HEby T &% 2 7(4)1339—344,1001
Chinese Journal of Biotechnology

MERERECHBARHITFR

WHEF WERE & X

i A

(FEHERERATNARHAR, 2N

FREL RN MM ITES(EFIA), HEZHBESEEEREE (INV), WEHE
_E_E%Eﬁ(MUT)R%%ﬁﬁﬂiﬁ(GOD)'—3%%*&%Iﬁiﬁﬁﬁ%ﬁ%%@#ﬁﬁ?%%%ﬁ%ﬁﬁﬂﬁi’u
AT SR EEHE R QUL ANV IMUTIGOD = 72148:2.4, BBAREWLE, INV
EMUTHESENEH>12.9%, HEEREpHN5.8—6.5, REREHEER 35—46T. 5
EREAEMR SRS BIF. 5X1074—1071F107F—2 X 10™ 3mol/L, MIRZHFE 53 A
<20sFI< 2min. TEMBEHBET, FREH <1.7%. FHBRRTIE DERHBRER
REERREEEA R, THEKRET08Y., KBRS B AN AR
FHTBLFEFETHCODRERERE. EEERNHHF D h120h, HHTHFRERIOE
TBEMES. MERRTRONESFRIMGIR, FET 4 CRERF R -FRNHEME

(50°C ) 30min)u

ReE PRERn EOEESs REIE

RN IE PR (RS S A R Y. B
T AR B P A BRI SRR Wit
BEER-AEE., HTEETETEE
W, TRARENKETENE. EEA
TR RN FEAL BRI, 1
REREIA. MLRIES Bk B
B MR k2, EERFHERT L
BRI, —RREH MR
MR, BAWHEERIERE. 1976
TR ELA R R BRI A IR Y
AR BRI ALR ANV) | §ERE 5 6
(MUT) F 848 4 /55 (GOD) #1858 &
B R AE O A I RE IR A R 1T B P
M. AN ZEFERBRIES6E
CRIUAVRED 15 B R 70 3 B
o SFRTRBENFEGNE U
EMBIETB %,

AR R AR, RAEEE
RS T AR, SRS AR T LEE
B Mo |
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(=) EERLH

Invertase (INV, Sigma, EC
3.2.1,26, 8251U/mg) & 0.2 mol/L
PBS(pHSG.5), {iEH241U/ul; Mutaro-
tase (MUT, Sigma, EC 5.1.3.3,
82001U/mg), RN 241U /ul; Glucose
Oxidase (GOD, Sigme, EC1,1,3.4,
Type I, 238001U/g), T 0.2mol/L
PBS (pH6.5) IKE 2,410/l FiMmiEH
FHOSAFIHAARKI , £44D
T 0.2 mol/L PBS (pHS.5) , KA
20% (W/V)y g (RIAEERNS
BT, FEOSS, 25%) EREAKREER
2.0%(V/V),

(=) ERHRREES

3ul BSARIE, 1--7pl B5HK (%

& T 19904 6 H 26 H & B,
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IR % R

7%

SCEREHCR) F2 —4ulm mEENIE (Rbk

FHR) EEE 2 cm ) Teflon ¥ LE

ST#G #EZBE M 30min FEREER,
i L B B B R ) Teflon g B R 05 S AR
IR, HE LR, BREE
2, B AR, B R FT0.2mol/L
pH6.5 PBSH1(4C).

' (2) ITHREZEANRE

B EL(CY-2) RFH 3 F (LBD-
-M), B EH(CHY -1) 2 F{ (XWT),
E il gk £ & #% 70 FL 1 (Pharmacia) 4
B—EEREHWRRKE L), BAEEN
EBR GEERN SRR SENEE
K (pHS,5),

RAEEN RS R, B ERky
RTE R bing, BEREE, #5%
REBBRERE, PEEFES, — R
ENESHHAE 1.5min, SBEEEm
HEEKINE, BT TRER,

HAEN AR, MR AR
ERER.HEARSRERSREBRERA,
FEAEM AR S (Pkimig), 4955 208, B8
WES %, BEREEEIEBRKS.
B J& B AT 3k 1T T 2 ML E

A1 THERERER
Fig. 1 Diagram of the working system

. 8% Carrier stream

- E¥E¥® Sucrose solution

. BE®A Electromagnetic valve
. ¥HE|E Peristaltic pump

. HERRAE Injection mixer

. ER# Thermostat

. B Enzyme electrode

. kS Amplifier

. iILF®#{ Recorder

W 0~ ;M O o o N e

© ERE

THRFHCELRERE). BEHE
aml/min, 8 36+0,01°C, Zhiikd
FEH20ul,

%R 5 %

(—) WHNBEAR

EWRERERSHGAR N E 2 W
B, HPE-BRNRERAT RERE
AEARE, R, RS
ML BIRMEAAIE, Hi, R
SRPAE T B AR BB, 3 AL RK
FREF E WIS B A . IR AR
BREARRTHEEN. EEBAT, B
4 3 i R (A MR R  RRA B FE 6 2
RS R LE A,

SR RERAA M. WA BIH0.75
mimol/L %% #i%1 1 mmol/L #ER¥, Wi
BB USIUs, STRERTEL,

1 HEEARNKRE
Table 1 Optimisation of membrane

© composition
Bm WibE
3 ' Enzyme IUt Ug | Us { -

Mem b- rati Us

atio ) | s

Enzyme L:::ne ANV:MUT| (mV)| (mV) &

P .qom

A 48.:48:1.2 5.7 | 2,7 | 0,474
GOD B 48:48:2,4 [ 7.9 | 5.0 | 0,638
C 48:48:4,8 1 9,75 | 3.4 | 0,349
D 12:12:2,4 | 7,0 | 3,6 - | 0.514
MUT E .48:12:2,4 | 6,75 | 5.05 | 0,748
CF 48:48:2,4 1 6,7 | 5 0.761
_ I @ 24:48:2,4 | 6,5 | 2,9 | 0,488
INV H 48:48:2,4 | 6.5 | 4,95 | 0.762
| 72:48:2.4 [ 6.5 | 5,35 | 0,823
J 96:48:2,4 | 7.5 | 4.7 | 0,627

LA, B, C=#E, BEUs B
Us/Usgfi Sehc, 18 208 2 Ay I iy B
K BREE. HiEBES K GODRE (2.4
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Iy REE AW,

- #D, E, F=MWeR, ERSF &
MUsE X Us/Ug BB, HHNT A
BRARNL, FRY MUT Ba 29 %
Mo ATHERBEAEREWERES,
B MUT B SEH, Eﬂﬁﬁﬁﬁﬂﬁﬁnr
m%ﬁﬁ%A%EsFﬁﬁMUTﬁﬁ(w
IU)E:;I_H{[::

FLERG, H, I, JAMEEE. R
BRI SRR, BB, B NH->1,
INVE B 48TU $z:72 TU, WHEN B
Us#n Us/Ug 3R EABER M. X
B I ENINVERSEN. XFHEER
SERFTELRIY , BRI a INVES & (7210)
RREEN.

TREH, BENREHRINV,
MUT B GOD4y 5157210, 48TU#12, 41U,

(=) BEXH
- ZBRRARESE, BEBRNK. 0.75
mmol /L &A1 1 mmol/LEEHE,

B 2 JEg AR ZE AR R I (10—>507C)
FAR TR R A MR (Byaym Rk
. HEEBAEENEEEEER R, 35—
45°C, MBBREAGHF FE o RSB B A
R, WIEFHEISCHIERME.

H L rl X h ] 13 ¥, L
10 15 20 25 30 35 40 45 50
Temperaturc(C)

o - -

-+ Response(AmV)
™

Bz BUERENR

Fig.z Effect of temperature on the
response of enzyme elecirode
A. ### Glucise B. B Sucrose

(2 pHREE

o R B A S P A T IR & SR

LR ARSE, BEETAR pPHY
PBS&E, WELSR. 0,75 mmol/L
AR 1 mmol /LB,

& 3 AR EE A PH £4T
SRR B MR (. AR R, B AE
PH JEE Yy pHS,8--6.5, 505 B HL AR 3
wERER R AR, REREARE
R, H0.75mol/ L sk, B
WE AR GOD BRI By, T3
By R AR R S 1omV, KR ERIRE
SR Y SR IR, SRR
1o FE—ZTEEN PH YAt B AR I 1
REARF PR,

1o}

e n o —
a ’ . A

2} P

ReSpanse(AmV)

4,56 50 55 80 65 T.0 7.5 8.0
nH

B 3 WREMpHE

Fig.s Effect of pH on the response
of enzyme electrode
A, #HEH¥ Glucose B. ¥ Sucrose

(m) BEEE

1. ZEmeiEEE, m EFIA
AR HER R IR T, ELR R 1 S
JUE 4, VR AMV R, B R
#97% 0.1mV /mmol /L. , M L ey
HER 493 E 208, W B B 4Y1. 5min, B4
PEFEE, 53107 —10~" mol/L fdE (A
5A)., TLRAHXES r=0.995, FI
TRATR RS R, SLERAHE HE B R 20
wl, scieskeny, BRERETE—-EBE
P v G L R 1) 2 e TR

2, REENEZETER. nEKD®E
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| l
2
IlmV
; . -
g 3  smin
. l h
o | 4 .
J | {
J U L/ UJ _/U IJ}LJILJU_}iL&ME.M |
g S, Time{min)

it SR

o 4 EXEMN T FERRNEE R NS
Fig.4 Typical signals for duplicate
in jections of seven standard
sucrose solutions
BEMM B Sucrose concentration (mol/L).
1, 2x10°1y 2, 10715 3, 5%X107% 4, 107%;
5, 6X10-3; B, 1073, 7, Bx10°%,

1.0r

a5

L=
T

Lg(response AmV)
&
o

—1.0

—13

=5 —4 -3 -2 -1 0
Lglcone,mol 1)

B HERERERNEENE

Fig,s Calibration graph for kinetic
method (A) and steady state -
method (B) :

AT RRERESEESE, BEEWBRG
ERMELE S (< 2 min), BRMEE,
Ha Ak R 5. 2mV/mmol/L, Hik
B 35 B3 10-5—2 % 10~ *mol/L B %% ,
SEIREG AR B = 0.999F W T RN L&

© PERFERMEMARAATIKSHIESD http

HRER (ESB . EREEZR Y, B
B BB AR, R AR B R A R
%5, W URWEMEN AWK E Qo°
mol/L) . BR&EHEK . hEENTEE
EARTE4R, BT LR 5 a0 iR
Q0 mol/L)y, ZELBRIE A, AT
LI ERE, MRABHENTE. ShEE
o e i R I A RE R .
(H) BEHaEayERE

SEEG Y BN FL TR DR S B IR T
HREER, SR SREEBRRETE
1716 GOD Bk Sk EB R PFENE
B0 (B B4 R = 20 ) 3 e A B B AR A T
. FREEEELS GOD RikitR N
WIRRERESE, BERfbERIIN
EERR Q<10 ' mol/LE R SR
FHERES),, BEHHETWEESE .

HHEARMT:

Cs=Asx (Rt— Ag’' x Rg/Ag)
s CsURBEMIRE; As, dg4BlfR
REBBRRHREENE R TSR
R N R # (mol/L/mV) ;- dg’ &
 GOD Hr R 7 #7 o 5 2 B A TR eG i 2
& (mol/L/mV); Rt, Ryl pEihng
B 5 GOD i iRat & B i sy ma R 4.

F2REBLER, ST R
RF98%, EMYE:EE. HRREESR
FEHREREERFENBN TR, B
R HALE BB ARE. APE
RERHN.

(&) RESH

EEGFTEAENEEMT. URB
ByiERRE (20ul, 5x 107 mol/Lpgi) &
HOIR10K. 10RMRAE S5 F 3 E H
5,38mV, FRiEER 0.002mV, TR R
ALTY%, 10RTERERE R 2
RN 80%, 7 2 MREEZRANE100%,
WESTHRE, ZHRNESHBT, R
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2 Ofexw
Teble 2 Recovery test
B o IR B e . ’
Samples Sucrose added METHE X WH EER
Sucrose
oAb WHWE & B W & ox Detected
y . ; pected Recovery
I}E)‘Ie_;ggliantatmn Eggﬁg:% Volume Concent, Volume value value i
(mol/LY (ml) . (mol/L)  (mD gnol/L)  (mol/L) 5
A 1,92x10°% 1 1%10"¢ 1 §5.66x10"% 5,44 %102 88,1
B 0 1 1% 10-% 5.0%1p™% 100

1 5.0 %1077

* A, Rp®EE Farlier stage fermentation broth
B, e EEHE Later stage fermentation broth
PEMERSERSERRE The sucrose solution mixed with samples in equal volume

T3 sk,

() HENERE T

MaRRLE, BEENSEHER,
AL ByEE R INV + MUT 6 454 Bl
% . SuETE pH6.5(0. 1mol/L PBS),
37°C H BB ESTHE A, BB KB
iml, EEIRAE 1x16 'mol/L, HEA—
EEBNTE, R 2 mingpEzonl R
GODH R & = End & B aE(E 3), it
S B LAY B BE 124 42.9% . B AR
R B 5 W R R B B A R R
B, BT DASCURAS e EEOE 718 (42,9
% )R PR ST G f T

£3 RENEREH

Table 3 Recovery activity of
enzyme membrane

EE GOD W& RA&EH
(NV+MUT) I%é&[l)ﬂﬁ‘f #H  Reco-
Enzyme Glucose L ony
content ?égggggg content f,‘-fn
Uy (mV) (umol} (%)
¥
fgg;me 72+ 48 0.7 10,95
b
Immbilised 72 + 48 0,3 4,68 42,9
enzyme

(N BRESEER Sy

B RHBASEESEN Immol/L
PREENL, EEWMAENEMFR. S
v 45 B — B R[] 58 A0 . 7 5ol / L #88

© HhERFIRME DT R BT TI S 4RI

H—IK, MR GODE A ¢,

o0

5l _,,-:__.“’L;J—-—-A .
6 t—‘:&:zb — |
ET]
£ 44
el
=%
oo
=
D. 490 &80 B3 100 120
Timerfh)

M6 BRMREHS

Fig.s BStability of the enzyme membrane
A, WEHBHEE Response to glucose
MEEMEE Response to sucrose

4 RENOEEEEH
Table 4 Storage stability of the .
enzyme membrane’

REFA*  HAE HRemained activity(%)
Storage methods 1day 7days  27days
A 100 20 50
B 100 190 109
C 100 50 0
D 100 80 &0

* A, EEEXPLCHEE Stored in distil-

led mater at 4 ¢ -

B, ¥ TENS M L CRF Stored in a
sealed plastic bag at 4

C. EHRBEANERBEF Stored in distil-
led water at room temperature

D, E¥TUNSAIEARET Stored in a
sealed plastic bag at room tempera-
ture

Pl 6 JyRBesi R, il s Ry
B, BERARAIMI R R MR RA /Y 101.7

P http://journals
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22 R 7

%, HJ LATA S B FR AR o A A i R R AR E
HAFEME. WKPRIENIESERA
SZEBAEPIRER, NS . 3E
B AL 2 min i, ZEEEAREDT
LI¥E{T 3600 Ml ik, 258 5 RV, B
R T P AT T R 4 W R (T B LR AY
80%, MARBTIERENMEE . £ B F
B, JAMIEEBENERSELD S
K, L1983 E X FAMENH 4D ETEE

WiRE, EENEENETREIE R
PR R S NI R SR 2 TTRERY -

(h) BESEEREY

LT 4—5 AT, =R K 16—
30C, RE 4R HAREFEEE, Bz
LR EEELY., £RGE4)ESE,
Fik BOBEH FRASET, ¢ CRERE
BORRE, HHAGETRERETRE D
HUE,

‘ 5 £ X W
C 1) Satoch, I. et al.Biotechnol, Bioeng., 18:268,1976,
£ 2] Hamid, J. A. et al.. Analyst, 113:81,1888,
(3] MERE. E¥peEiE, 6(4):204,1990,
[4) HAERS. EMTEYEE, 5(2):140,1989,

Study on Multiple—enzyme Electrode for

Sucrose Determination

Hu Weipin Zhang Xianen Zhang Xing Hu Song
(Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan)

Invertase (INV), mutarotase (MUT), glucose oxidase (GOD) and
BSA were coimmobilised via glutaraldehyde-bridged covalent bonding,
and -directly absorbed on the teflon membrane,This membrane was cove-
red with a nylon mesh and placed over an oxygen electrode, An enzyme
electrode flow injection analyze system (EFIA) was adopied , The opti-
mun enzyme composition (IU) for immobilisation on the teflon membrane
of INV-MUT-GOD was found to be in the ratio 72:48:2.4, with a reco-
very activity (INV +MUT) more than 42,9%, pH 5.8-—6.5 was the most
suitable for the sensor activity, The optimum temperature was 35—40°C,
The system exhibited good linearity in the range 5 x1p~*—10-' mol/L
sucrose (kinetie method) and 10-5—2x107% mol/L sucrose (steady state
method), short response time (<(20s for kinetic method, < 2 min for
steady state method), CV=1.7% (kinetic method), The sensor had been
used for determination of sucrose concentration in fermentation broth,
with an average recovery rate of 989,

Key words
Sucrose sensor; multiple-enzyme electrode; sucrose determination
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