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ABSTRACT

An optimal composition of medium for hyaluronic acid production and some characteristics of its
from Streptococcus zooepidemicus were investigated.

The hyaluronic acid from S. zocepidemicus was reached maximum level in the BY -medium contain-
ing 0.1% beef extract, 0.1% yeast exiract, 3.0% glucose, 2.0% peptone, 0.1% NaCl and 0.5% CaCO,
(pH 7.5) at 37°C for 36 hours with shaking. Addition of CaCO, to the medium was necessary to neutra-
lize the lowered pH which was resulted from hyaluronic acid production.

Molecular weights of extracelluar and cellular hyaluronic acid produced by the strain were 1-1.4 X
10° and 5x10% respectively. The amount of extracellular hyaluronic acid was 91.9% of total
hyaluronic acid produced and the rest was all intracellular.
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& wkAlt= 7lo @ vFedAl hyaluronic acid(HA)
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ZAslglor, FE ajul, PAE, AN, AgxA
ot} Gl wo| Ealglct. Streptococus hemoly-
ticuse] A Cio] A AlEe ej&oxx HA7}
Fagic}.(2)
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=
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e FAAMA TIAA Edolud AF Fhede W
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2T A 5(5)o 2Jsted Streptococcus equi( AT-
CC 9527)% o}8-38}o] batchuekell v]a chemostat
kel A 117 mg/L/he] HAS AAF &4 itk
7k g ol

B Aol 4= Streptococcus zooepidemicus (AT-
CC 6621) N sl HAS wa Aikslz] 93k 7=
Aol d7-5F sk HAS A3A & 4 9= Al
& Adden], HAQ a4 &, HAQ Aak
S 918 wiek71e] A, HAS Al w]Ae ola}
& JAEYr)
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B dFo| AML-E FFL Streptococcus equi (AT-
CC 6580), Streptococcus faecium (KCTC 6621),
Streptococcus lactic (KCTC 2013), Streptococcus
thermophilus (KCTC 2128), Streptococcus zooe-
pidemicus (ATCC 6621)¢]%t}. Hyaluronic acid ]
iAol ¥ dFE ALY figte] FARE
Brain-heart infusion broth(Difco)el] A£&to] 37
T4 36412 3494 Alehlop (150 rpm)she] o)
Foizel HAS gasiol 3 278 ddad.
Brain-heart infusion broth® 77}9] wjzle|n g o
7ke) Wi A& A7) flEke] AR 4§ A FEE
W ARFEEE T AE 7]EA (0.1% 4
7] #&E, 01% 3Z7FEE, 2% peptone, 0.5
% A1, pH 7.0) £ 3}o] HA Q4] ak5 8 wj#| 2
He A=,

M

TAFY AHEE spectrophotometer (Hitachi
UV 100-400) & AH8-8ko] 660 nmof+] wljekel o] &
FZ(0D)F &A3le] A}

gof Mzt
weyalZo] ke Somogyi-Nelson method

(6) ol we} Akt

HIZ2|E HAL| 2&|

FAEE wiokdS fdAlEE] (Kontron instru-
ments, Centrikon T-124, A 12.24 rotor, 10,000
rpm) & &, Aeds HAxejste] A £ HAGH o
2 Ao, AAHFHE sodium dodecyl sulfate
(SDS) & Aejstol AE&Fo| EAlst= HAE &
XA AZF HALH o= AL3-gc),

%, 200mf o] wjckHo 2 REf A% ¢AHE 0.2%
SDS7} &4% 1/15 M QlatskEel (pH 7.0) 50mf
of #etAlA 37T 2447 F8A] 2”(110-
120 strokes/min, amplitude 2.5cm)A]#4 HAS
2] A Zict.

SDSZ A3t ¢4 44& sla+e] (Kontron,
A 12.24 rotor, 10,000 rpm) &+ F AAS-olg o A o
&2 Aa|e]sto] AEeE: HALNM o7 A48},

Hyaluronic acid2| Maf
HAE A=k 744 <zt 55 gk A3t
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HA= Carbazole method(7, 8)el we} Aakgo
, 09 Ad¥ %= w¥= Carbazole method(9)2
A&t

=, 21§k F4tel] 0.025 M sodium tetraborate -
10H,0& =4l &8 Smfol] FAJ uiokde] iz
48 ImfE o & 48 £ boiling water bathol
A 10871 7Fd8ic). o]zl Aok W3R F o
2o} 0.125% carbazoled =29l &8 0.2m/E ¢
&3}s}eo] boiling water batholj4] 1587} 71433}
Aol 4 WAIF . ol7dE 530 nmel 4] &3
Aslo] HAgES Streptococcus zooepidemicus
g HA(Sigma H9390)& #ZFEZ A&
2402 ¥ A,
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HAE= oduldle g Bxjeko] 1,000,000 o)Akal
¥ Aoln® YAw 34 Y xF A
gomi gelofsol oJg Eajape] 4L ws
e,
22 Rijn(10)) $jste] HA®) ¥xiake =

2 2k
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g Astel] T3kl SAHY) F, 0.9% Aol Hh
001 M olit shEd(pH 74) 0] HASH-E &3

&l RNasegt DNase® 37°Col4] 24174 ul2-A|A
Rz WS Ha - A A A|Zch Ultrogel A-2
(LKB, IBF Pharmindustrie 92390 Villeneuve-la-
Garenne, France)= Hzfek 25,000,000014 120,
0007HAE o) 5 = gelolv], B2Z2AL A
2t 5n0A 8%A17lom 3u04 EA3Hslch o] A
5% Ultrogel A-2 column (1.8 by 85 cm)ol] &%
AlA void volumn (Vo)#} total volumn (Vt)A}o]
ol HA-§% patterng #alslo] plotstrz Xz}
e Ak

Ao

HAS £2 24e] A48 HAsH 1 o]sle] Alop
& Sigma Chemical Co. (US.A.) 2] EF AJekg
3, AH8-ich.
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Az g 1%
Hyaluronic acidAid] M|ze| A

(HA 8435

ZA|F#Ql Streptococcus equi, Streptococcus fae-
cium, Streptococcus lactis, Streptococcus thermophi-
lus Y Streptococcus zooepidemicusS Brain-heart
infusion brothel] & % 37T 4 3647+ A4
Aekulobstol HAS) A4kt 29| 4458 243
t}(Table 1).

Table 1. Production of hyaluronic acid

Strain Final pH  Growth(OD 660nm) HA(ng,/mé)

S. equi 6.28 2.10 0.084
S. faecium 6.49 1.44 0.050
S. lactis 6.17 2.00 0.068
S. thermophilus 564 1.94 0.060
S. zooepidemicus 5.62 2.08 0.082

Table 10|42} 7Fo] HA S WAL S, equis} S.
zooepidemicusel| 4] 0.084 mg/mfe] HAE A AIsto]
5 3ok,

ZAIFO S AR S equi, S. zooepidemicus, S.
lactis 2 S. thermophilus7} ¥ 3 ov} S. faecium
- A7) FEET A5 A B

EATY A% T

¥rv 3%% 42171 Brain-heart infusion
brothell 4 S. equi} S. zooepidemicus & #ebu|o} 8}
wA dAF A7 AR FAHe HFEE 53
ko] ASAS 248} Fig 1o viehd wie} 24
o] S. equi= 18A17F2] = 7]5 7AA wiok 3047 e.
2 AR wesich. ey S, zooepidemicust
3071728 Hx71E A 36417 wjoko g AA] 7|0
=¥t oo Aol By wpe} o] S
zooepidemicus®] ] A% Tl A)7ke S.
equiol| ¥]&lo] 6X|7 o] ZojA 364|7o] 4 g H .

HAE AS3A9 f418 SAog A= o
F T57e] HA S AAAe Table 19 vlebyd vle}
7ol of 0.080 mg/mé 2] HAE A4 r}.

ojahe] Aitel vlehd wle} o] = FF7te] HA
AAAL- w)gzslit, S, equiRth S. zooepidemicus7}
TR AAW F FA A #AE A A
fate] AR S o] HAAGo] FFdle] B
A&l = S. z00epidemicus S AH-F ),
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(pHe| 4>
Hyaluronic acid2] A§4H4ell
£ &8 Skl AR wljekE 36417

wlekst & HA 9] A4g=ks 71E 3t Tabl
ehd vle} o] F FAlel glolA %
wjoksle AlgTI}

27 fFol At aabe JepdA] oe e
AR Ech FAlE wioksloe HA9 Ao,
ofalol pHr} AHA3}eln® pHE 0.1 N NaOH=
pH 7.002 F4 - $3A]7|9M wioksl= AT
(pH 7.0 fix)3} pHO| & - F3}1]7)4] b= A
7 (pH free) o2 v} A&}, Table 20 e}
w vje} zho] wijoFde] pHE pH 7.00.8 143}A]
o= AT vjgke] HAZF A=Y, pHE
7.00.2 nAg Agol e HAZF ciak A4 =9l
t} tiSo] A& o g 427 Alek wiekslH A pH
2 7002 A3 AFLHe} 3647 AEt wjekah
F 6A17ke] A wjekslHA pHE 7.00% wAdh
AT HA 9 Aol A ok 40% o] 57} asts
vheldsict

Table 2. Effect of shaking culture on the hyaluronic
acid production.

GrowhtGlucose HA  Relative
(OD660nm) (mg/mé) HA (%)

Continuous shaking pH 7 fix 240 018 0580 100

Continuous shaking pH free 006 229  0.040 69
After shaking, static pH 7 fix 214 102 0860 1483
After shaking, static pH free 004 243 0040 69

Culrure condition

2|5 x| =M

S.  zooepidemicus®] A3 HAXAHS 938
Brain-heart infusion broth®= 37}9] wjxje]= 2 o
7o) AR Akt 7R Ao 25 gl
A29s ool el 4ot HARAE S4e)

Cehadde) o3k

LX)l S. zooepidemicusel ¢)ahe] HA AJAke) u
A whae] 4%E 73] 2l8te] Table 3o
B8 Sads 7 3% A7 7)Ao FA]
& AE - vioksle] o 53t HAS Ades
ZA 8}
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Table 3. Effect of carbon source on the hyaluronic acid
production and cell growth.

Carone source(3%) Final pH Growth(OD 660nm) HA (ng/mf)

None 795 0.20 0.040
Glucose 5.37 1.10 0.204
Sucrose 5.47 1.10 0.196
Dextrine 495 0.30 0.041
Soluble starch 487 0.25 0.038
Glycerol 8.32 0.28 0.060
Ethanol 8.30 0.26 0.062
Sodium acetate 8.43 0.28 0.028
Sodium citrate 8.45 0.24 0.022
Sodium fumarate 8.57 042 0018

Table 4. Effect of nitrogen source on the hyaluronic
acid production.

Nitrogen Sourcel0.2%) Final pH Growth(OD 660nm) HA(mg/m¢)

None 791 0.08 0.080
Ammonium citrate 7.80 0.12 0.010
Ammonium acetate 8.29 0.18 0.062
Ammonium sulfate 8.33 0.20 0.020
Peptone 8.28 0.84 0.100
Yeast extract 7.37 1.20 0.145
Beef extract 8.40 0.89 0.100

Table 3o vehd uje} o] FAlFe] A4
HARA S slefs 22tz Aio] of3 o).

ey 7)Ao SRk ohuel HA A4

o BeFsted FAFE F7IAHE Bl 9o R o
4 Xle doldd.

HA S QAo oksd kol xrd o5 HA
AN S AR AT, 3% Erdo] TX|F A
3 HAAJA(0.105 mg/m¢ HA)x 7}AF k5 dir).

a2yt 5% Exgs 7R el Ae Fo A
Fo| 229 T Br) o7 & 0.23¢ OD
660nme} FATE vhehfglort HA A4S
085 mg/méZA] 3% Fxvd Zryhai=x]e) HAQYAA
B} oF 20% FAFc

(Aa4de) 4%

Aol o8k HA QA ol o)A Aad] o33ke
AR} $ete] 3% Exvdo] Fi-E 7)Eu) =)o)
02%-’] g "”\"JQ‘ 73ty #9] FAlx9} HA
e ZEF 7é Table 49} 7},

”‘a]s“ﬂ AHE-E o ‘4% i B R T
53 HA A2kl "“ EFgon f7]A4do] #9
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453 HAQA) B30 55 2352
SR ks & ohe} 0.145 mg/née) HAS 4
Aste] HAATHA M 744 oksdh Aol gin).

HA A Aol oF5 3 peptoned §H 255 5o
gk HA A4S 7Awsk A3 peptone ] S k=
20% o, a2 #5829 A yrt 01% Ak

i

CaCOsxx 2] d&k>

FAo] AgsA HA S Aol afe} wiokoy o)
pH7} A3} =)= 718 wWhA|slr] ¢ske] 3.0% %
=, 2.0% peptone @ 0.1% FE 2ZEo| 3¢
71 Ee Aol F3}Alel CaCOsE #7lsbo] wjokal
S FIAIIHA FAFEE wlekst A g}, CaCo,
57k HAS] A vl 9&s 7R  Hd3s
Table 54 v}el e},

HA2 Z&A24] 0.2-05%9 CaCO,2 Hr}s}
B2 g Afo| < 25”“ Z7kh}, asxel 1.0%
o429 CaCO; /b= & A48 238 50% A3l
AlFich. olzigt A= CaCOSE Ar)sle 2 ufze)
AEE wRste o %S EAsh} Fde
CaCOs #H7h= 288 Wiz & °—L}%}ﬂ]§}3]’-‘1§ 24
o] A5E At g

CaCOyell 2JgF HA 9] 4k4d8 0.2-05% CaCo,
712 oF 40% ) AAHo] Zrhegirh.

o]g]. 7L0 734}; ”HZH A].Hﬁ},, HOLZ
FAF 455 $AAA HASL AAE E40
Ao 2 Alg =}

olel ZA#E F3abd HAS WAL 917 #=
w2 2L 01% 17552, 0.1% 2R 33

E
‘,L‘I
b

Table 5. Effect of CaCO; concentration on the hya-
luronic acid production.

CaCOsconc. Final pH ~ Growth  HA (mg/mé) Relative pro-

(OD 660nm) duction(%)
0 482 0.28 0.480 100
0.2 5.06 0.69 0715 1479
05 5.78 0.82 0.762 158.3
1.0 8.02 0.14 0.520 1083
15 832 0.15 0.341 708

Table 6. Effect of temperature on the hyaluronic acid
production.

Temperature('C) Final pH Growth(OD 660nm) HA(mg/mé)

30 5.65 071 0.692
37 5.92 1.05 0.894
40 5.72 1.04 0.730
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2 3.0% Tx%, 2.0% pepton F 0.1% Aled ol
A ZsA2A 05% CaCOt e wiAI(BY-
broth) 7t S 7El9le™ 27] pHE 757} ozt

(Lx9] 43)

HAS) A vjx| &9 A3 F9H37] 9
3o HA2) A& HA wxzAe) BY-wixle] T4

o HMZsto] Table 60 7€l wie} ko] 7o)
Lol 4] ZehuekA] A

Table 64 vhehd nke} 7o) 37°Col FAEE Al
ebuforst @ FA|FAl S. zooepidemicus®] AFEE
1.0524 Hazre vebd 2 uk obje} 0.89 ng/mé
o) HAZ AAMA7le 37T wek 257t 7H3
k3 gk L=}

HAAA ) 24 wj=Ql BY-uj=lo)4 37T, 364]
7 Aehjorsto 2 HAAA(0.89 mg/mé) 2
Table 2o vtehd vjek 7Fo] Brain-heart infusion
WAl A) wjx ) pHE 7.002 ZAFHA 37T,
364)7 ZIE} wjekst 3, 6212 AA| eioFdt A0
86 mg/ml)e} 7recke] HAZL A= e

HAAAFS- 2]3h WA 54] 37}4l Brain-heart in-
fusion®} x19} A& dhAlel Ha7) ¥ ARFEET
w)x] £8A9l CaCOE 43 BY-uijA| e} Aol
A= 4= sl

3| Table 29| Attt BY-uj# & AHgste=
wjorA|7kS oF 627 Aw BEE Fx gk

HA2| EM

05% CaCOy% 53 BY-uljzjolq 449 HA
o] Bapek, ATE Hnd HA¢L HlEsls HAS
ofu] 5-& AEHrh

Aze] HAeH Azsl% HA9 ofw @ HA®
Streptococcus hemolyticus®] A2 C9) AlTA) 29
o)z FA ARol/|E Brh(2).

TAFe AEeE HAZS Fujsrle 3, HA
©Azze) FAAEeEy EAsEe A%
HA (extracelluar HA)¢} AE2}% HA(cellular
HA) ¢l 74u)E Z&3rt.

Table 76l Lyehd uie} o] BY-ui Aol xie AlE
o= HAoku|= A HAzke] 81%c°lH AEZF
HAckul= 91.9% 9tk 22ht CaCOE A7h
BY-ujx|e) = MZ2lZ HAHE= 14%elH A
9] HAo¥H]= 98.6% <dct.

o]ike] Azt BY-ujx|e] pHE vAZdsT Sl
CaC0,9] H7}2 Axs|el HANAL Z7s o,
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Table 7. Distribution of celluar and extracellular
hyaluronic acid.

Medium Cellutar HA (ng) Extracellular HA (ng)
BY 4097(8.1%) 467.14(91.9%)
BY +CaCOs 10.32(1.4%) 707.94(08.6%)

ATz HA AL ztasiadnt. o] 23+ -
tracellular matrixol| 4] §4% HAx= CaCOsell 93}
of AEYT Pu|2 2AA7|EE xS HAS A
Ho] Z7ksjele At

HAS) #atek © A% HASH AlZ9F HAE &
= pua 2A2A ExeF 25,000,000747 gelofzt
g 2= gl= Ultrogel A-2 column$ A3 = gelod
she e 294

Void volumn(Vo)} total volumn(Vt)Apelel 4]
$25- HAS sty 28k 25,000,000904
120,0004}0]) 4} plotate2  RAldE FRAH
(10).

Ultrogel A-2 columnell4] AjZ2] HA2| B}k
o oF 1-14x10%]gl o, AExe= HAE 5x10°
o)gdr}. StreptococcustT2] Al E2] HA 2| 2=}k
AL E HA EApeke Z+b 2% 1083 10x 10°]14
o} (10).

Rijn(10) 2] Streptococcus®) | F-2| HA 9] Ex}j=k
2o 9x10%]gdont B FAFo] AAg Alze| HA
o] Bajere 1-14x10°024 7 Ao, g
Az% HAS Btk 10x10%]govt & 34
Fo] AZ9E HAL 5x10°024 A2 3 A E
9]z HAS ¥k 2% Rijn(10)9] ZAzrct oF
u}o] ke vjebict.

ole)gl Arol® Hajere FAlFE Wik CaCo;
o] A7} ATelZ HA¥uA HAS 237}t olF
o4l Aoz AR D,

2 %

Streptococcus zooepidemicusol ¢J¥t hyaluronic
acid AAe] A wjA] 2AL batch cultre 7]
A 0.1% #17) 3%%, 01% &R F3<, 3.0%
x5} 20% peptone, 01% A1) 2 05% Call,
olgdon, wA|e] 7] pHE 7524 37TA 36
2|7t AEkuoFalE 7o) eka it

E3 TA|F9] Ao Fubso] hyaluronic acid
7t AAEeR WA pHE $3st7] $ls CaCOs
o] H7h= A4 oldrt.
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S. zocepidemicus?} A3 A F 9] HA Y Bxjete 2. A. Markovitz, J. A. Cifonell, and A.

1-14x1000]glom AZSIF HAS) PAeke 5x

10°] e}, 22lar FAlFe] 44T A HAkE A 3.

29 HA9} M¥elE HA9) ofvl:= 91.9% of 8.1
% Sict.

4

A
5

2 A7 PG A7 AY(891-0407-

0462-2) o] 9J3}o] o] Folg o, oo gh=z}atAyct 6.
Gl 4& S el 7.
8
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