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Fig.1 CAZy—-AA3 family enzyme phylogenetic tree
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Fig.2 The structure and reaction mechanism diagram of the four subfamily enzymes of AA3
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AOX (PDB 5HSA), POX (PDB ITZL). EA: L T3{K; Cytc: 410 Fc; PMO: ZLf@ZHEAINE R ; DCIP: 2,6- ~ABE ST H ;

Haemb: [fil£[Zb.
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Table 2 Main sources and characteristics of GOD and GDH
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SR
HEEAALRE  p-D-RIEHE: 1134 FAD Hu" [ =Rk, GMC SRl Rk ot apE, ke
-5
FAD-#i%iFE  D-Hi%i%E: 1.1.99.10 FAD H2RFIMEY F=HAE (L. 5 FH-E. AL EIWE . PSR, L
JIt At B LR AT
15408 i HIEY FARLIRY) MRS AR, L—hEes

VR, TR Y PR, Y ORI e LilhdE.

1.3 AA3_3-ESLEs

B A AL (AOX) dic b & Hi Jassen 55 ) T
1965 4E7EH F 1 Spongipellis unicolor ¥ SRR F:4)
PR, B —F A B P R AR
WIS, ENLVES TR T3k,
N AR AEESS, R CRE. NS
BRI, AR R

AOX /& 8 R MUl b (AR ety | R 22
BE L DGIMEERE) BYOCHERE, B T IX SOl ) 4
LW, AT I e AR A A M B T Y
30% 7', 2016 4, K H Pichia pastoris i) AOX
(PpAOX) HIE5FY CLIE AT AR 2= T X S ERAT 3 DL
PRI T WABE AT I . PpAOX 2 —Fi Rl A
RIKEN, B TESE AR %409 FAD,
1% FAD 1) 5 W B3 43 ] LASE 3xF [ A4 Ak S5 0y A8 1 B
PIAAMERS , 33X 530 5 A0 B 1 2 58 2 AN ()
B BFEREINN, X FAD &1 = 28 o B R S
R K, (B R B2 o X B2 i i fie Ak s 1, JF L
FAD B B 5 AR A K AR B B (5%~
95%) A,

SRk ) AOX FH L, R [ $H 7 1A s AE P9
JiE PR AOX BF R B A . N B
Gleophyllum trabeum (GtAOx) HIEEFEYIH 02
AL/ AOX 5 HuAth 1 AL E R OR JR ) AOX (145G
PpAOX) it 50%~53% ()74 Al Pt ', HC
Uit 5 R AOX B B AN[R], R AS B BB (1% N iy L
S5, BREEDOEH TEM S bric iF gt £
GtAOX JZ ML HPE ALY o H & GrAOX 1Y B 3 JIK
Y, H AR E YK 6.78x10° mol-Ls”!, 5
PpAOX L. H T AARIR AOX 25t 250, &
HOLAE TR LRI B ARMER- . ok A BEREE T
AOX = AF AR Ak rhoRAE T, ik AT
oA E ) AOX, WA Ay 2 ok B B i AR T
FAERIEMEH,0,.

1.4 AA3 4-NtRHERILES
kAL (POX, EC 1.1.3.10) J25 AA3
R IAFEEG R REGE N —25, ARG AA3 K%
BT ) g BE AR SF LY, IRk IH A GMC % fi
M Y POXTE G EE T IZAATE, FRlEZ AL
W H 2 B N TR T B R AE, JEk
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Ah, R R I R 4 S R YRS s b T
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Y D-H AR LIS, D-2EFLBE . D-AKE. L1l
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AN O B T IEH My . 7E Bk LAY B AH
WP TR e, A3 E) T AR 22 E R S B A
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SrIGIARAR ) Cys ik . 453 EoR, HAFAD 5
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Fig. 3 Glucose biosensor development map
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PERE DKL (FZBERRAURE | SA0KRKT
AR Ak EE R T, ARG CDH 45 &
FIA AT, ol 45 ) CDH 7E & 1 1 (1938
ARG I E % B . 5 DET #%, CDH [
BEELAL L E 20 9%~16%, 5 GOD 2., T hi
WInksE, M &R R T AR E R (Po)
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Fig.4 Methods for enhancing efficient electron transport in CDH are summarized
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W R AR USRI HEEDETI AR . o1~ 8 M RZEMCDHES HIR AU 2 . GCE: BRI ; Au: A HIML,
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TET V1A AW P AW Rtk 552 i 3~ P AW I P WA 7 B
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Bl L TR R & S, fLfk DET 3 38l fi i
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B EL 5] A B W I BRE BK B A 4 O I AU
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T T FEL AR ) B ) S AR PRI ME R, PR CY T AT IR
Wi A4S DHA EAER, #3210 FAD
IR TR L, WA R TR A A
TS TP 25 F Bl BAE 5% 3L ES01 (181 4
cl); 4b, JEWiEE A 5] A —A> 548 E653C
(Fl4rfe2) . ¥ ]2 i 28748 T680C DH py IKFHH
SCELARY, LASRAS CYT IfLLL 24 Bh R 15 s i 2 1]
MG B (K4 c3), CDHBRKIL G A
He (CBM) %78 D792C /& CDH fELT4E £ [
H AR, AE R b DTS A [ (4
c4). MHREW, SHE@m EEAHLL, R EE T
DAEE e AR LR (Y BEER T

4~51% . 7E 30 mmol/L Ca* f£7E ', DET #ZIH
Firsgn, Hoeb, E501C #1D792C Y H i 23 38 fin
T 1446504865, T D792CH CYT 2 MLl 5
TR, A FAR B IR AR AR, (P13 b
T A T A AN A2 R ) 52 D

23 ZELEWERSE

TERYT . AT A8 AT 2 U A B X 21
PEAT R RO | v P R e M %) A
HAT, 5 R 2Bk B i 5 A SO a5
GG EETE IR T A L AR — Sy ik
FEEATAE, (e 2 HAERS, FIF R LS mT
PLFE ik ek ol . a4 Mk, JLF A R AOX
(1) £ TEAL SR AR R 3 T XF O, T FE B H,0, 2E itk 1 7
W (R3).

Clark % 2 8 ULE O, Wi B b, & il —A4>
AR — 2 GEE 2 Ag/AgCl) 4Rk,
ZS R AR T, P — PSR 5,
O, 3l 11 Z B B 1. AR Lt AR XS T Ag/
AgClHJ-600 mV HLA I, O, 870, FF/5H: 50,1k
FERUE LU o T4 AR i & B Jk s LA
ANZ HAMRE S A 2E B TR LS, (BAEAETS S0
S R E A 2 AR, BT s
i, HLO, F ARG I 2 o IR sk S aife o A FH A AR
Tidie

1974 4F-, Giubault F1 Lubrano 7 3£ T AOX
T HO, KM (55 — N> LB R AL IR A% o 1AL I
foE ok B TR T AOX L, JETHE
FHL R b R AR s o AR, JF Bk AR TE A T

Table 3 Electrode performance based on O, and H,O, detection

®3 ETO,MH,0, 44K B R IEEE

K AOX[H EHEA SRR eI FasE e
%y ICHR
0, GAZZHK, JedediltlE 1 mmol/L 1~10 mmol/L 2/ [74]
GAH AW EAR I 45 &7 )8 et b 1 mg/L 1~25 mg/L 2 [75]

R R AOXEE A TR I GAM IR Ak 0.5mmol/L  0.5~15 mmol/L 6007 [76]

[ 7 7 J I X S T v 2 1 e 2 ) 4 0.2 mmol/L  0.2~1.2 mmol/L 30% (8d) [77]

B AOX P45 5 B8 11 4 435 W i O G A SS Bk 02mmol/L  0.2~20 mmol/L  82% (607X, 10h) [78]

FH G AR I B [F] 5 75 FH I o 0.5mmol/L  0.5~7.5 mmol/L 50% (7h) [79]

H,0, TT¥#TEAOX 5 mg/L 5~75 mg/L 2 [80]
Nafion/fi& [ & 0.05 mmol/L ~ 0.1~10 mmol/L 6 hJ5>90% [81]

[i] 72 7E 2 A PEIPCS /K Bt % 0.01 mmol/L  0.01~30 mmol/L 12 hJ5>95% [82]
T B A Bl FE ] & FEPVF CLO i A 0.5mmol/L  0.5~3 mmol/L 36 diiii32k [83]
RIS (PDMS) FEEEMAOX AT F b8 (HRP) 0.0l mmol/L  0.01~30 mmol/L - [84]
GASHE 0.lmmol/L  0.1~0.5 mmol/L 90Xkl f5>97%  [85]
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(ZREKATIR 7%) o BLA, 58 N L CsPOX
[P T4 F B b B A AR SRR O T BRI BT
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AR AR N T — ER R A EEAEH . EfE
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b A A4 s H B R R T 7 (UK AR TG
A G HAATRE S AR, I e
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FH TR AT 55 S A T il DA et e i Ak
I
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Research Progress of CAZy—AA3 Family Enzymes and
Their Applications in Biosensors”

ZHANG Zhen-Yu, GONG Wei-Li”, MA Yao-Hong, ZHU Si-Rong, WANG Bing-Lian,
HAN Qing-Ye, CHEN Yan-Ru

(Biology Institute, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250103, China)

Abstract Enzymes in the “Auxiliary Activities” (AA) 3 family in the Carbohydrate-Active enZYmes Database
(CAZy) belong to the glucose-methanol-choline family. All the members in AA3 family use flaxin-adenine
dinucleotide (FAD) as a cofactor, assisting enzymes from other AA families to perform their functions via their
reaction products (H,O, or hydroquinone), or facilitating glycoside hydrolase to degrade lignocellulose. According
to the structure and sequence similarity, the enzymes from AA3 family were further subdivided into 4 subfamilies,
mainly including cellobiose dehydrogenase, aryl-alcohol oxidase and glucose oxidoreductase, alcohol oxidase,
pyranose oxidoreductase. On account of the high expression level, efficient catalysis, diversity of
biotransformation, and fast electron transport kinetics, AA3 enzymes have become an interesting target for
electrochemical biosensors. In order to improve the performance parameters of biosensors, a tremendous
development has been obtained in the field ranging from the production of new AA3 enzymes with tailor-designed
properties, such as the improved specific activity, low O, sensitivity and enhanced redox mediator interaction, to
their efficient immobilization in a variety of nanomatrices. Thus in this paper, we provide an overview of the
phylogenetic, molecular, and catalytic properties of CAZy-AA3 family enzymes, and the latest research progress
of AA3 enzymes used in electrochemical biosensors was also summarised. In the development trend of the future
study, it calls for the combination of protein engineering skills with expertise on redox mediator/polymer synthesis

and electrochemistry to facilitate the application of AA3 enzymes in biosensor.
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