Special Topic: Nanobiology and Nanozymology iS22 iz i

)) )] EUFES LR R
Progress in Biochemistry and Biophysics
D20t as(1):24-34

www.pibb.ac.cn

MAK K FREBRI A R TR

BAME T A

s R S

(RVPHL TR 50 TRERE, K1 410114)

T KEEH D 200 PG E AR, TR — RIS LA K (EUR IR A B, sy etk . AR
fe il S AN AR M, AR BRE T ATTRYSEBRI . O T e IR BT, BN BRI IR B TR LK A R A
8. A 2007 4 % B Fe, O, AR RURL ] LAME Ry i S ARSI, G TAOKME R FF TS AL . S5 RIRMEALE, 2K AR
AR ATRHUEA ™ | BRI S R | A S ARSI . T B R AR AR R B B A K AR R R Y
GUKIPRL, SIEANUESESIR, BRIEGOREIRN G QKL A K AR REE PR CHROE . ITARR, OKOK R TE Skt A
FEPNRIRI, SR A R WG T AR AR IIERIE . 8 SCE Se MRS K AR IR 9 ARG 9 KK i Bl EA T 00 I3 20 e A
PCHLER, 2 J5 RSN A0 R T Agp G TR F) PR 28 S PRI gt ) T EA T R, oS M R ST A KK Sl 1) 24 i PR A AR

KEER AUKKIREE, 325, MALPLE], ETETET
FESES 0643.3, TB383

B E AR, AT ey R A ERR
ZEAEYIRNL AR R AR I E A B, g As
P AR AT AT R, B i B ]
TEMBYSEPR . o T ro X 2l i, HF9E A
KIHDOREOCH TR N TR 2, 757211
I3 E e e e VA=Y e e (A NN N (SO PR S
AR, P2 MR ER RIS . SIRIAY .
nhuk . AV WECRRGWAEY /> (A
M2, MEALPUAREA ) Cam) ZRE, HTHE
PURIR B ZEFFTIRE . B AR E AR R
— BRI AR F I AN B Y S A AL
Y. A 2007 47 % B Fe,O, 2 KUK i S8 AL 1) 1t
B LR W, REEE TR R N TR (FK
hOCHUOKEET ) BB SN W B . A ROk T
(gold nanoparticles, AuNPs) ' % 4k fii 44 >k foi
D ARSI =i IR B/S A RISV S E- -3 k= K f et 7/ B
14 Jm A HLAE 22 #4 K} (metal-organic framework,
MOF) #8228 J 32T R (%) A 0L it £ £ 7
PE. 5RIRFEAALL, DOKRBEEA I EH . AT
BEAE . BRI SZ R | A DA A A I B A AT
A AR

DOI: 10.16476/j.pibb.2020.0073

K Sk il 2 — RS R A AL 2 W oK i S0 ) [R) T
fii, ASRACEI L TILMARINKBIRE, 0
TEEME . DRV . RRRER AN B, AR IR
AR A AR Y BOAR BRI S5 A AL PL
T AR, A K gt s AT LAABEG AN R

A—B + H,0 — A—OH + B—H

YK K i Il 2 S T KA RIS N T K fift g
AR, GOKK A B A 90 St A T a3 2 e
K HA K S PR G R g A 2 SR
F A A WS T AR K B 2538 . AR SCRE 4Kk
FEp TR 028 L AR ML | T RS R P R AT 4%
iR, TEREIR TSGR AT 5 S 1 ) PR AR
AR A i 5

w [E R H KRk 4 H (31401566) , [ K 5 0F & 1T R
(2018YFD0400405) , il 9 44 B #7F- 5 5 A A 1151 (2017RS3055) Al
RGN T 5 5 5 ) W 4 20 1 T RI 2873 H (2013448) W 1)y
s IR

V. Tel: 13308444404, E-mail : xz_jnu@126.com

PR HE. Tel: 1301616167, E-mail : chengyh6488@sina.com

Yk H . 2020-03-19, 3232 HHY: 2020-07-10



2021; 48 (D

BFE, & SKKBENTRIHEE -25-

1 HKIKEEER 32K

K fife it ER 2270 200 R B B BT G, T AR
fb— R BN FRAL A K A . 25 IR B K AR Bl A AR
R G b ) L SO i s, BRI
HHEEZEX" TR AN, £
YRR BRI TETE K S B A BE A AL 1 R T
TV A M AR AR SR, T LURTE K SRR AN
LK A KK RG5> 0 5 2% TR . MRl . WEFR
fitg . HE R AR . B A0S REAL G AL A R
4 @A HUESE AR CL 2 giE I 2 AR A i B AR T
TEPE, BERSMEIL LA PO A . RITTR G A4
g T H R KRR MGk R, L
KEMTRKmIEY (F£1) . XF208H BT A
TR Gy b SRR 2 K K e i

Table 1 Current nanomaterials as hydrolase mimics and

hydrolyzed substrate and representative references

R1 HETEAKREEERI AR R E MR KRR Y

RRF S Tk
e PR EL IKARIE =i
SCHk
BERRE AR SR ot A [15]
Zr-MOF A7) [16-24]
Ce-MOF 4-FEEER AR —EE [25]
PR Hl TR X i 2R i [26-28]
HAM Cu-MOF A IMEAEA [29]
MOF-808 X R T VA A [30]
=S AMHAEA [31]
Ce /24 )RR YT B ik [32]
FHEBAC & T 5 ERINEASE=4S! [33]
MoS,-Co [ EETIN [34]
Al AL S T IR HE T R [35-39]
Fe,0, /SiO,@AuNPs DNA [40]
MOF/Ce DNA [41]
CdTe#f Kb T DNA [42]
[ ST LP/S A IRIERR [43-46]
BRAKES PURTE =l ol [47]
At ARSI JRE [48]
A R RYE R [49]

2 ROKFEERRI LR

UEARR A 2 ) 7Tz R, ER
HEALHLE AN B 1 22 BB ST IR AN B TR AR F 1Y B

S5 7 FLAG R T I %) LR 20 KK S it A AL ATL
FE T RN AR i B R SO i AL LR A T A
2.1 WEESER

HHLBERR /K i B (organphosphorus hydrolase,
OPH) JE—FhEA A A IMAIBEIR — IR, T HE
AR AR fiE 1 Wl A 24 RN 22 B2 ) B0 L OPH Y TR 14
DS EW NS TR 4NHER . 1D RER
PR I 1A 61 24 R A B 25— FE R A . 3Z S & Ma
G 5 YEE A 1 B (graphene oxide, GO) ‘B 242
BT A LK B )1 P R OK Ak 2
FIBLL R EBE (1) e HLBR AN . B
I 1- O EERE ) R, TE GO R 7 A KW 4]
AR JE I K A 5 Zn® AR U 42 )8
HROCs L ZOW 4 & rh s Rl B A P—O SRS X
SEBELAT IR ERZIGE . AN, ] 2-R-1- 8 L ke
il GO E MR IE RGNS, A PRI TG PR B AR
27.3%. XKW GO By FEIL A Al 5 5 DU 4 J& rhoy
SURYIES G mi o R P R AR

KT Ze W& )8 A PLAEZR BB (metal-
organic framework, MOFs) 8 #% HVEBER — 5
B, T 24 Ak 27 857 (chemical warfare
agents, CWA) MYREHE . X — I B A AL HLH] IS
Y15 MOF 942 J& hot> Zr-OH-Zr 4545, SRJG R
B Mk JE B I o0 LR L il hn, 2014 4F
Katz 5§ "' {218 UIO-66 RETE % I T Ak 4-filg HEop I
W% 2 — W 5 (dimethyl 4-nitrophenyl phosphate,
DMNP) #Y7K fif . A7 ZE U 3K 25 T 9 3 Al MOFs
(LNU-1000 "***' F1 MOF-808 ) o #f it AL A
A CWA RYTIEE .

CeO, KA Rl 1 A R B AL AU . 2010 4F
Kuchma 55 ¢ #f38 CeO, 44K A1 4L AT LIFE I A T 5
% it FH of At £k % 2 X i 55 % 1K (para-nitrophenyl
phosphate, p-NPP) ZKfi#, I3 1 i i A o7 H:
HEALHLER . AF9T R, 2 Ce* Bl I p Ce™ i 7K i
RV RIS RE SRR, AR T RN T
22 EQE

B B Tl bR 0 —FPe, RN T 8
P i — FR AT BRI 9 (0 F e L I AR ARk
POBHE HE T8 B R W 5Tt 2 29l il . )
., 20144F L% ) il 1 —Fh BAT 8 RS
) Cu-MOF, & REfE b 4 ¥ 11 & 1 (bovine
serum albumin, BSA) IS A IREEAY K. i
T MOF ) KRR MM ZFLE5H, X Fl Cu-MOF LK
SRIBEEE I M Cu (D) FC5 W% 2 BT A9 S Fl g



*26° EMUFESEYWIRHR

Prog. Biochem. Biophys. 2021; 48 (D)

Fig.1 Schematic representation of the synthesis of polymer bead—GOs and the degradation to paraoxon
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Fig.2 Principal mechanism of nucleophilic attack on the
amide carbon atom of Gly—Gly in the complex
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Fig. 3 Transphosphorylation of HPNPP catalyzed by
functionalized AuNPs
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Fig. 4 The peptides of SHELKLKLKL and WLKLKLKL were attached on the carbon nanotube surface, resulting in the
formation of conjugated CNT—peptides that can catalyse hydrolysis of 4—nitrophenyl acetate
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Research Progress of Nanohydrolase™

XIA Li-Wei, DING Li, CHEN Mao-Long, JIAO Ye, CHENG Yun-Hui", XU Zhou™

(College of Chemistry and Food Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract Hydrolases are a class of more than 200 individual proteins that catalyze the hydrolysis of a range of
unique chemical bonds. However, the inherent disadvantages of natural enzymes, such as variability, high cost,
laborious preparation and difficult recovery, greatly limit their practical applications. To overcome these
shortcomings, researchers have been devoted to the exploration of hydrolases mimics for a long time. Since the
discovery of Fe,O, nanoparticles as peroxidase mimics in 2007, a large number of studies on nanoenzymes have
continued to emerge. Compared with natural enzymes, nanoenzymes have the advantages such as simple
preparation, large-scale production, strong environmental tolerance, low preparation and storage costs, and
reusability. Nanohydrolase are nanomaterials with hydrolase activity,and the hydrolase activity of metal organic
frame materials, carbon based nanomaterials and gold nanoparticles has been reported. In recent years, the
research field of nano hydrolase has entered a booming period, but so far no one has reviewed nanohydrolase. In
this review, we first classifies nanohydrolases according to the different substrates and discusses their catalytic
mechanisms, then summarizes the factors affecting the activity of nanohydrolases and the application of
nanohydrolases, and finally summarizes and discusses the current challenges and future prospects of

nanohydrolases.
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