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CELL FUSION BET\VEET*! L-FORlvlS AND PROTOPLASTS OF

STAPHYLOCOCCUS 40RfUs

YOSHIYUK1 I-11RACHl, YOICH1 1<ATO, YOICHIR0 '1'00A,
NIRO TAKEIVIASA and SHOZ0 1<0TANl

I)CD"I tmcilt of A 11ci ohiolog} and Oral NIIcrobiology, OS"1<:1 Uni\'CTSit}' I)untill School,
Yamad"ok;I, Suit, I, OS"1<:1 565. Innan

(R".. i, cd Iun" 27,1985)

UMAIAi{Y NIIxtu res of \, anous combinations of Lysostaphin protoplasts and
stable I, -for Iris of 81np/!y/ococc!13 triflei, $, \\, hich havc different nlarkcrs for drug

BIKE:.: JOURNAL \'o1.2859-70, 1985

resistance, \\, ere treated \\, it it polycthylcnc glycol (PEG) to examine thc dcvelop-
merit of dotibly resistant fusion prodiicts (fusants). 'FD recovcr doubly resistant
colonies as L-forms, they \\, erc incubated in 4.5% NaCl-brain ITcart infusion
(BHl) broth containing penicillin G (PCG) for enrichnTcnt culture and cultured in
PCG-457, I*;aCl-BHl agar medium (methoci I), \\, hilc to recover doubly ^esistant
fusants as L-forms and coccal forms, they, \\, CTC grown on revcrsion medium (R
medium) \vhiclt causcs reversion of protoplasts or Illsants to parcnt type cells,
and then CLIltured o1T assav incdia, I. c. , R medium, BHl agar medium or FCC-4.5%
NaCl-BHl agar incdium (ITtcthod 2)

Undcr both expcrimcntal conditions, doubly rcsistant fusants dcvclopcd as
L-filmT cells by PEG trcatmcnt of pairs of protoplasts carrvin, , the cliloramphcnicol
(CP)-resistance plasmid and L-forms ITaving cltrom(ISOitial I'CSistancc to strcpto-
mycin (Sit'I). In tllc revelsc combinations, i. e. , protoplasts showing chromosomal
SI\'I-resistance and L-form cells call}, ing the CF-rcsistancc plasmid, the first inctlTod
gavc 110 doubl\, resistant colonies. B\, thc scconcl incthod, without enrichment
culturc on R incdium, the Iattcr combination gave doubly resistant fusants as
I, -form, CDCcal-type antl mixed-typc colonial forms, \\, hilc \\, hen the PEG-treated
mixture \\, as enriched on R medium, ftisants were obtained exclusively as the CDCcal
type o1T either R indciuin or BHl agar assay medium

Neither. of thc incthods yielded colonies of doubly resistant fusants tin PEG-
treatment of pairs of protoplasts and L-fill'ms botli of \\, hicl\ \Tcl'c chromosomal,
but witlt cliffcrcnt drug rcsistanccs

T'hese results show tltat PEG-induced cell fusion but ween protoplasts and
L-forms of S. '11/1'ews, unlike the fusion bet^. een protoplasts or between L-forms,
restilted in transfer of the drug resist ancc controlled by the plasmid to the fusion
products. The fusants obtained \\, CTC L-forms in method I, and coccal type in
the method 2

111R, \Ciii or ill. Cc// 111,101i lit!tortJi L-for 1113 illit/ PI o101>/us!s 59



INTRODUCTION

Studies on cell fusion of bacteria require cells
with an exposed cytoplasmic membrane, but
without a cell \\, all that blocks fusion, i. e. ,
protoplasts or L-form cells. However, the
uses of both these types of cells in fusion
experiments have Inherent problems : proto-
piasts must be produced efficiently from
parent cells ITaving a cell wall, and since, with
a few exceptions, protoplasts cannot multiply,
fused protoplasts must be reverted to the
original type of cells. The conditions for
reversion have so far been Investigated only
in a limited number of bacterial species
including Btici/h, s swbtitrs and Sti. epto, "yces
(I, andman, Ryter and Fr6her, 1968; Okanishi,
Suzuki and Umezawa, 1974). Hence, the
optimal conditions for reversion must be
determined for each species of bacteria used
for fusion experiments. Another problem
with gram-negative bacteria Is that they ITave
a more intricate cell \\, all architecture than

gram-positive organisms. Thus while proto-
PIasts with a completely exposed cytoplasmic
membrane can be obtained by enzymatic
removal of peptidoglycan or suppression of its
biosynthesis in gram-positive bacteria, these
treatments are not effective with gram-nega-
tive bacteria, since after these treatments an
appreciable amount of the outer membrane
composed of lipopolysaccharides and lipo-
protein still remains and interferes \\, Ith cell
fusion. In fact, there are only two reports
on cell fusion experiments using cells without
peptidoglycan derived from gram-negative
organisms (generally termed spheroplasts
be callse of the remnant of the outer membranes)
by Tsenin at a1. (1978) who used ESChei. Ichiti
coli and CDCtzcc ct a1. (1979) who used Plow'-
deliciti a/0017nci'e, is.

On the other I\and, the stable L-forms ha\, e

the advantage for cell fusion of not requiring
reversion of fusion products (fusants) to the
parent type cells with a cell wall, since they
can survive and grow. In fact stable L-forms
have been obtained from a number of bacterial

species, including both gram-positive and
gram-negative organisms. Nevertheless, the
L-forms all require carefully controlled culture
conditions, and the rich medium supplemented
with horse serum and the other constituents

generally used for cultivation of L-forms does
not permit the use of nutritional requirements
as a marker in selecting fusants of cells. NIOre
importantly, the stable L-forms Iacl< most of
their cell surface layers, the extent varying in

species, but their cytoplasmicdifferent

membrane can protect their Internal structure
and support their growth as " naked " cells.
Therefore, it is I\ighly probable that the
properties of the cytoplasmic membrane are
considerably different from those of Intact cells
with a cell wall. This poses problems in cell
fusion experiments aimed at analyzing the
moleties of the cell surface layer lost and the
properties of the cytoplasmic membrane

Protoplasts have been used in bacterial cell
fusion studies in other laboratories (Foder and
A1f61di, 1976; Schaeffer, Garni and Hotch-
kiss, 1976 ; G6tz, Ahrn6 and Lindberg, 1981 ;
Hopwood, wright and Bibb, 1977; Gasson,
1980; I. nes, D. , lone*, \V. A. and \\1.0ds,
1985). Since we first reported in 1979 that

producedL-forms of Striphy/ococct, s
recombinants on cell fusion (Hirachi, Kurono
and 1<0tani, 1979; 1980), we have demon-
strated intraspecies cell fusion (HITachi at al. ,
1982) and even intergenus cell fusion using
the L-forms of E. coll' and Pset, dollio"Ms

derugi', 10sft (1<urono et a1. , 1983), and 8/1'epto-
cocc"s Iaecnl^\ and S. dM, 'elfs (HITachi at al. ,
1985)

Because studies on cell fusion between

protoplasts and L-forms should be useful, we
conducted cell fusion experiments using S.

in \vhiclt fusions between L-forms andowl'elfs

herworn pr. t. PIasts (Kato at a1. , 1985b) have
been achieved. The present article Is the
first report on successful cell ftision between
protoplasts and stable L-form cells.
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itIATERIALS AND itIETHODS

I. S. '11/1'e!, s 311'nil, s (Ttib/, I)

C, .."I st, "jus^ Ms3s3 PMS6 (CM)" IMS3s3
(PCp)l carrying the chloramphenicol (CP)-resist"nc"
plasmid (inDue at ill. , 1970) \\as pro\. ided by Prof
H. Hashimoto (Department of NIIcrobiolog}., School
or A'ledicine, CLInm, I Uni\'ersity). Streptomycin
(Sitl)-resistant and erythromycin (ENl)-resistant
mutants, A, Is 353 (Sin") and itIs 353 (Fin'). \\CTC ob-
mined us follo\\s; 0\cmigltt CLIltLires of the i\Is 353
(PCp) strain in brain ITc"rt inftisioit (BHl) broth
(Difco Laboratories, Mich, USA) \\ ere transitrrcd
to BHl agrir pintes, and tl, c result"nit colonies \\'eru
cacll inocLil"ted onto it BHl agar plate \\. itit cltlo-
initiplienic01 (511gli. Tl, Sigma Chemical Co. , NIO,
USA) foi. examination of resist, Inc. to CF. Onc

of tite colonics th"t 11ad lost thc CP-Iesistnncc

PInsmid was thus selected and subcultuied (I\Is 353
strain). T'hcn this strtiiit \\, is suedcd onto a BHl

agar platc containing SI\I (2,000 11gjml, i\leiji Sell<:I
Co. , TDI{}, 0). tind the resultant colon\, \\. is isDintcd
us an Ms353 (Sin') strain. 'To obt"in an I\Is 353
(Em") strtiin, \\. c seeded one of the colonies of thc
A. Is 353 strain onto a BHl algal plate supplemcntcd
\\ith EN1 (2 .,, gjinl, Sigma). CLIltured it in 11qLiid
n. editiin aitd then in DCul, ited it onto a BHl agrii
platc containing EN1 (15 11glml), tind isolated ENl-
resistant colonies. Since boilt of these Sit, I- and

ENl-resistant sti'ains \\. eru produced by inutatioits,
their resist"ncc \\. as thought to be controlled b\. n
clti'Qinosomal gunc

I, -FDi. in strains: ENIT (Sin"). it strain with cltio-

inOSomnl S\, itesistnncc, \\"SISolated from the STA-
ENIT-I straitn (abbrc\'tiltcd us ENIT-L; a gift froi, t
Prof. I. T"dokoro, DCDartment of Bactcriolog\.,
Yokohama City. Uni\. ei. sit} AJcdical School) (Edn,
Nl:itsuoka and 'Fadokor0,1972), bv thc stintc pi'DCE-
dures us that describcd in the pi oceding primgrnplt
The L-form, FP-I, (PCp) carrying titc CF-rcsist-
urice plasmid \\., Is produced by tlTe cell fusion

method (sec Results). TITis SIT"in did not re\'ert

to the CDCcal type dLii'Ing rune"led SLibctiltmes in
penicillii, G (PCG, A. 1,110-Irue mudi"

The rcsist"nt cocc"I foil, , jind L-fom. o1 grinisms
thus obt"Ined were ITtaintninLd b\. SLibcultLirc on

+. 5",, NnCl-BHl agar 1.1atcs cont"ining titc
maximLim concci, ti'niloit of e"cl, drug for' rcsist"rice
FDi' Lisc in cell ftision, the CDCc"I fomt o1' L-101'n\
strniit in SIoclt cultLirc wits cultLii'ed in +. 5n, , NaCl-
BHl brotl, containing thc diug to \\'hiclt the
organisnt \\;Is I LSIstant (1,500 Jigjml foi Sit. I nitd
15 I, g!inI fo, ENl anti CP) at 37 C for 6 h

TABI, u I L-Foil, I find CDCcn/ slid, ,Is of S. rri, ,'elf s t'sed 111 the PI CSe?11 silldj.

Type

L-form

2. PIO!DPI, 131s

Protoplasts \\cic prep"rcd b\. rite itturbod of
IVl:Ikin0 (1983) \\ jilt itTinm. ntodific;in on About

5 n. I Do, tion* (loin c"Its) of the Ms353 (PCp),
Ms353 (Sin") "rid Ms353 (Eru') .ultu, es
ccntrifuged, and thc culls \\CTC suspended in 10 in I
ajiqtiots of 7.5'. N"C1-25 inki Tiis-HCl bLiHei'
solutioit (pH 7.4) SLIPpleincntcd \\illt 25 I, gjml of
I, ysost"pitii. (froi, T 81np/Iy!D'or', lis 31np/o, 101y/!ills,
Sigma). 'rhc mixttire \\. as incLibatcd at 37C for
90 ntin. 'The ITUmbci of residual CDCc"I fomt cells

in the plotopl"st suspensioiT was negiigible when

CDCcal
form

Strain

" SM. streptom\. cin (!!glml). EM, erythromycin (!Igjml). CF, chloramphenicol (!!ximl). PCG. penicillin
G (U/in I)

" FP-L (PCp) is the fusant betseen EMT-L and Ms353 (PCp) (*ee text)
' IVIS353 (PCp) which carries the chroramphenicol resistance plasmid
' A, is 353 (Sin") and I\Is 353 (Em') are SM-resistant and ENl-resistant mutants. respecti\ el\

ENIT-L

EMT (Sin')

FP-L (PCp)"

Ms353 (PCp)'

Ms3s3 (sin')"

Ms353 (Em')"

Sit{

< 63

>2,000

<63

<250

>2,000

<63

Nilnimuin inhibitor\, conc" of

ENl

<0.063

< 0.063

<0.063

<0.25

<0.25

>16

\\'Cl'C

CP

<2

<2

>16

>16

<4

<4

HiltACHi or all. C, // 1,151'011 b, !ECCci! LIDiiiJ$ flirt/ PIOi0/>/, 131$

PCG

>2,000

>2,000

>2,000

<1

<1

<1
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exanTined on a BHl agar plate free from an osmotic
stabilizer, indicating practically complete change of
coccal forms to protoplasts

3. Proton/nstIysuies

Tl, e suspension containing 5 XIO' protoplasts \\, as
centrifuged, and the precipitated protoplasts \\, eru
suspended in 0.7 inI of sterilized \\'ater and
submitted to occasional \, Igorous shaking at room
temperature for line h to burst cells. Then, 0.3 inI
of 22,501j (wlv) NaCI SOILition was added to bring
tite final saline concentration to 7.5", for Lisc as a

plotoplaSt IyS"re

+. Medih

Reversion medium (R medium) : The medium
consisted of 2q, BH1, 0.5 xi sodium succinate,
0.02 v I\IgC1=, 0.01qb bovine setLim albumin (BSA,
Fraction V; Sigma) aiTd 0.6'I, agar (Grade I, Wako
Pure Chem. Industries, Osaka). This medium will

be described in detail in a separate paper (Kato at

a1. , 1985a)
Assay, mediLim : lit experiments on detection of

L-form colonies alone folio\\ing PEG ticatment to
induce cell ILision, 4.5'd NaCl-BHl agar (0.8';,)
medium supplemented \\, ith FCC (100 Ujntl) \\. as
Lised. For isolation of botl\ L-fomt colonies and

colonies of cells rcverted to the coccal type, the
follo\\ ing three types of assa\. media \\, CTe Lised for
PEG treated cells that had been CLIltured on R

medium : (i) BHl agar ritedium for' counting cocc"I
type cells alone, (ii) 4.5", NaCl-BHl agar medium
supplemented with PCG for. counting L-forITt cells
alone. and (Iii) R medium for Ieco\'ery of boih
coccal and L-form cells. L-Foiln and coccal form

colonies on R medium were distinguish able under
an inverted microscope. L-Fom. colonies had a
so-called fried-egg appearance, CDCcal type cell
colonies \\. ere round, ITomogeneous 11nd smooth
and mixed type colonies generally itad a fried-egg
appearance \\. ItIT Ilomogeneous, and sinootlt aie"s or
the CDCcal tvpe In some parts

Sit, I and Elv'I tidded to tlie assay, ritedi, I all

of 1,000 Ingjml ,, rid 10 Ing, 'inI,concentrations

respectively. Assay media \\. ere supplemented with
SAIl and CP of concentrations of 1,000 11gjml and
10 11gjml, respectively

centrifuged at 8,000xg for 15 min, at 10 C. Then
I-1.5 inI of polyetllylene glycol6,000 IPEG (6,000),
\\Iako; at a concentration of Sop. , (\\, I\,) in 4.5%

added. The mixtureNaCl solutionl waswas

gently stirred for I to 2 min In Tliermo-mixer
(Thermonics Co. , Tokyo) at room temperature
In some experiments 0.2 inI of a Iysate of lo' proto-
PIasts instead of protoplasts \\, as added to the
L-form cell precipitate (10' cells) and treated \\, ith
PEG as described ribo\e

The following two 11, pes of experimental condi-
tions were used after PEG treatment: One \\,"s tlTe

type LISed in pre\, jous experimcnts on fusion of
L-forms (Kurono at ill. , 1983). A 34 inI tinqtiot
of 4,5'1 NaCl-BHl broth \\as gently mixed \\, ith
the PEG-treated mixture. The mixture \\, as then

centrifLiged, and the super natant containing PEG
\\ as removed. The precipitate was transferred to

a culture tube in 10 inI of 4.51. !, NaCl-BHl broth
Then, promptly, or after overnight enrichment
culturein 4,516 NaCl-BHl broth supplemented \\, ith
PCG (100 U!inI), the mixture \\, as serialIy diluted
10-fold with 4.59, NaCl-BHl broth, and a I inI

allquot of the appropriate dilution \\, as cultured In
FCC-4.59;, NaCl-BHl agar assa}, mediunT I, y the
pour plate method at 37 C for 5 days

The second type of conditions \\, as that Lised by
Kato at a1. (1985b). A PEG-treated mixture of
protoplasts and L-form cells was ntixed wit1\ 10 in I
of 7.51; NaCl-BHl brotlt and serialIy dilLited
10-fold with the same broth. when enrichment

omitted, a 0.1 inI aliquot of theculturc \\'as

appropriate dilution \\'as in DCulatcd o1tto ait agrii
plate of assay R medium and cultured at 37 C for' 5
da}. s. \\'I, eit enrichment cultLire \\. as done, a 0.1 inI
portion of a 10'- to 10'-fold dilution was inDCulated
onto the R mediunT agar plate (in a Petri dish.
8.6 cm in diamctcr) for incubation at 37 C for 5

day s. The colonies that de\, eloped on 5-7 plates
\^erc wiped oil \\, itIt a cotton swab and serially
diluted 10-fold \\, ith 7.50j, NatCl-BHl broth

Ajiquots (0.1 inI) of tile dilutions \\cre inoculatcd
o11to the thrcc ass"\, medial ritentioned jibo\ e und

CLIltLired at 37 C for 2-5 dn\, s

5. 1,113,011 of L-/o, 111 tells ,111d pinion/, 131s

A protoplast suspension (10' cells in I it. I) \\. tis
lidded to precipitated I, -fomt cells (10' cells) and

62 Bii<IN 10.14NAi, \101.28 No. 3 1985
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DNase-I (from bovine pancreas, DN-CL), Lised

in some experiments, was purchased from Signt"



RESULTS

I. Reco"eiy us LIDi',, rs of PfiG-illd!, ced
I'SmiiS of LIDi'"!s w"of pro/DPIdsis

Tables 2 to 4 sho\\, the results of cell fusion

between protoplasts of the coccal type A, is 353
(PCp) carrying the CF-resistance plasmid and
L-form^ de"Ive, I I", in th. EMT (Sin, ) st"ain,
an SL, I-resistant mutant. As shown in 'Fable

2, PEG treatment of the mixture of tl\c t^, o
types of naked cells, \\, ith or \\, ithout enrich-
merit culture in PCG-459' NaCl-BHl broth,
induced colonies showing double resistance
to CP and Slyl at high frequency. The frc-
quenq, expressed as the ratio of colonies in
the medium containing the drugs to those in
the control nasal ITtcdiuin \\, as 5.2xlO~,

\\. ithoui, and 7.3 XI0~4 witli enrichmcnt
culttiic. \\!hen L-forms and protoplasts \\, erc
treated separately \\, ith PEG, doubly
resistant colonies \\, ere detectable, Indicating
negiigible mutation under the present experi-
mental conditions. In this connection, it is
notc\vortl^, that indcpcndent PEG treatment
of protoplasts from the ATS353 (PCp) strain
alone produced no colonies in the control
medium either, regardless of cnr!chincnt

culture. This result indicates that under the

present experimental conditions, protoplasts
cannot grow, and do not revert to the coccal

\\'hen the mixture of L-fomTs andtype.
protoplasts \\, as not treated \\, ith PEG, no
doubly resistant colonies were detectable, IT-
respective of enrichment culture, Indicating
the necessit\, for PEG treatment of the mix-

turc of protoplasts anti L-forms
Results LISing Iysates instead of protoplasts

arc shown in Table 3. Regardless of en-
richinent culttire, Ilo doubly resistant colonies

isolated from these combinations,
indicating the absencc of transformation of
ENl'T (Sin') by the CF-resistance plasmid of
th" Ms353 (PCp) strum

Table 4 shows the effect of addition of

I)Nasc-I at a concentration of 10 11gjml at
all stage of the procedures (PEG treatment,
dilution of the nTixture and enrichment

culture) to determine \\, hether DNasc-I treat-
merit influenced the frcquenq, of emergence
of doubly resistant colonies. The frequency
of doubly resistant colonics \\, as not affected
by the addition of DNasc, \\, itIt or without
enrichment culture, Indicating the absence of
transformatioi\ by the drug-resistance genes

TAI3i. n 2. PEG-indT, ced cell 1143/01i beltcee, I plotop/OSIs del'ined lioni " CDCcn/ 11, pe, Ms. 353(pep),
rind L-/o1'"!s, EA/17' (87n')

\\, ere

no

Protoplast

Ms353 (PCp)

Ms353 (PCp)

Combination

Ms353 (PCp)

Ms353 (PCp)

Ms353 (PCp)

L-for, n

EMT (Sin')

Ms353 (PCp)

" Mean CFU in triplicate cultures (per in I)

" Enrichment cultre in +. 596 NaCl-BHl broth containing penicillin G (100 Ujml)
" Ratio of colonis in medium containing the respective drugs to those In control medium \\. Ithout drtigs
it CP, 10 Agjml. SM, 1,000 I, gjml

EMT (Sin')

EMT (Sin')

EMT (Sin')

PEG

Enrich-
merit

culture"

(h)

+

+

+

EMT (Sin')

EMT (Sin')

No. of colonies" de\ eloped in assay
medium, FCC-+. 596 NaCl-BHl algar \\. ith

o

CF + SM',

+

+

I . + x 10"

<1

<1

<1

T

18

No addition

2.7 x 10,

<1

<1

I. 8 XIO

2.7 x 107

<1

5.6 XIOa

3.2 x 108

Ratio'

3.7 x 10s

<1

I. 6 x log

3.2 x 10,

HiRACHi at al. Cell 1113/01, beltu, ,, I LIDi', JIS und PIO/DPI"SIA

5.2 x 10~'

< I. 8 x 10~,

< 3 .I x 10-"

7.3 x 10~,

< 6.3 x 10~10

5.6 x 10-a
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TABI. E 3. abse, zce of 2ndMCIi'o71 of dollb/31 ding-yesz'$1a?21 1143n?lis by PEG neat, "errt of a ?, 12'XII, I. e
of OS"loti'c Iysates of plotop/asts dellbed170"I Ms353(PCp) rind slab/e L-I'D"13, EMT(Sin")

Combination

Ms353 (PCp) p"otopi"sts
x EMT (Sin")

Ms353 (PCp) Iysate"
x EMT (Sin")

Ms353 (PCp) p"otoplast*
xEMT (Sin')

Ms353 (PCp) Iy*ate'
x EMT (Sin")

","," See legend to Table 2
" See text

PEG

Enrich-
merit

culture"

(h)

TABI. E 4. Effects of DNnse tienj"lent o71 de"e/op"Ie, zt of do14b/11 of 114g-jusz'SIRt INSn??is o1 ploto!posts
der, had I, .,," Ms3J3 (pep) and L-from, , EMT (Sin, ')

+

+

o

No. of colonies" developed in assav
medium, PCG-4.5% NaCl-BHl agar \\. ith

+

CF+ SM

Protoplasts

Combination

+

Ms353 (PCp) x EMT (sin")

+. O x 10'

<2

<2

<2

5. 0 x 104

2.5 XIO

<2

<2

18

No addition

L- forms

Ms3s3 (PCp) x EMT (sin")

4.4 x 10"

I . O XIO'

2 .I x 107

I . I x 108

I. 3 x 108

2.8 x 108

2.5 XIoa

7.5 x 107

","," See legend to Table 2
" DNase-I (10 11gjml) \\as added to the reaction mixture for PEG-treatment, and the medium for enrichment

culture and dilution

PEG

Ratio"

9.1 XIo~'

< 2. 0 x 10-s

, 9.5 x 10~s

, I. 8 x 10~a

3.8 x 10-4

8.9 ' I'~'

< 8. 0 x 10~o

< 2.7 x 10-a

D Nase"

+

+

del'Ived from L-forms and protoplasts.
The above restilts together demonstrate

that PEG treatment of a mixture of proto-
piasts carrying the CP-resistance plasmid and
L-forms from SAIl-resistant mutantan

induces the development of doubly resistant
colonies as L-form cells as a result of cell

fusion, and not by other mechanisms
Next, \\, e attempted to achieve cell fusion

Enrich-
merit

culture"
(h)

+

+

+

No. of coloniesit developed in assay
medium, PCG-4.5% NaCl-BHl "g, r *, ith

o

+

CP+ SM

+

2.3 x 10s

2.2 XIoa

<1

<1

7. 0 x 103

I. 4 x 103

I. 3 x 10

2

18

+

No addition

64

I . O x 107

9. 0 ' ' 0'

I. 8 x108

2.8 xioe

I. 6 x log

2. 0 xioe

5.6 XI08

2.9 xiO"

BIKEN 10.1{NAL \701.28 No. 3 1985

Ratio'

2.3 x 10-4

2.4 X 10-4

< 5.6 x 10~,

< 3.6 x 10~9

+. 4 x 10~"

7. 0 x 10-e

2.3 x 10-B

6.9 X 10-10

of opposite combinations, i. e. , between proto-
PIasts derived from a drug-resistant mutant
and L-forms carrying the drug-resistance
plusmid, th. FP-L (PCp) st"^in. Thus,
L-forms were obtained as follows : First,
p", t, plusts f". in th, .,.."I typ* Ms353 (PCp)
carry, ing the CP-resistance plasmid and
L-forms sensitive to SM, ENl and CF (EATT-L
strain; naturally resistant to PCG) were sub-



T'ARI. E 5. PEG-111diiced cell Illsi'0, I bet?Lee, I '10/01>/asis dell'red fro, ,I AIS. 353 (PCp) rind stable L-
101'"!s, EM7'-L

Combination

Protoplasts

Ms353 (DCD) x I'MT-L

Ms353 (PCp) x EMT-I,

L-foi ms

","," See legend to Table 2
it Numerous small colonies developed \\hen undiluted reaction mixture \\as seeded (see text)

TABI. u 6. PEG-Indriced cell Illsio, I beltuee, I PIO!op/as!s dell't!ed 1101/1 n coccn/ 11, pe tuft/I chi'on10-
somu/ di'11" yesi'31n, ice ti, Id L-/o1'"is toil/I a , esi\'frillce PIns?"I'd o1' chromos0,11n/ "eiie

PEG

Enrich-
merit

culture"

(h)

+

Combination

Protoplasts

T

Ms353 (PCp) I EMT (Sin')

Ms353 (sin") x FP-L (DCD)"

Ms353 (Em') x EMT (Sin')

o

No. of colonies" de\. eloped in assav
medium, PCG-+. 596 NatCl-BHl agar \\. ith

18

CP

2. 0 x 10'

<10.1

, , X '03

2

L-forms

Ms353 (PCp) x EMT (sin")

Ms353 (Sin") x FF-I, (PCp)"

No addition

2. 0 x 107

6 .I x 107

5. 0 X IOU

4.4 x 10"

PEG

Enrich-
merit

CLIlture"

(h)

o

Ms353 (Em") x I'MT (Sin')

+

,, ,h. , See legend to Table 2

" The fusants bets^een Ms353 (PCp) and EMT-L

+

Ratio'

I. 0I 10~,

, I. 6 x 10-;

9.6 x 10~,

4.5 x 10~i

No. of colonies" de\ eloped in assa\.
meditiin, FCC-+. 596 NaCl-BHl agar \\ith

mitted to cell ftision, and one of the colonies
(fusants) appearing on the PCG-4.5% NaCl-
BHl agar pinto suppl, merit, d with CF (10 I, gl
in I) and PCG (100 Ulml) w"^ wiki*d and
maintained in pure culture (Table 5)

Table 6 shows the results for the combina-

tion of protoplasts from the coccal type SL'I-
reststant mutant, Ms353 (Sin, ) and L-form^
carrying the CP-resistance plasmid, IFF-L
(PCp) strainl, and for the combination of

+

SM+CP SIvl+ENI Nio addition

I. 3 x 103

4

<2

<2

+

+

18

+

I. 4 x 10'

8.5

<2

<2

2.3 x 107

I. 8I 106

3 .I x 10"

I. 2 x 107

2.6 x 10"

I. 6 x 107

2.8 x 108

I. 4 x 108

,. 0 ' '07

I. 5 x 10s

9.3 X 107

I. 8 x 107

<2

<2

Ratio'

5.7 x 10~%

2.2 x 10-B

< 6.5 x 10~i

, I. 7 x 10~i

< 7.7 x 10-7

, I. 3 x 10-7

5. 0 x 10-I

6.1 x 10~a

< 2.2 x 10-s

, I. 3 x 10-,

< 2.2 x 10-a

, I . I x 10~'

<2

<2

protoplasts and L-forms both ITaving the drug-
resistant chromosomal nTarker IProtoplasts
from the Ei\I-resistant coccal A, is 353type,
(Em') and SM-reststant L-form, Ei\IT (Sin')l
Under experimental conditions in \\, hich
doubly resistant colonies developed at a high
frequency from the control mixture of ATS353
(PCp) and EMT (Sin, '), th" f. "in",. ., inbi-
nations produced no colonies doubly resistant
to SI\, I and CP, and the latter, no colonies
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TABI, E 7. Rec0"8111 of PEG-inof 14ced firsn"/s of plotop/nsts and L-107'ills 611 t'si"n R "!ed, 'MMI 107'
assnj! (arithoi4t e, 111'ch"!e, zt ci, /till'e)

Combination

Protoplasts

Ms353 (PCp) I EMT (Sin")

Ms353 (Sin") x FP-L (PCp)

Ms353 (Em") x EMT (Sin")

L-forms

"," See legend to Table 2
h All colonies \\. ere L-form

" Colonies \\. ere either L-form, CDCcal form or mixed tvpe

T'An I, E 8

R liredzm, !

PEG

+

Reco"ei3, o1 PEG-111di, ced It'srin/s of pi o10p/nsts o71d L-101,113 by e, tit'ch?1187zt ci, /till'e o71

SM+GP or
SM+ EM

No. of colonies" de\, eloped on assa\,
medium, R medium with

+

Combination

Protoplasts

+

2.6 xioa"

<10

7''/03,

<10

<10

<10

Ms353 (PCp) x EMT (Sin") +

Ms353 (Sin") x FF-L (PCp) +

No addition

L-forms

17 x lO'

3.7 XI07

2.2 x 107

, I XiOr

3. + XIO'

I. 6 XI07

Ms353 (Em') x EMT (Sin") +

PEG

"," See legend to Table 2
" All colonies \\ ere CDCcal form

R medium
\\-ith

Ratio"

SM+CP

SM+ EM

I. 5 x 10~,

< 2.7 x 10-7

3.2 x 10-4

< 2.4 x 10-7

< 2.9 x 10~"

< 6.3 x 10-I

doubly resistant to SAT and EA, I. \\;e could
not obtain doubly resistant fusants as L-
forms cells by fusion of protoplasts from the
coccus ITaving the chromosomal resistance
gene and L-form strains showing resistance
of either plasmid or chromosomal origin

2. Reaei. $10, I of PEG-,'rid"ced IMSI'o113 beltueeii
L/on113 tt"of prolop/as/$ 10 the coccd/ type

Tables 7 and 8 show the frequencies of

or

No. of colonies" (ratio") developed

<10

<10

7.6 x 10'"
0.5 XIO~')

<10

<10

<10

No
addition

PCG-4.5 %
NaCl-BHl agar with

2.6 x 1011

1.1xlO"

31 XIO'

8.7 XIO"

2.5 x 1011

2.8 x 1011

SM + CF
or

SIvl+EM

<10

<10

<10

<10

<10

<10

No
addition

+. 5 xiO,

3.4 x 103

8.3 XIO,

5. 0 XIO'

5.9 XI08

6.9 x 108

66

BHi medium
\\-Ith

SM+CP

SM + EM
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or

<10

<10

I . I x 10""
(2.3 x 10~')

<10

<10

<10

No
addition

development of doubly resistant bacteria
fronT the thiee pairs of combinations shown
in Table 6 \\, hen the PEG treated mixtures

directlv in octilated onto Rwere assay

medium, or when they were cultured on R
medium and then inoculated onto three types
of assay media.

As shown in Table 7, on combination of
prot. plusts daiv, d f". in th. Ms353 (PCp)
strain carrying the CF-resistance plasmid and

< 3.2 x 1011

< 2.5 x 1011

4.7 x 10n

< 8. 0 XiO'

'' 8XIoii

<1.9 x 1011



L-forms IEA, IT (Sin'n, the chromosomal Sit-I-
resistant Strain, produced dollbl\, resistant
L-form colonies of fried-egg form at high
frequen^, 0.5 XIO~') when the PEG-treated
cell mixture \\, as directly, (\\, ithout enrichment
culture) seeded on R medium containing Slyl
and CP. The colonies developing on the R
mediunt did not revert to the coccal type at
least dtiring the 10 d^, period. \\'hen the
combination of L-forms the CF-carrying

reststan. , plusmid IFF-L (PCp)l and p". t. -
PIasts derived fronT the Sit. I-resistant strain
[Ms353 (Sin, )] un* thready ^,. dad on R me
dium containing Slyl and CP, doubly resistant
fusants in colonial forms of the coccal type,
L-form and mixed type, were obtained \\, itI\ a
total frequency of 3.2 x 10~4 of the three types,
the proportion of the CDCcal type increasing
\\, ith the time of culturc

'Table 8 shows the frequencies of doubly
resistant bacteria \\, hen the PEG-treated nTix-

tures \\, CTC inctibatcd on R medium for cn-

richmcnt culture. \\!itlt combinations of

p", t, plusts daiv", I f". in th. Ms3s3 (PCp)
strain carrying the CP-resistance plasmid and
the L-fomT with the SL, I-resistance genc

[EMT (Sin')], n. donbly reststant 001. nits
were detectable in aru, of the media (i. e. , R
medium, PCG-4,57, NaCl-BHl medium and
BHl medium all supplemented \\, ith Cl' and
SAT) In contrast, coccal type doubly.
resistant colonies appeared at higl\ frequencies
(2.5 XI0~4 and 2.3 x 10~4) \\, ith reverse coin-
binati. us IP". t. plusts from Ms353 (Sin, ) and
L-forms FF-L (PCp)l in R mediiiin and
BHl medium. However, PCG-4,57, NaCl-
BHl medium produced no colonies, including
those of the fried-egg type. Furthermore,
doubly resistant colonies \\, ere not obtained
from a combination of protoplasts and
L-forms both \\, ith chromosomal drug
resistance

it may be added here that when these three
combinations were enriched on R medium,
the number of L-form colonies recovered on

FCC-4,57, NaCl-BHl medium \\, as une\-
pectedly small, regardless of PEG treatment

DISCUSSION

\\'e previously reported that PEG treatment
and subsequent enrichment culttire of a mix-
ture of S. nili'errs L-form cells having different
drug-resistant nTarkers of chromosomal
nature produced recombinants showing double
resistance to the drugs used as markers as a
result of cell fusion bet\\, een substrains of the

specie* (Hi"achi *t a1. , 1979; 1980)
In studies on fusion of bacterial cells,

protoplasts of gram-positive organisms ITavc
been used exclusively in other jailoratories,
whereas \\, e have been using stable L-form
cells. Protoplasts and L-forms have the
merits and demerits described in the intro-

duction as materials in cell fusion experiments.
In the present study, \\, e attempted to induce
cell fusion between protoplasts and stable
L-forms derived from S. nili'elfs, aiming to
reducc the demerits and increase the merits

by combination of the two cell types
\\;ith combinations of stable L-forms show-

ing chromosomal Sill resistance and proto-
piasts carry, ing the CP-resistance plasmid, all
cells obtained by both method were doubly
resistant to CF and SAT and gre\\, as L-form
colonies, \\, Ith no reversion to the coccal type
despite continued culture on R medium.
in other \\, ords, we failed to obtain doubly
resistant fusants with the protoplast-asso-
ciated trait of ability of reversion to the coccal
type

In the reverse combinatioit of protoplasts
showing chromosomal resistance to SI\I and
L-forms carrying the CP-resistance plasmid,
no doubly Iesistant fusants \\, ere obtained on
culture in 4,570 NaCl-BHl agar medium
containing PCG in addition to SI\I and CP,
even \\, Ith enrichment culture after PEG

However, CLIlture of the mixturetreatment

on R medium containing Sit'I and CF, without
enrichment culture after PEG treatment

gave three types of doubly resistant colonies,
L-form, coccal type and mixed type colonies

Furthermore, doubly resistant colonies of
the L-form and mixed type that appeared on

HiRACHi at ill. Cell 1115/01, net"e, ,I L-101'ms filld plotop/ns!$ 67



PCG-free R niedium leverted to coccal type
colonies \\, ith increase in the time of culture.

Renriched\\Ihen the mixture on\\, as

medium after PEG treatment, doubly resistant
fusants all formed coccal type colonies
Therefore, the doubly resistant fusants derived
from this combination Inherited the proto-
PIast-associated trait of leversion to the coccal
type.

\\;ith the last combination ill \\, hich both

the protoplasts and L-form showed chromo-
somal drug resistance, neither method yielded
doublv resistant recombinants. This \\, as

unexpected, for cell fusion between L-forms
IEMT (Sin, ) x EMT (Em, )l and hat'*,"*"
Prot. plusts IMS353 (Sin") x Ms353 (Em, )l
produced recombinants doubly resistant to Sit'I
and ENl in our previous studies (HITachi et
a1. , 1979; 1980; 1< ato er a1. , 1985b). This
difference may have been be callse the coccal
type ATS353 strain from whicl\ protoplasts
were derived and the L-form Ei\{T-L strain

used as partners in the present study had
different origins. Therefore, we attempted
to obtain protoplasts from the coccal type
Tazaki strain, the parent cell of the ENIT-L,
instead of the Ms353 (Em, ') st"am, f, , coll
fusion \\, ith the El\{T (Sin, ). However, re-
\, ersion of protoplasts of the Tazaki strain to
the CDCcal type occurred on R medium at a
very low frequency (bel0\\, 10~'), thus prevent-
ing us from obtaining results

IVlaterson at a1. (1983), and Stahl and Pattee
(1983) reported that in cell fusion between
protoplasts of S. n"reus, recoinbination of
chromosomal genes required treatment of
the protoplasts with CaC12 as well as PEG
However, we found that fusion between
L-forms and L-forms or between protoplasts
and protoplasts of S. "wrens resulted in the
development of recombinants without CaClg
treatment, and that even with CaC12 treatment

detected betweenrecombinants \\, ereno

L-forms and protoplasts
The finding that no recombinants developed

from a combination of protoplasts and L-forms
both showing chromosomal resistance seems

consistent \\, ith the results obtained with

combinations between one partner (either
L-form or protoplast) carrying the CP-resis-
tance plasmid and the other showing chromo-
somal resistance to SA, I, i. e. , doubly resistant
fusants with the trait of the partner showing
chromosomal SAT-resistance were obtained

exclusively, and no fusants with the trait of
the partner carrying the CF-resistant plasmid
were recovered. Thus, only the plasmid may
be transferred in cell fusion between proto-
piasts and L-forms. Nevertheless, there may
be other mechanisms that prevent the develop-

of recombinants between stablemerit

L-forms that lack a cell wall throughout long-
term subculture and protoplasts from \\, hich
the cell wall has been temporarily removed

The present results indicate that the doubly
when a mixture ofresistant cells appearing

protoplasts and L-forms was treated \\, Ith
PEG were the results of cell fusion. Involve-

merit of conjugation may, be excluded by the
absence of report on successful conjugation
of L-forms or protoplasts of S. d",'errs,
although that of the coccal type has been
reported (NICDonnell, Sweeney and Cohen,
1983), and also by the finding that no bacterio-
phages infecting L-form cells and protoplasts
have yet been discovered, though we have

propllagesfound that L-forms contain

(Tit, mus" ,t a1. , 1984),
\\Ihen the PEG-treated mixture of proto-

plusts f", in th. Ms353 (PCp) st, *in and
I, -forms froiTT the ENIT-L strain \\, as

pour-plated in 4570 NaCl-BHl agar medium
supplemented with CF and PCG \\, ithout
dilution, irumerous colonies developed, \\, hereas
when the PEG-treated mixture was diluted

10-fold with 4.57, NaCl-BHl broth before
inoculation into the medium no colony forma-
tion was observed (Table 5). These pheno-
mena may be explained as follows: Protoplasts
from th" Ms353 (PCp) st", in ,nay b. uriabl"
to grow in the presence of CP and PCG; but
may produce a CP-Inactivating enzyme that is
controlled by the plasmid. This enzyme may
be liberated from protoplasts to Inactivate
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CP in the assa\, medium, permitting the CP-
sensitive L-forms (naturally ^esistant to FCC)
to form colonies. \\Ihen a PEG-treated mix-

tore is diluted, the CF-Inactivating enzvme
derived from protoplasts may, be too dilute to
in activate CP in the medium sufficiently and
so the residual CF may, prevent L-forms from
forming colonies

\\'hen colonies obtained I>\, eni. ichment

culture on R medium, \\, ith or \\, iihout PEG
treatment, \\, CTe seeded on PCG-4.57, NaCl-
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