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, uMMARY 'The peptidoglycan (PC) component of the envelope of
kibi. !o pdi. allaemolyti'ci{s Ass \\, as studied in relation to the salt

dependency of the organism. A bag-shaped PG (inurein sacculus)
was ISOlatcd and purified by digestion of freshly harvested intact \\, hole
cells \\, ith sodium dodecyl sulfate (SDS) and then protease treat-
merit. \\hole cells Iyze in salt-deficient or hypotonic conditions and
this can be measured by turbidomctry. Lvsis is prevented b\, ad-
ditioil of 0.35 M i*!aCl or acidification to belo\\. pH 4.5. The isolated
PC or inurein sacculi did ITot seem to require salt for structural
Intcgrit},. The PC obtained by the same method from subccllular
fractions, that Is, envelope fractions, prepared either v, itIT or \\'ithout
NaCl, was extensively fragmented. The main amino acids and amino
sugars of the inurein sacculus \\. ere glucosaminc, inuramic acid,
alanine, glutamic acid, 2.6-diamnopimelic acid (A, pm) in a molar
ratio of 0.4 : 0.6 : 1.7 : 0.9 : 1.0. A polyglucosc, which \\'as only
degraded b\, Pseudo"10""s ISOamylase, ancl poly- 3-hydrox}, butyrate
(pHBA) \\. ere found lit the inurein sacculus. The inureijT sacculus
of the organism is discussed in comparison \\ ith PC of other gram
negative bacteria and marine or ITalophilic microorganisms.

I Parts of this work were presented at the 40th
Annual A{eeting of the Japanese Society of ATicro-
biology in Nagoya in A1arch, 1967 and at the

21st 1< an sai Area itleeting of the Japanese Society
of NIIcrobiology in Osaka in September, 1968
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INTRODUCTION

'16/10 paidhae, ,1061/1ti, s is a halophilic marine
bacterium found in water of coastal areas and

estuaries and it requires appropriate amounts
of salts. It is unique in that it can also pro-
liferate in mammals, producing strong entero-
and cardiotoxic substances that are occasionally
fatal to human beings. (A, Iiwatani and Takeda,
1976). Don. k, and C. him (1973) rugg, st, d
that it my represent a biological intermediate
between marine and terrestrial microorganisms.
we became interested in \\, her her the cell

envelope of P. pdi. ahneiiiob^tic"s has any unique
structure \\, hich fits the organism for both
marine and parasitic environments.

The main constituents of gram negative
bacteria are outer-, Inner- and PG-layers. The
shape of the envelope is due to a rigid layer
consisting of a complex of PG or inurein sac-
001us andlip. p". rein (Martin and frank, 1962).
PC works also as a crucial site for bacterial

coll growth and din^ton (Ryter at a1. , 1973).
The endotoxin-like activity of PC has become
attractive recently because of its clinical signifi-
can CG as an Immunopotentiator (Kotani at al. ,
1975; Heymer, 1975)

The chemical structure of PC is sometimes

associated \\, ith physiological and ecological
characteristics of certain bacteria. For in-

stance, in A1. throbacter (Krulwich at a1. , 1967),
Myrob@cter (Johnson and white, 1972) and
Gaulobacte, . (Goodwin and Shedlarski, 1975),
the structure of PC alters during in orpho-

Schleifer andof the organisms.genesis

Kandler (1972) have reviewed the taxonomical
and ecological significances of the variations in
the structure in different groups of microor-
ganisms.

Since the time of its second discovery made
by Tatik, w^ (1958), F. pinch",,,,,!yt, ,", ha'
been known to be Inactivated very rapidly in
distill"d water (L",, 1972). Kitsu, , at al.
(1965) noticed that cells or subcellular fractions
prepared in 316 NaCl solution became much
smaller when \\, ashed \\, ith distilled water.

The envelopes of some marine or halophilic

bacteria \\, ere solubilized (Buckmire and Mac-
Lcod, 1965) or frogmant, d (Ohmni and Musui,
1969) when suspended in 10\\, salt solution.
Constituents of the envelopes in these organ-
isms seemed to ITave salt-dependent structure.
Particularly, it \\, as considered that the PG
layer of the organisms was not continuous but
that it consisted of units of PC patches as-
sembling each other by, the presence of cation.
Thus as a first step in studies on the envelope

examined whether theof the organism, we

structure of PG, \\, hich is the central part of
the envelope, is salt-dependent. For this
purpose, we examined Iysis of the organism In
solution of low salt concentration and then we

attempted to demonstrate in DTPhological ap-
pearence of chemically, purified PC coin-
ponent.

IVIATERIALS AND A1ETHODS

I. 01gq, ,1:11, und '11/1i"at ion

The organism Lised throughout was Vibrio prim-
11ne, ,, o1ytic, ,s (strain Ass, serotypes 05 : K15, Kana-
ga\\, a phenomenon-hemolysin production positive)
The strain \\, as originally isolated by Takikawa as a
causative agent during an epidemic of food poison-
ing in Yokohama, Japan, in 1955 (Takikawa, 1958)
and has been maintained at Osaka City Institute of

Hygiene
Part of the methods used to maintain the culture

and to obtain large populations of cells have been
described (Tamura at a1. , 1969). The standard
medium was composed of I % each of casamino
acids, yeast extract and maltose and 0.5 M NaCl,
adjusted to pH 7.8 \\, ith NaOH. The strain grew
very, rapidly 11T this medium with a generation time
of about 10 min under vigorous reciprocal agitation
at 37 C and it reached the late exponential growth
phase in four to five hours. At this stage a large
amount of crushed ice was added and the cells were

collected b}, centrifugation at 11,300 xg for 30 min
in the cold. The cells \\, ere washed three times

witl\ cold buffered saline (BS) consisting of 0.02 M
potassium phosphate (pH 7.0) and 0.5 xi NaCl. To
obtaining intact mutein sacculi, fresh cells \\, ere
rapidly treated \\, ith sodium dodec}, isulfate (SDS) but
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for other purposes the\' were frozen Lintil required
Before lyophilization, cells or cell envelopes \\. ere
\\ashed with a srilall amount of distrilled water, rid-
justed to pH +. 5 with a few drops of acetic acid

2. Allensi, reineni of tell Iysis

A cell suspensioit was adjusted to nit optical den-
sity at 550 I'm (OD, ,") of 10.0 \\. ith BS and titen
diluted 20 times witlt winous test solutions to give a
final volume of 2.0 inI. The resulting decrease in
OD \\. as measured in a ShimadzLi Bausch and Loinh

Spectronic 20 colonmeter. For this experiment.
cells were obtained froitt an exponentialI\' growing
culture and LISed witltin 2+ hr. For measurement of

release of materials with Liltra\, iolet (UV) ribsorp-
tinn froi. t the cells dLiring I\, SIS, Iysis \\'as interrupted
at the desired time by adding nit equal \, o1ume of
0.02 A1 potassiunt phosphate buffer (PIT 7.0) con-
raining I xi NitCl to the cell suspension. Then the
mixture \\. tis centrifuged at 11,500xg for 30 milt
and the OD of the supernamnt at 260 rim \\as meas-
Lired. Lysis \\as expressed as the reductioit in OD
ns a percentage of the initial OD of control cells in
BS

T'he cell counts \\ere made beloru and after Ivsis

in a PetrofT-Hauser cell counter 11nder 11 I, hase
contrast microscope

and washed 3 times \\ith 500 inI \. o1umes of BS.

The yield of the eit\ elope fraction (en\. elopes-I) was
9"\, by' weight of tl\e witole cells LISed as starting
material (Table I)

2) Preparatioi. of cell envelopes by hIPOtonic
treatntent (envelopes-11)

A frozeit paste of intact cells, 12 g wet weigltt.
was suspended in 1211ter of chilled 0.02 xi potas-
sium phosphate buffer, pH 7.0 and stirred for I itr
at 4 C. The I\sed cells were collected b\ centri-

fugation at 11,300xg for 30 min and washed suc-
CESsivel\' once with 500 in I of I xi NaCl solution

and three times with distilled \\'ater \\. ith centrifLiga-
The I\ sed cells were dispersed in 100 inI oftlOIT

the above buffer containing 10 ing of crystalline
tr\, psiit (Sigma), incubated at 37 C for I hr and cen-
trifuged as ribo\ e. Tr}. psin digestion \\. as repeated
and then the cells \\'ere \\. ashed thoroughly. \\ ith
distilled \\alter and Ivophilized. Tite yield of this
preparation was 111, b}' weigltt of the initial \\. hole
cells (Table I). The superlintant and washing ob-
tained after 11. SIS and trypsinizatioit were pooled,
dialyzed against distilled water and 11.0philized for

weighing and anal\ SIS of dinminopimelic acid (A, pm)
After this treatment the cells retained 11 rod-shape
but seemed to be free from c\ toplasmic debris otlter
thann granular inclusions (Fig. 6). As seen in Table

I, the A, pm contents of envelopes-I and -11 \\etc
almost equal3. Prepn, '"1,011 DJ cell CM"e/op, firitii'o11

Two alternative methods \\ ere emplo}. cd to prc-
pare cell envelopes. One was conventional ritech"-
nical disruption of the cells and then differential
centriftigation. 'The other \\'as itypotonic treatntent
of the cells, based on the assumptioit that the PC
component in the cell envelope was 1.0t released tip-
preciably after I> sis of' the cells in solutions of 10\\
salt concentration (see Results, sectioit 2)

I) Preparation of cell envelopes b\' mechanical
treatment in the presence of 0.5 xi NaCl (envelopes-
I)

A paste of frozei, intact cells, 22 g \\'et weight, was
suspended in 150 in I of BS and shakei, (2,000 strokes
per min) lit a Bratin cell homogenizer for 10 min
with 30 g of glass beads (Glasperlen, 0.11 to 0.12
mm) in a Duran glass bottle of 75 in I \, o1ume \\'ith
Co, cooling. The disrupted cell suspension was
diluted 10 fold \\ith BS and the envelope fraction

was collected by differential centrifugation at +, 500
Kg and 10,500xg for 30 ntin each. Titis fraction
was washed t\^ice \\. ith 500 in I of BS \\. ith centri-

rugation. and then treated \\. ith 500 inI of I xi NaCl

+. E, ,31 "lullt digest, o113

the enz\. me \\. as obtained fromL-11 ei, zyme

F1ntobot!'11/11/1 species and was shown to Iyse PG

due to Its endopeptid"se tierivities hydro1\'21ng -D-
A1"-Gl\.-D-Al"-L-A1a-, or -Gly-Gly- linkages and!or
A'-acervlmLiramyl-I. -alnitine amidnse ( Kato at al. .
1962; 1<nto and Strominger, 1968; 1<nto at al. ,
1968; XIatsuda, 1<0tani and 1<atto, 1968; Suginakn
er ill. , 1970; Himta, 1970; I{amtidal at a1. , 1971;
Him chi at a1. , 1971). F1\e rug of PG (step 3 or 5
preparation, see ResLilts, section 5) were hydrolysed
at 37 C in 2 inI of 00125 xi phosphate buffer of
PI{ 8.0 containing 12 Linits (against Striphy/D'orti, s
nilieiis cell \\. tills) of the enzyme. L-3 enzyme : the

\^ere D-Ala-Ineso-mall. activities of the enzyme

A. pm endopeptidase and A1-acet}. Imuram\, I-L-alla-
nine timidase, and tite enzyme \\as partially, purified
from the culture filtrate of St, epto, "ytes species
(NIOri at all. , 1960; \, 10ri and Kotani, 1962; 1<ato,
Strominger and 1<0tani, 1968; A'intsuda, Kotani
and Kat0,1968; Kata}alma, 1973). The PC pre-
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paration (500 11g) was incubated at 37 C in 200 111
of 0.02 xi phosphate buffer of pH 7.8 containing 8
units (against Lottobnci'//i's plantnri, ,, I cells) of the
enzyme. ALE enzyme : the enzyme was produced
by Stop/Iy/oroori, s epi'den, lid, 's strain EP-Kl (Sugi-
naka at a1. , 1967). The enzyme showed A'-acetyl-
inuramyl-L-alan ine amidase and -Gly-Gly- endopep-
tidase activities. The PC preparation (500 ,!g) \\, as
incubated at 37 C with one tinit (against Stop/, y!0-
torti, s nil, elfs cell \\alls) of the enzyme in 200 111
of 00125 xi phosphate buffer of pH 6.8 containing
0.1 M NaCl. The hydrolyse of PC by these three
enzymes were monitored b\ measuring increase
of free amino groups. Lysozyme (Sign, a, twice
crystal Iized) : PG was ITydrolyzed at 37 C in I in I
of 0.1 M Tris-HCl buffer, pH 8.5 containing I ing
of PC and 20 ,!g of the enzyme. Gild, a/0031's en-

this enzyme \\. as a generous gift from Dr.
P. A. AJIiller (Lederle Lab. , American Cyanamid
Co. , NY. ). The PC preparation (5 ing) was in-
CLIbated at 37 C in 0,025 M acetate buffer, pH 4.5

containing 50 I!g of the enz\, me for 4 hr. The hy-
drolytic actions of Iysozyme and the 01/01 a/opsis en-
zyme \\'ere nTonitored b\, measuring Increase in re-
ducing power. Amylases : Psei, do, ,tollas ISOamy-
Iase \\, as kindly supplied b\, Prof. T. Harada of the
Institute of Scientific and Industrial Research, Osaka

University. 'FITe enz}. me \\. as shown to hydrolyze
,3-I, 6 glucosidic interchain linkages in amylopectin
and glycogen (Hatada at a1. , 1968). Crystalline tt-
and ,3-amylases \\ere purchased from Sigma Chemical
Co. Details of the actions of amylases have been
described (Trimura er a1. , 1969). For large scale
digestions, the amount of each constitueiTt in the
reaction mixtures \\'ere increased appropriately

zvme :

tion of the Morgan-EISOn method. Hexose was
measured with arithrone reagent (Ashwe11, 1957)

Reducing po\^er \\. as measured by the method of
Park and Johnson (1949). Glucose was estimated
either by an enzymatic method LISing Glucostat
(Worthington Blochemical Co. ) or b\, gas chromato-
graphy us desc, ibed by Sweeley at a1. (1963). Poly-
glucose measured as described previousl\.
(Tamura at a1. , 1969)

7. 01hei che, ,, ifn/ a"alyses

Phosphorus was assay ed by the nTethod of Lowr},
et al. (1954). Poly-, 3-hydroxybut}'rate (pHBA) was
assayed by the method of La\\, and SIepecky (1961).
Total protein \\, as determined by the Follin phenol
method of Lowry at a1. (1951)

was

5. '11/1/10 acid nild nilii, 10 sign, ' ""a/yses

Amino acids and amino sugars were analyzed in a
Yanagimoto Type LC-5 Amino Acid Autoanalyzer
after ITydrolyzing samples in 6 N HCl for 12 hr at
100 C in sealed tubes. No correction was made

for loss of hexosamines dLiring acidlTydrolysis. NH,
terminal amino groups and total amino groups \\. ere
determined by thiit layer chromatography using the
procedLire of GhuyseiT at a1. (1966) as modified by
\'Iatsuda at a1. (1968). A, pin \\, as estimated by
paper chromatograph\ b}' the ritethod of Brown at
al. (1962)

8. Gelji/trail'o11

Columns of Sephadex G-100, G-75, G-50 and
G. 25 (PItarmacia Fine Chemicals, Inc. ) were em-
ployed for gel filtration of enzymatically digested
preparations. All columns \\, ere equilibrated with
water and developed at 4 C

9. Election 1111'froscopy

Preparations to be shado\^ed \\, ere placed on Form-
var coated grids and shadowed at all angle of 25' to
30' with PIutinum. Thin sectioned preparations
were made essential I\ according to the method of
IVlurray at a1. (1965). Intact cells of P. parohu"-
NIO/yt, 'c!, s was prefixed in 0,591 glutaraldehyde in
0.02 A1 phosphate buffer, pH 6.2 containing 0.5 M
NaCl. All preparations were photographed with a
ty, pe 120 electronmicroscope (Japan Electron Optics
Laboratory, Co. )

6. Carbonydrnte ruralyses

Total hexosamine was determined b}, a in odinca-
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RESULTS

I . TM, '61/11y change of cell suspe, ,$10"$
As shown in Fig. I, \\, hen cells were exposed

to solution of 10\\, salt concentration b\, dilut-

ing the cell suspension with 0.02 M phosphate
buffer of pH 7.0 (final NaCl concentration,
25 inM), as described in the A, laterials and
A, lethods, the turbidity or optical density at
550 rim (OD, ,,) decreased almost 5096 within
a minute even in ice-cold conditions. The

initial rapid OD decrease was followed by a
slower OD decrease. The initial rapid OD
decrease appeared to be temperature in depend-



ent but the subsequent decrease was remarkabl\
accelerated by raising the incubation temper-
ature. A total OD decrease of 8011 was
observed on prolonged incubation. \\'hen the
cells \\, ere suspended in a series of decreasing
concentrations of I. ;aCl (Fig. 2), the observed
decrease in turbidity \\ as roughly inversely
proportional to the NaCl concentration. This
descrease in turbidity \\ as accompanied by
release of UV-absorbing materials into the
medium. The steep bent in the plot of OD--o
versus NaCl concentration bet\^een 0.3 to 0.2 M

:';aCl in^, indicate a critical \aCl concentra-
tion belo\\, which release of U\'-absorbing
materials occurred. The results sho\\, that an
1'1aCl concentration of at least 0.35 M is re-

quired to stabilize the cells against change in
turbidity. LiCl prevented Iysis as effectiveIy
as NaCl, and 1<Cl \\, as slightly less effective
(Fig. 2). Divalent cations such as A, Ig" and
Ca" \\, ere effective at much 10\\ er concentra-

tions than monovalent cations (F10.3). Lysis
was prevented by fixing the cells in 291, for-

in alin for 16 hr or boiling them in 0.5 M I*;aCl
solution, but not by treatment \\, ith various
enzyme inhibitors, such as 100 ,!gjml of soy
bean trypsin inhibitor, 1', j diisopropyllluoro-
phosphate or 10 initi parachloromercuriben-

Lysis \\, as also prevented by acidifica-zoate.

tion, even at low cation concentration. As

shown in Fig. 4, 0.02 xi acetate buffer, pH
4.5 prevented both decrease in turbidit\. and
release of UV-absorbing materials. The OD
increase below pH +. 5 seemed to be due to
aggregation of the cells. Lysis was greater at
alkaline pH. \;alues more than 95% decrease
in turbidity \\, as observed at pH U to 12.
The critical pH seemed to be between pH 5.0
and 6.0 and above this release of UV-absorbing
materials \\, as accelerated. A hypotonic solu-
tion containing only non-ionic components,
such as 0.5 M sucrose or 1091 carbo\\'ax 4000,
did Ilot prevent Iysis appreciably and further
addition of NaCl \\, as necessary to prevent Iysis
completely. Spheroplasts made with 1,000
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unitsiml of Penicillin G also required I. :aCl
as a stabilizer in addition to sucrose.

2. Effect of 1000 salt conce"trail'o71 0" cell
emue/opes-/

\\;hen cell envelopes-I, prepared by mechani-
cal disruption in 0.5 M NaCl, were suspended
in solution of low salt concentration, they
showed 30'1, loss of turbidity within 30 min.
As with \\, hole cells, most of the OD decrease
of a suspension of the envelopes occurred \\, Ith-
in one minute and so seemed to be temper-
ature independent. However, the effect of
NaCl concentration on Iysis of cell envelopes
\\. as different, since, as seen in Fig. 5, the con-
centration of NaCl needed to prevent Iysis of
cell envelopes-I was about half that needed to
prevent Iysis of whole cell. The envelopes-I
were Ivzed in low salt solution as described

above and centrifuged at 11,500 Kg for 30 min
The soluble materials recovered in the super-
natant, consisted 25'. 1 dry weight of the start-
ing envelopes-I (Table I). Paper chromato-
graphic analysis of an acid hydrolyzate of these
solubilized materials showed that onI\, about

29', of the total A, pm residues \\, ere released
from the envelopes-I. Thus the most of the
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TABLE I. Yt'e!d and A2pm content of e"?ie!opes-/ and e"Delopes-/I torth the17 subfrnctio"s o6-
toz'"ed colth Iyst's or trypst'" digest ton

Starting whole cells
Envelopes-I

Envelopes-I after Iysis
Released

Residue

Preparation

Starting whole cell

Lysed whole cell residue
Trypsinized Iysed whole cell

Released

Residue (envelopes-11)

" Samples of 5 to 10 ing were hydrolyzed in 6 N HCl for 12 hr and A2pm was separated by paper chroma-
tog, aphy by the method of Brown at a1. (1962).

b Not determined

PC component in the envelopes-I was not
liberated by Iysis, even though one quarter of
the cell envelope constituents became soluble.

3. Morphology'cal observations on cell b, $3's
Under a light or phase contrast microscope,

individual cells were seen to stain weakly with
basic fuchsin and their refractivity decreased
during Iysis. However, the cells retained
their rod-shaped contour and were almost the
same size as intact cells. Moreover, the total
number of cells, estimated in a Petrolf-Hauser
cell counter, was the same before and after
Iysis in solution of low salt concentration at
neutral pH. Thus the decrease in turbidity
was not due to either destruction of the cells
or decrease in the cell number, but judging
from the decrease in refractivity of individual
cells, it may have been due to leakage of
cytoplasmic materials.

Cells in a strongly alkaline solution of low
salt concentration behaved in a somewhat dif-

forent way. Namely, when cells were sus-
pended in ice cold 0.02 M glycine-NaOH buf-
for, pH 12, and then rapidly neutralized with
HCl and examined under a phase contrast

g

22

1.9
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0.5

1.0

12

2.2

%

100

9

08

1.3

2.3

4.5

AePm,
rimoleslmg

100

18

ND

34

6.7

11

26

48

microscope, cells with a rod-shaped contour
could no longer be seen but only small frag-
merits of cells. This phenomenon was not
studied further.

Electronmicroscopic examination confirmed
these findings on Iysis of cells in solution of
low NaCl concentration. Figure 6 shows the
appearence of a shadowed preparation of en-
velopes-11 prepared by hypotonic treatment of

NDb

26

5.5

42

FIGURE 6. Shadowed preparation of envelopes-11
of P. parahaemolyticus Ass. Rod-shaped or round,
smooth surfaced membranous structures with ele-
tron dense inclusions can be seen. Scale : I pm
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FIGURE 7A and 7B. Section of 1'. parahaemolyticus Ass prepared by the method of Murray at a1. (1965).
7A. Intact whole cells prefixed in the presence of 7B. Lyzed cells prefixed without NaCl. The cells
0.5 M NaCl. The envelope, consisting of a coin. were allowed to Iyse for 60 min at room temper-
PIex of outer and inner membranes, can be seen. ture in 0.02 M phosphate buffer, pH 7.0 as described
The displaced portion in the cytoplasm may be a in the text and prefixed in the same buffer. Note
mass of nuclear material surrounded by ribonucleo- that the rod shape is still retained. The outer and
proteins. pHBA inclusions cannot be seen in the inner layers are separated. Blebs or protrusions
preparation because for this particular specimen, from the outer layer can be seen. The boundary
cells were grown in maltose-free medium in which of the nuclear material has disappeared and ribo-
the cells do not accumulate pHBA. Scale: I pm. nucleoprotein particles are distributed throughout

the cytoplasmic space. Scale: I pm.

tions shown in Table I indicate that most of

the PG components were recovered in the en-
velopes irrespective of whether they were pre-
pared with or without NaCl. Accordingly at~
tempts were made to isolate the PC fraction
from envelopes-I and -11 by SDS digestion as
described in section 5. The insoluble residues

of envelopes-I after digestion with SDS and
proteases were submitted to chemical analysis
(Table 2). A, pm, alanine, glutamic acid and
hexosamine were present in a ratio of approxi-
mately1: 2: 2:1. Hexose was also found but
pHBA was not detected. The relatively small
amount of hexosamine was probably due to
its destruction by acid hydrolysis. If the PG
of the organism is similar to that of E. coll',
then the real total contribution of PC in the

whole cells was probably much less than 0,5',,
calculated from the amount of amino acids

and hexosamine shown in Table 2. This

value is much lower than that in E. colt^White
at a1. , 1968). In an electronmicrograph of a
shadowed preparation, the PG obtained from
envelopes-I was seen as irregular-shaped frag-

whole cells as described in Materials and

Methods : the rod-shaped membranous struc-
tures with electron dense inclusions can be

Thin sections of intact cells (Fig. 7A)
fixed in the presence of 0.5 M NaCl showed
that the cells had the typical double mein-
braned envelope profile of a gram negative
organism at the periphery. The PC layer,
seen in other gram negative bacteria as an
electron dense single layer between the outer
and inner layers when stained with uranium
acetate (Murray at a1. , 1965) was not detect-
able. However the inner layer stained more
strongly and appeared thicker than the outer
layer. After Iysis, cells had the same two
membranes but they were much looser and
were separated from each other in many places
(Fig. 7B). Th. inner layer seemed to be
damaged much more than the outer layer dur-
ing Iysis.

4. Attempt to Isolate PGI, Qin emuelopes-/ and
-11

The amounts of A, pm in the various frac-

seen.
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TABLE 2. Yt'eld and chemt'cal copmosztz'on of peptz'dogb, can prep@ratt'ons o6t@,'"ed from emuelopes-/
and emuelopes-11

Starting material (envelopes-I or -11)

Peptidoglycan obtained

Per cent yield of peptidoglycan from
whole cell"

Total NHg groupsb
Hexosee

pHBAd

AgPme
A1aninee

Glutamic acide

Hexosamine/

PC from envelopes-I

(.")(g)
1001.0

8.70087

a Calculated from the data in Table I.

" Assayed by thin layer chromatography of a dinitrophenylated acid hydrolyzate using glutamic acid as a
standard (Matsuda at a1. , 1968).

C Assayed by the arithrone method.
at Assayed by the method of Law and SIepecky (1961).

A dinitrophenylated sample was hydrolyzed with 6 N HCl for 12 hr and assayed by thin layer chroma-
tography.
Assayed by the Morgan-EISOn method.

(rimoleslmg)
2105

1390

o

(rimoles/ing)
251

587

424

295

PC from envelopes-11

(%)(g)
1001.0

3.60036

O. 76

(,")

32

25

(Molar ratio) (rimolesjmg)
10 383

8852.3

3221.7

4751.2

(rimolesjmg)
3623

890

o

O. 67

(%)
54

16

FIGURE 8. Shadowed preparation of the peptido-
glycan isolated from envelopes-I of P. p@,@hne-
ino1ytic"s Ass by SDS treatment. Peptidoglycan is
irregularly fragmented. Scale: I Itin.

(Molar ratio)
1.0

23

0.8

1.2

merits and the original rod-shape was not
discernible (Fig. 8). PG fractions from en-
velopes-11 appeared similar to those from en-
velopes-I both chemically and inorphologically.
Since entirely intact PG was not necessarily
essential for maintenance of the rod shapes as
in the case of Halob@ctert'"in sp. and Myrococ-
CMs ramth"s (White et a1. , 1968), so I'. par@-
haemolytic"s may also possess an incomplete
type of PG. Another possible explanation
for why the PC of the organism was incomplete
is that PG may have been partially autolyzed
in the course of manipulations of the cells.
In consistency with this possibility, Brown at
a1. (1968) suggested that hypotonic Iysis as
well as mechanical treatment acted as a trig-
ger to activate hidden autolytic enzymes in the
cell envelopes.
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A reviced method was deviced involving
rapid SDS digestion of fresh whole cells in
the presence of enough salt and dispension
with mechanical treatment. The method
should reduce the chance of activatioiT of
atit o1ytic enzymes

5. Isolation of PG by di7ec/ lien/,, re"I of 171tnc/
tuftole cells colth SDS

I) Step I (SDS treatm. nt). Hundred g"am
wet weight of freshly harvested cells \\, ere
suspendcd in 500 inI of chilled 0.02 M potas-
slum phosphate buffer containing 0.5 M NaCl
and 0.01 M A{gCl, and rapidly mixed with equal
volume of boiling 2'1, SDS solution contain-
ing 0.5 M NaCl and 0.01 M AJgCl. and shaken
vigorously by hand for a few minutes. The
mixture was cooled to room temperature, and
the I\ I ing of crystalline deoxyribonucleasc
(Sigma) was added to reduce the viscosity, and
the mixture was stirred with a magnetic stirrer
for 3 hr at room temperature. The mixturc
was dilLited two fold with water and subjected
to ultracentrifugation of 58,000 xg for 60 min
at room temperature. SDS solution must be
used at room temperature because SDS is
very Insoluble in water in the cold. The dark
brown super natant obtained by centrifugation
was cliscarded and the pale brown pellet was
resuspcnded in 1'11 SDS, stirred for I ITr and
centrifuged as before. The insoluble pellet
was washed with 6 M urea with centrifuga-

tion until no SDS could be detected in

either the \\, ashings or residue. The presence
of SDS was tested by, seeing \\, her her a
white Hocculus formed when a fe\\. drops of
saturated Ba(OH), \\, ere added. Before the
final \\, ashing, the prepration was centrifuged
at ion, syned (1,500 Kg for 30 min) to

Insoluble particulate contaminants.remove

The loose, cream-colored precipitate obtained
after the final washing corresponded to
about 5'},, dry weight of the starting intact
whole cells. This preparation \\, as seei\ to
consist of rod shaped membranous structure
with a rouglT granular surface by, electron-
microscopy, and analysis showed that it
contained amino acids in excess of PG (Table
4) and us, hey, ^. and pHBA (T"b1" 3)

Analytical grade of SDS and urea \\, erc
purchased from Nakarai Chemicals. Fresh
urea solution was preparecl each time Just be-
fore usc since it Is said that urea solutioiT on

storage develope ammonium cyanate which
react with amino and SUIphydryl groups of
protein anti occationally Inactivate its biological
function. It was recommended, therefore,
that urea solution should be deionized by ion
eXchange column chromatography to remove
.yanat, cornpl"rely (It. and Ichiham", 1973).
\\!c used non-deionized fresh urea solutioit

throughout the study. AlthouglT cyanate in
fresh urea solution might be very small, the
in Huence of cyanate on PG during preparation

TABI, E 3. Che"12'cal co"IPOsz'tz'on of the prepurotz'o71 of mulez'" SOCcu/,' of F1 primhoem0!3112'ci, s ,455
at errc/I PMi'incQlton step

Amino acids and amino sugars"
Hexose"

pHBA,

Constituents

" Calculated from data obtained \\ith an amino acid autoanala zer

Estimated \\. Ith arithrone except Step 5 preparation. The Step 5 preparation \\as assa ed b . the Gl t, t
method

" Estimat. d by the mathod of I, UN. and SI"pecky (1961)

11
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Step I
(%)

Preparation of inurein sacculus at

Step 2 Step 3
(%) (%)

57.5

18.6

4.0

41.5

54.0

7.5

35.5

660

11.0

Step 5
(%)

43.1

0.9

0.4



remains In question.

2) Stop 2 (dig"sti, n with tryp^in and p"p-
sin). The preparation from Step I was sus-
pended in 100 inI of 0.02 M Tris HCl buffer,
pH 7.0 containing 10 ing of crystalline trypsin
(SIgm") and in. ubat"d with g. nth chating f, "
4hr at 37C. Then it was subjected to
ultraccntrifugation and the precipitate was
digested \\, Ith trypsin once more in the same

The residue \\, as suspended in 50 inI
of 0.2 M glycine-HCl buffer, pH 2.2 contain-
ing 10 ing of ."Fulline p"usin (SIgm, ), and
incubated at 37 C for 60 min. Then it was

washed succcssively \\, ith I'I SDS solution,
6 M urea solutioi\ and water. \\!ashings with
SDS at this stage \\, as carried out because it
was in orc effectivc than washing \\, ItIT \\, ater
alone for removing cnzyme proteiiT and by, -
drolyzcd products from the PC preparation.
As shown in Table 4, the amount of the amino
acid and amino sugar constituents of PG were

TABI, E 4. am znO acid and a"11no sugar COM1poszh'ons o1 preporntz'ons of inurez'" saccu/I of U
primhoe, ,lob, 11'ctts 455 at each punjicatz'on $1ep

manner.

in general relatively high compared \\, ith their
amounts at Step I but thc amounts of un-
related amino acids were still higher than those
found so far in PG general from other gram
negative organism. The recovery at this stage
was 5.41t dry weight of the starting whole
cells.

3) St"p 3 (p, pal" dig"vim" by th" ,neth. d
of IVlandelstam, 1962). The preparation from
Step 2 was suspended in 10 inI of 0.05M
phosphate buffer, pH 7.0 containing 0.01 M
EDTA, I ing of cysteinc-HCl and 10 ing of
t\\, ice crystal11zed papain (Sigma) ai\d in-

cubated at 37 C for I hr. Then it was \\, ashed

with SDS and Lirea as in Step 2. A1\ elec-
tronmicrograph of this preparation (Fig. 9)
showed rod shaped membranous structure
with a smooth, glossy surface. The electron-
dense, round bodies in the membranous struc-
tures seemed to be pHBA inclusions and \\, 111

be described later. Chemical analysis showed

Constituentstt

A, pm

A1anine

Glutamic acid

A'IUTamiC acid

Glucosamine

Aspartic acid

Lysine

ATginine

Threonine

Serine

Glycine

Valine

ISOleucine

Leucine

Tyrosine

Step I

rimolesj
ing

116

710

611

65

134

417

153

119

215

224

344

197

162

336

135

Molar
ratio

Preparation of inurein sacculi at

Step 3Step 2

rimoles/'rimolesj
inging

1.0

6.1

5.3

13

1.8

3.6

1.3

10

1.9

1.9

3.3

1.7

1.4

2.9

1.2

" Estimated with an amino acid autoanalizer. Values were not corrected for loss during hydrolysis
" <0.05

209

564

328

148

207

147

94

45

62

95

196

30

30

100

90

Molar
ratio

1.0

2.7

1.6

07

1.0

0.7

0.5

02

0.3

0.5

0.9

0.1

0.1

0.5

0.4

257

588

223

175

204

66

39

23

30

67

89

27

19

39

23

Molar
ratio

Step 5

rimolesl
ing

1.0

2.3

0.9

0.7

0.8

0.3

02

01

0.1

0.3

0.4

01

0.1

0.2

0.1

491

818

431

288

213

73

56

15

25

46

102

16

14

29

15

Molar
ratio

1.0

1.7

0.9

0.6

0.4

0.2

0.1

O"

0.1

0.1

02

O"

O"

0.1

O"
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that the amount of most of the amino acid uncertain whether the sugar is a structural coin-
and amino sugar constituents of PC were ponent of the cell walls or not at this stage,
higher relative to the amount of other amino 4) Step 4 (removal of pHBA inclusions).
acids than at Step I or 2 (Table 5). The molar The electron dense inclusions shown in Fig.
ratio of the main constituent amino acid and 9 disappeared on extraction with chloroform
amino sugar in PG was very close to the value and pHBA was identified chemicalI in the
expected for gram negative bacterial PC in chloroform extract (Tamura et a1. , 1968).
general. The recovery at this stage was 4,7', One gram of the preparation from Step 3 was
by dry weight of the starting material. As extracted with 40 in I of chloroform at 65 C
shown in Table 3, the relative amounts of for 16 hr in a Soxhlet apparatus. pHBA was
hexose and pHBA increased during purlfi- recovered in the extract and the residue was

cation from Step I to 3. In the Step 3 pre- washed successively with acetone and water.
paration, the PC component accounted for Care was required to prevent the material
only one third of the total weight, the rest from drying after chloroform treatment, be-
being sugar and pHBA, pHBA is apparently cause if it did so it aggregated into a hard
an energy reserve in the cytoplasm, but it is lump which could not be made into a horno-

, . ' JP , '~, ,,,-.>, ' ,.' 'A , I , , :~ "

. ;~ I :-;:1'' ~"'~ ', .,, .,"~",'. ' -'*%\;^":;^; '. *\"';'::.:>>*',,-.- '\';*..

'. L ' ~,, . . ', b, * * ' ', 1/5$* .;", ,,: e'g, . ,.,:I*7:*;; ;; +}:, >
. * . -t, " . ' I* . . :*,.;4.4:;* ::p, ., ,,;,, $,' 4:<-,.

, ** . ~ *.. , ' . I ~'. r '.. .' '?'. *. '*. ' " .. . tv, ',*. I
. . ,,,,.. , . . . , . , ,*' ,.' a lip*;" ' :, "*.,.

. , .. _. ,, *. I ' ~ ' . f. ',' ,,, ,,, . _,..,,
t;.., , ' *. . ' ~ ', .,, 49, ,' :^!!"' ,. - ' "" * . : 'I", f=

.. ,;, , -. " , .r. _8<' ' ' <.., ,;,. ' ,^,*,. , .^. . ,, .- I .L
' ' ' '2 ~ .,;^ -,,;,'- * ' I ". -..- , ,~ - . .'*I'~t "
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_- I -- ~ ----
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FIGURE 9. Shadowed preparation of a Step 3 preparation of I'. parch@e", o1ytic, ,s Ass. This re aration
still contains polyglucose and pHBA. Rod shaped membranous sacculi with electron dense ranules can
be seen. The particles scattered in the background are probably mutein degraded dunn the re aration
procedure. Scale: I pm.
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geneous suspension.

5) Stop 5 (, myin, treatm"nt). W"id. I and
Pelzer (1964) reported that E. coll' mutein
sacculi contained about 20y, by dry weight of
glycogen and that this could be removed by
digestion with (I-amylase. The polyglucosc
found in the present work differed from glyco-
gen In many respects. For Instance, it was
not susceptible to either a-amylase or ,-
amylase. However, it could be digested by
ISO-amylase or pullulanse (Tamura at a1. , 1969).
Therefore, the preparation from Step 4 (100
ing) was subjected to SImulataneous digestion
with 5,000 units of Pse"doMonas isoamylase
(Harad^ at a1. , 1968) and 2 ing of orystalline
,-"myinst (SIgm") in 50 inI of 0.01 M nestat,
buffer, PI{ 4.0 at 37 C for 16 hr. After the
reaction, the mixture was \\, ashed with SDS

and urea as described above. The resulting
pellet had a transparent, Jelly-like appearence.
The yield at this stage (final preparation) was
1.1Vu by dry \\, eight of the starting Intact whole
cells. The amino acid and amino sugar coin-
position of the preparation at Step 5 (Table 4)
was essentially the same as that at Step 3 except
that the relative amounts of pHBA and poly-
glucose were much less. The main amino
acids and amino sugars of the inurein sacculus

inuramic acid, alanine,glucosamine,
glutamic acid, A, pin in a molar ratio of 0.4 : 06 :
1.7 : 0.9 : 1.0. These values \\, ere not corrected

for destruction during acid hydrolysis. The
verylo\\, recovery of the final preparation, shown
in Table 4, might due to aggregation of material
during prolonged extraction \\, itIT chloroform
at higlT temperature. The material was too

TABI, E 5. Hint'"o oci'd and a"12no sutrar COM1poszhoars of the peptz'do o4, cons or 1,111rez'" SOCcit/z
o6/02'ited 170m vial'1'0us gi'onI Mega/abe organi'$771s by dt'rec/ SDS digesii'0" of reho/e cells

Constituents

A. pm

Akinine

Glutamic acid

I\Iuramic acid

Glucosaminc

Aspartic acid

Lysine

ATginine

Thrconiite

Sennc

Glycine

Valine

ISOleucine

I, eucine

Tyrosine

were

,. par"huew
Ass

rimoles/ A101ar
ratioing

492

914

427

234

387

90

85

45

28

50

132

38

19

47

41

E. coll B"

1.0

1.9

0.9

0.5

0.8

02

0.2

0.1

0.1

0.1

0.3

0.1

o

0.1

0.1

rimoles/ Molar
ratioing

932

1,218

700

504

626

42

103

16

34

14

74

34

6

14

Pseudowo"n"
IOUsp

10

1.3

0.8

0.5

0.7

0.1

0.1

O"

o. 1

Off

0.1

O'

0'

o. 1

" Obtained in the same manner as for ,. bard/Joemolyti'CMS Ass, except that Step + and 5 \\ere omitted
* KOIlenb"ande, at a1. (1968)
' Fo, sberg at "I. (1972)
of >0.05

" Trace, <0.01.

rimolesj NIOlar
ratioing

498

652

455

422

+88

18

24

tr'

7

Sp, ,11/11m
sei'perish

1.0

1.3

0.9

0.9

1.0

O"

0.1

rimoles/ NIOlar
ratioing

470

910

480

320

470

100

39

47

37

47

38

3+

35

33

A, In rine
Pseudomonas

B-16bsp

1.0

1.9

1.0

0.7

1.0

0.2

0.1

0.1

O',

0.1

0.1

0.1

01

0.1

0.1

rimolesj MDla,
ratioing

tr

tl

167

O'

820

1,840

1,040

1,290

1,230

tr

tr

0.3

tr

1.0

2.2

1.3

1.6

1.5

tr

tr
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20

320

o. 1

O'

0.4
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tough to be hydrolyzed completely by acid hy-
drolysis and so was ashed. An electronmicro-
graph of the preparation at Step 5 (Fig. 10)
showed very thin, glossy membranous struc-
tures which still retained a rod-shape. These
structures appeared to correspond to those
designated by Weidel at a1. (1964) as ' inurein
sacculi ' in E. cola' and other gram negative
enteric bacilli.

tides in terms of total amino groups were eluted
in a second peak of material (P-2) with a
small amount of hexose but no amino sugar.
The first peak of material (P-I), contained
most of the hexose and amino sugar with some
of the amino groups. The fractions in P-I were
combined and again applied to a Sephadex
G-100 column. All the amino groups and

amino sugars and the hexose were eluted to-
gether soon after the void volume (results not
shown). This does not necessarily indicate
that polyglucose is connected to PG because
the glycan portion may be large enough to

FIGURE 10. Shadowed preparation of Step 5 pre-
paration of P. parch@emo!ytic"s Ass free from
polyglucose and pHBA. The rod shape can be seen
but its outline is irregular. Scale : I It in

The polyglucose may be storage material in
the cytoplasm, like glycogen of E. coh, or may
be an analogue of it. However, the chemical
characteristics of the polyglucose were signifi-
cantly different from those of E. coli glycogen,
so the polyglucose may be a structural coin-
ponent of the cell walls of I'. par@h@emob, ta'c"s
or closely associated with them. If so, it may
actually be linked to PG.

6. Sep","t, '," of p, b, gl"c, se I, Qin PG by gel
Intr@tz'0"

The preparation from Step 3 (100 ing) was
digested with L-11 enzyme as described in the
Materials and Methods. This enzyme splits
inuramyl-L-alanine linkages and so should
split PG into the peptide inoiety and glycan.
The digested material was subjected to chro-
matography on Sephadex G-50 column. As
shown in Fig. 11, about two thirds of the pep-

25. ^ ^
Blue dextran

1.0 I'~'
0.8

E

NaCl

_92 0.6
o

E
C

I\
I x, A, ,..'^'&~A

A

04

A

0.2
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X

40 60

Fraction number

FIGURE 11. Gel filtration profile on Sephadex G-50
of Step 3 preparation of P. pornh@emo!yticz, s Ass
solubilized with the L-11 enzyme. 100 ing of Step
3 preparation were hydrolyzed with the L-11 enzyme
as described in the text. The insoluble residue was

removed by centrifugation at 11,500 g for 30 min
and the supernatnat was applied to a 100 1.5 cm
of Sephadex G-50 column and the column was
eluted with water. Fractions of 2 in I were collected

and assayed for total amino groups (O O),
hexosa mine (x x) and hexose (A A)

A

20 80



break through the column. The \, er}. large
am out of Itexose in the fractions made colori-

metric assa\, s Impossible so this fractions \\as
not studied further

The PC preparation from Step 5 \\, hiclt had
been freed from polyglucose was digested \\ith
the Cliffi a/opsi's and analyzed bv
Sephadcx gel filtration. As shown in Table 3,
the Step 5 preparatioil still retained a small
amount of hexose, even after extensive diges-
tion \\ith ISO- and ,;-amylase. This I, exose
may have some structural significance because

enz\'me

1.8

Blue dextran

15

the molar ratio of hexose to A, pm approxi-
mately I : I. If polyglucose is linked chemi-
call\, to PC, this hexose \\. hich is resistant to
amylase may, be the terminal unit of polyglu-
cose connecting the latter to PC. The pre-
paratioi\ from Step 5 (100 ing) \\, as digested
\^ith Charnlopsi\ enzyme as described in the
\'later Ials and Alethods and applied to Sepha-
dex G-50, G-50 and G-25 columns connected

The Choral0031\ enzyme by. drolyses
the linkage of A'-acetylmuramy1-,;-1.4-A1-
acetylglucosaminc in the glycan portion of PG
producing a disaccharidc-peptide monomer or
its complexes. As shown in Fig. 12, the hexosc
compound \\, as separated by chromatography
from disaccharidc-peptide complex and a
negligible amount of ITcxose \\. as found in the
latter. Some of the amino groups appeared to
be eluted in earlier fractions \\, ith the sugar
portion, but this was due to a false reaction by
the yello\\, color of hydrolyzcd sugar because
no amino groups \\. ere detected in these frac-
lions by thin layer chromatography. The
sugar Glutcd in earlier fractions seemed to be
another 1<1nd of polvglucose which \\ as not
susceptible to ,!- or ,3-am}, jarse nor ISOam}, Iase.
it \\, as probably a new 1< ind of limit dextrin
for ISOamylasc and not a cell \\, all component.
Ho\\. ever, it has not heel\ studied further. No
phosphorus was found in any of the frac-
tions from the Sephadex columns, indicating
the absence of linkages involving phos-
phorus. This finding seems significant because
components of the cell wall other than PC are
linked through phosphodiester bonds to the
inuramic acid residue in PC (Liu and Cotsch-
lick, 1967).

7. -Jctio, ! of the PG 101droly!11'c eiizy"re o11 the
PG qf F. pni. dhae, ,lob, ticws

Unless other\\, ise specified \\, e used the Step
3 preparation containing pHBA and poly-
glucose in subsequent studies, because these
non-PC components do not seem to interfere
\^ith the action of the hydrolytic enzyme and
the procedures used to remove them in^, dam-
age PC, partl\, because aggregates \\. ere formed

12

E
^

co

NaCl

E 09
o
E
.

in series.

0.6

03 X'\
XI

X-x*,,>*' , __. A"

Fraction number

FIGURE 12. Gel filtration profile Sepltadexon

G-50 G-50 and G-25, connected in series of Step 5
preparation of P. pni nhn, 11/01ytJt, is Ass solubilized
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during chloroform extraction and partly be-
cause of the possibility of contamination by,
hydrolytic enzymes in the amylase prepara-
tion. For instance, we have found endo-A1-
acetylglucosaminidase as well as inuramidase
in crude barely ,-"my hase (Iwata at a1. , 1972)
and it may also be present in purified amylase.
As shown in Fig. 13, the PG preparation
liberated NH2 terminal amino groups or reduc-
ing groups with concomitant decrease in tur-
birdity on treatment with these enzymes.
Lysoz}, me released 0.16 moles of reducing
groups, the L-11 enz}, me released 0.66 moles
NH, terminal alanine and the L-3 enzyme
released 0.26 moles NH, terminal alanine and
0.2 moles -NH, -A, pm. The ALE enzyme re-
leased 0.3 moles NH, terminal alanine. The

values for terminal groups liberated by these
enzyme are expressed as molar ratios to the
total glutamic acid residues in the PG prepara-
tion. Intact PC had no detectable amount of

free NH. terminal alanine, but 0.41 moles of

A pm residue \\, as found in it. Thus about
half the peptide subunits in PC of F. par"-
hae, ,104.1t'CMs are cross-linked.

All these findings indicate that the PG of
P. par@hae, ,lob, tic"s Ass is a A, pm type PG,
like those of the cell \\, alls of gram negative
enteric bacteria such as E. col^'. it also re-
sembles PC of E. coti in chemical structure as

will be reported in detail (Kato at a1.1976).
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DISCUSSION

Some halophilic bacteria are said to be distin-
guished from most terrestrial organisms by the
nature of the PC layer of their envelope. One
extreme example is a Halobacteri"?n species
which is completely devoid of PC (Kushner,

pseudomonad B-161964). A
found to contain less PG than ordinary ter-
restrial gram negative organisms (Forsherg at
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cient in salts, althoughits general structure may.
be damaged under these conditions. The frag-
merited appearence of PC obtained from either
envelopes-I (prepared in the presence of pro-
resting N"Cl) or corel. pus-11 (prepar, d by
cell Iysis in solution of 10\\. salt concentration)
can not be regarded as conclusive evidence
that the PG layer is discontinuous since it was
apparently an artifact, because using a reviced
method intact inurein sacculi \\, ere obtained

which appeared identical to those of Entero-
bacteriaceae described by weldel and Pelzer
(1964). Further winene, f, " .jus, d hag^ of
PC in the organism \\. as that pHBA incltisions
remained in the PC preparation even after re-
peated washing \\, ith high and low speed cen-
trifugation (Table 4), \\, hereas a PG prepara-
tion derived from the cell envelopes
unfurly devoid of pHBA (Table 2).

The final yield of the PC \\, as 1.19- by \\. eight
of the cells. This \, alue \\, ould represent the
total PG content of the organism if the PC
was isolated quantitativeIy. If so, the percent-
age yield of PC from the organism \\. as close
to the PC content of marine pseudomonad
B-16 (Forsherg er a1. , 1972) antl that of F1'brio
I'm, (Winter at a1. , 1971), but "b, ut half us
much us that of fi. ,,/,^Whim at a1. , 1968)
or Split//I'Mi sellbe"s (KOIenbrandcr and Ensign,
1968). However, the PC content of the or-
garnism \v}Tich is presently available should be
interpreted \\, ith caution until direct methotl
for estimating exact amount of PC in the whole
cells will be established

The basic constituent amino acids and amino

sugars found in PG of F. I>rdhne"lob^ticus, as
\^ell as mode of action of server al known PG

hydrolytic enzymes to it, suggest that this
PC is of the same typical and uniform chemo-
type as the PC of all other granT negative
bacteria examined so far. There have been fe\\

attempts to isolate PC or the inurein sacculus
from organisms of the genus Fibrz'0. His a-
tsune at a1. (1972) has described that the Inaba
and Ogawa strains of Vibrio cholerae had E.
coll type PG, and that one of their PG speci-
Inens did not reveal a bag-shape in DTPhologi-

callv

Some amino acids that are not main coin-

ponents of PG were found in purified PC of
P. primhdemob^tict!s and other organisms
(Table 5). Those \\, ere glycine, lysine and
sometimes aspartic acid, which are found as
minor constituents in cross bridges in the
peptide subunits of some gram itegative bac-
teria, but were presumably not involved in
cross bridges of ,. parchne, "o4^11'ci!s. In fi.
coll and Prote"s ?rumbil, \, a lipoprotein attached
cowl. nth, to PG (Martin and Fronk, 1962) I*
an important constituent of a rigid layer, but
lipoprotein seems to be less important for this
purpose among Pseudomonadales. PC of
Spiri'/h{, ii serfe"s forms a ITaked inurein sac-
CUIus devoid of any, covalentl\ attached protein
because a single treatment \\. it IT aqueous SDS
removes all the protein layer and leaves pure
PC. \\, int, " at a1. , (1971) wiki"d PG of
'16/10 frills in high purlt\' solely by treatment
\^ItI\ SDS, and also suggested the absence of
covalently bound protein in this organism.
TIT the case of ,'. paid/me"lob^liars, PC could
not be obtainecl by, a single extraction with
SDS. As can be seen in Table 5, the Step I
preparation contained appreciable quantities
of amino acids \\, hiclt \\. CTe not constituents of

PC but \\. hicl\ could on I\, be removed by suc-
cessivc treatments with proteases. One POS-
SIblc explanation for the large amount of these
amino acids is that considerable amounts of

cytoplasmic materials \\. cre still trapped in the
closed bag of the inurein sacculus and were

not digested by SDS, indicating a disadvantage
of this method. However, it seems likely that
protein may be attached covalently to PG in
this organism. Studies on this special pro-
tcin are no\\, in progress.

The hexose molety \\. as separated from PC
by gel filtration, so the polyglucose may, be
c}, toplasmic material distinct from the PC.
Polyglucosc can also be separated from PC bv

eXchange column chromatograph\, (un-
published observation).

During Iysis of some ITalophilic bacteria in
hypotonic media deformation of the cell DC-

\\, as

10n
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curs first and this leads to fragmentation of the
cell (Kushner, 1964). However, during Iysis
of I'. painh@emob, tz'c"s Ass, cytoplasmic in a-
terial leaked out but the shape of the cell re-
mained unchanged. This suggests that the
general barrier function of the cell envelope
is damaged rather than that the cell is rup-
tured by sudden change of OSmolarity. Scher-
rer and Gerhardt (1973) have demonstrated
that the porosity of the cytoplasmic membrane
of BCCz'jins ,"eg@te, I'M" was controled by Mg".
it seems possible that deprivation NaCl may
cause a increase in the porosity of the en-
velope of I'. par@haemob!tz'c"s without affecting
PG laye". Buckmire and MarLe, d (1965)
suggested that the membrane of halophiles
consists of polyanionic molecules which can
only be stabilized by the neutralizing effect of
cations of salt. Thus when electron negative
group of the molecule is exposed by deficiency
of neutralizing cations, the resulting repulsive
forces between these anionic molecules result

in widening the porosity in the membrane.
The stabilizing effect of low pH can be ex-
plained by supposing that dissociation of the
anionic residues of the molecule is reduced

at low pH. This does not mean that acidic
conditions are optimal for I'. parch@emob, tz'CMs,
for in fact, the organism requires a weak
alkaline environment for optimal growth and
acidity Is extremely adverse for growth and
survival. The PC of ,'. parahaemolyticus is
apparently not affected by salt since the intact
inurein sacculus was obtained even though
the preparation was washed repeatedly with
distilled water, except when the cells were
suspended in SDS solution for the first time.
Moreover the PG was not affected by further
treatment with 100 inM EDTA solution (un-
published observation). Therefore, it is most
improbable that the PG layer in the envelope
of the organism is directly responsible for Iysis
of the cells in solution of low salt concentra-

from each other. Buckmire and MacLeod

(1965) suggested that in the marine pseudo-
monad they examined some material elfec-
tively held PC and the other layers together
in solution of high salt concentration but that
it disappeared in medium of lower salt con-
centration. This might also be the case in
I'. parahaemolyticus. In electronmicrograph
we could not see any layer corresponding to
PG in a sections of intact cells of the organism
prepared by the method of Murray at al.
(1965). This agrees with the report of Koga
et a1. (1976). The sections of several marine
vibrio including ,'. par@h@em06itt'c"s made by
Murray's method also showed no structure
corresponding to PG (Colwe11, 1970). Fors-
berg at a1. (1972) suggested that the difficulty
in detecting a densely stained PG layer in the
marine pseudomonad B-16 may be partly due
to its thinner nature than that of E. coll' and

partly due to the closer adherence of PC to
the outside surface of the cytoplasmic mein-
brane than to the outer layer. If the PG of
V. par@h@emob, tt'CMs is similar to those of marine
organisms, it must differ from the PG of enteric
bacteria, since electronmicrography shows that
the latter associated with the outer layer.

The method employed to isolate PG from

tion.

An electronmicrograph of a sectioned pre-
paration of Iysed cell showed that the inner
and outer layers were considerabley separated
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FIGURE 14. Shadowed preparation of a inurein
sacculus of Pseudo, "0, ,@s 101. This preparation cor-
responds to Step 2 preparation of P. taroh@emo!y-
tic"s Ass. The membranous structure is very thin
with a faint outline. Scale: I pm.



intact cells of P. primhne?1101yti'ci, s \\, as tested
on E. coll' B (our laboratory strain) and Psew-
do Monas sp. 101 to examine its general avail-
ability. The latter strain \\, as supplied by
courtesy of Prof. A, I. A, Iasui, Osaka City Uni-
versity. it requires 10'1, NaCl to maintain
its 00"inalphy^1.1. ginlstat. (Musui*t a1. , 1973)
and therefore can be classified as a moderate

halophile. Figure 14 shows the inurein sac-
CUIus obtained from strain 101 by direct SDS
digestion of \\, hole cells \\, ithout mechanical
disintegration. A pure inurein sacculus \\, as
also obtained from f. coll' B by this method.
Analytical data on the composition of these
preparation are shown in Table 5. Data of
other PG preparations made by other authors
are also listed in Table 5 for comparison. The

composition of all the PC samples listed in
the table seemed to be identical except for their
contents of some ntinor amino acids.

Further chemical anal\. SIS of the nature of the

cross linkage in the peptide and the chain length
of the gl}, can of the PC of I, '. paidhaeiiiob, -
tic"s Ass \\. ill be reported (1< ato et a1.1976).

REFERENCES

Aslt\^ell, G. 1957. Colorimctric anal}. SIS of sugars
p. 73. I, , S. P. Colorvi. k, and N. 0.1<nplan led. l
IVlethods Enzym01. \!111. Academic Press, New
York

Brow. n, A. D. , D. G. Drumund, and R. I. North
1962. The peripheral structures of gram nega-
tive bacteria 11. Membranes of bitcilli and

pseudomonad. Bio-spheroplasts of a
chim. Biophys. Acta. 58: 514-531

Brown, A. D. , and C. D. Shorey. 1963. The cell
envelope of two extremely halophilic bacteria. I
Cell. Biol. 18: 681-689

Buckmire, F. L. A. , and R. A. A{acLcod. 1965
Nutrition and metabolism of marine bacteria XIV

On the mechanism of Ivsis of a marine bacterium

C"n. I. A, Tic, ohio1.11: 677-691

Colwell, R. R. 1970. Polyphasic taxonom}' of the
F1'by, '0 : numerical taxonom\. of Pi'briogenus

r/101e, 'ae, Vibrio prim/Meijio/yt, 'ti, s and related
Vibrio species. I. Bacteri01. 104: +10-433

Deneke, C. F. , and R. P. Colwe11. 1973. Studies
of the cell envelope of '16/10 pal riftne, ,!o6.11'c, ,s
Can. I. Mi. "ohio1.19: 241-245.

Forsberg, C. W. , M. K. Rayman, I. \\'. Costerton,
and R. A. MacLeod. 1972. Isolation, characteri-
zation and ultrastructure of the peptidoglycan
layer of a marine pseudomonad. I. Bacteriol
109 : 895-905

Ghuysen, I. IVl. , D. I. Tipper, and I. L. Strominger

ACKNO\\, LEDGi\. IENTS

\\'e \\'ish to express our gratitL!de to Drs. T. Fujino
and A, I. ATiwritani for Itelp in the initial part of this
studv. we also thank Dr. A. I. HOTi and the late

Dr. A1. 1<nto for encouraging Lis to complete this
study. TITe SI<illful assistance of NIT. I. Azumn,
OSal<;I Prefectural InstitLite of Public I{ealth, in

electronmicroscop\. Is greatl\. appreciated

Inarine

1966. Enzymes that degttrade bacterial cell walls
p. 685-699. 111 E. F. Neufcld and \J. Ginsberg
[ed. ] A'lethods Enzym01. \, 111. Academic Press.
New York

Good*\in, S. D. , and I. G. Shedlarski, JR. 1975
Purification of cell wall peptidogl\. calt of the
dimorphic bacterium C"!, lobne!e, creste"1113. Arch.
Blochem. Biopllys. 170: 23-36

Hamada, S. , T. Narita, S. Korani, and K. 1<nto
1971. Sttidies o1t cell walls of group A 811'ep!0-
rotri, s pyog, ,Ies, type 12. Pvrogenic and related
biological activities of the higher molecular weight
fraction of an enzymatic digest of the cell walls.
BikeiT I. 14: 217-231

Hamda, T. , 1<. Yokobayashi, and A. A, lisaki. 1968
Formation of isoam\Irise bv Ps, ,,,/onionns. Appl
A{ICrobi01. 16 : 1439-14+4.

Heymer, B. 1975. Biological properties of the pep-
tidogl\'can. Z. Immun. -Forsclt. Bd. : I+9 S. 245-
257

Hirachi, Y. , S. Kotani, H. Suginal{a, and 1<. Kato.
1971. Preparation of cytoplasmic membranes of
Stop/11, /0cocri, s allyei, s FDA 209P through proto-
PIasts made \\, ith the L-11 enzyme and a prelimi-
nar^ analysis of membrane antigens. Biken I
14: 11-28.

Hirata, T. 1970. Studies on the mode of staphv-
101ytic action and purification of F1avobacterium
L-11 enzyme. I. Osaka Univ. Dent. SOC. 15:

TAvuRA, T. at al. MMrei" sacculus of ,. prahnemolyti'CMs 111



26-40. 11n Japanesel
His at sune, K. , T. Kawada, U. Shimotori, and K.

Takeya. 1972. Studies on the cell walls of PI'brio
of, o1erde. JPn. I. Bacteri01.27 : 216. 11n Japanesel

ito, K. , and A. Ishihama. 1973. Subunits of RNA
polymerase in function and structure. 111 AC-
cumulation of intermediate in the subunit assembly
of E. coli RNA polymer ase by treatment with
cyan"te. I. Niol. Biol. 79: 115-125

I\\, ata, S. , K. Kato, S. Kotani, and T. Trimura.

1972. Demonstration of endo-N-acetylglucos-
aminidase and endo-N-acetvlmuramidase as jin-

PUTities in a crude commercial preparation of
,-amylase from barley. BikenI. 15: 123-133

Johnson, R. Y. , and D. White. 1972. Myxospore
formation in My;rococi, s tnnt/!i's : chemical
change in the cell wall during cellular in orpho-
genesis. J. Bacteri01.112: 849-855.

Katayama, T. 1973. Studies on purification of
Styepto, ,Iyces L-3 enzyme capable of degrading
" DAP " containing bacterial cell walls peptido-
glycans. I. Purification of well defined soluble

substrates and isolation of -D-alanyl-me so-DAP-
endopeptidase. JPn. I. Orel Biol. 15: 168-185.
11n Japanesel

Kato, K. , T. Hirata, Y. XIurayama, H. Suginaka,
and S. Kotani. 1968. Studies on the mode of

action of F1n"o6acte, IIJ"I L-11 enzyme on the cell
walls Stup/aylococc"s @111ei, s strain Copenhagen.
Identification of isolated cell \\. all peptide. Biken
I. 11 : I-12.

Kat0, 1<., S. Iwata, H. Suginaka, K. Namba, S.
Kotani, and T. Tamura. 1976. Chemical struc-

ture of the peptidoglycan of Vibrio primhoe, ,, o1y-
ttc"s Ass with special reference to the extent

of inter peptide cross-linking. Biken I. 19 : in
press

Kato, K. , S. Kotani, T. A, Iatsubara, I. Kogami, S.
Hashimoto, itI. Chimori, and I. 1<azekawa. 1962.
Lysis of Striphy/DCocc, 15 mirei, s cell wall by a Iytic
enzyme purified from culture super natant of
F1a"o6, ,cter, ',,,,! species. Biken I. 5 : 127-131

1<ato, K. , and I. L. Strominger. 1968. Structure of
the cell wall of Slap/Iylococci, s IX

\, Iechanism of hydrolysis by the L-11 enzyme.
Biochemistry, 7 : 2754-2761

Kato, K. , I. L. Strominger, and S. Kotani. 1968
Structure of the cell wall of Cor^, ebocter, ',, in
dipht/Ie, ,'ae. I. A, Iechanism of hydrolysis by the
L-3 enzyme and the structure of the peptides.
Biochemistry, 7 : 2762-2773.

Kitaura, T. , T. Tamura, T. Okada and H. Nishi-
inune. 1965. Studies on the cell wall of PI'61. io

parohne, ,101ytici, s. JPn. I. Bacteri01. 20 : 722.
11n Japanesel

Koga, T. , K. Masuda, A. Sakurai, and T. Kawada.
1976. Fraction ation and reconstitution of the

cell envelope of Fib, ,'o pornh"e, "o1ytt'ci, s. JPn. I
Bacteri01.31 : 247. 11n Japanesel

KOIenblander, P. E. , and I. C. Ensign. 1968. ISOla-
tion and chemical structure of the Deptidoglycan
of Spirz'//1,111 serpe, 13 cell walls. I. Bacteri01.95 :
201-210.

Kotani, S. , Y. watanabe, T. Shimono, T. Narita,
K. Kato, D. E. S. Stewart-Tull, F. Kinoshita, K.
Yokogawa, S. Ka\\, at a, T. Shiba, S. Kusumoto,
and Y. Tarumi. 1975. Immunoadjuvant activi-
ties of cell walls, their water-soluble fractions and
peptidoglycan subunits, prepared from various
gram-negative bacteria, and of synthetic N-
acetylmLiramyl peptides. Z. Tmmun. -Forsch. Bd
149 S: 302-319

K, ulwich, T. A. , I. C. En*Ign, D. I. Tipper, "rid
I. L. Strominger. 1967. Sphere-rod inDTPho-
genesis in Archrobucter crystallopoietes. I. Bac-
teri01. 94: 734-750

Kushner, D. I. 1964. Lysis and dissolution of cells
and envelopes of an extremely halophilic bacteri-

I. Bacteri01.87: 1147-1156.

L, w, I. H. , and R. A. SIepecky. 1961. Assay of
poly-,-hydroxybutyric acid. I. Bacteri01.82 : 33-
36

Lee, I. S. 1972. Inactivation of Vibriop"raftoe, ,101y-
tic, ,sin distilled \\, ater. Appl. ithcrobi01.23 : 166-
167.

Liu, T. , and E. C. Gotschlich. 1967. I\IUTamic acid
phosphate as a component of the inucopeptide of
gram-positive bacteria. I. Biol. Chem. , 242:
471-476

Lowry, 0. H. , N. R. Roberts, K. Y. Leiner, M. -L.
Wu, and A. L. Farr. 1954. The quantitative
histochemistfj, of brain I. Chemical methods. I
Biol. Chem. 207: I-17.

Lowry, 0. H. , N. I. Rosebrough, A. L. Farr, and
R. I. Randa11.1951. Protein measurement with
the Folin phenol reagent. I. Biol. Chem. 193 :
265-275

iVia ridelstam, I. 1962. Preparation and properties
of the inucopeptides of cell walls of gram nega-
tive bacteria. Biochem. I. 84: 29+299

Martin, H. H. , and H. Frank. 1962. Quantita-
tive Bausteinanalyse der Stutzmembran in der

Urn.

112

allyei, s

BIKE\ JOURNAL V01. 19 No. 3 1976



Zell\^and von E. coli B. Z. NatLirforsch. 17 B

190-196

\, Iasui, A, I. , and S. \\lada. 1973. Intracellular con-

centration of Na' K', and Cl~ of a moderateI\.
halophilic bacterium. Can. I. A, Iicrobi01. 19 :
1181-1186

\, Iatsuda, T. , S. Kotani, T. Katayama, T. NIOriyama,
and A, I. Yoneda. 1968. isolation of D-alanvl-,, Ieso-

,I, ,t'-diaminopimelIC acid endopeptidase from a
crude preparatioi, in Streptomyces " L-3
"yine ". Biken I. 11: 145-148

A, Iatsuda, T. , S. Kotani, and K. Kat0.1968. Struc-
ture of the cell walls of Lttctobac, '//,, s plantn, 1,111,
ATCC 8014. I. Isolation and identification of

the peptides released from cell wall peptidogl\'-
cans by St, 'epto, "yres L-3 enzyme. Biken I. 11:
111-126.

A, Iatsuda, T. , S. Kotani, and K. Kat0.1968. StrLic-
ture of the cell wall of Lnctobuti//I'S planttiri, ,, I
ATCC 801+. 2. Cross linkage between D-alanine
and tt, n'-diaminopimelic acid In the cell\\, allpep-
tidoglycan studied \\ith a L-11 enzyme fronT
Finalo6"cte, ,'!,,,, sp. Biken I. 11: 127-138

\11\vatani, T. , and Y. Takeda. 1976. Pi'by, 'o prim-
hne, ,, o1ytitJ, s. A causative barter Iuin of food
poisoning. Saikon publishing Co. , Ltd, Tokyo
149 p

XIori, Y. , K. 1<nto, T. A, Iatsubara, and S. 1<0tani

1960. Lysis of the cell walls of Con, Iebncter, ',,,,!
driphthe, ,'ae by extracellular enzymes of Styepto-
lilyces sp. I. Production and concentration of the

Iyti. f"ctor. Biken I. 3 : 139-149.
\10n, Y. , and S. Kotani. 1962. Lysis of the cell

walls of Cory"ebticte, 1111/1 diphtheriae by extracel-
Iular enzymes of Styepto, ,, yces sp. 2. Production
of " protoplasts " by treatment with a purified
cell wall Iytic enzynte. Biken I. 5 : 55-66

\IUTray, R. G. E. , P. Steed, and H. E. EISOn. 1965.
The location of the inucopeptide in section of the
cell \\. all of E. ton and other gram negative bac-

Can. I. Microbi01. 11 : 547-560teria

Ohtani, E. , and XI. A, Iasui, 1969. Role of mono-
valent cations for the maintenance of the mein-

brane rigidity in moderate halophilic bacteria.
Fragment at 101T of the isolated cell \\, alls from a

moderately halophilic bacterium, Pse!, dollio, I'S sp
No. 101, by deletion of NaCl from media. A'led
Biol. , Tokyo 78,119-122. 11n Japanesel

Park, I. T. , and itI. I. Johnson. 1949. A submicro-
determination of glucose. I. Biol. Chem. 181 :
149-151

Ryter, A. , Y. HITota, U. Schwarz. 1973. Process
of cellular division in E. coli. Growth pattern

of E. colinT"I"ein. I. Niol. Biol. 78: 185-195
Scherrer, R. , and P. Gerhardt. 1973. Influence of

magnesium Ions on porosity of Burr'//!, s ,, legnter, IIJ"
cell \\. all and membrane. I. Bacteri01.114: 888-
890

Schleifer, K. H. , and O. Kandler. 1972. Pep-
ridoglycan types of bacterial cell wall and their
taxonomic implications. Bacteriol. Rev. 36 : 407-
477

Suginaka, I{., S. Kashiba, T. Am ano, S. Kotani
and T. Imanishi. 1967. Purification and proper-

ties of a Starphylolytic factor produced by strain
of Slap/Iy/D'orei, s epi'der, ,lid^^. Biken I. 10: 109-
120

Takika\\, a, I. 1958. Studies on pathogenic halophi-
Iic bacteria. Yokohama A, led. Bulletin. 9: 313-

322

T"mural, T. , T. FLijino, !\I. Kondo, and S. Kotani
1968. Occurrence of poly-13-hydroxybutyric acid
inclusions in Vibrio paid/IQe, ,101yti'c, ,s Ass. Biken
I. 11: 225-23+.

Tamura, T. , T. Fujino, H. Nliyaji, A. Misaki, alld
S. Kotani. 1969. A highly branched tt-0-glucan
of PI'brio primhtte, ,101yti'ci, $ Ass. I. Its isolation
and structure. Biken I. 12: 231-244

weidel, W. , and H. Pelzer. 1964. Bag shaped
macromolecules - a ne\\, outlook on bacterial cell

wall. Advan. Enzym01.26 : 193-232
White, D. , M. Dworkin and D. I. Tipper. 1968

Peptidoglycan of Myxototc, ,s \allthi, s structure

and relation to in DTPhogenesis. I. Bacteri01.95 :
2186-2197.

Winter, A. I. , \\,. 1<atz, "rid H. H. Martin. 1971
NILirein (peptidoglycan) structure of Pi'6710 Jeti, s
coinprison of a \, enereal and an intestinal strain

Blochim. Biophys. Acta 244: 58-6+

en-

TA\IURA, T. at al. MM, errr ratc"!Ms of P. pruhoe", o1ytt'c"$ 113




