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Summary

A possible role of oral Heparinase-producing Bacteroides which resembles to
Bacteroides oralis in the character. in the etiology of periodontal disease has been em-
phasized by the authors. This is mainly based on the facts that they possessed
heparinase and remarkably increase in number in the local samples of experimental mixed
infection by human dental plaque following serial transfer.

The present study dealed with the extraction and characterization of the endotoxin
from the cells of the Bacteroides.

Three strains which differed from each other in the heparinase activity were grown in
Trypticase broth for 5 days anaerobically at 37°C. Harvested cells were washed three times
with acetone, dried under CaCl, and subjected to extraction. Endotoxin were extracted by
phenol-water (1 : 1) according to Westphal method with some modifications. The recoveries
of preparation were 7~17% by dry weight basis. Preparations were whitish powder and
water-soluble.

Preparations pyrogenicity, Shwartzman reactive activity and cytotoxic activity of the
endotoxin were demonstrated. The higher endotoxic activity was observed in the preparation
with higher recovery. In the Shwartzman reaction, a positive correlation was found between
preparatory activity of the endotoxin and the heparinase activity of the strain.
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heparinase iM%y, Heparinase et
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2. REFZRoMtE

WNEFZEOHMHENOHERE 2 Fig. 1 (2R3,
Westphal o)‘iii&“’t:?;é LC7x/—0N- Kt
THHIHL 22, Thbb, & E o Trypticase
broth (= formalin (0.05%) %i&MmL 2214, &L

- (15,000X G, 20 min. 4°C) Ic k- CHHEL,

acetone C 3 [k #i%, Wik2CaCl, F T L
22, FOEBREEKS0 8IIMLT, 72/ —L K
#1:licmz, 30 4HERMEL 2. water
phase Z5BEL, HBUKIZXL T4°C, 96 %
Pl 7, BEHMEEZRAL, =0 k#E micro

Batch culture for 5 days in Trypticase broth

Formalin (0.05%) added to whole culturel
centrifugation (15,000X G, 20min. at 4°C)

Cell harvested and washed (3times by ace-
tone)desiccated on CaCl,

5.0g of dried cell suspended in 90m! of water

130ml of water and 220g of phenol added and
homogeniied_ for 30min. by meams of
blender (1:1 phenol-water)

centrifugation (15,000X G, 20min. at 4°C)

v
Repeat extraction with
phenol by the previous
procedure

centrifugation (2105n'?i(r)10§tczi“’c) to re-

=

ater phase separated,

move phenol phase

Water phase
Dialyzed against water at 4°C for 96hr. with

several 'changes

[centrifugation (15,000 % G, 20min. at 4°C)

Supernatant .
filtrate with micro-pore filter (pore size :

0.45,m)

Add double volume of acetone and a small

quantity of NaCl

Precipitates harvested (centrifugation), washed

twice by acetone and dried on CaCl,

Endotoxin

Fig. 1. Extraction procedure of endotoxin from
oral Heparinase-producing Bacterotdes

-pore filter (Millpore Co. pore size 0.45.m) Tif
BLzRCT, ZOREHE 2 £ B acetone & 4
B NaCl 2L TABE LB L 72, AE5
%# 3 5|Z acetone T2 Mg CaCl, FTrisg
L7,

3. WHBROEYFNIGEHERE

Bomiick 279 Xic4 2R 2
kg itk XHBE M2 M v, MUNSE
4008, 2008, 1008, 50u8, 2548 % &1 IR
0.2ml % WNICHERE L 72, 24 BRRE%, SO
RAERERORE, REES 27H8 (mm) L, @&
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DiEEREb L.
Shwartzman FUGHEERES ( E—E5ic k2
74 X 0 B WIS & TRELS 7 4 X I B % A
7z EEARERIEENEHE N0, 48, 048,

0.04pg BETIT- 7z, BRI, BREHD 24 B
1%, 200, g/ml iz L L 22 iR 1 ml 27
WX OHBZEBIRICES L2, KISnigas|s, £
B9 HE RS TR ALIC BB 5 il 2o v L BARERC
DWTH—FENES & EHEc lesion index T
e L7, 72, #HWEZE Shwartzman KIHHT
DREMHICOVTLREL .

Sat - FHMENER 2 REEREIERICED
L, 79 ¥0fhE 1 kg %1 40008 % H IR
A, BEHFMNICEBRZAEL 2.

EMBAFEROBRE/IEER, RAMDERER
BB TR, T4bb, 1E3TENTY
XZEFEHL, TE7HXOLBREREZRIE
L, R dsesE L -l U CESER 2 EE L 72,
£ NEEHA0.5.4, 5ug, 10g, 20p4g /ml |27
DI BEABEIER THEL, 2o 1ml 27
B XHEERICEES, SRNICHEBRZRIEL

lesion index & U %

vk © C1BE Heparinase fE4E1E Bacteroides ¢ Endotoxin MAEFAYIEME

7z, L3 g 2 BHLL E s AR X 00.6°C LL
o bERAZE L0 RBBHEHEL 2,

MBNFEFH D LDs, | (KE 20 S HiEDHE=7 2
RAGWTTHERY, FMHNERIES2RBHME
ORFEFLE, HxOBEIZHAML, >7A0RE
Akic% 0.1ml 238 L, 4 BEEZEL T LDy %
Behrens-Kaber #2VCcH I L7z, 1BEICOWT.
27 A10CEMHEL .,

- o

WEFE O H DI &

LHOERBEE L VB L 22, AERELOENE
{3, Table 1izR¥< TH 3. T4 bbb, NR1
¥k, HR-6 #3 L 1vr TR-L #ko) acetone #7435k
4.20 8,5.008,5.708 5, £ F10.71 g,
0.47 8, 0.40 EOWNERERH B LN, Z0Lh
DI &L, EREERD 7.0~16.9%i12 5 Y, AH
BONEZRTHRITH)BVLOTHLELR
L Tw/z. & 52 heparinase i1 i RIS,
ZOERBOFENZ LN ELBHLN TS,

WIhMERLBEHRL L TRoN, K
CWEET, ToBERECEEEL2ET LD

Table 1. Recovery of endotoxin extracted from oral Heparinase-producing Bacteroides by
phenol-water extraction.
original cell endotoxin heparinase
strain (acetone-dried)| vyield [recoveryj activity
NR—1 4.20 g 0.71 2| 16.9%] strong
HR—6 5.00 g 0478} 9.4% strong
TR—L 5.70 g 0408 7.0% weak

Table 2. Lesions produced by the intradermal injection of endotoxin extracted from oral
Heparinase- producing Bacteroides after 24 hours.

rabbits A B C
et T NR—1 | HR—6 | TR—L
400u8 (10.8 X 9.0)| 10.0X 7.4 9.0 X6.8
20018 {(10.5Xx8.2)| 9.0X8.4| 9.6X7.2
100u8 (10.2 X 7.2) 8.6 X 6.8 9.0 X6.0
50ug 8.6 X 8.4 8.2X6.8 6.0 X6.0
25u8 7.0X 5.8 8.2 X 6.8 5.8 X4.4
N control — — —
lesion index 8.5 8.9 6.8
( ) :hemorrhage — : negative
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HHANFER D EWFAEHE

T XTI E—EFOENRIGIZ, “WTTh
DHHAFFEER L, 4000g~25ug F THESTIBAL
ICRFRDEBRD LN (Table 2), 72, RFcTGo
KREST, —MRCHEEBEICHHL Twz, &E
W LB EANBEREZELHOERNRIGICEBITHEX
#, ‘¥ lesion index TR % &, NR-1 #kv % h
(3, 8.5, HR-6 #(2 8.9 THi & (3iF LN E % T
L, NR-1 tkoRFHRERTIIHBIELEDH L1
72. L» L, TRL #%NBEEESH» lesion index
i3, 6.8 CHI2 HICHE L TRWETH - 72,

AN EFEH Shwartzman K Gk,
Table 3, Fig.2 2R TH B, wTFHOH#k
b DB NEFEREMIC Y Shwartzman IG5
B L7z, Thbb, KBEDEMES
24 W14, & LFMEEGIC & 2 EEESH TRRK
ROGERIZ, W LRERFaYIC R - AL, i
S 6 ~ 8 HEfitkIc e AfEZ R L, LIk Erayc
HWhLZ ZHEMk2LOMHBEERoAR RGN %
lesion index TR % &, NR-1 #k3 £ o~ HR-6 #(3

2(1)

EML &, TRL ot ERiz s wEc
Ho72. % bb,NR-1 RONFRZ (2 0.04u8
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Shwartzman reaction in rabbit
skin produced by Heparinase-pro-

Fig. 2.

ducing Bacteroides NR-1 strain
endotoxin. Areas of skin received
preparatory injection of a :40.ug,
b :4ug, c:04ug, d:0.06ug of the
endotoxin. Reaction shown in
photograph developed 6 hours
after provoctative intravenous In-
jection by 200, g of endotoxin.

Table 3. Shwartzman reaction by minimum endotoxin extracted from oral Heparinase-
producing Bacteroides.
hours before
endotoxin provocation 4 6 8 4
preparat. 4018 — 16.5 3 171 15.0 12.2
NR?l 4 g = 12.4 13.5 13.8 12.0
NR— ] 0.4u8 — 9.7 9.9 10.3 9.2
provocat. 0.04ug = — 7.3 8.3 78
(100 28 /kg) cont. o _ - - _
preparat. 40ug = 8.5 8.8 14.4 4.9
HR?6 4 pg = — 7.7 9.3 3.9
HR— 6 0.4ug = - 6.5 6.9 3.2
provocat. 0.04u8 =— — s — —
(100 & /kg) cont. _ e = _ _
preparat. 40ug == 6.9 7.4 7.3 3.5
TR?L 4ug — 5.9 6.7 7.1 —
TR—1, 0.4ng = — — e —
provocat. 0.04ug — — e L —
(100 & /kg) cont. _ _ "

— : negative
¥ : expressed by lesion index
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BEDCRMEHF CTH, BEEHHHAETHLY
EFR»EDH LN, HR6 Bk Z i3 0.4 T
otz XL, TRL ShoWNHEFEDII
4 pg Y FoielEEst ¢l iy Shwartzman K
GIERBL ke 12,
HHBAFEZOREMESF IS L TR - 2HEkD
WHFEEZTENLFNER L 2% 3% Shwartzman
Rz r#kkiz, Table 4 255 L 72,
THXIWEEAL, £V FORSIENT B

RO EHEL, FNBERE

(& B XU 25ug DABEFHEMES L 72,24 8RR
%ic, BLETHINFERIZERD 100ug/kg TER
L7, $REEAYIC 4 BEM, 6 BERE, 8 PR, 24 BFM
MWDK EUGE %
lesion index FH){E Tit#z L 72(Table 5). NR-1 &
5\ 3HR-6 HRNEFEHRESOEBEF LT,

Z N ZNHR6, NR-1 #hondiiERcEe L i,
%) lesion index i3, 7.8 B LU 7.5 EHEE
L, MHICRFEACRIERBAECERYRD S
N -z, iz L ¢, TR-L kot NEHR

RFPEOMKE L HE L THAEREMAEE, 50

:Table 4. Cross reaction of Shwartzman reaction . by endotoxin extracted from. oral
Heparinase-producing Bacteroides expressed by lesion index.

preparat. | Ny p—1 HR—6 TR—L
after abbits |y B A c B C
provocat.
provocat. \ concent~_ | TR-L | HR-6 | TRL | NR-1 | HR6 | NR-1
50 18 7.4 9.3 7.2 7.8 6.0 6.1
4 hrs
25 ug 6.0 6.6 6.0 6.4 5.9 5.0
50 #& 7.4 (8.7) 8.2 8.0 8.1 6.0
6 hrs.
25 ug 5.6 7.9 6.2 6.5 6.5 5.5
50 18 7.9 (9.7) 9.1 8.7 6.0 { 7.3
8 hrs.
25 ME 7.2 7.2 8.7 8.9 5.2 6.2
50 18 6.2 7.2 5.1 7.4 5.6 5.5
24 hrs.
25 1g 4.7 5.5 4.3 5.6 4.8 5.2
total lesion index
6.6 7.8 6.9 7.5 6.2 5.9
average
( ) :hemorrhage
Table 5. Cross reaction of Shwartzman
reaction by endotoxin extracted
from oral Heparinase-producing
Bacteroides expressed by total
lesion index average.
preparat.
NR—1 HR—6 TR—L
provocat.
NR—1 / //// 5.9
(&) // -
I 2%
HR—6 7 oz
®) 87 6.2
7,
T(RC—)L —— 6.6 =—6.9=—

() :rabbit
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EanilEEEs iz, NR-1 k0 HR6 tkow
THoOWNEFRELHTERLEL T lesion index
¥1fti12 5.9~6.2 L B/ MEZ R L, F D RIGHEST
hotz, ZORER, TYXoORSEREKECL
BLOTIRL W LAHEL2OMEE» LB L, T
Hb., 1> T, Mokl raymtEnRE:r—&L
T, TR-L #kopNFF*I2, Shwartzman RIGEIHE
AL 2 E DB, —F, ARFAKEHHE
NR-1 8 &k t* HR-6 #kNHERIE Ko MEs ot
LT TRL kB R TER L 28541, £
FN6.6BLU6.9 ) HlBELRLA. ¥
bbb, RIERBENNHC-HNEEESTEKRE
HLTL, BEEOBNLHTERTITARIGS
BORBATHIE, 2, TOWLRITEIL
Whipodz, UL, Winowikdy S onibn
EFERD RIENREICZEZH 255, KISHKLIC
TERND L b -7, Ly, HR6 Bk
UNR-1 Bk N#HEFRERIT, RICHRZICHRVWEE
HE2HL T,

EENER D 4000g/kg BREBIRIEFIC L 2
7 X HEHMEIFIR. 3 RIS THL, Wi
LEHE1.0~1.58MHE ¢ BBENERI LR
HERDH LN, 40.2~40.5CERL 72, RWT2 M

400

k=4

390

T L 1 L 1 L 1 d

befor 1 2 3 1 5 s
hours after intravenous injection

Fig. 3. Pyrogenetic responses of en-

doxin (400u.g/kg) extracted from
oral Heparinase-producing Bacte-
roides ' :
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M6 2.5 BEENMT, “WTFholE#XL 0.3
~1.0°C OTREE#HEEL LY, 25 3BM~48
MTHUCEAL, UBTRICHWESLEZ, Zo
B> 6, WFNOMBER LWL RS
Y52k, 372, 2B 2A%ETHL = &
hroiz, HR-6 oo NEFRIE R, E5% 1.0
~1 5K 1HE 4 BEBICRLNLE 24
NDEBIRL40.5C TRIFGVREHRT RL
7z. HR-6 #koo it i3, 8 1 stk 3 et
LIEWETH - 2205, #2413 NR-1 #4254
BWRAR IR, 72, TRL thodbiE s,
$14M2740.2°C THho725% 2413 39.7C T
R, ZOTREEBLEh o7,

NR-1 5 &kt HR-6 (koo dfibi S B/ R s
1310ug/kg, TRL #k o % 11320ug/kg TH -
7z(Table 6), TR-L tkoyWNBHRIESORMME,
N2 FICHBELTF WL L5, 22, KiAE
TIIMENM & FRE 2 MR AR ZH LN -
AR

Table 6. The minimum pyrogenetic dosis of
endotoxin extracted from oral Hepari-
nase-producing Bacteroides.

intravenous injection /kg
endotoxin 128 | 1048 | 2048 | 40,8
NR—1| — | + + |+
HR—6 | — + + +
TR—L | - — + |+

vﬁx%ﬁﬂlﬁmE%llié LDso i3, Table 7
2R L 72, NR-1 sk dhii B ERE &) LDs, i3,
0.30mg/g T /IE L, kT TRL $%¢ 0.33
mg/g, HR-6 $kon #4142 0.38mg/g Th 72, =
DEAED 6, ZEBROHBIERSMIz=7 23T
PEFEHEOEELERIDO LN o 1295,
MEWNERERR, WThL=7228T0I120.
3omg/g LLEEE T 52 hhrors,

% =

— I OENEEORE T 2 NERN LY
WEMEIRIEHFICE5vs,  Heparinase pE41E  Ba-
cteroides I LR NEBHREHNT7 A LD 3
0.30~0.38mg/g *&Edh -7, #L T2 LD
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Table 7. Lethal effect to mice ot endotoxin from oral Heprinase-producing Bacteroides.

concent endotoxin| N R—1 HR—6 TR—L
1.0 1./10 0/10 0/10
_ ' 2.0 27100 1,10 1/10
mtrazerltoneal 4.0 4/10 410 410
(gmousey 50| 5/10| 4/10| 5/10
7.0 9,10 8./ 10 9./10
10.0 10710 10710 10 /10
L Dso 0.30 mg/g| 0.38 mg/g| 0.33mg/§g

death/total 96 hours after injection

i3, Hofstad») #i 4 L 72  Bacteroides me-
laninogenicus WEFZDZFICIEPL T, W
FHELTHEEZRAL T 53EIL, Ml
IaoFeaE T BRI, Thbb, Kkl
T T3, NEH E LT, RS 80 10ug/ke
BETRHEEIED LN, L LLds, HE
mEPL 4008/kg 125 &, AHERICTHERE
T 2MMNRB T - HBBEINTVE, W
B b L 2 NZRIE R0 EYFREE 0 E
%%, heparinase [EMEDIEWERE Z ONFEE
HIFBHy b2, ZOHEER, FRHOKE
HnEF2FZ 2BICEB LT 5w
Ths9.

AW L D ONFROBNER, HENHERH
%I LT 1, Mergenhagen® & 8 L U4 RN & i
LizltE L % ) Eve. Hofstad®o» LDs, oFfr
RET—B|LLERZ2ET852F25E, &
MOMENAHFINEAOFRICHKMEN TS E
BV Zvgy, T x /)L« kTR O
WHBAMLET#ECELRETH 2%, Al
ESOLFEHR IR TH 5.

WEHIZ, NBERFOMLIcERESEY R
DN THLY, BFE»LBEALY, B
Schwartzman RIGNE#EIC & 5 RIE &M
%', X5z mast cell HBISIC k- THEED
@ﬁ%ﬂ%’(l{l%ﬁi_?'é"fﬁ%ﬁ”m%?é v

. —77, WRRBOWERICRE - WEENE
?2—?’5“6’”’79 MMZ LT3, ZOHTLNER
RBREBELZETTHE, GOREHNCk-TL 2
5 BN HIEFEMFERIG L 5 i adjuvant %5
LB RBICENHTRL 13, T TS niEE

EEDHTWEY, KR TRENTHNERIIHN
LERIGICE ST 2R, ABTHr L5
2 TS TR,

WEROLERICNTL2EH2E25LT, W
HEROBERIIN T 2EBRIERTH L. #EOH
59 EEERICIIERENEE, BREERS
JUMBEERREER L E b oy, 2 bitn
T OEEBEOREICHET L EEZLNS
o THD, PTLNIERIEEERRREE LD
DTHHH, RBFNEEOEET LHNEED,
WERRBIrTHkZEELT U, 4RTFH74 7
FxoamEESICEREINSE, I, |/
B #& o> mast cell, /MR 1z L, chemical
mediator # HEEE ¥ 5, ZH—EOREEELD
T, heparin (3, MEEAMLTCEL, LK%
REY 2HEIC L - T, HERBITTHENICERTYT
b Xr#z bLi1a. Heparinase g4t Bacteroides
o) heparin EEERIZ, Z O—EOEEE 2 EL
L, BB 5 RENEFXOELZELES D
NEFEZ LIS,

&

®

Heparinase pE4:M: Bacteroides %, WIEBRED
AT REBICHEBELREHZAETIEBETH .

Heparinase € 41t Bactleroides @ 3 $k & 1)
7z /= KiEEICE - T, KR, K
WEEONERER G, NERORBNERZ
B, 7.0~17.0%TH - 2. HHEANFEHLEZHIT,
WERL YUY X EIcEE 4570, Shwartzman
Ris&#EREEL, VX ToHRHIZIIE, 10~20
pe/kg OWNFBRERLZELLZ, 2722373



BAREE

LDso ., 0.30~0.38mg/g & &b - 72, fRNE
FZ 50 W iEN 1L, oDk W gram
FEMER & [MERIC (K A - 72 H%, heparinase %58
WHRONHREREZOERLE > - 12,
Heparinase sttt Bacteroides ot EH#IZ
RT3 HENEE, £oNERFEN L heparin 47
BREEO L2 L) ECDEL LEEL 12,
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