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Abstract

Using response surface methodology(RSM), the various conditions(agitation speed, air
flow, glucose concentration} in jar fermentor culture were investigated to find the
optimum conditions for maximum enzyme production. Central-composite-design was
used to control the variable constant in the experiment. The glucose isomerase
production of Steptomyces chibaensis J-59 was mostly affected by the air flow rate and
glucose concentration. The estimated optimum conditions were as follows: 1% birchwood
xylan, 1.5% CSL. 0.1% MgSO4 - TH20, 0.012% CoClz - 6H20, pH 7.0; air flow, 2.2vvm:
agitation speed, 587rpm; glucose concentration, 0.586%. Experimental values(7.43GIU/
mi) for the enzyme production obtained from the given optimum conditions had a almost
resemblane to response values(7.67GIU/mI) predicted by the RSM. The jar fermentor
culture by the RSM produced xylose isomerase about 2.7 times as much as the baffled
flask culture.
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. M =

D-Xylose isomerase(D-xylose ketol-
isomerase: E.C. 5. 3. 1. B)& xyloseS
xyluloseZ ©|4g3A17]1H FAlo] glucosed
fructose® ZAFAIE = 7] W X=F
o| A & & A (glucose isomerase)z1® )
(Chen et al., 1980). &% o|4gfisre
1957 Marshall®} Kooi (1957)7}
Pseudomonas hydrophilad]*] & %7
¥ EE AFAEN o8 o435 T
(isomerized sugar: high-fructose glucose
syrup, HFGS: X=% 33 Alg) ko) 2
A7l 819 2 (Bucke, 1981), o5¢ AR
9 ugdd Fad 488 gl g 2
2Lt o}F] JAo] EA Sl "Lk
A7 T E7HA dAslor & FAlSol F
olgle AAeltt. o]t FRA B T2
Hdgo] L3 T o|AStEAE AYAakst
= WA Streptomyces chibaensis J-b9E H
2 A n(F 5, 1997a), T3] =4
+ 2N ZEkAAv gl M e X o4
gas A4 Y¥2A S Y] F 5,
1997Db).

ditxog FAHLNE H% v|YEe 3
A F2A L gid g, 49, 5012, H
FAIZY, pH, B B71% 53 ol W<k 891
A oA g JFE AL oA HE
< dAEA sl T ¥ Az A
HA Y4zAE 3= one-factor-at-time
method7} B &3]o] ton] =g oA 5 d
Ao Yt AP ol dhjjoz o
oJATHF %, 1997b: Takasaki, 1966:
Chen et al., 1979: Mand et al., 1977).
22 oleidt WhoR MAE 2rocgE
A ALYt 3420l B oj@y. o
gtal A spgoes & AAE AF8A Y
Hell whet AhE F8stogr FHEY

o2 &3 A¥An 2 A2t B9 ks A7
A7l 898 AEAe s RS 97 1
ol one-factor-at-time method® Zol
7] € true optomum conditionS 78 4
sick(El, 1991). ol HPAYYL A E
o BEAY, AF, B33 SMdd go]
o] 853 Slv dAelv(Motycka et al.,
1984; Giovanni, 1983. Henika, 1982),
1 EAH Yoz SAS(statistical
analysis system)9] ¥H-&-FHEA (response
surface methodology, RSM: Myers,
1975)0] gic).

uetd] 2 dAFM e S EHEAE jar
fermentor Wj<Fel| A3t Streptomices
chibaensis J-598 K€ X5 o] gl
A HAsE A=t

. XE 3 g

1. TF ¥ vix|

T AT Streptomyces chibaensis J-
B9(F &, 1997a)F AHg-3lglon, vA =
EepaAugel o] BAQT A2 v
A ¢l CSL #MA(1% xylan, 0.15%
glucose, 1.5% corn steep liquor, 0.1%
MgS0s - TH20. 0.012% CoCl: - 6H20,
pH 7.00(F 5, 1997b)& Z1Eux| & A}
g3t

2. Jar fermentor dietol|lAe] FAaAlAr G

QoMY

Zueke 500m! baffled flaskel] CSLuIR]
200miE ¥3 At ¥ oatmeal agar WA
(4)ol A vl % =9 colonyE HAF3le 30T
oA 150rpm o2 42413k viekald ).

Jar fermentor(2.5 1 , IZEE7| 434D o]
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F2 37 CSLiA) 118 Yo Aag & =
gdS 1% A HEen, 371592 air
flow}& lvvm, @45 (agitation sped)
200rpme. & 3le] 28~327elA] 4847t wj
& rt.

B2 & 9FE v|AAIsk: 7 89
< E57] 9lele] CSLaiA]ol] eAg, 2Aagl
3 3%l 59 S W7 AV pH, 371
TUF, AT 52 W7 Hjgst & &
2 S 2] At

3. Ra-gMol &3

Ered ofdFdiiL 2L
Takasaki(1966)] WS Wgsta] =3}
ATk, ¥H-g-H (50mM potassium phosphate
buffer(pH 7.0), 20mM MgSO0s - TH:20,
200mM glucose] 1miol wjokats] &ete)
(04g/m) 1mE Ho| AR HgHL o2mz
s ZFRAY =x wgTH Ao
(0.4g/mi)& uasiA 5% Ao 43 %
w3 3471 (Ultrasonic A2 w8832
15,000rpmef| A 2082 Y4228t 1 4
Y 0.2nF 47 W8 1w Frletn =
T2 AA -3 2m) EA sl 235
€ 271 g gRssd. 24 wgae
T00C A 30¥ 7 ¥t A2 & 0.5M
perchloric acid 2m & 3 7}5le] B8-S F=]
AR B YA E fructoseE cysteine-
carbazole ¥ (Dische et al., 1951)e.&
560nme] el sl 248 o
A A (GIU) 2 27 w-g2700)4 ¥
2 1pnd®] fructoseE Aibshe A9 9o
2 Jvehf it

4. oH2k &

A F-2 Schmidell®] ¥ (Schmidells}
Fernandes, 1976)¢] ulz} BEAlslgir}. =
NaOH £9& HF5x7 IMEA 74 /@

grejo) A7lsid 100TANA 3087 A3
of WAL F AN m F A 2 (ng)
ZAato] dAFes Jehigict. A
29 83 &89 (bovine serum
albumin, BSA)E EF 99dz 359
Bradford H(1976)°] wlz} 595nmelA b
AR aeAvt UV 280nmeollr] §34x8 =
Aot B-4819c),

o wle

b, 2T O|MSlE 4 Mate| X5l AlF

Jar fermentor Wi¥ol|4] X5 o] sE
& Ao HAzle 85)e)7] 9iste] whe-wy
EAS ol &3, AHu2(optimum
response)e] 8 9 W 4 (5 YW F
indepentdent vairiables) FAAYAbd Z
FTE A F7IFYR(air flow, X)), T
WHET (agitation speed, Xz2), XEW9] =%
(glucose concentration, Xs) 2 &t}t. 2} 8
AHRe] MHE2AEL -1, 0, 1, 24 3 94
2 R33lsiga Adge £ 19 Jehydet.
%4133 18] (central composite design)o
et FA49 =& Agre] glo] st o] Abo)
o, A7 E FAY 442 (0,0,0),
(0,002 49439, 281 39 $=
HEg2Z0] AfolBz JAlfe 2oz &
Hen, aeln ol APPovE P, = oy
7Hel 21 AgAe s gglen, 7tz 89 4
ddL (-1.-1.-1), (-1.-1.1), (-1,1,-D),
{1.-1,-1), -1.1.1). (1,-1,1), (1.1,-1),
(1,112 A3 t. ¥h-2¥ < (response
variable)s= E4A84o2 Jehigla, ov
A7EA] Wz g 231 39 23 (second
order model)2 o231} g},

Y=(bo + b1X1 + beX2 + baXs +
bi2XaXe + biaXaXz + bea¥eXs + buXe +
b22Xaz basXsz)

d71A Y gz 54 4ol X,
Xz, X3 2 98- 23, bo® AA, bai= 3AA
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Fole}, wheg o] AU UBrke 5
APy FHAPE s o de F
AE A (ridge analysis)& A&z, A
g wggde #Hels Sud=(contour
plot) 2 T35t

. = & na

1. B4 D)X= 2214

8. chibaensis J-59+= M £ xylanased A}
AR 2 xylan® xylooligo? & xyloseZ
3 etgat. o xylan 7heEafAtE<
xylosex =T o|ld3lisL Yo =&
Az AL3H(F 5, 19972). w2k &
=222 v xylose thal 24 xylano =
QA F . =8¢ & 45
xylulokinase@4¢] Ao xiB mutante]
7] W&ol xylose® @AY 2 dxgez
o] 8514 Ealo] Ao AREA g
ol At 5, 1997b). waky B 75
Exylan gagon A3 £ g7 dE
d| glucoseE @AYoz AHEslag, S~
Ao A= 0.15% gluceseE A7l
VHE %, 1997b), jar fermentor ¥9kel] A
= 0.15%, 0.3%, 0.6% 3 0.9%Z WA
FIBM sEE Frlet] ¢ 4 R Ea
o] Qg AT, 2 Ad 2AY A%
£ 2299 F=7F 371 wet A9 4
A= Z7kkgd, 2eht X ol gstas
o gAe ay 13 #Ho| Xxge] FE7}
0.15%9M 0.3% 2 S71845 f4 s
Z748tg A g, glucose %7} 0.6% %
0.9%Y Af-dle Xx=Fo 3 o| 35 94|
7} (catabolite repression effect)S e}
o] ujek Zv)de BAEA 0| HojF ot
42X 7F ©o1F RE+= 0.3% glucoseErhe

Gluccse fsemerase (Gidimi}
(-3

¢ 8§ 12 18 2 30 35 42 43 M

Cuiture Tima {h}

Fig. 1. Profils of glucose isomerase
production by the glucose
concentration in jar fermentor
culture. §. chibaensis J-H9 was
incubated in the CSL medium
containing the various glucose
concentrarion for 48h at 3070.
-, 0.15% glucose: -, 0.3%
glucose: -, 0.6% glucose: -,
0.9% glucose.

0.6% glucoseE A7} wllA|o|A A4 84
o] 2388 ¥A Jebdrh wEbA glucose &
E7} & Aol E 9L TR 299
3.

A2Y2e 2 corn steep liquor(CSL) &
0.5% 812 1% 3%7A s5E=, 25
o] 202 MgS0s - TH:0% 0.1% @82
0.1% 4 0.4%7A, CoCl: - 6H20%
0.01% 912 0.01%14 0.03%71A F=4d
2 Frlsld we] 473 2 5o Yike ZAL
o Ay, Zelaan|dat A Ui CSL
& 1.5%, MgS0a4- THOE= 0.1%, CoClz -
6H0+= 0.01% ol dollA e o olde] £44
Ato] F7FHA] Ekeh(elolel mALAL.
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wjzle] pHE WA %7] pH 7.00.2 113
sto} wjofo] Bdd 744 7008 2HF A
$. 27 pHE 7.002 3438l wjkz pH
ZAge] 1F ¥9UE 3¢, 27| pHE 652
Ao wjgo] B 744 pHE 6.5
A% AS, 27 pHE 758 138 v o]
9 714 pHE 752 #A% 35 5 47}
A FALR Yol FA A L 2T o4
a4 Y4 FE A Ha), 25 o)
B e #A A3 vEsie] Jebhg
ov], pH 7.04d 718 w=A il et
W <F 36413t o] Foll = pHe| Wl HARLC]
Ex' oldslEae] ke 2 Jgo] Yt
YA k(e ol el M)A},

S. chibaensis J-59v FT7|Aeo|g} A&}

o >

F

~

Glucose Isomersse (GIUImI)
(]

-

0

0 6 12 e.]a 2I4 W 36 42 48 54
Culture Time {h}

Fig. 2. Profils of glucose isomerase
production by the air flow
variation in jar fermentor culture,
S. chibaensis J-59 was incubated in
the CSL medium under the
condition of the various air flow
for 48h at 30T. -, 1 vwm: -, 2
vwm: —, 3vvm: -, 4 vvm.

2781} bafflec] @3 HelxAojM 44
sro] Sl eH(F &, 1997b). wabA jar
fermentor ¥kl A o] 7|5 FE 1vvmol
A dvwm7ZkA] lvwm S92 F7MA7]0] &4
Y& A A3, 2vvm ool ME BT
Eaggol Sty 2). aEEE
200rpm%¥ 800rpm7+A) 150rpm ©¢l=
Fot o|ysta Ao B8 NG 43, 1
2 3olxet Zo|] rpmo] 713 4+ & 548
A% F7H8 et 650rpmoldelxe mld
4] FAIR gA4o| A

upeba Bt M & 4 vAA
st UAEE glucosed] ¥k, F7)15YU%H
LR TAl =R e 2 g L 2

Giucose lsomerase {GIU/m!)

1L

0

5 12 1 20 3 % sz 41 54
Culture Time (h)

Fig. 3. Profils of glucose isomerase production
by the agitation speed variation in jar
fermentor culture, S. chibaensis J-59
was incubated in the CSL medium
under the condition of the various
agitation speed for 48h at 30TC. -,
200 rpm: -, 350 rpm; -, 500 rpm: -
, 650 rpm.
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2. HISEH 242 0|25 MM F
A3t

‘47] jar fermentor Mo pHe &4
Aatel] 2 g F2) 43t7) Wl 891 W
Foll TFAFA kot 2% pH 23834
E pH 7.08.2 nA sl wiekataict, 29 ¥
T% glucose TEE 0.3%%A 0.7%=2
0.2% @92 378 AFsdn, 33y
2 1o)4 374x) lvvm F2 373 438}
2, AT 400904 600712 200rpm
GHE 373 ARl 27 99t gE
TED ¥ vt AR FAFAA
¥ vt EFFE &AM, mjakA
AR APAY o3 ExF o) sla A
o] A A5 2Q48L P An, 54
Aderel Wal= ® 13 7o) Yehgtl, o8
SREEH AN LA Edsln HAA

T8 il WhEEY 23 3HARPN L o}
2f e} o] P31t

Glucose isomerase production (GIU/
ml} = -8.443875 + 7.490125 vvm +
0.000478 rpm + 16.118750 Glc +
0.005860 vvm rpm - 3.663750 vvm Glc -
0.010475 rpm Glec - 1.930250 (vvm)?
(R*=0.9776, Pro >F = 0.046)

£ 20| 7 E w-ER B Alge] & A
gsle A8 +33 AN BAATR-
square)= 4 Z3 0977622 Jeht 1
o SRR, ¥R Ho] A g & HFH
= ¢+ ok E shtel o2 el
= 9 8E(Prob )F)& 0.0581} zgu)
7P Wg-REol A=d 2 Hgdvsiy
A Aol 0.0462.8 (.05Hct A
HERSiTE

Table 1. Pattern of enzyme production by the treatment combinations{with code

numbers indicated and its results)

Number Number Air flow Agitation Glucose Glucose isomerase
{v.v.m) speed(r.p.m) (%) (GIU/mi)
1 1{-1)" 400(-1) 0.3(-1) 2.409
2 1{-1) 400(-1) 0.7( 1) 5.158
3 1(-1) 600( 1) 0.3(-1) 2.491
4 1(-1) 600( 1) 0.7(1) 5.516
5 3(1D 400(-1) 0.3(-1) 3.880
6 3(1) 400(-1) 0.7( 1) 4.812
7 3C1) 600( 1) 0.3(-1) 7.420
8 3(1) 600( 1) 0.7( 1) 6.420
-9 200) 5000 0) 0.5(0) 6.735
10 2(0) 500( 0) 0.5(0) 6.647

* Code values presented in parentheses
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Table 2. Analysis of variance for the glucose isomerase production of . chibaensis J-59

. Degree of Sum of .

Regression freedom squares ER-square R-ratio Prob >F
Linear 3 13.933633 (0.4992 14.878 0.0063
Quadratic 3 5.961384 0.2136 19.096 0.0048
Crossproduct 3 7.393670 (0.2649 7.895 0.1145
Total Regress 9 27.288688 0.9776 12.487 0.0461

g e Serle 5AAA
(rising ridge system)Z Jehgoenz &

. . - . 3 , 0
A 24 (ridge analysis)dlg{th. 219 4 2} A T
MFE AleldlA oiEs 2T o|AstE - /
&9 ANFE Fid(contour plot)E = 2.5 ¢ sem
vebd 2ol 2 A}, S chibaensis J-59 =z
o] T o] E A QAL A71A] g9l & 2.0 ¢ 6.669 7.481
& 394 371 7P E2F 5o A o N
FF9YE e Ao® Jegon, &3 < 1.5 \\ ~—
3 o] FIFYFE 2.23vvm, WSS 5.045 \\ B
& 587.5rpm, EE29 FEE 0.586% 1.0 I
o AL A0S AAHE Flsigt 400 450 500 550 600
Agitation Speed (rpm)
3.0 \ \
Table 3. The range of optimum conditions B 7.481 \ 5.857
of response variables yieldin- — 2.5 | \.\
goptimum responses by the 5 " yaal 2 ™.
superimposing of contour maps = 20 RN \
s 20 ~]
. L. ~
Reaction conditions Range of't)‘ptlmum = ~. 066 \
conditions < 1.5t \\ \
Air flow (vvm) 2.226 5.857 i
Agitation speed (rpm) 587.503 1.0 4 N
Glucose (%) 0.586 0.3 0.4 0.5 0.6 0.7
Glucose Concnetration {%)
Fig. 4.(A.B)
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= - 5.857 J
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= 5.045 ~
[=] -~
< )

o~ -
400 ‘ : =t

0.3 0.4 0.5 0.6 0.7

Glucose Concentration(%)

Fig. 4. Contour plots for glucose
isomerase activity as related to
(A) air flow - agitation speed,
(B) air flow - glucose conc.,
(C) glucose conc. - agitation
speed: the other variable was
fixed at zero coded level.

SR BN of@ ¥xF o] R
Ao H3 AYAzAQ 1% birchwood
xylan, 1.5% CSL, 0.1% MgSOa -
TH=0, 0.012% CoClz - 6H:0(pH 7.0} &
A9 CSL wiA| oA mek&% 587rpm,
27150 % 2.2vyvm, glucose ¥ %
0.586% % 3] 30TeA Az @9 A
R AL S P AT 4248 o) %
a2 44 2 ZAh8go] A JER
o}, & 49} o] RSMel o] g A& stz
A AAAYre gk m 7 7.67 99
2 Ueisn, 3dadea 44 437 4
= ZaA Ao 743 @92 Jeh} o4
@ AAgel Ao FdsHT. Jar

Table 4. Predicted and experimental
values of response variables
withinthe range of optimum
conditions

Glucose isomerase {GIU*/nl)

Predicted values 7.67
Experimental values 7.43

* One unit of enzyme activity was

defined as the amount of enzyme that
produced 1pmd of D-fructose per min
under the assay conditions described.

fermentor ¥jolx o] ¥2F ojQFEL
o] Aiere Zalam ujokuwe] FAAAE
(2.78 GIU/ml) B} <F 2.7v) 7}k &AM
Jto] F7HE AL

V. 2

Jar fermentor WA S chibaensis J-
592 FH XEY ojdstaise A AL
Z2UE gY3r] fste] HSRAEEAE o
£ttt d3A8Le FHAYTIHE <
|35, 7] d8aRleze FUFY
Z(vvm), S E(rpm), EEFY 1
(%)2 A¥srdret. 89439 Ax= 3
HAAFLE A& F g8l HAYSE T
stk A4 A4 vl § A4
o] AFAF(R2)= 0.977601 2, B4HE
A o] F-ratior} 12.4870]¢9len, ol #
o4 (Prob)F)& 5% o= <13 =i},
SHEA ZAF, E2448 Jdae 3F
A& 2.227vyvm, n¥kEE 587 5rpm,
glucose ¥% 0.586% = JeElston ojm
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WERA 3 o8 e o A
g4 7.67 992 JEgd. Jar
fermentor Wjol X2l A s5l 3A2d
2} 1% birchwood xylan, 1.5% CSL,
0.1% MgS04 - TH20, 0.012% CoClz -
6H20, (pH 7.0)8 TAHE WA 7
pHE 7.02.2 ZA3o v 28714 7.0
2 FARA 715 %S 2.2vvm, Tt
&5 E 580rpm, glucose % & 0.586%
2 3o 307olA 42 A7 wiorste &,
AR BaAAEES 743 d92 Aly] By
oA o 3% & Yarae] 97%el @3l
Wi, Zepaavede] H2YAF(2.78
GIU/m) 2} of 2.7v) 7} EAA Ao =
ecbl=g

vV.a&1ns8
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