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uAiMAm' Intergenus cell fusion of prokaryotic bacteria was demonstrated for
the first timc; namely, fusion products doubly ^esistant to stre tom ,cin and

tetracycline \\, cre produced by polyethylene glycol treatment of a Inixture of the
streptomycin-resistant L-10nTT of I'Set, do mon"$ deftigi'?!OSa and tetrac ,cline-resistant
L-form of fscher, 'chit! co/^'.

INTRODUCTION

In 1963, Okada and Tadokoro discovered that
henTagglutinating virus of Japan (HVj) in-
duced cell fusion between EhrliclT ascites
tumor cells from different mouse strains

Three years later, this \\, ork was followed by
demonstration of H\;I-induced interspecies
cell fusion between 1<B cells of human origin
and EhrliclT ascites tumor cells or L cells both

from nlice or PS cells from pigs (Okada and
A'IUTayama, 1965). The formation of hy-
brids between mouse and man cells by HVj
treatment was confirmed by Harris and \Vat-
kin^ (1965). Thus" studies onpioneering

interspecies cell fusion have been confirmed
and extended by a number of investigations,
and have led to a new field of genetics, namely
somatic cell genctics, which provides a novel
and very useful method for genetic mapping

of chromosomal genes in humans (Tischfield
and Ruddle, 1974)

Interspecies or intergenus cell fusion of
plant cells seems potentialy important in plant
breeding, as illustrated by the finding that
p. Iy. thyl, ne gly. .I (PEG)-in duned fad. n by-
tween tomato and potato protoplasts resulted
un protoplast neterokaryons, and after cell wall
regeneration produced hybrid tomato-potato
hybrid plants (Alelchers, Sacrystan and Hold-
er, 1978).

\\!itIt respect to microbes, there are a fe\\,
reports on cell fusion between different spe-
cies of fungi, which are eukaryotes like an I-
in als and plants : e. g. ITybridization by PEG-
induced protoplast fusion between Pe",'ci7/lit?, I
C^ysogei, 1,111 and Pe"ICJ'/h""111 710tati, ,it (Ann6
and Feberdy, 1976) and between Saccharo-
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?"yc0?$13 jib"liger" and Candid" iyopz'cal^^ (Pro-
vost at a1. , 1978)

with respect to prokaryotic bacteria, hy-
bridizations of several species of streptomyces
by PEG-induced protoplast fusion have been
reportsd (Godfrey, Ford and Huber, 1978).
This achievement let us to expect that the cell
fusion technique could be used for either better
production of known antibiotics or develop-
merit of novel antibiotics by streptomyces.
Interspecies protoplast fusion between co-

andagulase-positive Staphylococcus aureus

some coagulase-negative staphylococci Induced
by PEG was also demonstrated in a recent
study of G6t^, Ah"n6 and Lindberg (1981).

However, these have been no reports on
hybridization between prokaryotic bacterial
cells of different genera. In this paper, we
report the induction by PEG of intergenus
cell fusion products between the L-forms of
Psedwo"to"as del'ugi"OS@ and Zscherichi" coli.

sistance of EC-L was increased by serial subculture
in liquid and solid basal medium SLIPplemented with
increasing concentrations of the drug to obtain a
in titant, EC-L(Tc'), showing higher TC resistance
(MIC >Sopgjml). Other characteristics of Ps-L(Sin')
were resistance to kanamycin (MIC >160 11glml of
kanamycin sulfate, KM, Meiji Seika) and utiliza-
tion of sucrose, whereas EC-L(Tc') was susceptible
to KM (MIC <5 "gjml) and could not utilize
sucrose, as described later. Ps-L(Sin') and EC-L
(Tc") were subcultured in IiqLiid medium or on solid
medium supplemented \\, ith SM (2,000 11gjml) and
TC (50 jigjml), respectively and were repeatedly
confirmed to maintain their original properties

IVIATERIALS AND IVIETHODS

I. Test organ, 'sills ONd g, oret/I 111ed^^

The bacterial strains used in this study are shown
in Table I. L-form strains of P. der, ,gillosn (IFO
3455) and E. coti (Ohtani), abbreviated as Ps-L and
EC-L, respectively, in this report, were isolated by
the conventional Iysozyme-EDTA method. Ps-L
was a generous gift from Dr. YuzurLi Hornma, Kita-
zato Institute, and Dr. Akihiro Yamamoto, Chugai
Pharmaceutical Co. , Ltd. (Yamamoto and Hornma,
1978a; 1978b). EC-L was isolated in the Depart-
merit of Bacteriology, Yokohama City University
School of A, ledicine. Both L-form strains grew

well in liquid or solid basal medium: Difco Brain-
Heart-Infusion (BHl) broth supplemented with
4.5% NaCl, without or with 1.0% agar (Grade I,
\Vako Pure Chemical Ind. , Osaka). For Ps-L, the
minimum inhibitory concentration (NIIC) of strep-
tomycin sulfate (SIVl, i\leiji Seika Co. , Tokyo) was
more than 2,000 11glml, and that of tetracycline
(TC, Sigma Chemical Co. ) was less than I 11glml
Thus the Ps-L strain was resistant to Slyl, but sensi-
tive to TC. The original EC-L strain \\, as suscep-
tibl. to both SM and kan, my. in (MIC <20, gjml
and < 5 Aglml, respectively) but was resistant to
TC (MIC >5Ingjml "rid <50 Agjml). TC-""-

2. PEG trent, ,lent to I',, dare cell. fusion

The Ps-L(Sin') and EC-L(Tc') strains
grown at 37 C in liquid basal mediLim supplemented
with penicillin G (PC-G, A, leiji, 500 Ujml) together
with SM (2,000 "gjml) and TC (50 Agjml). Over-
night cultLires (10 nTl each) of test strains were
gently I\omogenized by agitation in a Thermo-
killxer (Thermonics Co. , Tokyo). Samples of 2 inI
of culture of each strain or mixtures of the two (one

in I of each) were treated with PEG under the condi-
tions described previously (Hirachi, Kurono and
Kotani, 1979; 1980; Hitachiet a1. , 1982).

3. Assay o1/01'matio, ! of cellfi, sio, , prodi, cts

PEG-treated mixtures of the indicated combina-

tions of Ps-L(Sin") and EC-L(Tc') were incubated
for enrichment culture in IiqLiid basal medium con-
taming PC-G (500 Ulml) unless otherwise stated,
and then serialIy diluted 10-fold with liquid basal
medium. Portions of I inI of appropriate dilutions
were cultured in triplicate by the pour-plate method
in solid assay medium at an agar concentration of
0.8% (See Table I). The number of colonies
(colony forming units, CFU) developed in eacl\ as-
say medium was determined after incubation for
one week at 37 C

\\, ere
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4. Cell Iysates and ci, /t, ,re filtrates of Ps-L(8111')
n, ,d EC-L(Tc')

Lysates and filtrates were prepared as described
pre\, jously (Hitachi at a1. , 1980) to exclude the POS-
sibility that bacteriophages induced or deoxyri-
bonucleic acid released by PEG treatment are in-
volved in the emergence of doubly drug-resistant
products on transduction and transformation, re-
spectively



TABI, E I.

Abbreviations of L-forms

Ps-L (Sin')

Bnc!e, IQ/ sty0, ?23 and assail litedi'n

L-form of P. deri, gillosa (IF0 3455)

E. -L (T. ')

L-form of E. coll^Ohtani)

Abbreviations of assay medium

SM+ TC

SM

TC

Nione

SM, Streptomycin ; TC, Tetracycline ; 1<M, 1< ariamycin
Sin', Resistant to SI\I ; Tc' Resistant to TC

5. Test for $11croseICJ, ,lentn!foil alit! 1<M , es, 'sinnce
it, Iycopl"sin;I brotll base (BBL) supplemeiTted

wit1,4.5% NaCl, I% sucrose rind 0.002% phenol
red, and liquid basal incdiunt supplemented with
KM (80 "glm1), 0.8% glucose and 0.002% ph"nol
red (Kit, I-mediLim) were used. Test organisms
were cultivated in these two media for' 2 days at
37 C to examine ticid production due to growth and
fermentation of test sugars

MIC SM >2,000 "gjml

>1601!glmlKM

TC <1 figml
Sucrose utilization (+)
MIC TC > 50 11glml

SM , 20 Itgjmi
KM < 511gjml

Sucrose utilization (-)

Antibiotics were added to a solid basal
medium \\. hose agar content \\. as reduced to
O. 896 at the following final concentrations

SM 1,000I, gjml and TC 25 Agjml
SM 1,000 11g/inI

25 11g/in ITC

None

RESULT

I. Einerge"ce of PIOdi, CIS I'esi\/a, 11 to both SM
n"of 7'C by cell 11/3/'01! of I'S-L(8111") a"of L:c-L
( Tc, ')

Table 2 shows that colonies doubly resistant
to SAI and TC developed at a fairly high fre-
quency on PEG-treatment of a mixture of
P, -L(Sin') and E. -L(To') and rub^. un. nt
enrichment culture: colonies resistant to both

drugs were recovered at a very 10\\, rate of
117.5 XIO' when a mixture of Ps-L(Sin") and
EQL(To> un^ n. t treat. d with PEG (E, ,perl-
merit D). Doubly drug-resistant fusion pro-
ducts were obtained at a rate of 112.5 XI06 by
enrichment culture of PEG-treated mixture

of the two strains (Experiment A). This
finding strongly suggests that the high fre-
quency of emergence of doubly drug-resis-
tant L-form cells \\, as due to intergenus cell
fusion induced with PEG. Control experi-

merits (Experiments B and C) showed that the
frequencies of development of colonies doubly
reststant to SM and TC by P^-L(Sin, ) and
E. -L(Tc") whi. h w, re treat, d with PEG
without the corresponding partner \\, ere less
than 1169 x 10' and .nly 113.3 x 10', resp, .-
tively. These values were essentially the same
us thus, f. " P^-L(Sin") and EQL(T. ,) treat. d
under the conditions for Experiment E or F,
indicating that the frequency of emergence of
doubly drug-resistant L-form cells by spon-
taneous mutation with or without PEG-

treatment was much lower than that obtained

by simultaneous PEG treatment of the two
strains.

KURONo, IVl. at al. Cell Illsio, I beta!ee, , L. for"is o1 P. der, Igi, loon and E. coll

2. Clieck for possible 111,010eme"I of genetic
iyo"ofer 711ech@, itsIlls other tha?I cell/t'si'0"

Transformation : Addition of deoxyribonu-
clease (DNase-I, from bovine pancreas, DN-
CL, Sigma) at a concentration of 10 11gjml to
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TABLE 2.

Exp
No

PEG-,'"chord 0011 fun'," fuki, ," A-L(Sin, ') a"d T, -L( r, ,)

Composition of reaction mixture

PEG DNase-ICPs-L(Sin') E. -L(Tc')
in IinI

A

B

C

D

2

E

o

F

o

G

" Mean CFU in triplicated cultures (per in I of enrichment culture)
' Ratio of CFU in the respective assay medium to that in control medium.
' DNase-I (10 palml) was added to the reaction mixture for PEG treatment and tl, e ritedium for enrichment

culture.

2

2

+

o

+

o

I

+

No. of colonies" (ratio") in medium
supplemented with

SM TC

TABLE 3. No litdz, ctz'on of doubly drug-,'esz'stn"t products by PEG tiedt?lient of Jinxtui'es of littact
L7for?, I cells and osmotic cell shockate

SM+TC

2.6 x 103

(112.5 XIO')
o

(<116.9 xiO')
30

(113.3 XIO')
I .I XIO

(117.5 xiO")
o

(<114.5 xiO')
4.7

(111.2 XIO')
3.4 x 103

(112.0 XIO")

2

Exp
No.

+

2.8x109 4.3x10, 6.7xjou

6.9 x log6.6 xiou

9.9x10' 1.0xlOio9.3

7.3x109 7.5x109 8.2x109

4.5 xioo4.4 XIO'

5.1x109 5.5xlO'9.7

4.3xi0, 4.8x10' 6.9xiO'

A

Coinpositon of reaction mixture

Ps-L(Sin')

D

+

Intact cells

intact cells

Intact cells

Osmotic
shockatee

H

None

a, b See Table 2.
' Cells grown in 10 in I of the liquid basal medium \\. ere It arvested by centrifugatioiT and suspended in

distilled \\, ater (0.8 inI). The cell suspension was \, igorously shal<en in a Thermo-mixer to disrupt the cells
by osmotic shock. The disrupted cell suspension was supplemented \\. itIT 02 in I of NaCl solution (22.5%)
at a final concentration of 4.5%. Portions of 0.1 inI of an osmotic shockate from the 1.0 inI L-form culture
were incubated with intact cells from one in I of culture of the L-form.

evidence that transformation was not involved

is shown in Table 3. Doubly drug-resistant
colonies were recovered at a frequency of U
2.6 XI06 \\, hen a mixture of intact L-forms of

o

E. -L(Tc, )

intact cells

Intact cells

Osmotic shockatec +

Intact cells

o

reaction mixtures at the steps of PEG treat-
merit and enrichment culture did not affect the

rate of emergence of doubly drug-resistant
products (Table 2, Experiment G). Other

PEG

+

No. of colonies" (ratio") in medium
supplemented \\. Ith

SM+TC

2.3 xioa

(112.6 xiO')
7.6

(116.6 XIO')
o

(113.4 XIO')
1.7

(113.4xlO')

106
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SM
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4.7x10' 4.1x10' 7.3xlO'

3.2x10' 3.8xi0' 5.0xlO'

3.4 xiO'3. 0 xiO' o

4.9x10' 5.7xlO'

TC

3.7

None



TABLE 4. N0 111ductz'o11 of dollb/j, d, 'itg-,'esi'stn?It products 611 treat"1871t of Intact Lfo, '"I cells torth
" jilt, at, of PEG-1,001ad ,,//,

Exp
Nio

Composition of reaction mixture

Ps-L(Sin') E. -L(Tc')

intact cells Intact cellsA

D

1<

Intact cells

"-, b See legend to Table 2
" Cells harvested by centrifLigatioit (5,000 g for 20 min) of 4 in I of the respective L-form strains in tite liquid

basal medium \\ere suspended in 4inI of PEG, and the suspension was stirred vigorously for 10 min at
37C, and centrifuged (12,000 g for 20 min). The supernatant fluid was passed througl, a Millipore filter
(0.45 I'm in it ore size). One in I of filtrate from 2 in I of culture \\ as incubated \\. itit intact cells from one
in I of culture of tl, e It artner I, -form

TABI. E 5. N0 171diicii'on of doubb, drug-, es, '$1u?11 PI'oduc/s 631 enrich"!e?it culli, ,e of Ps-L(Spyi') and
EC-L( Tc, ') sepal'oldj, I, eo/ed rel'Ih PEG

intact cells

Filtrate"

Intact cells

Filtrate"

PEG

+

Intact cells

SM+TC

2.5 x 103

(1/1.6 XIO')
8.3

(115.9 XIO")
o

(<117.3 xiO')
0.7

(1/30 XIO')

No. of colonies" (ratio") in medium
supplemented with

SM NoneTC

2.1x10' 2.3x10' 4.1xlO'

4.3x10' 4.0x10' 4.9xlO'

6.1xi09 73 x log

1.9x10' 2.1xiO"

Exp
No

+

Composition of reaction mixture

P*-L(Sin') E. -L(Tc, )

Intact cells Intact cells

Intact cells

A

+

D

I,

it, " See legend to Table 2

' Ps-L(Sin') and EC-L(Tc') \\. as each treated with PEG. The PEG drained off as coinpletel\. as possible,
and tile I>reparation \\, ere mixed for enrichment culture

P^-L(Sin, ) and EQL(To') wer, .^pus, d to sented Tables 4 and 5. As shown in Table 4,
PEG (E, *per^jin. nt A), but negligibly ^mall with a combination of a filtrate of EC-L(Tc, )
nunThers of doubly, drug-resistant colonies and intact Ps-L(Sinr) cells (Experiment I)
\\, ere recovered from mixtures of the intact L- or a filtrate of Ps-L(Sin') and intact EC-L
fo, in of PSL(Sin') and usin, tit ^I".. k, d EQ (T. ') colts (E, ,perlm, nt 1<), th. frequ. n. y of
L(Tc') cells (Experiment H), and Dice Denn doubly drug-resistant colony development
(Experiment I) was as low as on spontaneous mutation, and

Involvement of phage transduction: The was far less than that in Experiment A, \\, here
possibility that bacteriophages induced by a mixture of intact cells of Ps-LSin') and EC-
PEG transfer the drug-resistant genes in the L(Tc") was submitted to PEG treatment
development of doubly drug-resistant pro- Another experiment was done with an en-
ducts was excluded by the experiments pre- richment culture of a mixture of Ps-L(Sin')

intact cells

PEG-treated
cells"

2.3

o

PEG-treated
cells"

PEG

+

No. of colonies" (ratio") in medium
supplemented with

SM TC

6.0xi0' 7.8xi09

4.0x10' 4.7xiO'

5.1x10' 3.4xlO'

SM+ TC

3. 0 xioa

(113.1 xiO, )
7.3

,119.2 XIO")
03

(1/28 XIO, ,)
(+)"

None

92 X 10n

6.7 XI09

8.3 X 100

KURDNo, A'I. at al. Cell 1,131'011 beltuee, I L-/o1'11is of P. deri, g, '?, DSU d, Id E. coh 107



TABLE 6. Effect of temperatt, ?. e of PEG treat-
merit of a mixtu, .e of Ps-L(Sin, ) and EC-L( Tc, )
o" the emergence of jusz'on products doubly
7.8sz'sinnt to SM and TC

Exp
No

PEG

11

Temper-
atu"e (C)

+

111 I

No. of colonies" (ration)
In medium supple-

merited with

37

2

+

IV I

SM+TC

2.7 XIoa
(113.2 XIO')

8.7

(111 .I XIO')
2. 0 XIOs

(114.3 xiO")
2.1 xioa

(113.6 XIO")
7.0

(111.1xiO')
5.7

(115.4xlO')

37

+

on PEG-induced cell fusion of SMTOOOR-L

(Sin') and EMIOR-L(Em', reststant to ery-
thromycin) substrains of S. am'elfs L-forms,
strain Ei\{T-I, no doubly drug-resistant fu-
SIon products (recombinants) were obtained
unless enrichment culture was done after

PEG treatment. In contrast, the combina-
ti. n hatw. "n P^-L(Sin, ) and EQL(To') pro-
duced fusion products doubly resistant to SM
and TC at as high a rate as 118.4x103 without
enrichment culture after PEG treatment

(Table 7, Experiment Ao). This rate was
inu. h higher than that (112.6 x 10') .himned
when post PEG-treatment enrichment culture
un^ d, ne f. " 18 h (T"b1.7, E, ,padm*nt A).

4. 01he, ' chaincte, '1stICs of dollbb, drz, g-,'eszst"?it
Ills, '0" pi-odwcts

Finally we analyzed the characteristics of
th, fusi. n p". dusts of P^-L(Sin") and EQL
(Tc, ) other than resistance to Ski and TC
In all273 colonies of fusion products on assay
medium containing SM and TC were picked
up at random, and inocu!ated into liquid basal
madium an PPI. mont. d with SM (1,000 Agl
inI) and TC (25 Aglm1) (41 001. nits did n, t
grow at this step and were lost). Portions of
05 in I of the growing cultures were assayed
for resistance to kanamycin and for sucrose
utilization (Table 8). The percentage of fu-
SIon products with characteristics of the Ps-L
type (sucrose utilization and Kit{ resistance)
of total doubly drug-resistant fusion products
was 6.5%, while that of the fusion products
of EC-L type (no sucrose utilization and no
resistance to KM) was 14.2%. The percentage
of fusion products that did not utilize sucrose
and was resistant to 1<M, i. e. an intermediate
type, was 79.3%. The opposite intermediate
type that utilized sucrose and was sensitive to
KM was not detected.

2

o

u, " See legend of Table 2 for details.

and E. -L(To'), which had b, ,n ^eparat, Iy
treated with PEG under the standard experi-
mental conditions and then separated from
PEG as completely as possible. As shown in
Table 5 (Experiment L), essentially no pro-
ducts resistant to both SM and TC were ob-
tamed.

Table 6 shows that the frequency of Giner-
gence of fusion products doubly resistant to
SM and TC on PEG treatm, nt of P^-L(Sin, )
and EC-L(Tc') was temperature-independent
This finding seems consistent with a report
of G, bo" and Hatchki^^ (1979) that th^ fre-
quency of emergence of protoplast fusion pro-
ducts between different strains of Baci/his

subt, '/^\ is independent of the temperature of
PEG treatment. The finding also suggests
that the conjugation mechanism was not In-
volved appreciably in the emergence of doubly
drug-resistant products in the present experi-
merit, since the conjugation process of bac-
tena is in general temperature-dependent.

3. NO I'eq",','e, ,lent of err, 'ich"lent cult"I'e 101'
It o1,110?I off, siOn PIOdwcts

In our previous study (Hirachi at a1. , 1980)

o

None

8.7 XIO'

o

9.3 XI09

o

8.6 x log

7.6 XIO'

7.8 XI09

3 .I x 109

108 BIKEN JOURNAL V01.26 No. 3 1983

DISCUSSION

Transformation, transduction and conjuga-
tion are known to be mechanisms of genetic
transfer in bacteria, Including E. coli and P.



TABLE 7. Effect of e",. ich"lent cultm. e after PEG neat"!e"t o71 the 17'eqi, e"cj, of eme, 'gence of
dollb/11 d, 11g-I es, 'sinn! 11,310?I products of Ps-L(Sin') and EC-L( 7t')

Exp
Nio

Duration
of

enrichment
h

oAo

Bo

Composition of reactton mixture

P*-L(Sin') E. -L(Tc')
in I in I

Co

Do

A

B

C

2

o

18

D

", b See legend of Table 2 for. details

TABLE 8. Characteristics offusion products of
Ps-L(S?nr) rind EC-L( Tc") o1he?. than reststn?11
SM and 7'C

I

PEG

o

2

2

+

No. of coloniesit (ratio') in medium
supplemented witl\

TCSM+TC

8.7 XIO.

(118.3 XiO')
o

(<117.6 xiO")
o

(<116.1 XIO")
2.3

(1/29 xiO, )
2.5 XIoa

(1/26 xiO")
o

(<113.9 XIO')
0.7

(117.4xlO')
9.3

(114.6 XIO")

+

o

o

+

2

SM

+

+

85
C'~

coE
=

Total

e

4.9 XIoo

6.5 x IOC

o

6.9 XIoc

5.5 x 10'

3.1 x 109

1.3

2. 0 x log

Resistance" to 1<M

+

+

+

it My coplasma broth base supplemented with 4.5%
NaCl, I% sucrose and phenol red used
+ Growth and acid production were examined

after 2 davs' culture.
Growth, but acid production was detected
during 5 days' incubation

" Liquid basal medium supplemented with 4.5%
NaC1, 1<M (80 I, glm1), 0.8% glu. OS" and phenol
red \\. as used

+ Growth and acid production after 2 days'
culture

Neither grow. th nor acid production was de-
tected during 5 days' Incubation

Values are numbers of colonies sho^. ing KM resist-
ance and sucrose utilization. \Iaiues in parenthese
are percentages of total colonies

5. 0 X 106

o

7.3 x IOC

7.6 XIO"

5.6xi0, 6.1xiO"

7.1x10" 9.0xiO"

5.7x109 6.6x109

3.9 xi09

4.9x109 5.2xiO,

2.3x10' 4.3xiou

15

(65)

184

(793)

199

(858)

None

o

(00)

33

(142)

33

(142)

- - Total

den, ginosn. However, the present study de-
monstrated that the emergence of fusion pro-
ducts doubly resistant to SM and TC from a
mixture of Ps-L(Sin") and EC-L(Tc") was not
due to any of the above mechanisms. This
conclusion is based on the following findings :
I. The requirement of PEG treatment for
formation of fusion products (Table 2). 2
Exclusion of the possibility that the mutation
rate \\, as increased by PEG tieatment of Ps-
L(Sin, ) or EQL(T. ,) (T"b1, 2). 3. E^. Iu-
SIon of the participation of DNA capable of
transformation (Table 2, 3). 4. The impro-
bability of involvement of either induction or
maturation of transducing phage on PEG
treatment (Table 4,5). 5. The independence
of induction of the fusion products on the
temperature of PEG treatment (Table 6). 6.
The absence of requirement for the enrich-
mant .ulture (T, b1,7).

The findings that enrichment culture after
PEG treatment was not needed to obtain

doubly drug-resistant fusion products by
PEG-induced cell fusion of Ps-L(Sin, ) and
EC-L(Tc') in contrast to our previous experi-

15

(65)
217

(935)

232

(100)

o

KURONo, Nl. at al. Cell I'm'o71 bettuee, I L-107,113 of P. deri, g, }, OSn rind E. coli 109



ence with a combination of SM1000R-L

(Sin, ) and EMIOR-L(Em') rubst", jus of S.
awl. errs L-forms (strain EMT-I), indicates that
the development of double drug-resistance
observed in this study does not need a period
of phenotypic expression, and consequently is
not due to other genetic transfer mechanisms.
it is well known that recombinants produced
by transformation, transduction and conjuga-
tion need a period of phenotypic expression.
In this connection, it shoud be maintained
that the drug-resistances of Ps-L(Sin') and
EC-L(Tc') used in the present study were
Inherent properties of the respective strains,
while the drug-resistance of the substrains of
S. owl'errs described above was induced by
selection in our laboratory. Therefore, It
seems likely that the drug resistance of the
substrains of S. awltiis L-form is due to al-

terations of ribosomes, whereas the resistances
of P^-L(Sin") and EQL(To') ar, cous. d by
drug modifying enzymes. The difference in
requirment of enrichment culture in the pre-
sent and previous studies might reflect the
above differences in mechanisms by which the
L-form strains tested showed drug resistance.
The decrease in frequency of doubly drug-
resistant fusion product development after
enrichment culture for 18 h compared with
that obtained immediately after PEG treat-
merit might be due to either a longer genera-

tion time of resulting fusion products than
that of parental L-form, or 10\\, er stability, of
the genetic traits, due to, for example forma-
tion of complementary, and non-coinplemen-
try dipl, Id^ (H. chki^^ and G^bor, 1980)
it w, ^ ^h. wn (T, b1, 8) that th. ugh P^-L
(Sin') exhibited resistance to Kit" as well as
SM, 14.2% (331232) of th. fusi. n p". dust^
resistant to SM (and TC) were sensitive to
KM. This finding indicates that KM resis-
tone, of P^-L(Sin, ) i^ di^^.. ichl. from SAT
resistance, and suggests that with Ps-L(Sin, '),
the mechanism of KM resistance may be dif-
forent from that of SM resistance. It may, be
added here in this connection that there are
two mechanisms of KitJl and SM resistance:

I. Mutation al alterations of either 50s or 30s

ribosomal subunits with KM, and those of 30s
subunit with SA, I result in reduced affinity for
the drugs, and consequently insensitivity of
polypeptide synthesizing ability to the drugs
(Choi, Nishimura and Tanaka, 1980) and 2.
formation of drug modifying enzymes (Young
at a1. , 1980).

it is unknown why the rate of development
of one intermediate cell that did nottype
utilize sucrose was resistant to KM was

,^trem. Iy high (79.3 %), but that of th,
opposite intermediate type that utilized sucrose
and was sensitive to 1<M was not detected.
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