Streptococcus zooepidemicus 2 # % P B A% Hyaluronic Acid
Boif 1 fEAF O 2 4R

Optimization of fermentation condition for hyaluronic acid production
using Sreptococcus zooepidemicus
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%A > i 400 rpm i F B 2.0 vwm ¥ 8 Bl ehs B 5.78 g/l & fadF o
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Abstract

Hyaluronic acid (HA ) has a high molecular weight and a linear structure of
repeating units of D-glucuronic acid and N-acetyl-glucosamine linked by B ( 1-3)
and B (1-4) glycosidic bonds. It is a valuable biopolymer in the medical and
cosmetic market. Traditionally, HA is extracted from rooster combs; in recent
years, HA from microbial sources is increased.

The effects of medium compositions on HA production by Sreptococcus
zooepidemicus( a high HA - producing and toxicity-deficient mutant strain ) were
investigated in flask. The statistical design method ( Response Surface
Methodology, RSM ) was adopted to determine the optimal medium composition;
including carbon source ( sucrose ) nitrogen source ( yeast extract ) and

MgS0,.7H,0,which Mg*" was known to be a key factor for the activity of
hyaluronic acid synthase.The maximum HA concentration obtained could reach
2.97 g/L using the optimized medium according to the RSM results, which was
about 3-fold of that obtained in the medium before optimization.

Optimizations of fermentation conditions on HA concentration and
molecular weight were also studied in batch culture and fed-batch culture with
5L-fermenter.The batch culture conditions for the better concentration ( 5.78 g/L)
and sucrose reconvery yield (10.0595 ) were to use optimized fermentation
medium with 400 rpm of agitation and 2.0 vvm of aeration.The conditions for the
better molecular weight (2.84x10° Da) were to use optimized fermentation
medium with 400 rpm of agitation and 1.4 vvm of aeration.The fed-batch culture
conditions of the better concentration were to use optimized fermentation
medium; 1.4 vvm of aeration; startted to feed solution after cultured 8 hrs and
changed the agitation (200 rpm ~ 500 rpm ) at cultured Shrs. The maximum HA
concentration could reach 6.94 g/LL under the optimized fermentation conditions,
which concentration increased by 659 as compared with that under the

fermentation conditions before optimization.

Key words: hyaluronic acid  Sreptococcus zooepidemicus response surface

methodology optimization fermentation
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( Fructose-6-P ) »

( D-Glucuronic acid ) »

B & £ = p¥ % Hyaluronan Synthase i 'w

NTP,NADFH Organic acids, ATP
Teichoic acid (wally Fatty acids, Lipids
&
ey phosphoglucoisom erase T )
Henolinase pei,EC5.31.9 Glpoolysis
Glucose m » Glucose6. P — ™ Frucose-6-P
Glutami
ATP Fhosphoglucomutase Amidoframsferase e
pgm. EC 5422 gha %, EC 2.6.1.16 Fihbam ate
Polysaccharide (wall) #—— Glucose1-P Flucosamine-6-F
Pyrophosphorylase ¢~ UTE Mutnse

hrasC,EC 2,779

Teichoic acid (wall) #—— ULDP-Glucose
UDF- Glhurose delpdrogenase
kack, EC1.1.1.22 HADH

Teichuronic acid % UDP-Clucuronic acid
fwalli

ghuM EC 5422

G lacosamine-1-F

Acetyl fransferase Aretl nd
giel EC 2314

M- Acetyl Glucosanine-1-F

mTP
Fyrophosphoryplase
ghall, EC 2.7.723

Hyaluronic Acid
Hyaluromate sprfhase

fasd, EC2.4.1.-

Bl 2-4 43t B2 5P R

Bl 2-4 4k A2 P TR E @2 P FRAF
N-Acetyl-D-Glucosamine £_d # 5 #& - Hifis @

Gk AL R

TE MR- RBRESBL S
Pl#& & UDP-N-2 fa 4 -D-§ § #hds

JDF M-Acetyvl Glucosamine

Peptidoglycan (wall)
Polysaccharide (wall)

= i# /& (Barrie Fong Chong et al , 2003 )

£79 D-Glucuronic acid %
(Glucose-6-P) % % &= Fifs @
54 Bk UDP-§ § abmm
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Multiple Functions of Hyaluronan Synthases

1) UDPaEHo M BEnciing Sie ) i [ 1.3) GhoA Trionslaicsa
2] UDPShoM Binding Sito 5] HA joo cepilorn) Bincing Sihe
3) b [ 1.4)] SlekAs Trors! s & HA Tiamalsd [orslks ol

Bl 2-55 P 5k & =1 & B (Weigel, 1998)

21?3 For i g émﬁg’fﬁ“fw;:ci;s (5274~65 %)

Table 1a. Examples of MaHA wsesd in the chmical reatment of ostecartbamhs

Track e Molecular weight of NaHA* | Masfacnarer
Artz® 6000001 200,000 | Seakagaku (Japac)
Hyalgan® 500, 000- T30, 000 ' Facha (Iralv)
SymvascE maldily cross-Hinked HA | Hiomatrix (USA)
Talsle 1k, Examples of MaHA nsed m ophihalmedogie sorgery

Trade mms hlalecular weight of WNaHa* Mamufacture
OpepanE 500, 00 1, T0H0, 000 [ Seakagakil (Tapai)

CipeganHi & 1, A0 M 3 S CROR Sedkcagalku (Japas)
HealowE: 1,900 G- 3, S0 G | Prarmacs-Upjckn (Sweden)
OpeleadE 15300000 2 1 50,000 Shiz=sdo (Japan)

*hfolecalar weight of active mgredssm
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oL pLa B L4 - Bacterial -
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. 1] l‘;r,—El o -0 Iyvase Eﬁ‘ﬂ'
| Jqééﬁg o \Giong T — CﬂnH> o i
HH OH _ OH 4 (.
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B 2-7 & @ Fpe s+ £ 4 fE7 L B (Kery Orvisky, 1992)
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2-1-3 32 ABP PR A

(Mimgs £ > 1999 ; Abraham Nimrod et al > 1988)
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23EM TREEL AN S

(David Aetal » 1990 ; Abraham Nimrod et al > 1988 )
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R 35C & 33 CE Mg B » :ﬁL;;-ﬁém T_o

) v
gy
=g
3t
el
9
na
b
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2-4 pd P EEpEss % 3 X (DavidAetal » 1990)

M2 2 R G B HEE LRI Ao o nBFY
ARG ~ AT G AR § AR - BATTIRE > v DR - R
FRAE e 2 s A e g mie ) Bt s J AR M g TR R T
— AR >l BASA K > R mie 4 L fho s 4 B R E i @

BPREDHE SR LD - F et L o BRRY DYPRPFRC 0 B

2

bl
—_—\N\

2

ﬁ

et REF TR B FED R o Ry e S

LA NFE K BN oo HI AR ANBA S &'fﬁ:iﬁﬁﬁi”ﬁ?)}]&@
W EATHA > d X ERHEFR AHE? AP DRI E 0

1 E o EREERRST ER I SRR I R A - e
ZEE AR i frdfrg
2-4-1 ¥ =% 32 % (Batch)

b} M EEEEAL 0 3K AR FE 0 BT R F ol e f o i
Fp At~ feBedl o BBEAR 0 FkR C ¥ R S A kR AR ER
FLEFVEFET R o AP BRFTHE DB SRPF L AE
RfrA RFTEFFEHE Ko g7 ERM -
2-4-2 &3 % (Fed-Batch)

&%ﬁ%%@ﬁﬂﬁ»%ﬁﬁ%%ﬁ’uiw%%zaa%ﬁﬁﬁﬁ
WE R o B EARY B AR et » TG BRI cnB A A
RS P MR A § ISR PR R G Bl fun g R A A 4
AERF PR R o RiptR R Ve MR TR WA e
BB A2 BT 0 T B EA A E TR Gd EfrAd & 20k

@ @R B AET A A o s § TR Ga Bt A

T
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2-4-3 X 3 ¥ 32 % (Semi-Continuous)
AAEALIE A AH > B INABRERAL LR RS S LA N
Bepl g2 5N o dow TR AR 0 RHINA R BAT MR > B A
HELPEUHEA G AFES O RFATE R BRITES £ 8
REHA D G SR A 0 ST v T A 6 < -

2-4-4 33 ¥ ;¥ 2 % (Continuous)
FEpE ALY o — A~ ATEAR > - o B B R o @ K,
PR R FERETLL  FREBEAL AMER - A5k
BoOUIATRREFAE LS L@ FR A7 AR 5 - 7 R EpE
EARED G O BREPREL T UEN{F PR LF AR
EHRERAEIAFHBIT - ERZ T AR B £ K
»

%
FABF 0 FEI AL KT A S

-

25MAFAAEP TR BARFT

Nimrod etal. (1988) P Mg 33 4% & B kR K ET » ¥ 15 4
BP R E -

Denkietal. (1993); D.C.Armstrongetal. (1997) # &) A3 %2 C #
S MY AT REL YR R B F REL R o

PR E L (2006) # A adp e AURER 10g/L; 30g/L T 0 FoaE

DEBZEPFRZENT20% Wit 39 8B KEAS FLrE- §

R F P %frﬁ-‘ri/z.‘ ;ii"’fii?l‘;,"! Yeast Extract ifF2v&a— § /A& o
4 (2006) #& I A A EERET B o B AURTOE RV B 2.5

t‘r
LR
AR B EE -

®
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26 MAF2ABP FRLIMEHERES

Huang et al. (2006) 3% 13 %

4

FH AP TERAAE 0 5 F B L

5%t nF B gRBEP TR E o
Fongetal. (2003) #t i f FEP TR ZEZ2 A FEV 2 45 F
S FFE R RV AL 32ATP @ RRE F BRE A 4 3ATP > ¥ iF

B R £

iR 27 & 2 B NADA k 4 = # % 54 UDP-Glucuronic acid ( Barrie Fong

Chong et al, 2003 ) -

Johns etal. (1994 ) #% 1 #4530 § #im s

et B LG B AR
pgfﬁfrﬁr&r R ,g»bﬁ_ﬁﬁ;;;ﬁig\;gigét,rﬁtt;ggjg;gggﬁi@;zpa

(RO

Kimetal. (1996) # I #+-:& & 1€ 400 rpm 3 4r 3] 800 rpm > % ¥ 4%

B3 £ WHE R K 800 rpm 3 4r F

| 1200 rpm > A 3 £ ¥ & 5.0x10°

£ (05vvm~2.0vvm) $FW2 L 2 5P FRZ &)

g2 4
T FE s IOvag_z,P?F;ﬁf&A} Eha o
SHEKE 4 (2005) %ﬁﬁﬁ&6%qm1%ﬁWﬁ%?’ﬁW?
L 13gl £
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2-TR %*& 3+ 2 v & #(Response Surface Methodology, RSM )
(John, Cornell et al » 1984 ; Vic Barnett et al » 1987)
B AU TR TR E D e F - P o PR 0 O
PEEEAZAL LS HEP T EORE k3 Pl ¢ (Optimization )
BA& K o

2-7-1w o & P &t

"4 2%k 3t (Design of experiment) % & 33t %2 ¥4 » fo & T %
TR NER PO FHRABREOER RE SN PO g 30 5 S TF)F
(Factor) & seemdeif fv » @At X 500 T - I F5%kiAv - B FF 5 @
= ;% (”One-Factor at a Time” technique ) kX F 45 & ip 8-> X3 5 g 3| & 3L

g

5 FF 2 W5 ¥ 23 i¥% (Interaction effect) » #7140 § F|+ B e 3 B 5
et s B2 ¥ (Significance) PF > A& ZE DI I chdof B o

BY R AEIAFF R I PR T PR REE S TR
= 4 F]F 2 p £ & #ic (Objective function ) ¥ 4p 3 B % 2. B8 50 o i’ﬂ’%ﬁb
- P B SR EE T AEE B URAREISEGRETER
B MR k2 WhpmfFit B d B AR BTIEE > TR
* FRm kTSR -

272w ¥ & % i 4

1951 & % Jigd & ;25 £ d Box 14 % Wilson #74% 1} » % — féit IF PFiR
T_L BT & T3 4p 3 B 8k interactive effect | 2 F 35 Boif iE 2 en ok
R o o BFCRR AR NS G RPE  PEE R R T

RS TR TE - 8- ) I R S LI R R

15



itness) $HITBI 4L 2 > FF N FE
7R BT H- B P AR S Lk Sew i (System response ) 2. #ic
RS @ FRFREF T RFRAT 0 7 2 TS kB R g
o FEREAHE AR 7T AN

L

o
e
o
o
5
I
el
3
A
I
(-

i
Eh
4
%}
i
%i%y

(1) B BB 2 81T

(2) w i 5 BT ficst 2 &2
(3) #5583 = 2 He 5%

(4) {5 (B2 -

(5) F15 B8 pz A 45

AT
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GESEFELEE

}

égkl;i‘?g_\j\“?j'ﬁ

S R T 3e

(two-level factorlal demgn)

}

Sl
(path of steepest ascent )

b

l Yes

SRR
( Central composite design )

}

wy

4

B e

» 2004 )



2-7-3 = 'R & F)15 § &K 3+ (two-level factorial design )

135 2 f,;*%?ﬂ‘:iz“’s?,%&#; G T E Py L M) o fadrd
7oAl K AT EIRE R BT A1 2 RETF]S F kK
(two-level factorial design) %* " F& /3% 3+ % % (path of steepest ascent )
KI5 ELF B -

PRFALZTFEFREFRFF LR IMG H LTS EHF R L
ez = o] o fed L FS m??é%%]“ 12 =S - Sl G B o
i s 1~ 1 2 Fer R i-k#E (Coded level )

Code Xl:( X1— ((X high +X low)/z)/ ((X high — X low)/z)
’—"“r?gﬁfci}?%ﬁ'] LR N ﬁﬁfg-,gf T 5] AN
Y=ap+ aX;+ aXo+ ... +a,Xn+ A1oX1 Xo+ Ax3Xo X3+ oo An1nX o1 Xn

- AR Y E - g RS effect 0 &7 F - B F]F P R Sidk2 B

R a sl EEATHIEIEKEIGZESER F 2 asf BiT¥

—\\

-~ AR e T EF R FEIER oI w0 RV RB SRR E o
FR- BRKREOYRERT - BEHREL O PNEFTOV R AEES

o BRI REAL AR B TEL L o ok aﬁgﬁﬁ#nﬂ s Pl &

18



2-7-5 ¥ R % 2% 3+ (Central Composite Design, CCD )

B0 EATRRRORESDT o FAH PSR AR R S KA i Bl
B REe? s pa N apegr o a N 573 %2 29 %
B wHARMNLEFERT R AP PE 0 RE- Tk

o4 TRP A LR RamEL .

2-7-6 i3t 6 %
%ﬁtﬁ%\@-ﬁ PR EATIE L w B o 5 0 R S dichp i
AR ¥ A %R Bl 172 (Analysis of Variance, ANOVA ) otk 2% #ic
( Correlation coefficient » R?) % 4 % > "f FEIAWw Bl o BN 2 ¥ ek
FORR SRR A P R REIR L AR o R d e R AR
Y S BLE BRI B 4 T R Ad 9k TR S guRg o
¥ T_i% # Correlation coefficient
R*# % % 5 ' R®=SSx/SS;
SSg & i Effl = 4 (Regression sum of squares )
SSt % 4T > 4 (Total sum of squares )
R*¥ * *0 5 39 %8 2§ > 428 (Goodness of fit) » R* & 4#@%*“
1 2 B BN T i 2 5 P SBdh 0 RO B 00 10 & 0 e BN
Ch 3 S R TR i
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$ FRHEE

317 HHE
311 Fk
KR ARERLE (R) 2PMPEA RSP PRS2 A Ly
R % T @R & 2. Sreptococcus zooepidemicus fFta > i Lancefield & #fi2 -
3t C#eard o
F12RHRE
4o w24 R 8
R WA hyaluronase (608 IU/mg ) sigma
R AL 4 Sodium teraborate decahydrate GE3
vk ek Carbazole sigma
75 B Glucuronic acid sigma
o e 4 Sodium Sulfate anhydrous e &
IR PR 5 hyaluronic acid Standard F4m
SHAFTRELHNR 3,5-dinitrosalicylic acid sigma
iy phenol (solid) Fhih 2
o i 4k Sodium carbonate anhydrous R &
Liss 2 F TSB (Tryptic Soy Broth) DIFCO
o i 4T Calcium Carbonate s 2
B Sucrose oW
Fr il 4 Potassium sulfate sk

20



BLPL & 4 Sodium bicarbonate iz
Woe A Antifoam LG-109 ADEKANOL
F 1v 4 Sodium Chloride ki 2
L & = 4 Dipotassium Hydrogenphosphate SHOWA
L= & 49 Potassium Dihydrogenphosphate SHOWA
T e 4% Magnesium sulfate heptahydrate i &
33 it4 Sodium Hydroxide R
(o] Hydrochloric Acid thih 2
+ Glycerol Rid &
z % 95% 95% Alcohol o
z % 99% 99% Alcohol o E
A 54 Yeast Extract DIFCO
# g Agar DIFCO
R Glucose ROQUETTE
Pl TR o el Ll pH 7.00£0.02 METTLER
fhdk @ BRI R pH 4.01+£0.02 METTLER
B E R A LR O,-Electrolyte METTLER
% ¥ TR R R O, zero gel -Electrolyte METTLER
R R Oxygen Gas g )

21




REKA R 35
BREFFFE RISEN HL-343
£ FE T i LM-240
IR HSIANGTAI Orbital
Al s HSIANGTAI Centrifuge
£ AR e Beckman Microfuge 18
T+ AND HF-2000
HepT+ T METTLER AB104
BEEERER CORNING Stirrer/Hot Plate
5o % R "8 4 Biotop BTF-ASL
B P R AR AT HITACHI L-7400
A HITACHI U-1100
pH 3+ SUNTEX SPH-701
B ZEISS Axioskop 40
w=TE VORTEX-MIXER VM 2000
E1Y BROOKFIELD LVF
W E HSIANGTAI DC-CH40RM
4°C ik 4 % TRG-4RT
-80°CAZ MR 4 W 1R SANYO MDF-U72V
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3-3 4 4 %

331 FHIB £ KA A 44

F# &k g 3wk & 660 nm Bl £
i § e -3
R

AME R > FIEREALY FAE
“"’Ac,\“}"fgt* EHp 22 iRk Hp o %f’?ﬁ'ﬁ%",ﬂﬁ_,&)ﬁfﬂ.ﬁﬂl J o
ERRIREY &2

Pytdcd £ (R Shrs) ¥ izF s (FERE 10hrs) 2
ﬁ“% (ﬁ"% 5;10;20; 50 & » =T iE

ﬁﬁ‘,ﬁj‘/l’? R 1
1.

B3 20) 0 L EHE D o

- B P TR A AR R

L1 10ml ffEmasR+ 1.0 ml &P FTaA f#55 0

e
XN
AN 7

v (I

% (60 mg HAase

(608 IU/mg) /30mlDI) ;& &35 & & J& 30 mins °

128-F RS2 ERRar e w2 E2 15ml Bl y > fEre
i g (A LS e )0 2 12000 rp.m #w 6mins 0 4 %

7 % o :I-%—;;-]o?@"*fr I E s ? Az frgE o

WERE (YE) “f%k:=¢ hpld RImE-
¥ o el YRR 2 pR R
Pl L &

EtrE R B E LT

£ LR .

a2

z Fﬁg/ﬂ:ﬂ‘.

g
i)
=

MR E R R apl 2 A kb B

R
1. #-FE %% 11 DI Water 1F3§ 5 mﬁ?f?

2R A& 660 nm 2 BTl > o ARREERREY R

gt L HEEY SR Y=1.485xAbses+0.395
i AR AR

R?=0.994
Y=0. 505XAbS660+O 756

. R?=0.996
BAMBERAR Z (R rfREd iz ) x (R &
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332/ Eetkr (FEF i)
VURFR R RS PO RK RS 2 fE T2 ¢ #EfEpc (hexuronic acid) 0 £ £
Carbazole | 5 7345 = d 25 ¢ AW o
1 - & pe ®
FRR)FLfa @ EB-w RRELA4N 4.77 g %% 500 ml )k R g o
Rhek SRR L LBk ek 00125 g0 33T 100ml 59 99.5% 2 fR Y 0 ARiS R
W Ay HF W AC Ak o
2 B ReHYIF
M BB F 5 MR 59 20mg s & 100ml hE £57 o 4o
DIWater 3 j3x T £ 2 % & > &3 F *
DB EFALE SR 0510 1.5+2.0-25ml> A 54 » 10 ml e
£#% 0 4c DI Water £ 3 % & > 8.5 10~ 20 ~ 30 ~ 40 §r 50 mg/L k&
Vi Sagli o SUSE R A
3P0 A ERF2PIFEFEE > A WS PR R Sml o B ATk

42815 A w B~z 9 %% (DI Water) fo7 Ip kB R 202 0% 2 1.0 ml
WRREERRAREE T O AEERTE ARG > SRE TSRS
viRfT o

5’/‘;‘7}\‘1 P 10min {8 0 Aok AP R R o

6.4v » R ek 22 0.2 ml R 3 > L3 KP 4e# [Sminv 4 4rE 2R o

7R T 530 nm vk kB o ek B R OEE LR (FE o (T F 5 AERE

etk d A o

24



3. mEpRR Y AP R LR T

P 5ml iz (520g~524¢g) 4c ~ 20ml 959% ¢ fis > v 4 7 3
# B {2 0 *% 3000 rpm &t Smin > 4 R 0 % DU water #-LMK A
2R fieEg g AR (20-100 ) -
2.P~E % F 2 I o A WA » PR R Sml B kg ¢ 4 g
I4C=z+
34cxr LOml AR e mp)anpaid g P o gl RY 0 £ AR
3 BRI AKFY EF o
45 B AR P R4 10min {8 0 e b kP A ke R -
5.4c »eEkekZER 02ml R 5 o A3 RY S 1Smine AP ER o

6.1 530 nm %k {5 > H T SO N W mEkR ¢ S P F L

folk
Rd

3
)
\ﬁb

BEPEFRzE (gl)
= (¥ @ d kR < AR R H x 2.067) /1000

RSP FrEH 5 100mg & 25 FR22-KfEE7 44 4838
mg § FBEERER (BP R § 5 BmEpkr=2067:1) F#7
FMERERL F 2067 T AP FRIER -

Z CARER

1 & S xR BH18 > - TRBEALHT 0 FRIERF BT
o RipteRES K BRI ETESE -

2 FREFEAKREALAIFIZEEG B2 TRPISER > EFFEL
g ek B A s R

o

A
Ak
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333EPFTE s T A+ LB (HPLC-GPC Method)

( Michael R. Johns et al, 1994 ; http:// www.waters.com - Separation by
chromatography method )
1. B~5mlpEpi (5.202~524¢g)> 4e » 20ml 95962 g > v 2R 3 o
2. ** 3000 rpm &~ 10 min > F]#- ¢ 0% 0 * DI water ¥k = >
AT TR Xl (2 #20~100) -
3. 12000 rpm &t~ 6 min » B~ 7% ¥ HPLC-GPC 4 47 ©

HPLC-GPC A 44 i€ i
& 47 ¢ 4 TSK gel column G6000 PWXL 7.8 mm ID x 30 cm.
##4p - 0.2 M Na,SOy

st o 0.6 ml/min.
A& ¢ 210 nm.
P TR ERE

EPFR R (L) = (REF SR & ek R xHfE B 8) /100
EPOFEA F R R

HPLC-GPC # % ¥ (Retention Time) A% A H 4p4tA 3 B 4% » 3

ﬂ-»Fﬁg'é"%bB"LOg IE]@,LFLL r’:"o

(Log (Average Molecular Weight of sample) ) / (Log (Average
Molecular Weight of standard) )

Retention Time of standard / Retention Time of sample
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334 A 2
DNSi2 i
#-10 g 3,5-dinitrosalicylic acid ( C;H4N,O7) 5 20 g phenol ; 5 g sodium
carbonate (Na,CO3) ; 10 g NaOH D.I water;% f% ¥ 2_# I 1000 ml °
BRI W AR 2 2
1. B EER % 0.02% 5 0.04% 5 0.06%:; 008% ;0.10% %1 mlE
PN ;?—‘”p? ? o
Y 42 0.5ml2 6% HCLB % » & *100°C K i 4o £ 104 4 o

AArE 2R 0 £ 4 ~0.5ml2.6NNaOHz % » R £35]3 o

Sl A

e »2mlZ2. DNS/% % » R 3 18 53100 C-Rig ® 454 45 o
5. A% %78 > 4 ~»DJIwater 10 ml °
6. R E£323 > T 0.D 540 nm2. BT B o

7. RAEREY &= A5 xO.Dossnmt & FE

I BemEpi > DI water e § Hr (20~ 100 )
B FR 2 FE g iR 4T 12000 rpmages 6 min > B bR I mlE ~ gEE P
S0 4 05mlz 6% HCIA 7 o &30 100°C Kk @ 4e #4104 4 -

> wo N

AErE 2R 0 £ 4 ~0.5mlz 6N NaOH%3 % » iR 323 o
e »2ml2ZDNS;3 7% > iR 3 {5 8 30 100°C-Kig ® s #5048 o

AFr R %8 0 4e ~DIwater 10ml o

fey

R E353 5 P 20D 540 nm2_ s T B o

AR AR E (RS%) 5 (%~ R4 A4 H2 ) x (5 ) -

© X W
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34 Ay & Bk

- GPAlEe B
1.pe % 8094 i /% i (glycerol solution)> r4 = 7 % 121°C; 20 mins & f# °
2.f ¥ TSBAgar > ™= F 4% 121°C; 20 mins # f °

plate > *+ 37C# % 1612 hrs> M & v £ 4 %FE-AWMT ¥ 308 7k
2. E—]’%ﬁzpu 21 80%H W iARMN 11 (v/iv) WYHliRESS > £ B 3.0ml40

%+ W FRRIZ R A K Sml & FFL X R 3 —80°C 4 ok AR -
3ANE R LE - B > &R R @ k (working cell bank ) B~

- L4 (frozenstock) » £ ATIFFfds £ 8 FF o

B - L0400k ¥ (frozenstock) 7% %18 » #& » Ff832 % & (Seed
Medium ) » ** 200 rpm 5 37°C3#2 % 1642 hrs °
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6 ELE
AFHATR Y B A A e > (Gao Hai-Jun et al, 2000) fie = 4o
% 3-1 T & 4L (TSBAgar)

Compound Concentration (g/L)

Peptone from casein 17
Peptone from soymeal 3
Glucose 2.5
K,HPO, 2.5
NaCl 5
Agar 15

pH 7.0 £ 0.1

);—1%121(: 20 mins % ;= Ffs > FE L 50~60TC > £ 3 & B

;fgg"? HKAFRREZop > AR ¥R AT }\:'-F’“w’f?fﬁiﬁ
AL EFm 2 oKEFANEFFE O OME TR EHE > N 4CKH

# 3-2 ;8 % A& (Seed Medium )

Compound Concentration (g/L)
Yeast extract 20
Glucose 20
KH»PO4 2.0
Buftfer Sol’'n 40
MgSOg4. 7TH2O 2.0
CaCO3 20

pH 7.0 £ 0.1

PR S 121°C; 20 mins F GRS 0 (R HAS AT
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% 3-3 % =% % (Buffer Solution )

Compound Concentration (g/L)
Na,HPO, 36.76
NaH,PO, 15.98
NaHCO; 12.5

WACKF T E Y

#. 3-4 i R % &4 (Flask Fermentation Medium )

Compound Concentration (g/L)
Yeast extract 20
*Sucrose 50
MgS0O4.7H2O 2.0
NapHPO4 6.2
Buffer Sol’'n 40
CaCO3 20
K»2SO4.H>O 1.3

pH 7.0 + 0.1

*Sucrose FIrH v R EZRALBRFELE L RERT o

1 % 121°C; 20 mins B R R RS 0 L RERER A Y o
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% 3-5mEpEH, (5L) ¥4 2(Control)fE f% 32 % A (Fermentation Medium)

Compound Concentration (g/L)
Yeast extract 20
*Sucrose 50
MgS0O4.7H20 2.0
NapHPO4 6.2
K»2SO4.H>O 1.3
Antifoam LG-109 0.5

pH 7.0 £ 0.1

*Sucrose FfrH v B EAALBRFFHE LR ERT o

"R F 4 121°C; 35 mins B R R RS 0 (T EREBE Y o

% 3-6 @EpEH, (5L) w ¥ & (RSM)f %32 % # (Fermentation Medium)

Compound Concentration (g/L)
Yeast extract 16.03
*Sucrose 57.50
MgSO4.7H0O 1.47
NapHPO4 6.2
K2SO4 H2O 1.3
Antifoam LG-109 0.5
pH 7.0£0.1

*Sucrose FfrH vEAERALABRFLE > LRERH o
A

MR 4 121°C; 35 mins BB R RS (FAEREBE Y o
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37 HFLTF %

Frozen stock dissolved

l

Seeding 2 % cell suspension into

30 ml seed medium / 300 ml flask

l

37 220 rpm  16%2 hrs

|

Crossing 10 % seed growth into 30 ml

fermentation medium / 300 ml flask

|

37 220 rpm 1642 hrs

l

Harvest

DESELSETE.
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3-8mprt (5L) REXE

FEpsEt, (SL) £ E Bl4o™ B 3-2 %77 > AN T&HR» R FE > AR
T pH 3 HEfrin § 2480 42 pH7.00 + 0.02 2 &t ;@ e pH 7 4& » £ 1

pH4.02 + 0.02 2 # 2 ter pH @4+ & 7l pH 57 % (MR TR 7 B
"H‘>’/p$ R’Fﬁi”//‘iﬁ H,’FI‘EE:’FF. ETJF;’/‘? I aL pHinF_’,

B o
L0 Sawor
AT
L 3
it T e [Py | H ] el —El
- [ 22 hratar a0l /1
I | —@ o
I Ll
T s Ik
' A
| - 2
Ogprgen Feedl l
o Cioprgan Fola
—— —»
_ Z 4| #r DO Coatrol
| LSLgmal
| III-ISLg'nall
[ | Dhre Do
|: Tank
W LZht S igrul | ;_
o . —eca ]
P | Felyr DCLT-885  J—g—
CiH Control Sigral Cormputer

B 3-2 mipstt (SL) %% i)
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39mEsH, (SL) 7 %% %

Frozen stock dissolved

|

Seeding 2 cell suspension into

300 ml seed medium / 3 L flask

|

37 220 rpm 162 hrs

|

Crossing 10 seed growth into 2.5 L

fermentation medium / 5 L fermentor

|

Sampling broth for every 2 hrs and
harvest at 16£2 hrs

W 3-3 psth (SL) % %% %
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) S
;}%‘ Uucrose

R

7L

& | — T

= = Yeast extract
=% E_\ﬁxlﬁ LR A

4[ MgSO4.7H20 ]
—nam ]

e rm |

( FLE B P 2R
L%%k&ﬂﬁ]

[ AR =i ﬁﬁ%}

£
[eempeanmy |

R4-15 2 F 4 % 4
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4-2 R BERIFRITHE R Al S 2 B 1P
fl* wd 6 2EPEBELASP FRAGCBRAL WUKAP 2 A5

PR /]?% » 18 &1 Yeast Extract 172 § B (124 % L >2006) Bk 5 B
¥ (IR E4E L 5 2006) 12 % 433 (Nimrod etal. » 1988) 4% &% kB -k
BT W EIRAF S TR 7 R FFUT % iEH Yeastextract (14 X1 £
77 )~ Sucrose (2 X2 %57 ) 2 MgSO4.7H,0 (2 X3 477 ) T3 w Jid & ;2
2_ p % % (independent variable) > @ F /M FaE z € (MY 27 ) & FI¥#K

( dependent variable ) °

4-2-1 = kBT8P HR

AR TS FRUERS SRR N SR T Ly I
RIMGOHNEFFIHRFTHREEFLIEFRE ) 0 ORI KA
i it —1 (lowlevel )~ +1(highlevel ) 2. B e 21 -k # (Coded level ) °

Code  x1=( X1-((X night X 10w)/2) (X high— X 10w)/2)

B 2 2% % 11 SPSS sy ie 7 - fgb%s‘:;‘iﬁﬁﬁ?iéf}i AT B R deT

f4-1 Z k= 5 OER - F

Factor Low level (g/L) High level (g/L)
Yeast extract 15 25

Sucrose 40 60
MgS0,.7H,0 1.5 2.5
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% 4-2 = KBz FF K

x1 ( Yeast extract ) x2 (Sucrose) x3 (MgS0,.7H,0)
—1 —1 —1
+1 —1 —1
—1 +1 —1
+1 +1 —1
—1 —1 +1
+1 —1 +1
—1 +1 +1
+1 +1 +1

%43 1 RSMF B R4 89 %8S

Exp| Yeast |Sucrose [MgSO4.7H20| Code | Code | Code Y
no. | extract | (glL) | (&) x | x2 | x3 |(HAgL)
(49

1 15 40 1.5 —1 —1 —1 2.81
1 15 40 1.5 —1 —1 —1 2.83
2 25 40 1.5 +1 —1 —1 2.29
2 25 40 1.5 +1 —1 —1 2.64
3 15 60 1.5 —1 | +1 —1 2.64
3 15 60 1.5 —1 +1 —1 2.67
4 25 60 1.5 +1 +1 —1 2.27
4 25 60 1.5 +1 +1 —1 2.19
5 15 40 2.5 —1 | —1 | +1 2.90
5 15 40 2.5 —1 | —1 | +1 2.85
6 25 40 2.5 +1 —1 +1 2.29
6 25 40 2.5 +1 —1 | +1 2.30
7 15 60 2.5 —1 +1 +1 2.29
7 15 60 2.5 —1 | +1 +1 2.25
8 25 60 2.5 +1 +1 +1 2.09
8 25 60 2.5 +1 +1 +1 2.10
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ANOVA(b)

Sum of Mean
Model Squares df Square F Sig. |
1 | Regression | 1.053 3 351 [21.835[.000(a)]
Residual 193 12 016
Total 1.246 15
a Predictors: (Constant), x3, x2, x1
b Dependent Variable: Y
R*=0.845 F(3,12,0.05)=349 % % F(3,12,0.01)=5.95 & %
Coefficients(a)
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) 2.463 .032 77.714 .000
x1 -.192 .032 -.688 | -6.054 .000
x2 -.151 .032 -.540  -4.752 .000
x3 -.079 .032 -.284 1 -2.504 .028

a Dependent Variable: Y

F ®=21.835 < F(3,12,0.05)=3.49 7 4 3+ F(3,12,0.01)=5.95 * R*>=

0.845 5 % 71 pb — FFAM AL i 27 3 F i A F S #cdy 0 & Coefficients(a) % ©
A

¥y Probability (Sig )H B A%/ % ¥ model = = 2 ¥ F 4%+ > F
Probability (Sig) <0.05 & F|Eg F -k ® (95 95 R )

sd SPSS ik st 8

Y=2.463 0.192x1 0.151x2 0.079x3 *P’gbf»‘?i'b‘_ﬂﬁﬁ?’% A2 30
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4-2-2 * A g =3k 39 5% (path of steepest ascent )

RO G R EE R A RLY 2 2Rk (Coded
level ) 4v# 4-4 RSM "= B /22 F Bk 3+ 4 » % B4 % 4o % 4-5RSM %2 i
'{J—'\ 5&' % °

% 4-4 RSM " A B js 2. Bk 3+ 4

* u 0 5 10 15 20 —2|—4| —6 | —8|—10

x1 1.186(0.726| 0.266 |-0.194|-0.654 | 1.37 |1.554| 1.738 [1.922|2.106

x2 0.933]1.178] 1.423 |1.668| 1.913 |0.835]|0.737]| 0.639 (0.541(0.443

x3 0.488]0.143]-0.202 |-0.547| -0.892 |0.626|0.764| 0.902 | 1.04 |1.178

Yeast extract
25.93123.63| 21.33 {19.03| 16.73 [26.85(27.77| 28.69 |29.61|30.53

(g/L)
Sucrose
(L) 49.33|51.78| 54.23 [56.68| 59.13 |48.35(47.37| 46.39 |45.41|44.43
g
224 1207 190 | 1.73 | 1.55 [2.31 238 245 |2.5212.59
(g/L)
iy 2 BEcE o

Y=2.463 0.192x1 0.151x2-0.079x3 - FF&{de Eﬁ” A2 30

g A R T B S RNty s BT A RS (B e 0 8 0
- AL AR 2 TR ) e

x1=1.186+ pux (—0.092)

x2=0.933+ ux (+0.049)

x3=0.488+ ux (—0.069)
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% 4-5 RSM " 2 B js 2§ 2 % %

Exp No. | Yeast extract Sucrose | MgS0O,.7H,0 HA
(g/L) (g/'L) (g/'L) (g/'L)

1 25.93 49.33 2.24 1.26
1 25.93 49.33 2.24 1.25
2 23.63 51.78 2.07 1.76
2 23.63 51.78 2.07 1.75
3 21.33 54.23 1.9 2.12
3 21.33 54.23 1.9 2.12
4 19.03 56.68 1.73 2.74
4 19.03 56.68 1.73 2.76
5 16.73 59.13 1.55 2.56
5 16.73 59.13 1.55 2.58
6 26.85 48.35 2.31 1.66
6 26.85 48.35 2.31 1.69
7 27.77 47.37 2.38 1.57
7 27.77 47.37 2.38 1.58
8 28.69 46.39 2.45 1.79
8 28.69 46.39 2.45 1.59
9 29.61 4541 2.52 1.54
9 29.61 4541 2.52 1.60
10 30.53 44.43 2.59 1.62
10 30.53 44.43 2.59 1.71

2457w P iy No. 4> v FD B P Fps £ &0 %
4 % ch= (> Yeast extract : 19.03 g/L ; Sucrose : 56.68 g/L. ; MgS0O,.7H,0 :
173 gL i% 5 e gk (00,0) &7 - HIEEL2 F4 -
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4-2-3 ¢ iR S (2 BRI &
B(0,0,0) #7 wif F(2 F)F AR AR 461470 F R %40 i 48

RSM ¥ o ifl 3 (= 1) 3 % <

F04-679 R A (T RRFER B F

Code level —1.68 | —1 0 +1 | +1.68
Yeast extract (g/L) X1 | 1517 | 16.73 [19.03 | 21.33 | 22.89
Sucrose (g/L) X2 | 52.55 | 54.23 |56.68 | 59.13 | 60.80
MgS0,.7H,0 (g/L) | X3 1.43 1.55 | 1.73 | 1.91 2.03
479 SRS (Z )R RETBE
Exp Yeast extract (x1) Sucrose (x2) | MgS0O,.7H,0 (x3)
no.
1 —1 —1 —1
2 —1 —1 +1
3 —1 +1 —1
4 —1 +1 +1
5 +1 —1 —1
6 +1 —1 +1
7 +1 +1 —1
8 +1 +1 +1
9 —1.68 0 0
10 +1.68 0 0
11 0 —1.68 0
12 0 +1.68 0
13 0 0 —1.68
14 0 0 +1.68
15 (C) 0 0 0
16 (C) 0 0 0

41



% 4-8RSM ¥ iR (ZFF) 22952 %

Yeast

No. | extract Sucrose |[MgS0,.7H,0| Code Code | Code Y
(/L) (g/L) (g/L) x1 x2 x3 (HA g/L)

1 16.73 54.23 1.55 —1 1 —1 2.68

1 16.73 54.23 1.55 —1 1 —1 2.65

2 16.73 54.23 1.91 —1 1 +1 3.17

2 16.73 54.23 1.91 —1 1 +1 3.17

3 16.73 59.13 1.55 1 +1 1 2.79

3 16.73 59.13 1.55 1 +1 1 2.79

4 16.73 59.13 1.91 1 +1 +1 2.65

4 16.73 59.13 1.91 1 +1 +1 2.77

5 21.33 54.23 1.55 +1 1 1 2.42

5 21.33 54.23 1.55 +1 1 1 2.41

6 21.33 54.23 1.91 +1 1 +1 2.69

6 21.33 54.23 1.91 +1 1 +1 2.77

7 21.33 59.13 1.55 +1 +1 1 2.37

7 21.33 59.13 1.55 +1 +1 1 2.42

8 21.33 59.13 1.91 +1 +1 +1 2.35
8 21.33 59.13 1.91 +1 +1 +1 2.29
9 15.17 56.68 1.73 1.68 0 0 3.04

9 15.17 56.68 1.73 1.68 0 0 2.98
10 22.89 56.68 1.73 1.68 0 0 2.44
10 22.89 56.68 1.73 1.68 0 0 2.42
11 19.03 52.55 1.73 0 1.68 0 2.64
11 19.03 52.55 1.73 0 1.68 0 2.65
12 19.03 60.80 1.73 0 1.68 0 2.46
12 19.03 60.80 1.73 0 1.68 0 2.37
13 19.03 56.68 1.55 0 0 1.68 2.87
13 19.03 56.68 1.55 0 0 1.68 2.96
14 19.03 56.68 2.03 0 0 1.68 2.86
14 19.03 56.68 2.03 0 0 1.68 2.85
15 C| 19.03 56.68 1.73 0 0 0 2.76
15 C| 19.03 56.68 1.73 0 0 0 2.91
15 C | 19.03 56.68 1.73 0 0 0 2.91
15 C| 19.03 56.68 1.73 0 0 0 2.94

(0,00) = £ &

42




ANOVA (b)

Sum of Mean
Model Squares df Square F Sig.
1 Regression | 1.777 9 197 130.217 | .000(a)
Residual 144 22 .007
Total 1.920 31

a Predictors: (Constant), x2x3, x1x3, x1x2, x3x3, x3, x2, x1, x2x2, x1x1

b Dependent Variable: y

R’=0.926  Fomoon=2.34 5%  Fomon=335 &4
Coefficients (a)
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
1 (Constant) | 2.885 .040 71.620 | .000
* x1 -.180 015 -.677  -11.603 | .000
* x2 -.084 015 -318  -5.454 | .000
* x3 .041 015 1561 2.673 ) .014
* x1x1 -.069 019 -246 -3.660  .001
* x2x2 -.136 .019 -487 | -7.241  .000
x3x3 -.010 .019 -.037 -.550 | .588
x1x2 -.012 .020 -.034 -.588 | .563
x1x3 -.023 .020 -.067  -1.144 | .265
* x2x3 -.122 .020 -.352 1 -6.032 | .000

a Dependent Variable: y

F &

=30.217 + * F(9,22,0.05)=2.34 7= + % F(9,22,0.01)=3.35

v

R2

=0.926 » % 7T }b = FE AU 3F 27 By i A S ¥kcdy 0 & Coefficients(a) %

® #icdy Probability (Sig ) <0.05 # i 31| & ¥ -k & » & Yeast extract (x1) »
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Sucrose (x2) % MgSO,.7H,0 (x3) &g Favki# » 330 F]3F 2 F R
@IE"‘,%”J X2IHEP TR EFREFRT Aagy Adgy

crk 8 (Probability (Sig)# & >0.05) » f i = FF &R 5 270 4o

Y=2.885 0.180x1 0.084x2+0.041x3  0.0698x17"2  0.136x2"2
0.122x2x3

o R S AR T X X2 X3 s 4R B S OR 0 fRm S ARy
FamE o (x17;x2%;x3%) 2% (—1.340; +0.336; —1.438) 7 Yeast extract
16.03 (g/L) ; Sucrose : 57.50 (g/L) ; MgSO,.7TH,0 : 1.47 (g/lL)px » £ Fps z £
3 iRE > HIERHRE S 296 (g/L) -

4-2-4 % ¥ & BRI 2 SR
v fod GBS L S R e Uil k e 0 R B g Rt
1 AR R L TN iR AT %L AER =09260 ¥ hiEsg
BliEb it A A ST RY 6 AR E TR R LB M) o

249 HATHEAR L Y R 6 AT RIE L EP TR BV R

No. ;ff;ctt Sucrose |MgSO,.7H,0 ?5&&% TP A E
@L) | @ (¢L) |(HAg/L)| (HAg/L) | (HAgL)
1 16.03 | 57.5 1.47 2.92 2.96 —0.04
2 16.03 | 57.5 1.47 2.98 2.96 +0.02
3 16.03 | 57.5 1.47 3.00 2.96 +0.04
T g 2.97 2.96 0.1
RSD : 0.042
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4-2-5% ¥ & @

4-2-5-1 Yeast extract = Sucrose 35 P Fpe s £2 v & & Hl

5 i eastexract Concentration (oL

H A Concentralion(gfl.)
bl
kd
]

- 'Sucrnse-Cuncentratiun-(gIL}
1.6 —l.__—!——_

B1 &0 59
] 4-2 Yeast extract fr Sucrose & P Bk 7 £ 2 % &d & F

X #h © Sucrose Concentration (g/L)

Y #h : Yeast extract Concentration (g/L)

Z %h @ HA Concentration (g/L)

B 4-2 = MgSO,.7H,0 Concentration % #] Z_ie 1.47(g/L)> Sucrose Concentration
# Fl = 52~61 (g/L)¥ Yeast extract Concentration # ] 5 15~23 (g/L)F# 2. Yeast

extract f- Sucrose $t5 P Fp 7 £ » d & Bl -
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4-2-5-2 MgS0,4.7H,0 - Yeast extract 5 P TRz £ 2 % &Y & F

o
[ &1

o

Yeast gxiract Concentration (gij

Ha Concentration gl

o L]
s o=
i

“e Mo304 THZO Concentration-(oL) A “n
2 <

Bl 4-3 MgSO,.7H,0 {r Yeast extract $t5 P Fk 7 £ 2 v i & B

X #h © MgS0,.7H,0 Concentration (g/L)

Y #h © Yeast extract Concentration (g/L)

Z #h © HA Concentration (g/L)

] 4-3 % Sucrose Concentration = % _i& 57.50(g/L)° MgS0O,4.7H,0 Concentration
# K% 1.3~2.2 (g/L)¥ Yeast extract Concentration # ] = 15~23 (g/L)F¥ 2
MgSO,4.7H,0 {r Yeast extract $ 5P Fik 7 £ 2 v ko' & B -
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4-2-5-3MgS0,47HO fr Sucrose 5P L Z £ 2 v v &

'.J"_'?:?_w_.,,
3.2 R o
3
m2g
=264
2 B
g Sucrose Cortentration {oiL).
¥ ! 4 f".-l___-"
Hm;:am THZO CnncentraUan(gIL} r_,,-- &0
Mh"“ ' ﬂ;‘ a8
t‘\\ {/__,-E‘g-l
18
-\-‘-‘.‘-\-‘-I‘_\_\_\-\- f_.
1.4 -\_._1_‘\_-‘_ o 54
1.2 52

Bl 4-4 MgS0O,.7H,0 - Sucrose $t 5P FE 7 £ 2 v & d & Bl
X #h : MgS0,.7H,0 Concentration (g/L)
Y #h : Sucrose Concentration (g/L)

Z % @ HA Concentration (g/L)
Bl 4-4 5 Yeast extract Concentration = ¥ T_i& 16.03(g/L) » MgS0,.7H,0O
Concentration # [f] = 1.1~2.4 (g/L)¥ Sucrose Concentration %a &l = 52~61 (g/L)

FF 2. MgS0,.7H,0 fr Sucrose ¥+ Bk 7 £ 2w g o
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4-3mpeth (5L) mipsif 28+

FEpst, (SL) BEpsd =% » L3 =0 fEp%(Batch) » i8]3# Control (374]%)
Y RSM(Beif )R AH A bt EaEeE  VRAGP TR ELAFEAL
Gof btz i h FRF G RLFE - HEER ) P K
A O

14 B i = F AR (Batch) i 0 & (R AL EEEE (Fed-Batch) 7 5% > 73340
FREfrc RWEER  PISEAEEEE RFEP TR EETH0
R UEFE L AR A PR

4-3-1 = GEFE R

4311 @R % 2
% 400rpm 5 1.4 vvm 4p b FEREIE 2 - PIET FREEE AP 2
e f% 2o dk4r B 4-5 41 %2 (Control ) #2 % A fie * 2. Batch FEf¥:c4% 5 B 4-6

v Y % (RSM) 32 % JLfe > 2. Batch ffficsr > F %S5 0Bl 4-7 7 F
ﬁ.‘i‘;%i%%z%,f@_#ii’?zﬂg Fred B487 FEMERZALS2LEM TS
A5 FHGEHIRIck 4-10 % FEBEEEE AL THRES -
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% 4-10 7 FPREEEE A2 RS S

75 P Hl&(Control)iz & & | w &Y & (RSM)# % &
HA 5. 5 &
i 420 4.94
(g/'L)
Tiar + § ; )
2.40%10 2.84x10
(Da)
RHEZE
50.0 57.5
(gL)
= ¥ L&
ORI 5 840 < 50
(HA g/ 100g sucrose)
HAZAds 0.300 0.353
(g/L/hr) ' -
HA & £ %1
----- +17.67
(%)

(HA Standard T 354 3 £ Mw=1.5x10°Da  HPLC-GPC retention time = 12.36 min)
v Y @ (RSM)E: & & 3744 2 (Control ) % Ao B 4e F 5 17.67% >
RSM(&if )32 % Az T3a4h 3 £ 2.8x10°Da » 7 >+ Control 32 % & 2

Tyan + § 24x10°Da
4-3-1-27% § B

4-3-1-2-1 #4238 B 2 #F 3
B d 5 (RSM)# % 2 ~ L4vvm i § E R EE 5 BIET FgEE R
2 SRR 49 FEE R RSP TR R B4107
WG R 2 S0P FRIELFE FHESHFEIcL 411 7 FFEE R
2ZREESE -
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2 4-11 7 P EFEER 2 F RS S

P 300 rpm 400 rpm 500 rpm 600 rpm
HA %% 7 & 4.83 4.94 4.52 4.83
:49)
Lians 3§ 8.27x10° | 2.84x10° | 9.50x10° | 7.22x10°
(Da)
gL 57.5 57.5 57.5 57.5
(g/L)
FRE T 8.40 8.59 7.86 8.40
(HA g/ 100g sucrose)
HA 2 23 % 0.345 0.353 0.323 0.345
(g/L/hr)
HA z 2% —2.23 —8.50 —2.23
(%)

WG AHEP TRERERE2 P
(-) WHEEAREHIF B2 X
SEEFRR L AP RR P UTH b FERERALR T € RN 4 >
fe pF fm 2z & (wet cell weight g/ 100g broth ) » € 3 4v > 42 ¥ i# & + 3 4o >
TR AFF 33 B8 5 R o8 P EEE 2 DO(%) 5 rpm
Bl £ -9 AR 2. DO(%) 5 rpm ie4k Bl A 2 FEREA § B
Lo T AR RRAE B BT SRR Aot 2-10 BT R
L 3E & (200 ~500 rpm) 2. DO(%) 5 rpm ek Bl & 2 fEf¥A § B > #

FARHRF ELRFOERLETT R oo

(Z) HEERHAP & 22 PP

SPORRA N S S R R T8 B B P TR L A
FHP T BRSPS R AR B 50 % b o FEAEES
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Hp ?ﬁ%ﬁﬁ%ﬁé‘i{ AR E ?ﬁi%i LA o AMEET o IR
300 rpm 3 *e 3 400 rpm » FE P FEL 7 B §EFWEE RH e RF
TR RFGEELERM AP T OE FHH e 572 BEE 5 W
i B d 400 rpm B e : 600 rpmBEP F R E A TV A B
Bz Pod Axa T Al AP TRERLATEE FET

Fh- BERGEMEER B RTFIT N L LS m&gmg&gﬁﬁ

]

axf
IS
3
2
\.
M
P
H
=
s
Aa-l
|
~1,,\ |
“:_"1
R
=
»i*
(f
~
\_
ﬂt
i
(r:jj\
S
ke

Z) MEERHFTHS T ELPE

32"2}5]@ ?ﬁ’;‘i%é“‘mﬁéﬂil— AE\-T'A;,.{.'_LFE o s d N EVER 4 (ER O, — 3
BT ARl AR EFR AP TR RS WE A AE- TS
T V-0 aET AT T T AR EN RIS KT

A2 R A % MA Y T s 3 o34 & d 400 rpm # 4 2 600 rpm

(i
=3
=
=
f
A4~
\‘\J\
>
4
|l
i
34
-
"R
|

PR EREEL T s AagAs

HAHM S22 EP FRRRZAFIEEPE > RFEE R d 400 rpm H 4

I 600 tpm $Hi v sz FP R THsFEF P ELLE
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4-3-1-2-248 § ¥ 2 3

&Rﬁﬂﬁﬁﬂy%%g~momnﬁﬁ@ﬁ,mmmwﬁgﬁﬁi%@,
FoHEFICR 4122 PEFEZEP TS

EP AR R ARk

‘3H-

ek 4127 i FE2 B LR

24122k FR2ZFRES

P 1.0 vvim 1.4 vvm 2.0 vvim
(2.5 L/min) (3.5 L/min) (5.0 L/min)
E
HA %3 7 & 3.97 4.94 5.78
(g/L)
Tian+E 1.42x10° 2.84x10° 2.50%10°
(Da)
= g A EL
RiEZE 57.5 57.5 57.5
(g/L)
S 6.90 8.59 10.05
(HA g/ 100g sucrose)
HA 2 &3 3 0.284 0.353 0.413
(g/L/hr)
HA z 2 %1 —19.64 +17.00
(%)

BEFE ZOvvmgﬂgfgﬁ

FpaTiar 3+ £ 5

ﬁ;‘i fd: °

52

1.4vvm; 1.0 vvm » ® i
T

3£ 2.84%x10°Da




Residual Sucrose (%)

HA Concentration (g/L)

o 1
N
IN

6 8
Time (hrs)

—e— HA Concentration (g/L)
—O— Residual Sucrose (%)
—A— 22.5% NaOH (g)

10

12

14

B 4-5 #7412 (Control) # % fLfie > 2. Batch g% ie4x

53

16

250

200

150

100

- 50

22.5% NaOH (g)



Residual Sucrose (%)

6 6
5- > I
~ 4 -
—
44 B
N—’
g
g 3_ -
3_ +
5
=
5 21 L
@)
2 1 <
= I
1_
0 L
O_ T T T T T T T

—&— HA Concentration (g/L)
—O— Residual Sucrose (%)
—A— 22.5%NaOH (g)

6 8 10 12 14

Time (hrs)

B 4-6 v v & (RSM) 32 % jAfe > 2 Batch @ f%eéx
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18

250

200

150

100

22.5 % NaOH (g)



HA Concentration (g/L)

0 2 4 6 8 10 12 14 16 18

RS M Time (hrs)
-0 Control FM

477 kRS LAeS2 5P TR E

4e+6

4e+6

3e+6 -

3e+6

2e+6

Average Molecular Weight ( Da )

2e+6

le+6 T T T T T T T

0 2 4 6 8 10 12 14
Time ( hrs)

—@— RSM FM
—O— Control FM

487 FRfpEAAe X2 P FRIH,FE
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HA Concentration (g/L)

Average Mblecular Weight ( Da)

5 —
4 -
3 —
2 —
l —
0 —
T T T T T T T T
0 2 4 6 8 10 12 14 16 18
Time (hrs)
—@—— R.P.M =300
........ O vvnen R.P.M = 400
—_—— R.P.M =500
e A R.P.M = 600
€ s A A EL
F14-0 7 b 304t B 2 B0 3 £
5e+6
4e+6 -
3e+6 -
2e+6 -
le+6
T T T T T T T
0] 2 4 6 8 10 12 14 16
Time ( hrs)

—O— 300 rpm
—w— 400 rpm
—@— 500 rpm
—4— 600 rpm

B 4-10 7 33 B2 FP FarIos s g
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8e+5

6e+5

4e+5 -

2e+5 ~

0.05 % HA Solution Average Molecular Weight (Da)

Time (hrs)

Bl 4-11 r2 b v (5 p R
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HA Concentration (g/L)

Average Molecular Weight ( Da )

0 2 4 6 8 10 12 14 16 18

Time (hrs)

—@®— 1.4 vvm
O 1.0 vvm
—9— 2.0vvm

M 4-12 73 Fd f £2 50 s &

5e+6
4e+6
3e+6
2e+6
—&— Air Flow 1.4 vvim
le+6 o —O— Air Flow 1.0 vvim
—w— Air Flow 2.0 vvin
0 , ; T T T T T
0 2 4 6 8 10 12 14 10
Time (hrs)

=y
N

B4-132 kil § B2 5P FRTELIFE
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4-3-2 B H R

4-3-2-1 4 # 3k R 2 47

A 400 rpm 5 1.4 vvm fEREE 2 > 2w B 5 (RSM) 32 % 2L iE (748 L g
g o 2t 8hrs (P2 AMEN L 2.0% 0 s B2 EP FRESEFER)
B heAg Al > L ER 5 5.3% Yeast extract v 19.29G Sucrose » 4% 42 48 f#
300 ml > Al B S 58 & ) pF5 100 ml o

faf¥ieérirB 4-14 w ¥ o (RSM )32 % A fie & 2. Fed-Batch g fi% o4

2 5 % % 4o B) 4-15 Control Batch ; RSM Batch ; RSM Fed-Batch % ‘E’
f& 7 £ ; B 4-16 Control Batch ; RSM Batch ; RSM Fed-Batch T 24 3+

P AS%EE L 413

% 4-13 w5 % (RSM) 3 & & fe = 2. Batch ; Fed-Batch & %

3P Batch Fed-Batch
HA éi)g £ 4.94 5.82
N i;z]’;\af £ 2.84x10° 2.06x10°
Eﬁiéf 57.5 78.0
>
(HA Z/ T?j(i' sucrose) 8.59 746
HAE;/‘L%I% # 0.353 0.416
A 1182
HA %j‘)% " -—-- +31.95

v e % (RSM) 32 % L » # Fed-Batch 2. 2 £ d 4.94 g/L 34 5 5.82
g/L > 3 4e 182% » & % jo AL id = ) 84 3 4r 2 2 » # Fed-Batch
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2 AR 12352 (4.94 gLx2.5 L) 4 1630 g (5.82 g/Lx2.8 L) P &F
B4 319590 0 T A S B g e .

4-3-2-2 LR R 5 4o 2 4 3

f 400 tpm 5 14 vvm FEAEEE % 0 2w i d & (RSM) 32 4 Bt (7 4
f% > >t 8hrs B 44 > ABFLE R 3 4e 5 10.69 Yeast extract fv 38.49%
Sucrose > 4F A48 % 300 ml - &L B G i 5N ) B 100 ml e

fafsicdricE 4-17 » B¢ » (RSM) Feeding Conc.2X 2. Fed-Batch [
fi¥ic4k o F % % 4B 4-19 RSM Feeding Conc. 1X; 2X; 2X & 2 4§ +E
B RZEP AR Z £ 5 Bl 4-20 RSM Feeding Conc. 1X; 2X; 2X T 2 5 4§

LR R TEL 38 FEHRESEE L 4-14 -

# 4-14 w ¢ &% (RSM) Feeding Conc. 1X ; 2X 2. Fed-Batch % %

38 P Feeding Conc. 1X Feeding Conc. 2X
: 5 A E

HA % 7 £ 5.8 6.46
(g/L)

ETNE]

SR 2.06%10° 1.57x10°
(Da)

SR 78.0 98.6
(g/L)

Fopa i 7.46 6.55

(HA g/ 100g sucrose)
HA 2 2 i#

0.416 0.461
(g/L/hr)
HA z 2% - +11.00
(9%)
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Y & (RSM) % Afe> > GRERMY  HEPFRZEV
5.82g/L M4 646 gL TN ERA 2 Hutge 2 4

o AT

4-3-2-3 xR & 2 Fd
AlAvvm AR FEREIEE T o w5 (RSM) 38 & A8 7R RS
»t 8hrs B 444 - AL E &R 5 10.69% Yeast extract - 38.49 Sucrose » 4&
FLEEAE 300 ml > Ak B AN E Y 100ml 0 - e i B R
B 400 rpm > ¥ — ‘% 0~5Shrs #f4X:# B F 25 200 rpm ; Shrs ( #* P pE R
BAe Ak 3% BEFR4AMP BT ) NS ngIEE R 5 200 ~ 500 rpm o
fafsic4k4c B 4-18 w 5 d 5 (RSM) Feeding Conc. 2X # :c g #4L:# &
Fafitic4k > F %52 % 4oB) 4-19 RSM Feeding Conc. 1X ; 2X ; 2X & 2 %
WHER2ZEP TR 7 £ 5 B 4-20 RSM Feeding Conc. 1X ; 2X 5 2X I

R E R TE0FE 0 FHRES IR oL 4150
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% 4-15 w ¢ % Feeding Conc.2X ; 2X T e g #d B2 B %

T EIAE R ML B
I B
400 rpm 200 ~ 500 rpm
K
HAS3 7 % 6.46 6.94
(g/L)
TiHN~A3 B
sETE 1.57%10° 1.45%10°
(Da)
RHEZE 98 6 08 6
(g/L)
FoOVRRE L 6.55 T 04
(HA g/ 100g sucrose)
~ - S
HAZ 2835 0.461 0.496
(g/L/hr)
HA s ERE +6.92
(%)
FALEHIRG o RABEDEP TR IELFRE > L (AN
ﬂi)ﬁ?’ﬁﬁ%ﬁm?&%i?ﬁﬁ’&ﬂwaaﬁww~sJﬁ%
£_200 rpm )¥ * 2 g Er 4 ‘5:‘]‘?].’% ml/% E Fﬁﬁr‘ﬁj—ui BAs %Ak 2 F 7

B ay aF 500 rpm PFR R A 0 ag A s F4aETH o T IEs S E R R

Fes o
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A4 % 55R H*
7 4-16 5 B 2%

Yeast extract | Sucrose | MgS04.7H,0 HA 7z &
FM Type
(g/L) (g/L) (g/L) (g/L)
Control 20.00 50.00 2.00 0.96
RSM 16.03 57.50 1.47 2.97

4-5 mEsty, (5L) $+= 33 % (Batch Culture) s %
% 4-17 st (SL) #+=t 32 % (Batch Culture) § %% % %

Type HA 3 8 |30 3 8| BRI 59 HA 2 2@ %
(L) | (Dalton) |(ga o sucroseg)| (&L/Ar)
Control; 1.4 vvim; 400 rpm | 4.20 2.40x10° 8.40 0.300
RSM; 1.4 vvm; 400 rpm | 4.94 | 2.84x10° 8.59 0.353
RSM; 1.4 vvm; 300 rpm | 4.83 | 8.27x10° 8.40 0.345
RSM; 1.4 vvm; 400 rpm | 4.94 | 2.84x10° 8.59 0.353
RSM; 1.4 vvm; 500 rpm | 4.52 | 9.50x10° 7.86 0.323
RSM; 1.4 vwvm; 600 rpm | 4.83 | 7.22x10° 8.40 0.345
RSM; 400 rpm; 1.0 vwwm | 3.97 | 1.42x10° 6.90 0.284
RSM; 400 rpm; 1.4 vwm | 4.94 | 2.84x10° 8.59 0.353
RSM; 400 rpm; 2.0 vvm | 5.78 | 2.50x10° 10.05 0.413
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4-6 FpEH, (5L) A Al % (Fed-Batch Culture)® % % %
# 4-18 mEpst, (SL) 4432 % (Fed-Batch Culture)q 2% % %

HA 3 & [T+ 3 2| REE 509 HAZ 2@

Type
(g/L) ( Dalton ) (HA g/ sucrose g) (g/L/hr)

RSM ; 1.4 vvm ; 400 rpm

i
PR pE % Shrs AR L
B 5.3 % yeast extract 4o | 5.82 | 2.06x10° 7.46 0.416
19.2 % sucrose
4 300 ml

i# & 1 100 ml/hr

RSM ; 1.4 vvm
e
PR pE % Shrs AR L

)k R 1 10.6 % yeast extract fv ]
38.4 % sucrose 6.46 | 1.57x10 6.55 0.461

A 1300 ml
# B ¢ 100 ml/hr
AR R E 1400 rppm

RSM ; 1.4 vvim
LA
PR C A% Shrs 48K
JE & 1 10.6 % yeast extract {v
38.4 % sucrose
4 300 ml
i# & 1 100 ml/hr
WA R
0~5hrs © 200 rpm
Shrs~end : 200 ~ 500 rpm

6.94 | 1.45x10° 7.04 0.496
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Residual Sucrose (%)

6 7 250

6_
5 1 - 200
AS_
=
4 - E) - 150
g 47
2
g
34 £ 3- - 100
Q
Q
=
o}
O 24
2 1 < - 50
=
l_
17 -0
0_
O_ T T T T T T T T
0 2 4 6 8 10 12 14 16

—&— HA Concentration (g/L)
—O— Residual Sucrose (%)
—A— 22.5%NaOH (g)

B 4-14 » ¥ 5 (RSM) # % # e = 2. Fed-Batch g % 7o 4%

ARLIE
AU PR R 8hrs B A ARR
ALk R 1 5.39% Yeast extract f 19.29G Sucrose
LAY A ¢ 300 ml
Aol R ] pRY 100 ml
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HA Concentration (g/L)
w

(0] 2 4 6 8 10 12 14 16 18
Time ( hrs)

—#— Control Batch
—A— RSM Batch
—4— RSM Fed-Batch

] 4-15 Control Batch ; RSM Batch ; RSM Fed-Batch # P 5k 7 &

5e+6

4e+6

3e+6

2e+6 -

Average Moleclur Weight ( Da )

le+6 T T T T T
(0] 2 4 6 8 10 12 14 16

Time (hrs)

—&— RSM Batch
—4— RSM Fed-Batch
—#— Control Batch

] 4-16 Control Batch ; RSM Batch ; RSM Fed-Batch T 354 5+ &
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Wet Cell Weight (g/100g)

16 ~ . 7
S
@ 6-
149 9 _
(&)
»  5-
121 S s
i=) 4 -
[72]
)
o
10 A ’:T 3 L
=
e S 7]
E L
£ 19
{ £
6 S L
O (s
<
T
4_ T T T T T T T T T
0 2 4 6 8 10 12 14 16 18
Time ( hrs)

—&— HA Concentration (g/L)
—V— Residual Sucrose (%)
—A— 22.5 % NaOH (g)

—{1— Wet Cell Weight (g/100ml)

B 4-17 » & d &

AR iE
AU PR R 8hrs B A ARR
ALk R 1 10.69% Yeast extract - 38.49G Sucrose
S 484% 1 300 ml
Aol R ] pRE 100 ml

A R IE 2 0 B A3 400 rpm
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500

400

300

200

100

22.5 % NaOH (g)

(RSM) Feeding Conc. 2X 2. Fed-Batch fi&fi% e 4%



16 8 500
14 - 400
6 -
—
& S
S 12- S - 300
~ n
2 X 4
) )
5 101 B) - 200
= ol
= 8
g = 2
z 8- < - 100
= T
0 -
61 - 0
4 - T T T T T T T T T
0 2 4 6 8 10 12 14 16 18
Time ( hrs)

—&— HA Concentration (g/L)
—v— Residual Sucrose (%)
—A— 22.5 % NaOH (g)

—— Wet Cell Weight (g/100g)

Bl 4-18 w & & & Feeding Conc. 2X I st S {42k & 2 FEf¥ieér

AR
ARLPE R EE RS 8hrs B ARk
ALk R 1 10.69% Yeast extract v 38.49 Sucrose
S RA 1 300 ml
AP R g E ) Y 100 ml
PR R AE
O~5hrs : ¥4:# & 725 200 rpm
Shrs~end : #+-:& & 5 200 rpm ~ 500 rpm

68

22.5 % NaOH (g)



HAConcentration (g/L)

0 2 4 6 8 10 12 14 16 18
Time ( hrs)

—#— RSM Fed-Batch 1X
—&A— RSM Fed-Batch 2X
—~A— RSM Fed-Batch 2X with different rpm

®) 4-19 RSM Feeding Conc. 1X 5 2X ; 2X ¥ s @ B2 $ P Tz £

3.5e+6

3.0e+6 -

2.5e+6 -

2.0e+6 -

Average Molecular Weight ( Da)

1.5e+6 4

1.0e+6 T T T T T T T
0 2 4 6 8 10 12 14 16

Time ( hrs)

—#&— RSM Fed-Batch Feeding Conc. 1X
—{3— RSM Fed-Batch Feeding Conc. 2X
—&— RSM Fed-Batch Feeding Conc. 2X with different rpm

B] 4-20 RSM Feeding Conc. 1X ; 2X ; 2X ¥ e g 22 T3040 3 £
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¥

-
s

[—

3

EETY S

RSM (#if i) 3 & REFPIFE BP FRZE 5 296 gL 8 5 A4
3o

HAUH A PH & (74 d] 0 £ 3 30 4 i B 4T (fod pHL
€M 45) B FRZ B2 Mo b BRSPS BFpH 1

(Je#g pH & 55403 )> m 2 2 P8 k4 & pH & » i 50
FRsE530gL 24

FEAEH, ¥ 2 NaOH 2744l pH B 4 7.0 £ 0.1 ¥ il § ~ #35
NHAFEERPREZIZIR TIPSR ER R B

2 SLEREH SR Fibd s £7 2694 ¢gL -

22w ke o B &% F 0d w B0 B 4-3 MgS0,4.7H,0 v Yeast extract
;B2 Ed % Bl & Sucrose ZEFHETT CBPFRZE
O z £ # B > Bl 4-4 MgSO,4.7H,0 §= Sucrose $t5 P H s 2
¥ 2 % Jgd o B > A Yeastextract 7 & 7 2T » MgS0,.7H,0 & 147 g/L
#2224 & R4 0 % MgSOLTH0 £ # B/ L 52 (Rl -

Lo+ 2 AREP B TR HED BB (5 6~8hrs) 2 TiHs
+ € #.% » 22 David C. Armstrong et al., 1997 ~ )I%i BER AR @ (4

CFMEEPFTH S (FEY) T3 L 47 % %1 ¥4 fer ds
Vo R F) s PR EART ’mﬂgﬁﬁ’x/}ﬁ*ﬁqmﬁ“ JEC RN = VAR A £
BT o - HMERER CRAIEP TR ERM tTHLF E48
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e = B ALK FERE2 i (FEAER 3k R 7 £ 4000 cps 12+ )
AEF R (Jlr WL R, AF 8, A¥HF ) 25 DAL o &2
Ay AR e E A HFNAE RSP TR EE T3 22
- 7

S TS om 2 FIELE o

8. FEFE R et I hF v iEZ S RSM(EgF it )£ KL 14vvm;
3t 8hrs B 4oL - ABALE R 5 10.6 % yeast extract - 38.4 % sucrose * 4%
FLAEf% 300 ml > A ALiE & G S E ) pFY 100 ml > O~Shrs #43¢ B F
¥_% 200 rpm ; Shrs pFec 343 & 5 200 ~ 500 rpm > 5 B FE R B A B
7 REEER AR R R i Ko (RS R~~ F §2002)

s ARFHEP TR EDEIRL - -

O BRFESSL TSI E R0 T BRERGRHEE S
it wcE T RE R AR AT A RRALTRE S TSI ER
I Rl S m*ﬁf@_{@ A4 EP %‘rﬁg‘»‘u\ﬂ#ﬁ& B o e I gﬁfﬁ

==y
8

R %2 & E {v% (Jeong Hyun Kim, et al., 1996)> 35 81 2 € » it i ik
AfRfEzd AEHR ARBEP FRIHLS T EEE D & rxa o
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4 e
$0h SRR (HA) S AF2 B8 (A5 TRk BRrams
L& E) " A9 2005 & o

fovE U sask FEEAE S A S P PR 1 EAEY 13 % 7 & 2005

PR A B L I R R R AR S AR B R
Sk FCF T4 % 2007 E o
BB RRGEHRIEY O R AL EH M A A g
£ 425 2006 & o
MRS 3 A AGP PR RFEL S SR
2 2002 & o

| 4

ML F BT R REME AL A AR R A ALY 2 B
PHEFE TR 5 5 2004 £ -

PSR SR FRAERY BE ARBE" 1 RL F 42006 £ -

Mg pEv s B B A s BRdE SR TR 2 HIEASTRE"
Ak B HEAR 1999 & o

Pl ML AT FREAE Y AR B A AR R A g
814z % 2006 & -

SHE K PUE R T B T RRERR A R TR B
SF A F g4k 2005 £ o

#.7 ¥ "Hyaluronic Acid (&P Jp2)" Seminar 4 ¥ 1 427 o ¥ F e
@ 2005 & o
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3.5

3.0 A

Y=1.485x+0.395

237 R2=0.994

2.0 A

1.5 +

Wet cell weight (g/100g)

1.0 ~

0.5 A

00 T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Abs at 660 nm

-] IR AR E R R R S

Wet Cell Weight (%) =( 1.485 x Absego+ 0.395) x dilution factor ~ R=0.994
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Wet Cell Weight (%)

2.0

1.8 ~

Y=0.505X+0.756

1.6
R2=0.996

1.4
1.2 ~

1.0 A

08 T T T T
0.0 0.5 1.0 15 2.0 2.5

Abs at 660 nm

2 B AR T EREES @

Wet Cell Weight (%) =( 0.505%Absg+0.756) x dilution factor R*=0.996
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60

50 -
= 404 Y=62.45X-1.184
%’3 R*=0.995
= 30 -
@]
<
=
S 20
o
=
Q
= 10 A
@,

O .

'10 T T T T T
0.0 0.2 0.4 0.6 0.8
Abs at 530 nm
N3 IR
Glucuronic Acid (mg /L )= 62.45xAbss;—1.184 R*=0.995
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HA Concentration (%)

0.008

0.007 -

Y=5.713 * X * 107+6.859 * 107
0.006 1 R*=0.999

0.005 ~
0.004 ~
0.003 -~

0.002 -

0.001 T T T T |
2000 4000 6000 8000 10000 12000 14000

Area (at 210 nm)

ti} -4 HPLC-GPC Method 23§ P itk B 1528 & 52 o

HA (% )=5.713 x Area x 107+6.859 x 10°  R*=0.999

S0P EE (PL) =(FEd s E 9 ek B < R #0/100
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Large
mass

hedium mass

[

Small
Mass

Elution

time

4m4

|n-m '-Enh

¥t % - 5 GPC ( Gel Permeation Chromatography ) Elution time

Determination of Mass
The elution volume is approximately a

kaghies 1

o
B §
e
glrﬁ— I
——
. I

linear function of the logarithm of the
relative molecular mass

=

Elution wolume

Log (Relative Molecular Mass)

't 1% - 6 GPC ( Gel Permeation Chromatography ) Detemination of Mass
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Residual Sucrose (%)

12

10 -
Y=7.549X+1.194
R’=0.999
8 ]
6 ]
4 -
2 -
O I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Abs at 540 nm
T AR R RE Y R
Residual Sucrose ( 9 )=7.549 x Abssso+ 1.194  R*=0.999
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DO (%)

DO (%)
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