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Summary

From cells of Bacteroides melaninogenicus, isolated from human gingival crevice
deposits, the black pigment was extracted by the established methods. The extracted
pigment was identified as hematin upon examination of its various properties. Extracted
hematin from five different strains inhibited the growth of the many kinds of Gram posi-
tive bacterial species, in which Actionmyces viscosus and Bacterionema matrucholii were
very susceptible (Minimum Inhibitory Concentration=MIC, 25.0.g/ml) as Streptococcus
mutans. In other species, Actinomyces, Strep. mitis, Corynebacterium parvium, and Propio-
nibacterium acnes were moderately sensitive. They were inhibited at a concentration of
50.0. g/ml. The same results were shown with the use of authentic hematin. There was a
proportional relationship between hematin concentration and the squares of diameters of
inhibitory zones on agar plates.

Other tested strains grew almost normally even if they were exposed to hematin at
concentration over 200, g/ml.

A similar antimicrobial activity as hematin was detected, if not so markedly, in the
pus obtained from inflammatory lesion produced by experimental mixed infection includ-
ing B. melaninogenicus.
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OFEMEEE, £ OBEN LERI ATV 5.
Lal, BRSNS TL S 20 MEEN
FA—TRa<H5BEOBRXETHSY, “h
LAEROBECE T A AEEEMTH Hh R
REDEVT. NRRETH D nERISRBOK
RicEBAREALYFETH I OEEREECK TS
BEEELER ORI, BENREEEDH
BELTLRRHPLMETH 2. bhbhiz, O
BERMEEOEEHLEAL Y T 570N
HF, #iz bacteriocin £t iz o\ T—H O
HEfT\, ZhFT Sheplococcus sanguis D
Sanguicin ¥ 12 }s X ¢X Prorionibacterium acnes ©
Acnecin® 10z OWTH B A L TR i, 2R
b oM REAT TR PR ECREEE YRS
% Bacteroides melaninogenicusdblack pigment )

(hematin) »%, BEEMHRCHE B#EELXHE TS
Streptococcus mutans® ORERPAET 2EX B
HL, TOWEEOVWTHLHELT5D, B
melaninogenicus (3, WRBHEEOH 4.5%% L
DO, i, WHERMCTHENTDLIRO 0, &
DEMEHIEY L AR IERREORE
AL TEEAREYETAEBELEE LR TV
5) 8) 16) 19)2].).

ABFFR, B melaninogehicus ® black pig-
ment TH2 hematin #HH LY, oERIZRES
hofExofMEECT T 2R/ BRI REL
b DTHSD.,

m x

A E

BEXPE L BE3%, B, melaninogenicus 13, RAH
HWEMHR LGB LIc5 8T, I bmEFiR
24 (Heart Infusion Broth (Difco) 2.5%, hemin
5mg/ ¢, menadine 0.5mg/¢, B B &% 4t 1f1 %
10%, Agar 15%) CHELBEEELZTRTS
Bk L. #5#2, Anaerobic glove box
" (Coy Co. Mich,, U. S. A) TIHRZMIZTT - 7.
REE LT Streptococcus mutans Ingbritt,
Bacterionema matruchotii ATCC 14266, Actino-
myces viscosus ATCC 15987, A. naeslundii
ATCC 12104, A. israelii ATCC 12102, Coryne-
bacterium parvium ATCC 11829, »Propionibacte-
rium acnes ATCC 6919, Streptococcus mitis
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ATCC 9811, Strep. salivarius ATCC 9759, Strep.
sanguis ATCC 10556, Veillonells alcalescens
ATCC 17745, Fusobacterium nucleatum ATCC
25286, Heparinase gE4: 1% Bacteroides No. 26 35
X O B. melaninogenicus NM-2 ##tX 1L7-. B.
matruchotiz i3, 0.2% Yeast Extract (Difco) in
Brain Heart Infusion (Difco) #£##t, Bacteroides
i, BRMOETPHRE A ERL, oo
i3, GAM Fiigh (BRI HHrifiv, chbd
B 2 ~5 AHSRAYERCHAL .

REMIEEEORE NBEER L Tz hi T
o bacteriocin £:i% DR ICEE U CHREER
B ColEEY P iIc X A REHEE»HHEL
1. Teds, B. matruchotii ww>\ i, KERET
12X % drop method® ik » THHE LA, F 1085
/R Bacteroides ¢ i3 Trypticase £z,
Z o, #iic Yeast Extract #n Brain Heart
Infusion A XM A L. MIC (B/h3EH
(HRED 13, £EEE O hematin S AR KL
WE2HHERL, B7EY 1 ASTRK LER
&, ChOIREOREOREC L > THEL 1.
7r¥, hematin i3F» 2 % KOH % o4 B CHR
L 7%, 0.IM phosphate buffer pH 7.0 =&
RUCHERL . 855%ix B matruchotii 13, 15,
iz, ZTofloEEik3<C Anaerobic glove
box Tfr -7,

AOEEORENE I X 2R IEEE ORBIE.
B. melaninogenicus PAM-1 ¥ 1 35 E A ¢
7 HEEE L B&EHA4 0.1 M phosphate buf-
fer pH7.0 iz 5.0mg/ml wet weight & §f5t L,
60°~120°C, 20 FHIABE L. SEBHES IO
ZoEL (12,000 G, 4C, 20 7)) EiicowT
RBEBHILIE % Strep. mutans Ingbritt 215558
ELTRLI. o, cell free %L EEDER
GEREY 7+ F 24— —%F\ 580 nm THRIE L
7.

EEARC L 5 REHLEEO®RE. B mela
ninogenicus PAM-1, PAM-2, PAM-6, PBM-5 35
LU PBM-8 @ 5 kv Ml F TS, 56 X
U7 HEEERELL. £ PR pEiCRBE BT Y
AR L120°C, 20 Z R L R b o T LERE
BEABOBE & FcHILEE B L .

Black pigment (hematin) o, E32 5 8%
PR L, ThEh Mg PHREM T 7 ~10 0 RS
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Blood agar (Anaerobic culture for 7~10 days)

[

Cells suspended in 0.1 M phosphate buffer pH7.0

l

Washed with same buffer (twice)

Cold centrifuge (12,000 XG, 20min.)

Em——

Supernatant Black cells
(discard) [
Stirred with 20 times volume of 90%
phanol for 12 hours
!
Cold centrifuge (12,000 XG, 20min.)
I
f |
cell debris Supernatant
LReextraction Added twice volume of absolute ethanol
|
Filtered with glass filter
1
I l
Residue Supernatant
(protein) !
Dialyzed against running water
l Black pigment was precipitated
Cold centrifuge (12,000 XG, 20min.)
|
[ |
Supernatant Residue

l

Washed with water (three times)

Granular black pigment (hematin)

Eig.1. Extraction proqedure for the black pigment (hematin)

of B. melaninogenicus

CHEFERM L. k[ buffer T 2 B & <
hiE LT, KEhEt (3 18~250g W. W) A
& black pigment o #fiH % Schwabacher &% o
phenol B H#E U THT » 7o, T O MEBE X Fig. 1w
L. Tiebb, FHHEGFRCHLT, 90%
phenol %% 20 f5 &0 %, 50~60°C 12 BRI A & —
5 —-CHEBHE L. chdEs (12,0005 G,

20 4, C) L, B#ICiZ X 5 phenol &Nz
BFHB LA, B2 2 58 o ethanol 0z, 4°C,
4 BEHIHB % glass filter CIEB L, HBY ¥HRE
Lie. ZoRBEEVRBEKC LT, 24 REE
Wik, moicd » THEXEIRL, ZHeiEsk

T3EEHEL < hiEL, FERoO black pigment
PETCEFRETNER L (280~420mg  dry
weight), ¥#, ®=4 € v F ZHAWTO B mela-
ninogenicus % ZLRBEERYIERHY 1> HK
M BIC X » T cRkhcovT ) disk 0T
FHIEFEE B L 1.

M black pigment(hematin) o1k, PAM-1
B btk %4 Schwabacher & )7 E:i®
U C 01N NaOH %, 01N NaOH % ¢ 1%
Na.S;0, B, Zhiz25% pyridine Ex nzfc
1R, BEFEEHE 3 X U7 90% phenol izt hth
BRL, 74+ 2—2—TKROBNA~RY + 1%
FEAe
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PhEE:ic £ 5 hematin L FHIESE & OB,
#itl hematin #4 &0 2 % KOH % Cifiig,
0.1 phosphate buffer pH 7.0 ¢ 0.01~5 mg/ml &
W FHE 7o, £ E O hematin % 0.25ml %
5 UK EE T & - T B matruchotit % 15~ &
L, BEERCREALCHEAOER X BIE L.
F -, MR ® hematin (Sigma Chem. Co.) 1z
LT ARICRE L 7.

£

B &

BOEAORBELE K L AMEIFEEOREM
(% Table 1 iR L7z, FEpNZLER Cix, BHIEM ©
BEf» 12mm Th 5Dkt LT, 60°C~100°C 4L
BEBOENER, LERE S b 14
~16mm oORVGHIEFZZEE L7 KEME,
1200C TULRETH » 1o, 1o, HBENBEKH
b oL EiE (cell free) AR DBEIEF DE R $ 4L
BREEDOFRIZL T 9~16mm LA L. —
7, chb& LERARORBEEYR 580 nm DK
IRTR 2 CMERED ERIZ X - TH LRI
DENRD N, KEIEEE I, Ao 2BE
EICHB L TS bt

BEEARC L AMEIEEYORBRI G, 3HE
EEAR T, #HASKREL L <CHIEMA D S
n¥, chsEEO 580 nm B S 0.019~0.04
L X DRIENVMED » 72, 5 BEEERAR I, *
DRINE20.14~0.69 TH b, BHIEFHOEREMN
9~12mm TH 7. T HIC 7 BEEE T3, RINE
$ 1.18~1.70 £ &<, WThoEKCk W TH IR
IEMOEZES 14~16 mm & kK X < FOiEMEHIHE
sEL. IhbfHIEAOBERIL, 1o, 8o 580
nm OWINEIZ G L TR Hnt-(Table 2). &

Table 1 :

i
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HRE O Ch BEIFEY G, B0 BRaE CRER
THEER, AEI MK ECEERR L tic
B2EEELT2ABRMNTMELALLBELLATH -
7o Ef, THEZORGER*ASLHFE TEXF
I E &, 37°C, 3 A incubate #, Fn %
% LR RER O 1~ 2 % F L7 drop me
thod i & » T4 %% B ic B. matruchotii o
Lo fefHIER 23R Hh s (Fig 3-A).

#hHi black pigment Chematin) o £ & Zigt gL EE
L HHOEL, HBELTHEALLTED
hematin OREE & —2% L TRH Hh (Table 3).
¥ 7 Schwabacher 58 o#ii hematin o Wiy
B S AL Tute, C ORE D B black
pigment (3B 57 hematin ¢ # 3z Lh %,

Hi hematin & ~ OHIE IR T 5 FHI-{F
R, &R L D B3 o 0.5 mg/ml THREL

300[

{
200{'

=)
=)

mm?(diameter of inhibition zone)

9 10 0 30 50 70 100

Hematin (pg/m|)

200

Fig.2. Relationship between concentrations of
hematin and squares of diameters of inhi-
bitory zones. Indicator strain was Bacterio-
nema matruchotii ATCC 14266.

Increase of inhibitory activity of B. melaninogenicus

(PAM —1) by heat treatment

1

Heat treatment |

Diameter mm of inhibition zone by

[ . absorbance
cell suspension| supernatant (580 nm)
| |

None ‘ 12 ‘ 9 ‘ 0.14
60°C ‘ 14 | 12 0.69
80°C 15 ‘ 14 [ 1.18
100°C ‘ 16 15 1.45
120°C 16 ‘ Io 1.72

Indicator was used Strep. mutans Ingbritt.
Cell suspension were prepared 5.0 mg/ml W.W.

in 0.1M phosphate buffer pH7.0
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Table 2: Inhibitory activity of Strep. mutans by B. melaninogenicus
black pigment (hematin)

‘ Blood agar
B.melaninogenicis| Sample from cells Sample from cells ‘ Sample from cells
Strai for 3 days culture | for 5 days culture for 7 days culture
brains | absorbance inhition zone | absorbance inhibition zone | absorbance inhibition zone

(580 nm) (diameter mm) | (580 nm) (diameter mm) | (580 nm) (diameter mm)

PAM-1 | 0.024 — 0.69 12.

0 ; 1.74 16.5
PAM —2 0.026 — 0.24 11.0 1.60 16.0
PAM —6 0.040 — 0.14 9.0 1.28 14.0
PBM -5 0.054 — 0.15 945 | 1.45 15.0
PBM —8 0.019 — | 0.24 10.0 1.52 15.5

Indicator was used Strep. mutans Ingbritt. Samples were used 0.25 ml of supernatant
obtained from cell suspension (5.0 mg/ml w.w.) in 0.1M phosphate buffer pH 7.0 by
heating at 120 Cfor 20 min.

Fig.3 . Growth inhibition of Bacterionema matruchotii ATCC 14266 by the black pigment (hematin)

from Bacteroides melaninogenicus.

A. Growth inhibition around the black colonies of B. melaninogenicus. (a) PAM-1, (b)
PAM-2, (c) PAM-6 on blood agar.

B. Growth inhibition by the extracted hematin from B. melaninogenicus. (a) PAM-1, (b)
PAM-2, (c) PAM-6, (d) PBM-5, (e) PBM-8

C. Growth inhibition by (a) extracted sample from pus of experimental anaerobic mixed
infection, (b) heated pus, and (c) 0.1 M phosphate buffer pH 7.0 (control).

D. Effect of the extracted hematin on the growth at various concentration.
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Table 3 : Characteristic absorption of the extracted black pigment

and authenitic hematin

Solvent, Extracted black pigment Authentic hematin
treatment fromB. melaninogenicus (Sigma Chemical Co.)
(wave length, nm) (wave length, nm)
0.IN—NaOH 608 6038
490 490
0.1N—NaOH 575 580
+Na,S,0, 555 555
0.1N—NaOH 5514 554
+Na.S,0, 525 525
+Pyridine 475 475
Acetic acid 635 635
530 535
505 505
90% Phenol 625 625
530 530
500 500

Table 4 : Inhibitory spectrum of the hematin extracted from Bacteroides

melaninogenicus

Indicator

Inhibition zone

Positive Tested
diameter mm hematin

Strep. mutans Ingbritt
Strep. mitis ATCC 9811

B. matruchotii ATCC 14266
A. viscosus ATCC 15987

A. naeslundii ATCC 12102
C. parvlum ATCC 11829

P. acnes ATCC 6919

Strep. salivarius ATCC 9759
Strep. sanguis ATCC 10556
V. alcalescens ATCC 17745
F. nucleatum ATCC 25286
B. melaninogenicus NM -2
Heparinase-producing Bactroides No.26

15~16 5/5
12~13 5/5
16~17 5/5
15~16 5/5
12~13 5/5
12~13 5/5
10~12 5/5
- 0/5
- 0/5
- 0/5
- 0/5
- 0/5
- 0/5

— ¢ Not inhibition

tz. FoE, Table 4 im3W<, WFho
B b/l hematin 4 Strep. mutans,
Strep. mitis, B. matruchotii, A. viscosus, A. naes-
lundii, C. parvlum 3s X O P. acnes DFE # FHIk-
Lic. $ic Strep. mutans, A. viscosus 3 X % B.
matruchotii X L T FhOEKEN HB-R K
LEHIEADEEA 15~17 mm TEDOES 1 EE
Th-to (Fig. 3-B). L, +oflotRiss
B LT, \FhbflIEARED bhixh -
o i, RBREPERT L oA R2,

Strep. mutans 3 X O° B. matruchotii %} L T

Thlen bR EA %R Lz (Fig 3-C).

#t hematin & LfHIEFIOEE & DBRIL,
Fig 2 1z7R7 L7-. hematin & @l L CRHIEM
DEFELRKESREHL, HEREY B, matruchotii
T, 0.01 mg/ml hematin ¢4 B 6 A 7cfHIE
#Ho R B A (Fig. 3-D). ¥7-, #ilio hematin
b mEROMI-FEE 1 ED b,

ity hematin o &4+ % MIC i1, A.
viscosus ¥ X U8 B. matruchotii <% 25.0 pg/ml
TER/NX L Fofliy, Strep. mutans ¥ —33 %
BWHDTH-t. A. naeslundii, A. ismelii, C.
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Table 5: MIC of the extracted hematin from B. melaninogenicus for various species

of microorganisms.

Strains

Hematin

0 pg/ut 6.2ug/nt 12.54g/ob 25.0pg/ol 50.0pg/nl 100.0ug/md 200.0ug/nt

Str. mutans Ingbrittm

B. matruchotii ATCC 14266
A. viscosus ATCC 15987
A. naeslundis ATCC 12104
A. israelii ATCC 12102
C. parvium ATCC 11829
P. acnes ATCC 6919
Str. mitis ATCC 9811
Str. salivarius ATCC 9759
Str. sanguis ATCC 10556
V. alcalescens ATCC 17745
F. nucleatum ATCC 25286
B. melaninogenicus NM-2'
Heparinase -producing
Bacteroides No.26

= FFEEFFEEFEFEEFEF
F T EFFFEEFEFFEE

= xExFEEFFEFE++ 4+
£ £xxxF+FF 4+ 4]

F FEE EF
£ FEFE & F|
£ FEFF+F |

# :Inhibition free,
— :Complete inhibition

parvum, P. acnes 3 X O Strep. mitis TiivTh
% 50.0 4 g/ml CTHIEE 3 WRICHE L T L DfEIL
KEVCLDTHote. L, TOMOBRET
i3, %E 200 pg/ml BEK L > TLRHRAERBI
BEirnl, MBILEFRAPR bRish -1 (Table
5.

% =

B. melaninogenicus O g RFTHENE
iz oW T oOBEHIA VI B melaninoge-
nicus (MBI CEEE T % & black pigment %
EEL, BExBReltTs8E2ETHY. o
black pigment iZ# { melanin * X Ty 717
/3, Schwabacher LA E O BEEME L b L
7z black pigment iZ->\~CT#ist L, hematin T4
BT EHHLMMCLIZ®, LaL, 2o  black
pigment (hematin) o4 #22HE M ICD L TIRAR
BThs., bhbhil, %z B. melaninogenicus
DBEH KM Strep. mutans DB X FHIET 215
EERRT o Lab, BHIERTEHREL, oG
(% hematin THHHL B LY. =D Sirep.
mutans #3518 & LT B. melaninogenicus 0¥z
BRI L oGS ERE T L, FiEHE,
BHMCHEYRL, TORESEKRANO SRS
ERECHAL CEDLRI. C0Z LKEN

H I Slight inhibition,

+ :Heavy inhibition,

MBFFH TR L FcEE BT oFE
E—HK LT 2, EORELEICL - T,
gt RBTAEL L Z OILEER, B
CRETHY, MBABIC X -~ THEH» L black
pigment 7’ release 52 L icEEATHLDOEE
zbhi.

i hematin o fERiz-oVT, spectrophoto-
metrically (&£ BFEAEIC X 2 BRI, Tl
@ hematin 3% X ¢ Schwabacher » DORE® &
L TED AL DO TAME black pigment
X8 b2 hematin LE X bh b, - OFER,
Mo hematin 2 X » THHE~ DMEIHT 5
FHIEfER s b hiho it hematin LB TH
PLCREDLREZELLLHLNLTH D, T,
£ Bk SO hematin IRE2, BEGE 18
~25 B LT hZFhizteE© 280~420mg
2B Bh, Lo recovery AR Y BV DT
Bote. Linl, FHELOME O Tl
S Hisk7cu s, Schwabacher &gt T, &
HTHEORVWFLIEHL 5. 78k, TOR
BEXARREGOBRARECHEETAILOTH A
5.

#htt hematin ¢ inhibitory spectrum {3,
Strep. mitis, B. matruchotii, & x ©> Actinomyces
sp, C. parvium3s X O° P. acnes =5t U TBHILER



BAE

%= L, B A. viscosus 35 X U B. matruchotii o
MIC iz#hZh 250 ug/ml LEVETHD, %
DERZMEM Strep. mulans & BN DT
Hot. FofodEEo MIC i1, 50.0,g/ml ¢
B 3 HEICHEB LTSRS E -2 L L,
fhEE CRILIES SRS bh i - o T O O
i, 200 pg/ml THLRACHALEHELRLA
e otc. ThboE, hematin OFEERHIE
ERAPEERRBE THADHETL TV, 20
hematin RRZMHOERILAREED FERE L
ISR RIRER L H D LE2 DR D, K%K
TH b - IR EEE X Gram B R
EIh, ShoEMEIM4 % hematin DZEFIRIE
BEOMHEISEIDLETHS.

X, B. melaninogenicus o = h. % black pig-

ment (hematin) 7% in vitro ¢, AERNKCEET
A OMECH L THRFAYE T 2HSHL
et KiEHEOFEBRIZX, hematin g4
DI=HDOMBRGHNE &b, invivo itk 5
AHE O hematin EERITHTH B, L1 L, XH
i3, EERC hematin EAREAYHFTAHETH S
FEH, invivo KB TLZDEETENE
V. KE RSO RBRREERET25  he-
matin #hill & FRCE LRSS h SEHIE
B B DBEED LR BEFL, ZOHEYE
H+sbonbdhgy., 49, hematin DA
Bo¥, TTRALMEL->TWAAED  bac-
teriocin FFEFEMED &I 2 HOHE spectrum
EE A, DEEFEECGCGHRERTICET
% AR ORI B x RITT ATRENE DB b BBk
BB\, in vivo I 8115 Z R BIEBEICOWT,
SHOIEBRHEYETHLEELLRS,

b=

S

v +F OWEEN L GBEL o B. melaninogenicus
RIS CERE Lt BREECOWTREN
IEES TR L2 L 25, 60~1200C % ToORE
BECHEAL CEEOBEIZD L., F1i,
BEARC L 5 EBOILIE] 3R 3 HTLT
ROBEKRICLIEFRARED bhich -7, &
DOHBANCEROBEEP BB L. 2hb
FHEZ XS HEIEROBEREA TR L3O 580
nm BRTHbLEROEE LHFIL T 7
~10 AEEEE A5 phenol izt - T black
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pigment ML T7 + b £ — & — THBEHEL
Bz X 2RI & H~7c & 2 A hematin oK &
AL TV o, 5 B #EA Bl LA hematin (1,
WEh B a0 Gram BHEECK LEBHEIE(F
H%RL, Bic A. viscosus X U8 B. matruchotii
X LT, Strep. mutans & RO EZ S
=L, F0 MIC 3 250 pg/ml LEVLDTH -
7= %1, BEx o Actinomyces, Strep. mitis, C.
parviumis X O P. acnes izt L CH BBILfFRA %R
L2y, hbE@estds MIC i3, wIhd
50.0 ng/ml k2B oo, 2R BREZ
L CHili® haematin & @D Ex/R L. 1,
hematin BEEFH L CTREMAOBRERSRERT
BHEL b1 Linl, TOfoEREES
LTk 200 ug/ml TLRAERBCEE IS
BRILTERMED bhich -1z, ABESUERE
ARYIERH > boRMBRC L H 2 BRE QML
fERAMG@ED LR, AR LM - B
melaninogenicus O = HHEIEM O DEMER
CRIETES I S>WTERELL.
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