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2.1 HEEEME

B RSB 2 AR 4s & 1 RSB AT 43S O-FE HBH A A N-E i 5 R A
HOBE R 155 ik (AN TR AT 43S 2 RO R A 1 P i DO R TR AR O 2 R
FUTC 5 B, HP B 5 T ik 5 98 % 5 ifE 2R OL T M g & /N A i, BEERER
PAF ATy 28, al o g el e 1 BEAS SR SRS M 1 Al R A AR I (A% TR
e A RIS ) IR (ISR IR e PR IR R A B AR Al AR IR 3R (8 20 40 M 2R 1
R) PR AMA IR K7 IR R SRR MRS, RA SR E A m sz Bts
KM HEAYS, SEEA IR RS MR B E A (P HEER ZHEEAS) . HEA
FARZ AR T AR, 5 A A R BB 56 7 2~ T B AT B B A 5 B SO PR A

(%1),

1 MEANHE RN
Table 1  Classification and role of glycoprotein
FIES FR YER 275 3k
Classification Name Effect Ref.
. o . . AL 535 Z DA BB RURS B, a0 R 565 45
@f%% ;ﬁggii £A)lr‘11n:al] ]‘T.C“n Identification and adhesion between cells, molecules, such as tumor }?%
et & Hlant fectin metastasis, elc.
B IR PE IR R .. - s
o) S FAVE ISV, S (KT RS A s (12]
PR 3 0, RN 0 B B, K 4 7 o R 2 9
o Fellicle stimalati WIEHL, [13]
= ollicle stimulating hormone ( FSH) I . .
Hormone i P It acts on specific tissues and organs, binds to the corresponding
L t/\' .. ’}1 (LH) protein-coupled receptors, activates the secondary messenger path- [14]
1’%1 E‘;l ;;;E%g(gﬁ;nnone way, promotes the release of glands, and plays an important regula-
VBRI AR tory role in growth and development. [15]
Thyroid stimulating hormone ( TSH)
N5 5% PRI Lipoprotein lipase S5 MRS, A B B s L SOR B m i W e fe (16)
i LT YR i Syl PRI 0 19 ML 5 A 88 A e [17]
E Tissue plasminogen activator Participation in the body’s metabolic system, has the ability to im- [18]
neyme 7P 2 fE Hyaluronidase prove the permeability of tissue fluid, enzyme activity as an indica- (197
SR Hepatic lipase tor of clinical diseases such as leukemia, prostate tumors.
- ARG EIRLEG YT D T RAS 0
. 1egG/IgM/IgA/IgD/IgE Complement activation, receptor binding, molecular recognition,
Immunoglobulin [21]

molecular polymerization, etc.

2.2 WEEAMIEKER

Wi L BAT LA I PR 5L, AR 2 il RAZ W sl 5 M A9 i b D W 1, B DA e 3 ) o
&L NI RIS WAL B AT B T U5 BRI A ARYT . WEER 5 R R AT S i 2 DDA G
Zhou 552N T — R TR RIEEAR SR FE AW A 11 R RN, I TR R 1 A O AL TS
ot AR 3 B BUA B A Bl T S IRA TSR RIS IR B R R A B S i R A BB T
PRI HA R RMAR B T A S B . BRIb 250 Wi il vl N T AR IR B0 R 2 Wy, s
BEREAL hCG R AN BRMEIRMER hCC M —DARSEIN T+, i AR AL BAR 7 A B4 20 M 12 57 )2 40 L 23 8
hCG AYEE H U AR M AR , AR Z Ak Bl AL hCG AR IR r Wb A i, W B A i 2
1 2 2 | BB BORIERE S0 7 B SR, SR SO 52 0% o i EEAL hCG KT 15 R B AE IR 19 4 JiE 32657
R PP 1 K A R R DIAHER o FE SR e R I2 W7 Pt AT 2R RIS, De Rensis %6 $2 A 5
WHB IR ERRBR (eCC) IGTT MR GIWIAF AR BTG 3, Tk 1 W34 VR 2 R EE Bk vl T 1l
IRHT A ATRYT , Zhang 551 B YL 5 v 43 B4R IR BT HUIMRE G PR BT B BEAE 3R, 0T X HLkA T T 3%
ik, BT A RIG Y7 IR SR T — Rl RS B . A, MDR BT TEAL ] 2 — 2 22 24 Tk 24 200 ffd o 1 5
i p-MEEE 1 (p-gp) , MEASHUE LS AMIER N, Li 21 RI T p562 AU UL AN MDR 45 T —Fh
FAT AT IR R P P BB B 44 K A (BT p-gp) IR, A3 0 5 R 1 N 1A L 240 6L 1) 22 24 Tt 2454
I, K R TRT R AR B A ik AR L B
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3 WEEBSWAIE

WA A 3 BT AL AE 2R 1 0 B8 S5 A o0 ir 5 3 S e A5, AR AP EEORIRIERE R 1 o
)5 RS JEAR APE 47 52 LU AN 23— [RVE T D e TF . 38 W 7E A TR 38 1 40 BT, F ¥ 2R — oW 2 1
M LR o B R
3.1 sE4FE

R 11 7 B Al A 24 DR KL v 25 BR 24 BT 40 B A5 3 B — A AR R b AR L i TR R
RETFUNIRN 45 A 52 ) BB ol 2 AR S5 40, R L 1 52 A 4 R AU Ak ™ R e FH OB 28 11 s ik
T, Bk EHORE T 2 LR ORISR A o FIE IR 5 K& & B AEA R pH A
VS YR BTy AT AN [R) SRR A A T 49, A4 R R (| B AR (| B M A € i R S L A
FL K 438 DU ) FEDB 2 F T 2 ) L fer AN ), 76 L3 R AT B SR S ) s A A T A i Y A B
PR o= R R TS 0 0 IR T 855 (B s KOs — 0 0 8. i k2 Al
BEEE (53T KNI R TR B AT 20 B 200 AR ER 2 A RE( BAMSs ) 25 A3 Il — WA= 9 431 () L
AR SE AR, AT T PR b o0 0 B SRS BHILROR AR (1 48 AR A o Liu A5 4R
BT TR S R FH 0 0 2 RN 20 B3 Ty ik A 25 R 45 1] BRIk A R R T BAMs SR
FERENE
3.2 HEMNWmAE

LR, B 2R IS5 R A 7 i A i ) R R A Ak ) R IE AR - I I O A
X-SHERATHTY 5 FEW KT SRR (T SRR AL R A AR 45 R 2 O 1 R o TR
B B ZE M (5 AL FE RO B 3% 1 SN o S B A — R ad B UM B 14 O vA R A
T, N-WlEAE B IR FH i A e k07 G o DR I B AR 1 RS O-WEEE BR R FH AL A, W B-TH BR
TRUOVEE RN — G R S A R RO (T T A R R T 1 A3 b ik S L ep U RN S
Z KBS ARG IIREIR . = 0 B G IR AT WS s B (0 S AR 254l i A 2= i 88 B TR
A3 B B IR G F R i DU =5 B T 45 R 3BT, 0 P 5 B AR R | R I B
O A AT I T B 1 R PR i35 o B 55, AT 43 B A B %) % 42 Dy SRR SRR 6 A
3.3 BRMEARASENNER X

S H, R FERRE A0 SRR 0 R 22 M o, IR TR R S 4 R S R I E B R EA RS
e e T AL A, MR BT € TR AT 2 0 5 o, S AR 3 A R T M et i € 3% ol SR P 0
T P 5 A FEL K Y25 T R 68 W AR TR S T R I B A R R AR L . RO AT B s B | Rk
WAH s B UK S A 2 O BT A E RS B EH MmN SR .

2R A PP AR A S OB 1) — P2 A3 BT ARG ) R, AR A ARG v S R ik AR
R - TSI FH 5 i A 32 R (R Sy A7 AR AN AS 5 75 B L lh AR B D R
A A AL PRA 2 A SR A DRI R AT B R AR 0 B RS I & 1 A s A R S, I A TR
BEEE BRI Sk, nT ELBEXORE AR P A RE AT AR O N R SR ARSI v A R T oG
SR | HIC oy W BRI s R A A SRR SR 2O TR R T SRR B BEAE R Y bR S
e L L O SR RS A AR E S Hod AW s 0k N Bl )iz 4
B A8 IR AR Tl 25 B 2 A 2 A S T PR R SO v R A A A P 43 T A T A A

4 BERRANEEAERFNIERNA

A AR AR I S 2 BT B B BR A AU , AT ST RAE TR AT S BB C B A s VA R
IAERI KT T4 20 T2 80 ARARLIR AL HE M 2 11 A WAL AR 7E N (M AR WA IR AR P A 52 560k K
JET ZRA IR SR AR 7 BB IR R RO BE B 3 AR UL IR

LRI, A IR 2R 1 A 2R W) A% A OF AT AL T SR RIS XA TN ORI B B . 325 1k WA Wt
R T B I 7 10 R AL B 4 0T P R SR F U A Ak 5 2 AR R4 E ol st
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FHF o AToB B 1, LA 20 TR R 2L 200 240 e 5 1 ) 2 PSRBT )RR A R i e 2 A SRR A e
PR SIE AR 0 S5, Z2 00 B 1A% 8 32 B R B AT R S B RN T 9 AR S U
BEA 38 0] b — 25 e SRR HR B 2 AR R ) R B AT T R ACRE R W 2R 1 A TR, R FE 48 K bR il
F14) 2R T RSN, IR AL RN, |, B AIRWR B 1 A I T PR, SRR B A B R R SR R R IR 2 RS 5
U &SIV S LR (e i 2 ) g iU s
4.1 BUFLRES

FHE T S TR (A A B 1 PR AL 2R AR SRR H Al R ok 0% 8 R R S B o A AR s b
g4 R S U R 1 T B O R R R e B RO R I, A LR S DT S5 R R
Y vk EAGTN , H AT, LA AR AR N ) A — 2 L A AR IR 0 R4 A B
PRI A 0 R R GE S 2 A RN B R, 3R 2 R g T 3 TR A R S TR AR R A
A A R H R A R B A TR AR R B R B 0 AR T B AR, 7 A SR T R S R 2
GRS WIS PR TE B R T A A H R RS BRI BNAS [V B2 1) B AR R 2R 1 2 1, Fl R
T (4 FEL T RS R e R, AT S | RS FL RS 4K 7 3 T TR AL e A M 2 F LT TR A% i J2 R P
LR SRR R S ESS G (i T SR W EORE 2R 1 2T BEAS T A% R 2R TR MR 1 LT RS AR IR
TR EIBHPUIE 5 B 2R o e B S — 2 PR MESC 2R, DT SEBURE 2 1 A P 5 A 5%
£2 HETEERESMIREE AR E A AL AL S

Table 2 Glycoprotein electrochemical sensors based on lectin-specific glycosylation recogniton

B H BRY) LR RS BER R 6z H L L i R 225 3CHk
Glycoprotein target Output signal type Lectin type Detection range Limit of detection  Reference

IR H, 370 751 PEIIGEM A
Carcinoembryonic Am}II)Lejr?)metric Concanavalin A 1 ~10 ng/mL 0.03 ng/mL [60]
antigen (CEA) (ConA)

Hi :
A ; i HIRH
Alpha fetoprotein Erlliztiocifii:)ﬁ'gg imped- Wheat germ agglutinin 1 ~100 ng/mL 0.1 ng/mL [61]
( AFP) (Eisip Scopy (WGA)
AFIES 5510 N R KSR
}<)1I'§)§ft)e specific antigen  pro - ?aén&}xlfusnigra lection 100 ag/mL ~ 1 png/mL 100 ag/mL [62]
- - BOEEER
i i/}(ﬁ H L2 Vicia villosa lectin >2.25 g/mL 0.68 g/mL [63]
Fetuin (FET) EIS

(VVA)
- - T
E‘%}%%El ! ]EEE)LA: f(’;\r]lxt) agglutinin >1 ¢/mL 1 pg/mL [64]
PR (B B IR WL .
e i EZIMHE 5

%n%gim (ProBL) Amperometric WGA 1 ~10° ng/mL I ng/mL [65]

BELAC 2R 2 s A3 o A SO e B v 1 TR R R R A E 6 P s b R LA v b
FIAE PSR AR B G 9K T (AuNPs ) | HAT 5 B TR R 0 A0 S FIBR 9K AS, LA S HAT B i L 3k
TET FEURITHE 2R 2 M 1) 42 JR A MUREZEAA B, Klukova 55V 6 THEAE R ConA X H #HH & — PEVUIVE It
T YT RO UNR IS . Otk — 20 i Al ) SRBORE Al A T P AR A 280 v S L R A I, 2
F BRI TR AR, ARSI LR34 B AR SO M AL FLAT BB I SR AR T, Bertok 45177 2
TR ARBEEE K (SNA 1) X2 A MR R JE 1B B - M BR AR 1 B A B0 (0 R e, i 4 17— PP R
B TCARICBEAR R BT W s A e B A 2 7 RO 2, BLAG I FRAK T 0. 54 fmol /L& 1),

Hu 55 ook A &9 S EER R AR, B TR S MU T S M BESE R ConA B4 T 42
LRI, IF ] T — T B e A BT R A e, M T B R L RO A DM e A S 3 T LA H B
bR A 1 OB, S T A8 2 M G (P 2)

G F BRI AR EA R e R A2 M 0 e B (R A, 0 2 B R R B TR
ARSI — > R ) A R 5 1), AR R0 ) BRI R X E A 4 3 B RS R AR A HE A v B 52
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Glycan composition of FET
@ N-acetyl neuraminic acid
@ N-acetyl glucosamine
O Galactose

///////////f/ / /‘ﬁ//f/jé / il

1 R TR ICBESE F A W s S ]

Fig.1 Schematic of an ultrasensitive label-free lectin impedance biosensor

HR B3R5 W 45 vh e M 25 B, Wi 0 17O

[67]

Bel 7404

T B AR AR 0 B 5 RN . L -

L T — A T IR A ,\\_y ¢ v/ =
FIUSRF NS 518 5 (MIPs ) ) {38 B o 2

B, BDEAMB S E N TOE gk

W VT R A

TR R IR L 54, DL DN , el
5175|5320 O 524 27 ey, O e e

Al R T W pH (E R AT A 3
BRI FLYC, 36 FH Y pH {E 78 B 58, iR 5
i RN P o S R o o= 71 P
RS, R0 ZEA —E R IR

P, FLEOR BN B AE 58 AN iR ) R AR R
G REBENRED, HRATT L
T —Rh RT3 R T A 4 1, BVRE T W R 2 RE FH B9 52 ) e 1T Bk T L DA, Z PR
FESLEI LG &, 45 A IR A SR AR B A7 o 7 AR B T — o B 3 TR AR Y R4 TER
DR, LA A 2 P A R R 3 S A AR A B3, TR B UM R A R T B B, i 3 pr
7N, R BT R CA19-9 K v B 6k ORI R 3L Sle 54 AWARAR 7, ASBAE — e A T RE FAAA | 2
P S WHENIAL RS | A 5 A4 A CA19-9  KGVE R 0.1 ~5.0 U/mL, K HiBRO. 028 U/mL, [H]
FEA R TR 1 R 1 R 01 B ROE R MR, S ARG S22 73 BT XS LU, i2A% Jaete A UARAIG | i 2520 R
T PR AU A, SR W B ARSI B (i 1 — o SR R vy MGy | T8 e s8OS PR S i AR B ik
4.2 H(EWEOLREF

TR L AR 35 A O A 2 P A M2 A SR SR P R 1T 45 8 P LR (SPR) 7 2 AR R, B %
oy (B AR B CA5 5 AR 1k, AT SEEAI , Horp | SPR AR AR AN T 2 ThRIC , B AR AL IR AR %
T & A A S AR, Geuijen 2517 JEF SPR Fi AR | R EESE X ConA 1 SNA 2555 H #2 b A e
PHAEHE LA RR S MR FIVE R M T — A2 5 SPR US04 R S M TR 3D B 1 R iF B S it
FIFFE (B 4) o BEAL, Angeloni 256177 FEEE S 2 -5 Wl o0 AR S M TRUBIVE D, - 4 2R Dh BB AL 1B M 7
I R B IO CARIC SR A T CAR IR TR 0 240 B 2% T 2 1 M 45 7 ) e 25 0
Brep, Ak, TR S B AVE -, 256 MIPs B9 = 455 S M N i 3 s b7 & iU HeoR 48
TIER =R (BASA) S URAE B R o sie = IR (PISA) 7% R T AR 2 A R R AG T ik
FHT05E 5 2%k i h e R L 1, RO R bR R

TEREEE (0 TR ) Y2 AR TR T I v, IR & A 3 o0, T SR PUIARSS A HAS i

2 SETHEAL S BEA R A AR AR & i A BT AU S R A%
SRR
Fig.2 Electrochemical impedance glycoprotein biosensor based on inter-

action of carbohydrates and lectins'®’
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Fig.3 Construction of CA19-9 electrochemical sensor based on glycosylation change'”
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Fig.4 Construction of label-free lectin-glycosyl sensor based on surface plasmon resonance
TR BORE A SOCIRET I B W TR (L B DO e 2 P HUR SR AR IE ™ (BB S ik —
FEEMELARAS ELA RS A2 R Bt Jiang 251545 H R FEDRE Ik 5 080 4 2% 22 181 A0 AH A FH 6 B0 1 A iy B L 2
JCHRER PT-Man 1 PT-Gal , - FIH A A B IGAE BT, — 203 T IRER 1 R B, K FR
£ 107 mol/L, Ay 41 ffa [8] 4 0 S A HI 3Z AR B LT FE 3243t T 0l S 2% 4R3I (&1 S)
4.3 E%iﬁ_{?ﬁﬁ%

B A AR LT A B SR RO (QCM) A5 R ™ 2R I 75 A% e ™) 4 | J A il it FE L B )
%éﬁfﬂlﬁ%ﬁ%é‘%%f?@%&%ﬁ%ﬁ )R R R X A T S R WS LR EREAE WER AN Niis g s
ARAGAE, PEATRE R0 FR, TR TR R A 1) i H A R Y R RS QCM B AR S IR )
BEIL R BEAE R [ 2 T Ui fb e iR O 6 R i B 8OF & W TR 5 5280 5 IR A — e n
e R, NI AR A (. 2T PR e JEED I B AR, Lu 25558 JF % 17 — o 0 o e A% SR e
PhZ B DI RE AR, N AR SR 75 (HIV ) -1 BEEE R BER A UK AR 70 7, 76 QCM A&/ 3= 1fif
EATENE R G | AR B NSO AR IR LA AR 5 9 2 R T, TR B 3 e AR S ek A HIV % TR 25 1
GP41, K i BRIAS] 2 ng/mL(E 6) . Beoh B AT T4 ™) Hols ™ S S

[76]
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Fig.5 Fluorescent glycoprotein sensor based on novel glycosyl fluorescent probe®’
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Fig.6  Schematic diagram of detection of human immunodeficiency virus ( HIV ) -associated glycoprotein by

surface-imprinted quartz crystal microbalance (QCM) ™
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Research and Application of Glycoprotein Sensors Based
on Glycosyl Recognition

LIANG Jun-Yu, TONG Pei-Hong, LI Jian-Ping "
(College of Chemical and Bioengineering, Guilin University of Technology, Guangxi Key Laboratory
of Elecirochemical and Magnetochemical Function Materials, Guilin 541004, China)

Abstract  Glycoprotein is a binding protein whose structure is mainly determined by the content of sugars and
proteins and the peptide bonds to which it binds. The glycoproteins can be mainly classified into lectin,
hormone , enzyme and immunoglobulin according to the clinical role in the medical field. Glycoproteins have a
variety of biological functions and are of great significance in the medical and biological fields. To study the
biological information related to glycoproteins, it is necessary to establish a highly sensitive and efficient
analytical detection method for glycoproteins. The assay of glycoproteins includes separation and purification
method, structural analysis, and content determination. The commonly used methods for determination of
glycoproteins are mass spectrometry, chromatography-mass spectrometry, surface excimer resonance, enzyme-
linked immunosorbent assay, etc. In recent years, in the detection of glycoproteins, the research and
application of sensors have gradually increased. This paper briefly summarized the analysis methods of
glycoproteins and reviewed the research and application of glycoprotein biosensors based on glycosyl
recognition. The glycoprotein biosensors including electrochemical sensors, optical sensors and mass sensors
were introduced in detail. The future development direction of glycoprotein sensors was prospected.
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