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Fig.1 (A) Configuration of the microelectrode tip and schematic diagram showing the function of various layers for

146J. (B) Schematic of the assembled microelectrode array for continuous measurement

of glutamate in the brain of freely moving rat-*’
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Fig.3 (A) Schematic diagram of online electrochemical system ( OECS) with enzyme-modified ring-disk
plastic carbon film electrode ( PCFE) for continuous measurement of H,0,; (B) Schematic depiction of
electron-transfer process and chemical reactions of ascorbate at PCFE; (C) On-line current response recorded

for H,0, in brain dialysate '**’
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Fig.4 (A) Schematic diagram of OECS with glucose oxidase/PB and lactate oxidase/PB-based biosensors for
simultaneous and continuous monitoring of glucose and lactate in the brain of freely moving rats; (B) Typical

CVs obtained at the PB-modified GC electrode in the absence and presence of H,0,; (C) On-line current-time

responses of glucose and lactate in brain microdialysate “®
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Fig.6  (A) Schematic diagram of the OECS with dehydrogenase-based electrochemical biosensors for
continuous and simultaneous monitoring of striatum glucose and lactate following global cerebral ischemia/
reperfusion; (B) Current responses recorded toward the microdialysate in wvitro with different concentration

levels of O, and pH value (blue trace: lactate; black trace: glucose); (C) On-line current responses toward

glucose (black trace) and lactate (blue trace) in brain microdialysate"
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LAl A= 0y P A 2 0 #2211 i /K ) 1] FEL AR R TRT IR, T Cu™ 5 5 H Al 2 (8] S B 300 B
FE TGRS (E I 45 Tt 7 R A 2 TR P ] — R AR ) P A 2 T 5 4B i DG T L 8 A U e e ) R
Z—1¥1 2006 4, Zheng 55" I FIRR N KA 16 i e SIE B T R IG5 H W =2 [ 1) B 1 W 156 % IR TF 9T
AR i B A AR BRI TSR . R TR A M A A HL B B, W TSl S R
BN 20% LI AR AR 1 R 5 B AN K A8 2 TR B AE ELAE T (o 1 g AE B 4N K 8 BB
TH AT B RS R 4w AR O, RUMELIE SR AR = T 6 1%, BffS , Han 555 4858 TR
[ CBRANOKAS B3R A S50 ) FH T HIUA R 1A 13 7 /N8 ( Small laccase, SLAC) X T+ 0, i J5 A
AR 225, K SWNTs-SLAC B 0 AR XS T 0, B IR A e i dse R, BTtk AT T4 ) T 4k
TRk 2 T ot R IN R I e R A AR T o RO O R T A K b Y 2B W vl Ak 2 B B S A 3R
S TR
T, Wu 55 I A T R AR DGE 1R A F (57 Ak S SRR | (o AR A WA 1) B 2T A4 P B A Ry
7B, T N FE A 58 IR P % ik 09 B 6 A A8 1 g LT AR IR AT AR S 48 78 FEL AR v 5 W], DA
PR BT BT 0 R AR I 43, A P B 9 K A8 T A e 2T Ak AR A BRI, R T USRI S s 5ol (5 5
12 7 S HE A I 22 575 (Galvanic redox potentiometry , GRP) , W& 8 FT7n . % i B 42 H (i 75 1 Ak 2
F T A A BUE S Y [R) A0 SRR T B IS A 223 Bl rh Al 2 A A 8 L TR Bl 22 [ ) GRS At
TR

5 ETHRBREREBHENER

B 1 S A T RN SR D A= R B e R B T R A s A AR TR BUR 2 Ak, AR RE A A
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T3 A Tl 050 22T ) P A~ 1 St T W ) — 2R 97 et 5 1 e IS 9 135 A rit A 2 A A B
AT A SR AR IO H 2 A 2R B (3] S0 i v S B[R] A s B ) S B g, A7 A T A=)
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BT, (0 A F A AL AR A 58 0 R ARG . 2018 41, Wu 451 2 VROKE 1 388 40 BT v 19 2k SR Ak 388 i o
FFT AR SRR 1 O T BER B A R 15 SRR R I AT B R N e UL 2L RN GA 1A IR 5 JI il - 22
H 2SR RSl O B S 9 ( Flavin mononucleotide , FMN) FIER-B 45 & HUL AL, AR BA
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(B) Schematic illustration of the GRP sensor for in vivo analysis "

PIAS RN AN 9 FR o B EEAL Y @R B A R A O, T, ICTE SNl , M BT &
PRGN 9 7% S FiL A 2 A W A TR B 0 1O R B

9 BRAEALIE AR RIS ZURR A U ) A RS (RIS ) BN [ o A8 T (A 5 ) 4 R HL i
A mL(Z250) LA SR AL (A791) B 5 P
Fig.9 Crystallographic structures of ferredoxin (Fd) and ferredoxin-dependent glutamate synthase (Fd-GItS)

(middle panel). Schematic illustration of different mediators-based bioelectrosynthesis (left panel ) and

bioelectrooxidation (right panel) of glutamate "’
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[P35 ¢ il 8
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AR I HES & T Aptamer XF A B8 2% A9 THU RE ) AL T DRIE (1) BHES 7R A4 Pim X =B R AR 158 45 &



5510 19 BLOWAE : IER R A W AR R T S o 1475

Gate electrode

PBS CSF
; @ ° (Ag/AgCl)
e d @ Au(30 nm)
@ 2 Ti(10nm)
. L o,
-] ' a’ﬂ, In,04(4 nm)
= { f& Si04(100 nm)
ooooo i R

Dondecanethiol PTMS  APTMS MBS Serotonin
. v ¢ ~ @

B0 (A) 08 db A AL~ 1 R 8 1 5 (B) 3000 A A 222 AR 7R BT (22 31)) Btk
EEPUR (A9 L) S g & I (4751 F )

Fig. 10 (A) Schematic of field-effect transistor surface chemistry; (B) Layer-by-layer composition of field-
effect transistor (left panel) as well as its microscopic image (right panel top) and photograph of experimental

setup (right panel bottom) '**)
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Advances in Electrochemical Biosensors for in Vivo Analysis

WEI Huan'?, WU Fei'?, YU Ping'*, MAO Lan-Qun *'?
'( Beijing National Laboratory for Molecular Science, Key Laboratory of Analytical Chemistry for Living Biosystems ,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China)
*( University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract As the chemical species build the essential basis for mediating and modulating neurotransmission
that determines various physiological and pathological states of the central nervous system ( CNS), the
fundamental research on neurochemistry, especially the investigation of the correlation between neurochemical
dynamics and activities of vesicles, single cells, neural circuits and the entire brain, has attracted increasing
attention due to its significance in understanding the brain function. Electrochemical analytical methods have
made tremendous achievements for in wvivo and online continuous monitoring of neurotransmitters and
neuromodulators. Among them, the methods utilizing enzymes or aptamers as the biorecognition elements and
rationally designing electrode surfaces/interfaces to construct the electrochemical biosensors with high
selectivity and high sensitivity undoubtedly provide attractive approaches to quantitative monitoring of brain
chemistry. This review mainly focuses on the recent advances in electrochemical biosensors for in wivo
analysis.
Keywords Electrochemical biosensors; In vivo analysis; Online electrochemical analysis; Brain chemistry;
Review
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