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SUMMARY 

Tetracycline(TC) resistance in a strain of Salmonella typhimurium was 
easi ly transfered to an Escherichia col i  KI2 substrain at 30 C, but 
rarely at 37 C. Whereas, transfer of the other concomitant resistances, 
sulfathiazole(SA) and streptomycin(SM) were not restr ic ted at 37 C. In 
addit ion, these drug resistances easi ly segregated ei ther to (SA SM) or 
(TC) exclusively on the conjugal transfer.  These indicate that (SA SM) 
and (TC) resistances are carried separately in two independent R plasmids 
in th is S. typhimurium stra in.  Our additional transfer experiments 
between E. col i  strains suggest that these R plasmids ex is t  as seperate 
replicon also in E. co l i ,  but they tend to associate on conjugal transfer. 

In addition to the temperature sensit ive t ransfer ,  TC resistance was 
spec i f ica l ly  eliminated either from S. typhimurium or E. col i  host cel l  
at 42 C. 

INTRODUCTION 

R plasmids originated from Salmonella are mostly of f i -  type and the i r  

drug resistances easi ly segregate to various patterns on conjugal t ransfer 

( I ) .  Contrary to these, R plasmids o r ig ina l l y  carried in Shigella are of 

f i  Z type and are rare to segregate on conjugal transfer.  In addition some 

R plasmids in Salmonella are composed of separate replicon, i .e .  sex factor 

o r ~  factor and r-determinant (2-4). This type of R plasmid is designated 

as class 2 R plasmid (5,6). 

Recently, we have examined R plasmids in Salmonella which were isolated 

c l i n i c a l l y  in Tokyo area since 1966, and found an R plasmid of which 

transfer of tetracycl ine resistance was spec i f ica l ly  rest r ic ted at 37 C. 

In th is communication we wi l l  report some genetic character ist ics of th is 

R plasmid. 

Copyright © 1974 by Academic Press, Inc. 
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MATERIALS AND METHODS 

Bacterial strains and R plasmids. S. typhimurium ST 197-69, isolated from 

a patient of enterocol i t is  was resistant to more than I00 ~g/ml of sul- 

fathiazole(SA), dihydrostreptomycin(SM) and tetracycl ine(TC), respectively. 

These drug resistances were transferable, that is ,  they were carried by (an) 

R plasmid, R197. Segregants of R197 were designated as R197-I (SA SM) and 

R197-2 (TC). E. col i  KI2 CSH-2A (F- lac + met, na l id ix ic  acid r ,  r i fampicin r) 

and E. col i  KI2 W677 (F- lac- thr leu th i )  were used as recipient strains on 

conjugal transfer of the drug resistances. 

Selection of transconjugants. Selective plate of transconjugants CSH-2A 

mated with ST 197-69 was B medium (7) agar plate containing 0.001% of 2, 3, 

5-triphenyl tetrazolium chloride, 40~g/ml of methionine, 1.0% of lactose 

and 20~g/ml of na l id ix ic  acid (NA). Selection of transconjugants W677 

mated with CSH-2A/R + was made by using A medium (8) agar plate containing 

each 20~g/ml of threonine and leucine, 1 #g/ml of thiamine and 0.2% of 

glucose. These plates also contained either one of SA(50 ~g/ml), SM 

(25 ~g/ml) or TC(12.5 ~g/ml), or with appropriate combinations of these 

three drugs as selective agent. Methods of mating were described in the 

legend to Table I .  

f i  type of R plasmids I t  was determined by examining whether transfer of 

chromosomal gene of E. col i  KI2 W1895 (HfrC lac + met.) was inhibited by the 

presence of the R plasmids in i ts  cytoplasm. E. col i  KI2 W4753 (F- lac-) 

was employed as a recipient st ra in.  

RESULTS 

Transfer of the drug resistance. The transfer frequencies of drug resis-  

tance were in order of 10 -4 per donor cel l  when conjugation was made between 

ST 197-69 and CSH-2A at 30 C using either one of SA, SM or TC as selective 

drug (Table I ) .  At 37 C or 42 C, however, the transfer of TC resistance 

was spec i f ica l ly  res t r ic ted,  whereas SA and SM resistances were transfered 

as high as at 30 C. Transconjugants obtained by the mating at 30 C always 
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Table 1. Transfer frequency of R plasmid 197 from S. typhimurium 

to E. co l i  KI2 CSH-2A 

Temperature (C) of 

mating p la t ing  

Select ive  Transfer Transconjugant 

drug frequency res is tance 
% 

pattern 

30 30 

SA 

SA 6.1 X 10 -4 SA SM I00 

SM 4.5 X 10 -4 SA SM I00 

TC 5.2 X 10 -4 TC I00 

SM TC 1.0 X 10 -7 SA SM TC I00 

30 37 

SA 3.6 X 10 -4 SA SM I00 

SM 4.3 X 10 -4 SA SM I00 

TC 3.7 X 10 -4 TC I00 

37 37 

SA 

SA 5.7 X 10 -4 SA SM I00 

SM 2.8 X 10 -4 SA SM I00 

TC < 10 -8 

SM TC < 10 -8 

37 30 

SA 2.6 X 10 -4 SA SM I00 

SM 1.7 X ~0 -4 SA SM I00 

TC < 10 -7 

42 42 

SA 

SA 7.9 X 10 -5 SA SM I00 

SM 2.1 X 10 -5 SA SM I00 

TC < 10 -8 - 

SM TC < 10 -8 - 

Overnight cu l tu re  of donor s t r a i n  ST 197 in penassay broth (Di fco) 
at  30 C wi th shaking was mixed wi th rec ip i en t  s t r a i n  CSH-2A at  a r a t i o  
of  1 : I0 and grown in fresh penassay broth fo r  3hr e i t he r  at 30 C, 37 C 
or 42 C. The mixture was plated on the se lec t i ve  p lates and cul tured 
fo r  48hr. The other unselected drug resistances of  these transconjugants 
were examined by rep l i ca  p la t ing  methods. 

harvored resistances of  e i t he r  (SA SM) or (TC) e x c l u s i v e l y ,  provided that  

s ing le  drug was used as the se lec t i ve  agent. I f  these three drugs were 

used simultaneously to se lec t  transconjugants CSH-2A (SA SM TC), the t rans fe r  

became very poor even i f  the mating was done at 30 C. These resu l t s  ind ica te  

that  ST 197-69 car r ies  two d i f f e r e n t  R plasmids, i . e .  R197-I (SA SM) and 
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Table 2. Transfer  frequency of  R plasmid 197 from E. co l i  KI2 CSH-2A 

to E. co l i  KI2 W677 

Temperature (C) of  

mating p la t i ng  

30 30 

37 37 

37 30 

42 42 

Precu l ture  
of  

donor 

30 C 

Se lec t ive  Transfer  Transconjugant 

res is tance % 
pat tern 

37 C 

30 C 

37 C 

30 C 

37 C 

30 C 

drug frequency 

SA 1.6 X 10 -3 SA SM TC 99.2 
SA SM O.8 

SM 1.8 X 10 -4 SA SM TC 99.5 
SA SM 0.5 

TC 3.2 X 10 -5 SA SM TC I00 

SA 2.9 X 10 -3 SA SM TC 94 
SA SM 6.O 

SM 1.5 X 10 -3 SA SM TC 99 
SA SM 1.0 

TC 2.9 X 10 -5 SA SM TC I00 

SA ~ 6.0 X 10 -3 NT* 
SM 5.0 X 10 -4 SA SM TC 98 

SA SM 2.0 
TC < 10 -7 - 

SA 1.4 X 10 -2 SA SM TC 90 
SA SM I0 

SM 5.3 X 10 -3 SA SM TC 97 
SA SM 3.0 

TC < 10 -7 - 

SA 1.8 X 10 -3 SA SM TC 99 
SA SM 1.0 

SM 4.6 X 10 -4 SA SM TC 99 
SA SM 1.0 

TC 7.0 X 10 -6 SA SM TC I00 

37 C 

NT 

SA 3.5 X 10 -4 SA SM TC I00 
SM 4.8 X 10 -5 SA SM TC 99.5 

SA SM 0.5 
TC < 10 -7 - 

SA 1.6 X 10 -3 SA SM TC 86 
SA SM 14 

SM 6.5 X 10 .4 SA SM TC 96 
SA SM 4.0 

TC < 10 -7 - 

CSH-2A/R + and W677 were mixed and t ransconjugants W677/R + were selected.  
Mating procedures were the same as the experiment in Table I .  * ,  none tested.  

R197-2 (TC). As shown in Table I ,  on ly  the temperature of mating did a f f ec t  

the t r ans fe r  o f  TC res is tance but those of donor cu l t u re  and p l a t i ng  cu l t u re  

did not.  

364 



Vol. 59, No. 1,1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Secondary t ransfer  of the drug resistances was tested between CSH-2A/RI97 

(SA SM TC) and W677. As shown in Table 2, t ransfer  of drug resistances was 

again temperature sensi t ive when transconjugants were selected by TC. 

Contrary to the mating between ST 197-69 and CSH-2A, however, almost a l l  

transconjugants received SA SM and TC simultaneously as long as the donor 

was grown at 30 C, even in which mating was done at 37 C or 42 C and single 

drug was used for  select ion. These suggest a poss ib i l i t y  that R(SA SM) 

and R(TC) ex is t  as separate repl icon also in CSH-2A but they have a tendency 

to associate to each other at least on conjugal t ransfer .  Here we must 

memtion that even in the mating between CSH-2A/R + and W677, some of trans- 

conjugants (-14%) received only (SA SM) resistances i f  the donor was grown 

at 37 C (Table 2) indicat ing that association between R197-I and R197-2 in 

CSH-2A might be inh ib i ted at higher temperature. 

S t a b i l i t y  of the R plasmids. Curing of TC resistance from ST 197-69, 

CSH-2A/RI97 or CSH-2A/RI97-2 were examined resul t ing that nearly 10% of TC 

sensi t ive ce l ls  were observed in any population wi th in 6 to 7 generation 

at 42 C (Table 3). On the other hand, TC resistance at 30 C or 37 C (data 

not shown) and SA or SM resistances at 42 C were quite stable. This e l imi -  

nation of TC resistance, especia l ly  from CSH-2A/RI97-2 at 42 C, means in- 

s t a b i l i t y  of R197-2 i t s e l f ,  in another words, i t  was not caused by the 

coexistence of R197-I. 

As reported previously, a temperature sensi t ive R plasmid Rts__l made i ts  

host cel l  phenotypical ly temperature-sensit ive (9). We, therefore,  examined 

growth of the host cel l  at 42 C turb idometr ica l ly .  Neither ST 197-69, 

CSH-2A/RI97 nor CSH-2A/RI97-2 was temperature sensi t ive in cel l  growth 

(Fig. 1,2), indicat ing that presence of TC sensi t ive ce l ls  in each population 

at 42 C was not the resu l t  of overgrowth of R ce l ls  but might be caused by 

posi t ive curing of R(TC) from i ts  host. 

f i  type of the R plasmids. WI895/RI97-1 and WI895/RI97-2 were constructed 

by cross with W677/RI97-1 and W677/RI97-2. Transfer of lac of these R + 
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Table 3. S tab i l i t y  of R plasmid at 42 C 

Host R plasmid 

S. typhimurium R197 

CSH-2A R197 

CSH-2A R197-2 

Temperature 
of shaking 

42 C 

30 C 

42 C 

30 C 

42 C 

30 C 

Gegeration 
% curing of 

TC SA SM 

6 - 7  I0 0 

20-21 Exp.l 19 0 
Exp.2 29 0 

20-21 0 0 

6 - 7  9 0 
20-21 23 0 

20-21 0 0.5 

6- 7 9 NT 
20-21 14 NT 

20-21 0 NT 

~vernight cul ture at 30 C of each R + strains was d i lu ted to 10 -2 and 
I0 -~ by fresh Penassay broth and grown to fu l l  growth e i ther  at 30 C or 42 C. 
Then, the cultures were plated on Penassay broth agar plates and TC and other 
drug resistances of resu l t ing colonies were examined by repl ica plat ing method. 

W1895 were not inh ib i ted by the presence of R197-I or R197-2, showing that 

both of these R plasmids belong to f i -  type (Table 4). 

DISCUSSION 

An R plasmid R197 (SA SM TC) in ST 197-69 always segregated e i ther  to 

R197Zl (SA SM) or R197-2 (TC) by the cross with CSH-2A i f  e i ther  one of 

drugs SA, SM or TC was used for  select ion of transconjugants. In addit ion 

t ransfer  of TC resistance alone was temperature sensi t ive,  These f indings 

suggest that R197-I and R 197-2 would ex is t  as two separate repl icon in ST 

197-69. This in terpre ta t ion  is supported by the fact  that the cotransfer 

of (SA SM) and (TC) was very poor even the mating was done at 30 C. 

Though both R197-I and R197-2 are of f i -  type, i t  is possible that such 

plasmids could coexist  in the same cel l  i f  they belong to d i f f e ren t  

incompat ib i l i ty  group ( I 0 , I I )  of plasmid to each other. Contrary to the 

mating between ST 197-69 and CSH-2A, SA SM and TC resistances in CSH-2A were 
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Fig. I .  Growth of S. typhimurium R + and R- s t ra ins .  ST 197-69(*-e) 
and i t s  spontaneous segregants ST 197-69/R(SA SM)(A-A) , ST 197-69/R(TC) 
(o-o) a~d ST 197-69/R (x-x) was grown at 30 C and d i l u ted  to approximately 
5 X I0 /ml in Penassay broth, respec t i ve l y .  Then, each of these was 
grown at 42 C or 30 C with shaking, and t h e i r  growth were monitored 
t u r b i d o m e t r i c a l l y  by using Coleman jun io r  I I  type spectrophotometer every 
one hour. 

1.0 3 0 C  
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0.1 

I I I I ~ I I 

0 1 2 3 4 5 6 
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f I ! I . '  r I 

0 1 2 3 4 5 6 
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Fig. 2. Growth of  E. co l i  KI2 CSH-2A R + and R- s t ra ins .  Methods 
were the same as the experiment in Fig. I .  R197 (e-e) , R197-I (A-~) , 
R197-2 (o-o) , R-(x-x) . 
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Table 4. Inh ib i t ion  of F-mating by the presence of R plasmid 197 

Temperature Mating frequency 

of mating R plasmid mediated by F 

30 C 

197 1.7 X 10 -4 

197-I 1.0 X 10 -4 

197-2 I . I  X 10 -4 

R- 9.3 X 10 -4 

37 C 

197 2.4 X 10 -4 

197-I 3.9 X 10 -4 

197-2 2.4 X 10 -4 

R- 2.1 X 10 -4 

Mating procedures were the same as the experiment in Table I .  

transfered simultaneously to W677 even i f  the mating was made at 37 C and 

selected e i ther  by SA or SM. I t  appears from this f inding that R197-I and 

R197-2 might combine forming single repl icon in CSH-2A. But th is is un- 

l i k e l y  since t ransfer  of TC resistance s t i l l  remained temperature sensi t ive 

i f  TC was used for  select ion and in addit ion R(SA SM TC) in W677 obtained 

by the cross with CSH-2A easi ly  segregated to R(SA SM) and R(TC) on conjugal 

t ransfer  (data not shown). Therefore, we would consider that in CSH-2A 

R197-2 and R197-I would in teract  to each other and as a resu l t  one is 

mobilized by the other on conjugal t ransfer  although they ex is t  as separate 

repl icon. This state of association of the R plasmids was not observed in 

S. typhimurium. Whether the sex factor  and r-determinant of each R197-I 

and R197-2 ex is t  as separate uni t  l i ke  class 2 R plasmid is presently unknown. 

Specif ic curing of TC resistance at 42 C might derived from temperature 

sensi t ive rep l ica t ion of R197-2 since overgrowth of R- cel l  against R + 

cel l  was not observed and the cured cel l  never recovered TC resistance at 

30 C. 

Molecular studies of these R plasmids are now in progress and i ts  resul ts 

w i l l  appear elsewhere. 
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