Yoshikawa and Akiba postulated a circular model of multiple drug resistance factors in 1961(22).

According to their model and the authors’ assumption, the Rigo factor consists of «eeeeee- teterereees ffiteeess tra
(transfer region)s s«remareeestra e Suleeeseerenns chleeeees , and the RCKM)t factor has the fine structure as
--------------- kaneeseeeeeeeeffim e ienintst (thermosensitive transfer region):-:++++--.  The recombinant sensitive to

the oo SEPereenees stleene fragment from Rigo to the right side of the ¢s¢ region of R(KM)t.
Thermosensitive segregants, one containing the resistance markers for SM and SA only and found in
the cells of YAl4, and the other harbouring the resistance markers for KM and SA and found in the cells
of CSH2(Table 10), might be induced from the original thermosensitive recombinant-R harbouring the
resistance markers for KM, SM and SA, by deletion of the resistance markers of st» or kan. These
results agree with the replicon hypothesis, since the replication of sz and sul resistance makers become
temperature sensitive if they become linked to the thermosensitive replicon. This fact should be compared with
that a temperature sensitive I factor becomes nonthermosensitive when it has been integrated into a normal
bacterial chromosome(9). The reason why the str---e-ee- sul markers have a tendency to attach casily to the

RCKM)¢ factor, and why the markers of Zan or str tend to be omitted from the recombinant are acctually
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FIG. 1 Circular models of the thermosensitive kanamycin resistance factor, nonthermosensitive

multiple drug resistance factor and their recombinants.
Following abbreviations for genetic markers are used: “tra” is the transfer region of R factors

undergoing nonthermosensitive replication ; “tst” is the transfer region of R factors undergoing thermosensitive

.

replication ; “fi” is genetic locus in R factors and is controlling the inhibitory effect on F-mediated fertility ;

“spp” is genetic loci controlling the restrictory effect on T-even phages in R factors; “kan” is the genetic

marker in R factors and confers KM-resistance on its host; “chl” is the genetic marker and confers

CM-resistance ; “tet” is for TC-resistance ; “str”

»

is for SM-resistance ; “sul” is for SA-resistance,

. S




unkown. (Fig. 1)

Echols(5), and Cuzin & Jacob(4) investigated on the supperinfection of two different I/ factors, and
obtained stable E. coli clones which replicate both the autonomous F’ and their integrated episome, The F’
factors used for their experiment, however, were both nonthermosensitive.

It may, however, be proposed that RCKM)t and its recombinant are not really thermosensitive for their
replication but that they can suppress the growth of their host bacteria at higher temperature, so that the
number of cells not carrying the R factor increases. This would result in an apparent elimination and
decrease of the transfer frequency of R(CKM)t. Since bacterial cells bearing the thermosensitive R factor
and grown at 37°C never lose the R factor yet the transfer frequency from such cells is much lower that
from the cells grown at 25°C even the mixing culture is performed at 25°C, this hypothesis seems untenable,

It is noteworthy that fi* property is dominant in a bacterial cell carrying the both fi* and fi” R factors,
while the restriction against phage T4b by R(KM)! can be released by the superinfection with Rigp. It is
possible that the fi* property stems from a cause different from that which causes restriction of T4b phage.
Recently, the authors discovered that the R(KM)! factor can restrict not only T4b but also other T-even
phages, i.e. T2, T4d and T6. Details of the restriction of T-even phages by the R(KM)' factor will

appear on a separate paper in future.

Acknowledgement

We are indebted to Dr. Terawalki for supplying a culture of E. coli YAZ2 carrying the thermosensitive
kanamyein resistance factor and T4b phage, and for his valuable communication concerning the restriction of
Tdb phage by R(KM)t. We are also pleased for supplying [. coli JE948 bearing Ripo and phages of
T2h, T4d and T6 to Dr. Yoshikawa and Dr. Uchida, respectively.

Literature Cited

1. APBE, H., S. GOTO, AND S, KUWAHARA. 1966. Transmission of multiple drug resistance from

Shigella to Aeronomas and non-agglutinable vibrio through conjugation. Japan, J. Bacteriol. (in

Japanese) 21 : 266-273.

AKIBA T., K. KOYAMA, Y. ISSHIKI, S, KIMURA, AND T, FUKUSHIMA. 190. On the

mechanism of the development of multiple drug resistant clones of Shigella. Japan, J. Microbiol, 4 :

219-227.

3. ANDERSON, E. S., AND N. DATTA., 195. Resistance to penicllins and its transfer in
Enterobacteriaceace, Lancet, No, 7381 : 405-407

4, CUZIN, F., AND F. JACOB, 1967. Association stable de deux episomes F differents dans un clone
1 Escherichia coli. Ann. Inst. Pasteur 113 : 145-155

ECHOLS M. 1963. Properties of I’ strains of Escherichia coli superinfected with F-laclose and

S+

(9]

F-galactose episomes, J. Bacteriol. 85: 262-268.

6. GINOZA, S. I, AND T. S. MATNEY. 1963, Transmission of a resistance factor from E. coli to
2 species of Pasteurella, ], Bacteriol, 85: 1177

7. HARADA, K., M. SUZUKI, M. KAMEDA, H, HASHIMOTO, M. MORIMURA, S, TANAKA,
T. ATSUMI, F. TABEI, S. MITSUHASHI, Y. AKITA, AND M. TAKAHASHI. 1961. On the drug
resistance of enteric bacilli, 7. Transmissibility of drug resistance among family Enterobacteriaceae.
Japan, J. Bacteriol. (in Japanese) 16 : 189-194,

8. JACOB, F., AND S, BRENNER. 1963. Sur la regration de la synthese du DNA chez les bacteries :
L’hypothese du replicon, Compt, rend, accad. sci. 256 : 298-300.

-



10:

a5 1

12,

13.

14,

15,

16.

17

18,

19.

20.

21.

22.

23.

24.

JACOB, F., S. BRENNER, AND F, CUZIN, 1963. Replication mutants of the sex factor. Cold.
Spring Harbor Symp. Quant., Biol. 38 : 329-348.

KIMURA, S, T. MIZUNO, T. AKIBA, I, SASAGAWA, AND K. IKEMURA. 1964. Studies
on the mechanism of drug resistance in bacteria. 34, Transfer of kanamyecin-resistance. Med. Biol,
(in Japanese) 68 : 61-64.,

KUWAHARA, S,, T. AKIBA, K. KOYAMA, AND T. ARAI. 1963. Transmission of multiple
drug resistance from Shigella flexneri to Vibrio comma through conjugation, Japan. J. Microbiol,
7: 61-68,

LEBEK, G. 1963. Ubertrang der Mehrfachresistenz gegen Antibiotika und Chemotherapeutika von
E. coli aul andere Species gramnegativer Bakteria. Experimentaller Beitrag. Zentr. Bakteriol,
Parasitenk, Infektionskrank, Hyg. 189 : 213-223,

LEDERBERG, G. 1947. Gene recombination and linked segregation in Escherichia coli. Genetics.
32 : 247-267.

MISE, K., AND Y. SUZUKI. 1968. Temperature sensitive chloramphenicol acetyl transferase from
E. coli mutant carrying R factors. J. Bacteriol. 95 : 2124-2130,

NAKAYA, R., A, NAKAMURA, AND Y. MURATA, 1960. Resistance transfer agents in Shigella.
Biochem. Biophys, Res. Comm, 3 : 654-659.

SUGINO, Y., AND Y. HIROTA. 1962. Conjugal fertility associated with resistance factor in
Escherichia coli. J. Bacteriol. 84 : 902-910,

TERAWAKI, Y. 1965. The R factor of multiple drug resistant Cloaca isolated from the urinary
tract. Med. Biol. (in Japanese). 71 : 217-221.

TERAWAKI, Y, H. TAKATSU, AND T. AKIBA. 1967. Thermosensitive replication of a
kanamycin resistance factor. J. Bacteriol. 94 : 687-690.

TERAWAKI, Y., Y. KAKIZAWA, H. TAKATSU, AND M. YOSHIKAWA. 1968. Temperature
sensitivity of cell growth in [ischerichia coli associated with temperature sensitive R(KM) factor.
Science. 219 : 284-285,

WATANABE, T., AND S. SATO. 1967. On the resistance to haevy metals and aminosugar
antibiotics due to R factors. Japan. J. Bacteriol. (in Japanese) 22 : 543,

YOKOTA, T., Y. KANAMARU, AND R. MORI. 1967. Genetic properties of a thermosensitive
R(KM)* factor. Japan. J. Bacteriol. (in Japanese) 23 : 269.

YOSHIKAWA, M., AND T. AKIBA. 1961. Studies on transferable drug resistance in bacteria. 3.
The mechanism of recombination interference and genetic structure of the resistance factor. Japan.
J. Microbiol. 5: 465-476.

YOSHIKAWA, M., AND T. AKIBA. 1962. Studies on transferable drug resistance in bacteria. 4.
Suppression of plaque formation of phages by the resistance factor, Japan. J. Microbiol. 6 : 121-132.
YOSHIKAWA, M., AND M. G. SEVAG. 1967. Sensitivity of [Escherichia coli to atabrine conferred
by R factor and its potential clinical significance. J. Bacteriol. 93 : 245-253.

ABFFREIA R34 8 122 H WG o\ C B & 7o 55 L200] [HER (52 221 2 O —Ein el s e,

SCAF SN AM3IELO T 7 A U 21 & e = M

2p LD BEIHAC Journal of Bacteriology 1C{Hiliiii 2 S hi- O D4

Xchs.

N



