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Summary

Screening tests of gingival crevice dental plaque conducted to detect the bacterial
strains responsible for degradation of acid-mucopolysaccharides provided an adequate
strain for the production of hyaluronidase. This strain was identified as Strepfococcus
milleri, based on its various biological properties. '

The enzyme produced in the culture supernatant of anaerobic culture was purified to
homogeneity by sequential procedures including ammonium sulfate precipitation, ion-
exchange chromatography, and gel filtration. The specific activity increased 15,000 fold
and the recovery of the enzyme activity was 21.3%.

The molecular weight was 100,000 and its iscelectric point was 9.3. The optimum pH
for the activify was 6.0. Heating of the enzyme at 60°C for 5 minutes resulted in complete
inactivation. The enzyme activity was inhibited strongly by Zn?**, Hg?**, and Cu?*, while
Ca?*, Mg**, Fe?*, Co**, Mn**, and EDTA had no effect. The enzyme was active against
hyaluronic acid, however, chondroitin sulfate, chondroitin sulfate A, B, and C were not
degraded by this enzyme. In the enzymatic products of hyaluronic acid, unsaturated
disaccharides were detected by the methods of gel filtration and paper chromatography.
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(BHI, Difco) broth iz 0.49% bovine albumin,
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#HER L, 0.2% yeast extract fn BHI broth
(Difeo)i=T 37C, 3 HRESISE L2, D
HWREDA5,000G, 4C, AL, HEEEE
ZEEYBEL,

3. BEABORE
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BERBE 2.5mD) #MLTRIGRELE SRk,
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ik, ¥ ATEROZFBFBES X S5ml/tubed L,
6. V727 VAT 3 FraAaB%nE (PAGE)

Sephacryl S-300 # 7 A CEH LI-EHES O
BHESHC Y FoARBRF LYV v ASDOF 1%
wEHRLT, 100C, 1 45MARLE:, ZOoRER
Laemmli'®® ki # U T SDS-PAGE (0.1%,
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anhydrase, trypsin inhibitor ¥ X Uf a-lactal-
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L5k, 600V OEEET 44 REIKEN L
7. KE5E 3 ml/tube & Uiz,

3) EFH=E# pH
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Table 1. Biological properties of hyaluronidase-producing Streptococcus strains

Isolates
Characteristic A-1 A-3 A-5S A-6 A-7
Gram stain + + + + +
Morphology Cocci Cocci Cocci Cocci Cocci
Arrangement Chain Chain Chain Chain Chain
Growth on MS agar + + + + +
Colony morphology (BHI agar) Rough Rough Smooth Rough Rough
Hydrolysis of esculin + + + + +
Production of
ammonia from arginine + + + + +
acetoin + + + + +
H.0, ~ - - - -
Synthesis of
glucan - - - - -
fructan - - - - -
Acid from
glucose + + + + +
sucrose + + + + +
lactose + + + + +
trehalose + + + + +
salicin + + + + +
mannitol - - - - -
sorbitol - - - - —
raffinose - - - - -
inulin - - - - -
Table 2. Purification of hyaluronidase
Total Total Specific . :
Step V?rlr':gle protein activity activity Pur(xffécigt)xon Y;t§l)d
{mg) L) (U/mg) °
Culture supernatant 2,000 28,600 113,600 4.0 1.0 100
Ammonium sulfate :
(809% saturation) 143 2,371 61,147 25.8 6.5 53.8
CM-32 90 53.5 41,148 796 192 36.2
Sephacryl S-300 35 0.39 24,186 62,016 15,500 21.3
.6 41500
= 110 g
§ ' I 0.4 41000 5\3
F £
sl 3 3 :
g = 0.2 {500 3T
. :
g £
x
10 20 30 ° 40 50 ” 60 030 40 50 6‘0 7‘0 SJO 0 o
Fraction number . Fraction number

Fig. 1. Chromatography of hyaluronidase on CM- Fig. 2. Gel filtration on Sephacryl S-300 of hyalur-
32 column onidase
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Zbhsb,
5. BEEFRoMR

1) oF&

SDS-PAGE iz & » 5 F &34 100,000 & E5E
Ehic (Fig. 4.

2) ¥8R

SEERBEIKEEDRHE R, Fig. 5 CRLE, &
7w = F—EiEREE, pHI.3 TRAEM YT
L, AEROLEHILI.3LHEEINE,

3) FRZE# pH

pH6.0 TRAE ML, pH5.0 L F Tz
LAEEME RS 57 (Fig. 6). ABEOIE
AZE#EPH 126.0 L abhs,

A B

Fig.3. SDS-polyacrylamide gel electorophoresis
of the purified hyaluronidase : A, standard
proteins (1, phosphorylase b: 2, bovine
serum albumin ; 3, ovalbumin ; 4, carbonic
anhydrase; 5, trypsin inhibitor; 6, a-
lactalbumin) ; B, S. milleri hyaluronidase

Hyaluronidase (100,000)
Phosphorylase b (94,000)

10

Bovine serum albumin (67,000)

Ovalbumin (43,000)

Carbonic anhydrase (30,000)

Trypsin inhibitor (20,100)

Molecular weight (x104)
T

a-Lactalbumin (14,400)

1 L )

0 0.5 1.0
Rf value
Fig.4. Estimation of molecular weight of hyalur-
onidase by SDS-PAGE

1500

I 11
E 19
I {1000 3 H
2 i
H il
g i)
k]

< IR

soo‘-g
5 {3

H
;]

10 20 30 20
Fraction number

Fig. 5. Isoelectric focusing of hyaluronidase

60

»
[=]

Hyaluronidase activity (U/ml)
n
o

Fig. 6. Effect of pH on hyaluronidase activity :
O—0, acetate buffer ;
®—@, phosphate buffer ;

a—a, Tris-HCI buffer
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4) BuEhE

45°C, 5 FAEE THEOETARD LI
Mote, 500C TRREROETRAS R, 60°C,
5 0BT X » CRECAIE L (Fig. 7.

5) &BA A v E IV EDTA 0¢E

BV Zn?t, Hg* Cod EE S h, Cu* TtREE
CRHE S Rz, L Lisdin, Ca?t, Mg?, Fe',
Co**, Mn*3 L "EDTA i X A{EHEOFE IS
EAEBE DR ot (Table 3),

6) EHEERME

BRERIHEEe 7o e VBRI LT DK 232
nmBHEO LAY RL, TOMOERNE L 2 LE
25k 232nm BXEDO LRI BDbhiz
b iz (Table 4).

6. DREMDORE
1) Sephadex G-25% 3 A 72 m =} 2/ 5
74— )

HERD Streptomyces hyalurolyticus BFE D v 7
Ne=F-YEIVEHNBER-I e 74 v
SHREY D Sephadex G-25 2 527 =/ 5
74 —DBEH Y2 - VILFig 8L, Hifie
The= g - L 5EATRENI2 o0 —

Table 3. Effects of divalent ions and EDTA
on hyaluronidase activity

i

Tons Concigrlllt/rl?t on Relatlv(% z)lctmty
None - 100
Ca* 1.0 126 .
Mg** 1.0 129
Fe? 1.0 132
Co** 1.0 126
Mn?* 1.0 115
Zn?* 1.0 18
Hg** 1.0 8
Cu* 1.0 0
EDTA 1.0 88

Table 4. Degradation of acid-mucopoly-
saccharides by hyaluronidase

Mucopolysaccharides Activity (aA232)
Hyaluronic acid 0.584
Chondroitin sulfate 0.003
Chondroitin sulfate A 0.007

B 0.023

C 0.016

7 (I, II) &LT@EDLhI, TOBRICLD
EELSMEYHIPAREATVWIERRETE,
¥y 1 R REREE, IR R L RE L
te, —7, BUERELIbeT L VEELLOS
REYIARAAIOE (v—-211) X hEEEDO—
onkEfire-7 (D L LTEDLIE,

2) =R~ = bS5 4 —
BRI A REY(c-271D, €7 AR
VERBSRA RIS, TR L 5 SRED D
REMEOER I VOAEOR—-—2 <} ST
7 4 —DFER Fig. 9 wR L7, BEBELIER
2R CEREESEEY (- 21D BREMT
BEoRfHEL KL TKRE SR,

100

so}

Residual activity (%)

50 —0
° 40 50 60 70 80

Treatment temperature (°C)

Fig. 7. Heat stability of hyaluronidase

15p m

1.0}

A.232nm

05}

%0 30 40 50
Fraction number

Fig.8. Gel filtration of degradation products of

hyaluronic acid on Sephadex G-25:

0—0, S. milleri hyaluronidase ;

OO, Streptomyces hyalurolyticus hyalur-

onidase
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EEMBHI BV CEREMAEO . 7 1
P YBOREYBLASBRLLLZ S, MSE#H
CHEBETH LV VP ERERC L ECEE BT S
e, SRENERETASEERL, WThil—
IR AR L, S. milleri ERE S i,
Z D S. milleri i % T3 T P. acnes, B. hepa-
rinolyticus 8 X X B. oralis De 71 r = £ — %
DAL E T o T B0~ - L g b g py g
HOBME 2 2 SEGSBREEENSETHDZ &
ZIRBET 5,

CHhETeTARr=F—¥EEDL VY IRE &
LTA, B, CRIUGHEBTARENLY v
REPRINATWB, —F, Nord® i3 Mg+
DeTrr=g—CERYRN, S mitis SEAE
T5Z &, 7, Schultz-Haudt? % S. mitis & &

Fig.9.

Paper chromatograms of degradation
products in hyaluronic acid by S. milleri
hyaluronidase and Streptomyces hyalur-

olyticus hyaluronidase: A, S. milleri
hyaluronidase ; B, hyaluronic acid; C, un-
saturated disaccharide; D, S. milleri
hyaluronidase : peak III of Sephadex G-25 ;
E, unsaturated hexasaccharide, Stre-
ptomyces  hyalurolyticus hyaluronidase :
peak I of Sephadex G-25; F, unsaturated
tetrasaccharide, Streptomyces hyalurolyticus
hyaluronidase : peak II of Sephadex G-25

O S. salivarius e 7 v = 8 —EEMZTRD T
W3, b, Kilpper-Balz 5V Ruoff and
Ferraro®(3A4F, EERHMEI D LIZLIEHHE X
n, TOREEPERB SRSV VYERELLTS.
milleri De 7 r = £ —EFE¥EEZRLT 5,
Kilpper-Balz H2135@% S. milleri ® biotype T
77 b —RIEGEEN T A r = 8 — R EET
% & LT\ 3%, Ruoff and Ferraro?? i3 &7 5
DOBEERT TS 2 b — 258Kz e 7R =
F—EEEZRDTD, ARETHEShE
WENLDLDET e =L —XEED S, milleri
BWThds2 b —2GBERTH -7, LvL,
SDERKL DR e T e = KB EAR o e
S. milleri 3BT 5 BT, T, biotype
EDOBEESENTBETH S,

REEEEEB IR TS S milleri DIBALBIAERE
EPERICHE LT, EiEE Y bIrRRERE
BETEZRLVVIREBTH B, ABDOL 7
ve= g - EIMEBOEABR Y —IC LK
FABHEECES T 2 ESEAE ., E, S
milleri De 71 r = £~ ZIEERZEEOBE
AERBNCTA ERD N TEEE FERIcZHE T
HBZEDDLELOME L T A E = £ — XA
BN EEMTHE LELLND,

Nord'®iZ S. mitis D e 71 v = 8§ — ¥ 2 ¥58L
LTXDBROSFER YV EBERL T
150,000, #&E S, 5.0, fEA=#pH #35.1~5.3
THHEREL T3, S milleri de 7rm =
F—X¥ D45 FEIZ, SDS-PAGEIL X » T
100,000, #%E =, 9.3, fEAE® pH 6.0 TS.
mitis DZNOER LIV B BERTH-
e, E7, RED S. equisimilis®™ = S. pyogenes?®
DeTrr=g—¥L IhbERizkdsEL
HRRD BRI 5 T,

S. milleyi D & 7 )V m = £ — % Ca?*, Mg,
Mn* 72 ED 2 {li¢/E 1 + v DEHINC X - TZEBH
IREND EARES BbRT, ¥, EDTACY -
THIBEALERICEENLh T, KBRS P
acnes'®, B. heparinolyticus'®, B. oralis'®7c & D
L7 e =R - ERABICINDEBA 4+ VRS
TRV EHRET 5,

B. heparinolyticus < P. acnes THbh 5 L )
KM 7Ar =8 ~2DE L IEROBK A =
S¥EE Y ST 5781112 Ruoff and Ferraro?®(z



BAkEE 14(2) 1988 183

S. milleri DERDEE RO e 74 v = ¥ —E{EH
ho6HEPI4KRC 2y Fe g +r - ¥EEY
ZHTWDH, Lal, ThbOSHBENIEEE
Rk pacRinl, EEMPRC X 5585
Riz&E 30T, o THELNHE LS. mil-
lene7 e =g - YORERALITHATHS
25, K S milleri ORI Fa A5 /i
B, av¥edFvRBA, B, Cyl Tl
SEERARED LT e 7 A e VEEDZWZIERT
HERMYHEL TV, CoXEERME LB
oralis D e 7= X —¥E—FK LTk,
Streptomyces hyalurolyticus % B < % < OfAHE
e7 e =R~ EORRSBEY I T
HBZEDNRINTBHID, KR IS
7Ae vBRSEEY S Sephadex G-2512 X %
AMEBAFTREIOR——sr<=}t /374 -2
X BBRENG, THM_ETHH ENERTE
7.
WAMSREZSCEE T LEABEEOELT
he7rv=fF—ERavy NanfFFr Xt
Mo 2 SRS EBERNERCBEET S LoRE
352839 S gpilleri DFEBle T e = -
FAGCTHREAARCHN T 2BECRRCE T 5K
BEROBRERBRE Lishiis sy,

= E

WABAEOBN & 2 LEKSFEL EBE T
BHTBRRELTV YV ERERC Eve T e =
F—EiEER R, SEEEEOEYENERS:
be7re= X —CELRERS milleri LREE
hi-, Ao 7Are=F—EEMR, ERLE
CELSh, BLER, CM32 55 a27r< 7
% 7 4 —, SephadexS-300 @ ¥ AJERC X - TR
BT&,

FBEEIE 2, SDS-PAGE THE—D v F&/R
L, HiEHE 15,500 5 EA L, BEURERZ 21.3%
Thote. BEFE D HF FE X, SDS-PAGE T
100,000, ¥E &, 9.3, fFFAZEHE pH 12 6.0 TH -
7o, AEEREMIL60C, 5B TRIEL, i
Zn**, Hg*, Cu** T HE X hicn, Car,
Mg?*, Fe?*, Co**, Mn* ks L U'EDTA R X 5%
B EAE ok, BEERBERI T e v
BoOZDEL, av e+ ViR avied
FVERA, B, CRGBLich-To, ABEHRIC

Ire7re vBGRERDT, SAEBE IV
R—S—p <t 75 ADFFEN LIRS
RE I hic,
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