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Approximately ten per cent of the Shlgella strains 

isolated in Japan since 1958 have been recognized to have a 

high degree of resistance to chloramphenlcol (CM or C),. the 

tetracycline8 (TC or T) and/or streptomycin (SM or S) at the 

time of their original isolation from human fecal specimens. 

The resistance patterns are exclusively /CTS, /CS, /TS, /T 

and /S, where /CTS, /CS and /TS denote the cross resistance 

to CM, TC and SM, to CM and SM, and to TC and'SM, re- 

epectively (Nakaya, 1960). It was found by Ochiai et al. 

(1959) and Aklba et al (1960) that the resistance can be - -* 

transferred from the reeietant strain to the sensitive by 

mixing the broth culture of the resistant with that of the 

sensitive, and it take8 place not only within ShiRella, but 

also between Shlp;ella and E. . They reported that thfs 

phenomenon could be demonstrated only In the case when the 

living cells of a sensitive recipient were mixed with those 

of a resletant donor, while not when mixed with heat-killed 

culture, sterile culture filtrate and disrupted cell0 by 

freezing and thawlng of the resistant. 

The preeent communlcatlon deals with the nature of this 

reelstance transfer phenomenon. From the result8 It is 

evidenced that for thle phenomenon the reelstance transfer 
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agents (Rta) ar6 reeponelble. 

The time course of resistance transfer wae studied by 

the crossing experiment between Shlgella/CTS and g, co11 K-12, 

A6 Illustrated in Fig. 1, it 1s clearly demonstrated that 

resistance transfer takes place very rapidly and In high 

frequency, euggestlng It would occur by cell to cell contact. 

No decrease In the number of the resistant donor was observed. 

lo* 
Fig. 1. The time course of 

3 reeletance transfer. 

: log, 
Overnight Penassay broth 

8 cultures of 2, flexnerl 2b, 
:: a 
g I0 

#222/CTS and E.ml2, 
CSH-2 w  re mlxed~tlme 0 

lo' 
(9 x 1 0% 

; 

#822/CTS celle/ml 
A and 5 x 10 CSH-2 cells/ml) 

g lo" 
each In amounts of 5 ml and 
rocked In a L-shaped culture 

0 
y  10s 

tube at 37O C for 4 hours in 
a water bath, followed by 

$ 4 
placing In a 37O C Incubator 

$ IO 

.:::: 

without rocking. The dlf- 

lo” 
ferentlal characters of the 
two strains are; #222/CTS = 

0 I 2 3 4 20 ;2;;o;zI* ~y;~‘“““““1 

TIME IN HOURS tryptophin-, methionlne- and 
CSH-2 I CM-, TC-, SM- 

seneltlve, lactose+, methlonlne'. At different Intervals of 
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ferred cells on lactose methlonlne minimal medium containing 
5Opg CM/ml (/CTS transferred celle, curve A) and for CSH-2 
cells on the similar medium without CM (total CSH-2 cells, 
curve B). 

The resistance transfer was found to occur by contact 

from Shlgella/CTS to many other sensitive strains of Entero- 

bacterlaceae, Including Salminella, A&=, E. ~011, Citro- _I- 

batter, Klebelella, Enterobacter, Hafnla and Proteue. Moat of 

them acquired simultaneously CM-, TC- and SM-resletance as 

well a8 the ability of It8 transfer to the other seneltlves. 

This Indicates a etrlkingly wide range of recipient bacterial 

genera, as In the transmleslon of the collclnogenlc factors 

(Frederlcq, 1958). 

The reelstance to all the antibiotics used could be 
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transferred not only to the seneltlve strains, but also 

replaced the eeneltlvlty of such a recipient Shlgella strain 

aa possessing the reslstance pattern /CS, /TS, /T, or /S, 

which resulted in /CTS, /TS, or /CS after contact with an 

appropriate reel&ant donor. The result seems to suggest the 

presence of at leaet four Independent me, I.e., CS-Rta (CM- 

and SM-reeletance tranefer agent), TS-Rta, T-R&, and S-m, 

and nq Interference between their tranemlealblllty. 

In order to compare Rta with the sex factor F of E. co11 

K-12, CTS-R&e have been transferred from S. flexnerl 2b, 

#222/CTS to the derlvatlves of E_. calf K-12 by contact. The 

etralne made /CTS were W-677 (F-T-L-), CSH-2 (F-M-), 58-161 

(F+), W-2252 (Hfrl), W-3780 (Hfrp) and W-3753 (Hfr4). In the 

oourae of leolatlon of these cultures, the growth of /CS and 

/T colonlee were obtained, although Infrequently. Thus the 

presenoe of two independent R&e, I.e., CS-R& and T-R& In a 

/CTS strain le assumed. Furthermore, TS-Rta and S-Rta were 

recognized In a almllar experiment, where Shluella strain8 

poseeeelng the reeletance pattern /TS or /S were used a8 the 

donor. For the purpose to reveal the effect of Rtat etatua 

of F’ cells on lta F' statue, a cross wa8 performed between 

F-T-L- and F-H’/CTS strains along with the control or088 of 

F-T-L- x F-N-. Since none of such characters ae the syntheele 

of threonlne (T) and leuclne (L) or of carbohydrate utlllzatlon 

wae Jointly traneferred with the realstance, It la conceivable . 
that Rtat statue cannot confer on F' cells F+ etatue. In 

oroseee of Hfrl x F-T-L-, where either one of them waB made 

CTS-Rta+ statue, the Rtas were transferred from'the Rta+ 

strain to the Rta' strain lrreepeotlve of the Hfr or the F' 

statue. Further, no cloee linkage of CTS-R&e with ordinary 

bacterial charactera was recognized. The reeulte are presented 

656 



Vol.3,No.6 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS Dec. 1960 

in Tible I, from which It ie obvious that Q behave6 a8 an in- 

dependent agent from the sex factor F. In the crosses of Hfr/ 

CTS x F-, the frequency of transfer of the lntrlnelc chromoeomal 

Table I 

Frequency of Rta traneaieslon and recombination 
lnroeses of Hfr x F' 

Or088 
Selected 

marker (1) (2) 
Hfr x F’ Hfr/CTS x F’ 

(3) 
Hfr/CTS x F' HPX 

F-/CTS 

l/102 
2/102 
2/102 

2/102 
l/102 

T+L+ 
Ratio* 

T+L+/CM 
5/103 1 

T+L+/TC 
0.2/106 5/106 
o.5/106 

0.04 g/103 
0.1 

Lac+ 21103 
lo/lo; :f% 

1 
0.2/106 5/106 

1 
Lao+/04 
Lac+/TC 

03 
0:3 0.5/106 

0.04 30/103 
0.1 

Malt 
Halt/CM 0.5/103 
Mal+/TC 

0.07/106 l/l06 
0.03/106 

1 0.07 0.02/106 0.5/106 
0.02/106 

0.04 1 
0.03 0.04 

0.3/103 

xy1+ 
xyl+/CM 

0.5/103 3/106 
0.03/106 0.03/106 

1 
Xyl+/TC 0.01 0.3/103 0.01 

Hrr, strain W-2252 (Hfr 
T' L' El- Lac' Mal- Ga15' Xy b 

M- Lac+); F-, etraln W-677 (F- 
Mtl’ Ara')* /CM, CM-reelstance; 

/TC, TC-resistance; /SM, SM-resistance; TIL+ eyntheele of 
threonlne and leuclne; 
utilization; Xyl+, 

Lac+, lactose utlllzatlon; Malt, maltoee 
xylose utilization. 

Hfr cells were mixed with F' cells In Penaeeay broth. The 
mixture was Incubated for 60 minute6 with aeratlo before 
selective plating. 7 The mixture6 contained 3 x 10 Hfr cells 
and 1.2 x 109 F' celle/ml In the cro88 (l), 1 x 108 Hfr/CTB 
cells and 1.2 x 109 F' c 
Hfr/CTS cells and 9 x 1 0% 

lie/ml In the croea (2), 2.2 x 10 
F' c lls/ml 

2.7 x 107 Hfr cells and 7 x 10 9 
In the crone (3), and 

(4). 
F'/CTS celle/ml In the croa8 

Frequencies are meaeured ae the ratio of the number of 
the recombinant or reelatance transferred cells to the number 
of the donor cells. 
the donor, 

In the crosses (l), (2) and (3) Hfr wae 
whlle In the cro88 (4) Hfr w&B the acceptor of CM- 

and TC-resistance and the donor of the other characters. 
+ Ratio of the frequency of recombination accompanied with 

resistance transfer to the frequency of recombination of the 
given marker In total as presented by unity. 
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marker8 of Hfr decreased markedly, as if in a cross or F+ x F-. 

This seems to euggeat that the eta in Hfr cells might interfere 

with the transfer of the intrinsic genomee of Hfr into F’ 

cells. The reeletance transfer, however, took place readily 

In an equal frequency in any combination. 

With bacteriophage Pl& (Lennox, 1955) grown on ShlRella 

with the reelstance pattern /CTS, /CS, /TS, or /S, the antl- 

biotic-reelstance was transduced into E. a K-12 in a 

frequency of approximately 10’7 to 10-5 per phase particle 

adsorbed, that did not differ from the ueual transduction 

frequency of ordinary characters. The transduction of CTS- 

Rtae was aleo succeeeful among E_. & K-12 lines. The elmllar -- 

reeulte were obtained a8 in the mixing experimenta, conflrmlng 

the following facte more evidently. No traneductant resistant 

to CM alone wall found, Indicating the lntlinete linkage of CM- 

reeletance to SM-reeletance. In a transduction with phage 

grown on a certain /TS strain, It ,war aleo confirmed to exlet 

TS-e which did not dleeoclate Into T-Rta and S-Rta -* The 

antibiotic-reairtance and the ability of ite transfer to the 

seneitivee were found never to dieeoclate, indicating that the 

RAe are an entity which poeeeeaee both propertlee. 

From the reeulte 80 far obtained it can be conceivable 

that the majority of the antibiotic-reeletant Shlgella etralna 

Isolated from human fecal specimens are Infected with the 

reeietance tranefer agente. The evidences that characterize 

the agent8 a6 an entity which play8 a main role In the 

resistance tranafer phenomenon are aa followe: one step 

mutation from sensltlvlty to a high level of resistance to CM 

or to TC that has, never been obeerved In the selection of 

resistant mutants in vitro (Cavalll and Maccacaro, 1952); one -- 

step back mutation from realstance to sensitivity that could 
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be occaelonally recognized In colony selection; the high 

frequency of the resistance transfer from a resletant strain 

to a sensitive as occurring by contact; the Intimate linkage 

between CM- and SM-resistance or between TC- and S&!-resistance 

that has never been observed in the mutants selected in vitro; 

the lneeparable linkage between resistance and the ablllty of 

Its transfer; a wide range of acceptor bacterial genera; trans- 

duclblllty by phage; no linkage to ordinary bacterial charac- 

ters; no correlation to the sex factor F of E. & K-12. The 

last two points Indicate that gg appear8 to differ from the 

eplsomea dlscuesed by Jacob and Wollman (1958) because no evl- 

denoe supporting Its chromosomal cycle has been obtained yet, 

while In other reepecta one may be able to make the analogy to 

eplsomee by assuming a cytoplasmlc status of Rta (Lederberg, 

1952). Detailed data will be published elsewhere. 

The authors are deeply Indebted to Dr. H. P. Treffers of 

the Department of Microbiology, Yale University, and Dr. A. 

Rhoda, Kitasato Inatitute, for making the bacterial stocks of 

E. w K-12 and phage Pl& available for these experiments. 
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