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V7278 —=%IUD, S, ERZESHECES> T
FIRERTw3, Laliss, BREEIRERCKRT
ZEVLOBGMBRERET 520, FOFBICIEE
TERANRDZ, LT, BREORELBELVIE
WEAANOBEE->-TW2LEbh 3, BEOEE
LEXZFERELTE, RELDBTTZOOHFESE
Zohd, —DiF, ¥THFAEBEDOREERTL,
RICBEFBRFLZ W L 5B EETORBR Y ®
I5EMENFERTHD, bH—2id, LEHFERIC
$oT, BEEOERXEHL 2 0REROELEEBR
LT AETHSE (KES, 1976), £MENFE
& B THBAEBRROBREFIZT Titwl onREsh
Tw3H, ZOBRBEDO L ZAHAIATL3EEE
B L TABIIRe N TWw3, Liedi->T, 1hEH
FRICE 2BROREMVHEBOFEREL LTS A
ZULBBEHL, L-a-Z ) EuURA Tz — b FF V5 —
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RABFRAE L LUELTHEATwS, Z0BED

i

*BREEEVRE,
Laboratory of Food Quality Control.

REMEFRIDED 2 2 L 3BEREOLE, HE
BETOIRA NS ZDRHMBD, ZOXY v Mik
EnbDLEZOND, 22T, FEROLEBEHIC
& 2 REERAT,

—fic, BEEN ERALEW X/ ST LV 2BR
brrobhTwsd, ¥k, ThETRBICL2ER
DERIFZ, BRIV R—RA—Ya BT vik—
VP4 v 7 E->TRIBIEVHAENRT VS
(Klivanov, 1979, 1983), —74, ®U A —LDFEMIZ
L2 BEOEORENHR G, EHEZRCHEL THL
ORBEDLHME 252 T3 (B, 1985), 22T,
BESTETCRY A —NVIEELEAT 3 LERFICH
FARBLERT I LR L VEBEROTELSEFI NS,
FRETEI RV A —VEERE T 5EAFELTTF
AbTrERG, BE-TFA N7 VEHEHE (Lend-
ers et al., 1985) #FHL, FOHH LML 72,

R Kk U

BE L-a- 7V koRkA 72—t FrF—F
(GPO, EC 1. 1. 3. 21, Aerococcus viridans H3%)
RPEEEE (GRERI%) 8rAvl, F¥A N5
i% Sigma #: %! (Dextran T70), AFEfy 7/ k>
FFMVTLRFATATRIHEER G, 20O
DOREIIFFAEEZOZ ZH W,

&8 [ SVOLER L RERBERTR UV-300, [HRE
1& Colora #t® Cryothermostat EK 5 &l % L 7,

WHERERE 47X /7 FEY >~ 152mg, 7=
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2% B &

2= (5%) 0.2ml, DL-7" Y &£ w2-3-) 8 1.95g,
~puAFyvS—+¥ (54U/mg) 463mg *EE L,
0.05% (W/V) bdV b X-100 &2 40mM b Y Z-
HEEE®R (pH 8.0) 2HWT 50ml KERL, KRIG
BEKZAM L, ABRECERER L-a-7VJ ¢
ORA7z—FAF¥F—¥) ®002mlEY, 37°C
DEBEESH TS SHEELFELL 2. Bl 31°CTF
#L L 7 KIGIREW 1.0ml 2 Z 0RBEF Mz, 37°C
T SERGE®. 1058, 025%7 7 U v~y
PUyANKVEF M) VA2 2ml ARG EELS
&, 500nm B BEAEERHEL 2.

GPO-FFA LS -J )L EBEBORYE . 7%
Z b Z > (T70) 300mg % 6 ml DBiA A > K EHRE
L, B3avEEF Y YA 400mg 202, ZRTTS
SERPrIRB L, 20HK, BAAVAKPTIER
R4 A ke 4 BERETo/, ZOXD
CLTESNERLETFA LI YB#® 1ml & 0.2M
Y CEEEER (pH 8.0) 1ml iz GPO 25mg %
BLUBREREYESL, KFLy7 /x5 vFEF MY
v & 16mg REML, 5°CTT16 BEIRGE ¥/,
D%, RRED7NVTF e FEET Ty 735D,
7Yy UK (250 mg/ml) E 0.7Tml Mz, &5
IBERIGE ¥, #OH%, 5°CFT10 mM Y &
HEER (pH 8.0) FTEM%{To/2. % B, B3I
TREF NI VLAOBEENKZEGLE T 30~400mg
g TR ¥, £/, GPO-FEA T V- T Vv
& &% GPO-Dextran-Gly £ RR L 7z,

FLTE FEOER [ EHLETFA NI VICEAZ
hi7ATFe NEOERIRS, 5-Y= v Y F B

B E VT,

M E R | AREMERES (GPO-Dextran-
Gly) 2 2hFh—EERREICIY, 50°COERE
hT—ERRIIBNE L -, KL, Z0%, 37
CTEHLL TIERZHELL. &8, EBHRORE
EESRL 0, BLEHFRBR CIBRBEO 2=y
MR # 05U/ml i f— L TiT o 72

mREUVEZ
1, EMLTHR b7 VAR H T BB OR

BIFTH2BIVEEF M)V LOBREELS Y
BEOERLETFA NS o 2RBML, BHETFX
SUHEAIRET VT RERHET 3 L3, B
RLeORIBICL > THB I EEE (GPO-
Dextran-Gly) OBEEERUVALEEEHEL
Table 1 R L7z, %8, EHikOBREEE BRI
@ GPO DEM% 100% & L CHMME TR R L, L
BHROBEEEIRLEOESE, Tabb, BHitk
B TIT - TR WIEGOFEES 100% & L THEN
BTHERRLL, BRI VERS MY v LAOED, 30mg
5 400mg N EEINT A O TESETF AT
VICHEAShAT T FEEHEMLUL, £/, BA
ENLTATFE FESSVIEY, BHBOBREEEE
BFT 2000, BEZERIMEINT 2 EHANED Sh
72, $hbb, BEENLBHBROBRFEEIERT
ZHEAICHY, BhRZEEREL, »ORVEH
BOBEEESHE T2 201, BHEETOER
EBETEBLETA2LENHZ EBbT,

Table 1. Relationship between amount of added NalO, and thermostability of

GPO-Dextran-Gly (50°C).

NalO, Molecular ratio Aldehyde group Residual Residual
(mg) NalOQ, /glucose (Maltose mg/ml) activity activity
unit after after
modification heating
(%) at 50°C
30min 60min
(%) (%)
Native - — 71.25 25.59 5.69
30 0.084 3.55 27.53 29.39 12.90
120 0.337 10.75 25.65 50.25 37.55
240 0.674 17.67 16.39 74.42 67.40
400 1.123 18.98 6.33 81.10 80.10
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2. BrHInRE
BRLEELETFA NSV EORGRY Yy 7HEES
NMLTITbh3 LEZ5120DT, BHEOREEYE
RUBREECRIETBTHAOEERFH ~7: (Table
2). BHIROBRFEEMEY b OIF &8 E RSN
T AEAMBRD St BILAERNO LD TIIEE
BREERITFOONT, vy 7VEEOBETIIBALE
MEBCRLADLD L BEbh (German et al, 1
989), AFKRTHEF MY v LARAFELYT /Ry E

TRV Y ARHNECETH TS 20T, BERETE,
GPO OHRSFETH 5 FAD BT I NiEM %
bz, £, KFELKTYRF NV T 2By y 7ER
PROEBTT2DOTRAZL, HHAETEFR LS oo
TAHTEREZTCRITLTLE S oo, BHRIGHAK
Fy 7 /X 7FF NIV LADEFELEE T, BHE
BBTERSEDONTVLDEEb T (German
et al., 1989),

Table 2. Effect of reducing agent on residual activity and thermostability of

GPO-Dextran-Gly.

Reducing agent Concentration of Residual Residual activity
reducing agent activity after heating at 50°C
(mM) after

modification 30 min 60 min

(%) (%) (%)

—-——— - 33.39 46.15 19.79
NaBH;CN 127.3 7.38 80.39 71.74
NaBH, 10.6 12.34 57.56 36.34

3. EMERMETOBMEET ORI

GPO BHEMALTFA S v & 16 BFHRGT 2 2 &
KED, RIGBRETZOEMSEDHS0%ETL, &5
W, ENMCEVMIOBET T2 e8bhol, #
2T, BB TOEEET 20T 5 2o EELH
DT ERET L7z,

(1) EHERREIZ 51 % FAD IIZIE

WBRAEN BT EE 2R UIEECRETH 518
FVFEEF MY Y LA 240mg KU 400mg 2L T
HIETFA LT 2REL, GPO DHRITFETH
57587 7F=ryYX7vAFF (FAD) 2RIG
BT 10mM BNl TEREDBHIRIE 21T - 7.
Table 3R d L5, BI 7HEEF MY 7 4 240
mg, 400mg DANIZBVTH, BHiBOBEENE %

FAD RO b DTN, 233 RU 315 EEHL T 5
ZEMTENR, IhiE, FADRNR X 2EH®EOLT
I NZ, GPO DHRSIFHETH % FAD 23K
FEy7 /RUEF M TACIZBTHSFEIN
Tl eEZoNT,

(2) HBe7 » &= LAGINZHE
ENBRECOBEMEET 2T 5720 10%HE7
YR ZY ARIHEERS CEWE1To 72, Table 412
AT LS, BIVREF NV T LOBRI»PDST,
ik OBRITFEEEHMEY v T= 7 ABBHRMNO b DI
A 15~ 2B T3 28 TEk, 362, &
B GPO R GPO-Dextran-Gly KB 7 ~ € = 7
LEBMURBMEERE 2RI L, Fig. 1IKmL:.
Fig. 1 6B Lo, MHEE DL 10%EE TE

Table 3. Effect of addition of FAD on residual activity after modification.

NalO, Residual activity after modification (B) /(A)
(mg) (fold)
0 mM FAD (A) 10 mM FAD (B)

(%) (%)

240 16.39 38.11 2.33
400 6.33 19.93 3.15

Native 71.25 71.85 1.01
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Table 4. Effect of 10% (NH,); SO, dialysis on dextran modification.

NalO, Residual activity after modification (B) ./ (A)
(mg) (fold)
0% (NHy):SOs 10% (NH,): SO,
dialysis (A) dialysis (B)

(%) (%)

30 27.53 55.60 2.02
120 25.65 45.66 1.78
240 16.39 24.91 1.52
400 6.33 11.53 1.82

Native 71.25 72.81 1.02
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Fig. 1. Effect of addition of ammonium sulfate
on long-term stability of modified GPO.

N EMREEET L., 2hid, BAEERICET2
B BEEESTICE R TR EEEPE T,
FRELLIZLDIZ, FNESNLHEBT v E=7 L5
RELFE LTERALEbDO BB, £/, ELU
10% B 125\ T REMBERON 50 HROBRFE N
BEEBEESK 0% THE O L, BHBERIEH
100%EZDERHEIARE LS Wb OD, BHi X
LRECHBESRDOND, LVFTBREFETHLHAR
HEURBR T, MHEOMEELENTRDONIZ
e, So6REHNKAB EALTERE L FARCEE
RENREDOSNDLEEbND,

4, {EEREFROFM

RIGERMET 10mMFAD 28U D2 20» T,
REET v AERINE 0%HML ZEEHRFT
ET L 7 EERER O BN & AR E W L BB OBRER
HOZODHEFICLVITFo7, Table 5icBWT, &
it OBIEEME A, 50°C, 60 S MBNEER DO RE
EMELB LY 5L, (AXB) REHiDO GPO EH
100% 2 SHBE L RANEREEEERL VS &

Wb, TOEREETLE, BIVERERF P VA
240mg-10% B 7 » & =7 ARMBEBER TH S
N sk, HEHED 957 1L 3731 ERLEN
Twiz, &51Z, FADFENMRURET v € =7 A%
BT OBREEER CREZERCRIZTHE L Fig. 2
WEEHTRLE, EHBOREEERZ, a (10
F10A, FAD {iI—FEE 7 > € =7 A%, b (10F0
A, FAD in—mEB 7 > € =7 AR, ¢ (0F10
A, FAD ERIN—FE 7 > € =7 A5, d (0F0A
FAD SERIN -7 > €= 7 LR OMETE <
oz, BEEMI, FAD RIE 72 3R NO M
wBWTE, Thbb, akbxiidck dDHRIZ
BWT, BHIBOBEEEMECZ ELTHICENRT
Wz, Zhid, BHiROBEFRESEVE CEHRIE
PELBEEESESINZ DL BbnT, —7,
WEET v E =T AR 2 RERMOMIICBNTY,
Thbb, akcElidbEdDHEBRIIBWT,
FAD 2L - ABEMiBOBRFEEI S, BT
EMELEN TV, Zhid, BHigRE &b, FAD
HREEAEZRL, BHEEOBREEENE RV BE
BEESRIZbD EBbn:,

5. BHEBROEEEL-a-FYaRA Tz —

EE~DER

Table 6 (CEHiBEROFE 2R L /2. £# pH &
9.8, EEEEIFACTHY, BHfic L 2ELLIEL
AEBD R0z, —F, Km{EW 241 &% 0,
B X D EE L ORGSR PET L,

EARERE 5 HREEEL, L-a-7 VX O KRAT = —
FOERWEML, Fig. 3KEoshd ko, B
e L E o i REFRERESED 5 n, EHiE
FOERABETCOMBERZ» o 12,
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Table 5. Effect of NalO, on residual activity after modification and thermostability of

GPO-Dextran-Gly (50°C).

NalO4 Concentration Residual activity Residual activity AXB
(mg) of (NH,); SO, after after heating (%)
(%) modification : A at 50°C
(%)
30 min 60 min : B
(%) (%)
400 0 19.93 98.49 97.44 19.42
400 10 26.15 91.31 88.70 23.20
240 0 38.11 91.66 84.27 32.12
240 10 47.68 88.69 78.26 37.31
Native 0 71.84 38.73 11.72 8.42
Native 10 69.57 33.94 13.76 9.57

Table 6. Characteristics of GPO-Dextran-Gly.

pH Optimum Temp. Optimum Km value (mM)
GPO-Dextran—Gly 9.8 40 241
GPO-Native 10.0 37 4.1
0.20
=
z
2 oD
E 0.10
h]
3 a
~
000 T T T
0 20 40 60 80
10F 10A 10F OA OF 10A OF 0A
Condition Concentration of L-0(-Glycerophosphate
Solid bar : Residual activity after modification (%)
Hatched bar : Residual activity after heating at 50°C, 60 min.(%) Fig. 3. Determination of L- @ - Glycerophosphate

10F 10A : 10 mM FAD ; 10% ammeonium sulfate dialysis
10F 0A : 10 mM FAD ; 0% ammonium sulfate dialysis
OF 10 A : 0 mM FAD ; 10% ammonium sulfate dialysis
OF 0A : 0 mM FAD ; 0% ammonium sulfate dialysis

Fig. 2. Effect of addition of Fad and ammonium
sulfate dialysis on residual activity after
modification and thermostability of modi-
fied GPO.
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i, MUV EY RFy bR CBEKERREL L TK
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RORMBY, ZDOAY y MIKEW, 22T, F*A

(#M) by modified GPO.

b T LB L 2 EEERA, BHEBERORE
HEBREEREIEE L UCTHEL ., BRI VER -
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PFFA NS UERAM L, ChiBEFELOT I 0%
Eyy 7IBEENLUTEBI R, ARy 7T /&
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VEF PV TACEEBETEToT, &6, RRIG
DT7NVTERERIV Yy TTay s L, BEERRT
EfETo7/., Bonl-EHiEER (GPO-Dextran-
Gly) &, 50°C, 60 /rim#BeE iz L, RIEHiEER
(GPO-Native) LH&L T, GOBLTEEELTL,
EHREBIZBLTCLEN T, LaLEds, &
Btk DBREHENE L O MESH -2, 22T,
X V&N 7 GPO-Dextran-Gly 2% % 2012, RIED
BEECOVTEMCRN L, 7FA M7 VEHEL
RO Nalo, 0B » 2 iz 7o/ 25, HAR
N7 VT e REENEWIZY, BiikoREEER
BFT2H00, BZELIHEMT 2ERIRZD S
fo, BHERECOEEET2HET 2 DHER
FAD # 10mM N4 2 Z W2 &V, &7, 10%HE
Ty MEEEBR TEREITI I LW EY, B
BOBREEEEZFNAFNIS~3E, 15~2F®< T
52 Ee0TE 7, 10mM FAD &N, 10%FE7 >~ %
=7 LEH L 72 GPO-Dextran-Gly i3, Bifit0R%E
YEMELS 47.7% (A), 50°C, 60 SINELEEE OKRFE
% 783% (B) &7&Y, EHigO GPO & 100% »
SHME L RENSREEE (AXB) &, GPO-
Native T9.6%TH 2D L, 37.3% LB T/,
GPO-Dextran-Gly D &S MEMAIZ, TOENRAL
EMEEFEFL, ERIZ, L-a- 7YV 2O KA 7 = —
DERIEMATEETH - 2.
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Summary

Thermostabilization of L- @-glycerophosphate oxidase (GPO) by chemical modification with
oxidized dextran was performed. The enzyme was coupled with oxidized dextran produced by
periodate oxidation, followed by reduction with sodium cyanoborohydride and glycine blocking.
The modified enzyme (GPO-Dextran-Gly) thus obtained showed high resistivity against heat
treatment compared with that of native GPO, though the residual activity after chemical
modification was relatively low. In order to get modified enzymes with higher residual activity
after modification, the repression of inactivation of GPO during the coupling reaction and the
dialysis procedure was investigated. The addition of 10 mM flavine adenine dinucleotide (FAD)
could repress the inactivation during the coupling reaction. Furthermore, dialysis of the coupled
enzyme against a buffer solution containing 10% ammonium sulfate reduced inactivation during
the dialysis procedure. After native GPO was heated at 50°C for 60 min in an incubator, the
activity of GPO was reduced to 9.6% from the original (native 100%). On the other hand, the
chemical modification with oxidized dextran itself reduced the GPO activity to 47.7% (A) from
the original (native 100%). The modified enzyme (GPO-Dextran-Gly), however, acquired heat

resistivity, and remamined its activity up to 78.3% (B) under the same heat treatment.

Thus,

the overall residual activity converted from the original activity (A X B) was calculated as
37.3%. The GPO-Dxtran-Gly was applied to the determination of L- &-glycerophosphate with

a good applicability.



