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termm L-11 enzyme. Treatment of cells in the early or inId stage of the stationary
phase witlT enzyme in 0.01 M potassium phosphate buffer (pH 7.2) containing 0.75 M
sucrose at 37 C for two hr resulted in reproducible formation of stable protoplasts. A
cytoplasmic membrane fraction virtually uricontaminated \\ith cell \\, all peptidoglycan
was isolated by rupture of the protoplasts and digestion of the resulting ghosts with
nucleases. The membranes were " solubilized " by sonication in alkaline solution,
and their antigens were analyzed and compared \\, ith those of dialyzed Iyzates of the
cell wall and the cytoplasmic fraction by the jinmunodiffusion (Ouchterlony) method
The " solubilized " membranes gave four or five precipitation lines on reaction with
rabbit antiserum prepared against 209P whole cells. The line closest to the antigen
well seemed to represent a nonimmunological reaction since lines fusing with this' line
were given by many preimmune rabbit sera as well as antisera against bacteria other
than S. aw, .errs. The second precipitation line from the antiserum well was found to
be due to ribitol telchoic acid attached onto the membranes from the cell \\, all Iyzates
The remaining two or three precipitation lines were tentatively assumed to be due
to specific antigens of the cytoplasmic membranes, though the one nearest to the
antiserum well fused with one of the precipitation lines produced by the cytoplasmic
fraction. The possibility that membrane antigens \\, ith a protein nature were
destroyed during formation of protoplasts by protease(s) presentin the L-11 enzyme
preparation and so were lost from the membrane preparation used in this study \\, as
discussed.
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INTRODUCTION

Tomcsik and Guex-HDlzer (1954) first pre-
sented evidence that the cytoplasmic me in-
branes of bacterial cells contain antigens
distinguish able from those in other parts of the
cells. They demonstrated with Bacillus mega-
terz'Min, strain M, that rabbit antiserum prepared
against the free protoplasts agglutinated pro-
toplasts in moderate dilutions, but did not
agglutinate the cell wall suspension, while
antiserum against the cell walls behaved in the
reverse way. In a subsequent study (Tomcsik
and Guex-Holzer-quoted by Tomcsik, 1956)
using the agglutination and complement fixa-
tion tests they showed that isolated and washed
cytoplasmic membranes behaved like whole
protoplasts serologically. The findings of
Tomcsik and Cuex-Holzer were confirmed and

,xtend, d by Vanne^ and Gerhardt (1956) wh.
compared the cells, protoplasts, cell walls and
cytoplasmic membranes of B. Ineg@tentm,
strain KM, jinmunologically using the tube
agglutination test, complement fixation test
and cross-absorption method. The particle
fraction originating from the cytoplasmic
membranes was also found to contain a specific
antigen(s) through studies on the jinmuno-
logical properties of the cell wall-, particle-,
and soluble cytoplasmic-fractions isolated from
BCG cells after sonic disruption (Kotani at al. ,
1960).

On the other hand, Zabriskie and Freimer
(1966) described a serological cross reaction
between group A streptococcal cytoplasmic
membranes and human cardiac myofibers as
well as smooth muscle of vessel walls, and
suggested that this cross reaction was related
to the pathogenesis of rheumatic fever. Fur-
ther Rapaport, Chase and Solowey (1966)
showed that the cytoplasmic membrane coin-
ponents of group A streptococci could induce
skin allograft sensitivity un mice and other
nTammals, and that Slaphy!ococcMs a"yews and
Staphylococcus epz'dermidts, but not other
gram-positive or gram-negative bacteria, also
had this activity. On the other hand, White-

^id. and Salton (1970) rep. rt, d ^ netsil, d
investigation on the antigenic nature of Ca2'-
activated adenosine triphosphatase isolated and
purified from the membranes of Mz'crococcus
!ysodez'All'CMs. Analysis of the antigens in
bacterial cytoplasmic membranes seems to be
an attractive subject for both medical and
general microbiological studies.

Preparation of cytoplasmic membranes in a
sufficiently pure and intact state is a prereq-
uisite for successful analysis of their antigens.
This is most satisfactorily achieved using
appropriate Iytic enzymes against the cell walls
of the bacteria in question, though it is possible
to isolate a fraction with the chemical and

serological properties of cytoplasmic mein-
branes from cells after mechanical disintegra-
tion. The present report Is on the production
of protoplasts of S. a"yews FDA 209P using
Flat^o6acterz'run L-11 enzyme, the isolation of
cytoplasmic membranes and analysis of their

A short communication on forma-antigens.
tion of " protoplasts " of S. awle"s (strain
Newman I) with the L-11 enzyme has already
been presented (Kato at a1. , 1960).

MATERIALS AND METHODS

I . Organi57n and growt/, CONditi0,13

Protoplasts were prepared from S. allyei, s FDA
maintained on slants209P. This organism was

of nutrient phosphate broth (Nissui Seiyaku Co. ,
Tokyo) solidified with 1.2% agar. An L-shaped
test tube containing 5 in I of nutrient phosphate broth
supplemented with 0.5% glucose wasinoculated with
one loopful of an 18 hr slant culture and incubated
at 37 C on a reciprocal shaker DSCillating at 100
strokes iruin at an amplitude of 7 cm. Volumes of
I in I of a 5 to 6 hr broth culture were in DCulated into

long-necked, fiat-bottom, round Basks (650 inI
volume) containing 100 in I of the above liquid
medium. Growth of the test organisms was

followed turbidmetrically at 550 in A with a Shima-
dzu-Baush & Loinb Spectronic 20 colonmeter
(Shimadzu Seisakusho Ltd. , Kyoto). After ap-
propriate periods of incubation, the organisms were
harvested by centrifugation at 3,000xg for 10 min,
and washed with deionized water. Harvesting and

12 BIKEN JOURNAL V01. 14 No. I 1971



washing were carried out in the cold to minimize

possible autolysis of the cells. Protoplasts \\ere
prepared from \\. ashed cells within a fe\\, hours of

harvesting

2. Stap/, y/o1yt, 'c e, 13y, ,Ie PI chardti'oil

A crude enz}. me preparation (lot 32) produced in
the Fuji pilot plant (i\lishima, Shizuoka) of the
Kyowa Fermentation Industfj, (Tokyo) \\. as par-
tially purified as follows. Five g of the crude enzyme

dissolved in 200 inI of 0.01 xi\\, ere potassium

phosphate buffer, pH 8.0, and the solution was
filtered through sufficient CM-cellulose (SER\IA
Entiwicklungslabor, \\rest Germany) equilibrated
with the above buffer on a sintered glass filter. The
cellulose was eluted with 0.2 xi potassium phosphate
buffer, pH 8.0, and fractions (50 inI each) of the al-
most colorless effluent were collected. Ajiquots (10
111) of the fractions \\. ere assayed for staphylolytic
activity by incubating them with whole cells of S
o1fret, $, strain Copenhagen, in 2.4 in I of 0.01 M
potassium phosphate buffer, pH 8.0 at 37 C for one
hr. The final concentration of cells \\, as 0.25 ing
dry weight!inI. Active fractions were pooled and
thoroughly dialyzed against deionized \\, ater. The
Iytic activity of a partially purified enzyme solution
(420 inI) thus obtained was assayed on cell walls and
whole cells of S. @14, elfs (straiiT Copenhagen)in 0.01 M
potassium phosphate buffers, pH 7.2 or 80. One
unit of Iytic activity Is defined as previously described
(Suginaka er a1. , 1967). The partially purified enzyme
preparation had activities of 100 and 1,200 unitsjml
with cell walls and whole cells respectively, at
pH 8.0. At pH 7.2, the activity \\, ith cell \\alls was
only 331ytic units!in I

ribitol polymer. An authentic specimen of protein
A \\, as generously gi\, en by Dr. A. Forsgren, the
wallenberg Laborator}., University of Uppsala,
Uppsala, S\\'eden

4. Che, ,,, cal a, ,o4^ses

Total itexosamines, total phosphorus and protein
were determined by the methods of Ghuysen,
Tipp"" "rid St"ominger (1966), L. wry at a1. (1954)
and Lowry, at a1. (1951), respecti\, ely D-amino

acids were measured following the procedures
described by Ghuysen, Tipper and Strominger
(1966) using D-amino acid oxidase prepared by the
method of Massey, Palmer and Bennet (1961)
Amino acid and amino sugar analyses \\, ere performed
on specimens hydrolyzed with 6 N HCl at 100 C for
14 hr, using a Hitachi KLA-3B Amino Acid Analyzer
(Hitachi Ltd. , Tokyo). Ultraviolet absorption
measurements \\. ere made in a Hitachi Recording,
Model EPS-3T, Spectrophotometer with a 10 mm
light path

3. Spec, ',"e, 13 of tel'cho, 'c ac, 'd und prote, ',, A
A purified preparation of ribitol telchoic acid \\, as

lsolated from the cell \\, alls of S. din elfs (strain
Copenhagen) b\. extraction with cold 596 trichlo-
To acetic acid, treatment of the crude material \\. ith

tl\e L-11 enzyme to remove the attached peptido-
glycan, and fraction ation of the enzymatic digests
by gel filtration. Details of the procedure were
described previously (Murayama, Kotani and Kato,
1968). Cell \\. alls of strain Copenhagen \\, ere used
as a source for Isolation of the reference ribitol

teichoic acid specimen, since Torii, Kabat and
Bezer (1964) showed that the cell walls of tl, is strain

contained botlt an a-linked N-acetylglucosaminyl-
ribitol poll, mer and a ,3-linked N-acetylglucosaminyl-

S. Prep@7,110, , of rubhit a, !tise, @

Cells of S. mrre"s FDA 209P grown overnight as
already described were \\, ashed thoroughly with
deionized \\, ater and Iyophilized. Five ing of Iy-
ophilized cells were suspended in 1.2 inI of deionized
water, and heated at 60 C for one hr. The suspen-
SIon was mixed with 0.4 in I each of solutions of peni-
ciljin G (20,000 unitsjml) and streptomycin hydro-
chloride (250 inglml), and vigorously homogenized
with an incomplete Freund's adjuvant consisting of
4 in I of Dral<Gol (Pennsylvania Oil Co. , Penn. ,
USA) and 2 inI of Arlacel A (Atlas Powder Co. ,
Ind. , USA). One in I portions of the resulting
jinmunizing antigen were injected Into the footpads
(0.25 in lipad) of adult rabbits weighing about 3 kg,
3- or 4-times at \\, eekly intervals. The rabbits re-
ceived one Intravenous booster iruection of 2 in I of a
heat-killed cell suspension (2 ing dry, \\, eightlml)
on day, 21 or 28. One \\, eel< after the last injection,
the animals were exsanguinated. The immune serum
specimens obtained were mixed \\, ith sodium azide

at a final concentration of 0.196 and stored at 4 C.
A similar immunization schedule was adopted to

obtain rabbit antisera against S. ep!'den, lid^^ (ATCC
155), M!'CJDcocci, s Iysodei'Allt!is (NCTC 2665),
Goff/ey" tendgei, a (ATCC 15292) and Salc, ', I@
Iwte@ (IF0 3232). Rabbit antiserum specimens
against Group A Stieptococciis pyoge, res (type 12,
strain S. F. 42) and Group A-variant S. pyoge, ,es

HiRACHi, Y. at al. Cytop!as"11'c "re, ,, 61n"es of Staphylococcus aru'ears 13



(type I, K43 \, ar. ) \\. ere supplied by Drs. S. Hamada
and T. Narita of this laboratory and prepared by
repeated intravenous InJections of heat-1</11ed ' cells
according to the schedule for anti-C carbohydrate
antibody production

6. 1,111", 1110djffi, 3,011
A micromodification of the two dimensional,

double diffusion technique of Kabat and Mayer
(1961) was performed in agar gel. About 7 inI
portions of 1.0-1.2% agar (Difco Special Agar Noble.
Difco Laboratories, NIIch. , USA) in 0.01 M
potassium phosphate buffer (pH 7.2 to 7.5) con-
taining 0.01 96 i\letzonin (thimerosal, Tai<eda
Chemical Industries, Osaka) \\, ere poured onto a
glass plate (47 I 47 mm) and allowed to solidify as a
layer of about 3 mm thickness. \\:ells for antigens
and antisera were cut out as Illustrated in the ac-

companying figures. Some of the antigens used
diffused very rapidly Into the agar gel, so antiserum
was allo\\ ed to diffuse from its well overnight before
addition of antigens. Plates \\. ere placed in an air-
tight chamber witlT moistened filter paper and kept at

at 37 C. Plates were fre-room temperature or

quently examined for several days for precipitin
lines

the staphylolytic enzymes was first demonst-
rated in our laboratory on strain Newman I
using th. L-11 conym. (Kato at a1. , 1960).
However, the osmotically fragile spherical
bodies produced \\, ere not examined to see if
they were completely devoid of cell \\, all
materials. Moreover, subsequent studies
showed that the successful production of
protoplasts depends on various- experimental
conditions. Therefore, the influences of the
concentration of sucrose, as stabilizer, the age
of the test organisms, the pH of the reaction
system and the duration of incubation upon
the production of stable protoplasts \\, ere
analyzed to determine the optimum conditions
for protoplast production.

Reaction mixtures (3.2 inI) consisted of
08 inI of cell suspensions (optical density at
550 inn, O0550, 2.0 to 2.4) of various ages,
0.4 inI of 008 M potassium phosphate buffers
of various pH values, 1.6 inI of sucrose solutions
of different concentrations, 0.1 inI of L-11

1200 whole cellsolution containingenzyme

Iytic unitsjml (at pH 8.0) and 0.3 inI of deion-
ized \\, ater. The reaction nTixtures (system
ES) were incubated at 37 C for various lengths
of time \\, ith three control systems : one \\, ith-
out sucrose (system E), one \\, ithout enzyme
(system S) and the third without either sucrose
or enzyme (system N) (see Table I). To see
whether stable protoplasts were produced, the
change of O05,0 in the reaction mixture,
release of material \\. Ith maximum absorption

7. Microscopy

An ajiquot of tlTe reaction mixture for protoplast
production was centrifuged at 11,000xg for 30 min
The precipitate \\. as resuspended in an appropriate
amount of 0.75 \I sucrose containing 10% (vjv)
formalin and the suspension was kept at room tern-
perature for a few days. The fixed " cells " were
thoroughly rinsed \\. itIT deionized \\, ater and used for
optical or electron microscopy. For the latter PUT-
pose, the " cells " \\. ere mounted on a formval film
made on a wire ritesh and shadowed \\. ith platinuml
pailadiiim and carbon (Oken Shoji Co. , Tokyo) at an
angle of 15 degrees to the plane of tl, e film. The
shadowed specimens \\, ere examined with a Japan
Electron Optics Laboratory electron microscope,
Model IE}. I-7. The cytoplasmic membrane frac-
tion was examined witlt the electron microscope in a

similar way but \\ithout formalin fixation

,

RESULTS

I. Optz', rin/ conditions for prodwctio" of pro-
top/asts "sing the L- 77 errsyme

Production of protoplasts of S. a"yews with

14 BIKEN JOURNAL V01.14 No. I 1971

TABLE I. Compost'tab" of the test a"d COM1i'o1
reactao" maxtures

Cell suspension, ODsso
2.0-2.4

L-11 enzyme, 1200 \\'hole
cell Iytic unitsjml

Sucrose, 0.5-2.0 M

0.08 M potassium
phosphate buffer,
pH 6.5-80

Deionized water

Ingredient ES
V. Iume (in I)

SE

0.8

0.1

0.8

1.6

0.1

0.8

0.4 0.4

N

0.3

0.8

1.6

1.9

0.4

0.4

0.4

2.0



at 260 in/4 (referred to as the UV-absorbing
materials hereafter) into the supernatant fluid,
susceptibility of the " cells " to osmotic shock,
and in orphological changes revealed by gram
stain in the test and control reaction systems
were followed.

Sucrose concentration : Cells in the middle

of the stationary phase (16 hr old culture) \\, ere
incubated with the L-11 enzyme at pH 7.2 in
the absence and presence of various concen-
trations of sucrose, and the reduction in optical
density of the reaction mixture and release of
UV-absorbing materials from the " cells "
were determined. In this and the following
experiments, ultraviolet absorption measure-
merits were performed on the supernatant
fluids obtained by centrifugation of the
reaction mixtures at 12,000 xg for 30 min.
The results in Fig. I show. that the presence of
sucrose at a final concentration of 0.75 to 1.0 M
in the reaction mixture stabilizes the " cells "

or protoplasts produced
Age of test organisms : Protoplast forma-

tion from cells in the early, in Id and late stages
of logarithmic growtlT and the early, inId and
late stages of the stationary phase \\. ere exam-

ined at pH 7.2 and in the presence of 0.75 xi
Fig. 2 shows that cells harvested insucrose.

the early or inid stage of the stationary phase
(8hr or 16hr old culture) gave the most
satisfactory results. The suspension of cells
in the late stationary phase showed progres-
sive reduction in optical density on incubation
for 2 hr, and cells in the logarithmic phase
released a considerable amount of UV-absorb-

ing materials during incubation, although
reduction in OD--, of their suspensions did
not exceed 60% of the initial value.

ph of the reaction mixture : The in-

fluence of the pH of the reaction mixture on the
production of stable protoplasts from cells in
the early part of the stationary phase in the
presence of o. 75 M sucrose is shown in Fig. 3.
\\Ihen the osmotic fragility of " cells " obtain-
,d by contrifugati. n (at 12,000 xg for 30 min)
of the reaction Inixtures were examined by
resuspending them in their original volume
of deionized water, bursting of " cells " was
incomplete at pH values below 7.0, presumably
owing to irisuHicient degradation of ccll wall
peptidoglycan. At pH values above 7.5, on
the other hand, there was considerable libe-

..--.

C.
L.
tv

I. 2

.
o

1.0

V,

= 0.8
a,

"

co 0.6
.:

,.

o
co
^
co

>.
^

0.4

0.21

I
*/<,

I ES

.

co
v,
"
co

co

IZ

02 04 0.6 08

Sucrose concentration ( M)

FIGCRE I. Effect of swci'OSe colice, !trail'o11 171 the
,'eoctio, , MIXI, ,re in plotectio, I of pi otop/asts 1107"
OSMOt, c Iysi's

Test Diga, !I'S, ,is: cells in the ?, lid stot!'oilory phase
pH of the reactJ'o11 MIXIi, ,e 7.2

ES-S: the differe, ices bettcee, ! ES o11d S

. ,-~

o
o

o

ES - S

a,

=.

40 ~"^- ^-.

0.8

o
.

3. . g
., ,

60 <5 .

a06
I.
o

80 18

us\

=.
' r.

"
,.

it,

1.0

=04

.

an
^

,,

o
,"
.,.
~

. 0.2
,

,~*
ES

,,
U.
"
a.

,,

Or

Age of culture (hr)

FIGURE 2. Effect of age of CMlt"re on protoplast

o

o

HiRACHi, Y. at al. Cytoplasmic 711embro"es of Staphylococcus allyews

PI Od"Ct!'071
Sucrose conce"trott'on: 0.75 M

pH of the lentti'on mitt"re: 7.2
ES-S: the diffe, e"ces betttiee, , BS and S

20 e

ES -S

2

,,

E

40I; I

4

=?

8

,
^^

60 s .
e=

o

16

:=

=~

32 64

80 ; *

,,.

.^

roc
co

.

15



E 16

2.0

o ~~

14

12

10

3; a; 0 8

LIE 06
or

04

02

'O

>.
Do

X

+

Xx*

.- co

I I

11E
I I
I I

it

7570

pH o1 reaction mixture

FIGURE 3. Effect of pH of reacti0, , 71n'rillre o11
protoplast trod, ICti'o71

Test Dry@,, isms: cells ill the early st@tio"ary phose
S"crO3e collce, itICti'o71: 0.75 M

I I

X O. ~
A

20 ,

65

N
I ES

the UV-absorbing materials and extent of
osmotic bursting were examined at intervals
during incubation for 6 hr. Fig. 4 shows that
the O0550 of the test reaction mixture (system
ES) decreased rapidly at first and then showed
no further decrease during further incubation,
while there was significant release of UV-
absorbing materials on incubation for 2 hr or
longer. An appreciable liberation of UV-
absorbing materials was also noticed in the
control systems (N and S) containing no en-
zyme on prolonged incubation. The develop-
merit of osmotic sensitivity of the " cells " in
system ES was complete after a two hr in-
cubation as indicated by complete bursting.

2. Preparotz'o71 of protoplasts under sta"dayd
experi?mental condztz'ons

A portion of colts (3.4 g d"y neight) of FDA
209P from an 8 hr old culture was washed with

cold deionized water, and suspended horno-
geneously in 100 inI of deionized water to give
an OD-., of about 44. The cell suspension
was poured into a solution, prewarmed to 37 C,
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ration of UV-absorbing materials from the
" cells ", and the " cells " were osmotically
fragile even in the presence of 0.75 M sucrose.
Thus, the optimum pH of the reaction mixture
was 7.2, although the activity of the L~11
enzyme was not maximal at this pH.

Length of reaction period : Cells in the
early stationary phase were incubated with the
L-11 enzyme in the presence of 0.75M sucrose
at pH 7.2. The OD - reduction, liberation of
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consisting of 250 inI of L-11 enzyme solution
containing 300,000 whole cell Iytic units, (at
pH 80) 400 inI of 1.5 M sucrose and 50 inI of
0.16 M potassium phosphate buffer, pH 7.2.
This reaction mixture (system ES) was incu-
bated at 37 C with continuous and gentle
mixing with a magnetic stirrer. Controls
(systems E, S and N, 9.6 in I each) without
sucrose, enzyme or both were also set up and
incubated similarly.

At intervals, aliquots (250 111) were with-
drawn and diluted 10-times with 0.75 M

sucrose (systems ES and S) or deionized water
(systems N and E) to follow changes in the
O0550 (Fig. 5). In the absence of sucrose
(system E), the cell suspension underwent a
rapid and almost complete loss of turbidity
due to the action of the L-11 enzyme, while in
the presence of sucrose (system ES) there was
only an initial reduction in the turbidity (about
25', of the starting value) in the first 15 min,
and then the O0550 of the reaction mixture
tended to increase rather than decrease.

Microscopic observations on specimens with-
drawn at intervals, fixed with formalin in

0.75 M sucrose and stained with gram-stain
revealed that control cells with intact cell

walls (from systems N and S) occurred in
packet or clusters as gram-positive spheres,
while " cells "incubated with the L-11 enzyme
in the presence of 0.75 M sucrose (from
system ES) were present as scattered, single
gram-negative spherical bodies (Fig. 6). After
incubation for 2 hr, an aliquot of system ES
was centrifuged at 25,000 xg for 30 min. The
pellet was fixed and examined electron-ini-
croscopically. The photomicrograph in Fig. 7
shows, electron-dense, highly shrunken spheres
representing protoplasts and membraneous
structures presumably produced by bursting
of protoplasts during fixation.

Another aliquot of the test reaction mixture
(system ES) was centrifuged at 25,000 xg for
30 min, and the " cell " pellet was washed
once with 0.75 M sucrose. When the pellet
was then resuspended in the original volume of
0005 M magnesium sulfate solution, the
,,

cells ' were Iyzed almost instantaneously.
The ultraviolet absorption spectra of the
supernatant fluid of system ES, the sus-

,, 99

4, ,. .$:^
. ,,*,

,

FIGURE 6 Photonaic, og, @PAS of g, ","-st@i, red pe"ets fro, ,, system S (A) a, ,d cyste", ES (B)
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FIGURE 7. Electron in, c, og, @ph of the deposit from
system ES, fixed with 70'0 formalin in 0.75 M sucrose.
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pension of burst " cells " and the supematant
fluid of the burst " cell " suspension (ob-
tained by centrifugation at 25,000 xg for 30
min) and the supernatant fluids from control
reaction mixtures (systems \I, E and S) were
compared. Fig. 8 shows that there were no
significant differences between the ultraviolet
absorption spectra in the range of 240 inn to
290 in, t, of the super natant fluids from systems
ES, S and \. Thus there was no appreciable
Iysis of " cells " during dissolution of their cell
walls by the L-11 enzyme in the presence of
0.75 M sucrose. A large quantity of UV-
absorbing materials was liberated when the
" cells " deposited from the system ES were
suspended in dilute magnesium sulfate solution.
The intensity of absorption at 260 inn shown
by suspension of burst " cells " was similar to
that of the supematant fluid from system E
containing enzyme but no stabilizer. Thus
the " cells " from system ES were completely
osmotically fragile. A considerable amount
of UV-absorbing materials in the suspension
of burst " cells " was deposited together with
the ghosts o1T centrifugation at 25,000 xg for
30 min.

3. 1301at, '0" of cytoplasmz'c membranes from
burst " cells "

Test reaction mixture (system ES) was
Incubated for 2 hr and then centrifuged at
25,000 xg for 30 min. The osmotically sen-
sitive " cells " (protoplasts) precipitated were
washed once with 430 in I of 0.75 M sucrose and
suspended in 770 in I of 0005 M magnesium

sulfate solution. The suspension was stirred
until the protoplasts had completely burst.
The suspension of burst protoplasts
centrifuged at 37,000 xg for 30 min and the
cytoplasmic membrane fraction deposited was
washed 3 times with 100 in I portions of 0005 M
magnesium sulfate solution. The washed
fraction was then digested at 37C for 5 hr
with 300 11g of crystalline deoxyribonuclease
(Sigm^ Chainical C, ., St. Louis, Mo. , USA)
in 100 inI of 00125 M potassium phosphate
buffer, pH 7.4, containing 000125 M inag-
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nesium sulfate. Thc digested material was
washed once with 65 in I of the same buffer

without magnesium sulfate, and treated (at
37 C for 5 hr) with 300 Ag of crystalline ribon-
uclease (Sigma) in 40 inI of the buffer. Then
the cytoplasmic membranes were collected by
centrifugation at 37,000 xg for 30 min, and
suspended in 20 inI of deionized water. The
suspension was centrifuged at 3,000 xg for
10 min to remove coarse debris. The debris
was washed twice with 20 in I ofportions
deionized water with low speed centrifugation.
The super natant and washing fluids were
combined and centrifuged at 37,000 xg for
30 min to collect purified cytoplas, inic
branes. The membranes thoroughly
washed with deionized water and Iyophilized.
An electron micrograph of this cytoplasmic
membrane fraction is shown in Fig. 9. The
supernatant fluid of the reaction mixture and
that from the burst protoplasts were dialyzed
separately at 4 C against large quantities of
deionized water. Then they were concen-
trated under reduced pressure at room tern-
perature with a rotatory evaporator, and
Iyophilized. The products were designated
as the solubilized cell wall and cytoplasmic
fractions, respectively. An outline of the
procedures for separation of the three fractions
Is presented in Fig. 10.
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Analytical data on some constituents of the
cytoplasmic membranes and the other two
fractions are given in Table 2 with the yields
of each fraction. The membrane fraction

contained negligible amounts of hexosamines
and D-amino acids, characteristic components
of cell wall peptidoglycans, indicating that no
significant amounts of cell wall peptidoglycans
remained associated with this fraction. The

amino acid and amino suger compositions of
the cytoplasmic membrane and solubilized cell

wall fractions are Table 3. Thegiven In

membrane fraction is virtually free from inu-
ramic acid and glucosamine, essential coin-
ponents of the cell wall peptidoglycan. The
amino acid content of the membrane fraction

was unexpectedly low, in view of the fact that
it is 1<nown that cytoplasmic membrane pre-
parations from various bacterial species contain
,bont 50 to 757, p". rein (Salt. n, 1967).
The significance of this finding is discussed
later. The solubilized cell wall fraction, on

TABLE 2. Contents of hexosnmz'"es, total phosphorus and D-am znO oct'ds a"d yzb/d of the cyto-
plasma'c membrane, solttbzh;zed cell 7,011 and cytoplasmz'c lyrictz'ons

Whole cells

Solubilized ccll \\. alls (dialyzed)
Cytoplasmic membranes

Cytoplasm (di"Iyzed)

Material

a in"molesling

TABLE 3. Hint'"o oct'd and am znO ruga, ' COMposz'libris of the cytoplasmt'c membrane and solttbtlt;sed
ceil toel/ lyrictt'ons

Amino acid and

amino sugar

Yield

(ing)

3,400
640

122

708

b total I'm o1cs

A1a

Lys
Gly
ASP
Lcu

Glu (+P, .)
Ser

Phe

Thi

lie

Val

ATg
MCI

His

Tyr
GlcNb

MurN'

Hexosamincs
B"A 11

260

1,225
9

14

Cytoplasmic membranes
innmolesjmg Ag/ing

28.4319

175 25.6

8.2109

100 133

93 12.2

79 11.6"

73 7.7

64 10.6

46 5.5

5.844

4.841

38 6.6

(22)(15)
(14) (22)
(13) (24)
( 9) (16)

884

784

96

D-amino acids
A B

250

375

58

40

800

240

7

28

42 Calculated as glutamic acid
Values in parenthesis are not reliable

Total P
A

Total

760

833

1,050

1,250

B

Solubilized cell \\. alls (dialyzcd)
11g/ingin/!moles/ing

347

79

80

49

31

68

59

2,640
553

128

885

b glucosamine

30.9

11.5

6.0

6.5

4.1

10. 0tt

6.2

29

(12)
(16)

148.6
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c inuramic acid

794

314

3.5

(I. 6)
(19)

(07)

142.3

78.9

304.1
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the other hand, had high contents of glucosa-
mine and inuramic acid, but contained few
amino acids except alanine. This observation
is compatible with the established fact that the

solubilized S. a"yews cellthe L-11 enzyme

walls due to the actions of inuramyl-L-alanine
amidase and D-alanyl-glycine- and glycyl-
glycine-endopeptidases (Kato and Strominger,
1968 ; Kato et a1. , 1968). Thus the peptide
portion of the cell walls was probably degraded
and lost by dialysis, while components belong-
ing to the glycan and teichoic acid portions
were retained in the non-dialyzable fraction.

4. Coinparz'son of the a"tz:gems a'" the cytoplasmic
membrane I'dctt'o73, riftd the sol"biffzed cell wall
and cytoplasm!'c17@ctz'ons

A specimen (16 ing) of the cytoplasmic
membranes isolated was suspended in I inI
of 0.01 M potassium phosphate buffer, pH 7.4
and mixed with 10 141 of 3 N sodium hydroxide.

submitted to sonic vi-The suspension was
bration in a Kubota 10 kc s sonic oscillator

(Model KMS-100, Kubota Seisal<usho Co. ,
Tokyo) for 20 min. The resulting opalescent

a small amount of" solution " containing
insoluble residue was neutralized by addition

$.-

60^'

,..

,200

B : Solubilized cell wall fraction

.

o

@-^

(200

A : Cyloplasmic me in bane fraction

(100)
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FIGURE 11 . Jinmu, ,odof usio, , reaction of @71ti-FDA
209P serum with serial tauo/old dJ7Mtio, ,s of the cyto-
PI@sinic membrane, solttbi!ized cell 2,011 and cytopl@s, "ic
17@ctio"s

Fig", es represent the weight (}Lg 40 F1) of test 17@c-
tio"s in the ontige, , wells.

A, ,ti: anti-FDA 209P ankole cell ,@66it serum

(70 1.1)

o
C : Cyloplasmic fraction



TA(I. 5)

CM(1001

@. A

of 10 ^I of 3 N hydrochloric acid and used as
an antigen for jinmunodiffusion without cen-
trifugation. The solublilized cell wall and
cytoplasmic fractions, and specimens of
teichoic acid and protein A were dissolved in
0.15 M sodium chloride solution at appropriate
concentrations for jinmunodiffusion.

Fig. 11 shows the reaction of serial two-fold
dilutions of the cytoplasmic membrane fraction,
and solubilized cell wall and cytoplasmic frac-
tions with rabbit antiserum prepared against
whole cells of FDA 209P (the highest con-
centrations used were 10, 15 and 5 ing inI,
respectively). The membrane fraction oave
one sharp and 3 broad precipitation lines.
For convenience, these lines will be referred

to as k, I, in and n in order from the antigen
well to the antiserum well. The solubilized

cell wall fraction produced one sharp and 2 or
3 broad lines, and the cytoplasmic fraction gave
3 distinct and 2 faint lines.

The relationships of the lines given by the
three test fractions with those of teichoic acid
and protein A were studied, as illustrated in
Fig. 12. The line closest to the antiserum well
given by the solubilized cell wall fraction and
the line in of the cytoplasmic membranes fused
with the precipitation line of teichoic acid. it
is evident that the cells of FDA 209P contained
protein A, since anti-FDA 209P rabbit serum
reacted with protein A, producing one distinct
and one faint precipitation line. However,
none of the test fractions produced a line
fusing with the protein A line(s).

The cross reactions between the cytoplasmic
membrane fraction and solubilized cell wall

TA .251

CM. ( 300))
,.\

^,.

,
I

100)

@.

I

^ q<^,\

,^
ITA(I' ^5)-
\,

<

FIGURE 12. Analysts by fin",""odj6't'sio" of the
a, itige"ic rel@tio"ships of the cytopl@sinic me", by@"e,
solarbilised cell 3,011 @,, d cytoplasmic I'dct, 'o713 with
teichoic acid a"d protein A.

CM: cyto?toSI",'c membrane froctio", Cry: sol-
"ball. a. ed cell '00/1/7"ctio", CP : cytopl@sin, 'c17@ctio, ,,
TA. ' teichoic @cid, FA: protei, a A, A, ,ti: a, ,tt-
FDA 209P 00hole ,,!I ,@bon s, ,mm (70 A1)

Figures in pare"thesis yep, ese"t the coefght (Ag 40 141)
of test materials 172 the ant, ken toells.
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Cw 300 ) I

@
FIGURE 13. Analys, 's by finmu"odj6'"sio, , of the
identity or 710"-Ide, ,tity of the precjpit@tin" It, ,es gi"err
by the cytoplasmic Meinbr@, re, solarhifized cell wall gild
cytoplasmic 17@ctio, ,s.

CM: cytop!@$711ic mein bra, ,ej, @ctio", Cry. ' sol"61'-
I^^ed cell ariall fraction, CP: cytoplasm, 'c 170ctio",
Anti: a, ,ti-FDA 209P whole cell robhit serum (70 1.1)

Fig, ,, es in pore"thesis represent the weight (Ag 40 1.1)
of test fractions ip, the antige, , wells

and cytoplasmic fractions are shown in Figs. 13
and 14. The precipitation pattern of the mein-
brane fraction shown in Fig. 14 was somewhat
different from those in Figs. 11 and 13. The
line k was faint, and the line I was separated
into two lines (11 and 12). Comparison of the
precipitation patterns given by each of the test
fractions and that of teichoic acid reveals that

the line in of the membrane fraction, the line
closest to the antiserum well of the solubilized

cell wall fraction and one of the lines produced
by the cytoplasmic fraction fused with the line
given by teichoic acid. The line n of the

CP(100))

I~
CM(180)
\-,

I'~

row ( 360 )
\.

^,

V

FIGURE 14. A, ,@!ysis by if"miniodof usio, I of the
Identity or non-identity of the precipit@tio, , lines gt"e"
by the cytoplasmic mein 670"e, sol"hi&zed cell wall and
cytoplasmic I'dct, 'ons, tel'CAOic acid and protein A.

CM: cytoplasmic mein by@"e fraction, Cry: solarbi-
jiged cell real1 17@ctio", CP: cytoplasmic fraction,
TA: teicho, 'c @cid, PA: protei, z A, Anti: @,, ti-
FDA 209P ankole cell rabbit se, "in (70 1.1)

F1:g. ", esi, , parenthes, 's represent the toe, ^ht (Agj40141)
of test ","te, ,'@!s i, , the @71t, ^e, , wells
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A : Precipitation lines af ter 18 hr's
reaction at room tempreature
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membrane fraction which moved rapidly in
agar gel, fused with the line closest to the
antiserum well of the cytoplasmic fraction.
The presence of an antigen related to the an-
tigens of the cytoplasm in the solubilized cell
wall fraction \\. as indicated by fusion with spur
formation of the second line from the antigen
well of the cytoplasmic fraction with the line
nearest to the antigen well of the solubilized
cell \\. alls. The line k \\, as found to have a

peculiar feature. Some batches of antigen
" solution " of the cytoplasmic membranes did
not produce this line at the concentration
examined, \\. hile another batches gave this line
on reaction not only \\, It IT hornologous anti-
FDA 209P serum, but also \\, ith preimmune
rabbit sera as \\'ell as antisera against bacteria
other than S. nilre"s. These findings indicate
that line k in^, not be the result of a true
antigen-antibody reaction

Thc sensitivities to heat and trypsin of the
antigens responsible to the precipitation lines
given by the cytoplasmic membranes were
studied. It \\ as found that the precipitation
pattern was not changed by either heating at
100 C for 10 min or by digestion \\, it IT crystal-
line t^, psin (Trypsinin, Mochida Pharmaceu-
tical Co. , To1<yo). Digestion \\, as PCrformed
by incubating a 100 yl allquot of the mein-
brane " solution " with 50 ,u. g of crystalline
trypsin in 001 M potassium phosphate buffer,
pH 7.4, for 3 hr at 37 C.

\ewinan I with Flat!o6acter!'w"! L-11 enzyme

(Kato at a1. , 1960), strain H witlT GIIalai. ops!'s
endo-A1-acetylhexosaminidase (Hash, \\'ishnick
and AJIller, 1964), strain FDA 209P \\ith
Iysostaphin (Schuhai. dt and 1<1esius, 1968,
Schuhardt, Huber and Pope, 1969 ; Huber and
Schuhardt, 1970) and strains H and 100 \\ith
a Iytic enzyme from Sirep/DMD, ces gi'I'rel{s
(\\:ard and Perkins, 1968). Ho\\ ever, the jin-
inunological properties of the surface mein-
branes of the protoplasts or spheroplasts ob-
tamed were Ilot Investigated by these \\'orkers

The antigens of the cytoplsmic rocmbrancs
of S. mileris \\ ere first studied b\, Frcimer
(1963) during extensive studies on thc jin-
inunological properties of group A strepto-
coccal cytoplasmic membranes, to clarify the
jinmunological relationship bet\\'een the mein-
branes of group A streptococci and S. in^Jews
strain :\YH 6. It was shown by jinmunodif-
fusion that trypsin extracts of S. dt17Cl!S

membranes, isolated by mechanical disruption
of the cells and differential centrifugation of the
disrupted cell suspension, gave a single pre-
cipitation line witli rabbit antiserum against
staphylococcal mein brancs, and the antigen of
S. awre!!s membranes \\ as unrelated to the

antigens present in the membranes of Group
A S. pyoge"es.

The present study, sho\\. ed that the cytoplas-
inIC mein brancs of S. alli'elfs FDA 209P

Isolated from protoplasts preparcd using the
L-11 enzyme were \, ITtually frcc from coin-
ponents of cell \\, all peptidoglycans, and
produced 4 or 5 precipitation lines on jin-
inUDOdifTusion \\, ith rabbit antiserum against
the wholc cells of the nomologous organism.
Of these precipitation lines, the line k \\ as
probably produced by a non-jinmunological
reaction between a nonantigenic component of
the membranes and normal serum protein.

A similar non-jinmunological reaction of pro-
teln A, the outermost component of S. airi'elfs
cell\\, alls, \\. Ith sera of many mammalian species
was extensively studied by Sj6quist and his
cm^0"kers (Sj6quist and Stalenheim, 1969)
and other (Nickerson et a1. , 1970). Ho\\, ever,

DISCUSSION

Mit. hall and A1. y1, (1957) first d. ^in bad th.
" protoplasts " of S. awl'ei, s and demonstrated
that \\'hen S. nili. eus strain Duncan in the

logarithmic phase of gro\^th \\, as incubated at
25 C in 1.2 xi sucrose at pH 5.8, the organisms
lost their rigid and tensile cell \\ alls by an
autolytic process and released spheres which
w'ere stable in 1.2 M sucrose but Iyzed in media
of lower osmotic pressure. Since then, pro-
toplasts or spheroplasts of S. flurews have been
produced by several Investigators using staphy-
101ytic enzymes of microbial origin : strain

HiRACHi, Y. et al. Cj, top!as"11'c 711e, ,!bin"es of Stop/Iy!ococc"s aureus 25



the line k was not due to protein A containina-
ting the membrane fraction since there was no
cross reaction between the line k and the lines

given by a specimen of protein A. Line in,
on the other hand, was found to be produced
by telchoic acid which had been solubilized
by degradation of cell wall peptidoglycans and
then attached on the membranes. Of the re-

maining precipitation lines produced by the
cytoplasmic membrane fraction, lines 1, and
12 almost certainly represented the reaction of
the antigens proper to the cytoplasmic meinb-
ranes and not shared by either cell \\, alls or
cytoplasm. However, the antigen forming the
line n may not be specific to the membranes,
since this line fused with one of the lines

produced by the cytoplasmic fraction.
It seems probable that the cytoplasmic mein-

branes of S. aureus actually contain more anti-
gens than those found in the present study.
One possibility is that the membrane antigens
with a protein nature may be lost during produc-
tion of protoplasts with the L-11 enzyme, since
a partially purified preparation of the L-11
enzyme \\, as found to have casein-digesting
activity (Hirata, 1970). This suggestion seems
to be supported by the observation (HITachi,
Kotani and Hatada, 1970) that sonicated pre-
parations of M. b, sorterAtacr, s cytoplasmic
membranes isolated using crystalline egg
white Iysozyme gave 7 to 8 precipitation lines
on reaction \\ ith antisera to the membrane

fraction, and that the antigens responsible for
3 of the lines were destroyed by treatment with
the L-11 enzyme preparation or with crystalline
trypsin or pronase. In this connection, it is
noteworthy that none of the membrane antigens
of S. mirez, s \\, ere susceptible to crystalline
trypsin. Another possibility is that antisera
prepared against the cytoplasmic membranes
of S. a"reMs may reveal the existence of larger
number of membrane specific antigens, since
some of them may have low jinmunogenicity.
Our results with the cytoplasmic membranes of
M. 61sodezktici{s indicates that this is the case.

One of the the technical problems en-

countered in antigen analysis of biological
membranes, including bacterial cytoplasmic
membranes, is how to solubilize the antigenic
components incorporated into the membranes
as building blocks. In the present study, the
isolated cytoplasmic membrane fraction was
" solubilized " by sonic vibration at an al-
kaline pH. The resulting " solution "
suitable as antigen solution in Jinmunodif-
fusion. It should be pointed out, however,
that the " solution " prepared by sonication
consists of minute particles resulting from
random, physical fragmentation of cytoplsmic
membranes, and it is not a true solution of
membrane components. Therefore, sonic dis-
ruption of cytoplasmic membranes may produce
particles with the same antigenic determinants
but different diffusion coefficients in agar gel,
though the formation of particles with fairly
uniform sedimentation coef}ICients by soni-
cation of bacterial membranes has been

reported by Salton and Netschey (1965) and
Brown (1965). This should be taken into
consideration for a proper interpretation of the
results of the jinmunodifTusion obtained using

" solution " of this kind.an antigen
There are significant differences in the amino

acid contents and compositions of the me in-
brane fraction analyzed in this study and of the
membranes from protoplasts and L-forms of
strains H and 100 isolated and anal}, zed by
ward and Perkins (1968). These differences
may be because the present membrane fraction
had lost a considerable portion of protein
components by digestion with the protease(s)
in the L-11 enzyme preparation. The fact
that the protoplasts produced \\, ith the L-11
enzyme were quite stable although considerable
amounts of protein components had been
removed from their surface membranes in-

dicates that the present analytical results may
reflect the amino acid content and composition
of the structural proteins of cytoplasmic me in-
branes of S. tt"yews better than those reported
by \\;ard and Perkins

was
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