(hyaluronic acid)
(heteropolysaccharides)

(Nimrod , 1986)
(haemopoiesis) |
(angiogenesis) (cell adhesion) (Monta ~ Fujii, 1992)
(ophthalmic surgery)
(orthopedic surgery) (Balazs, 1979) (wound treatment) (Morita
Fujii, 1991) streptococcal hyaluronidase
(Kjems  Lebech, 1976)
(Nimrod , 1988)
5 x 104 13 x 107 (Nimrod , 1988) 14 x 107
(Ellwood , 1995)

3x 106 4x 106 (Laurent, 1955)
Streptococcus pyogenes 55 x 101 ,

(Ellwood , 1995)
(viscometry)

(light scattering)
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(glycoaminoglycan)
(Balazs, 1979)

(random cail structure)

2% 98 % (Balazs  Band, 1984) 1
1 (Laurent, 1970)

(disaccharides unit) 2 - - - (N-acetyl-D-
glucosaming) - (D-glucuronic acid) 11
(CHINOUL 1,000 (Brown , 1994)
(Nimrod , 1988;
Brown , 1994; Ellwood , 1995; Fujii , 1996)
COOH CH,0H COOH CH,OH
—— —0O —O H — 1 OH
V/k L o Vi O\\gH =
wo\ Wk | on H O | o i
H OH H NHﬁICH3 H OH L H”(fCH3
L | n-1

N-acetyl-D-glucosamine  D-glucuronic acid

11 (O’Ragan , 1994)
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1 (rooster comb) (vitreous body) (Umbilical cord)
(synovial fluid) (epithelial cell) (Cifonelli ~ Mayeda, 1957;
Laurent , 1960; Radin , 1970) (bovine synovial fluid)
(Matsumura , 1963) (bovine articular cartilages) (Keng ,
1989)
(dermatan  sulfate)
(hyaluronidase)
(Bracke , 1985; Morita ~ Fujit, 1991; Brown , 1994; Ellwood
, 1996)
(UDP-sugar) ~ De Luca
1995 2
(UDP-N-acetyl-D-glucosamine)
(UDP-D-glucuronic acid)
(hyaluronic acid synthase) Streptococcus equisimuis D181 |
(UDP-N-acetyl-D-
glucosamine pyrophosphorylase) Escherichia coli 1 -
(UDP-glucose dehydrogenase)
90 %
(De Luca , 1995)
Kendall 1937
group A hemolytic Streptococci 1
60 140
(Crater

Van de Rijn, 1995)
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Streptococcus

0203
100

Streptococcus

Kendall 1937
group A hemolytic Streptococcus
3 160

2 60 140 50

Seastone 1939
group ¢ hemolytic Streptococcus
Pierce White 1954
Streptococcus pyogenes 523

2 3
Cifonelli Dorfman 1957
group A Streptococcus
Darco G-60 , 300 400

Thonard 1964
group A hemolytic Streptococcus
32369, Cobum R18  Cook B
65 %
05 10
Holmstrom  Ricica 197 3 Veal

Infusion Broth (VIB) Todd Hewitt Broth (TH) ~ modified Christensen medium

l I

group A hemolytic Streptococcus 2 32369 Cobum



R18 VIB-broth

2
Woolcock 1974
Streptococcus equi

20

Kjems  Lebech

chemically defined medium

Jo  filniam ] Imi

ina 1 HI Ot " 5
250 400
20 60
10
04
100

group A hemolytic Streptococcus

K56 300
Van de Rijn 1980
chemically defined medium
complex medium (Todd-Hewitt
broth) group A Streptococci
chemically defined
medium
Bracke
Streptococcus b 38 65 75
2
Nimrod Streptococcus
z0oepiclemicus HA-116 ATCC 39920 -
02 10 60 75
0.05
, 2 4 6
Akasaka
Streptococcus zooepiclemicus NH 131
2
58 exponential phase

36



Swann 1990

Streptococcus zooepidemicus

NCTC 7023
U exponential phase

3 6
Morita ~ Fuj 1991
Streptococcus equi FermBP-878 879
bacteriolytic - enzyme
5.2
Ellwood 19%
Streptococcus equi NCIMB 40237
37 - 62 02 !
25
Park 19% Streptococcus
z00epidemicus LBF 707 60
, (. 2 5
, 15 0.75 1 H 3B
$Hs 73 01 10 1
6
Johns 1994
Streptococcus zooepidemicus ATCC 35246
6.7 (+-) 02
600 300
(yield)
Armstrong 1997 chemically
defined medium Streptococcus zooepidemicus 11

1 1
complex medium
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(primary metabolite)
Streptococcus
(Cleary ~ Larkin, 1979)
exponential phase stationary phase
(hyaluronidase)

(Van de Rijn, 1983; Brown
, 1994)

has operon (gene) 3 liasA , hasB  hasC hasA

(hyaluronic acid synthase)
UDP-N-acetyl-D-glucosamine ~ UDP-D-glucuronic acid
(Dougherty  Van de Rijn, 1994) hasB
- (UDP-glucose dehydrogenase)
UDP-glucose  UDP-glucuronic acid (Dougherty - Van de Rijn, 1993)  hasC
- - - (UDP-N-acetyl-D-

glucosamine pyrophosphorylase) glucose-1-phosphate + UTP 1
UDP-glucose  PPi (Crater ~ Rijn, 1995; Crater , 19%)
12
Crater 199 has
operon (promoter) Upstream liasA
Streptococcus
(transcription) Streptococcus

, mMRNA  lias operon
transcription (Dougherty ~ Van de
Rijn, 1993; DeAngelis , 1993; Dougherty ~ Van de Rijn, 199; Crater ~ Van de
Rijn, 1995)



Glucose

hexokinase
v glucose-6-phosphate isomerase

Glucose-6-phosphate }- Fructose-6-phosphate
glucosamine-6-phosphate synthase

phospho-glucomutase
v Glucosamine-6-phosphate
Glucose-1-phosphate mutase
T
UDP-glucose Glucosamine-I-phosphate
Pyrophosphorylase glucosamine-1-phosphate
acetyl transferase
UDP-glucose N-acetyl glucosamine-l-phosphate
UDP-glucose dehydrogenase N-acetyl glucosamine
pyrophosphorylase
V
UDP-glucuronic acid UDP-N-acetyl-glucosamine

\hzalurohic acid synlhas/

Hyaluronic acid

12 (O’Ragan , 1994)
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Streptococcus
161
(treptolysin)
16.2
16.21
Streptococcus
(Kjems Lebech,
1976; Van de Rijn~ Kessler, 1930) (Akasaka
, 1989; Ellwood ,19%5) 1
16.22
Streptococcus
(Akasaka , 1989; Swann
, 1990; Johns , 1994: Ellwood , 1995)

(Kjems  Lebech,
1976; Van de Rijn -~ Kessler, 1980; Akasaka , 1989; Swann , 1990
Ellwood , 1995)
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1623
1 UDP-N-acetyl-D-glucosamine  UDP-D-glucuronic
acid
(Kjems ~ Lebech, 1976; Van de Rijn  Kessler,
1980; Bracke , 1985)
16.24
Streptococcus Mn2+ Mg
Mg2+
hyaluronic acid synthase
2 3
(DeAngelis, 199)
05 10
16.25
, tween 80 (Morita  Fujil,
1991)
1 (Bracke , 1989)
16.26 -
Streptococcus
7.0

(Akasaka
, 1989; Swann , 1990)



il

16.27

Streptococcus

30 40
37
(Nimrod , 1988; Akasaka , 1989; Swann , 1990; Ellwood
, 1995)
16.28
exponential phase stationary phase

0 48 (Akasaka , 1989;
Swann , 1990)
16.29

Streptococcus

Cleary
Larkin 1979

Bracke 1985

Streptococcus pyogenes
Johns 1994
16.2.10
Johns 1994
600
300
3 Kim 1996

400 5 1,200
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17
Laurent  Gergely 1955
light scattering
2.8 X 106 4.3 X106
Laurent 1955
34 X105 5.0 X105
light scattering
Laurent 1960
1.7 x 104
1.7 X 106 light scattering
intrinsic viscosity ([ ]) (M) [ ]=10036 X
M)-?
Cleland  Wang 1970
(viscometry) 3IX 4
1.7 X106 light scattering K a
Intrinsic viscosity ([ ]) (M)
([ ]=KxMa 0.2
K a 00228 0816 K a
Shimada Matsumura 1975
intrinsic viscosity 2
, (1.0 X 104 72X
) , (3.1 X105

15x 106 ) intrinsic viscosity



[ ]=(30X100 XM
[ 1=(7 X104 XM07%
Silver ~ Swann 1982

2

light scattering

, 4.4 x 106
15 X105

Laurent  Granath 1983

Gel Filtration Chromatography

2x 106 . 3x 106
5 X 105
3
3x 106
Motohashi Mori 1984
(viscometry)
viscosity ([ ) [ ]=(36x 104« M0B
9.8 X105 11 X105
Beaty 1985
High-Performance Liquid Chromatography
Exclusion 17 X 106

scattering  viscometry '
Lee  Cowman 1994
relative mobility
agarose gel electrophoresis

13

intrinsic

Gel-
light

068511,1.925  43x106
( light scattering) Streptococcus zooepidemicus

(22x106 ) Streptococcus pyogenes (11 X16 )
(033 x 16 )
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(0.25 x 106 )
(viscometry)
Kim 199 Streptococcus equi
ATCC 6580 KFCC 10830
3.65 4,60
29 x 106 38x 106
Armstrong  Johns 1997
Streptococcus
z0oepidemiciis ATCC 35246 10 1
02 !
1 1! 20
1) - g B | |
2.65 X 106 3.20 X106
Shozo 1997
High-Performance Capillary Electrophoresis uncoated fused-silica
capillary 50 (pH 40)  running buffer
naphthalene-1,3,6-trisulfonic acid trisodium salt (NTS)  internal standard
(40,000 60,000 ) (800,000 1200000 )
Opelead (1,500,000 2,100,000
)
18
18
1
streptococcal hyaluronidase (Kjems ~ Lebech,
1976)
(Balazs, 1979) (Monta  Fujii, 1991)

(Nimrod , 1988)
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zoogpidemicus  UN-7

z0oepidemicus

1,000

ATCC 35247

15

Streptococcus
Streptococcus
(2540)
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