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uMMARY The K-antigen of F1'6720 parahaemolyticus Ass (05 : K15) is degraded
by an enzyme produced by a microorganism isolated from soil \\ hich seems to

be a new species of the genus Bornl"s.
The enzyme preparation was obtained from the super natant fluid of a culture of

this organism. Incubation of the enzyme with K-antigen resulted in loss of the
ability of the antigen to precipitate hornologous antisera and in release of reducing
sugar and an acidic N-acetyl hexosamine. Some of the degradation products
Inhibited the precipitin reaction.

The enzyme also acted on living cells of ,. parahoemo!yti'ct, s enhancing their
agglutination by O-antiserum.

INTRODUCTION

Capsular K-antigen of '16/10 par@haemolyticws
Ass (05 , K15) un^ ham, d by Omori .t al.
(1966) and its purification and properties have
been described in detail (Omori er a1. , 1966)
Chemical analyses of the antigen which was an
acidic polysaccharide showed that it contained
hexosamine 17-229',, reducing sugar 15-2070,
p". rein 0.4-1.77, and neaty1 14.5-15.77. .
However, neither a known neutral sugar nor

I This work was presented at the 43rd General
Assembly of the Japan Bacteriological Society
(April I-3,1970 at Kyoto, Japan)

2 To whom correspondance should be addressed.

hexosamine has yet been detected in hydroly-
sates of the antigen. Moreover, in spite of its
acidic nature no uronic acid, SIalic acid or phos-
phonc acid was found in it.

it seemed likely that the antigen \\ ould be
rather labile in mineral acid, so attempts \\, ere
made to isolate an enzyme capable of hydrolyz-
ing the antigen. Samples of soil from various
areas were added to medium containing K-
antigen and the presence of antigen in the
culture medium was tested. An organism

producing an enzyme which degraded the an-
tigen was found in a soil sample obtained in
Gifu prefecture, Japan. This paper describes
the isolation of this organism, preparation of
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enzyme from it and degradation of K-antigen
with the enzyme.

MATERIALS AND METHODS

I. Meatn for the b"ctei. I'd

The isolated bacteria did not gro\\, in ordinary
nutrient broth, so a medium (pH 7.2) containing
crude K15-antigen 0.01%, tryptone (Difco) I%,
yeast extract (Difc0) 0.5 % and sodium chloride
0.596 \\, as used. it \\. as autoclaved at 121 C for

20 minutes. For preservation of the bacteria, 1.2%
agar \\. as added to the medium. The bacteria \\. ere

also grown on trypticase soy agar (BBL)

2. K15-@linke, , of ribr, 'o pornhae, ,101ytit, 13 a55
(05: K15)

,. painhae, ,101yt, 'ci, s Ass (05 : 1<15) was grown at
37 C overnight on agar medium (pH 7.2), containing
polypeptone (Daigo) I%, meat extract (\\:ako)
0.5 % and sodium chloride 3 %. Then the cells
\^ere I, at vested, washed with 3 % sodium chloride,
and ITeated at 100 C for 2 hours in 3 % sodium chlo.
ride. The mixture was centrifuged and the super-
natant \\. as dialyzed against Miso phosphate buffer,
pH 7.2. The mixture inside the tubing \\, as digested
with 50 itgjml of ribonuclease (\\!orthington), at
37 C for 3 hours and theIT treated \\, ith an equal
volume of 90q, phenol at 60 C for 30 minutes with
stirring as descrived by \\restpllal at a1. (1952)
After cooling, the mixture was centrifuged and the
aqueous laver was dialyzed against distilled \\, ater
and Iyophilized. This \\, as a crude antigen pre-

purified byparation. The crude antigen was

chromatography on a DEAE-cellulose column twice
as reported by Omori at al. (1966)

(Ouchterlony, 1949)
Quantitative assay of inhibition \\. as carried out by

the method described by Kabat (1961) as folio\\s :
0.2 inI of antiserum (serum No. 3) was incubated

with 0.2 inI of test sample at 37 C for 30 minutes.
Then 0.2 in I of antigen \\, as added and the mixture
was incubated at 37 C for I hour and then itept at
4 C for 2 days. The quantity of antigen used \\'as
equivalent to the amount of precipitating antibodies
Precipitates were washed twice with chilled physio-
logical saline and dissolved in IN sodium hydroxide
Precipitated protein was determined by the Folin-
Lowry method (Lowry at a1. , 1951)

O-agglutination was performed by mixing 0.45 in I
of cell suspension with 0.05 in I volumes of serialIy
diluted antiserum and incubating the mixtures at
50 C overnight. Agglutination \\. as performed in
3 % sodium chloride solution (Sakazal<i, 1967)

5. Analytical ?"ethods

N-acetyl hexosamine was determined by NIOrgan-
Eison's method (Reissig at a1. 1955). Reducing
sugar \\. as estimated by Somogyi-Nelson's method
(Somogyi, 1952). Turbidity of cultures
measured in a Shimadzu spectropltotometer at

600 in A. Paper electrophoresis was perfonmed In a
Model C-I apparatus (Toyo Kagaku) using Toyo
filter paper No. 51 and Milo acetate buffer, pH 7.0
Sugars and N-acetyl hexosamines on paper were
detected by the silver nitrate method (Trevelyan
at a1.1950) and Morgan-EISOn's method (Partridge,
1948), respectively.

3. Hullsei a

K-antisera (serum No. 3 and 6) \\, ere prepared by
injecting cells of V. parchoe", o1yti'ci!s Ass which had
been killed \\. ith formalin into rabbits, as described
by Qinori or a1. (1966). Their agglutinin titers
against hornologus living cells were I : 6400

O-antiserum (serum No. 5) \\. as prepared \\, ith
heat killed organisms as described by Omori er al.
(1966). The O-agglutinin titer of the antiserum
\^as I : 800

4. Sei'o109'cal 111ethods

The precipitin test \\. as performed by both the
capillar}. tube method and Ouchterlony's technique

RESULTS

2

I . ISOlntzon of in, croorgd, '13/11
S, inplus (1.0 g) of coil w, re add, d to 1.0 inI

of phosphate buffer, pH 7.0, containing 0570
sodium chloride, and the supernatants (0.1 inI)
of the mixtures were incubated with 1.0 inI

of 170 crude 1<15-antigen solution at 37 C
The culture super natants were tested daily for
the presence of antigen using the precipitin
reaction. One culture derived from farm soil

eliminated the setological activity from the
super natant fluid after 2 weeks

hard to isolate the microor-It \\, as very

ganism \\, hich produced the enzyme degrading
the 1<-antigen, because contaminating bacteria
always grew very fast. However, eventually
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it was found that on heating the culture at
80 C for 10 minutes the contaminating bacteria
were completely eliminated and a pure culture

obtained. The heated culture

streaked onto an agar plate and incubated at
37 C. Very fine colonies appeared after 24-
48 hours' After 72 hours the colonies appeared
as white dots covered \\, ith somewhat trans-
parent growth.

2. Character litz'CS of the orig'@712'sin
The organisms are aerobic rods with round

ends and are gram positive in young cultures.
They produce oval endo-spores which are
resistant to heating at 80 C for 10 minutes.
Optimum growth \\, as obtained at 33 C but
there was some growth at both 37 C and 25 C.
The organisms produced catalase.

As the bacteria seemed to belong to the
genus Bacz'//"s, efforts to identify them were
made following the description of Smith at al.
(1952), Bread at ,I. (1957) and \\,. If and
Barker (1968). The results were as follows :
fermentation of glucose, positive ; fermentation
of arabinose, xylose and mannitol, negative ;
hydrolysis of starch, casein and gelatin, nega-
tive ; no growth at 65 C and pH 7.0 or at 60 C
and pH 6.0 in the growth medium ; no growth
in trypticase soy broth medium containing 4,
7, or 10% sodium chloride ; production of
in do I, negative ; reduction of nitrate, slight ;
oxidase, positive. These biological behaviors
Indicated that this microorganism Is not

identical with any of the species of Boci//Ms
nest"Ib, d by Smith at a1. (1952), Bread at al.
(1957) or wolf and Barker^ (1968)

3. Relatz'0"ship bet"ee, I groanth rind err2yme
actz"ity

The organisms \\, ere cultured at 33 C in the
medium containing 1<-antigen with shaking.
At intervals, the turbidity of the culture and
the activity of the enzyme degrading antigen
were measured. The enzyme was assayed as
follows : the culture was centrifuged and an
allquot of the super natant was diluted with
3 volumes of MISO Tris buffer, pH 7.8, and

was \\, as

then mixed \\, Ith an equal volume of K15-
antigen solution (final concentration : 00570).
After addition of I drop of toluene, the mixture
was incubated at 37 C for I hour and then the
concentration of :*;-acetyl hexosamine was
determined. Fig. I shows that the enzyme
activity Increased with growth of the cells and
reached a maximum level after 13 hours, at
the time when full growth of the organisms \\, as
obtained
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FIGURE I. Rel"!lollshilp betre"11 triotui/, DJ cells alld
elf gymic aci!", Iy

Till'61drty reds , ead riga, ', 151 Intri'of ?, led^^I'll
O. D. for e, 13y, ,Ie assay reds co, I ected bj, 5116/1 action

of Ihe coll!efor the c, ,/!tile slipe, ,!diali! collii'o1
O. D. at 600 7,111 13 for tm'biff, 7y and Ihat at 585 7,114

Is for eiisy, ,Ie actit"'!y

5 7

4. Prepaid/20" of e, 22y, ,!e
A fully grown culture \\, as centrifuged and

ammonium sulfate \\, as added to the super-
natant to 807, saturation. The mixture \\, as
stood at 4 C overnight, and then centrifuged.
The supematant and precipitate were each
dialyzed against distilled \\, ater and con-

centrated. The bacterial cells \\, ere suspended
in Mj'50 Tris buffer, pH 7.8, and disrupted by

KURODA, 1<. er al. Errsym, 'c hj, di'o4, $1's of K-ant, gen of I'. pal'Rhoe, ,, o1yti'cars

I- -^-.
26
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sonication (10 KC. for 7 min).
The enzyme activities of these three fractions

were determined and results are shown in

Table I. The highest activity was found in the
precipitate, so this fraction was Iyophilized
and used for experiments.

TABEL I. Enzyme actzbzt^^s of froctz'ons of
bacterial culture

Fraction

Whole culture

Bacterial cells

Precipitate

Super natant

a The activity shows the highest dilution at \\, hich
each fraction affected the precipitating ability with
antiserum of K-antigen in agar. The experi-
mental conditions were as follows : fractions

(0.5 in I) were serial Iy diluted with Tris buffer and
mixed \\. ith 0.05% antigen solution (0.5 in I) and
I drop of toluene. After Incubation at 37 C
overnight, each mixture \\, ere heated at 100 C for
10 ntinutes and tested for its precipitin reaction
with K15-antiserum (serum No. co

volume
in I

liberated by the enzyme, the maximum amount
being 277, of the total as glucose after 22
hours,

70

50

7

4

Activity
in I it

=.
E

o
C
C

3

5. Effect of the enzyme on release of acetyl
herosami"ejrom K15-antzgen

The effect of the enzyme on K15-antigen
was measured by determination of N-acetyl
hexosamine. The enzyme (2 ingjml of water)
was mixed with equal volumes of antigen solu-
tion (final concentration 0.05%) and MISO
Tris buffer, pH 7.8. After addition of I drop
of toluene, the mixture was incubated at
37 C. At intervals, allquots were taken out
and heated and their N-acetyl hexosamine
content was determined. As shown in Fig. 2,
N-acetyl hexosamine was released by the
enzyme, and the release reached 10% of the
total as N-acetyl glucosamine after 22 hours'

6. ryect of the enzyme on release of red"cang
sugar 1707n K-antigen

Released sugar was estimated after similar
treatment of K-15 antigen with the enzyme.
Fig. 2 shows that reducing sugar was also

64
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reducing sugar

N-acetyl hexosamine

2 3

Time in hours

FIGURE 2. Release of reducing sugar and N-@cetyl
hexos"mine from K15-antige, !

O. D. at 585 ?rip is for N-@eely! hexos@,"ille and
that at 660 inP is for I'edi, c, ', Ig $11g"r

A

7. 14ff'ect of the enzyme on loss of precz;PI'tatz'rig
@621ity of the a"tjge" and a'"hz'62h'on of pre-
cz>it at 2'071 by the proofwct
K15-antigen was treated with the enzyme as

described above. Allquots were taken at
intervals and tested by the precipitin reaction.
Fig. 3 shows that the intensity of the precipitin
line decreased with increase in the incubation

time and after 24 hours incubation the ability
of the antigen to cause precipitation in agar
was completely lost. The product evidently
inhibited the precipitin reaction.

8- 1:17'ect of pH on errgyme actitizty
Enzyme activity was estimated at various pH

values. The buffers used were M!'50 Tris
(at and ,bon. pH 7.4) and MISO ph, ^phat.
(pH 70). Enzyme solution (2mglml of water)
was incubated with equal volumes of buffer
and K-antigen solution (final concentration :
0057, ) at 37 C for I hour. Allquots were
taken to measure the concentration of reducing
sugar. Fig. 4 shows that the optimum pH
was 7.8.

4

4 BIKE:.; JOURNAL V01.14 No. I 1971



40

o

.

2

FIGURE 3 . Precip, tin patterns tit @go, gel.
Left : the center toel! contained onti-K se, "in

(No. 6),. 0, 714, 712, I, and 4, K-@"t, ^e" inc"b@ted
arith the enzymef0,0,714,712, I, and 4 hours, re-
$@ecttbeb, ,' S, s@fine.

Rt^ht. . K, K-@"t, ^e",. DK, K-""tjge" titc"bated
cot'th the enzyme for 24 hours; AKS, anti-K serum
(No. 6); S, saline.
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FIGURE 4. ayect of pH on e"gymic activity.

9. Partz'@liractio"@tio" of deg, @d@tio" products
Six hundred ing of K-antigen and 200 ing of

enzyme were dissolved in 100 inI of MISO Tris
buffer, pH 7.8, and a small quantity of toluene
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30

Tube number

FIGURE 5. Chromatog, @phy of degraded K-@"tige"
on 8<!, frode" G. 75.

Sample: 0.4 inI.
column size. . 7.4x 90 cm

foal ,@te: 6 innh, .
fraction o01"me : 2 inI.
artim@tio" : red"ci"g sugar

KURODA, K. at al. E"gym, 'c hydrolysis of K-@"tige" of P. primh@emolytictts
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was added. The mixture was incubated at

37 C for 24 hours and then filtered through a
Sartorius collodion bag to obtain products of
low molecular weight. The filtrate was mixed
with 9 volumes of ethanol (957, ) and kept at
-20 C overnight. The resulting precipitate

removed by centrifugation, and thewas

supernatant was concentrated and subjected to
Sephadex G-15 gel filtration. The result in
Fig. 5 shows that four fractions were obtained.
The characteristics of the fractions are pre-
sented in Table 2. All fractions gave a positive
Morgan-EISOn reaction and a negative nin-
hydrin reaction and moved to anode on paper
electrophoresis at pH 70. The spots de-
veloped with silver nitrate reagent and Morgan-
EISOn reagent coincided completely. All frac-
tions more or less inhibited the precipitin
reaction.

10. Effect of the e". gyme on 1103'"g bacterzh
P. par@foamolytz'cars is a halophilic microor-

ganism, so it is usually cultured in media
containing 370 sodium chloride. On the other
hand, enzyme activity was low in the presence
of a high salt concentration, as shown in Fig.
6. Accordingly organisms were grown in the
usual medium containing 3% sodium chloride.
Then they were washed with 37, sodium
chloride solution and suspended in MISO Tris
buffer containing 170 sodium chloride. The

was incubated with thesuspension enzyme

(final concentration of enzyme, 3.5 ingjml) at
37 C. An quots were taken at intervals and
the organisms were washed twice with 370
saline and subjected to the O-agglutination test.
As shown in Table 3, 0-agglutination was
enhanced by the action of the enzyme and the

Character1stICs of the four lyrictz'offs obtot'"ed by Sephodex gel Intratz'onTABLE 2.

Morgan-Eison reaction
Ninhydrin reaction
Direction of inovcment on paper

electrophoresistt
Inhibition of precipitation"

Fractions

a Spots were detected with silver nitraic-sodiuin hydroxidc reagent and Morgan-Eison reagent
b These inhibitions were obtained with 120 11g, 92 11g, 390 11g or 440 11g (as N-acetyl glucosamine), respectively,

of the fractions. 1300 Itg of protein per tubc was precipitated \\. Iten inhibitor \\. as not added

TABLE 3. 0-agg!tttz'"atto" test of I'. primhaemo/ytz'CMs treated 2:12'th the enzyme degrndz'"g K-
anttge"

Treatment for

2 hr

control

6 hr

control

22 hr

control

2 hr boiled

+

anode

13%

x 40tt

2

+

+h

a Serum dilution

anode

10%

x 80

+

3

+

+

6

+

anti O-serum (serum No. 5)
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XI60

+

anode

24%

+

+

4

+

b Positive agglutination

+

x 320

+

anode

25%

+

e

+

x 640

+

+

+

xi280

+

c No agglutination

+

+

x 2560

+
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blood group A, B and H substances, respec-
tirely. Gad, busth and John^on (1960,1961)
obtained alkalig, erres sp. which specifically
degraded Cryptococc"s 71eqforma"s polysac-
charide. Kotani at a1. (1959) isolated three
strains from soil which Iyse the cell walls of
BCG, Goly"ebacteriw?" diphthe, I'de, Staphy-
IOCOcct, s aureus and Streptococcus pyOge"es.
MCCarty (1952) separated an enzyme from a
culture of Styeptomyces which acted on strep-
to coccal cell wall polysaccharide. Recently,
Eater and \\rim, ^ich (1965) 0bt^mad an
enzyme degrading \;I-antigen from B@cz'Jins
sphaerz'CMs.

The present organism also produced a par-
ticular enzyme capable of degrading K-antigen
of P. parahaemolyticus. This organism seems
to be a new species of the genus B@call"s from
its biological properties, but further
tigations are required to confirm this. it is
tentatively proposed to refer to this organism
as Bacillus species RIMD 1001.

The enzyme activity was mostly found in a
fraction precipitated by ammonium sulfate,
but the activity in the cells was also fairly high.
it will be interesting to see whether the intra
and extracellular enzymes are the same.

A positive reaction with Morgan-EISOn
reagent indicates that the sugars contain C-I
unsubstituted, C-2 with an acetyl amino group
and C-4 hyd". xyl fre, (. f. Honen, 1969). So,
the paralle rates of liberation of reducing
sugars and N-acetyl hexosamines from the
present K-antigen by the enzyme seem re-
asonable, because only hexosamine was found
as a major sugar constituent of the antigen
(Omori at a1. 1966). The maximal amounts
of release of N~acetyl hexosamine and re-
ducing sugar were 10% and 22%, respectively,
of the total amounts, even after 22 hours
incubation. This low value may be due partly
to incomplete hydrolysis by the enzyme, and
partly to the weak colour reactions of the
products.

The fact that the enzyme caused loss of the
ability of the antigen to precipitate with
antiserum and that the degradation products

2

NaCl concentration ( % )

FIGURE 6. Relationship bet"ee, , coliceiitrat, 'o71 of
Sodii, ", chio, Ide @11d e, isyin!'c actiony

E, ,gymic oct, wily atlas 711easu, ed by the M^gin^-
EISO, , react, o11

Bi(ft'e, : T, ,'s ,*, 150, pH 7.8
K-o, 111ge, , : 250 Agj, ,, I
E, 13y, ,, e. ' 2.5 711gj, ,11

o

agglutination of cells after 6 or 22 hours in-
cubation \\. as the same as that of cells after two
hours heat treatment.

DISCUSSION

3

Microorganisms which produced specific en-
zymes capable of degrading antigens have been
reported by many authors. Thus, Dubos and
Avery (1931), in their pionier work of this
kind, isolated a bacterium from soil which
produced an enzyme hydrolyzing type 111
pneumococcal polysaccharide. Landsteiner
and Chase (1935) used several organisms for
degradation of the blood group A substance.
Iseki and Furukawa (1959) isolated enzymes
from CIOstrz'drz, "I tertzt, in, CIOsti. I'd^inn Inaebashz
and Bacz'Ihis Iul?"in a"s capable of acting on

inves-

KURODA, K. at al. E"gymt'c hydrolysis of K-anti!;e" of P. parahaemolyticus 7



inhibited the precipitin reaction suggests that
the enzyme probably caused simple fragment a-
tion of the antigen molecule. Enzymes deg-
rading Vi-antigen caused so much decomposi-
tion that the products did not inhibit precipita-
ti. n at all (Biter and whine^Id, , 1965).

The four fractions of degradation products
obtained all gave a positive Morgan-EISOn
reaction, so these products may be 2-acetyl-
amino 2-deoxy sugars or their derivatives or
oligomers. All the fractions moved to the
anode on paper electrophoresis, so they must
all have some acidic group such as a carboxyl
group but at present it is uncertain whether
they contain an acetyl aminohexuronic acid
residue. Aminohexuronic acids have been

found in several bacteria (Heyns at a1. 1959 ;
williamson and Zamenhof, 1963 ; Perkins,
1963 ; Hanessian and Haske11, 1964 ; Smith,

1968 ; Mayer, 1969) and are reported to be very
unstable on acid hydrolysis (Perkins, 1963 ;
Hanessian and Haske11, 1964). This antigen
might also contain an aminohexuronic acid,
because on its acid hydrolysis no knowil sugar
has yet been identified (Omori at a1. , 1966).
The antigen requires more careful chemical
analysis.

Table 3 shows that the enzyme acted on
living cells of Fibrz'o parahaemo!ytz'CMs en-
hancing their O-agglutination. This suggests
that the enzyme acted on the capsule of the
bacteria as well as on isolated K-antigen and
probably removed the antigen, exposing the
O-antigen site to the outer side

Further purification of the enzyme and
further studies on the mechanism of the enzyme
action and the nature of the degradation
products are in progress.
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