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SHORT COMA/IUNICATION

POLYETHYLENE GLYCOL-INDUCED FUSION OF L-FORMS OF
STHPHYLOCOCCCS a UREC'S

YOSHIYUKI HIRACHl, A'IASUA, 11 ItUROi. ;O and SHOZO KOTAXI

Department of Ajicrobiolog}., Osaka University' Dental School, Nakanoshima, Kim-ku, Osaka
530, Japan

(Recei*. ed Octobe" 13,1978)

The pioneer work on the fusion of Ehrlich's
tumor cells by H\'I virus in vitro by Okada and
his colleagues (Okada, Suzuki and Hosaka,
1957; Okada, 1958) has been followed by a
number of studies on the fusion of animal cells

by various fusing agents, because this pheno-
menon Is very, useful in various fields of basic
and applied genetics and in studies on the ex-
pression of differentiated functions (Harris,
1970; Steplewski and 1<0prowski, 1970;
Ephrussi. 1972; Sell and 1<Tooth, 1973 ; Okada,
1975). Studies have also been extended to
plant cells (Carlson, 1973 ; Power, Evans and
Cocking, 1978) and fungi (Ferenczy, Itevei
and Zsolt, 1974; Binding and weber, 1974;
Ferenczy, 1<evei and Szegedi, 1975a, 1975b;
Ahkong at a1. , 1975 ; Ferenczy at a1. , 1976;
Ann6 and Feberdy, 1976; Sipiczki and Fer-
enczy, 1977 ; van Solingen and van der Plaat,
1977; Genthner and BOTgia, 1978), using either
protoplasts or spheroplasts prepared by appro-
priate methods. Fusions of bacterial pro-

toplasts or spheroplasts derived from Bac, '//"*
megatei'I'""I, Bacillus swb/11^^ and several species
of streptomyces have also been achieved with
polyethylene glycol, a widely effective, fusing
agent, or nascent calcium phosphate (Fodor
and A1f61di, 1976; Schaef}er, Garni and Hotch-
kiss, 1976; Levi, Rivas and SchaeiTer, 1977;
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Hopwood, wright and Bibb, 1977 ; Fodor,
Demiri and A1f61di, 1978). However, there
seem to be no reports on hybridization b\.
fusion of bacterial L-forms and mycoplasmas.
This paper reports the fusion of two drug-
resistant substrains of the L-form of Slaphy, -
IOCOCcws aureus.

The strain of S. a"yews L-form used in this

study was obtained by serial subculture of the

STA-EXIT-I strain, generously given by Dr.
Ichiro Tadokoro, Department of Bacteriolog}',
Yokohama Univeisit\, Alledical School,
4.5% NaCl-brain heart infusion (BHl) broth
(Difco) supplemented with decreasing amounts
of horse serum, which was included in the
medium recommended by Okuda at a1. (1977).
The strain thus obtained could grow well in
4.5% NaCl-BHl medium containing no horse
serum (named basal medium, hereafter), with
or without I % agar (Grade I, \\'ako Pure
Chemical Industries, Osaka), and was found to
be susceptible to streptomvcin (SM, Strep-
tom}, cin sulfate, I\leiji Seika Co. , Tokyo) and
erythromycin (ENl, Erythrocin, Dainippon
Pharmaceutical Co. , Osaka). The minimum
inhibitory concentrations (;\11C) of these drugs
for this parent L-form strain were 20 Agjml
and 0.16 11gjml, respectively. An Slyl-re-
sistant substrain (SMTOOOR-L, NIIC >1,000
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figjml) and an EXIT-resistant substrain
EMIOR-L, MIC > 10 ,gjml) w, re 1001at, d by
serial subculture of the parent L-form strain
in basal medium, either liquid or solid, with
increasing concentrations of each of the drugs
by the conventional method. Isolation of the
EAT-resistant substrain was accelerated by use
of ultraviolet irradiation and a gradient plate
math. d (Saybal^ki and B"us, n, 1952).

Substrains, SAI1000R-L and Elv, 110R-L,
were grown at 37 C in the basal medium sup-
PI, manned with SM (1,000 Agjml) and EM
(10 ,glml), re^pertiv, Iy, and with pyrineillin G
(\'fuji, 500 Ulml). One'night .ulture^ unre
homogenized gently by agitation in a Thermo-
\Iixer (Thermonics Co. , Tokyo). Samples of
2 inI of culture of each substrain or a mixture

of the two (one inI each) were distributed in
small centrifuge tubes (see Table 2) and cen-
trifuged at 8,000 x g for 15 min. The pre-
cipitated L-forms were washed with basal
medium, and resuspended in I inI-portions of
phosphate-buffered 4.5 % saline solution
(Na2HP04 1.2 g, 1<H2P04 0.7 g and NaCl
45 gj liter, adjust. d to pH 7.5 with I N N^OH)
containing polyethylene glycols, 1,000,4,000
and 6,000 (PEG^, Cmd, I, wit. ) at un, mus
concentrations (10 to 50%, \vjw) and de-

oxyribonuclease (DNase-I from bovine pan-
CTeas, Sigma; 10 11g!inI). Either PEG and
DNase or DNase was omitted from the buf-

fored 4.5% saline in control experiments. The
suspensions were homogenized, taking care not
to damage protoplasts appreciably. Then the
suspensions were incubated for 15 min at 37 C
and centrifuged at 12,000 x g for 15 min. The
residual PEGS were drained off by inverting
the centrifuge tubes on sterilized filter paper.
The pelleted cells were transferred quantita-
tively to 10 inI of basal medium containing
pani. 1111n G (500 U!inI) and DN^*,-I (10 Agj
inI), and incubated at 37 C. DNase-I was
omitted in some control experiments. After
overnight culture for enrichment of drug-
doubly resistant L-form cells, five replicate
0.2 inI samples of each culture were inoculated
into 2 inI of basal medium supplemented with
SM (500 Agjml) or EN1 (3I, gjml), or b. th
drugs (liquid assay media). Growth was ex-
amined daily for 4 days. Further I in I sam-
PIes of the above overnight culture or ap-

10-fold dilutions were cultured inpropriate
triplicate by the pour plate method, in assay
medium containing 0.8% agar and after in~
cubation for 6 days at 37 C the number of
colonies was counted.

TABLE 2. Frequency of emergence of IVCo?"bind"ts doubly resistant 10 SM and EM by PEG-
sence of DNase-/

Tube
No

A

B

C

D

E

F

G

H

S\, 11000R-L

Composition of reaction mixture

PEG (6000)
50% (NA"

I in I

2 in I

EMIOR-L

I in I

2 in I

" No. of liquid media showing growth/No. of liquid media inoculated
b Colony numberIml of enrichment culture

I in I

I in I

2 in I

2 in I

I in I
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2 inl

I in I
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+

DNase-I

10 11g/inI

+

2 in I

+

SM+EM medium

Solid"Liquid"

+

+

515

015

015

015

015

015

515

015

015

+

+

+

2. 0 x 103

o

o

o

o

o

,. 6 X 103

o

o



TABLE I. Errieige"ce of the I'ecombino"I L-
1071/1 resist rint to both SM and EM bj, cell
It'sio" of SM-yesz'stunt and EM-I. esz'sinni sub-
$11'03"s of S. alli'eus L. forms in the presence
of PEGS of tanous 11/01ecu/ar ECeiuhts o1 cal. -
3011s concenti'atto"s

PEG as

ftising
agent

PEG (1000)

Concen-
tration

per
cent

(**./w)

Doubl\, resistant
recombinant

Liquid assay, Solid assay

medium"

PEG (+000)

10

20

30

+O

50

10

20

30

40

50

10

20

30

+O

50

o

medium"

<

" No. of liquid media showin" growth/No. of liquid
media inoculated

' Colon\, countslml of enrichment culture

015

015

1/5

315

+/5

015

2/5

315

2/5

515

015

015

115

5/5

5/5

015

PEG (6000)

Table I shows that incubation of a mixture
of the SI\I-resistant and ENl-resistant sub-

strains of S. awleus L-forms with PEGS, as a
fusing agent, and subsequent enrichment CUI-
ture resulted in the emergence of recoinbinats
doubly resistant to S!\'I and ENl. Of the

PEGS tested at various concentrations, PEG
(6,000) was found to be most effective at 50%
concentration for Inducing the recombinant.
The recombination frequency, could not be
estimated under the present assay conditions,
because enrichment culture was performed to
raise the efficiency, of detection of recoin-
binants after interaction of singly resistant
substrains in the presence of PEGS. Enrich-
merit culture seemed to be necessary, because
dominance of drug sensitivity, delayed the in I-
tiation of expression of drug-resistant recoin-
binations for several generations in hetero-
zygous recombinants (Lederberg, 1951). Table
2 shows that the recombinants developed at a
fairly high rate: while no recombinants doubly
resistant to SM and Exl were recovered by
either liquid or solid culture of a nTixture of

o

07

3.7

33.7

215

3

9

07

385

o

0.3

510

+, 200

oNone

INdiiced IMSIo" of S. o141'eus L-107'"I si"g/31 I'esz'sinni 10 ez'Ihe?' SM o1 BAI/ an the presence o1' fib-

Liquid

SM medium

5/5

515

015

515

515

015

5/5

5/5

1'15

Solid

I. +XIO"

S. 3 x 105

o

2.7 x 10"

I . I x 106

o

,. 5 X 105

6.7 x 105

o

' Presumabl\. due to spontaneous mutation

Liquid

ENl medium

515

015

515

515

015

5/5

515

015

5/5

Solid

7.5 x 10'

o

,. 2 X 105

I . O x 106

o

I. +XIO'

6.8 x 105

o

2.5 x IOC

IViedium with-

out drug

Solid

7.3 x 106

3.7 x 106

+. O X 106

I. 2 x 107

I. 5 x 107

2. 0 x 107

3.3 x 106

9.7 X 106

I. 6 xios
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singly resistant substrains without PEGS, but
doubly drug-resistant recombinants induced
by 50% PEG (6,000) grew in ads liquid 001-
cores and formed colonies in the order of 1031
inI in the solid assav medium.

Although further studies are needed to ex-
clude the possibility that other recombination
mechanisms were involved, the findings that
no doubly resistant recombinants appeared on
mixing the SIVl- and Exl-resistant substrains
in the absence of PEGS, and that the Giner-
gence of recombinants was not affected by ad-
dition of DNase-I to the incubation mixture

and enrichment culture strongly suggest that
the recombinants developed as the result of
PEG-induced cell fusion of SL{- and ENl-
resistant substrains.

it is noteworthy that all recombinants so far
induced by fusion of bacterial protoplasts
(Fodor and A1f61di, 1976; Schaeffer, at al. ,
1976; Levi, at a1. , 1977; Hopwood, at al. ,

1977; Fodor, at a1. , 1978) were rod forms with
regenerating cell walls, but the recombinants
obtained in this study, remained in the L-
forms. It should be mentioned that omission

of penicillin from the enrichment culture
of themedium resulted in the emergence

coccal recombinant, resistant to both Slyl and
ENl. This finding suggests that the rever-
SIon fronl L-forms to parent coccal forms may,
also be accelerated by PEG-induced cell fu-
SIon of L-fomis, because reversion of the L-
form strain used in this study to coccal forms
is known to be rare (Eda, A1atsuoka and Tado-
kor0,1972).
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