

ty/) and CH 2010 (F-, tyr-). SelectJon w2~: made for h:is +, 

tyr+, o:> try+ recombinnnts nnd the frecd_uenci_es tr2nsfer of 

unselected markers including TlvarA were deteroln~d. The 

results .::1.re shm·rn in 'I'able VIlI--X:I. 
I 

Among the his ""i' recombir:ants te:=,;t2d ('.!.'::i.ble VIII), L:-6 to 

48% of the recoLlbinants carried the donor's TlvarA (Tl-

marke:;:-,. This result BEain indic2tes the close 

ussd as the selected na:::·v..,::?r ('Iab1~ JX), ,rn e·,sen closer 



Table VI. Fre•=luen~y transfer of donor ur.selccted markers amo:ig recombinants 

of crosses between 1001 (HfrB3) and C3 2009 (F-) 

.I)o~or Rec=:.pient Selected Number of Frequency (%) Transfer 
of Unselected Markers 

Strain Strain Marker* Recombinants tryi" his+ TlvarA- str5 xyl + 

CH J.001 CH 2009 ------

" 1l·•nr"- h • + 'I1, v-::.r 1 + hi"-..L ,, <.. .:·• , -l S , ..!.. c. /·.. , " o ., 152 100 4 .. 6 6.6 6.6 

Recipie~t strain revertant rate control : The 55 colonies from CH 2009 had been 

picked up a~d test2d for v2riable re8ponse, none of them lest the variable 

responseo 

*The counter seleat~t marker was 
_ .. _ 

thr '• 



~able. VIIo Frequency transfer of donor unselected markers among recombinants 

of cro0ses between CH 1001 (HfrB3) and CH 2009 (F-) 

D:,nor Rec j_pient Selected Number of Frequency (J;,) 'fransfer 
of Unselected .t,t;arkers 

Strain Str8in Marker* Recombinants tryf h ·I r, + Tl varA- str 0 :c 
-L~ xyl· 

CL l f)t_) 1 CH 2CJ09 

"+~y,-03 • i-- ry + - ;try -r.tJ.. D ... .. !,,., , F , 
J_ - + his+ 81 11.1 100 39.5 1B.5 h:L s ', 'I'l v2. rA , his .,TlvarA , 22.2 
(' ,xyl+:, r - his+ 100 36.4 21.4 st;r 0 

C• + "YI ,xyl 121 11.5 19.0 u •J.i.. , 
t.hr• - thr + 

·X·Th.2 co'.lnter ::.,,elected marke:::-' was thr \. 

.i:::-



'l'able VII.I. Frequency tran~fer of donor unselected markers among recombinants 

of crosses between CH 1001 (HfrB3) and CH 2010 (F-) 

Doner 

CH 1001 

l·l.Cr)B3;try + , . 
h • -;- 'r~ · A-l,;:, , 1.var , 

r, 

tyr -~ Rtr 0 , 
y,•"1 + '-'yv,-... d .J.. Vl J. 

~~rr~o .... ".\., counter 

Recipient 

Strain 

CH 2010 -·-----· 
- ;try -F , 

:iis-, ·ri varA +, 
- r tyr ,str , 
- ,thr+ xyl 

Selected No. of Re- Frequency(%) Tr&nsfer of 
Unselected Markers 

Marker* bi a ~t ' com n ,i s try· nis • TlvarA.-

try ~- 116 100 12.1 18.9 11.J.6 11+. 6 

h:Ls + 102 15.7 100 46.1 33.3 20.6 

his + 76 31.5 100 48.6 31~5 31.5 

selected r:12.rker was thr+. 

9.5 

24.5 
30.2 

.r::-
\.,': 



Table IX. Freqt.~cncy trans.fer of donor unselected markers among recombinants 

of crosses between CH 1001 (HfrB3) and CH 2010 (F-) 

Strain 

CE 1001 

u-"r-.-:,. +- .,,.v+ .'..!l .0._)JV.Ll., J 

hl-· 8 + ,,,, "aY'A.-
.... , ,.I,,.;._ V - .,. , 

+ <' ty.,.., s'-·r0 _._ , ... ,., , 
·_J. -

xyl ·,thr 

Recipient 

Strain 

CH 2010 

'i - + [1 s ,TlvarA , 
- r tyr ,str, 

xyl-,thr+ 

Selected No. of Re- Frequency (%) Transfer of 
Unselected Markers 

Marker* combinants try+ his+ Tl ,;arA- tyr+ str3 xyl + 

tyr+ 
+ tyr 

• 

108 

158 

13.6 24.1 79.6 

80.3 

100 

100 

32.4 3106 

37.3 34ol 

-¥The co•,rnter selected mB.r~{er was thr""i·. 



Table X. Frequency of occurrence of unselected markers in tyr 1-recombinants 

Donor 

Stra:1.n Strain 

CE 1001 CH 2010 

-Hf•r.:::.3 • t;' 
.L .1.....·.,. , - , 

t- r1y + h' ,_+ try - .!'his tyr+ 101 22.8 ,J~. J .1..L 0 a9 , 
Tl va.rA - 'T'lv· ... T'A + tyr + 145 30.3 , .,._ a.... ·• 

-t· s·· "' - .. 
tyr ,str, tyr ,str , 

-'- - - + xyJ. ':U1r xyl ,thr 

S .. M. Selected Marker 

N.R 8 : Number of Recombinants 

*'I'he counter selected marker was thr+. 

Unselected Markers 

3 

2.1 

60.3 

56.6 
13.9 

11.0 



..L Table XI. Frequency of' occurrence of unselected markers in h:l.s' recombinants 

2Jonor Recipient 

,Stra:tn Strain 

r1"' .... 
•..J.i.1 1001 CH 2010 -
.HfrB3 _: F . 

-;-• ..I. - his+ try ,hi.s 
I try , his , , 

Tl v2.rA - + hls+ , Tl v2.rA , 
+ s tyr - r tyr ,str , , str , 
+ - - -L 

:-~yl , th;.' xyl ,thr' 

NeR.:Number of Recombinants 

100 

76 

31.0 

26.,3 

+ *The counter selected marker was thr. 

Unselected Markers 

crf 
1'0 

16.0 

22.3 

50.0 

1+6 .2 



since 80% of the donor trait TlvarA narkcr could be trans-

ferred toiether with tyr+ marker to the recipient cells. 

On 'l'able X and XI, the distributjon and the relation-

ship of the unselected ma.rkers among his+ ar:d tyr + recornbi-

nants are presented. It 1s noteworthy that 2-3% of the tyr+ 

recomb:Lncrnts were bis+ 'rlvarA+ whereas 11-11!% cf the tyr + 
r·ecombinants were his- 11lvarA+. Similc.:r results were 

obtained when the selected marker was his (Table XI). Amon6 

his+ recombinants, the percento.gP- of tyr + Tl var A+ cells is 

3-5 whereas the percentage of ty·r- '111 varA- cells is J.6-22. 

These data indicate strongly that the TlvarA gene is located 

between the his and tyr loci and the order of these three 

markers is his-TlvarA-tyr-str-. 

Swrunarized results of the recombination frequencies for 

al1 the above exper·iments are listed in Table XII~ 

E~ Interrupted Conjugation 

Three different approaches (described in Viaterials and 

Methods) were tried for the interrupted con Liu~c;a tion experi-• 

ment. The third approach was patterned after Eaan and Gross's 

met bod (32). In this method t;he mating rnj_xture ·1;1a s di luted 

400 fold before being spread on the selective medium. 

Becuusc of the loH ef fj c ir".ncy o.f ma t;j_n 0 be;t;,:;een strc.d n 

CH 1001 (H.frD3) and the 'l'l-var-·iablc mutant CH 2010 (F-), 

no recombj_t12rit c.:--;uJ.cl 11e observC"d. 1frw:rcfo2e, the dLLu.tlon 



Table XII. Recombination frequency of various donor and recipient cells 

Recombinant Recombination Frequency (%) 
Donor Recipient 

Class (recombinants per ml/Hfr cells per ml) X 100 

HfrBl CH 2004 -+ try 5.4 

HfrBl CH 2004 try-t 6.9 

try-+ 0.11 V, 
HfrB3 CH 2004 0 

HfrB3 CH 2004 try+ 0.143 

HfrB3 CH 2008 tyr-t 0.1265 

HfrB3 CH 2009 his-t 0.0242 

HfrB3 CH 2009 try+ 0.1804 

HfrB3 CH 2010 tyr-t 0.057 

HfrB3 CH 2010 try+ 0.198 

HfrB3 CH 2010 his-+ 0.539 
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method could not be applied for this mating system. 

Different shearing forces were employed to blend the 

paired cells by using a Virtis blender or an Omni-mixer 

in the first two approaches. The blended cells were spread 

on agar plates selective for recombinants and the number 

of colonies appearing on the agar plates were counted after 

incubation. The results obtained were confusing and therefore 

unsatisfactory. No definite entering time for the markers 

could be observed. 

The possible reasons for the anomalous results obtained 

in these experiments are discussed later. 

F. Transduction Experiments 

The first transduction experiment was done between 

strains CH 2004 (carrying TlvarA+) and CH 2012 (B/r, carrying 

TlvarA-) with phage Plkc. Lennox's method (49) was followed 

in this experiment. The phages were grown on donor cells 

(strain CH 2004) for three cycles (the titer of phage 

obtained after each cycle usually was very low). The phage 

stock was then mixed with recipient cells (CH 2012) and 

spread on medium selective for recombinants. Reciprocal 

transduction was attempted in the same manner. In these 

experiments no recombinant could be obtained on the selective 

medium. This w&s probably caused by host restriction of 

the donor cell to pha5e Plkc and is discussed later. 
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The next transduction experiments were done using the 

phage Flbt, which had been propagated on the E.coli B/r 

strain for a number of cycles. The results of conjugation 

experiments indicated that the gene which controlled the 

variable response toward phage Tl in the E. coli B/r/lv 

cells was situated in the chromosomal region between markers 

his and tyr. Therefore, attempts were made to map more 

precisely the location of the TlvarA gene by transducing the 

TlvarA, his, and tyr genes with the help of phaee Plbt. In 

this experiment (Table XIII) the markers of donor cells 

(CH 2012 carrying his-t, tJ'r+, and TlvarA-) were trans:::luced 

into recipient cells (CH 2010 carrying his-, tyr- and 

TlvarA+) by means of phage Plbt. With tyr-t as the selected 

marker, the TlvarA gene was cotransduced at a frequency of 

about 30-45%. This means, according to the data collected 

by 'J.1aylor and Trotter (61), that the Tl varA locus should be 

located 0.5 minute from the tyr locus. 

Reciprocal transduction was attempted. However, the 
3 titer obtained was very low (10 pfu/ml) after the phages 

had been grown on donor cells (str•ain CH 2010). Trrns no 

recombinant could be obtained on selective medium after 

mixing transducj.ng phages with recipient cells (strain 

CH 2012). 

The results obtained from both the conjugation and 

transduction experiments indicate that the exact position 



Table XIII. Cotransduction frequency.of donor unselected markers 

among crosses between strains CH 2012 and CH 2010 

Donor Recipient Selected Number of Frequency of 
Unselected Markers 

Strain Strain Marker Recombinants TlvarA- his+ 

CH 2012 CH 2010 % % 
+ + his ,tyr, his-,tyr-, tyr + 80 lJS 0 

TlvarA- Tl var+ tyr-t- 177 30 0 

Recipient strain revertant rate control . The 70 colonies from CH 2010 . 
had been picked and tested for variable response, none of them lost 

the variable response. 

\J7 
Lu 
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of TlvarA marker can be mapped at about 0.5 minute from try 

on the his side of the genome. This location in relation 

to other markers is shown in Figure 2. 

G. Second Locus Which May Control the Tl-variable Response 

A very interesting phenomenon was observed during the 

isolation of the streptomycin resistant strains. It was 

found that among 93 streptomycin resistant mutants isolated, 
r there were 27 str mutants which reverted from the Tl-

variable genotype to the Tl-sensitive genotype. That is, 

when the cells changed from streptomycin sensitive to 

streptomycin resistant about 29% of the cells lost the 

variable response to phage Tl and gave the Tl sensitive 

response. This result indicated that another variable 

response locus, besides the one which was mapped by conju-

gation and transduction experiments, could be located very 

close to the str locus. That is, deletion mutations 

occurring at the str gene region (causing the change from 

streptomycin sensitivity to resistance) might have extended 

through this apparent second variable locus and inactivated 

it making the cell sensitive. This second Tl-variable gene 

has been designated the TlvarB locus. 

The data showing the relationship between the variable 

response and the level of streptomycin resistance in the 

streptomycin res:i_stant population is shown on Table xrv. 
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Figure 2. Partial genetic map of the E. coli chromosome 

(6l)o The arrowheads on the circle indicate the origin 

and direction of transfer of the Hfr strains used. The 

precise location of TlvarB gene in relation to str locus 

has not been determined. 
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Table XIV. The level of streptomycin resistance and Tl-variable 

response in the streptomycin resistant population 

f-1!.aximum Level of Streptomycin/ml 
Number of' 
Mutants 

Tl-variable Which Cells Grow on 
Response 600 '1' Boo i' 1000 i 2000 7 3000 T 40003' 

1 s "T 
1 s ""t -t-
1 s + -t- + ,,- s -t- -t- + 0 -t-
8 s + + + + + 

10 c-, .::, + -+ -t- + + + 
2 V + + + 
6 V + + .... + 

28 V + + -1- + + 
30 V -t- + -t- + + 

. grow on streptomycin medium . . do not grow on streptomycin medium . 
s . Tl-sensitive response . 
V Tl-variable response 

V, 
0\ 
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It was found that among the 66 streptomycin resistant 

mutants which retained the variable trait, there were 8 
mutants failing to grow on 3,000 '"f /ml streptomycin medium 

and among the 27 streptomycin resistant mutants which lost 

the variable trait and became sensitive, nine mutants failed 

to grow on medium containing 3,000, /ml streptomycin. When 

the streptomycin v;as raised to 4,000 ,/ml, the proportion 

was 36/66 for Tl-variable population and was 17 /27 for the 

Tl-sensitive population. 



V. DISCUSSION ______ , _____ _ 

The variably resistant mutant gives rise to populations 

that are phenotypically unstable in their response to 

bacteriophage Tl. This means that the variabl8 cells can 

exist cith2r as phenotypicnlly reuist~nt cells or pheno-

typically sensitive cells depending upon their growth 

stage. ~1e rate of change from phenotyplcally resistant 

to phenotypically sensitive cells and vice versa was 

found to be very hir;h (13). Besi..-:'les the~,e phenotypically 

unstable cells and some rare stable resistant mutants 

the results on reversions (p.35) show that the variable 

populations consist of cells which can re 112rt bacl-: to 

genetically stable sensitive cells at a frequency of 

1 x 10-2 to 1 x 10- 3. This is much higher thBn the 

spontaneous mutation rate from sensitivity to resistance 

or from variable to resistance. The actual reason for 

this high rate of reversion is not knowt1. It could be 

a true reversion in which the original ~utation to Tlvar+ 

is converted to 'l'J.var- (giving a sensi t:i.ve ph2riotype) by 

a second mutation in the Tlvar r2gion. Or, it also could 

be a reversion whish was the result of a suppressor 

mutation. A sup_pr(:f'sor r.,i_ltation can be detj_n2d a:; a 

muta t ::i.on that revers cs the JXH'C:;i:c:1 l phenotype by v:l.rtue 

of rnut?tional alt2r2tion st a different position in the 
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genomeo In this case a suppressor mutation would not 

allo·;; the Tl var+ gene to expr·cs,J it:::eLf and th:: cells 

pher.otyps would be sens i l:: v2. Fm·the::' ir:,rE•stiga t:i.on 0:1 

ths genetic controlling factor 12 nece3sary for a better 

u~derotanding of this unusual type of hi5h reversion 

rate. 

typ:ic fates of' a variable (B/r/J.v) po.rwlcit5on. 

It is known that acridjne orang~ dye can cure 

this dye:; would elirr.i.nate the cytoplasr,,:i.c er· c~_:;i~,ll'.;i/_;J. 

gene.Sa 

show that all the ceJ.ls retained their varJatle trait 

but in2tend, on cbroi:101.,omc,l DHJ,. 

Conjugation mapping techniques were em~Joyed for 

finding the approx:i.m:i.te locatio:1 of th.,:i '111 ;ar-'"- r:cn:.:: on 

the chromosome. Since the exact location of the ~enes 
. , t tonA ano tonB t·he genes controlling resistance/ 
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Figure 3. Diagrammatic representation of the various 

genotypic and phenotypic fates of variable cells. 
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of these loci. There~·ore., initial conjugation experiments 

were done using crosses between HfrBl and strain CH 2004. 

The tonB and tonA markers are located proximally to the 

point of origin of this Hfr donor strain (Fig. 2). 
Therefore., during the mating process, the tonB-tonA region 

should be easily transferred from the donor cells into the 

recipient cells. This was the case and the results (Table 

IVJ show that all the try+ recombinants retained their 

variable trait after the conjugation experiment. This 

indicated that the TlvarA gene is not located on the 

try-tonB-tonA--- region. 

The other half of chromosome region was checked by 

several other conjugation experiments between donor strain 

HfrB3 and mutants of strain CH 2004. The results on Table 

IX indicate the close association of the TlvarA locus with 

both the tyr and his markers. The order of these markers 

was further established (Table X and XIJ as his-TlvarA-tyr-

by determining the linkage relationship between unselected 

markers in conjugation experiments. 

The cotransducible character of TlvarA with tyr 

('!'able XIII) further confirmed the close linkage of these 

two loci. The precise location of the TlvarA locus (Fig.2) 

was established by the transduction experiments as being 

about 0.5 minute from the tyr marker on the same side with 

the his m3.rker. 
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The unsuccessful results in interruptive conjugation 

mapping were probably due to the low recombination 

frequency between donor and recipient cells. The 

frequencies of recombination given in Table XII are 10 to 

100 times lower than the recombination values indicated 

by Jacob and Wollman (43) in their conjugation experiments 

of E.coli K-12. Because of this low recowbinantion 

frequency, high concentrations of both donor and recipient 

cells had to be screened for obtaining recombinants, and 

for the same reason the blended cell mixture could not 

be diluted before spreading on media selective for 

recombinants. Because of the high concentration of donor 

and recipient cells present on the selective media, 

conjugation probably occurred again 6n this media and made 

quantitation impossible. It is probably this conjucation 

after initial interruption of mating which led to the 

unsatisfactory results of the tirst two interruptive 

conjueation experiments. In the last interruptive 

conjugation experiment the blended cells were diluted 

before spreading on plates. No recombinants fonned 

because of the low recombination frequency. 

Reeve and Suttis (56) reported the same difficulty on 

interruptive conjugation experiments used for the mapping 

of a locus causing chloramphenicol resistance in E.coli 

K-12. No satisfactory results could be obtained in 



experiments involving the interrupted mating of a resistant 

male to a sensitive female because only a small number of 

resistant recombinants formed on selective agar. 

The low frequency of recombination could be explained 

by the restriction and modification processes which could 

have taken place in the recipient cell following chromosome 

transfer (41). The low conjugation frequency between 

Tl-sensitive and Tl-variable cells in these experiment 

is compatible with the results obtained by Boyer (11). 

He reported that bacterial crosses with E.coli K-12 as 

donor and B/r as recipient were found to be different from 

crosses between K-12 donors and K-12 recipients in the 

following ways: (1) the .:'requency of recombination was 

reduced; (2) the recombinants did not appear at discrete 

time intervals but did appear simultaneously approximately 

30 minutes after matings were initiated; (3) the linkage 

of unselected markers to selected markers was reduced. 

Some aspects of the processes of modification and 

restriction have been clarified by experiments on E. coli 

system (3,5,15,16,26,28,29,54). Arber and Dussoix (5) and 

Dussoix and Arber (26) proposed a model for the host 

controlled modification and restriction of the bacteriophage 

lambda. They demonstrated that the DNA of the bacteriophage 

lambda, which was prepared on one stra:i.n of E. coli, was 

hydrolyzed when it infected another strain of E~ coli. 

This restriction :i.s a process which can occu~ when foreign 
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DNA enters a cell, either by conjugation or by transduction. 

Modification is a process which acts directly on DNA 

and probably takes the form of specifically altering certain 

base sequences, perhaps by methylation (4,45). Any DNA 

synthesized in a particular strain therefore bears a 

characteristic modification pattern. If the foreign DNA 

does not bear a modification pattern v1hich is compatible 

with the recipient cell, it will be rapidly degraded into 

small molecular weight components. These two mechanisms 

have been termed host-controlled modification and 

restriction. 

The biochemical nature of these phenomena Nas mostly 

unknown, but it is generally believed that the restrictive 

process mu~t be a result of the action of a nuclease. 

This enzyme should be able to recognize foreign DNA but 

will not attack the DNA of the cell in which it was 

synthesized. Since, it is known that DNA synthesis is not 

a prerequisite for host-controlled modification (5). 
Boyer postulated that there are probably two cell products 

involved in these phenomena, nam2ly, an enzyme capable of 

recognizing and degradinc certain DNA elements (53), and 

an enzyme capable of modifying all DNA elements within 

the cello 

Thus restriction may have occurred during the sexual 

crosses between HfrE3 a t1d 'I'l-va ria bJ.e cul tu res (B/r/1 v) 



of E. co~i and can be visualized as follo~s: The 

introdu.ction of 2ma.ll fra2:ment of the chromosome of donor 

HfrB3 into the recipient (B/r/lv) celI resulted in the 

deeradation of the fragment before integration could 

occur. rrr11s degradation resulted from the action of a 

specific nuclease in the recipient cell, which reco~nized 

the donor chromosome as foreign DNA. However, the 

introduction of larger fra:;ment could hBve saturated the 

nuclease (degradation process) so th&t inte~ration occurred 

before complete hydrolysis. Reco:nbination of tbe donor 

exoeenote and the recipient endogenote would ~enetic2!ly 

rescue the donor DNA from further degradation (5). Thus, 

the appearance of recombinants in restricted crosses can 

be pictured as a race between hydrolysis of th2 exoccn0t2 

and its modification by the recipient cello This 

explanation might account for the reduced frequ2ncies of 

recombination and consequently the unsatisfactory result 

in interruptive conju~ation. 

The low ph;::t::;e titer ( 103 pfu/ml) obtained frora the 

transduction experiments between strain CH ?004 and 

CH 2012 tp.51) is also very pr-ob:,bly due to ho;:;t-controlled 

restriction" The phage Plkc which had been previously 

gro;•m on .::,nd modificJ by strain B/r was used .for th:i.s 

partic:ular experiment. \·ihc~n these pha2;cs gained enterce 
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recognized as foreign DNA. Then, the degradation process 

started and the DNA of phage was hydrolized by certain 

nu.clease in the B/r/lv ceJ.J., which resulted ln the low 

titer of progeny. The phage titer of this transductjon 

exp2rimer:t agree::; :-'Ii th the data obtained by Arb er and 

Dussoix (5). They noticed that the probability of lambda 

phage, which had been adapted to E.coli C strain, when 

grown on E. colt K-12 was abm~t lO"'l:... 'The same 

explanation can be applied to the unsu~cessful transduc-

tion experiment between strains CH 2010 (donor) and CH 2012 

{recipient) with phage Plbt. 

Since both the phages strains Plkc and Plbt had 

already been adapted to Ee coli B/r, restriction of these 

phages by E. coli B/r/lv would probably incUcate thnt the 

two E.coli strains possess different modific2tion 

mechanismso 

'.l.'he second locus controlling Tl-v2,r:L2ble rc::sponse 

(TlvarB) was discovered during the isolation or the 

streptomycin resistant mutants :·ro;n streptorr,yc:j_n 

sensl ti ve: popu.la tion 1:1hich were also Tl-varin ble. The 

fact that 29% of' the strepto:nyc:in resistant TitUtants lost 

the Tl-variable response indicated that deletion mutations 

oce:urr26 at stl' region, vih:l.ch caused a sir.v1ltaneous 

mutation at TlvarB re~ion. This result implied a cJos8 

linkage 1°elq t:i.orrnhJ p b2t11een UJJJ r_r1 v:3 :r-B and s t,r, loc 1 n 
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But further work still needs to be done for mapping the 

precise location of the TlvarB gene. The level of 

streptomycin resistance and the Tl-response of the 

isolated streptomycin resistant mutants are listed on 

Table XIV. It seems from the result that there is no 

relationship between the level of streptomycin resistance 

and the Tl-response. 

It 1s known that the adsorption of phage is due to 

the attachment of phage to a bacterial cell wall phage 

receptor site. Therefore, the presence or the nature 

of the receptor site usually determine the response of a 

cell to a particular type of phage. That is, sensitive 

cells have phage receptor sites whereas resistant cells 

do not have these receptor sites l1,69). Like the other 

cell wall components, it could be assumed that receptor 

sites are synthesized by means of a biochemical pathway. 

This pathway aould be subject to genetic control. The 

variable response of a B/r/lv cell might be a result of 

genetic regulation of the biochemical receptor site 

synthesis. One hypothetjcal model of regulation of TlvarA, 

TlvarB, tonA, and tonB loci is proposed in Figure 4. 

In this model the TlvarA or TlvarB loci could be 

considered as structural genes which control certain 

steps in the pathway for Tl receptor site synthesis. 

This pathway is set up as indicated for the following 
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Figure 4. Hypothetical model for the interrelationship 

of the biochemical pathway for receptor site synthesis, 

tonA, tonB, TlvarA, and TlvarB loci. 
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reasons: 

(1) It is known that mutations in the tonA region 

alter simultaneously.the bacterial response to Tl and T5 

{17,23,51), therefore, the diagram indicates that the 

Tl and TS pathway have two shared precursor steps. 

Alterations in coding regions for these steps then lead 

to simultaneous alteration in the bacterial response to 

Tl and TS. 
{2) The tonB locus only controls the bacterial 

response to Tl (31,58,71), therefore any alteration of 

coding regions controlling Enz3--, Enz6 (enzyme 3 to 

enzyme 6) would only effect the bacterial response to 

phage Tl. 

It is possible that durj_ng the variable cells log 

phase, a high level of some repressor substance is formed 

(under the control of the TlvarA or TlvarB loci). This 

repressor substance could either act at the transcription 

level to block the action of one or more structural genes 

or act at the translation level to interfere the formation 

of some enzymes in the receptor synthesis. As result of 

this type of repressor action most of the cells respond 

as phenotypically phage resistant. During lag and 

stationary phases none or much lower level of the repressor 

substances is formed thus most of the cells respond as 

phenotypically sensitive. 
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For explaining the fact that a variable cell can 

revert to the Tl sensitive genotype, it could be assumed 

that some mutation occur at TlvarA or TlvarB loci which 

alter ability to make repressor for blocking the Tl 

receptor sites synthesis therefore the cell gives a 

sensitive response. 

It was felt that TlvarA and TlvarB might be 

suppressor mutation reversing the phenotype of a resistant 

cell (35). The activity of the suppressor might be 

considered growth stage dependent, giving rise to the 

variable trait. However, this is probably not likely 

since the loss of the variable trait leads to a sensitive 

rather than a resistant cell. 

Also, it could be considered that TlvarA and TlvarB 

are coding regions for part of the pathway controlling 

the Tl-response and that mutations in these regions are 

leaky (35). The degree of leakiness would be growth 

stage dependent and would account for the phenotypic 

instability of a B/r/lv cell. 



VI. SUMHARY 

1. Results of acridine orange tests indicated that the 

genetic determinants controlline the Tl-variable 

response of a radiation resistant strain of 

Escherichia coli (B/r/lv) is chromoeomally rather than 

episomally located. 

2. Eighteen mutants carrying various genetic markers were 

isolated from E. coli B, B/r, or B/r/lv strains by 

using penicillin and mutagen treatments. These mutants 

were used in the genetic analysis of the Tl-variable 

response. 

3. Studies on reversion rates showed that the B/r/lv 

strain can revert back to genetically stable phage Tl 
-2 3 sensitive cells at a rate of 1 x 10 to 1 x 10-

which is much higher than the spontaneous reversion 

rate. 

4. Data obtained from conjugation and transductj_on 

mapping experiments indicated that the position of 

the variable response controlling gene (TlvarA) is 

located 0.5 minute from try on the his side of the 

genome. 

5. A second gene which may control the Tl-varj_able 

resp~)nse in a B/r/1 v cell was discovered a.nd has been 

71 
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designated the TlvarB locus. The location of this 

locus was found to be very close to the str locus. 
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ANALYSIS OF GENETIC DETERMINANTS CONTROLLING THE 

VARIABLE RESPONSE OF ESCHERICHIA COLI TO BACTERIOPHAGE Tl 

Chao-yun Ting Shih 

Abstract 

These studies were undertaken in an attempt to 

characterize and map the genetic determinants controlling 

the Tl-variable response. This Tl-variable response refers 

to an anomalous type of resistance to bacteriopha6e Tl 

that is exhibited by mutants of radiation resistant strains 

of' Escherichia coli B. Variable mutants give rise to 

populations that are phenotypically unstable in their 

response to bacteriophage Tl. That is, growth stage 

dependent transitions occur in these populations so that 

at mid log phase the populations are predominantly in the 

phenotypically Tl-resistant state, whereas during lag and 

stationary phases the populations are predominantly in the 

phenotypically Tl-sensitive st2te. These variable 

mut2nts have been designated B/r/lv. 

Acridine orange was used to determine whether the 

locus controlling the Tl-variable response was 

cytop:1..a:3m5-cal1y or chromosomally located, Results showed 

that aJ.l cells tested retained their variable trait after 

the dye treatment which indicated that the gene 



controlling the Tl-variable response in the B/r/lv cell 

is chromosomally rather than cytoplasmically located. 

Several mutants carrying various genetic markers 

were isolated from E.coli B/r/lv strain by using 

penicillin and mutagen treatments. These mutants were 

used either as donors or recipients in both conjugations 

and transduction mapping. 

The try-tonB-tonA-- region was first transferred 

from TlvarA- donor to TlvarA +recipient cells by means of 

conjugation techniques. No recombinant received the TlvarA 

marker from the donor which indicated that the Tl-variable 

marker is not located in the try-tonB-tonA--- region. 

Other chromosome regions were checked by several 

conjugation experiments between a his+, tyr+, and TlvarA 

donor strain and a his-, tyr-, and TlvarA+ recipient strain. 

The result showed that 80% of the donor TlvarA marker 

could be transferred together with the tyr + marker to 

recipient cells. This result indicated a close linkage 

between the tyr and TlvarA genes. The order of these 

markers was further established as his-TlvarA-tyr-- by 

determining the percentage transfer o~' unselected markers 

in conjugation experiments. 

Transduction experiments + were done bet~een a tyr, 

TlvarA- donor strain and tyr-, and 'J.'1 varA + recipient 

strain with phage Plbt. The cotransducibility of 'I'lvarA 



with the tyr 4 marker further confirmed the close linkage 

relationship of these two loci. The location of the 

TlvarA locus was established as being 0.5 minute apart 

from the tyr marker and on the same side with the his 

marker. 

A second locus controlling the Tl-variable response 

(TlvarB) was discovered during the isolation of strepto-

mycin resistant mutants that lost the Tl-variable trait 

from streptomycin sensitive Tl-vari.able populations. The 

precise location of this gene has not been mapped. These 

data indicated that the second Tl-variable gene is very 

close to the str marker. 
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