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PREFACE

Proceedings from the International Symposium on Antibiotic Resistance 1979,
the fourth volume in the series of material edited from the Smolenice symposium,
is a continuation in the tradition of communicating new scientific results on a currently
important and interesting problem. It concerns not only human and veterinary medicine
and practice, but also such important fields of contemporary biology as molecular biology
and genetics.

Indeed, in both these disciplines, we have recently noted a strong and dynamic de-
velopment of scientific knowledge directed toward such outgrowths of the study of
plasmids as gene manipulations, transposons, and transposition, as well as the evolution
of plasmids in general.

Because of a very real global development of resistance to the newest antibiotics, and
the active participation of experts from medical science and practice, it was reasonable
to separate the medical part of the program from the theoretical one. Consequently,
priorities of the fourth symposium were transposons and the transposition of resistance
of to antibiotics, with their serious impact on epidemiology, the resistance of Pseudomonas
aeruginosa, that is becoming a prominent nosocomial pathogen, the ecology and
epidemiology of R plasmids, and, last though not least, the computer-assisted surveillance
of resistance to antibiotics.

Transposons which code for resistance to several antibiotics have been identified as
a major mechanism by which this resistance is presently spread to new species and genera
from its natural reservoir of bacteria. This has been found true for resistance to ampicillin,
which appeared in Neisseria or Hemophilus, and additional transposons, e.g., for
resistance to trimethoprim and even to gentamicin, have also been identified.

Gentamicin resistance is found to be an increasing problem in dealing with staphy-
lococci, Enterobactertaceae, and Pseudomonas aeruginosa. Enzymatic mechanisms for
its inactivation are intensively studied so that we can now even address the question
of the epidemiology of drug—inactivating enzymes in bacteria.

To guide antibiotic policy, computer-assisted systems for surveillance and moni-
toring of antibiotic resistance in selected species of “problem bacteria” have been de-
veloped in several countries and on an international basis. Comparison of the present
and developing situation on this highest level, e.g., between selected hospitals and
wards, seems to be highly productive and useful.

When setting forth this volume, many thanks of all participants should be expressed
to AVICENUM, Czechoslovak Medical Press, and to SPRINGER-Verlag, for their
efforts and help in editing these proceedings.

L. ROSIVAL

VII



CONTENTS

Preface (L. Rosival)

I. THEORETICAL PART
I.A Introductory Lectures

S. MiITsuHASHI: Nonconjugative drug resistance plasmids . . . . . . . . . . 3
M. INOUE, K. INOUE, T. NAGATE and S. MITsuHASHI: Genetic studies of nonconjuga-
tive sulfanilamide resistance plasmids in gram-negative bacteria . . . . . . . 11

I.B. R plasmids in P. aeruginosa
Chairman: B. W. Holloway

* B. W. HoLLowAY, C. CROWTHER, P. RoYLE and M. NAYUDU: R plasmids and bacterial
chromosome transfer . . « o o ¢ o™ o s % 0 0 8 w868 w8 8w s s s 19
" G. Rigss, H. J. BURKARDT, A. P. PUHLER and B. W. HoLLOowAY : R 68.45, a plasmid
with chromosome mobilizing ability differs from R68 by a duplicated DNA

TEEION. . & = & & @ © @ & 3 5 &8 & & & W E & ® B 5 3 5 & §e 4w & s 29
R. SiMON and A. P. PUHLER: Mapping of replication genes of plasmid RP4 . . . 35
S. IvoBg, H. Sacal, K. Hasupa and S. MITSUHASHI: Translocation of drug re-

sistance genes in P. aeruginosa . . . . . . . . . . .. .. o0 . 43
Y. MICHEL-BRIAND, M. J. DUPONT, I. CHARDON-LORIAUX and J. M. LAPORTE: Carbe-

nicillin resistance and multiresistance plasmid in P. aeruginosa . . . . . . . . 49
H. KNOTHE, V. KRCMERY, A. SECKAROVA and S. MITSUHASHI: Attempts to transduce

antibiotic resistance in P. aeruginosa . . . . . . . . . . . . ..o ... 53

I.C. Transposons and Replicons
Chairman: D. Kopecko

D. J. KoPECKoO, J. Vickroy, E. M. JOHNSON, J. A. WOHLHIETER and L. S. BARON:
Molecular and genetic analyses of plasmids responsible for lactose catabolism in

Salmonellae isolated from diseased humans . . . . . . . . . . . . . .. 59
F. ScuOFrL: The influence of the rec A mutation' on the intramolecular gene
amplification of Tn 1771 in Escherichia coli . . . . . . . . . . . . . .. 65
T. YamamoTto, R. KATOH and S. YAMAGISHI: Gene expression of transposable element
determining ampicillin resistance . . . . . . . . . . . . . . . . .. .. 71
K. Mise: New recombinant prophages between bacteriophage Pl and the R
plasmid NR'1 . . . . . . . . .. . . ... . 77
S. ErLy, P. M. SLOCOMBE, I. ANDREs and K. N. Timmis: Promoters of replication
determinants of plasmid R6-5 . . . . . . . . . . . . ... L. L. 83
U. B. PRIEFER, P. SPITZBARTH, H. ]. BURKARDT and A. P. PUHLER: RP4 mutants
generated by insertion element ISR1 . . . . . . . . . . .. . . ... .. 01
H. WataNaBE, H. HASHIMOTO and S. MITSUHASHI: A mutant affecting the deletion
of resistance-determinant(s) on R plasmids . . . . . . . . . . . . .. .. 97

IX



I.D. Genetics and Molecular Biology
Chairwoman: P. Kontomichalou

H. DaNBARA, J. K. Timmis and K. N. Timmis: Plasmid R 1 contains two distinct

functional replicons . . . . . . . . . o e e e e e e e e e e 105
J. NE§vera and J. HocHMANOVA: Chromosomal mutation affecting the expression
of plasmid REKALlin E.coli K-12 . . . . . . . . . . .« . o oo .. 113

Y. Ike, H. HasuiMoTo, K. MoToHASHI, N. Fujisawa and S. MITSUHASHI: Isolation
and characterization of temperature-sensitive mutants for replication of composite
plasmid Rms 201 . . . . . . . . . . . . ..o o 119
S. B. VAKULENKO, L. E. BoDUNKOVA, M. M. GARAEV, I. P. FOoMINA and S. M. Na-
VASHIN: Genetic and physico-chemical analysis of antibiotic resistance plasmids

of clinical Straifnis: « & : &6 o 5 o w © s 5 © s W ow s oW e 4w s 125
H. BrRANA, J. HUBACEK, O. NAVRATIL and O. BENDA: The properties of E. coli (R+)-
strain with a mutation in the Rldrd-19 plasmid . . . . . . . . . . . . .. 131

G. LeBek and P. ZUnND: Investigation about an eventual correlation between
generation time of E. coli increased by R plasmids and their molecular size 137
M. RotH, G. MULLER and D. Noack: Loss of the multi-copy resistance plasmid

pBR 325 from E.coli GY 2354 pBR 325 during continuous cultivation . . . . 143
O. Sova, A. SokoL and V. KMmET: Isoelectric focusing analysis of monoplasmids
catried by E. coli strains . . . . & . ¢« ¢ . o b 6 os o6 w6 e s s e e e e 147
Ch. HOFFMEIER, D. NOACK, R. GEUTHER and H. BRANA: Enhanced chloramphenicol
resistance of the lysogenic strain E. coli GY 2354 PICM . . . . . . . . .. 153
F. SceMIDT, U. van TREECK, and B. WIEDEMANN: Reassortment and gene ampli-
fication of R-factor R 1767 from Salmonella typhimurium . . . . . . . . . . 157
U. van TrEECK, B. WIEDEMANN and W. KALTHOFEN: Characterization of A SmSu-
plasmid (rBP1) frequently occurring in clinical isolates of E. coli . . . . . . . 165

I.E. Plasmids in the Nature
Chairman: W. Goebel

W. GoEeBeL, R. KoLLEk, W. OEerTEL, K. J. BURGER and R. ROLLICH: Replication
functions determined by the basic replicon of the antibiotic resistance factor R 1 173
W. GOEBEL, A. NOEGEL, U. RDEST and W. SPRINGER: Cloning of synthesis and
transport functions of the extracellular toxic protein, a-haemolysin of E. coli . . 179
T. Yokota, T. Yamamoto and R. SExiGucHI: Molecular fine structure of entero-
toxin plasmid obtained from E. co/7 and inserted with drug-resistance transposons 191
B. R. LeviN: Conditions for the existance of R plasmids in bacterial populations 197

M. D. CookEe: R-factor transfer under environmental conditions . . . . . . . . 203
G. LeBex and L. PeTRI: Incompability testing of FI* R-factors from the area of
Berne . . . . . . L e e e e e e e e e e e e 209

II. MEDICAL PART

II.A. New Drugs Against Resistant Bacteria
Chairman: S. M. Navashin

N. MATSUBARA, S. MiNaMI, T. MURAOKA, I. SAIKAWA and S. MITSUHASHI: In vitre
and 7z vivo antibacterial activity of T-1551, a new semisynthetic Cephalosporin 215

E. STRAUBE and G. NAUMANN: Iz vitro susceptibility to cefamandole of staphylococci
enterococci, Enterobacteriacae and Pseudomonas species . . . . . . . . . . . 221

X



T. Sarto, M. Topa, M. INOUE, M. Sarto, K. Suzaki, K. Yano, T. OsoNo and S.
MiTsuHAsHI: YM 09330, a new broad-spectrum semisynthetic Cephamycin

antbiotic . = s v 5 % i B 8 e s w B 6 B o8 B s w6 8 w8 s e B s 223
C. PLOCZEROVA, J. KaRoL&EK and I. Cr#NAR: Immunochemical properties of the
structures of Salmonella typhimurium strains resistant to Cephaloridine . . . . 229

S. MasuyosHI, S. ArRAI and M. M1YAMOTO: In vitro and in vivo antibacterila activity,
beta-lactamase stability and binding affinity to penicillin-binding proteins of

Cefotaxime (HR 756), a new Cephalosporin derivative . . . . . . . . . . . 233
A. Ito, K. HirAIL, S. Suzug, T. IRIKURA, M. INOUE and S. MITSUHASHI: In vitro and
in vivo antibacterial agitivity of AM-715, a new analog of Nalidixic acid . . . . 239

E. PErEA, M. C. GARrcIA IGLESIAS, E. MERTIN, J. C. PALOMARES and M. C. NOGALES:
Interactions of Azlocillin and Mezlocillin with aminoglycosides against Carbeni-
cillin-resistant and sensitive P. aeruginosa . . . . . . . . . . . . . . .. 245

II.B. Natural Spread of Antibiotic Resistance
Cairman: R. Goméz-Lus

I. P. Derarpe: N. I. H. Programs in antibiotic resistance, recombinant DNA,
hospital-associated infections and sexually transmitted diseases . . . . . . . 253
H. RicHARDs: The spread of Transposon 7 among bacteria of medical and veteripary
IMPOItANCE . . « + v v« v v e e e e e e e e e e e e e e e e 261
G. SAROGLOU, P. PARASKEVOPOLOU, O. PANIARA and P. KONTOMICHALOU: Tnmetho-
prim resistance plasmids flom Enterobacteriaceae isolated in Greece . . . . . L 267
V. HUuGHES and N. DATTA: Gentamicin resistance plasmids in hospital infections 273
M. TERAKADO, Y. IsayaMA and S. M1TsuHASHI : Drug resistance of Bordetella bronchi-
Septica FrOoM Pigs « . w & « 5 0 4 4o o s w w4 s wow s s ow s W s 279
T. Epa, T. Ikepa, M. KiMura, K. KawaHARA, Y. KaNDA and S. KIMURA: Antibiotic
resistance and R plasmids in Serratia marcescens isolated from clinical specimens
inJapan . . . . . ... L L L e 285

II.C. Enzymes Inactivating Antibiotics
Chairman: R. Goméz-Lus

R. Gom¥z-Lus, L. LARrRAD, M. C. RuB10-CALVO, M. NAVARRO and M. P. LASIERA:
AAC(3)and AAC (6’) enzymes produced by R plasmids isolated in general hospital . 295
S.'M. NavasHIN, Y. O. Sazykin, I. P. FomiNa, L. G. VINOGRADOVA, R. M. P:-
TYUSHENKO, V. L. GANELIN, M. K. KuLHANOVA and L. V. NIKOLAEVA: Inactivation
of aminogycosides by enzymes: Biological properties of inactivation products . 305
P. CourvaLIN, C. VARLIER and E. CoLLATZ: Structural and functional relationship
between aminoglycoside-modifying enzymes from streptococci and staphylococci 309
F. LE GOFFIC, N. MOREAU, A. MARTEL and M. MasoN: Could a single enzyme inacti-
vate aminoglycoside antibiotics by two different mechanisms. . . . . . . . 321
M. KETTNER, J. NAvAROVA, I. MOLNAROVA and V. KREMERY: Multiple enzymatic
modification of aminoglycosides by P. aeruginosa and enterobacteria strains

resistant to gentamicin, netilmicin, tobramycin and aminkacin . . . . . . . . 327
T. Yokora and E. Azuma: Biochemical aspects of bacterial resistance to new
beta-lactam drugs non hydrolyzable by beta-lactamases . . . . . . . . . . . 333

IL.D. Ecology and Epidemiology of Resistant Strains
Chairman: L. Rosival

V. ZuEva, O. DMITRENKO and Y. LINevicH: Stability of the drug resistance of S. aureus

XI



under different conditions. Spontaneous loss of some plasmids in experimental

conditionS 72 DIV0 « « . 4 v 4 e h e e e e e e e e e e e e e e e e 341
H. MiLcH and E. CzirOk: Studies on the role of Col V plasmid in the pathogenicity

Of E.cOliStrains: i = : = & : o+ & s + 5 °5 s & & « s 5 &3 o 5 2 §'a % 278 347
A. HajNAL, V. LAszro, I. FINaNCSEK and 1. STRAUB: Studies on R and Col plasmids

in S. sonnei strains frequently isolated from outbreaks . . . . . . . . . . . 353
J. C. PaLoMAREs and E. J. PEreA: R plasmid ecology in Salmonella in human gut 359
F. Feperi¢, O. J. VRTIAK and ]. JorDANOVA: Drug resistance in main udder

pathogens . . . . . . . . L Lo L Lo 365
K. KoLtsIpA, P. PARASKEVOPOULOU and P. KONTOMICHALOU: Salmonella heidelberg
penicillinase plasmids found during a nosocomial epidemic . . . . . . . . . . 371

ILE. Computer Surveillance of Antibiotic Resistance
Chairman: B. Wiédemann

F. H. KAYSER, J. WUsT and J. MUNZINGER: Computerization of a clinical microbio-
logy laboratory . . . . . . . . . . . ...l e 379

T. F. O’BRrIEN, M. A. GUZMAN, J. J. FARREL, R. L. KeNT, A. A. MEDEIROS and J. F.
AcARr: Identification of specific antibiotic resistance mechanisms from routine

susceptibility testing results . . . . . . . .. L0 ... L L L, 383
J. GruNT, V. KREMERY and L. Rosivar: Clinical use of antibiotics, a nationwide

computerstudy . . . . . . . . .. ... L L Lo e 389
B. WIEDEMANN: Problems concerning multicenter studies on drug resistance . . 395
Subjectindex . . . . . . . . o m om e m m s e e e e e s 403
Author index . . . . . . . . ..., 405

XII



I. THEORETICAL PART
A) INTRODUCTORY LECTURES



o, 7 ;‘B* PDFiE1Ji 0] : www. ertongbook. com



NONCONJUGATIVE DRUG RESISTANCE PLASMIDS

S. MITSUHASHI

Department of Microbiology and Laboratory of Bacterial Resistance
School of Medicine Gunma University
Maebashi, Japan

It is a real pleasure for me to give the opening address at the 4th International Sympo-
sium on Antibiotic Resistance at the Castle of Smolenice in Czechoslovakia.

We are very glad once again to have met many representatives from all over the world
who are studying plasmids and trying to solve the problems caused by new biohazards
resulting from drug resistance plasmids. First of all, I want to express our sincere thanks
to the Minister of Health of the Slovak Socialist Republic, the Minister of Agriculture
of the Slovak Socialist Republic, and the Slovak Academy of Sciensces, and also to the
Organizers of this symposium. Special thanks are due to the Secretary General,
Organizing and Program Comittee, and to Publishers of the Proceedings.

TABLE 1.

Isolation frequency of R plasmids from resistant strains

Drug Isolation frequency of R plasmids
from strains resistant to (%)
Te 65.2
Cm 58.0
Sm 64.3
Su 55.8
Km 70.2
Ap 69.3
Gm 79.3

The results are based on surveys of 19,984 clinical
isolates. Abbreviation of drugs: tetracycline (Tc),
chloramphenicol (Cm), streptomycin (Sm), sulfanilamide
(Su), kanamycin (Km), ampicillin (Ap), and gentamicin
(Gm).

The introduction of antibacterial agents has contributed greatly to improved treatment
of infectious diseases and to the progress of practical medicine. Only half a century after
the real start of chemotherapy, however, we are now faced with the problems of bacterial
resistance, and the prevalence of resistant bacteria has caused many problems in medicine,
stock farming and fish breeding.

Transmissible drug resistance(R) plasmids were discovered in 1960, and since then
the extensive studies of R plasmids have disclosed the epidemiology, genetics, and mole-
cular biology of R plasmids. R plasmids are conjugally transferable and have a wide
host range so that resistance spreads quickly from bacteria to bacteria, compounding
the infectious spread by multiplying resistant organisms. It was further found that the
drug resistance determinants on plasmids were easily transferred from plasmid to
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bacterial chromosomes, bacteriophages and to other plasmids, or vice versa, the transfe-
rable unit is called “transposon’ (Cohen, 1976, Mitsuhashi, 1977, Mitsuhashi et al.,
1977). Easy transferability of resistance determinants has recently been explained by the
presence of an insertion sequence(IS) (Starlinger and Saedler, 1976).

TABLE II.

Isolation freq -y of R plasmids from strains
resistant to Tc, Cm, Sm, and Su

Pattern of 2 Isolation frequency of R plasmids
resistance from strains resistant to (9,)
Quadruple 67.9

Triple 55.2

Double 25.1

Single 4.3

The results are based-on surveys of 14,530 strains.
a Resistance to Tc, Cm, Sm, and Su.

TABLE IIL
Resistance patterns of R plasmids carrying Km or Ap resistance

No. of R plasmids

R plasmids carrying Resistance patterns %)
Ap resistance Tc.Cm.Sm.Su.Km.Ap 87 (11.9)
Quintuple resistance 252 (34.6)
Quadruple resistance 219 (30.0)
Triple resistance 75 (10.3)
Double resistance 50 ( 6.9)
Single Ap resistance 46 ( 6.3)
Total 729
Km resistance Tc.Cm.Sm.Su.Ap.Km 87 (18.5)
Quintuple resistance 78 (16.6)
Quadruple resistance 91 (19.3)
Triple resistance 137 (29.1)
Double resistance 59 (12.5)
Single Km resistance 19 ( 4.0)
Total 471

The R plasmids were isolated from 15,884 strains of gram-negative bacteria.

Surveys of clinical isolates disclosed that R plasmids were demonstrated at high
frequencies, ranging from 50 to 80 percent, from drug-resistant bacteria (Table L).
Among drug-resistant strains to Tc, Cm, Sm and Su, R plasmids were most frequently
seen in quadruply resistant strains, followed by triply, doubly and singly resistant
strains, in that order (Table IL.). : i

Resistance patterns of R plasmids carrying kanamycin (Km) and ampicillin (Ap)
resistance are shown in Table III. R plasmids carrying Km- or Ap-resistance were
isolated at a high frequency of 709, from Km- or Ap-resistant strains of gram-negative
bacteria. Of those carrying Ap resistance, R plasmids with quintuple resistance were
isolated most frequently, followed by those encoding quadruple, sexiduple, triple, double,
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and single resistance, in that order, this distribution indicates the prevalence of Ap
plasmids encoding multiple resistance. Of those with Km resistance, R plasmids ca.rrying
triple resistance were the most common, but the various patterns of multiple resistance
were seen with very similar frequencies. These results are accountable for by the following
factors:

r(Tc) r{om) r(Ap) (Km)

r(Su) T(Sm.Su) l ‘
i 2 14 8 10 12 14 16 18 20 22 24 26
T —

NN
f Ht ] (M daltons)
T(Cm) r(Su)

r(Ap) r(Sm.Su)

|
r(Tc)

r(Tc)

Fig. 1. The molecular size of nonconjugative resistance(r) plasmid DNAs.

(1) selection of multiple resistance plasmids by various drugs used,
(2) translocation of new resistance determinant on R plasmids, and
(3) spread of R plasmids by conjugal transmission.

Studies of multiple resistance in Shigella strains opened a way to the discovery of R
plasmids (see Rev. Mitsuhashi, 1977, 1979). Strains of S. aureus are frequently isolated
from clinical sources and play an important role in pathological lesions. This laboratory
examined the reasons for the prevalence of drug-resistant strains and for the acquisition

TABLE 1V.

Isolation of nontransferable (r) plasmids
from bacteria carrving nontransmissible resistance

Isolation frequency

Bacteria of r plasmids (%)
S. aureus 85.0
S. pyogenes 95.0
H. influenzae 60.0
E. coli 96.0
Shigella 98.0
Salmonella 95.0
P. mirabilis 67.0
S. marcescens 63.0

The presence of r plasmids was examined using singly
or doubly resistant strains.

of multiple resistance in staphylococci. The strains triple-and quadruple-resistant to
tetracycline (Tc), streptomycin (Tc), penicillin (Pc) and sulfanilamide (Su) accounted
for more than half of the strains showing multiple resistance. The isolation frequency
of strains resistant to macrolide antibiotics (Mac), chloramphenicol (Cm), synthetic
penicillins (Dmp and Mci), and kanamycin (Km) was highest among the triple- and
quadruple-resistant strains. These results indicate that staphylococci easily develop
multiple resistance when new drugs are introduced. Soon after the discovery of con-
jugative R plasmids in gram-negative bacteria, we examined the presence of plasmids
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in staphylococci. In spite of the nontransmissibility of drug resistance in staphqucocci,
we found in 1963 that cross-resistance to Mac antibiotics was irreversibly eliminated
by treatment with acriflavine (Mitsuhashi, Morimura, Kono, and Oshimg, '1963). It
was subsequently found that Pc resistance in staphylococcal strains was eliminated by
treatment with acriflavine. Loss of the capacity to produce penicillinase explained the
reversion from Pc resistance to Pc sensitivity (Hashimoto, Kono, and Mitsuhashi, 1964).
These results indicate that drug resistance determinants in staphylococci are located
on nonconjugative resistance (r) plasmids. We now have various methods to confirm

/

[Ecoti] =——=[&. coli] =—[KLcbsiclla]

dh

E. cloacae

Fig. 2. Host range in the transformation of r plasmid DNAs.

the presence of nonconjugative r plasmids in bacteria: (1) artificial and spontaneous
elimination of drug resistance, (2) demonstration of a satellite band of plasmid DNA by
the density gradient centrifugation, (3) transformation of drug resistance by means of
isolated plasmid DNA to a rec— recipient, and (4) transduction of drug ressistance to
arec recipient. Using these techniques, we have isolated many r plasmids from staphylo-
coccal strains, about 859, of the strains examined were found to carry r plasmids, indi-
cating that drug resistance determinants in staphylococci are located primarily on these
plasmids (Mitsuhashi et al., 1973, Mitsuhashi et al. 1976).

Further studies of drug resistance have disclosed that most single or double resistance
in gram-positive or gram-negative bacteria is due to the presence of r plasmids that
are present as multiple copies. Epidemiology of the r plasmid distribution in singly
or double resistant strains is shown in Table IV. The r plasmids were demonstrated at
a high frequency from singly and double resistant strains carrying nontransferable re-
sistance. Drug resistance plasmids with molecular weight of less than 20 x 106 daltons
are nonconjugative and lack the transfer region that is on the R plasmid (Fig. 1). The
physical properties of r plasmid DNAs isolated from gram-positive and gram-negative
bacteria are shown in Table V. Contour length of most r plasmids ranged from 1 to 3 um.
It is characteristic that r plasmids are present as multiple copies in a cell and most
of them encode single resistance, except for r (Mac. Pc) and r (Sm.Su). Therefore,
multiple resistance in staphylococci is due to the presence of various r plasmids in a cell,
which are present as multiple copies. .

The r plasmid DNAs in gram-negative bacteria were found to be easily transmitted
to various species of bacteria through transformation, resulting in the stable existence
and the expression of resistance in a new host cell. It is interesting to note that the r
plasmid DNAs from P. aeruginosa strains are transmitted through transformation to
E. coli strains, although most R plasmids from P. aeruginosa are transmissible only
between P. aeruginosa strains and not to E. coli. One of the representative results is
shown in Fig. 2 (Inoue and Mitsuhashi, unpublished observation).
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It is well known that almost all of S. aureus strains are lysogenic and plasmid resistance
in staphylococci is transduced with phage lysates obtained from multiply resistant
strains. In the transduction of Tc resistance by means of phage lysates obtained from
S. aureus strains, every strain was found to be competent when tested in various combina-
tions of donor and recipient. The percentage of competent recipient strains in the various
phage groups was: group I including 80/81 (89%,), group II (22%,), group III (0%),

TABLE V.

Summary of the physical properties of nonconjugative (r) plasmid
DN As isolated from gram-negative and gramm-positive bacteria

Contour length No. of copies per

DNA sources Resistance pattern (um) chromosome
S. aureus Tc 1.4 22-25
Cm 1.4 5-7
S. pyogenes Tc 1.0 NT
H. influenzae Ap 12,5 NT
Su 1.8 22-29
E. coli Tc 3.1 3-6
Sm.Su 25 15-19
Shigella Tc 2.8 NT
Su 1.8 22-23
_ Sm.Su 25 17-19
Salmonella Su 1.9 14-23
Sm.Su 25 17-19
Proteus Su 1.7 16-18
Sm.Su 2.5 16-18
P. aeruginosa Sm.Su 2.4 NT
A. hydrophilla Tec. Su. Ap 1.0 NT
2.8 NT

NT = not tested.

TABLE VI.
Mobilization of r plasmid with conjugative plasmid

. Selective Resistance patterns (%,)
Donor carrying drug of transconjugants !
RP4 (Km.Tc.CBPC) + rMS21 (Sm.Su) Sm rMS21 (3.3)
rMS21 +RP4 (96.7)
Km RP4 (25.1)
RP4 + rMS21 (74.9)
R9-5 (Cm) + rMS76 (Ap) Ap rMS76 (7.0)
rMS76 + R9-5 (93.0)
Cm R-5 (27.3)

R9-5 + rMS76 (72.7)

Donor, E. coli X2207 Nalr; recipient, E. coli X1037 Rifr. After 3 hr of incubation
at 37C, the mixed culture of donor and recipient was spread on selective plates for |
either r plasmid or R plasmid marker.



and group [V (40%). The results coincide with the distributions of multiple rcsi§tancc
in staphylococcal phage groups (Mitsuhashi, Oshima, Kawgharada, and Hashx;notg,
1965). Similarly, most P. aeruginosa strains are also lysogenic, and the r plasxmds'm
these strains are transduced with phage lysates obtained from multiply resistant strains
of P. aeruginosa. )

The r plasmids were found to be transmitted by means of mobilization with conjugative
plasmid. One of the results is shown in Table VI. indicating that more than 96 percent
of the transconjugants carried both R and r plasmids when selected for r plasmid marker.
Even when selected for R plasmid *marker, about 70 percent of the transconjugants
carried both R and r plasmid. In the epidemiologic studies of R plasmids in naturally

TABLE VII.
Types of resistance mediated by plasmid

Bacteria Resistance mediated by
Gram-positive r

rn+ra+r3+...
Gram-negative R

R; + Re

R+r

R 4+ r1 4+ r2 +ra...

occurring resistant strains, we must be careful of the difference in resistance patterns
of transconjugants after selection with various drugs, resulting from the mobilization
of r plasmid with conjugative R plasmid. ,

According to the surveys of drug resistance in more than fifty thousands strains of
bacteria isolated from clinical materials, livestock and cultured fish, we can conclude
that most resistance in these strains is due to the presence of drug resistance plasmids.
Gram-positive bacteria usually carry r plasmid and multiple resistance is due to the
concomitant presence of various r plasmids in a cell. There are many types of resistance
mediated by plasmids in gram-negative bacteria due to the presence of R, (Ri+Rs),
(R+1), (R4r14r12+...), etc. (Table VIL.). The studies of r plasmids have disclosed
that the situations of resistance mediated by plasmid are rather complicated in naturally
occurring resistant strains.
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