
Title

Isolation of Recombinants Doubly and Triply
Drug-Resistant to Streptomycin, Tetracycline and
Chloramphenicol by PEG-Induced Cell Fusion of
Singly Resistant Staphylococcus aureus L-Forms

Author(s) Hirachi, Yoshiyuki; Kato, Yoichi; Matsumoto,
Takashi et al.

Citation Biken journal : journal of Research Institute
for Microbial Diseases. 1982, 25(3), p. 111-119

Version Type VoR

URL https://doi.org/10.18910/82479

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



ISOLATION OF RECOMBINANTS DOUBLY AND TRIPLY DRUG-

RESISTANT To STREPTOMYCIN, TETRACYCLINE AND

CHLORAMPHENICOL BY PEG-INDUCED CELL FUSION

OF SINGLY RESISTANT STAPHYLOCOCCUS AUREUS L-FORMS

YOSHIYUKI HIRACHl, YOICHI KATO, TAKASHI MATSUMOTO,
YOSHIYA UEYAMA, SUMIKO FURUYAMA, MASUMI KURONO,
YOICHIRO To DA and SHOZO KOTANl

Department of Oral Microbiology and Microbiology, Osaka University Dental School, 4-3-48
Nakanoshima, 1<it a-ku, Osaka 530, Japan

(Received M"y 20,1982)

BIKEN JouRNAi, V01.25/11-119,1982

uMMARY \ranous combinations of four substrains of 81nphy/ococci, s ai, yells L-
form (strain STA-Ei\IT-I), each of which was resistant to one of the following

four drugs, strepton^, cin (SI\I), tetracycline (TC), chloramphenicol (CF) and ery-
thromy. in (EM), unre rubmitt. d to p. Iy, thyl, ne glycol (PEG)-Indus. d coll fusi, n.
PEG-induced cell fusion followed by enrichment culture in the liquid basal medium
supplemented with penicillin G resulted in de\, elopment of recombinants that were
doubly drug-resistant to Slv, I and TC, SL, I and CF, and TC and CF, but no recoin-
binant doubly resistant to EM and TC, was obtained by treatment of a EAT-resistant
and TC-resistant substrains with PEG

No recombinants resistant to SM, CF and TC could be obtained by treatment of
substrains resistant to SM, CP and TC, respectively. with PEG. But recombinants
triply resistant to these three drugs were produced by two-step cell fusion; that is by
fusion of a recombinant doubly resistant to two of the three drugs with a substrain
resistant to the third drug.

INTRODUCTION

In a previous paper (HITachi, Kurono and
Kotani, 1979), we reported that treatment of a
mixture of streptomycin (Sit'I)-resistant and
erythromycin (EM)-resistant substrains (SI\I-
R and EM-R, respectively) of S. a"yews L-
form with p. Iy. thyl, ne glycol (PEG) and anb-
sequent enrichment culture of the mixture in
th. pre^. n. , of pani. illin G (PC-G) re^ult. d
in development of a product that grew in assay

medium supplemented with SM and EM.
\\re showed (Hirachi, Kurono and 1<0tani,
1980) that the development of this doubly
drug-resistant recombinant (SinEm-R) was
due to cell fusion induced by PEG, not to
other genetic transfer mechanisms, such as
conjugation, transformation or transduction.

In the present study, using substrains sin-
gly resistant to chloramphenicol (CF) and
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termcycline (TC) (CP-R and TC-R, resp, .-
tively) in addition to SI\{-R and ENl-R
strains, we have examined whether recoinbi-
nants resistant to two or three of these drugs
could be produced by PEG-induced cell fu-
SIon.

MATERIALS AND A1ETHODS

I. Own, i's"is alld gi oreth piled^^

SM-R (MIC>1,000 I, gjml) and EM-R (MIC>
10 ing!inI) substrains were obtained as described
previously (Hi"richi at all. , 1979). The CF-R (MIC
>60 Inglml) and TC-R (MIC>5 palml) subst"ams
were isolated by serial subculture of the parent L-
form strain (STA-EMT-I, generously given by Dr
ichiro Tardokoro, Department of Bacteriology,
Yol{ohama City University it!ledical SclTool) in liquid

solid basal medium (Brain-Heart-Infusion
BTOtl\, Difco), supplemented wit1.4.5% NaCl and
increasing concentrations of tl\e respective drugs
The substrain (a recombinant) SinEm-R (NilC>
1,000 I, gjml of SM and MIC>10 I'dinI of EM)
used in this study was isolated by PEG-induced cell
fusion of SINl-R and EM-R as described in a previous
paper (Hirachi at a1. , 1980). Isolation of other
doubly resistant recombinants is described under
Results.

These substrains, singly resistant to one of the
drugs or doubly resistant to Sit'I and EM, \\, ere
maintained by serial subculture in solid basal me-
dium supplemented \\. ith 500 Ujml of PC-G (I\leiji
Seika Co. , Tokyo) and the maximum tolerable con-
centration of the respective drug, SM (A{eiji),
1,000 I, gjml; EM (Difc0), 10 "gjml; CF (Difco),
60 I, gjml; TC (Difc0), 51.1glml, until they, were
used in PEG-induced cell fusion experimei, ts

or

cells by centrifugation (at 8,000xg, for 20 min).
The pellet of cells, front which PEG had been drain-
ed off as completely as possible, was transferred to
10-14 rill of enrichment medium (liquid basal me-
dium supplemented \\. ith 500 Ujml of PC-G)

3. Assay 101' formal, 'o71 of Iecomb, ,,'71/3

Assays \\, ere made in assay medium consisting of
basal medium supplemented witlt various combina-

tious of SM (500 "gjml), EM (3 Agjml), CF (10 "gj
in I) and TC a I, gjml), solidified with 0.8% agar
(\\Inko Pure Chemical Ind. , Osaka) as follows
PEG-treated mixtures of tile indicated combina-

lions of L-form substrains \\, ere incubated in the

enricl, merit medium overnight at 37 C (unless otlier-
wise stated, the Incubation or culti\, ation \\, as carried
out at 37 C) and then \\. ere serialIy diluted 10-fold
with the liquid basal medium. Portions of I inI of
appropriate dilutions \\, ere cultured in triplicate in
assay, media by the pour-plate nTethod. The num-
her of colonies de\, eloped in the assay medium was
counted after incubatioiT for I \\. eek (or 2 \\, eeks in
some experiments).

2. Polypi/Iy/e, Ie glycol (PEG) t, eat"Ie, it

PEG treatment \\, as performed as described pre-
viously (Hirachi at a1. , 1979) witlt the following
modification : Immediately after incubation of
mixtures of L-form substrains with 5096 PEG at
37 C for 5 min, I inI portions of the incubation mix-
ture were mixed \\, ith 0.5 inI ajiquots of fresh liquid
basal medium to decrease the viscosity and specific
gra\, ity of the mixture. Tite diluted mixture \\, as
then carefully stirred in a Thermo-ithxer (Ther-
monics Co. , Ltd. Tokyo). By this modification,
PEG \\, as more effecti\, ely removed from sedimented

4. Sling/e colony analysis

Test recombinants (SinTc-R) showing resistance
to SM and TC \\, ere cultured in liquid basal medium
supplemented witlt PC-G for I-2 days. The cells
were appropriateIy diluted witlT liquid basal medium
and smeared on solid basal medium. About 25

well-isolated single colonies of recombinants devel-
oped on solid basal medium were picked up at ran-
doin with a sterile toothpick and inoculated in a grid
arrangement (5 x 5) on solid basal medium. The
colonies developed after 3-5 days cultivation were
replicated onto assay media containing either SM
and TC or TC and grown for 7 days
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RESULTS

I . Check of slabz7, Iy of Ihe o1'131'"at di'wg I'esz's-
in"ce and the Ileq"CMCy of $1,071ia"eons deale/op-
merit of of jarg-,'es, 'stance of $114gb, I'esistn"t $"b-
styai"s

Four substrains (SAI-R, EAT-R, CF-R and
TC-R), all derived from the same parent
strain (STA-EMT-I), were each grown in Ii-
quid basal medium with or without the re-
spective drug for I-2 days. They were then



TABLE I. F1'equencJ, of spo, ito71eous dew/op"lent of mutants of test L{0, '"I $146st, 'ai?, s I'esista, It
10 d, '11gs o1he, ' than the d, '14g to fukich they ECere o1'igz}tally I'esista, It a, !d stabi7zty of the original
d, 'ug-resistance of test $146st, Qins

Substrain

SM-R

Drug" added
to the enrich-
merit culture

SM a , 000)

EM-R

CP-R

I\'0. of colonies (ratio") de\, eloped in medium supplemented \\ith"

SM (500) EM (3) CP (10) TC (1) None

I. 2 xioB o o I ., x 108o
(0 .86)
5. 0 x 107 5. 0 x 107
(10)

o 6.2 x 107

4.8 x 106

2.7 XIOB

I ., X I 07

+. O X 107

I. 5 x 107

EM (

o

TC-R

10)

o

ci, (

" Figures in parentheses represent concentrations (/!gjml) of drugs added to the medium
Ratio of the numbcr of colonies developed in the respective assay. medium to that in the control nTcdium
containing no drugs

" \\'hen undiluted or I : 10 diluted inoculuin was cultured, numerous colonies developed, but \\. hen an
inoculum diluted more than I : 100 was uscd, no colonies gre\\

it ND : Not determined

60)

o

TC (

ND

ND

I)

o

o

S. 5 x 107

(14)

8.4 Xi06

(I. 8)
o

ND

submitted to colony counting by the pour-
plate method, using a series of solid assay
media each supplemented with one of the
drugs, to clieck the stability of the original
drug resistance and spontaneous development
of resistance to other drugs. As summarized
in Table I, the rate of spontaneous develop-
merit of ITe\\, resistance by mutation \\, as
calculated to belcss thai\ 7.1x10~" 1.6xlO~'
3.7xlO~", and 2.5 XI0~8 witll SAT-R, Ei\I-R,
CP-I{ and TC-R, respectively. EIVl-R cells,
on the other ITand, developed a large numbcr
of colonies o1T medium supplemented \\, itIT a
high con. "nt"in. n (up to 30 leiml) of CF,
thouglt the exact number of colonies developed
could not be determined for the reason de-

scribed in the legends to the table. This fact
made it impracticable to pursue studies on
recombinants between ENl-R and CF-R.

o

ND

ND

Not
estimated"

ND

ND

o

2.7 XIoa

(I. 0)

2.3 x 107

(I. 6)
o

ND

ND

o

ND

ND

o

ND

3.9 x 107

(0 .98)

7.8 x 106

(052)

The stability of the drug resistance of each
singly drug-resistant substrain \\, as examined
b\, serial subculture in liquid basal medium
containing no drugs. Each of the substrains
obtained on tl\e third subculture was pour-
plated Into assay medium supplemented with
the respective drug and control medium. All
test substrains gave similar numbers of colo-
nies in the respective assay media to those in
the control, indicating thc stability of the drug
resistance of the test substrains.

2. De"e/op, lient of doubly ding-I'esi'stalli re-
collihi, !ants by PfG-neati, 1,111 qf taro or three
s"bstra!}13 $1'71gb! resisttt, It to SM, GP ,In of TC

Table 2 a-c shows the developmei\t of var-
IOUs recombinants, namely the products dou-
bly drug-resistant to two of the three drugs,
SL'I, CF and TC, by PEG-induced fusion of
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TABLE 2 a.

StydZ"S

Expt.
No

De?ie/opme"t of doubly drug-resista"t recoinbi"a"ts betaL!ee" SM-R and GP-R sub-

PEG

2

+

Medium" with SM (500)
and CP (10)

3

No. of colonies

Legends are the same as for Table I.

+

I. 7 x 102

o

2.1 xi02

0.7

I. O x 10

o

+

TABLE 2 b.

StyQZ"S

Frequency

2 .I x 10-a

,, . 9 X 10~o

I. I XIO-s

5. 0 x 10~a

1.1 x 10~"

< 2.3 x 10-a

Expt
No

De"e/opme"t of doubly drug-resistant recombinants betzcee" Sir/-R and TC-R sub-

PEG

SM (500)

No. of colonies developed in
mediumtt \\. ith

2

ND

ND

ND

ND

6.2 XIoa

I. 6 XI07

+

Medium" with SM (500)
and TC (1)

3

No. of colonies

Legends are the same as for Table I

+

CF (10)

ND

ND

ND

ND

7.3 xi07

6.2 XIor

3. 0 xi02

o

33 xioa

o

I. 7 XIO

o

+

TABLE 2 c

strains

Frequency

2.5 X 10-4

< 3. 0 x 10-6

6.7 x 10-6

,1.7 X 10~a

3.3 XI0-7

< 3.6 x 10-a

None

8. 0 XIO'

S . 4 XIos

I. 9 x107

1.4X107

,. ' ' 106

4.4 XI07

Expt
No

Dece/opn, e"t of doubly drug-resistant recombinants between GP-R and TC-R sub-

PEG

SM (500)

No. of colonies developed in
medium" \\, ith

2

ND

ND

ND

ND

4.2 xi07

2.2 xi07

+

Medium" with CP (10)
and TC (1)

3

No. of colonies

Legends are the same as for Table I

+

TC (1)

9.7 xiO

o

2.6 XI02

7.5 XIoz

o

+

ND

ND

ND

ND

I. 9 '10,

5.6 x 105

114
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7.5 x 10-4

,, . 9 X 10~a

6.3 x 10-7

4.3 XIO-a

2 .I x 10-s

,83X10~a

None

I. 2 XIou

3.3 XIos

4.9 XIoa

5.8 xi07

5 .I XI07

2.8 Xi07

No. of colonies developed in
mediumtt with

CP (10)

ND

ND

ND

ND

I. O x 108

8.5 XI07

TC (1)

ND

ND

ND

ND

9. 0 XI06

2. 0 XIoe

None

I. 3 xios

5.4 XIoa

4.1 XIOB

2.3 XIO'

3.6 xi07

I. 2 XI07



TABLE 3. at tenipt to obtain tripbJ dri, g-reststant rec0"16^^(litts by stiltu/toneotrs PEG-Jinittced
coll fun^" of SM-R, GP-R a"d Tc-R rub, tmi, ,,

PEG

+

" SM SOONml, CP lopgjml and TC Ingjml
" Period of cultivation

SM
CP
TC

I\\.

o

o

TABLE 4. Stab, 111y of double drug-resista?ECe of I'econibi}in, Its (8711Tc-R, 8711Cp-R a"d GPTc-R)
obtained by PEG-induced cell IMSI'on

No. of colonies developed in mediumtt with

SM SM
CP

TC

2\\"

o

o

Substrain"

SinTc-R

SinCp-R

CPTc-R

7.5 XIO'

o

Appropriate combina-
tion of drugs

SM (500) Not

+TC (1) estimatcd"

SM (500) 5.5 x 106

+CF (10) (11)

CF (10) 5.3 XIO,

+TC (1) (041)

" SinT. -R : Reststant to SM (1,000 palml) and TC (5 "gjml)
SinCp-R : Reststant to SM (1,000 Ingml) and CP (60 "gjml)
CDTc-R : Resistant to CP (60 "gyml) and TC (5I, glml)
Ratio of the number of colonies developed in the respective assay medium to that in the control medi-
urn containing no drugs

' Figures in parentheses are concentrations (/!gjml) of drugs added to the medium
d ND : Not determined

' when undiluted or I : 10 diluted inoculum \\. as cultured, many colonies developed, but when an inoculum
diluted more than I : 100 was used, no colonies grew

substrains singly resistant to each drug. On
.. inbinati. us of SM-R X CF-R (T"b1* 2^),
SM-RXTC-R (T"b1.2b) and CF-RXTC-R
(Table 2c), recombinants doubly resistant to
Slyl and CP, Slyl and TC, and CP and TC
developed at frequencies of 10~a-10-6 10-*-
10-7, and 10~'-10~' respectively. The fre-
quency of Induction of doubly resistant recoin-
binants by PEG treatment varied considerably
from one experiment to another, but \\, as al-
ways significantly higher than that observed
in the control experiment without PEG

Number of colonies (ratio") developed in medium" \\. ith

I. 9 x 102

o

CF
TC

2. 0 x 10=

o

SM (500)

I. 6 x 108

(0.89)

6.4 x 106

(I. 3)

ND

None

2.2 x 10s

7. 0 xiO'

CP (10)

ND"

8.3 XIO,

(I. 7)

I. 2 XI07

(092)

TC (1)

Not
estimated

ND

7.8 x 106

(0.60)

None

I. 8 '108

4.9 x IOC

I. 3 x 107

treatment.

Table 3 shows that simultaneous treatment

of SI\I-R, CP-R and TC-R with PEG did not
produce recombinants triply drug-resistant to
the three drugs, even on prolonged incuba-
tion for two weeks under experimental con-
ditions \\, here recombinants doubly resistant
to SI\I and CP, SIVl and TC, or CF and TC,
developed at a fairly higlT rate.

A randomly selected doubly drug-resistant
coloiTy developed by PEG-induced cell fusion
was cultivated in liquid basal medium sup-

HiRACHi, Y. at al. Cell Iwsioi, of S. aureus LIDrms 115



TABLE 5. Allentpts to o6tai, I ,'econibi, mitts shore!"g 11'ip/e di'ug-I'est'stance to SAI, CF and TC 611
PEG-induced cell fusion beltcee" a doubly d, .ug-resistant ?. econ!b, "ant o71d a substrnz" I. esista"t to
a third d, wg

Cross

by
fusion

PEG

SinTc-R
x CP-R

CPTc-R
x SM-R

SinCp-R
x TC. R

SM
CF
TC

4.5 KID74.0x102 5.3x1073.0xi07 NotNot
estimatedestimated"

4.7 x 1076.0x107 1.5xj07 NotoNoto o
estimatedestimated

+ 4.5x102.2x10' 4.5x10' 5.2x10' 3.2x10" 5.4x1072.6x1074.0xi065.3xj07
3.4x1064.4x107 1.1xi073.5xi06 1.9xi07oooo

1.4x1074.0x10' 7.7x10 3.0x107 1.7x1072.4xi062.7xi074.72.7

1.7x107 1.9x107 1.9x1062.3x1070.34.1 xioe oo o

+

I\\.

1.3

2 \\."

2.3x10 1.2xioa

No. of colonies developed in medium" \\, ith

" SM 500 palml, CF 10 palml and TC I Aglml.
" Period of cultivation

" When undiluted or I : 10 diluted inoculum \\ as cultured, numerous colonies developed, but \\. hen an
in DCulum diluted more than I : 100 \\. as used, no colonies grew

PIemented witl} PC-G but not witlT other number of colonies produced by SinTc-R on
assay medium supplemented with SA, I anddrugs. The liquid culture was then trans-
TC, or TC alone. 'Therefore, the hornoge-furred to solid assay medium supplemented

of SinTc-R recombinants was checkedwith the two resp, ctiv, drugs (SAT 1,000 ,gl neity

inI, CF 60 Agj'inI and TC 5 Aglml). A pure by th, '00/1. , math. d^ 25 001. nits der"I. pad
culture of eaclt doubly resistant recombinant on the solid basal medium were stamped in
was then obtained by isolating a colony and quadriplicate on control basal nTedium \\, ith

and without supplementation with both Sit{was serialIy subcultured. These pure CUI-
and TC, or TC only. The results indicatedture will hereafter be referred to as SinCp-R,
that all the test colonies were doubly resist-SinTc-R and CPTc-R
an CG to Slyl and TC, suggesting that SinTc-Of these three recombinants SinCp~R and
R was I}omogeneous (data not shown).CPTc-R remained doubly resistance on re-

peated (at least three) subcultures in liquid
3. De"e/op, lient of PEG-171d"ced recoinbi, !a"tsbasal medium containing no drugs (Table 4).
shorei'?!g triple ofr!, g-yesz\tallce by ci'OSs of a doll-SinCp-R developed similar numbers of colo-
bb, drug-yesz'std, It I'ec0"16, trailt colth a s"6511, "!'?!nies in assay media supplemented with SitJ
$1, Ig!y yesz'31n"ce to the tht7d ofr"gand CF, Sit, I alone or CF alone, and CPTc-R

Table 5 shows that all three combinationsproduced similar numbers of colonies in me-
anddia supplemented with CF and TC, CF alone (SinTc-RXCP-R, CPTc-RXSA'I-R

or TC alone. Assay on the stability of the SinCp-RXTC-R) of PEG-induced cell fusion
produced recombinants triply resistant todouble drug-resistance of SinTc-R, however,

was technicalIy difficult due to the dilution Sit, I, CF and TC. In addition to the triply
drug resistant recombinant, the above combi-effect of the inoculum, similar to that encoun-

tered witll EM-R substrains (described nations gave recombinants that showed the
newly developed doubly drug-resistance, andabove). It was thus difficult to estimate the

SM
CF

+

SM

TC

o

CP
TC

SM
CF

TC
None

116 BIKEN JOURNAL V01.25 No. 3 1982



TABLE 6. Failure to obt"i" I'eco"!brimnts do 1,641 resistu, It to EM o11d I'C by PEG-induced cell
Illsio" beltccen EM-R rind 7'C-R

PEG

Medium"* **ith EN1 (3) "rid TC (1)

No. of colonies

2 \v"I \v

o o

oo

o o

o o

o o

o o

+

+

+

it Figures in parentheses represent concentrations (/!gyml) of drugs added to the medium
" Period of cultivation

T',\Bi. E 7. Failw, 'e to obtni, , ICc0,1/6/71n, lis do1,641 78st'stallt to Elk/ rind 7'C by PEG-litduced cell
fusion beltceen S, IZE?, I-R n?zd I'C-R o1. Spy!7'c-R and EM-R

Frequency.

<2.8 x 10~i

< 3. 0 X 10-7

,, . 9 X 10~r

< 5.9 x 10-a

< 6.3 x 10-s

, I. 3 x 10~I

Cross

by fusion

No. of colonies developed in medium" with

EM (3)

EM-R
x TC-R

SinEm-R
x TC-R

SinTc-R
x EM-R

PEG

I. 3 xi07

3.8 x 106

I. 7 x 107

8.1 xiO'

2.1xi07

2. 0 KIDi

Elvl
TC

I \\, 2 w"

0.3 0.3

oo

o o

oo

o o

+

TC (1)

+

The legends arc the same us those for Table 5 expect that the concentrations of drugs added to the
medium *re"e as folio*, s : SM 500 Agjml, EM 3 "g/inI, "rid 'FC I Ing/in I

grew on the assay media supplementcd witll
SAI+CF and CF+TC, SIVl+CP and Sit, I+TC,
and Sirl+TC and CP+TC, respectively.

The frequency of occtirrcnce of newly de-
velopcd doubl\, resistant recombinants can
consistently be explained by assuming that
the chromosomal genes of Sit, I, CF and TC
are lined un in this order and that the relative

distances between Si\'I- and CF-genes, CF-
and TC-genes, and SL'I- and TC-genes are
3-6 : I : 4-7, respectively. Thus, the observed
frequency of development of triply drug-re-

5.5 XIO"

4.7 x 105

7.2 xiO,

I. 2 xiO"

+. 7 KID,

I. 5 x 105

No. 'of colonies developed in medium" \\. ith

TC
SIVl

KM
SIvi

+

o

o

I. 4 xiO,

I. 4 XiO'

I. 2 XIO"

None

o

3.6 xiO"

3.3 x 10"

5.3 XIoe

I. 7 x 107

I. 6 x 107

7.5 xi06

o

o

o

3.7 <10*

o

Not
estimated"

Not
estimated

EM

o

2.5 XIO'

9.8 XIo"

5.3 XIO,

I. 2 xiO"

I. 2 xiO,

TC

4.2 XIO"

4.3 XIos

6.6 XI07

I. , Xi07

Not
estimated

Not
estimated

SM

I. 2 xiO"

o

o

4.7 xiO,

6. 0 XIO'

+. O XIO'

None

sistant recombinants \\, as low, bLit this low
frequency secmed to be consistent \\, it IT thc
relative distanccs of the SAT, CP and 'TC
gcnes described above.

4. Doffc"/01 111 ohmi'11/11. g rec0,1161/1miis dowbb,
i'es!'sinnt to 7'C in^,/ EA{

As shown in Table 6, repeated attempts
have failed to produce a recombinant doubly
resistant to ENl and TC bv cell fusion of EAT-

R and TC-R, unlike other combinations of
two singly resistant substrains. So, \\, e at-

3.4 xiOi

2.5 xi07

2.7 xi07

4.4 xi07

I ., XI07

I. 5 x 100 5.4 XIO"

HiRAcui, Y. or al. Cell IllsioJ! of S. din'elfs LID, ', 11* 117



tempted to produce a strain doubly resistant to
EA'I and TC by PEG-induced cell fusion be-
tween either SinEm-R and TC-R or SinTc-R

and Ei\-I-R (T, b1,7). No c. I. nits developed
in assay, medium supplemented with TC and
ENl, evei\ during prolonged incubation for
two weeks, althouoh new doubly drug-resistant
recombinants, I\amely the products \\, hich
grew well on assay medi\Im supplemented
with either SAIl and TC or SM and ENl were

obtained by cell fusion at a fairly high fre-
quency.

DISCUSSION

It has been demonstrated in the present and
previous studies that among six possible coin-
binations of two singly drug-resistant sub-
st", jus (SM-R, EM-R, CP-R and TC-R) d. -
rived from one strain of S. (Iw, .errs L-form,
four combinations (SL, I-R X CF-R, SA, I-R x
TC-R, and CP-RXTC-R in this study, and
SM-RX EM-R in the previous study) pro-
duced recombinants showing the expected
double drug-resistance at a high frequency on
PEG-induced cell fusion. Of the remaining
two combinations, the cell fusion of EM-Rx
TC-R did not produce a recombinant doubly
resistant to EM and TC at a significant fre-
quency, and atT attempt to study the combina-
tion of EAT-R X CF-R was impracticable since
the EIVl-R substrain showed high resistance to
CF.

The observation that the combination of

either SinEm-R X TC-R or SinTc-R X E!\{-R

resulted in recombinants exhibiting at con-
siderable frequency the double drug-resist-
an CG \\, hich \\, as not shown by the parents sug-
gests that failure to obtain recombinants
(TCEm-R) resistant to TC and EM was not
due to unsuccessful cell fusion.

The reason why recombinants showing
double drug-resistance to EA, I and TC cannot

be obtained by cross of EA, I-R with TC~R is
not known, because the mechanism whereby
the drug-resistance to TC emerges is unclear.
There ITave so far been no reports on success-
ful isolation of bacteria showing TC resistance
of chromosomal ITature

An attempt to study PEG-induced cell fu-
sion between ENl-R and CP-R in terms of de-

velopment of double drug-resistance to these
drugs was not successful, since the EIVl-R sub-
strain showed resistance to CP. A plausible
explanation for this is that EAT and CF show
similar modes of antibacterial action, and
share a common or similar attack point on ri-
b. s. mrs (Mum" at a1, 1971 ; Varq, ,", 1974)
Further work is required to explain fully the
observed cross of resistance between ENl-R

and CP-R.

Electron microscopic studies by Frehel at
,I. (1979) ^h, wad multipl. p", t, plust fusi. n
of Bari'/h, s $1, bti'Ith. Thus, similar multiple
fusion of S. aureus L-forms may have occurred
in our cell fusion experiments.

However, we did ITot succeed in isolating a
recombinant triply resistant to SL, I, CF and
TC by simultaneous PEG-treatment of any
combinations of three substrains, each of
which \\, as resistant to a single LITug. How-
ever, a recombinant ITa\, ing triple drug-resist-
an CG \\, as obtained by PEG-induced fusioi} of
recombinants doubly drug-resistant to two of
the three drugs with a substrain singly resist-
ant to a third drug.
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