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(CeRATEE LALTEFELZE, 1L

ANTRT—RATHNEABEESERSBNTRERB S RRENR. XHEREhE
FRELEBE L AL ANRNLREHERBEES R, WET &FEE L RRmR R E
W F0 B AR A S B S ST R E, 45 R RAARMAER IR E (CSR)Y REHMMERSIE
pHY 6.8, BBIRfEY 30T, EAEMN 6 K, ERT MR, ERAEZHHH(FIAR
MR B B pHAT, 0, BOBIREE 2T, MEBTEEH0,0125—0,125mol/L(ES(20ul),
WE(CV)R1.3%, WRENERImin, REMSKIEXER =098, EHHEGL IR, 8%
FUBREEREhSEESE, SERFRNAYE, HTEERL6%.

R SEBRNE EWEERS SERELE LRBIN Bk

| AEB AR R AR R
SRR E R, BRI,
MTRAR, RELRBAE & W E, ¥
B, AR PRI A M B
REN R A RE A RO,

BERRE YIRS W R T % —

WERREREN, EEOEhakEER
SR, TSRS RBRRER
B, Rl EEEAUTILN, LE
1,

£ EFTARENSEREDLEE
Table 1 Glutamate biosensors based on various principles

= 4y BEGREY s BB
Biocatalyst Reaction products - Sensors Reference -
1 EEBBRSNR €O CO: % 1y
Glutamate decarboxylase CO; electrode
2 HEMRER NH,.+ NH;®# 2)
Glutamate deaminase NH; electrode '
3 HEMALH O: M e
Glutamate oxidase DO el_ectrode
4 HEBRALE H:0. H:O: 4 L (4)

H:Q: electrode

LA R B E LB R L ok A IR Al 2
1 U AR A R 2 B W R SR B T

Glutamate oxidase

JrEk 1 RSB, Hoik R4,
{HCO, H iR M B B AR R I —

REERENEARETNENNEER  RER,

8, 20 mingfi, Fik2-4 BRI . -
NH, 1 O, g, FLEREE MR HEE5 ¥ &
LR A AR AR, ROTH (—) &N

L-#RBUERTE
HxF1991éF 4 A 6 Bz gL

HEHWE LB E P Eial LR #&, Yamasa %
WA ERBATHEEOSE, AXHS
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NSty ek, Sigma A5 H 2,
Jtiltsh, FEMET BECARE, C.P.;
KH,PO,, A.R.; K,HPO,, A.R.,
LBAEAFE 588, FERH—
s BB, BEASFEN 100005 3,
99,99 L #5ALAE 3SR M Rz 3
(D) RiesE
SOIRVERIE IR, BN BRAT

il
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10=—==

7

T21RUARESE T, EHSSHIRILERTs PH
S-4RIBREETE, BMIEEETFHE s 81-
SRIER#E T HHR, LEETASE T
#7s SV-1BEliikEl, SEER%¥H
BB, VZI 200 BMER, HHEAT
SEREPMLT; XWC-100 # B 3h F i
R, REMET s R, HE, BE
Zhos5cm MBS BETHREY —

% .

‘tﬁuu | U=

: g N e
il

(a) CSR system

(b} FIA system

Bi NBEEROSHEEERRE
Fig.1 Schematic diagram of a 2-electrode system for

glutamate analisis

1, B % Reaction celly 2. m# DB Injection port; 3, T4 &8 Working electrode,
4.7 Counter electrode; 5.%& i M#E Reference electrode; e, #fif Poten-
tiometer; 7. MR EH Voltammeter; 8,385 Recorder; o.(a), REHEHIE(Q)
Electromegnetic stirer, s(b), #EF(b)Micro pump;i0, EF{RE A Thermostat

water; 11, (b)Y ¥ Stock solution

Wi, H&L51d, BiLEE, 2323,
ki =i 1 o
(D) RRRE
MEARRKER SRR RN

1 (CSR) I B 2 45 Fiife i@ 388 247 (FIA)
RE, R&wnE 1 BiR,

| BEBREGHERRNEHOLE?2)
RHEEN S ecm WEEEE . A2 8
AZEgk 135mg, AE 2,95, A5
mlb) '*1, RAEMREAEDES K Y L,
A B AR EMEE EERBEN, #
EEN—WRBE SR, HEB L E
m,%ﬁwﬁﬁﬁﬁﬁmﬁm,ﬁﬁtﬁ

B ERBWE, W O- WEERBEEE,

(m MNESHE

1, CSR&E%Z: FEEHRREN, &

o ERHE B
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-

o

ANy
}Q%%&ﬁa

o
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2 FERGBENEW
Fig.2 Structure of glutamate electrode
1.8 &R/ A Pt-disc; 2, 788 Graphite pas-
te; 3. B EMEALH Glutamate oxidase; 4.%
% Dialysis membraney 5.0-## O-sili-
cone rubber ring; 6. FE# s Epoxy resiny
7,848 Cable
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B 2 # LE

B Fmhr 200mV /A= RARRLN B
7, RN B R BN E R, i
A—EBZWER, BAZRR, £EH1
(@) BR, FFREBRHETDRN, 3%
SETRE, AMETHBNARS, FE
FESRMmBREE L., RARERRE
ZEE—EEEASHEMPERRS RN
Et, WE—AFa, RO P W A
7, SR i =k, B S AR,

2, FIA 5ég, REPREAR LS
CSRAZLMIA, HRMMRELU—EMRE
KRBT AREZERN, FREREERRE,
FEAMBEOEAR &, X—TEME R
BAEEE, AP SRBRIER
XS TPIE B BT

R R

(=) KEEEREENENEHE
x

1, BiBihikEE: ACSRAMFIARA
RGeS BT EAR VR B R 2k R ME
St LR B2 TR, SR 3 TR, 7E
0.05—0,5mol/L 7 HE Py i 2k X CSR 7
giR R WAk, Hx FIARS H
P O N J PR A, (EL 08 % T 2 2
#£0,2—0,3mol/L,7E0, 1mol/L AL ma
PRk, HEEWHRA ME T Lk
8, PRZEL 0, 1mol/L {ER TR &K
#ro FLA ZRGE e HUIR WA 12 B [ JL P45 18
SEFE 1 min, ETFEEIBRAN, FLFTAE
HpFEA AL,

2, PHEEN: MR PHIG#HER
£ 42 2hi% (0, 1mol/L), 7£ CSR FFIA
P B R G s BRI SE R ) PH % W AR
WIRE RN, SEROLE 4)£H, EH,
B R h 31 PHE, 8—7.0 RS &
R AR, SO 3R LIPHT 0
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B RELEENEBEEAER
Fig.s The effect of phosphate concen-
tration on the response of the
electrode
#, SEMEE o,1mol/L, 20ul,0,1mol/L
glutamate zopl; MERE 27.5C tempe-
rature, 27.57;
— - EFIA R b m ¥, The res-
ponse of the electrode in FIAj
—x—Wipt CSR R ¥+ 1mm ¥, The res
ponse of the electrode in CSR;
—s— Wi 7 CSR FR&F m Wet |, The
response time of the electrode in CER;

/

|

e
Response time {min)

r
=

3
- I
e x
in| '
S S W T

el

B 4 pHrmBmEOEH
Fig.4 The effect of pH on the response
of the electrode
f, AEMEE o, 1mol/L, 20ul, 0,1 mol/L
glutamate zopL :
WEEHE 27,5T '

- o~ —WBEFIARG P e The respon-
se of the electrode in FIA
—x—~—HKRECSRRLK b & The respon-
se of the electrode in CSR
—o— i1 f5 #E CSR % 4 i YW B2 BY (/] Response=
time of the electrode in CSR

T &M,
fF25—32°CIEEAEHA KR, ECSRES
i LI30C MM ERK, 3BCHETR. &
FIARZ P Bl2T—20°C I ER K. AT
R BRI Gy, AT BER A RAIRAR
BEP, WU TRZSCHURERE.
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3. BBEHREM.

TREZHRENBANBEHEEMN
Ko SFFBEE, WERREEHRE
m R B, ERIE 5 BT,

Response value{; A)
= N W
Response timeymm}

Bs BENGEgENER

Fig.s The effect of temperature on the
response of the electrode

. #8® 0,1mol/L.2opl, pH7,0 0, 1mol/L
glutamatae 2opl, pHv.0
—s—BHEFIARS F R The response
of the electrode in FIA

X —BBECSREL & iy K i The response
of the electrode in CSR

= o —HBECSRR S b #w KR A The res-
ponse time of the electrode in CSR

1, SRETREW. £8 8RS
WA BMASRERET, HEH Y
0.25%, AWK, MEXLEMERE
R, SR 2 PR, ECSRER %
s, Mg+, Cut*, FZn® il L¥E
gnﬁ]’ ﬁPb2+‘ Fei+‘ Ba2+‘ ng-i-*n
Ag'BATISW. FEFIARSHIUE Fer )
WREWEEEMR HEFACSRRL. &
FE B R RE P 2 R B TR R 8
SEBI BE PAOUREE, — AR LB AUV
Bfk 2 SRR, WHEW T B, &
FIARSid, #CSRAZLHMAMS RS
54 REF LIRS RMATOM,

5. SEBEVERBNET—#H. ]
BT A RERRRN, SRR
3 Fim, MRS ERRER-LRANBAL
RHTME, Witk 11 HEER 5, &
CSRE%, BEERNERRILAY
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Table 2 The effect of metal ions on the
response of the biosensor

N Relative Response
Metal ions CSR FIA
Control 14,0 34,0
Mg+ 14.3 35,0
Cu?* 14,0 33,6
Zn3* 13,9 32,5
Phi* 12,3 32.0
Fe2* 11,8 32.6
Ba®* 11,0 29,0
Hg3* 10,9 25,0
Ag* 10,0 21,0

#: FEBR0.1 mol/L)zopl, &M THE
(mg/mlysoul

Glutamate(o. 1mol/L)2opl,metal ions con-
cn. {1mg/ml)soul were added

TBkBEF MR, 1EFIA R, BEBRM
REZBA—EWE, REBRMERD,
—REARRERACP L- BER. BE
MARL BB SEEN, AR E
FREABENASERSENERE B,
RHRFIA R4,

(Z) sRBERHEENS

LAWWEER.: URA—KE. AR

- BHASBRRERENI&SES ARKL

FE R ARE FIA Rgp USRI 1 W
i, EEFIE 6 Pron, HRE2,5—25ul
0,1mol/L{(#%F0,0125—0,125mol/L,
Fg 20D B ERTEBEAREEXR, K
e A S A dr=0,998, H L HEH IR
Fe AR B BT R AR 7 B035 T iR B B2 IE i 2 F
KR HFr=0983 HEHECV=1%, ¥
Rz B E] 2R 1 min,

2. B M. ZFIARS S, H5 20
vl 0.1 mol/L 8 mEdrfER, BE L
w, MERRWEER, SREE4L, £
I, e ARw N F IR, SDXE
HimzE, CVIiEEE, ¥4 THESE
MR,
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Table 3 The specificity of glutamate bicsensor

Sample Response(rel,value) Sample Response(rel,value)

(control) CSR  FIA CSR  FIA
Glutamate 160 100 DL-Asp o 20,5
Glucose \ 0 L-Cys 10 8,9
maltose 0 0 Glycine ¢ 0
D-Fructose 0 o Valine o 0
D-Galactose 0 0 Tryp ] 0
Rhamnose o 0 Alanine 5¢  10.7
Inuin o 0 Na-Pyr o o
Refinose 0 ¢ a-Ketoglutaric acid 0 ]
L-Phe 0 0 Butyric acid a 0
L-Arg HCI 44 32 Na- Acetate ) 0
Isoleucine 0 0 Succinic acid ] o
Tyrosine o o Na-Propionate 0 0
Leucine 0 0

. WNoopl, B EmeyERY K0, 1mol/Lysopl, #RMAzopl. ENEM: 25T, pHT,0 0.1mol/L

ERMEENEE

Glutamate ¢o.1mol/L) 2o0pl, all substrates(o.1tmol/L) sopuL except Inuin 130 pL. were added,
6, imol/L phosphate buffer(pH 7.0y and 25%¢ for assay were used,

=
)
w 1.5
2
g2 10
% 05
2 . . . , .
g 0 5 10 15 20 25
Yolume{p])
e & W &

Fig.s Linear response of the elecirode
0,1 mol/L glutemate, pH 7.0,217¢

3. HRET: HHEEHEEER
EABHTHELR—EBETERTER,
HECSRE %P, 42 I5minfllig—1#, &
KW E 30 M, FEFIA REgh, S6
min il g — A, SRLWB0IMEE, WY
REGWEW-EMFEFBEFIAES, &
F5ERUH, HCSRALZH, WREL
6 REM, MAEFESNW N H TR

¥ 4 SERLESUE FIA B%3 0.1 mol/L #MBIREREN 200 MR M
Table 4 Response reproductivity of the electrode in FIA to 0.1 mol/L, 20pA

L-glutamate solution,

Response Number Tout SD cv
value 1 I 2 I 3 I 4 [ 5 I 6 ’ 7 ®A A ¢9)
(nA) 2,11 | 2,05 ‘ 2,10 | 2,08 [ 2,13 ( 2,08 | 2,04 | 2,081 ] 0,003 | 1.3

B, ZFIARS P, BT HEHEEAX,
oA R MR R R,
() #EBRSEENGIEERE
RITEHH S ERBELR FIARSE
BRI R € R B 0 R
WHERMEL, RBEERELB—50E)E,

© hERFHE

F3 45 B e B 23R B 5~—25ul B FIA
R ME.

1, Bl®R: F—tE5ARREENRE
MEBEMEKENTES, TERHE
P [ ) 2 B ) P A O Y R S LR A
EEEAAE K ERE, ZREEHEWRER
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x5 AENNERES
Table 5 1Jseage life of the biosensor

Time - Respondse value
(d) CSR FIA

1 35,7 43.8
6 28,4 37.2
8 16,3 © 28,3

#, #X®, o.012smol/L, toopl, 21T
Glutmate (¢,0125mol/L)10oul, 21Cwere
used, .

25 FRENNASRRERENERE
Table 8 Recovery test of the elecirode to
glutamate fermentation broth

Fermentation R
. geovery rate(%)
time¢h)
12 94,20
26 93,75
28 99,09
32 97.34
34 103,48
o

2. HHEAFIARGW E ZBERTA
EMEBNRESEEPHR N ¢ E
#HIFEhiE, WERRER, THREH—
AR SR AERRTET , HXAHIEH
SRS SREMERTT, &Y AFIA
REMBEMpE, x FREF®E 2
., HE 7 HEAFH.

E)EE R ¥y=10,9821x+0,0939

MR, r=0,993

AT RAEENRERHEYE— .

Production acid(+)

"T1s 20 24 28 B 3
Time{h)
B 7 ANAsSESsaRFIARKEMELY N
FEARTERALKELE
Fig.r Comparison between the results
using current elecirode FIA sys
tem and Warburg method for the
determination of glutamate dur-
ing fermeniation
i, Current method;
2, Warburg method

% iE

AEBEFREFSEE, BRER
thilt, T—HE8EF, ATERAEMREA,
HE BEEN0,0125—0,125mol /L5
20ul), WIREEHY 1 mingefy, BIEE
FARF BN 0,908, HRAEFL1LH, ¥
FE(CV)1,3%, G55 R AR
B, MXtRER 6%, FHKRMEMN X
R¥r=0,993, EHHRKN0,9821, Bl E
HEREFIRTSEREMBRL SRR
RN EEETERESHETHEEME
FTHEERERETEN, 23250
BT BE ) F LR,

$ £ X B
C1]) #FPRE HHRAETRRER, 1403 )r1265—373,1088,

( z) Hikume, M,

et al, Angl Chem, Actaz., 116:61—87,1980,

[3) ABAS: BEEYIOFIEERN, 4:130~138,19088,
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Study on Ferrocene Based Amperometric Sensor

~ for Glutamate Determination

Li Yourong Chu Ju Li Qinshan
{Rerearch Institute of Biochemical Engineering Fast China University of
Chemical Technology, Shanghai)

The study on a new glutamate biosesor, which was mainly composed
of glutamate oxidase, ferrocene, graphite and platinum disc was presented,
Various factors which influence the response of the biosensor to glutamate
and the performance of the electrode were studied, The results show that
the optimum pH and temperature for the electrode in CSR were 6,8 and
30°C respectively, then in FIA 7,0 and 27°C respectively, Among 25 su-
bstrates tested, no apparent response were observed for sugars, organic
acids and amino acids, except arginine and alanine, Good linear relation-
ship was obtained within the range of 2,5—25ul(0,1mol/L) glutamate,  The
correlation coefficient of the calibration curve, r=0,992, ihe response
time was 1 min, and the useful life of the sensor was about one week,
Satisfactory results were obtained when the biosensor was applied to the
determination of glutamate in fermentation process,

Key words
Glutamate determination; biosensor; glutamate oxidase; chemically
modified electrode; enzyme electrode
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