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SHORT COMMUNICATION
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INCLUSIONS IN VIBRIO PARrlHaEMOLYT/CUS Ass
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Department of Bacteriology and Serology, Researclt Institute for Allcrobial Diseases, Osaka
Uni\'ersity, Yamada-kami, Suita, Osaka
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Faculty of Pharmacetitical Sciences, OSal<a University, Toyonaka, Osaka

SHOZ0 1<0TANl

Department of NIIcrobiology, OSal<a University Dental School, Osaka
(Received July I, 1968)

A polymerIC ester of D(-)-13-hydroxybutyric
acid (pHBA) is accumulated by a variety of
species of bacteria (AssELiNEAu, 1966) as an
endogenous reserve of carbon (DAWEs and
RIBBONS, 1964 ; DODDOROFF, 1966). How-
ever, the existence of pHBA in members of the
genus Fibi'10 ITas not yet been established.

In 1950, FullNo at "/. (1951,1953) 1.01at, d "
inotile Gram negative rod as a causative agent
of " Shirasu " food poisoning. 'This bacillus
took o1\ polar stain with basic dyes. Later this
rod bacillus was classified into the genus Fib, '10
and designated as F1brio foldhdemOb, tici, S
(SAI<AZAKi at at. , 1963 ; FullNo at at. , 1965).
During studies on the envelope of this organ-
Ism, it \\, as noted that Isolated envelopes held
distinct granular bodies which could not be re-
moved by repeated washing with water. These
inclusions presumably correspond to refractile
and electron-dense spherical bodies, which have
about 100-200 in/! diameter and are visible
' This strain \\. as generously supplied by Dr. G.

Qinorl, Osaka City Institute of Hygiene, Osaka,
Japan.
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near the polar regions of intact rods. They have
strong affinity for phenolizcd basic dyes and are
not decolorizcd by acid treatment when
modified Aloeller's acid-fast staining methodis
"PPIi. d (TAMURA, t at. , 1967). T'I, .,. finding^
suggest that this vibrio might possess pHBA
Inclusions. The present work was undertaken
to see whether these acid-fast, polar inclusions
actually consist of pHBA.

,261'10p"raftae"104.1ici, s strain Ass" (serotype
O : 5, K : 15), originally isolated from cases of
food poisoning in Yokohama, Japan, by TAKi-
KAWA (1958) \\, as grown in medium containing
I % each of casamino acid (Nissan, Nissui
Seiyaku Co. ), yeast extract (Oriental Yeast Co. ),
maltose and 391 NaCl. Before the addition of
maltose the medium \\, as adjusted to pH 7.8
with NaOH and sterilized by autoclaving at
120'C for 20 min. Maltose was autoclaved
separately and added to the medium after cool-
ing. Flasks of 500 in I capacity containing
200 inI of medium \\, ere inoculated \\, ith 8 inI of
a seed culture grown at 37'C for 16 hr with
shaking at 140 strokesImin at aiT amplitude of
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7 cm, and then incubated with shaking under
the same conditions. Cells were harvested at

the late exponential growth phase (usually 5 hr
after inoculation) in a continuous How centri-
fuge. They were washed with 37, saline sup-
piemented with 0.01 M MgCl, , and stored at
-20'C.

The cells were treated with sodium dodecyl-
sulfate (SDS) by the method of KOLENBRANDER
and ENSIGN (1968). SDS w, ^ add, d to 500 inI
of a stock cell suspension containing 21.06 g
dry weight of cells to a concentration of I %.
After being stirred at 37'C for a few hours, I ing
of deoxyribonuclease (Sigma Chemical Co. ) was
added to reduce the viscosity of the disinte-
grated cell suspension. The mixture was kept
at 37'C for 16 hr with stirring, and then CGn-
trifuged at 13,000 g for 60 min at room tern-
perature. The pellet was resuspended in I%
SDS and treatment with SDS was repeated.
The insoluble residue thus obtained was

washed thoroughly with water, and digested
with 10 ing of crystalline trypsin (Sigma
Chemical Co. ) in 100 inI of 002 M Tris-HCl
buffer (pH 7.0) for 4 h" at 37'C. Thi^ dig. ^-
tion was repeated and the pellet obtained by

washed and Iyophilizedcentrifugation
(envelope fraction). The dried material (717
ing) was thoroughly extracted with 40 in I of
chloroform in a Soxhlet apparatus at 65 C for
16 hr. The chloroform extract was evaporated
to dryness and the residue was redissolved in a
small amount of hot chloroform. A white
Hocculant material which formed in the solu-
tion on addition of excess ether-ethanol (I : 3,

vjv), was collected on a filter paper as a white

amorphous n}aterial. It was further purified
by repeating the above cycle of dissolving it in
hot chloroform and precipitating it with ether-
ethanol. The final product was washed suc-
CGssively \\, ith ITot water and hot methanol,
dried and kept in a desiccator.

Attempts were also made to extract pHBA,
if present, from intact cells by treating cells of
the same lot as in the preceding experiment with
alkaline hypochlorite by the method used bv
\VTLLiAMsoN and WiLKiNSON (1958) for quan-
tative isolation of pHBA from Bacz/jus ce, errs.

As shown in Table I, 488mg of purified
material were extracted from 717 ing of the
envelope fraction with hot chloroform, cor-
responding to 2.3 9', of the original intact cells
(21.06 g). This yield was coinparable to that
obtained from the intact cells with alkaline

hypochlorite. The purified materials Isolated
both from intact cells and their envelopes
were readily soluble in chloroform giving
a viscous solution. \\Ihen the chloroform

was evaporated off, the material formed a
thin translucent plastic-like film adhering to the
surface of the test tube. The material stained

well by modified Moeller's method like the
granules in intact cells. It gave off white fumes
with an irritant odor of crotonic acid when

melted by heating. The material was hydrolyz-
ed with alkali and paper chromatographic aria-
Iysis of the hydrolyzate by the method of
BROWN(1950) in it-but an o1 saturated with 1.5 x
NH40H (ascending technique) showed two
spots on spraying with 0.4 q, BTB in ethanol.
The major spot of R, 0.10 and the minor spot of
Rf- 0.30, corresponded to authentic 13-hydroxy-

\\, as

TABLE I frothtt'on of pHBrl from on en"elope fraction of 1'161. !'0 painhaem0/I, 12'CNS A55

Starting material (intact cells)
Trypsin-digested residue from SDS-treated cells
(envelope fraction)
Material extracted with hot chloroform and precipitated
with ether-ethanol (pHBA)
Non-extractable residue

IVlaterial
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Dry weight

21.06 g

717 ing

488 ing

'0' ru,

Weight ratio
(%)

100

3.4

2.3

1.0



a-crotonic acid
(RF 0.30)
,-hydroxybutyric acid
(RF0.10)

I,

FIGURE I Paper chromaiograin of hydrolyzate of
test material (pHBA) front '16/10 pal ahne, ,JulytJ'cj, s
Ass

Telt ing of sample \\. ere Ilydrolyzed witlt 5 in I of
0.5 x methanol-KO}I in a sealed tube for 3 hr

One-\^us, ascending clTromatography was carried
out witlt if-butano1 saturated \\. ith 1.5 N NH OH for

1211r at room temperature. Spots of orgai. ic acid
were detected \\. ith 0.4"I, BTB solution in etltanol

I. Allxture of atIthentic ,3-hydroxybutyric acid
and ,I-CTotonic acid (50 11g each)

2. Hydrolyzed test sample (50 Itg)

butyric and CTotonic acids, respectively (Fig. I).
Following the method of LA\v and SLEPECKY
(1961) the material was heated in concentrated
sulfuric acid and then the ultraviolet absorption
spectrum \\, as examined and found to be Iden-
tical \\, ith that of CTotonic acid derived from au-

then tic 13-hydroxybutyric acid by heating in the
same condition. As shown in Fig. 2, the test
and reference materials gave identical spectra
with ai\ absorption maximum at 235 inn. The
infrared spectrum of the test material exhibited
th. "b^orption band^ (Fig. 3) dne to -C-Co-0-
C- at 1,735,1,250 and 1,050 cm~' and those
due to -CH, and -CH, -Co- at 1,460 and
1,390 cm~' respectively.
Analysis : (C4H60g),, ;

calculated : C, 55.57 ; H, 7.03
found C, 55.80 ; H, 6.94

The contents of nitrogen and phosphorus \\, ere
0.5% and <0,017, , uspullv. Iy.
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FIGURE 2 Ultraviolet spectra of test material
(pHBA) and of aiuthentic 13-hydrox\, btityric acid,
after heating in concentrated HES04

Solid line : test material

Dotted line : authentic stintple.

All these findings indicate that the test in a-
terial is pHBA with the structure presented in
Fig. 4. Thus, the presence of pHBA in Fibrib
paidhtzemoly, tic"s Ass \\, as established.

Electron microscopic examination \\, ith a
IEM 120 electron microscope (Japan Electron
Optics Laboratory Co. ) showed that after SDS
treatment and trypsinization, the residue (en-
velope fraction) of Fibrio po, riftae"lob^tz'CMS Ass
retained a thin membranous structure with

an electron dense granule (Fig. 5). Most of
the granules were in clumps and eaclt granule
was wrapped up by very thin membranes
(Fig. 7 and 8). Extraction of the envelope
fraction with hot chloroform seemed to remove

these granules (Fig. 6). From these findings,
together with the fact that the chloroform ex-
tractable portion of the envelope fraction
consisted almost entirely of pHBA, it was con-
Iuded that pHBA was probably a major con-

stituent of the granules.
Evidence has been obtained that the mein~

branous structures left after extraction \\, ith
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FIGURE 3 Infrared absorption spectrum of test material (pHBA).
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hot chloroform (non-extractable residue) had
amino acids and amino sugars characteristic
of cell \\, all peptidoglycan : the non-extractable
residue contained 1.0,1.7,0.9,1.2 and12molar
ratio of glutamic acid, alanine, o1.5-diamino-
pimelic acid, glucosamine and inuramic acid,
respectively. Details of experiments on this
will be reported elsewhere.

In general, pHBA inclusions in bacterial
cells have been regarded as Sudan black B
stainable ' lipid granules '. Isolated and pun-
fled pHBA itself is not sudanophilic but stains
with basic dyes, \\, hile pHBA inclusions in
intact cells scarcely stain with basic dyes with-
out pretreatment. This discrepancy \\, as ex-
plained by supposing that the pHBA in the
inclusions was surrounded by a sudanophilic
lipid coat (\\71LLiAMsoN and \\'1LKiNsoN, 1958 ;
YONEDA and 1<0N00, 1959 ; KON00, 1960).
This coat dose not seem to be permeable to
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basic dyes. Thus in a report on Bacillus
YONEDA and KONDo recommendedcerei, s

pretreatment of test specimens with acetone
and ether-ethanol to remove the lipid layer, to
enhance the acid-fast stainability by modified
MDeller's method. In the present work the
inclusions of F1b, .10 parchaemolytt'ci, s Ass, did
not stain with Sudan black B by the technique
of BURDON (1946), but they stained well by
modified Moeller's method without any pre-
treatment. These findings suggest that the
pHBA inclusions in this organism ITad no, or
only an Incomplete lipid layer covering the
granules. Further studies are required on the
stainability of the granules of this organism
grown under various culture conditions and on
the granules of other strains of Flirt'o prim-
hnemolyt!'ci, s.

pHBA \\, as not readily extractable from dried
intact cells \\, ith hot chloroform without pre-
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CH3^CH CH, CooH

CH 3-CH ~CH 23 2

CH 3-CH -CH 2

o

co

o

conventional method of treating Intact cells \\, ith
alkaline hypochlorite for the following reasons.
First, the former method gave pure material
almost free from contaminating material so
further purification hardly necessary.
Second, SDS-trypsin treatment is much milder
than alkaline hypochlorite treatment and, so
undegraded pHBA could be isolated. it is
unkno\\, n \\, hether the SDS-trypsin-hot chloro-
form method is applicable o1T other bacterial
species as an easy and efficient n}ethod of ex-
tractioi\ of pHBA, and this requires study.

FORs\Tn, HAYWARD and ROBERTs (1958) and
HAY\VARD (1959) reported the presence of
pHBA in bacteria isolated from soil and river

However, there are no sufficient de-\^ater.

scriptions in these papers indicating that any
of the bacteria examined by them belongs to
the genus F1'b, '!'0. In this connection it \\, ould
be pointed out that the TAI\Is subcommittee
on taxonomy of Fibi'!'o agrees Lipon that only
bacteria producing acidity from dextrose by the
Embden-Allayerhof glycolytic patllway should
included into this genus (FEELEY, 1966). There-
fore, F1'b, 1'0 pm'riftne, 1106,11cws seems to be the
first identified vibrio in \\. hicll the presence of
pHBA as inclusions \\, as established.

The ability to synthesizc pHBA in^, serve
as an useful taxonomic criterion for classifica-

tion of vibriones, as it dose in the primary sub-
division of the genus Pseiid0"10iids (STAxiER at
n/. 1959). A screening surv^, for pHBA in
other related vibriones is no\\, in progress.

co

o
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FIGURE 4 Possible structure of pHBA

treatment of the cells. AToreover ultrasonic dis-

ruption of cells did ITot improve the yield \\. hich
^'asless thaiT 0,17, . Pretreatment \\, ith SDS or
alkaline hypochlorite, on the other hand, greatly
increased the extractioi\ of pHBA. Although
these treatments may remove something \\-itIch
prevents extraction of pHBA, no experimental
support for this has not yet been obtained.

The method of extraction of pHBA from the

envelope fraction obtained by SDS-trypsin
treatment of intact cells seems better than the

OH

The authors arc gratcful to Dr. C. Kawasaki,
Faculty of Pharmaceutical Scicnccs, Osaka Univer-
sity, and Dr. M. Yoneda, RusearclT Institute for. itIi-

CTCbial Diseases, Osaka University, for their IlclpfLil
discussion. The^ also than 1< NTT. T. Nishihara and

otlTet members of tite Faculty of Pharmaceutical
Sciences for' analytical studies. Their thanks are
also due to Dr. 1<. 1< ato and the staff of the Depart-
merit of Microbiology, Osaka University Dental
School, for useful suggestions. The taxonomical
characteristics of genus '16/10 \\. as discussed \\, ith
Dr. I. Yasuda, the Curator of the Culture Collection,
ResearclT Institute for i\Iicrobial Diseases
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FIGURE 5 Electron micrograph of an envelope fraction, a trypsinized insoluble
residue isolated from Vibrio par"hnemo/ytt'ci, s Ass cells after SDS treatment.
A oranule in a membranous structure is seen. Shadowed at an angle of 25'
with Pt-Pd

FIGURE 6 Electroi, micrograph of an envelope fraction after extraction with
hot chloroform

The membranous structure is free fronT granules. Shadowed as in Fig. 5
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FIGURE 7 and 8 ElectroiT micrographs of an cnvclope fraction
Granules were asscmblcd in cltimps and wrappcd by membranous structures
Shadowcd as in Fig. 5
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