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Abstract

An exo-enzyme produced by the oral bacterium Streptococcus (S¢r.)' mutans strain
AL7-1 that lysed heat-killed cells of Str. sanguis ATCC 10558 was examined for its lytic
ability against living cells of stock cultures of streptococci and of the oral isolates of
Str.sanguis from the dental plaques of infants.

This exo-enzyme showed a clear decrease in OD of living cell suspensions of 4 hr-
culture of Sir.sanguis ATCC 10558 but in no other streptococcal species. In the reac-
tion mixture, the initially gram positive long-chained cocci were found to have been
converted to gram negative, short-chained cocci. It is evident that the decrease in
OD of living cell suspension depends on the action of a lytic enzyme, because, this disso-
lves cell walls of Str. sanguis, in addition its strength is inactivated by heat treatment,
and at the same time this enzyme does not contain an activity of bacteriocins. This

enzyme showed a fairly good lytic ability against living cells of six out of seven strains
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of Str.sanguis isolated from the same oral cavity from which Str.mutans AL7-1 was
isolated. Furthermore, 43(31%) out of 141 strains of Str.sanguis isolated from dental
plaques of 20 infants show a susceptibility to this exo-enzyme similar to or higher than
Str.sanguits ATCC 10558.

From the above results, if this exo-enzyme is produced from Str.mutans in dental

plagues in vivo, it seems would be possible that it may take part in the decrease of

Str. sanguis.
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RO &0 FBEL /2
(Str.) mutans #*, Str. sanguis ATCC10558
FEONAAR R 2 AR AARBEYEET S
EERBIIHREL TwAER, 20L& RER

EMEA BT A Str. mutans DL EDONROE
EF‘C??T’E@“ BZENHIHL TWAY § L, KEE
FEAWETRO Str. sanguis DEFIIxTL TAEMR
MERT 25 561F, #ERTO ) MO IR IZH:
5 Str. sanguis DKV, KEZEN VLIS T
5.3 2ulREMEDNH 5,

AT, Str. sanguis # HCHIED St-
reptococci fR1ERE, % 6 NIZHROWIE LY &
B 7= Str. sanguis DERIIxFT 5 REEDE
fRME Lz DWW THRETL 720

Streptococcus

MR STICHE

1. AR

AEBRESEIE, YHETYHROER LD
LB 72 Str. mutans AL7-1 #RE W23
Str. sanguis ATCC 10556, 10557 # & 1F10558
PRIE FEAIRES T REIZR LD 55 L Tl
2o Str. mutans E49, BHT, OMZ-70, OMZ-
176, P-4, OMZ-175, 6715 5 LU Str. sali-
valius ATCC 9222 & HHT (& HAKZEIR P K
S E#EE LD, Str.mitis ATCC 9811,
Str.milleri ATCC 10708 £ U Str. mitior

Streptococcus mutans,

Streptococcus sanguis

ATCC 903 BkiZ M 7)1 st K 2t A & KGR &
D5 L TV, 72, AREREEME St
mutans AL7-1 ¥k & Rl—DAEHR DM XD 7
w72 Str. sanguis D7 #(Tabled), BLU
20 \DEHROWIH LY FEEL 72 141 ¥RD Str.
LW, 25 DEPRIE
GAM i Ehissth & F v THER L 720 A REER
DEEFEITIZ BHETUH L 72 chemically defi-
ned medium® % Fw2 7z,
2. BEBRORAR

Chemically defined medium (CD medium,
Table1l) 12 Str. mutans AL7-1 #® over
night culture % 1/20 &#fE L T95% N, £5%
CO, DERIBETFCONMEEL -, LE2S &
LAD7 4 g — (3)R7) TRAPBIRE
L7="D%, SephadexG75 (7 70hv>7) #H
WTHIVIEB EZITW, Str. sanguis ATCC 10558
FEOMELBRI A WIEME 2 7R ¥ void volume ]
ok FAERCIR U CAWEER 2 57,

3. £EfF L BZﬁCZﬂﬂﬁ@%ﬁiﬁiﬁ@ﬁﬂﬂ
AR & INEAR RO FELE, Brain heart
infusion (BHI, leco) 121/20 & @ over night

ulture #FME L 72D b, BKAAII—TEREH LS
L, BfkE2HEY, phosphate buffered
saline (pH7.0) T1[EEFL D5, ki
ODsoonm #°1.80~1.82 127% A L HIFHEL 720
R AR 2L, ~HEZOEE, ERAGE
e L, 5% 100 C205 DINEINIER 4 1T > T

sanguis (Table 5)

(42)



HIGASHI NIPPON DENTAL JOURNAL VOL.5,NO.1, Juhe, 1986 43

Table 1 Composition of chemically defined medium
glycine 0.2g riboflavin 2mg
L-alanine 0.1g pyridoxin + HCI 2mg
L-valine 0.1g nicotinic acid 2mg
L-leucine 0.1y calcium pantothenate 2mg
L-isoleucine 0.1g thiamine « HCI 2mg
L-serine 0.1g folic acid 0.05mg
L-threonine 0.1g p-aminobenzoic acid 0.05mg
L-cysteine 0.2¢ biotin 0. 005mg
L-cystine 0. 2g sodium acetate 10g
L-phenylalanine 0.1g sodium carbonate 0. 5g
L-tryptophan 0.2g ammonium chloride 39
L-proline 0.2g MgSO, « 7H,0 0. 2g
L-hydroxyproline 0.2 MnSO, - H,O 7. Smy
L-asparatic acid 0. 3g FeCl, 2my
L-glutamic acid 0.3g K,HPO, 9. 5g
L-glutamine 5 mg KH,PO, 3.4q
L-lysine 0.1g glucose 5g
L-arginine 0. 2g deionized water 1, 000m¢
L-histidine 0.2g
IMEAR TR & L 7=, FER SRR &0, Bk DR (A0D)
4. iHAREEENER ELTRD,
MfcaEEI I BHL T— 18538 U 2 RIR 2 ik 12 & AOD=[(OD—A)—(0OD—Aso vis120)]

NERLEZDBL, Yokogawa 5% D J5 i CHEEI L
7o (HL, AEANEO#EEE X-press (Biox,
Stockholm) ZHwy, —25C Ttr- 7/, 561
7= AHEE 2 4Kk T OD soonm A°1.50~1.52 12 7%

DERINFHEL LD EBRISOLE ML

(\r

5. BREBEREMDIE
ﬁ% BOCHEANRANE ST EE DR TR 1 me
, INRBER AR L ml (AR K
8 1ml 5 0320u8)H & U1.2X107* M CaCl,
% &1 0.03MTris-Maleate NaOH buffer
(PH7.0) 1wt ZEARL TiTo72, 31CTO
i, 609, H BT 120 PRGBS, F Dk
DEIEHE D OD soonm (OD-Ao, 60 X1 120) % HIE
f;a [RIEEIZJGIERER (100 C TL055 fIhn #h i
B GAR 12DV T E 0%, 60% XiX12045 Bk
IBIED OD (OD-To, s0X i) 3 & L TR
H7,

—((OD—TI)—=(0D—TI411120)]
fHL, 0, 60, 120: KGR (min)
6. E£MFHMRIRE

7T BERROPEIRIRE LI585 & At O F ik
EQURSESWAN
7. NITUF2mM

AHRERPON T T )4 Y iEEROFE S
RDFFFEN LKV NI,

Trypticase soy broth (TS, BBL, Cockey-
sville, Maryland) Tover night culture L 7=
fERR & 100 fFI2HML, 200.1ml % 0.5%
(Zyeast extract (Difco) # & TS 78 KF
W A(TS—Y ERFM) (2@ L 720 DT,
ZOFEFRFREZEZE 8om (HE 6mm) £ X10
mm® 7y 7 % Fet 72 (Fig, 2), 10mg/mé % 15 %
KRz 25D BRI, 2O FHHIED0.05
me LEEDh y TITEAL 2o ZOEEKTH
&S5 IHRAIIC4IERIS B L, A SO
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R S M BIRIEFO BB E AN, C 10558 #kIZ%5 3 & DD, HIEATA A & ks
RGO E & 12 0D DD HIBlgg s
7zo LA LEBRTIEMD % OD Dbz e &
Table 2 12 4 RSO EREK & N K E X Fo%, L2L, Str.salivarivs, Str.mitis,
O sE (C ARERR & ISR 1 mé 24 1) 320 g RUG Str.milleri 3L Str.mitior 3, EHFHK,

=] %

X4/ x50 Str. sanguis, Str. mutans, MEREAR S H 12, REZETIZOD ORDIEE -
Str. salivarius, Str.mitis, Str.miller: = BENLE - Fig. 112 Str. sanguis O

BE U Str.mitior DZRRFRDEMRIEL ED ERERICAER 2605 MRS &/ & DR
THICRFT R &) RIGHED OD ORD#H T W DT T LB &R Ul FERER IUGHR (A)
L7=oStr. sanguis Tld, ATCC 10556 & 10557 TlE, 77 LBMETEVL VHIROED, &S
FEAAREER 2L D) RISHE D OD Db EE » 7: BERIG (B) TlkL yHI13EL, 77 4BM%E
AN nwh, ATCC 10558 **tilﬁﬁﬁ#%ﬁm (BETIZEW) IR F 3 EHEE s,
& & B ICERER, MEFEAR B & Uk Table 3 1%, IAHEBERELER Str. mutans AL7
LIZKM%E OD Db AH LN £z, ) né -l EY s N L Rl-OOB D SEEL 72 7
JEMED Str. mutans 7 ¥kE Str. sanguis ATC M Str. sanguis, HE U Str. sanguis ATCC

Table 2 Susceptibilities of living cells, heated cells and cell walls of several
streptococcal species to the exo-enzyme® from Str.mutans AL7—1

Living cells** Heated cells** Cell walls
strain reaction time
60min 120min 60min 120min 60min 120min
Str. sanguis ATCC 10556 0% g% 0% 0% 0% 0%
” » 10557 0 0 0 0 0 0
” » 10558 23.2 33.6 21.0 32.4 8.0 18.9
Str.mutans E-49 (a) 2.4 4.2 5.9 12.2 6.0 15.5
v BHT (b) 2.3 4.6 6.7 13.3 4.8 15.1
” OMZ-70 {c) 2.7 4.4 53 11.9 2.3 7.8
” OMZ-176 (d) 1.2 2.6 6.7 12.5 6.4 12.5
” P-4 (e) 2.0 3.6 6.9 12.1 1.6 6.1
” OMZ-175 (f) 2.1 5.0 3.6 9.5 3.0 6.2
” 6715 () 2.2 5.0 9.5 16. 0 5.5 11.0
Str.salivarius ATCC 9222 0 0 0 0
” HHT 0 0 0 0
Str.mitis ATCC 9811 0 0 0 0
Str.milleri ATCC 10708 0 0 0 0
Str.mitior ATCC 903 0 0 0 0

% : The concentration of exo-enzyme was 320 ug per ml of reaction mixture
% % . The cell of 4hr-culture grown in BHI broth
% % % . Per cent decrease in ODsoonm
_ [ (OD—Ao) — (OD—AI) ] —[ (OD—1Io0) — (OD—Ii) ]
B OD—1Io
o and i | reaction time; o=0min, i =60 or 120min.
a to g in parenthesis ! serotype of Sir.mutans

x 100 (%)
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Fig. 1 Photographs of gram-stained smears in 2hr-reaction mixtures of

living cells of Sir.sanguis ATCC10558 (A :inactive ; B: active
enzyme-containing reaction mixture). x 2,700

exo~-enxyme

Fig. 2 Bacteriocin activity of 10,5, and 2.5mg per ml
solutions of exo-enzyme against Str.sanguls
ATCC 10558. No-inhibition zones appear around

the cups. x 0.7
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Table 3 Characteristics of Sir. sanguis isolated from the same oral cavity in which
Str.mutans AL7-1 was isolated

Sirs s isolated Sitr sanguis
.Sa U isolate
Character T.sangut ATCC ATCC ATCC

Al-6 Al-7 A7-2 A7-4 All1-2 All-3 Al2-3 10556 10557 10558

Haemolysis (sheep blood) @ a a a a a a a a a
Peroxide + + + + + + + + + +
Glucan + + + + + + + + + +
Final pH 4.80 4.49 4.44 447 4.49 4.45 443 4.5 430 4.32
Fermentation of
mannitol — — — — — — — — _ —
sorbitol — — — — — — — — — _
melibiose + — — — — — — — + _
raffinose + — — — — — — — + _
esculin — + + + + + + =)+ +(=)
salicin + + + + + + + +(=) + +
inulin — + + + + + + + - +
Hydrolysis of
L-arginine + + + + + + + + - +
esculin — + + + + + + + — +

(+) or (—) :sometimes (+) or (—)

Table 4 Susceptibilities of S#r.sanguis strains isolated from the
same oral cavity in which Stn.mutans AL7-1 was isolated,
to the exo-enzyme®

Living cells** Heated cells**
Str.sanguis . . . .
. reaction time reaction time
straln

60 min 120 min 60 min 120 min
Al-6 0.4%*" 1.2% 0.3% 0.3%
Al-7 23.9 33.1 12.2 29.5
A7-2 20.1 31.9 10.2 28.0
A7-4 20. 3 28.3 12.0 27.3
Al1-2 21.1 27.7 10.7 28.0
Al1-3 22.1 29.1 12. 8 27.9
Al12-3 20.6 31.8 14.4 29.2

% : The concentration of the exo-enzyme was 320 ug per ml of the
reaction mixture
%% :The cells of 4 hr-culture grown in BHI broth

*%% . Per cent decrease in ODsoonm .

[ (OD—Ao) — (OD—Ai) ] —[(OD—Io) — (OD—1Ii) ]
OD—Io
o and i : reaction time ; o= Omin,
1 =60 or 120 min

x 100(%)
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Table 5 Characteristics of Str sanguis

plaques of 20 infants

isolated from the dental

Str. sanguis

Character group® I:A I:B
No. of strains 10 131
Haemolysis in blood pour plate alpha 10 131
beta 0 0
gamma 0 0
Hydrogen peroxide formed 10 131
Extracellular polysaccharides produced 10 131
Final pH in broth containing glucose < 4.1 0 1
4.2—4.4 8 39
4.5< 2 91

Fermentation of
mannitol 0 5
sorbitol 0 17
melibiose 8 70
raffinose 9 69
esculin 0 63
salicin 0 131
inulin 0 79
Hydrolysis of .
L-arginine 0 131
esculin 0 83

* [ with reference to the report described by Carlsson (1968)

10556, 10557 & 10558 O 3 flE DRI ZEE DS B
kWL 7o Al-6 R EBR< 6 BkIZ, ATCC 10558
FRIZZ OIEIRAFRELS 255, Al-6 kDAL,
L-arginine DK BEATEMEIT 4 5 HEBR TIE,
ATCC 10557 #RIZ Z DMIRIZFELIL 726 2h 5
D Str. sanguis BRDERK & DB 5 D A B
FIIxt 321 % Table 4 2R L 72, AEEE
X, AT —6kRZBR< 6 BRODAER KL 5 Il
BRI L TRIFEZ OD 0D &R 720 L
PLAL—6 BRTIXIZEALEOD DFEDIZR S
Nz -7, Table5 X, 202 DR OMIE L v
TEEL-141 8D Str.sangui sDMEIRE Carlsson®
DREVZECTEZNS L R4 RL 2,
141 kki&, T AFEI0RR, 1D B BEI31IRRIZHT S
iz, Table6 i, 2N 5D Str. sanguis #kiZ
x9 5 ARBER DB 2R L R T, KB
RE2RRIRIG S 72 & %D OD OWADE TR

Table 6 Susceptibilities of living cells* of Sir
sanguis strains isolated fromthe dental
plaques of 20infants to the exo-enzyme**

per cent Str.sanguis strains
decrease group I1:A I:B
in OD No. of strains 10 131
50= -
45 » —
40 ~ -
357~ — 10
30~ — 19
o5, T _ T 16
20~ — 13
15~ 4 19
10~ 2 11
57 — 9
o< - 12
0= 4 8

% I the cells of 4hr-culture grown in BHI broth
* % [ The concentration of exo-enzyme was
320 ng per ml of the reaction mixture
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L7 Str. sanguis ATCC 10558 £k (b :

33.6%, Table2)&[E%dH 50 id 7 n L)k (G

LI 30%LILE) OAREERIIHT B8 2R
UZ-#k$s, [ B #8131 #kd3tkbh D, 1T1A

HTIIOMKTH- o £/, BHEBEETONY

TV VEEIE SRS BN LG oL
(Fig. 2)

% &

AHEEE 1L peptidoglycan (234 ¥ A {ER 12 &
- 7T, glycosidases & acetyl-muramyl-L-
alanine-amidases & endopeptidases M3 f# |
S on3T MEAEETSINSD2TEE
X 3FOEEE S SHER S N AERBEROHI,
INSDERT AT NTOBEIFAEL 2T
£, ZOEEHIRRL 20EDHH B 22T,
KIFFETIE, RACOMEER 2 HW TER 21T
2720

AEZEIL EFEEKR T, Str.sanguis ATCC 10
558K DA VIR DRk D % 7R L7z (Table 2)
REEFILF 72, REKOMIEZ LERL, F
EHEODL v % % at random IZYIRTL, 2L T,
BRI &5 THRIEL 7=, (Fig. 1), Str. mutans
R TIE N7 7 ) 4 Y v OEETOT
L SN TVRB3TRERIIENTHEL,
LA REH (CD medium) TlX, Str. mutans
AL7 —1#kIZE BN 704 2 VB ITEE
shahror (Fig. 2)o LLEDEENS,
Table2 1277 L 7= Str. sanguis ATCC10558 %
DEEIZ BT 5 0D ORDIE, FEARBREOE
FHZE->THELRZ LIZHETH 5, BRIZ
CEEBRRE A - T30 T, DRI,
Str. sanguis ATCC10558 #kDFHAREE DFE R AK
5%, ATCC10556 #k<°10557 ¥k & X & - 72§
DHEHHZLERLTVWEEBLNEST

AEEF L, Str. sanguis ATCCL0558 kD4
Bk, tEEERE & OHIREED WO N LAY
245 fhEMED Str. mutans VIxFL T, AN

R L HERIEAR T 50, ERFIE G
RENZDHTH B, ZOMEEDEREEIZL
T A RMRIMEDE WL, cariogenic Str. mutans
DEWEOMIEEEZ, RERCHEERZzET
BMEAPTEEL TVWEZEERKLTVWSE LD
CEbhd, ENSOWEIL, 54 IBEP )R
v 4 afg, VERLZEDLD %, MELED 5
WISIETATR DOTRIR I & - THllaEE 2 S BN & 5
MEEEZSNSY

AEEF L, Sir. mutans AL7 — 1 MRE2 D BEL
EEICAR A S &S NZTERD Str.sanguis O
5, ZOMIRD Str. sanguis ATCC10558%%
IZHALL 72 6 pRICHT L TRFZEMIE 2R 20
51z, KERIE, 2080 ROMIE £V 75k
L7141 ¥ Str. sanguis O ) 5D 43 # (31
%) 1zxtL T, Str. sanguis ATCC 10558 %
M &RE%d30ixzhll LD
WM AR L 72 (Table6), BFH I, HAEA
DL 0 SEEL 7= Str. sanguis D) 5,32.7
%» sero type MMEID Str. sanguis 72 - 7= &
L TV,

DEoEEL»S, b L, KEZRI EEPIIE
WT4E Str.mutans IZE - TEESNS LD L
FhUE, Str. mutans » SEEENEREERD
HIEH O sero type MEID Str. sanguis D
W5 THEEL TV Aa[REFH58D
LEZ B,

(sero type :

X (78
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