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Exploration of Agricultural Disease Detection Experimental
Teaching Based on Portable Diagnostic Technology

LIU Wei-peng, ZHENG Chun, HE Liang, LIU Ying-ju"
(College of Materials and Energy, South China Agricultural University, Guangzhou 510642, China)

Abstract: To meet the needs of modernization in chemical experiment teaching, this experiment
combines the CRISPR/Cas12a system with DNA hydrogel technology and designs a teaching scheme
for the detection of agricultural diseases based on colloidal gold test strips. In the experiment, the
gene—specific recognition ability of CRISPR/Cas12a is utilized to trigger the controllable depolyme-
rization of the DNA hydrogel, releasing the signal molecule hCG, and realizing visual detection
through the test strips. Teaching practice shows that this scheme effectively integrates molecular biol-
ogy, materials chemistry, and analytical techniques, solving the problems of traditional teaching
that rely on large—scale instruments, are costly, and lack interdisciplinary integration. It provides a
new approach for cultivating students’ innovative abilities and practical skills.

Key words: test strip; DNA hydrogel; CRISPR/Casl2a system; experiment teaching
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Abstract:

The sustainable development of agriculture is crucial for the stability and progress of
human society. However, the widespread presence of pathogenic microorganisms poses a
significant threat to this goal. With the intensification of global climate change,
existing pathogen detection methods are no longer adequate for early disease
identification and handling complex samples. Single-molecule nucleic acid detection
technology, capable of precisely quantifying microbial genes and uncovering ultra-trace
mutations, is a key technology for the prevention and control of agricultural diseases.
However, its application is limited by technical and equipment requirements such as
droplet generators and micrometer-scale channels, hindering its widespread use in the
field of agricultural disease. In light of this, the proposed project aims to utilize
nanoparticles as microreactors, and based on the theories of efficient nucleic acid
amplification and mass transfer in nano-confined structures explored in preliminary work,
to directly achieve absolute quantification of pathogenic microorganisms in solution. By
integrating with portable diagnostic devices, we aim to develop a single-molecule
diagnostic platform for agricultural diseases that can be widely applied in laboratories
in resource-limited areas and field environments. This innovative approach is expected to
enhance the efficiency and accuracy of pathogenic microorganism detection, which is of
great significance for promoting the healthy development of agriculture.
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Keywords (FH4354%JF) : Single cell analysis; Biosensors; Confined domain
structure; Heterogeneous interface
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Abstract:

Potato late blight caused by Phytophthora infestans is a global destructive disease
Early diagnosis of late blight has attracted attention from scientists in many countries
and international organizations. The infectiousness, latency and drug resistance of P.
infestans are determined by the gene regulatory network, and the identification of a
single gene locus is difficult to provide sufficient diagnostic information. At the same
time, due to the high probability of mutations in the genome of P. infestans, the
traditional detection methods are faced with challenges. Therefore, it is urgent to
develop a simultaneous, programmable and intelligent diagnostic method for potato late
blight detection, which can suppress disease outbreaks. In this research project, we
introduce targeting endonuclease-mediated genome editing technology combined with
molecular logic gate platform into the detection of P. infestans, and use nucleic acid
editing enzyme to accurately identify multiple significant genes; use molecular logic
gates to construct gene—gene interactions, gene—trait interactions and gene—drug
interactions; use droplet microfluidic system to realize single—molecule DNA analysis
The completion of this project will provide new technical support for the early diagnosis
and accurate classification of P. infestans, and then provide reasonable suggestions for
the use of pesticide and cultivating disease-resistant potato. More importantly, to
provide a new assessment method for the potential outbreak risk of low content and high
virulence strains, and to provide a novel research technique for exploring the pathogenic
mechanism of Phytophthora.
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Keywords (FH4r54FF) : Targeting specificity; Sensor; P. infestans; Molecular
logic gate; Droplet-based microfluidic




F % A AR AR B E I (B HIBTE)

W4 HAEEH IV =20 AL 4R R UEAF 51 TH 43 1 %F“I??
it | 1987.09 | 5| mEE | Wb fERTRIAE 02085280319 oo 198709 by e A 10
BA% | 1964.11 | & B Wt fERRIE R 13544533767 i?g‘;’%l%“ 125 %ﬁ’gg*ﬁwﬁ& 8
B (1989.03 | & | g | Mt ERKN 15121026819 P 01900 ke g gt 8

FHIA [ 1992.03 | B Ak Wit ERRALR 13570203041 ég(l)éozwgzosgo %E*%ﬁfﬁ”%&ﬁ 10
gt | 1992.02 | 5| bk mit el 13938530448 1072719920219 %’g*ﬁﬁ%ﬂ%&ﬁ 10
WiasE | 1996. 08 ik e el ko 19854815582 10000 0700824 % %Eﬁ&ﬁ?& 10
gk | 1997. 06 44z b ERRILR 13202773722 8/2150319970622 Ei\jﬂf;@*ﬁ&%ﬁ 10

e | 1997.09 it et MERRAK 15813387901 12 022119970906 %%ﬁ*ﬂ B 10

ISP 74 g e il A A

8 0 2 3

32




PN

% B AR AR ST B U H T (BUEEHIHE )

EREAMFEEMESMBMESR

T H keSS 32170100 TH AT X SRR JITC
P BEH 2 Fx Xl
1 — B RWIH B A 58. 0000
2 1. W& 5. 5000
3 o WA E o, 5. 5000
4 2. Mg 41. 9000
5 3. UiS 10. 6000
6 T HAdRIE RS 0. 0000
7 =, fit 58. 0000

VE: T MU BIFT S Bl 245 BUUCS BRE H TS 0.




VN % AR e T B (P )

EGAAH

(FER (AR AR FELTETRIEMERRERA) FHERER, RREAAFE. ERERAERET 6
BWEN, ZERERFANETH. BRA, BEFANEZRESR. VEF. FHRARMER, EIKANES
FHAE 4 X A R ATV . AR =507 TR &% . R ANRELR BB K S HTRERHA. D

A B R BELRS8T L, RIET B AN Bt X BOR, 2 & &k 69 Fl A 1 H 52 b fde

T

L&F: MPEEFNSSH Lo

AR ATNEZWEFIIRAMNE XL, 252 2HEHEBRRG)DRREME,

1) FEFRRARETIEREE QAL : BAHBHFS (067 T/E6) . eahiHHHS (047 T/E).
REFRHE 027 T/E)

2) VAR KFMBIZEABRERLEE QA L) : KERRSSE (017 L/E) . £54BEE
% (087 TL/E)

3) RAMAEEE (1SHL) « WMEARBHEHRK (057 T/E) - EREZRALER (0.17 T/E)

Y 5% AHEEFAH41.9% T,

(1) ##5%

TR A R ARIL, ARETH EAARIT . BBRY AN BRI R & F IR A6 £k X
EAAHEMGWE ., EPERGEFA: BRZAERK (700T/#) « @B ARARIGIF & (420
/508 « BB % iE B (3 F Cas98517990/400 pmol. Cas12aB58397T/79 pmol. TtagoB4899-L/50 pmol).
T7 RNAK &8 (6997T/5000 u) . DNAK &8 (2897/200u) . Nicking # (6895T/1000u) . RNA
Badp 7 (7597L/3000u)  EZIAR (9997T/gal) . PDMS (657T/g) 4.

(2) MEAMTA T

MK T 0,8 A KA T AR ATMK BB A AT, AR B & BB RESF, IS A agmiK e,
#: RALERE M. BREE. B4 €. AREEMN. FiF 2 SPCRIL. AZIM., &R EME
&%, MIRXABHF R4 T RALEREBME200T/ 0 428 E 53000/, A 52000/
B R EA100T/ ) B, EBFE FPCRALIOOA/ B, BRSO/ DBt Bk ik & (150
JNEE)

(3) #B#tsh 4 %

RAF P MAMFERETRLENK, WHELERN CTERITE) .

(4) 2HR/ILBBEFREEEARE

1) EZRIaNE: 277 L. AmBEAFAR. BAAF LA, SEF6 L5, 7B THN

MAEERABAFRKEN, FRFH0TH T. SmithiETF—k, ®M0.67% To
2) BRetEEAf: 27 L. ATALABARREBAMERFRENIAK, 2F. LA
2%, A F L2 .

(5) B/ #RMZ &A1 IR ERESF

AH R K& & KFFRELN0-154, PEFF3-4R. LF, ARLCIRBFRILLST T. ¥4
ViEREN27 A, HFREFFFERAFH03T . AHBBTHBUER, Lokt dh. Lk sL
£0.37% Lo

Bh
LS




VN % AR e T B (P )

3. FH%: MALEFEAH10.67 L.
HEA 5 B 22 L5750 A A3 5T 50 A 6957 FANB, B R AR A 5 F 4400 (L)
#2600 (W) , HF#ETAA TAEE AR, 4FE719.67 Lo T B A 5T 8] AR B A 50 F L%
HMz B WA KA E R A R A 2 BUERH XA FA B, FREHFHRT1H Lo

EE



VN % AR e T B (P )

WEIESC

WFFT ARSI H AR H s BT

B



VN % AR S T B (P )

ERBARFEESHARTA. KIERLIKIES

HX B RPERETE NFNEAEF

ANREERT: WA E R ARRAIE G NTE ), s hdh P AT BEBEIAATT
KD R R R B AT TR Gt 2D bRk 2 ZOR foln s U252 KU 82 1) T
WY SERE, KIEFK ARBIEAREER R R TR BIH A B IUH 58 BAE R U R, 78 (T
5 G LIH AT R

) 5 CeEam D) (K B ARBHA SR G BT B I H VR B i i) I ESRIHS (TR
) RBATRR. S H PSS A E EER, BT (WHED A2

(o) WAL “2ng” B, MR EATRIR S R 5, LM PRI ST sEtiA T e (b
71 32170100 , VISCORUERESE AR E], SZIHROEA AR RS SR D045, A
FMES e b, ANLATI S R S A sANAR O R TE 1AL 22 5

(=) HEFRWIRAS . BHHMEBVEA A ARTELE, INEIT RO LAE, XSt H AR e
AW FTRSCRALRE BEAT AR, O E S ARtk “ 47, AMERREL . JBUH
Joi 55 5 TR o AN B s, T SR AN e P AR B3 A 1R 8 RIS EOR AR AT 4704 5

C(VU) sERWERAE, SARM AR, TPEoRSE, JBR A, ROTFETRE. By, A
NN REAERBEARNE, AMEREAR R AL PG A

() K IiH Bt T 5 AIH B ARSI, JFEE S RINGShd 2, Rl a e
HEIUH B8 e b

UniE T BRIV, A NERESZ 5K RRE I G 2 G AAT DGR At 1) 2% T AR B R

WHATTAN (BT -
F A H
RIS RIS EE ) - L BV 55 7 BT ) -
ot N (BF) - Foi N (B .
CEYE H CEE H
H X BRPEE S E KRR

P AL R RS A KRB FE I H R ORAEIH 52 5T A ST S8 ML KRS E AT 5L
H STt (R4 17, ™ Ry [ K AR R A e B AT QB B I H A B L 0T H B8 5 BRI ik
HEBAR A IUME, IR S .

A

AT AL (7
F

)
H H

37



VN % AR S T B (P )

R BARFEESZENIEHZHERR

T W B B4k 2 ¥ m B ook

REZ GRS/
TN (FE) -
CS
b B A
TN (FE) -
CS

38




7[ PR S R A BT ST 0T AR5 45

I3RS ¢23140500002974

I H 452 202341515012871

RS BEEF (2023) 25

- fR B 5 [ AR R A ST E
ESEH

A ZHER: AR 5 0 I S U ADNAZK BRI B L RE AL R i

MBXES: |HEARMEES-T LIHE

GiEi2IERTE: 2023-01-01 % 2025-12-31

mmef (B5) : T AAERSNAEMIIAEEERAS

IRITEAL (Z7) « HHERLXTF

ERHE:  RET M RAX L83 S

MBS 510642 B{TEE:  020-85283435
mEfAEA: XIS BEZREIE: 15521270102

kel

(FHERERERARS) (BFEESBED) (IR R Z4ERD)
I~ £ 5 M AR R
EEERE
e @ 'e @3-

39 IS EET



[~ R AR HE T 5 7 F HE LR ST 630 FAE 55 45

5
—. MBS BRERN EZERE RRBERNERT—B, TELHBH.

—. BEABRLED RERSOLSEHEAES TS TRIABES T, KERTHELES
R LRI REREL S EEEES T 5.

=, BRnBERW. WANER TES TRERSTELT . AREEI. 8487 %S
HEREFREE, SEAGNBEEREATRE, Hh, AAFERERFIESEARENFEE
&4, REXENELH REKTTZEL.

ggagﬁ%#5§$#m%ﬁﬁzaﬁéﬁ,%ﬁﬁﬁﬁKE%#%&ﬁ%E,$ﬂ§MW\A

T ARE (T REBEEART 44 WIBUT 56 F IR A G S5 B RITT 5T 40 B 2248
A RIS RETH” B A THEREM) (BRMIET(2022]128) , 20224 E R LUS ST
BHEHAESTE (BFEE BRREES, ATHAES., HABAESTIAS) WiEM

SR AT 5 I SRR FR i B AT 45 I T s ) 2 P O A0 T

1/10

40 RfeEE



[~ 7R HE Rl 5 R HE BT T4 & 0 H AE 55 45

. EEMRARINEREZIR BIR
EEHFTRANE:

A5 B 13 AR N 4 T T B B4 T 030 DR ok, SOUR LT REDNAZKRRIBEAT R, e /KRR T 42
Voo TTEMATLIRANE B R TCHE, SRIUR SR ORI IR SRR e Bk
B e Ak BN M AL AL IO, WORBHORARA A A AL T, SEBUAE AR ) B OLGEAR S s KRR GR
%ﬁﬁ)—%iﬁﬁ(&%ﬁﬁ)—%%ﬁﬂ(%ﬁﬁ%)mﬂﬁ,ﬁ@ﬁﬂﬁ%@%ﬁ%ﬁ%\iﬁ

AR T fE .
AT H BAR:
U)@ﬁ%ﬂm%ﬁﬁ%&ﬂ%%ﬁ%?é,EH%&@(%M%ﬁW%%%)\iﬁwﬁxﬁﬁﬁ
. CHRRUEYE S AL M2 ] .
Q)%&“ﬁ%”ﬁ%%%%&ﬂ%%%iﬁﬁ%%wﬂﬂ,ﬁkﬁ%ﬁﬂ%%\ﬁ%%%~%%%%
%Wﬁ%%%%»ﬂ%%%&%%%%ﬁﬂ%%,%@mm%%%&&%,%ﬂ%%ﬁ%ﬁ%A%Eﬁ
AR s =y afe
G)%M@%“ﬁ%”%%ﬁ%%%ﬂE&%%@%?é%ﬁ%ﬁiﬂﬁ?ﬁ$%@%?ﬂ,Mﬁ%@
ZK R EFI2-3T0.
(4) SERRIES K 5o 45 BINTFIT TARRK LA S Tp e Bl AR B ) T R R, BRI -4
55, EhERMETAFIOMMTIR RS IR L, WFRpE2-34.

2/10

41

ey



[ 2R A8 MRl 5 R P JE BT T4 & IR FLAE 55 45

=. GIEFMREHARMR RN

i 4 FHiRE (R
95 p—
A~ = ﬁ*%s%%{m(/j%s;m&i 4 e AA () 3
% b BlEAL (A
RAER SAFNER | AMRHEA A4
FHWR @) | s | we | s | miW | R | Wil | B
3 i 0 0
3/10

42 e EEE



[ IR HET 5 R PSSR SO & 00 B AE S 15

. B BEFM R B iR
(—) BiE#IERE: 2023-01-01 & 2025-12-31
(=) TiH FEhEsk R B E T H xR

FaRBEH | GREY EBRTENE
(1) %5 REDNAZK BEIBE I % 2lidk, DEAL/KBEBCIRAE . IRAERREYE. FLBHA/MAT
TN HE ST 5

(2) FIFRHE AL . BT K BT RAE B AT, VPR KBRS
2023-01-01 | 2023-12-31 | LA, R ZLREIKAF S0 LR R AL
w)ﬁﬁﬁﬁﬂw\mﬁ\EEﬁ‘:ﬁﬁ%F%%%ﬁ%%%,%ﬁﬁﬁ
%@%ﬁ%#&$%ﬁﬂ%%%%%ﬁ%%%m%w,%Eﬁwmﬁ%ﬁﬂi
s

(1) Mgk “HEde” 2 RBAR, HREMUHIBNREAET . ik - BB
T A i S B IR BT AT B L

(2) BACuBLERCeltt & FALIM H LA, B ETFBAMBF R AL H
FIAL2EGE, PR R B o 2 A o R 3R R A

(3) MRS TLE AR, R RE R MR AL . SR
Fax A B e NS SHUR, SIS T 8 B T R R R AL

(1) {EEERE N TIEREATI1-28, RIFERI HBFFAELI-24

2024-01-01 | 2024-12-31

(1) ZEDNAZKBERE. S RHUI BRI R R BT R AR b, ST ONAK
BEIBARAII L 22 B e DA A

(2) L HRRARMBR ORI, SRR, FFRR
MM ELSERE R AT VO I

(3) {EEGRE TR RRACPICL-20, SR BRsiEL-24
RS

2025-01-01 | 2025-12-31

4/10

43 e T



[~ 2R A0 HE Rk 5 R HE RUTT 7T &35 EAE 5 45

m, GERZERAEERLBRNE
| BREFBMTERS: (KB ERITAE: DHE ) 10777T;
2. HIE TS PIEE TR
A 2023 ge Ge 1F.
2% (i) 10. 00

5/10

44 LT



[~ IR HE R 5 R R R IT A TR E AE 57 45

BB AT
4 Eem | e | e | m | o2n | ERREE lpeew ) s
; e | H-HRY R
x4EM [230103198709291954 | 36 I | BT | 55 5 405 '
B G E B
4 ESE | ew | wa | W | own | SALTE |mees| s
. ot (R L | 4Rk
X 4E 411424198809230940 35 i ti WL B3 2
S R B x% | K
sE [1s0102190203303610 | 31 | 3 | K | FEI g paman |0 #
J ?5 o S /AR =] j(”é’ g\i
¥ |44522119970906730X | 26 | & A:;Ix AF | DNAZKBEBE S Al ijﬂk ,%( %
= | sk | micbmray [PEVE L, RIE (4ERRME
YR 42098319960824402X 27 P
e P emmin e |[BOE
s ki | GiLwrg |MEER, RIE ﬁﬁﬁﬂj%& A
ReLE 441402199702260738 26 pes 7
e 3 ol ke it aliriuated) Dot 7 17
6/10
45

FESEET



[—ZRAHG 5 N HERLTE TR &0 HAE 5 45

- TED TRV B4 2R 57 B

>l

AR M
THAT (F 7

AT E RFARBIK B THEER L KEE
Stedae, ATE 1 BEDNAZKRER iR v

WIS RS RIEM B 4L RECL-PECH FAE T & 10. 00
PRI BIIRIE TR KR E TR, BTih#
i 5 AT EHHR.
& 10. 00
7110

46 FEREET



[~ JR A KR 5 1 F S B F 9T 2 & 7 H AE 55 45

. EFBER

T 5 SRR (PEARSRRREN RERAREARNAE, B R
FTr AN ENAXMIIRAES (HERBEES. BEEES) JIHERNTIER
W GRAT) ) T HEABEEHGRITE RGBT AN GRT) ) BHE, AIRFIER
(2023) 4T PR ML 2 BN RS WG AIDNAZK BRI B Gt RE (B I TR R (CHF S B
Ko (2023) 28 ) BMF—B, WITIAESH, 0T ZXFET LT R S
SRR ST KR -

5 I RIRR L G
1. AT PR RAT 2 X IR A R TAE UM
Zﬁﬁ$ﬁ%E,E$%%LﬁIWMW%T.%M&$%MWZﬁWE%$m%mﬂéﬁ
AR TR A AR .
SRR (7 RA RS I GRAT) ) S HERS 207 TR I R 2

=4 LI IRLR X 5
1. BRIESE A B AR KA RIRMRAE.
2. BATS BHIE, X FKIROARIATEREA, DMFK, FRERRA P #T R
.
3, 2230 I R A8 4 P BORHI I F 42 3 A0 B A AT R AT 2
4. TR AKFE MBI L AR « S e+ T A S BRI B IR R T & 5
5. M A SRS BRI, B (RELH (PEARIEMEBIREARE) 77
Y BEHE, FEBRAMNAEITIER.
6. LS PSS ERE, BAESBRENES. FRRSMIANSRITTHRN, LHAR
W 28 e, O PR O B SR AR 0 E R A R A
7. 35T B A e A TR L, Z 7 R A R S, IR SR UF T E Kk
M.
8. ZEAFAERN SEINF A A [ PR T B SRR AT B4R TR AR ey, I WA A LERTE SRS
R BRPEMEBHRIRRE,
9. BB FMEHXME, AR E KILFHR.
10. FIH B Z BB MR RE, FEARAMSEEN SERARE T REEM 5N
FIELREBFFT 34 (3. Guangdong Basic and Applied Basic Research
Foundation) (IiE#HS) 7 HBHBAER KULH.
11. ZHER SR SLEEEN, BFRPREIMGE, BITRPREESR, FEPR. 2ot
NBFR R E G SRR, MR4gR: AMEWX. K5, KRB, BHREITIT
WERERIFNEL: MMEEREXBLMTE, #AMESREBRERERIBITR (B0, &
£%) LR, FEFEER WRERTR (B5. %££%) JH. RITERUEKR.
REL;, FEAEHMOEERIHEERNITA.
12. HifR AT B FF RO R TIE/F & REREREE EARRNE .

FI%& ERTAES BHERT, MRS RERXBOREMERSESAURNER, FHER
XTI IR 9 (K SR AN RN EAT AR R 4
8/10

47 LT



[”ZR AR5 N SRR FU A 80 H £ 55 44

BTk EBAAEEBUERES, SIA—77 RILT A SEOA B B S KI5 R
BMA—T7, FHRIELEMROIR, B RIEMFFRIGE S0, BUEH Rk h,
R4 KR R AR

BAE AT BARBRMAR . AL BT LG F RN T, BB BEL
» MEZRATREHIIERPIIT .

Btk RETE RS, 207 BITHRIT AN AR, EAKESBERNEN 54, 5
FEFBRERENS. S g

FNE BEFE—R=0, FHAFTRASNH. T, é?’i&fﬁﬁﬁﬁ/\%?}t th, ZHEF. HE

REVER, HUMEBEEEE—FR. EHUNIIESBNERIHE, TRENG. AX
BRI .

BNIE TI7 W T I7IE A E AR5 15 M T M B B W S0 o e B o T A
FIXAIR B AES BRBATHATH, WRINE, MOEASPEE. SREABLETHE
BH AL E B

Gil: 1 ARG, ARUFALEERHSHME, MEZELY (/) .
2. ZIERBEABTRES B, MHASE, HROEER.

9/10 |

48 RReET



IR A MR 15 R ] S BB ST 6090 F AT55 18

N BIESBEARH

BRI (RTF) -

FRREBN (BIEAED -

WIEAL (ZT7)

BRA GREFEE) 4.

FEARBN EEEANED .

Lﬁ/lé’ (%ﬁ)

2023 % 02 H 14 H

fRER

Email: kjcgxk@scau. edu.cn
BLif:  020-85283435 / 15920301530
I P SALAEFR: PRI K
FF P RITLHR: "R M TAT R L AT
FFPRITIKS 3602002609000310520

20>% ¥ 232 A | H

Email:

H1E:

BRN (BEATAN) HA:

pulfsa
weipeng. liu@scau. edu. cn

15521270102

55 &/’ #2 ﬂ% |

201%% 2 g2ly

10/10

49

ESEETE



% % 5. 2024A0475241

T H 4 #:
A BT
BB #HIFTA:
R KA -
&R AR
XA :
HR AL
AR E B ]

FTEARE:

J-M R R E

(G

LREBIARTWE L TRNE 747

EHRLAS

x| 5

A AT T AT K

20244 JF Z a5 N Fl b A 7 F A

THFEL “Si” TE

e Rk

2024-01-01 % 2025-12-31

H AR R A

MR EE AR
—O-— W4

[ 10gg 100



HE A

LESHFF NS MERERAR: 274 TEALEG, 7
7 % L fr

2 5B ETINE 4RI R, FHE T M AR
BREAEERY, EHETHEARWEE, #A “1” &7
EHHHER LRI AATAM, FEEEAE 5,

3. ZH 5 AR A R E AN E & ]S R, E
FURE, FHEELHETE, RERRHAEEATE,

LLFRRTEESHERES, RKEXFHFF 5 FHH
B, HERER “HEN PPERETFAE, FLEBTATS
G df, BELSEEAEHAMNES, TTRATHAEESH
BRMERE T ETAS, —ANHREFFETEE, LFF
FEBFH M, FEHAEB AT 5 EAL— B

5. W T E EE 7 MAEAE” FRTEESHER, #E
FERELATRE,

6. THEHEETEALHARNEE (I, KEFHHT,
2 AR AT, BEEERRA L. THESHHE T
B, Tl B R E BRI,

IRBES R AR, ABEENLA R HE,

8. “PNAEAN” AHECERRFPEE AP HHAET
RS, HAEETRKERGE, 2 HPTE GRS R E
SR MBHAR HEGRAAL A,

0. REAREER, THBEAGERALN, TEELELH
AR AW BN A S B IR A AR

[ 2054 100



—_—
A

W HEAE R

BH
BN
RS

T B 4 #r I, A 2 i i i B T A o TR AR R A
W i T U A B

A 107 78)

Bt 5% #A PR 2 ()

T H
BE

HEAMEARES FRATANLE, X RIRFE S f 7RI L 545
WoR T FH R, FIFEARTE TS MNF RS ITX] (202102020511) F0 F
R ARFFEE S (321701000 , FFR T EHEERAE A, DNAZFFEHL &
TE., RRATEREXT HELE, £ET ERAXTKEAELAH, &
FANH —FREREARFTTRIBES NS FoRaE, THBHFEE
Wit BN, HREFHFEMSESATRET ERAH.

[ 300 100




—. THBArER

B4 | dew R A Y — 3 A gs B R 1mm%$%u%
EMEE | 1952-01-01 B RA R
A H A JTRA ] M RF X L #4835
7 He bk JTERAE T MR X H L #4835
4 17 5 2%
BRA A FHL 5 13711345768
BT U AR kjcgxk@scau. edu. ¢n
IF P ARAT FR;MNIATE L XAT
PP 4 w8 R A F
RITKE 3602002609000310520

[ 40505 100




=, WEHARAMER

W4 X £ KA EAHE
iE 5 G 230103198709291954 el #
A F A 1987-09-29 53 W e
3 H [F] ¥ LR A
AL (3 4s, e
F kEs (R E) i
% T R &l & &
&l a4 R FHEH 15521270102
N W3 020-85280319 wFaps | |Vvelpeng liu@scau.
edu. cn
kTN T2021 £
Al L R AR5 202102020511
(BLEFFAHEA

7)) BT

[ 50 gl4 100




. MELRER

AHEHEHN: ¥ (10) Am, HF, TWEAHELESE: ¥ (10) A1, BFZ%H: ¥ (0
) /1 7Ge

2 % T ikt K|
R a KR /N B L F B &% %
2024 10 10 0
Rt 10 10 0
(#fr: Ft)

Eo ALREHN “ATH” , THRALEFRETHETXITELE R “@FH” BN
PAT

[ 605 100




fi. BHARRAERR

TH MR AETE LN, LZTEENRTEFEUTIHERZ
—HAZBERARENEN, HHAAEwFLGFRTEK.

(—) EEmEAN, UFE—1Ex/EIRIEH X LB XIERULE (JUarE
HEMEBRZ) ;

(Z) THEEZwHEHN, UE—FRAFFREREA ., RHFZFELTELL
s

(=) TEHEZEHIN, FERULBBATRITE A A TE X HF 1KLL
s

(W) THEZHIAN, FERUEBREER (GHINFKEZRA LR L HE)
1Tk LAk

(f) THZIZwEHN, FERETHA.

[ 70gg 100



7 &iE

FEA L RAEK:

FHr I AKBITHEFXFHIHHK T EEN, FIFIAELZEZ HE, [KREER
AT F #LELHERSF, FHHAAEEZEFRTHEHTE . FH
TR 11 T E L7 07 H A

U R R T LA N 3k 75

[ 8UgH 1001




T HAERL (277) BRIEAFTAAES

AT

AREALL/ARNAE AT N TR RITE AE LG/ TE AFTA, HEET
FNFRBREBE RN, THETESTE, mEATEAANRKEF
B EE, LA EARE:

(=) AREATEA AWM AL, 6%, AR, KELEMWT 5
RPERERR, THEELLFR. EEZFHRATH;

(=) mRET (S MFRRF LA O MTRIOTXITE TR A%
Y (SNTFREATXIMEZEH T E A E) (T MERBOT R REE R E
) FMAME, EiEIEME R ERE;

(=) PRETEXR. 4. TATHAREMARGEN T LEE, BN
, MARBRAEURETAR, MmEIEHEETEFHRREIARCETE,
Y5 ARt AR AE T

WHER, KREM/ AANREEZEAHNIHEHETAERE, GFET
[RTLITE ., FHREF. ZRER, BELR, BOH—THR MR
XITE R FE A, CARFRETAREE, LRI AL AT,

WEAE S, ERLAS
H#: 20234 12H27H

TH AT A X FEH
FlBA: 2023412 F 27 H

[ 90g5g 1001




ESHEE

FLAZARE (MTRBOTXITEEE A %) 7 MNF AT
ZRERNE) (TMNFRBOTRIBRBEEENE) FARLHEAE, UK
HrmE, BRMEBRER, BFRESH.

AATH R M T ARE X

SNFREEAR (FH) « JTNFRERAS
RMEZEIN: Hige Bx Z HLiE: 83124150
FTHERAERFTA: ZHX

2024501 A 17H
TEAEEM (ZH) « EHRLAF
ZRE|T: EEARYAFHARERIEFR
TH A X
MEZHLAKE
WP 4. R AF k5 3602002609000310520
FFFPEAT: TR MNIAELXAT
&R A BHE

2023412 A 27H
HRER (FH)  ERRLAF
WMEZA N RERH

2024401 A 08 H

0 10054] 100




MR R H AT A

=4 E
TR
ERAM:
FC1E B [E):
AFB R
LRLR BB {3
RIFALE:

HHARHAA:

MB%wES: 202102020511

PN R B

aRH

e DR [ DU R 705 JE 0 TR 3t e M A B 8 i Al i ) 1

SLRbT I

e RS VAR S R RS G A e e Y B R s FNIAESD)

2021404 HO1H %2 20234203 H31H

FLAAT ST A

20214204 HO9H

IR RFE AR EE
(20214 )

60



MR R H AT A

H o U W

o AGFEAIHE G5 B REAEOR R (LN RIFRIRRRRD 48 #iE .

S AR RIS G AR, AR IE, SRR TREJRIH B
A AR [ AR B 5 I

=L ARTHIW k2R (WEWED BALZM, LT7NAERAT ARG FASHT S S A AT 55
7 L e GRAENR B BE A% 1n) LA A %A TR b isl, AR AR [R5 IR B AT o

VU~ A TRASIE T M R Bt B SRR o I H AR IR ESR S AT B IR RS

1615



MR R H AT A

—. MEEXER

L

i H 44 %5 FHE RV 1) PR (1) 53~ X8 T ) ) 78t e S GG 98 i A 000 w174 I
AR A 5 M- M- T mEl s S TR AR

% R TR ANl oK 2

T A5 ki JUARAATTIN T RIATIX Al #4835

HIS S5 28 1 510642 1% H 85281885
. AR AR |

é%zg%ﬁﬁﬁ&f 124400004554165634
EEMREN XU HELT IS 46 gale@scau. edu. cn
5 EYN {5 4t [ e A& AT 02038632413

74



JH AR H A 1S

=. HEHARES
24 XIS EPFE BHIE %g 230103198709291954 | Pkl e
i WE 1 10874000120 Rk U o ol 2| WA
N ot e o % e U e
f{;i GRS THLS T 15521270102 %f;g 02085280319 ;EB% Weipe“g&%icun@scau’e
SHRAS I A
FE | W% | R R | R pao | mss i | | V| s | pren
Lo |t | seiE 20103198 5 k| a5 e | RO e
2| e | g | 2080209T) | g | o | U apae | SRR Lo
3| e | s | I0S2199) g % k| Am | TSI ey | MR o
o | g | e |SO27199) 5 % k| A | LT RRELE | WIS | nen o
5| iEA | s |29 g 5 k| km | AR | ol | WEIE e
6 g | g |MO2199) o 5 k| okm | AR | sy | SRR e
T | we | g | 2098399 g % k| okma | oam | someer | SRR e

3/15

63



JH AR H A 1S

o |440981199
I\
SE | 411108113 25

i
H
2+
=
a8

anh | st | SRR e o

4/15

64



MR R H AT A

=. MEXEAE

(—) T H Mk

H 303 B T1 5 S P 5 4% B M e )™ B JEURAR MY A7, A6 901 1T RS RS DN WG 188 9 Kk LR 4 e AT R il
BER . AHUE, MR R E N SR AT A, SR s UM ME LA B ME R AR I B . IS 90UR
I AR [ YU S5 S AL IR Y BRI B iR R IR VG 3 506, Mt s i, ZAE AU RIZ TR 5
ST L R R 9 12 W7 SR s o

(=) WHBHTA R

4.1 WFFCH bR AT 2
4. 1.1 W3 HbR

AT H EF XS B ET A S 58 S DR I A AE TR B DA Y TR e A SR, 856 B ET B L EBoE K
PSRRI AR 2 T2 Wi RIS RATERR, LI H Fil N AR 5 BA AT AR SR Fe At FUlk)
*W%ﬁ%%ﬁﬁ%ﬁ%%ﬁﬁ%%i%%@%&ﬁ@%%?ﬁ%H%éo
4.1.2 WFILNZ
(1) DIfetb SAURIRR & JEFEF HIERED - TR, AIHAUR 7 5S I rF Z M 4 & ), A
SR IRALE X IR SR A A 20 B BT AT PR FUAUNGs o 8 I P ZEAUNC FRIAZ 0 RS, SEBILACER b
X 35 BT 2D AN AR R R CE S . RN, S B AR I e g K A SRR S RO CIREL, s I 41 &
F4 IRIDNARICAE G R, SEIL G Th REAL
(2) FEFEI B FE DR A0 TR B X W 38 9 AR 1 356 R 132 11 AH W [T s gRNA, - FIJ I CRISPR/Cas9 R Gk 1R 1) %
B SRERE EAFEEIY). BE VAR B K BRI ) . NN BRSO K S s, SRt
0] B0 8 Fr T T R R RO, T RAMT B 8406 6 B TR AR o
(3) FERZHE T8 : FIHCRISPR/Cas9 R GL RN AR SR ST B VI, fih & J5 255 3 s v . 3
R4 [ 1R gt Hp S8R s A E N BT NAG 5, SRS A5 T E A 5, FIEEANDI T, ORI TRINOTI T,
4.2 FUAARG I R R [n) ‘

4.2.1 FERZRANLE RIS J): B RRREE (SN & MR R A H WA EA R —, mErthm
PERAEAEUS ] 22 N s T 95878 o (R, 0 W63 s 4 57 A A 0 R 12 T 22 SNMs LA E S 3 S

4. 2.2 SARFRIREN vt 0 RS 3 AOCI RN AT H (KL IRAS N T 9 K (1 SRR S 508, 70 il
RS T LR ER R, HERE G RIZRY =Y E T SR AR R B9, R, &R 7ad
PRI B SR AR A R OB R 2

4.3 THEAH S

AT Dy 138 B ] B SRR IR K, O MR B G A D 2K . UT AP R PR, 24
gﬁim%%%%%ﬂ%%%%&ﬁ%&@»ﬁ%%&ﬁ,ﬁﬁ%uﬁﬁﬁ%ﬂﬁ%ﬁﬁ%,%éﬂ@%
SR
(1) RS BB MBI R L2 W LS oK IR bl R AT DA AR S A vy A A BRI 5
]S ARENXT PR E 2 ANE A L Y5 AEE, I B A IR AR AR BT A, DA SUR AT P . A
U, VRNV M S N, T DOE iRk aE . A R AT R 299
(2) CasOWg5T | NFEFKI 2 Fr: HET, CasONEI Y o ] 3= B4 A 78 41 i 55 DR oboads RIS A& 958093 V6 7 4k,
o FETIXEEAEIE DR g T Ry ek SRR EH R R A 2 A R SRR S, CasOMR 15 | N JE PRI I 45
S DA K 1 EAZ AN R
(3) MMIZHI T : TN RAR I SNk, HA7 R R AZ AR AL A N5 EAIR AL, AT 247
[F] B S DU A B A 2500 o Ao U B AR SR T . AW Fh R =PI Z BRI AT “AND” . “OR” Al “NOT” KX 43
AR 22 A7 i BRI R AR
4.4 KHMTE. BRBELL L T ERE

AT P AU FH 35T Cas O 114 5 RURS VDR I B8 ) 25 B A% TR B 7 A ) 78 4 % S W 128 i 22 8 i AR AGL )
FR L H 28],

(1) ANDIZ#|]

CasOnfE£r P FfsgRNAG |5 N4 S R BT 7] H ARDNAT 81 TG 72 A — W) BT Ao )0 1 366 DR i
RGN W RN, PR K BRI W) . DNMEA IR G 9 K 55 S A P~ ) B ANEC S, RSy
PSR ARAL o IFAEIL R 1 o L I e P KR 2, 7 AR BB 3 0. AR R B N, 3K
B LR S5 B E A NG 5, BEF T ROLESEN MY GG (L, D B, e
AT, Wi ES R “17 . MMAESHh (1,00 « 0,1 A (0,0) W, KMNIEEFT, Wilh “0” .

B




MR R H AT A

R[] B A AE P AN A 25, [N A AT DA T
(2) ORZH[]

CasOFLE P Al sgRNAS | T MR S PE U BT U] H ARDNAF 41 . A “Remote Toehold” 444850 12~ AL
 BATERIN N AR E TP B T BGE GG P51 . IR TGI8 H BRDNAZEAT p5 1B AT s 2154, #Bw] DUk A
Ja BRI RN . EMRIEEE S, MG SN (LD o (1,00 F1 0, 1) B, NI RT AT
, BTN 17 0 MEIAES A 0, 00, FHES N €07 o BIfFTEAT R ORAL AT, NI A PAEAT .
(3) NOTZ %]

NOTIZAE 1 0y e SR i PUM WS, A7 AL AL R AR, 5 SN “17 o BRI 4 Cas O BY
Y), REMEEATIEEH], RGHEH A “07 o MIERREERDN, F5MmAN “07 , FERAGEY
CasOBFIRHA, DL P24y nT LA R J5 ST 18, (15 &gk ik k AR E = 6fE Y, MW RGHH A «
1”7,

(=I5 H T IR S 3t 75 it

7.1 UK
(1) BRI

CRISPR/Cas R GEATIIRAFAE W N HARNEG WD, sgRNAZN T[] T8, Ry i ) 4 R R R 1
[ el Ao PR A N iR AR i [N, AR ASE T SRR . IR IR RSP HI A5 2 e mi ke
WA B BE, DRI B e 1) 5 J R Dy e A AT 5 AN BT 488 2R i
(2) NA At 26 A

HARATI H BN 144 2082 LRI B 6 44 275, (HE I H AL N A8 EATAAAE—E X . B
o ASTRUH St R #8732 AR i s B 2 T TR, AT S H R
7. 2 FEH it
(1) BEXFEAR M

FERSHE AR AL IR Y 48 RS, 8 I A AN S I AUl 15 B 1) 32 s gRNA, ¥ BRI A 1A AL e #8407 i
o WG RE, R AR LIRS AL TS A, B BRSPS R K7 A BEX i
I S B T D O G e A o N NN /31 -7/ W -7 A T e -2 S S8/ AT L1150 I ) N O G
T IR GG, RREMATES L.
(2) BER A fifh 26 AU

N AEERIEAEA AT AR RIE 46 1F, RPN SCIRZ T IS, M NG, AR
BRI

b




MR R H AT A

M. IHEZWIER

() EEFARIER

(1) FRET-CRISPR/Cas9 RSN HE N 248l PUNBCR K TR P 6, HEORIE RS A48 2 it 5

AR RE ST, W DRASIN PR vt e 1k

(2) JESOFT ALY W5k, HBARIR bR ORUEAE R A5 P SEIUZ IR TBOR, i DRASIIN 1) vy R AR

;Sﬁg%%iﬁﬁwﬁﬁ&%%%%ﬁ%mwﬁ&,Eﬁﬁ%ﬁ%ﬁﬁ%ﬁ%%ﬁﬁ?mﬁﬁﬁﬁﬁﬁ
A FI10M5LL L
(4) AT H ¥ R FAFSCIIR T 2-35, LRI 10,
(5) AT HEsEE L4144, Hite4.
() EREARAR
75 AR MR
1 e (ECHRRL, B Hrimh/ 2O AR 1
2 | WLE (e, iR HER. BiRSS) P IWARPA 1
i 1
3 [RMER () -
AL 0
i 0
4 |SEHBAELER] () —
AL 0
i 0
5 |AMNRBHHEF] () -
AL 0
PCT A7 34 0
6 |EAEF] (D -
AL 0
=SS 0
T | BARBRAERIE (D
5 0
8  |EKMFEAEAL (3D 0
SCI/ET/ISTP 2
9 |iEXitFE B
HiAth 1
FARMRS s (D 0
10 |[BIFr-re (Edk) mH
M 45 Ak g (50 0
11 | SRAEEEHET () 0
12 |RAFHE QI (D 0
13 | BHEAA 2 (O 0
14 |5lHEAA OO 0
i1 1
15 |FEFEAA O
fii - 2

et R SR W G2 1. SEYrg i b QTR (. BCRFAR A 1 S

o

(=) EEATHRb AT

B




MR R H AT A

b TR AR fabsfe

1 (S I H AR AR (o) /
2 |SERAIUHE B D e (73650 /
3 | SEHEIA I B s AR OO /

FM PR a8 b S AL 3 v

(1) AT J& THRAEIT, DU BIFSC BRI T 7t (BRI R AR RAT BT A B e S I3

TR o

(2) SEBL B PR B 70 B AR, 5 BN BOGAE R 28, BRI S i i ™ AL 8 DR 1k

%




MR R H AT A

. MBZ%ME

(f7: JIo0)
WiHZ:  5.00
Bt 4 KA N7 iR R4 2 LA B 25 2 EE
20214F 5.00 5.00 0. 00 0. 00
20224F 0. 00 0. 00 0. 00 0. 00
20234F 0. 00 0. 00 0. 00 0. 00
it 5. 00 5. 00 0. 00 0. 00

Ve WUHZ S SAT “H Tl . 2 S % H A H A s LA A AR H 28 9% B M IR

(e

Qé b5




MR R H AT A

7~ HEREIE

Ly

o

ap

Fogk WL 4 N=OriE (PR NRSEMEBHEEBORBEDIR) - (8 A BRI et &61)  (
I RHZ B R BES) Mo (e N RN R ) 45 [ A SR, S —80 $FiTaL
AER, ERHS 4o W=J5 A RT3 RIS (K -

B WL 4 WO NAREEAT MRS H B BN O NI I BRI
RESUPETHAVE BB IMED) MRS QU A L I Bt & BAMED) MRS v-J o H 22 2%
“UTH” SRR T ) O PN TR AT A Ji L IRt H i R B fa] BSOSO e ik A 5 56
) HIRERE 2K

H=gk W
L HRAE M B B S 2, I RAT I £29%

2. WY L5 AR5 )M RSO 5545 BB 5 (LR fiARBHC BT 6D AR, frps
A BEAT I H A R B AE AT R K

3. AL PRI H 229

4. RN RAS AR TAR R, E T R B e D5 5

5. X AT BEAT I IS AR B VAL, SR AN A T BEA

CAUP AV VR

L AR I H RARA LUK SR AR, AR R SATT A AT RN A R S S5 A3

ol

2. 418 (HTRAS) BUEM ARSI, 32 IFRa 5 W AR BRI B ki), 51
FIRERTI ATV AT VA B AL S E . R ERIGTROPOY, ISR H A 455 TP T 1 1L
AT R 55 B s

3. AW BOR B2 9 B T HORESIOR I H £ 9% A sk, Lk e il
4. PRAIE A 75 58 G4 SR AN S BU B SR v S

5. AT HWFFOT AL R b L SE 5 I8 A H “T AR A R BHIL 2 5 6 7 ISR BEsE, TUH W E
BERES T O NG SN TP BN R T 4 S EHIIE 2, PR s AR A T . F i (R A
ROCMIECRIETEY BRI & BUR R IEVEE 1 B AX 3, PAT BURER I

6. I H 5 [RISAT I s HEAT A S 1, 20 O MRS R H A B O N 00 BRI
H St U8Bt E BB IME) O N RIS BFT A e LI Bt G BINE) TR EDR A L
IR H A A R R BB SR R AR T %) AR I B

7. I A R T I 3 H A 1) T S SRR, BRI SE R R RILE A 55 R AT SR T RS B
8. LA ME , AETH BN SR AR SR, FpEE CBRGIESS) AR SR Bl T4

9. WC 15 H 3 T RS IV BB < S MR BR B AE 0T H St 0 1A R STt 0 45 ORI 42 iR 7 SRR AHAT O A
ISUAEACIE

10. M EAERARI S vifE, SEIERMEE S, ARG FINAE, SR RAE A1
PSR HA S B [R5 70 H SR BEAL L0 Se ATy, W 1) O KR A 54T

CENIE SN PIINE

=

P

1(}/65



MR R H AT A

1. WA S B R B MR B BERRE , 7R HI0 H i R B D

2. B B LI A B A, FE A BDCESS &, HEREITH e R PR M 48 AL L T
e, TS HEAT O R LT 2

3. AR VR IAG B ATTHRIRL, A7Riseik s BReas R, JF S A LR
4. RIS ARIEAR AR, %)M RHA BRI EOR, AR IN PRASI L I H i 5, SROA4E R AR &

5. 4% INTHRMA B/ ZORBL A T RESTSP A AL B Ao i AT

6. EBIE R 2% 1k H R AL PN G R SCHS 1071 W BORE e 42 2 5

7. FE A AT AN OCIT H 4 B MA A LA H BB AR, FF% AR SO S A7 A 5

8. W FH R IUH St i REREATER B A B AR AN SRR B, JFXT PR A B A M s P 4 ¢

9. IS LI7 AR TESY (B TRAS) BUE RS

10. B fie ZT7 %I BIA7 B 7 Bt B IF DR UEANVE S LA & 46

NG WHFESGTLITANRT (¥5.0007) [Mgglh, Srius—x kAT .

HE%k AR

L I H SOCTR AR SEREAT IR, F2 AT O S 45 [ 28 1k

2. RUUFAELL MO — 10, SERVRZh 2B

ORANFT HUE A 3R 800 H IRk SE AT . B i Bk S AT BOIC IR 58 L T U H AR 5519 5
QAL IH W E KA A AN BRIV U5 AT AR 8 o ) B AN 5 250 H B AR5

T IE 2 1300 H 5 [RIAA T 1096 Jm 34> RUR 1 AR SR A 56 B HR 9 5

@ H A AL CIE AT, s IR iE s, s,

ORIAEITH HHl . SRR ATk i 35 5215

©F7 A FA 3 SO0 H A FE 1 H S 10 LA

3. G RIZIE M LT e HiE, N E . ] e P s St o

4. BRI IE)E,  L77 NAs IEAEHIZ I H W B B s B 280w AR AR PRV I ANAT 6 R0 0 B 2%
NG KGR R AT A #8282 AN 2R IT 0, AN R T B0 H 28 3 51 S

BIE ERITASHEKNFEY, 2707 RIA]H B0 H Mok 580 R MO I, N K s 4
JIRNN T I RBUE M i DR, e M A0 O R BGE 2, BUE Y RN, N TR
KA TE

g FEEATAG RIS, Wl 2 EO R S AT B GO, TR Pk 2 SR
SRR 8] 7] R4 T AR N AR T

b g MOREAL: AT ERBCR R FN VBN IAE « e LRSS AR R P A 1 28 5 A 2
1905, BRAALES, FREZEMAE . WA RMERAT; IEXBRNR I, WHENARE “) MNTRHT
RITTH BEBY” R LI H G55 300 H BB B SERAENR = BUNAL G M b A st il

B A JBEORGEIE, SR SIS EOR RS 4K

11/15
1



MR R H AT A

L ARA R BREN BV ARG R AN USRI Bt 207 RUBAT A 8] B 2 A 5 K e 1 FH 7
TAERRE CRLFREAPR T F 7 BT R AR TR DL R 5 o8 58 AR £ R B AL AT A HoAR AT S B2 RE I HL
TESRPER R UL AT E B

2. KGR = \;

3. 477 (CBFEEART LR AREA. B SEN GG, FED SRECE RO R % 5 it DLk S it 55 25
AT 25 =7 ;s TEARE AT LA RZ&IL G, RER A BimFEE, UM X a4m.
KRB wIF Pede. Bk AR IR 2T BT 5, 8Os Hon AR A 8 s s s
PR, O E ORI N . 407 NS AT REANRAR B N A I BT B LR R
PR LA T A RN T

4. KU N 3 N7 A AR 1

5. JREALRE I H U T ST BRSS9 5, vl e il B KRB T B s 51 538

=4 BRESUHE

5. W PR ML RIL TAE N AR WSz R ma AH 07 W sl HAABAN IE S A 2, ™ h i sy
H )\ IR 5 A i R STt 40 D

LT NPAS IS E 2K 4 TR TR B IE AT A O&GEAE . VAR, AH OGO DL A vt e 1)
ST, BWITREN GRS M, BiukHo 5 4k m ARG s b LI “yRE ATEGEM
o TSI B P SR At AR DG IE FAT N

VS BHIFSAE AR 10 2 25k

£ A S BRI AR S BB, 749200 F ISt

L AR A A BT 22 AR SOR FEUE AV IR . BRI FE nl B B R . M R A 2 AR 5 il B 4
I BRI . X ARTIH IRV R B A4 . BF TS s v, SR n] AR M A A TS A N A
AR PrVuRbE I H A A eI H . Bt R PR A RS BEM R, #0238, Sg it ARHIIT R
» PG AR B ORI

2. s R I H 20 R EMIFAS FIRHEAC BRECE , BHE R I H 4L D14 7 B2 1 vk ), 18
SERMIFE B RRYE o S LE RIS FVRHEE A £ 7 T A7 AE i) U 15 480™ FI1, I R ) 1 4 H 150 H A I 2 s DA
P R T

3. maEAr I H A A AL R A B B, IER AT, fR e MBI T, A v SRS AR
e K

4. L BINH G AE AT S HA N A NI ™ B A5 AT M il sk B A Sk G ) “ B A

L5 N R UL A T T Rk 2 H O

FEIH S R R, % 405 B H A AE B S A OGN A ™ HIE 1S RV S FI R4S BEELR AT
, F FAR GBI T 5% &5 Rk BB A TTN S AF LB IRE 5. WGBS ™ 5 R AS AT 0 B o
A RAT A IS ATF . BIE A HAUNE I 20 IS0 11 A5 A B AL T 45 it

Rk PR

RIAE RBP4, &7 N A i ks B AR, &7 RS A S R 28T Hi N IV Bt

i
o

U R AT S TP ESIESEES o

1%/25



MR R H AT A

HOTAEAS R JEAT LR 17 207 BN 7 A s S I P A i &y SO SCA5 . BEREE, BILL
G FPT AN 05 8y hbikik . 07 sy ARt NS AR IR AN T R JEAT A5 I KN 55
(K3, P52 St ik s 2 A SRR R0 A TR TE 55

AR AU, B0 BA SRS RN &AM, LIife . AEFZT &80
N FREHESTE, AU NFHAZ M50

B A CERAD) b, NRE=TTAELHRE &K, Eixsmas k] OO .

137/:3)5



A R E & F

B HIEB

BNERADES5RGA, MBS EHTATRAZE, WHTEESS T, BT HniEsor

AT

BB R B A RE, YIS ORBE AR (A, ST RIAF.

Tl e EAAE | S AT FHEmAL %4

1| xfm goiE | P00 mEamA | kAR fz/H,b “@5’.
2 | 3 gk |0 ee | AR | TRAKE | ) é‘%

3 et BHE 4103%%%2?(0090 Hﬁﬁfﬁmui@ﬁ g Rl k2% #l%.

4 S iy ST 41073%232021 %&Tﬁlﬂ%ﬁh R %/‘% l) ’)F

5| mis gy |M12081997062) BRTERR | sepgea ke q?p” s

6| % aiE |y | SEVKIEIRE | AR gF ¥

7| HEE stiE |y | KB | Rk | R 4

8| i aoiE  |Ms | ek | ik | T Y

ey gl



MR R H AT S

ERIBEEAEE
UM RPARAR R () o )M REHE AR R
WHZIPN @ Z BEZHTE: 020-83124052
TATAEE ST N TR
(BRI AR SR 5
2021404 H 20 H
WH AL, (207« LR
7 2 i PR Y N g Ny vy S
WH o N X
SERY SN S5
P44 R Ak K2 M. 3602002609000310520
FFPRAT: )R M CAT Il AT
MmN Bl W 2541 ot NIK R HL S . 02085287402
CGRAH AT A FED
2021404 H 13 H
WMAVPAT (R« HEA R
WHZ N R
(CHZURLT N T
20214E04 A 13 H

15/65



J AR AR FE A L I P AT O B H A [ 45

SIS ¢21140500001195

ME%&%S: 2021A1515010208

XHRS: BWieT (2021) 45

R RS R R R R R ST B
=1ER:

R T AR 07 AR M R B FEOOUE TE S A R DR A i A% 271 W A
1 B &R |

EZEA: | REBRBEES-I EIH

B IERtE: 2021-01-01 % 2023-12-31

EEBM (B T REEME NAEMT SR RS

AEBIT (ZF) « emikolke

il R M IREIX Tl 54835

HRELZ4RAD: 510642 B{THIE: 020-85283435
MBfREA: XHE% BEZEIE. 13632363199

-

("HREHEEEAXS) (BEEARBER) (ZIRR R 45D
I"HREEME5NHAEMHAR
HeEFTRas
—OZ=O&4l

76



J AR AR B B IS T R AT 5 G 0 H A [ S

HE 5 15 R
v TUH A RSP R R _EZOR 5 BRI N RO R 8L A

T UH AR AT IR T RS RO S B DB 6 NI H A F /AR, R SE
B dirE IR B H BT E .

BT WA TS TR AN T, AR T, S0 UM
BRSNS R T ZE, b, AR R STk S 5 AR AN

X4, MBEEEELH, WA T2,

WU AEFEPBAMES T AZE TIPS AT HEAR, &I BN AAES BRERTHE, AR
PR NS



J AR AR B B IS T R AT 5 G 0 H A [ S

—. EEMRABTNEZLERBIR

1. WL H AR

(1) R4 Z SN 7> TR AE, BOE RS RS/ P, e ML 5/ 2 re B piiA.

(2) Ml ARE S m A B, WFFO0r R S PR 5 A E D AR S () S5 A i e S . e

(3) B R AR G HE S AR S RIS TR R AR G RIAEGURE &m0 R T
IDE RTINS N ik 7ge X sl EORIE VI 75 % N7 e

(4) DR B dh TR ARIEAS IR 2R 20 A ' — RSO TE (R Jads s RGBS LB, A 3 35
ARy R AL AR WA AR BOI T B D O £ i b 290 I e 0T 1) S

2. BFRNE

(1) B HIEHTAAR ) %

KT A B o B SR AT d R i, A RCEPUR, SRS ER:, MIkpait. S
19 20 CLE JSURT G 28 I, G /I B 4% B T BT BIORT 78 2% K (A fR il 4% 2 s B ik, ELISA VE#f 8 STk
s =,

(2) EE&BUi AR M R AE

KK IGE PTG Hl s HA BRI R BN E @ 07, X 48 05 A MR AT R ks
i, Wl EEBITEMEAME, ATEMEESERE, WIS A M BTG SIS LS. SRR
SRR A RE TT, DERBEYERES BRI 3 1) 447

(3) SAUKM B LS RAE

K FIPGE JRIL T8 &P, BFFUR MRS pHIE . B JFGRSE S N 45 PR b s o LA G R A5,

DAFE A KL 5% S HER o, SRAHTEM. OGN BE A S RAE S AURA R RS 5B, HIARAARERS
TESR G KM R SR A A B AR T R DOR BRZN I L BE,  SEIRAN[R] S AR BE T (R B 4%

(4) R G B 2 S (1) 71 %

)i A o o4 [ Dk K 5 K A 71 O 1 B e . R NS (A X 7/ B OB - 5% O [ =i 1 P S A e
PG, TR SE S RN e bRl hui . AR 525 4 0 2E B S oK (BO0UHE) 26 45 0L S Mk = oK
RN B R FE TR AN ], SIS [ T A< JEE K I 1) 22 €8 Wl (s AR B S B Sk R v = 4 1) LK 224
0, SEELAN [RTRE it BE XS PR AR AL o LI 22 60 8 - A 2 XOE TE AR K3, TR BTN,
SCHLR . VERRII .

(5) Gy AL IR AT I N H

W Z B R R AR 5, FERTIAREL S, I 22 (8- FEAK 2% 00 T8 G 3 1 SR ST BIONT 256 271 i P RSk s
R GATI, WEFCRET ) K BRI, CRAE S b ads VRS I A 7 BB Al e R S
FARMS -




J AR AR B B IS T R AT 5 G 0 H A [ S

—. B HARSIIARRREER

X G UL T

Bk R

KELL G
W2 S
W EIEP%%S%%EI(%S)TPL&% By A OO
LF O SIHENA OO
R EF) SEFH TR R AN F B
LR B (T i AL HH i AL HH i AL HH i B

2




J AR AR B B IS T R AT 5 G 0 H A [ S

=. LIE#EE M E HIR

2021-01-01 % 2023-12-31

(=) I5TH Sttt 5 B BU 2 H b

FFEHY | g5RH Y THETENE
(1) ZERTIAPTE AP 2 I FERE B, & DA HIERPUA  BF506 2 51 i 1)
AR, EAR R B SRR IR PR
2021-01-01|2021-12-31 | (2) MMM EEGEBEIIAEMG R, WS GORM B, R R0 NS 4
YRR TS s
(3) LEEBrE NI AR RS -2 F, EEmA1-2 4.
(1) BEEASE 7 AEBE 2 W5 THRE ST, T8kl i 2 & W<k FICCK-8
VRN E MR AE TS T, 45 5 T I3 A% R R SR IS 6 JEE AR R 38 AT LA B 1)
2022-01-01 | 2022-12-31 ;s . \ \ ‘
(2) CALBEMEAL 55 SN A, TR G @A AR BT G HE . SRR IR T AR sk Z0 il 7
N A AR TAITE
(3) L FrE AN I A RS C1-2 F, BEmRA1-2 4.
(1) BRSSO AR AL AR E AL BE 7, R AR H A 27— T (0 XUE A
W, DAL 4, TETF R U AR
(2) WCEEATR LR £ i, 1) I 2% 140 G P38 A% Tt S T 556 1) )4 B 7 2 AT o
2023-01-01 | 2023-12-31 B Hr, WFFURIE RPN B0 51 [ 49) o5 £ 1R 5 5

(3) EEPREPNIATIRERACFRIC2-3 &5, HiELR1-250, KR 1-2
%5
(4) PEEIUH 458




J AR AR B B IS T R AT 5 G 0 H A [ S

IEI A Iﬁl— E I%‘éé

BREEERZLBENEH

L AR ZA NIL A

CK5) SHIEE; NG ) 107175,

REEIE N IE T

2021 4

F

i

239 (J1oo)

10. 00

3. B KA I R T ST R«

2B

(B o)

BRERA

SRS

FAT 54

AN
U/

T BURFBEN

\

o}

#rit

10. 00

10. 00

BOMFRIT] Bidh
B8 AT 4
BNTEOLUEN -

EARTHH R R HAb 22 TR YS

(B 0

FoAt v ot Bh 22 v

AIRCE L

HAh 223 e ).

Hfh e 2 Rt

0.00

%110




T A 0] ) DA O RAS AL i DR

E\ Aﬁ{gi%‘

TiH SLUEA

4 Efrem | e | me | orn | SREDE Dpene| wa

. _ fiRF7T - R | 11 4

3 780717242 43 3
X% |420802197807172425 T | % g |RERITA oz ,S/l% vr
TR B AR5

- s | owe N 1135 H Thik oy
i 103198709291954 | 34 1Es N A PR FrAk | <

XM (230 I ol i T e [AE
MITSts  |441323197008188521 | 42 | % ngc ﬂ'&éﬂm H b iZ”m L

57 | MEEFA ekl

% 370406198903090 (
ZhA 060 | 32 | % i g | s M %Jp »
¥—0g  [430503197710221042 | 44 | 4 | Yk mi—f% AL S 4T iimk‘%, 5
BO3Lr% (150102199203303610 | 29 | 5 *;qﬂx mﬂff”ﬁ ERE IR TT K ﬂQTMk 'iliﬁ}

’ - K& g b
Kb (410727199202107653 | 29 | m | AW (TLwigy | FULHREAS |EERL ()
1% £ (g o2t Y}J'
0 B /

K [440582199310086757 | 28 | U *félﬁ K | B ;ﬁjwk Z ¥
RaE (1a190219970226038 | 24 | % | RK ] w ppessis R ;isz Z NS

86é10



) 540 2R A5 AT AG RIEFE % S35 Ay 9 15

83/10

l.\ )( l‘%{&gﬁﬁm

JoRitess i {Mg‘ﬂ\ , BARME | BUERBNHR
/7'5 ?"* THEAT (7 3%) (732)

o 1B S T EH ~ i 52 it gll':

i m*@?’é’: 2y )@;Fﬁi»ﬁlﬂk)\—r‘z‘bllﬁﬁilmf et - 000

R o, [

% "/‘ &it 10. 00 10. 00

\__/




J AR AR B B IS T R AT 5 G 0 H A [ S

A= Eo
EH%W\

% WITH LIRS (P NRICME G FRE) K A ARSI A 5E K (2021) 4
BTG K <5 e 47 25 Tl R R0 — DU T S 8 A TR S DA it b AR S R Aer . & 2t H (3¢
Pegis: WG (2021) 4%5) LW —2, RTSEAGE, AN H X055 H 5L
B R A TR T T A

g T IIROR] X
1L A AR AT 2 MR 0 5 TAE A
0. KGR T RS, eI L5 TARRIRTH T, IR 0 2750 H 05 s s 28 20
PR SLEAT R PRI 7
3R (7 TR RHE RS £ PR B0 GRAT) ) 3 27T Rk o

W4k SIUTIIRUR] 55
L. M ERVE S5 A B 2 AT ARRR 41
2. L7 H R ST AR, N AR AR E RS R, U R A R
28 AT R FE R ORI B i I W B8 4 D3 A R B RE , W TR & o siAT &
HEH, MBI, JFREREC A AT I
3. St AL T BT AT R IE MR AT Y 2 IR E SN T AR i
THZ A “HH)” 25k, fhegdefiH <t M e . 0 H 228 3 H Y S
b H TR G SN OGS, ATHVO PR T 5ea o AR MAAse in Tk . JAKLsh 11 9% .
ZEe/ oW/ W R GAE S AW IR/ SCIR/AE B3R/ S 55 9 97552 LR GM)
W WKFCRAE RO . GG DR SRS B S o ARFE A7 8 B 9l AR FE S A7 AR i S
bR BRI AS OLE I H 5757 AN RAE « SU8CCH I H 57 o7 AR 58 B BHE R LA DG
PHARIE B EH0E, T RALIE BT o B AT B . HOR IR o B ], i H
B 5T AR P mg 22 H FPoe i . 1 H U R AT 48 S i R
4. WH AT NI H B TN, SRS RG R SR PR
PEAARVEA ST
5. Y FHIF BB 4 R4« RAPRLEE, 0 (7 ARE St (P AR N RIEFE R B 75
) ARRUE, FFa RS REATHH bR .
6. W H G FAESE G, 8GR REUE TS FRbs A WP NERTTERN, L7 i%
O REERRERIIE 258078 BEStign ) GRAT) ) $el sl B, Jri Bk
At 35T 5 W 4 TAE
T H KA T LRSS BT DL, LT R R () R4 48 R v Rl H 45 U 31 S it
AN GRAT) ) SRS RIE, I P BRI I H 2258 T AR
8. LEREAFAL E I [H) P ) FE O G s 48 A2 BAR RS TARTS Ol s, 5 WA & B H 3k e is
R ZY, &7 =R IEVES YIRS
9. 1L E ZZ MG A HE, TRARHIE R A S A AR
10. FIH 7 2 2 AF BT U, T H 75t NS 538 NSRS “T R 2l 5 MY
FHIEREIF9T 34 (S : Guangdong Basic and Applied Basic Research Foundation) (
THS ) 7 s EAT KU .

4




J AR AR B B IS T R AT 5 G 0 H A [ S

11 ZJ5 BAR Ay BEAEIEAEN, P RHESAE, BATRINAS 25K, AeiaR. Rk
NEWITECR B it . B . wisidiie: AR, 5. ABHe3C, BHIFETE
WRFKLPPBEI; AR SCEA NG, {8 A b B B E RS RO ) CRat, %
A SRt AR, BRSO (eIt REAE) TH L RHIRL 3 LA D
R AT AR B RS ZORAT A .

12. S ORATI H T IF ST TAEAT & FE RIS B BEA G RLE -

FVF AEBITAG RS, W B A A ORBURVA I R SR AN BT 0L, AT RO
JITAZ AR 28 Bl i) B8CHE RN W) AT HH

IS ERATAG SR, 3N TP e T SO0 H AR R I, YA
FNG—T7, JTFRIBOE 5 sk D 4%, BT SN RIS i, SRR R, B
SR APNINEP NS EDga e

FNGE ATHBORBCR VS HeL RSB SR P ™ A2 28 5F PR 1 735, BRXUT 7547 20 5E A
o AEE IR IAENIIAT

-G MRIETH BARTDL, 205 AT R SLRIB N4k, AR ARG RIEX N BN —E2, 5K
o I BAT RS0

BN AGR—A=0, SO RAREN . B o7 KA AT NS, =058 mEE
B ARONEIA 2585 —F N ST BN RS R R, AN ANFAD)
RIS

WG L5 IR RS AT 5 [R) 2R A7 B A B, I B AR 2 T T T R RUR)
MIARIH S R EAT AT S % R A, W H A FASE . 23l IS DUkt B B
T H i

Wl LAEFEAT, FLE2SFNLELHRGHAR, NAESALR D
2. MBI A SRR, MRS ARNETE.




I AP0 860 5 R T L BT LI S5 1 4314 15

I\, KERENETS

TR (77) -

FERRA (BFEARAED -

2021 4 03 A 24 H

HATHAL (ZT7) -

FERRA (BEACED -

AN HET) B4
Email:
Wi
TP AL BT EmR
TP RIT A%

TP RATR S

(ZEE0)

€30

020-85283
Mk k7

F"RM M LATIONAT
3602002609000310520

20219 044 128

H H

BAN (WHRTIAN) Ut

Email:
i

E
34 ngl ? % (%%)

yingjuliu@scau. edu. cn
13632363199

22 & Yp 12

10/10
86




AN oo (63

ER%S: 202343000834045 i bt (6] 20230703

2023 éﬁmﬁﬁﬁﬂt)ﬁk%%‘)ﬁ ﬂ%ﬂ%&%i&ﬁm B4
"Kﬁﬁmﬁ&ﬁé%&ﬁm&%%m&ﬁ%ﬂﬁﬁﬂ

W
3 f‘uuﬂ?uuﬁm?ﬁAﬁ Q‘Q) /
& Ky .~ £
& \.‘ v’) ’,':" \,\\\:
B A LAk A PR BE A Er R 202343000834045 £,
Z7%: EERIL K KW : / 4. : _’:'
B4 mg@&wm B é@ EZ
o, <5) "N
) Gy ) %
N & -
N : S
D : S
g o S
& ™
&?@ﬁ &9 A

S F 207 AR RBT A (ﬁﬂﬁ% KY2023JC0010. S H %75 n#ﬁf&ﬁvﬁ‘%"éﬁ
HOWETTR AT A R a (. LS (PEARSRERIER) Fix
AR, TR TS HE. AkERNEN, ZRENH, § JIRFERARAE
FHM%&%&&FHﬁﬁ4$ﬂhmﬁ&ﬁ§%&ﬁmWM%ﬁﬁﬁﬂﬁEéﬂmem&
I B, ETAAR, LIESEET, &

é? : Cc'-
— ﬁx "b‘Q 7 e

%@%ﬂﬁﬂﬂt%ﬁ&,ﬂﬁﬁ%éﬁ%&&%ﬁ%éﬂﬁ*? SEDTRL o

71HAﬂﬁ#ﬁ$$ﬁEmF§aAﬂﬁAAﬁﬂﬁAﬂﬁﬁiﬁﬁmFm TZiH
B EREEHANE. &

L PEATR AR T A AR, PZIHARRD: i AARARFFRNO
BESHFRAOEATENSA . ERFRRIBRQEFRT S X008, TERE. %
HER4R. BR. SEESG. HRTW. SHOHR. SHR. FER. BRAEN. HRBE.
R AR AT RIS AR,

O 23 HEASRETHELKBNIER, ERRARFABRATA TR AT
V

O EARTFRRE" &5 %
$o) QS
o N
2 $ g
= UHEHE g S $
PARL LI GRS, A [6] =3 15 4 1 Lo HA ,-!ﬂ';‘ 'l‘m‘=f"' & S
5L, JEBT A ER IR B B 5 ok A A AR A S0, SRR SR B R Ok AR S 3t »
= §o e w40 N y o o oIl 3 32 B KR
.‘

32 BB RNERER
(H&#E— L”?E&

AL

B PRESE i?ﬂ? AR T FHF RN TR KR EFRA

1/26

87 (CSEEE: kS

31Z A& A3 1 App



&A% 5. 202343000834045 #4504 (H]: 20230703
VA %S b h H :

TR (Lﬁﬁ?@ﬁﬁﬁﬁﬂﬁ.ﬁmﬁ%&.)
Q)H =M E ‘

N Lo, A R LA M S X R A RS
ﬁﬂﬁﬁmﬁnwﬁﬁﬁ%4ﬂkﬂf¢4H&WLZH§H#m§%ﬁﬁh&m&m&g_

E, EJ_ ﬁ H‘ ﬁ;i b 7 QQ ‘
E*“(LTEEm&ﬁmﬁmﬁ,ﬁ$ﬁﬁﬁm&&ﬁﬁﬁw.) 2

GVE= Bf‘& QY

X,

il s i 7 ‘;I)
' Q
ﬁxﬁxmn,#&mfyw 55 gy
33HZD %ﬁlﬁﬁﬂ?n)\ﬁﬂﬁﬁu? ' QQ
&
¥
Q
Y

aﬁmﬁ%akﬁ Seyary, o Tib. B0, S HER.
I@ﬁﬂ*ﬁkﬁ FEX iuiﬁm BMHKA, izH. TEH.

& RMR & pe
41§¥Eﬂz%ﬁﬁ&7~: EAHE’&ZEE Z 2025-12-31. P
42 AL FFEHIGHTIRE CRE%%: KY2023C0010) mrﬁaﬁﬁaﬁﬁ&ETEE X
& 5] $APR R 44 3R B WA LA RSB J 9 T B 4R L A
iR LE S oy 4
S1EERAEMER, @Lﬂﬁﬁﬁ@ﬁﬂTé‘ﬁﬁﬁﬁ AEfﬁ4_5§_3_lM7c (KT
BRGRMEAEERATHANS. AR 470000t (KS) REEFHLE . MERE

3 %. AH%%E@.’*TLW%%@%U&ﬁT}Jﬂﬁ%Efn’\ﬁiﬁ‘\z RAEMSERA. RANH
&. RIEBAMERLME.
52 WEFHEREAE, SATEREMERTE, &mﬁEFB‘Jiﬁfﬁﬁiﬁ$tﬁF"ﬁl§A

ﬁ‘]’é?ﬁﬁ%’ﬁ

,ﬁ BRBITHR. RE. TR &&%&&iﬁ &
5O B-me N &
zmﬂ;mﬁslaﬁ,arnwr$ﬁ? MR, &ﬁ%&%ﬁﬁmigg,—

WEEEFAAS. BORIITES B MABTTRER. 2R SREN ARSI A
BRI S, FARUARS: tRPH4, REIRN: RERERE. 05 S
FHUEIZ A BARESHE, 15 HTEAAERRI. BEGEHE 0 ATEAA, F
HHZHILM AT KR 1410000 & (KT: SHETEITE . ZHRAERAH,
Wi, HAKMBA KE RSN AR AR E & 2
(D) B=hE v
2024 £ 12 A 31 HAl, Z7AFrsiRE= msmmusz RIEREAIBANEA: %__
MBEEFRAE. MARIIRES BNMBERFRER. ZHNSRENEAE R A
MBS, FARKARN: TEFHA, WRTRN. & ERRBIL
KL A MARKENE, 15 M TEBRARRI. RIGETE 30 ATER, F

2/26

88 (B nmeeT

31Z A& A3 1 App



.\.7

.‘/‘

A% 202343000834045 i ghatin]: 20230703

HRZH A ERRIT: AR 188000.00 76 (K5: EHRFIABIFILH) « ZHBSERH
KA, AR BMARSFSHMMER AR
(=) B=ME
2025 %E 12 H 31 AR, ZAMPHHIER= mzuzgml*q& RAERWHIBAAER: B=
MEBRTEFRNE ARG R B= MERELFEER. LHRYREOBLEE AR
HEARME 12 MR REES. FHRIA R A: *';—mvfﬁfﬂ. k77 350 % EARCRI.
Fﬁ};tlszfdz.}ah‘ifﬁmmﬂr 15 ’n\If‘pEWﬂ*ﬂW& 'i’*llﬁu&gr- 30 ’|‘If’EEW Gil
ﬁmaﬁiHAﬂ%ﬁ AR 14100000 76 (K5 Pﬁﬁag@ Lﬁuﬁ&@ﬁ”

KA, thiz’kbuﬁiﬁxkﬁaﬁ CEIMER TR RS, g; e
; 0

48

Q

B JTRRIXE v

7.1 @ﬁtmx@‘

73xmmﬁ,$ﬁﬁgmataﬁ$@,&aezﬁsmawAﬁ ERFFANERT ;
Fh: REMATAMFRITE. THEE. ANBFRRENBATFRLRETRR. 2,
. RESHEEATEER, &%ma$ﬁ SIS LT R BB
QQQ
A\ﬁ%ﬁﬁ w :

8.1 MEZHITHREF= ﬁ%ﬁﬂmm,aﬁmﬁﬁnﬂ#ﬁmmﬁﬁ& @&%@ﬁﬁ
mm%m.zﬁmﬁﬁ%ﬁﬁﬁ v

82 ZHERBHEXEMN, Fta AT 0 %R FE SN, BEASTEUR
$H§Mﬁ%m.ﬂﬁﬁ#$ﬁ¥h&%

783 ZBRAAFRAEN, AR 30 %aRAEHELE, EEAEREL
'w%mﬁgwakm,grmwmﬁghmx.

4Anﬁiﬁwaﬂgwﬁﬁﬁ* Anﬂﬁfﬁuﬁéﬁﬂa,u&ﬁﬁmx ﬁ§ﬁ

P >® .

ks, WER. R MEREEM. W, AR Rem. Réﬁ@ﬁ%gﬁ &
;J :’. . G)Q QQ "“,
T BRERK K IS

01 LHMEH (AFAR. KBAT, Tngkﬁ@m&n&ﬁ (£ Eﬁﬁ%\v
EHEANEATAE (7 (H ARMA LIS FRRE) BEREEE. DAL
AARRLENLIEK A A S HANTAR, ZATHERIRE, EFARRAEANS
F. AR, BRI Z T2 (EF A R AOBLH. )

92 MZIHEF T RO RE S LA R OAEREBAEARH, Z AR (R
FIESESHED R A RNARIE RS RETERIIRA, S07 SR SRR RS L0
ARRRMES B ARRGNTEAREE, FHBIRUREER, FELERE.

93 LI R ATREERE, RIHATEOFAIAXELRRNEBREA TS, 7

3/26

89 (CSEEE-F =S

31Z A& B3 5 App



&M% S: 202343000834045 HLsnt ] 20230703
BATIRE, BN, YAIERAS RRE %K.

94 Z75 (HZJikBEA) My, Mg, s AG. EH. HilE. REA. Bl
SN BYERMLIIE Dy (R85 S5 N o 27 R R 3K A P TR 3 (5 B0 Lk A Si b Lt 50 & B ]
BT AF (aT B 1 38 < A P L6 2R 3 R A7 E%m.ﬁfﬁ;ﬁﬂ%ﬁ&x%,ﬂaﬁﬁéﬁiﬁAﬂ
R WK R R 45 % (94T Do R T 42 B4 :

9.5 A KK ALY, Z MR X5 AT AR FIRIRRR . R T bmse .
Lhwjﬁﬁﬁgx%,W$bu$ﬂ“ﬁ%hé&#wﬁﬁiﬂﬂﬁ?ﬁﬂ%MGﬁﬁ,Zb
uﬁﬁ@ﬁk$$m#ﬁﬁ@ﬁﬁﬁﬂﬁﬂ,ﬁTﬁmm%mu é?

3
. A &
mtl@n$AQfEMﬂWFﬂﬁ AR ﬁxﬁkm%mfﬂ<@%am%ﬂm/
RSEAFRER) BN LRI K EERL u&F&AM&m%ﬂ&«a#awumkm Y
s, O o
wzm&@@AM%Fim&xﬁ&m%&ﬁm%mmFumﬁﬁﬁﬂmﬁmﬁ.m%‘b

REM (HKEZ R , eI AR AR WERABRL LR, SERAT A é%
HANRZGHARFRRRGB LI %

10325% ﬁ%@ﬁmmﬁﬁﬁﬁﬁxﬁﬁm&n% ﬁmmmwaﬁx@Aﬁéﬁ

104 BZHRESEE =AM A S FOTRITR BB ERAIAEET, TR RH [T
o BEEA, AR RGN B 2 ORI RIN S kR T, SHRXEEATRT
PH AR EAE, PANSHERTFRRRA AR, BHHMAARNE, FHOHE 55
%, URFHASS FREHREM LIS, TRTRKE, Fhrd @ st AEnE 7
&ﬁ@ﬁﬂ\mﬁﬁ\ﬁﬁﬁ\giﬁ\ﬁﬁ DT R, ui &

10.5 HZ A HRIN, ARSITHE T B EOBRRAZ TS, 5

M6EAHEﬁﬁF¢ m&&%%@55m@%ﬁ%mPFﬁ Lﬁﬁv$ﬁﬁﬁ T
IR HIA{E A %

10.7 Z I % 4 & Fi STRL &%@%&Fﬁﬁ.xmmq&*ﬂtm%Mﬁﬁ& 27735
mm%%maa*ma& ﬁ*ﬁ%ﬁ%ﬁ%ﬁﬁ@@ﬁm%ﬁﬂﬁ.

10.8 B Z UK A & F B H BRI R A R ERXHARTF R B ESHEAT
BB 50 AU MG 4 X 52T BROAUR .

C109 BHERBE (SEFD M. L. WAl HibE, #0 SRS HEERmR
fﬁﬁ%iﬂ&%#%k<i%ﬂk%A>ﬁﬁ%ﬂ ZHANREREERHEMREBEA (R
U EFIRBIA) B8 SR R Z#ﬁaﬁﬁkﬁﬁ&z( PEERRER) . XHPY
W HAF R R, warmaa%Aﬁﬁmim Fﬁmg%M§ ﬁmxmmﬁﬁggm»

Fﬁﬁ%ﬁ» ‘( ﬁQ Q
% » Y
. BEEEK S & :

ulﬁﬂuﬁrwé@ﬁ i 3L=E #Hﬁw(mﬁﬂ%wuﬁ»(ﬂ¥ﬂﬂﬁ),ﬁ/
B RITR, RIEBTRI B E &I, %Fl% ﬁ%ﬂﬁﬁAﬂﬁ$Am
L.

u2EZT@%LT%&ER&AﬁWf%TMi%hIﬂﬂ%m# WRE N, &
Bk, A EUE A BCFACN 7 i R U (RS, JEHRAR P 700 GRS B IR AL T Ll
EREER, GEETRTERGTEARENERRAR, HREATHRETHTRE AR
YA TR ROBLR

4/26

90 CSEEl-E

31Z A& B3 5 App



&A% 5. 202343000834045 digkmt(a]. 20230703 T
11.3 4277 IR AR BLAT Jot e, mrﬁunw«#uﬁTan%aﬂb¢»< R
() MR IEHEEITAL T,

+_\ﬁ%%T%ﬁ

Aﬁﬂﬁ%@&ﬁ&m&*ﬁﬁﬁﬁﬁﬁﬂmgﬁ & RAPY BRI RBEARIE.
ﬁ%%&‘ﬂ%wﬁ BENRIATER. GLRIRE Al B 7 BABARREIREX
G ﬁ%&%Iﬁﬁﬂi%$Aﬁﬂﬁ§ﬁm—Wﬁ.Lﬁ&%%mﬁ %ﬁ%wg.#ﬁﬁ

aaﬁﬁﬁAmrmmx#maﬁgm Y 69 Py
)
™ S

+E\$Wﬁﬁ%ﬁ A

5.1 KA FFHTH A, RARIEROL, e PR ﬁmmzmﬁm AEEAK
F, WAR. KR R AR TR KK B WS BRFTS, MEREL. ER. 9
TR HLREAE, MRS, AL, BT, e B, BRSHWEN, UL,

Bzm$§§#ﬁ$#ﬂ&AMkﬁﬂﬁﬂ Kok BT 7] X 5 b — ﬁé$AruAg§
K4WHT L BDT & FRO TSR AN 53— 7, Jold VR AR 2t 0 2 2 T S

\ﬁﬂ%&ﬁmﬁ% AT S RET R RITPLE: WA — 7 8 F BT A — 7 ki
#xm BT 7RG KL R 25 KRR >

133 HFA—FEFTHATERG SR, BERTRAEH, B8HLBemE
F. (BRI AHAENRI BERTHABHZ YRS, T AL RIT A S
RS 2

u4x7rﬁ$#%¢ﬁmﬁwr FEAFSEETEEGE, FRRIERS .

13.5 —HREBITEREFTHRAM, TEBASLHE. Ko

& o e
+I. AAREE. dEsEE

14.1 B ZR 5 A — B A L E R 4 AL &’ 3t

mz&$AﬂEnﬁF¢ &@b?ﬁﬁz fa, m§%%$ﬁ%&ﬁEFﬁﬁﬂﬁﬁk
KM : ;ﬁ‘

JCOERETTRASHARTERERT:

5T QA GAFRERTEHEMAAT, B SRR TR EXH:

2 G)AHBLTEF AR AR
SE @RETTIRAETAARMEET O, AT RATEL:
> ()% KiFd HAEH LA, RERHULTFRN. O S?

143 H Z 307 & B ABTTFREMMRR. TRITFERIL, (E6—77 T URRIRFA R,
BRKABLHIE. mﬁ&M@Amﬁaiﬁmmﬁ%ﬁ§& TFEM. Lﬁﬂn&§h#$
T RIS ARERE SRR A TIEA A X T A) > &

14.4 (£ — T EREERH MR &R, Fk@hﬁiﬁﬂﬁﬁ mﬁﬁg@ﬁ%m@A <8
R RX B AT, AR, R ARSI, DHEARE, N ERSIA—
FRERG A FAOREERE+ERK TUREEL, @RS HOARE. X

14.5 {7 — 77 o IE 4458 e ZRMIR 4IRS, 53— ﬁﬁ&%XKEHTﬁTAHmﬁm%m
B, WEASTR IR, %&ﬁﬁfﬁfﬁ#ﬁk

_u[‘
4’.

TH. FUMR
A FLE BT It R o 42 A LR LA R AR BRRE, SR

5/26

91 CSEzEES: £

31Z A& B3 5 App



"“-"'."\ \

&% 5: 202343000834045 i 44 [H): 20230703

FAERT A E R AN RILB R R VR

TA ARERH >
AR 0 S TUOLHE N LATAR R, BONRH $AﬂﬂﬁiﬁﬁﬁﬁAﬂiﬁmm%m#

mF: $Aﬂmﬁﬁ 2RERGIH Gkl Ut%ﬁAﬂI#EﬁAﬂﬂﬁ%ﬁﬁAﬂiﬁ

PRt RN e A S, R T — %Wﬁ%ﬁﬂ,ﬁuﬂﬁ £ F e, %fﬁﬂ4&ﬁﬁﬁf¢

mﬁMHAMﬁ%mIﬁﬁMMAHK#@mWﬂ;#mﬁﬁﬁﬁﬁﬁ'%ﬁﬁ@#
$
b EHEK &5

KA EE R RARERRELE A A HIT#MéhﬁLEEEﬁJ%éﬁ“ﬁ_
£ th FHBE 6, ZHR_Rb RAEBERA. Y i

Qv ,."£; g b(p
SN ﬁmﬁx&gv g ,,;9
w1$A%ﬁT&ﬂ Frast R EE A (E 1 ﬁﬁ%iﬁ,Féu%mWﬁkﬁé?
A A [E oh BT B i ik bt o o S

%

wzé§é$AIE%mehE@¢ﬁ$f B0, FSTEEE R 30 H i At 15
EVEE I\ A5 AR L0 1 A ik R kAR A A
HRSERS.

wsAHﬁ§Mm§ﬂﬁI¢ﬁ§&¥ FEHEST B AR BT A RSP S LI B0 1 5
SRS, SR LSRR T REA TR RO SN R, BEOTRT - %
&, %, BE. BURERRITRE, >

184 BF% 4% A RIER %k éL¢F$&ﬁ¥ﬁkm%E#Mﬁm@fﬁ ¥
S BATY), BB AR S REEE A FRA(E R, EEREN. R BELEL
sk RETiE, E(FRIMEMLA A RE R B4 % AL G TR (5 SR AR,
SRR SREEE MRk TR R, SRERE R RAERTEEAE
PR, s, xuaiBily Bokisz B BREKN, CREAEZ AN
ZH: BFRER, Uikl BERBEAARE RGN, BRREA.

185 EWEARAMTER, FEAFBERI O RROR DL,

. R

’ ""l
. o

P

LEERS L Ay
2BMER BT RTINS S
3.6 AL TR &
4HNRFERURIE D S &

Ca?

Y
, ©
B - 7 S &
‘. > S L
ép »
Vv
Q
v

6/26

92 & T

31Z A& B3 5 App



SF%S: 202343000834045

450 (]«

20230703

CI

B (#E) HEPATLAREEAS
Bt KHOHRERBRWPHELR 188
5 28

/iﬁﬁﬁ* ia /% .—v*“ - -

21 (*‘ﬁ)
$ﬁﬁﬁ;ﬁd' :

EEREA (@ i Gl
FRREA (8P \/%g;&/g\ X ERREA (¥ : .
§1%: 0731-85303086 /{7‘{{\ |#iE: 0208528 %% :
{£7: 0731-8§558531 A 7 Vs 5‘7) ) '
FRRE: PRI #?g?x %7 2U FAge =p%@m xfﬁvﬁm/\drmsﬁ
; R 77 4% =7, Ulﬁl A
K-S 190100§11902’b1 868 ?m L / S 3602’(%2609000310520'3}’ i
RS 914300007406 740W) BiS: 124400004554165634 & g
BR4: 410007 BB - 4’;9
as: 2o ﬁ)\é‘?}le am: 7] 8 188 IS
& f@
v 4 >
%)
§ ‘
& 7
Q ’
Q) g
S
Ze)
A
%
D
»
. @v &
b, " N
3 ooy =
: ) Y’
; S o
S
34 O S
L =’ ,))Q
v
4 v S
7/26
93 CSEEb-Ex xS

31Z A& B3 5 App



EF%S: 202343000834045 i #hi[a]: 20230703

FiE—

T, mﬁﬂmww#;ﬁ'

ﬁﬁﬂﬁamﬁﬁ&&ﬁ%*ﬁ&ﬁﬂ%ﬁ‘ﬁ%#mﬁm,m%gﬁﬁefﬁ i
it PREARR TR, RIS A SIE AT R YR 6. I HIEE
A T AP, R, e ﬂ,u&@§%& @@*@zwﬁ
IR AE A R XA RIEER, ﬁu4$mé@%muﬁ(uFﬁ%wu#) s

% WHNE ,9 2y

xﬁﬁﬁ&%ﬁ@%ﬁ<uxﬁ#“$ﬁAﬁ")&xﬁﬁ%%ATﬁﬁ&XAXﬁwm &
&%Lﬁﬁ%&%@%T@ﬁd&ﬁAw(ﬁﬁﬁTW?AAHﬁ T NC TN &ﬁg
T #>§ﬁ#m%<aﬁmxmrﬁxw% GiES. EAEES) SRS
ﬁuﬂ%%ﬂﬁ S 4

<&“wuﬁm$“ﬁﬁ%ﬁx"ﬂﬁ.s$ﬁ$ﬂ%mﬁAﬁﬁﬁ%ﬁ‘mﬁ§%>u
RIAMSRRBRRMA. )

2 BHARBEBEXRRATBHZ I RELEEHOF. (50, BEH: FEAZ &
HRISE, SR RSB EFRILEEF SR XN RS 4

3 FHARBIFEXRATGELSENLH, FHEARELTRRFE.

4$ﬁkm&ﬁﬁm%?kT€ﬁ“ﬁ§§Lﬁmﬂﬁ LB, L& HEE O
HINES. RENE. ﬁ@ﬁﬂ#m%ﬁ% FAEZRERZ AR, WH. Wt
. T %%%@ﬁk%é@,@%u%mﬁﬁamaﬁﬁm FAHZHER, RE
U AT R FBA R RIBE R, FAELARBEAE A HORA: T
BESREZHEMEHFE. HE. FLAEREEES,

B RHARBIAEXFAS LA ARRELRS, TOEREER, ROEARIE
;ﬁﬁmﬁwa 8 &
S mo% AN g §? &

1 (RAE AL EEREAREIRBIA. EﬁEEAE“@W&E?%$ﬁtﬁﬁgﬁh& 2
PEAIERILE . BARIE ﬂﬁmﬂwmi.g@&mm@n$f xiﬁékmgﬁ e
RS R BT A @z = f? 5
zT@Mmﬁxﬂ&xﬁzfoyxﬂmmm&ﬁﬁmﬂwTﬁ§§$§Aﬁ&§ﬁiﬁ'
% B ABTHEAR. WIS SR ARRE R, &

3 FAHIE R, BT HARRIUEE. FARRB RO S0, FOERTHARE
SRR AR Z AR R A BT, (LI %%ﬁ S RIS S R A
A MR 5 5.

. RBEIE AR X R L R R B LI,

3«

8/26

94 (B mseT

31Z A& B3 5 App



#E% 5 : 202343000834045 di 450 (8]: 20230703

5Zﬁ&ZTIWAATﬁH@ﬁkﬁ&ﬁ%ékfkn%ZﬁhﬁﬁAﬁ&ﬁﬁii?
AREEBE . WL L HRE B BIES. SRR JUh SRR MY E
6 2 SCHLGAY: ABECHRG, W40, BRI (RS, ATHE. DRRSEIN MR TATh TR

VmwfkﬁkﬁﬁE%§AAAiHMEM%m TG%WTAﬁ&ﬁﬁE*%AﬁE%#:

TﬁﬁmWﬁAﬁﬁﬁﬁE%%Aﬁ& . Fﬁﬂ+&%&ﬁ¥¥ 50

I AR RSV 5 R AR, AU LA AL, ﬂ%¢%#Mﬁh
T A, m&QWﬁAm&K%%%EA“$$§ BB, R
U 7 A AR T AT AR BRI & 5
s RERAT S LEERE M XABHbE, X8, Tﬁ%ﬁ 815
S 15 AR s &
5 N
B &é%& & $

1$ﬁh@&&wu%m% RUER, —BEE, BITFRER, wERRH XIS
5. @ﬁqﬁ%$ﬁﬂﬁ%fﬁﬁ BUSa A 4 SRAL UL TS SRR, 3xiﬁm#@@mg
FAE: $%%zﬁL&m&ma%,rm¢%uwﬁo >

2. ZFBIMXTIEARBR DU BB RAEN, —RE%, RETH (RHTRE
SERE) BRI GEA RO, AL ARLRISN, SRTEN, Bk
A IR BRI, FN, B AT S RRRAEE AR, AHREREEAF BAT
: B v
jgo Q‘D‘ "',

SLﬁﬁﬁﬁ*Iﬁkmﬁﬂmu%%¥§ﬂﬁ %$ﬁ¥ﬂ@&“$bim rm&ff’

IR, é? & ks

B mu%&a&&&aﬁp E:
iR A R, Ez4hmﬁ&ﬁﬁﬁA¢§ﬁﬁﬂA EFERESEARARSE

8 HEAHﬂﬁH%&¢Hh XUT7 RLH% S FFFEHE B <F

o

ER4 MR
%zmﬁﬁﬁ&&ﬁ%ﬁ#ﬁaﬁ%ﬁ&%&ﬁ§,ﬁlﬂﬁﬁﬁ&%ﬁ&%%ﬁ%&&
- ER, mx#&mﬁﬁﬁ&amﬁmx,#aﬁmq. %9 §$
S &
Q
< S
oy D
& %
N

N

9/26

95

(B nmeeE

31Z A& B3 5 App



-~/

o E "‘TZH FERRA:

AFE%HS: 202343000834045 dighpia: 20230703
=
HNZY/GL-CG-18-220714
, ﬁmﬁ$ﬁﬁ%§ﬂ%&
LS am A0
0)‘)

%—ﬁjﬁf5mﬂﬂﬁmm%m&%ﬁm¢memnﬁ @v q&m%%mw 3
mmm*mgﬁaa@mﬁ<¢$kk#w®mn&h¢»ugﬁ%l%a¢¢ﬂﬂnﬂﬂa
HlEAAE. ég 2

%4%$W¢ﬁ@%ﬂﬁ*@lﬂﬁ@m&“ﬂ&?ﬁ%$& el w<uﬁ%r\1>§)

BRI 535 5 % 3 %9
%~§nt@&%¢wrﬁ%rﬂm\7%Mﬂ§mm,mAik#I& . h%%g?
e #&Aﬂ%ﬁaux % R

%VQ@Z‘%&F)’%T&ﬁﬁ%fﬁf#f“ﬁ?hmﬂlé%*‘J?xﬁ EREREE. ER ﬁ B
FIREAT Wl BERLE AH*’J'E;’ b\'*@%ﬂﬁfi HE&FIBREEELWF BT R (LK
5.

Bh%F #VﬁTE{TﬁE’J%%%ﬂLﬂE{E?&t@% RAE. BFEE. §#iLE. &

ETA:ﬂ\ %gﬂléal}]ﬁ}\“ (0 L=
&

%_ﬁgmﬁsﬂm

BAE Vuﬁfﬁﬁiwxé“&iﬁiA)k#FﬁTan%muiI%,“Txﬁ
£ 5 R (SR TR, ﬁ%mrﬁﬁhﬁﬁmmz RATEE. AR T TR
AR A, AREERS GLEES) ARARURSARR FA0UE. R,
AT R AT SR AL,
Wk HABBATEAR R HERIE ) RESEARTAAARS
3 ©
(> DEMERBAAE CLIREH A AMiEH" >§ijrﬁxaﬁﬁ*§§im
n,ﬁﬁﬂ<w>1\vwmﬁraﬁt%aua.Aﬁgﬁmrﬁran%FQMW%§%*
#maaﬁ@Aﬁxmmgu$ﬁmﬂixmma#@ﬁmwmﬁxauﬁr ﬁ%ﬁ*@ P
2 AT RBRGSTHR BT HHRE L. 59 . w ol
() &M AR LI RRIT ARSI, B, #h#%ﬁﬁ§A
B8 xs) RULTRL.
%A&”ﬂﬂf“ﬂ%ﬂﬁﬁ%#“?#rﬁTanﬁﬁ R ATHREEE.
WA ATSARIER, WHKIE. LERRET, RABRREANTRERBELH
AT B BT A0 A 5K, 7RI 6 S R IR G R A FE R L 47500, S
G, SR OBAEBHA . LA YRR 15 R 4R (0 S eh R TR 75 R G

~ P

10/26

96 (B nmeeE

31Z A& B3 5 App



GFR%S: 202343000834045 W gEmfE]: 20230703

A RAT A B ﬂk%'&'ﬁﬁﬁﬂl‘]Iﬂ‘liﬁ%?tﬁ&%&tii%%&ﬁf%ﬂﬁiﬁﬂ?ﬁ&bﬁﬂ’]f#fr&i

MR R Iiﬁﬂl“]ﬁiiﬁii‘*@*’];tT:&i‘éﬁb nJAJl@/&z}JHh%H’J?EfoUE THER, I
., el # it @JW?%FEQ%EPJ’MM‘] /foW“W&ﬁM%ET&ﬁﬁB’J R R f 51k o
Ik PSR

B=# Kﬁﬁ%ﬂﬂﬁm

%+§rwmm$aubMﬁﬂhm* S
<~>Mmfm 1A ABRTE — IR, EAﬂﬁXMQ%¢M*h%%€mLE

(7 VRS ARE, HEREEE (R KL R 4, m%“@%i¥ﬂ%ﬁ%Vﬁh%ﬂ 3

BB R, @ﬂ%@ﬁm £ 1L BRARRR £ 7 5 AL B0 5 s o b &

%+—&fm@§mnwaﬁ,&m%ma1%m&m¢%A@a&xaﬁﬁm ﬁﬁﬂA%S

Aﬂxaﬁﬁ@&ﬁz$ JHHRARAT AT AL, A A P T L R BRI 5 A é§

<—>@%ﬁ BARITA, #mﬁlﬁ E#&Fﬁ%ﬁﬁmﬁ#ﬁwﬁsmjﬁﬁ%&

i
) #
o

W ,

VQ N30 L]
%’ f
Q

S

J%}IEEE%%EIZE 50%; 6 ,\9
<:)m$ﬁmimaﬁﬁ$¥¢%z¢.&&mmﬁ%m*mﬁmﬁwﬁswﬁﬁﬁﬁm |
FRMBSER % &
() WENFEREN S, KN F, ERETEREARTEROR ONREEAR
TRYRE MR 80 & T 7
(I)%itﬁ%?iKEnﬁ,ﬁﬁﬁ& LSRR, S A
TRA, %ﬁ%vﬁmﬁﬁkmﬁéﬁxaﬁh BHRAER T &

%‘l‘_% ﬁif*ﬁ@ﬂﬂ%kﬁ)@%?.ﬁﬁ&fr GRS Hﬁﬁ)\?z‘:‘(ﬁfﬂﬁﬂ&ﬁﬁ‘ﬁﬁﬂ
~E ??E:TE{T#JH’J Zﬁ%ﬁ*@@*"?’\?ﬁ G i) ?‘f‘{-ﬂ:ﬂfrhﬂ\? &I E PR T

%‘f‘_.% TR RIT ARRIAELL A, 'JULFI!%W: BREEFRITAN, REH
él xafm BRE, FAAKRARITANEZHERIT,

S il FEARAT AU R R AL FR N, DEIE&;(#H‘JIE M. REENEEERE,

> Halk%%ﬁﬁ“ﬂl‘] WORAITRHER iﬂ)aﬁﬁi"ﬁ?*ﬂﬂ*ﬁ*”@] TH &, %:ﬁuxé‘*é’ﬁ:

"/

Bxe) BEEHRE, W ﬁiﬂtb(ﬂim,?A@%ﬁAﬁﬁF ATUELE. @m& ol
%ﬁmnkﬂ%moA?ﬁmb&ﬁﬂ¢@@$é“?ﬂ$ FIRHERR A& RIS, @@&n%n a
SRR O AR TR A T Q%%M#ﬁﬁ&@g A ,y S

SHES FERRTAERTELDINA, KB, @ﬁjm&xa@ﬁﬁgF%mJ
ST LA IE I ) AL AR IE, SKIRAE L IRRIE T8 0 T ARk sE R REB )
. TIRMIEH B @> T AR Bl — %, B ITM T AT AR B (oA
B E T @A ARG 35 4 B AV &

%+ﬁ%ﬁﬂﬁﬁﬁﬁ#mﬁ&mMﬁﬁ%¢ﬁﬁ(&)ﬁﬁ&%mﬁﬁ§$%,mﬂ%
SHEART ] TR TR L, MTERIRA VRS BRI TH H, B R U EES GBS
GRATIRE, REATRES, BARNRELEE,

M
,‘/ P

11/26

97 (CSEEE: kS

31Z A& A3 1 App



A FR4%5: 202343000834045 d450f(a]: 20230703 .
Wtk RN RAT AR, GER TR EREA. FEHGFTARITIEN, U

&Li&)\ﬁ’z%ﬂfﬁl&ﬁﬁi&)\ Iﬁﬁf’lﬁ}kiﬂ:ﬂr&fﬁﬂkﬂ’ﬂﬁ{tﬁﬁ:{k, HAZ L AR ERT .

ELE f#f“lujTﬂfﬁ‘J&L‘fisz?

%+A§Fﬁ&ﬁ%&* SRR S ﬂﬁM%%ﬂﬂ#F@ﬁﬁﬁEﬁ%ﬁﬁﬁ
Rk W R TR BT, 1 ﬁkmmmm,mﬂn§%m$ﬁ B
R, R, 7 §? s

SR AR TG BRI R 17 R AT A AR 2 mAi&$asz<z
ix),ﬁﬂﬂﬁuﬁﬁmﬁ.mﬁ%aﬁ+4auh.M%ﬁﬂ&% |

%_+§euugmmmwmxaw%ﬂﬂm@ﬁ.rma¢IWEWﬁ £ ATREH B o
£ GHRO . &AL, aﬁm&mﬁ<wuﬁxanﬁﬁ&ﬁmﬁ»<mio>¢¢#n%9
i mﬁ&w@§%,&xwwmmﬁnww%&nzﬁm S

%_+ﬁ&ﬁﬁnmmrﬁmaiﬁmmmﬂ&ﬁ F i 15 \1ﬁ£mzkgam
ﬁ;mmé%$¢¢F5Axwaw BB LB R ER ], B
EIATEAN, RS GPREEFIIMTL “REAR" BRI (HRE) . FHEGHREAT
W \1ﬂmnr&wﬁm*WﬂloAIwam AAGIHEAE, BATLASRE
AL, . ARSEMRERE R R S AT SRR

BotoF AARGEHEERGRETEL T EE, #ETINEN. RS
AR RIEH TR F I n 4

(—)&ﬂkﬁ&ﬁ“?#FﬁT%§%zﬁ AR AL P

(=) e HEREE” [, GRRETIA P RAE ERER" 8 & CEROLERE

\,%r"mﬁ.&ﬁkﬁﬂA@%ﬁ&iﬁsz¢<%za> BIINLE R ERM:

(2 BEFAXTEAE NSRS, RE S ERRA RS SHR .

D) B REACER NSRS RS, R RS
ﬂﬁ%ﬁﬁ SRLERREN, ERAFARKIEMAGE T,

1nwwﬁ&ﬁamormumm.hmﬁﬁaimmmgyzaﬁ -4F B &

zn%uiﬁm&umﬁm<asurxmsMﬁmm§§Wnﬁuimm&ﬁhz§%ﬁ ..
A i i 59 o
sn%uﬁﬁmﬁmoﬁn&utm,n%nﬁ&%%ﬁ&ﬁwzaﬁ N &

R FH@%MH@HML&Q@IWﬂ%@%dﬂ@ﬂ#ﬂﬁﬁﬁé&ﬁﬁﬁlmL

W= L SRR TE SRS R ENA R L8, RREFINE =R
K BRI R RE S 5 24 7 55 R 5535 . ###Eﬁﬁ%ﬁ%ﬂmﬁmu el %5 56 0 T
GYLEITE RN, PIRASER, :

%_+E%ﬂ%@%ﬂumhﬁwrﬁi%Aﬂﬁﬁﬁuﬁﬁ HWIAB=+AWHA
ERIEAN, FH5RES AR

12/26

98 B 2T

31Z A& B3 5 App



GRS : 202343000834045 Hi 4511 8]: 20230703

WE® RIAR
$:+£§éﬁmq<wm>&mxxﬁ&xm&§@a¢ﬁFﬂmmm.—gﬁm,%&
BATE, iEHE R, m#mﬁQ%H&%PhHWHﬁﬂﬂ(ﬁé%&%&mm»(ﬁﬂ@ﬁ
TAESCHEEN) % %ﬁ&ﬂﬁﬁhﬁ%%&dﬂﬁﬁ&kﬁ%ﬁ&

L. SR B s R T AT T%Tﬁﬂ 3 0T &‘ %
2. RIS R AT Aok BB E &@ﬁm-&mm%vﬁg@ﬁu@mmmmaﬁn
3. A TSR 4 35 L B B AR B AT AL TR B ,@ bod

e
ﬂm$ﬂﬂb&wxeamanhmwmmmmﬁuc@%xA¢amnﬁA1m#m

JE mx&h*ﬁ%ﬁfi‘z@i FBTEN AR BHE;

&

&
5. A H At I 78 R FAE . <€ é?

S
ﬁi“?ﬁgﬁ?ﬂﬁkﬂ g?
% 4]
Q ;S '\/
v ey o
BoHbF AL TR A Z AT
B HAK AAEE R BRI,
‘ el '
> X
e FERT S |RER | REMR
CEY | AR Eﬁﬁuirﬁ@“ w— R [
ZER: ;gf#FﬁTEﬁﬁﬁ%ﬁﬁLﬂ&i AARGR iE o
| miEE > 1
HRC | ERBTRTALARTERE | ARG KW | B
f#=D GERLE B (T DR LA 5 ZEs TN EL
' ) e
W E N P A R FTC
% & S S
’_;)‘ _ ,}? v ‘G)Q
R F ST B GERALEHREAE D o=
- QO
&
13/26
99

(B nmeeE

31Z A& B3 5 App



“ P
9z /vt
y 7
a.mw o Ty N (] £ Vi e A
T N . _ 3 :3._:;s;m? \
GG TN Rl G LRV IR (M) ST e Y el G BEMNA e 3094 b B 108 51 gl
(O 135 [t
BALL R S TS RPN I MR (D Wb PPN v e
' 7 U
FLLR S T — "GO TGRS M T O ST el i SR ) €1
N N
' 4 % » "l 4
TS5 K O TR GO A ROV SR R0 2 o A T v 33 2 Xz
TR NG WOl RO IE AW WY YT & T [
BCLL R T . : 7 BT
”gm%ﬁ%ﬁ%@aeéawgéaﬁmﬁgﬁgﬁggaé%,zaﬁ%aﬁggaﬁdw
&m MY LI AT ar
U AHOTECTINAW SD0 A B ROOE B (e A e G B B YA 8 A
BLR o Tl S RIS Y 4 T B Tk L %% £ i
rc _..,,..
R T R R G TR M TN T 0K 9 a@
ogmﬁmmmwgwgﬁ.twagagﬁﬁ%%ﬁ%wéﬁggmﬂ%ﬁﬁ@ SORGK W
B LY ) W — »Eﬁg&wﬁﬁﬁﬁaﬁﬁ%ﬁ&gﬁae%i%%ﬁ«
Y TN E Y Y T B RO B VP AR (i B CRThya e ;
- » Ry,
,ggﬁaﬁgm;ﬁ<g§$$%ﬁﬂ§%wagﬂagma#a& e 2
ALY W — , sy ki fim
U ) o0 Y T G AT Y BT 30 B 1 | o A T e
“ 8
G&EY AR 7

AWMLY HEN

LR WSERCL)

”

V3

£0L0€TOT (] futishy " SYOVEBOOOEVEZOT * Ly j[| &}

(B e

100

31Z A& A3 1 App



9z/st

sﬁsee% NG T ﬁ&@ -4
TR G DO S <dgtjﬁ&é?.ag::m&dn Prud
R o4 A W TG A O _
_$§«y§ztﬂ%a$:a ﬁ&m:adﬁde ﬁ%ﬁ%ﬂxzéssfnﬁﬁ%amuam
WY THUBUN BT WL W UG 5 OGNl 52 :
& Y mTINRNERbHEE T | S 906 H
i Lgu "gﬁaeégﬁ_agiHéia%makg%@mwm e
"I AT B
6056 2 U R GA [ S BRIV BRI Ry kskmyﬁ FORETFIFE T Lo o 1 56 0 sﬁsaﬁmm &
&ﬁﬂzﬂdaégggiwsz;asﬁtxugmVN &v
&% : 4[] 6 T 3425 T e B B 62 S
RGHRE B HEHIE BAWE Y (XM Yehdk o &
& & asamr | o
W COMTU CNEARHYE AR LB ﬁ%.:;sﬁﬁwx%a@ﬁiﬁmﬁwﬁw ]
CHEE S TR dr b AT YA % L_mswfaﬁ#% % H,wjx._A%:swwaﬁﬂﬁr_a_gﬂiﬁ 02
..J A :m%%ﬁ: e 7Y .xﬁwm««%ﬁ BT t.ﬁ@m_
SBT3 @#azs L R H T 61 &
RCLP RS W — & & - ,.,mw
UL T I B %tﬁz;,éaﬁds@<ﬁwaﬁm::&%i4mﬁ ,mw
A T ) LV 35 :sﬁaﬁcﬁugxuataiic TEMBRLYL 2| o U H e
T YN T TR ST R WA MG L

6

€0L0ET0T # | f14% 1

SYOYEBO00EVETOT * & Mj[m| &

31Z A& B3 5 App

(B mseT

101



9z /9t g i .A,.N
& , 2 0( o
I, ,gagaawmﬁams«; ﬁ=<m m4:«agaQr&¢Nv &
BCLL R b T ,gﬁﬁ%;<a~§u@wa<m§_z;«u&ﬂzﬁéa 1) R T Dy T
ALY R T ,ggﬁ%ema&gm,xﬁaﬂ%.gga%zagsé%%*%egﬂﬁ%vsﬂzov
Wiy & s Ve
T CEEAY MW WS HRBIMAI Y RGN Y AT dr b G T 6E |
RO R Tl 0T YA 24T 008 TAMIEN 4T 2
AN LHICL 008 HAF{ YA (8) UL 001 W RN I&; ,Jm
—| WO T TR WA CRTEISE | Y
RCLRI S T — g%aaROE%ﬂxﬁ£ﬁ K &
RO Tl G L 008 DR CUPH TV SRl &
ORI | IO 008 W T YA (E) 201 001 AN T ﬁa%ﬁéz&%a.-&wea%ﬁﬁﬁﬁﬁ &%
BCLR B — B VAL O B AT t,maﬁﬁ WY N T L S
LR T G TS RN T R B o 7 am
,At,ggﬂz&%gﬁaﬁmg:ﬁxmﬁadm s
ot & R TR T &
(M) e YT TR M I ax:&%z% mawgaﬁm,§favm - F
B R T & T L
R SRR >
WAL AT AT TV HEH AT TSN ARG T 5 ¥

AT S B ORI RN Tk vﬂﬁ;ﬁvz_&m_@ 28

*CHE R Y A T L I RGN SOk % i::ti&%ﬁ AT TR C1E

s

€0L0ETOT +[u| [157 i SYOYEBO00EVETOT & MiM| &

(B mseT

102

31Z A& B3 5 App



Obnc pme _“.»4
,.m_:, A\WO OuD 5
& P .
9z/ L1 ) £
- \..H..,«
B s
BCLE R S T [ sty i 1 b = 86 0 5 0 T 437 B e & el
. ——m——— - % %3 .9§m:éﬂsﬁ?g 4y
B LRV Y (A0 =t i 1 b S ) S U T 7 B U LU &y CAS T Sty
7] Ui axﬁLafuaﬁgnaxﬁw®agﬁ
PR oty s oo g g g |
o~y RY : <A 1A A TLIhr (¥ 07,5 ([ v
N — W RO e | i
> Ny ~N
B¢ 1P R S ol A B 2 ol BN |
GG R W SALEEMBRY D | BP0 LA 1Y T AT ) 08 gwﬁxta<x
ool : B E:kﬁﬁ.
YA N .7 A Gl | BG4 T dr e
WX MR DR SIS S ARG T O T AN 4 60|
& N 2l
O3 TS (37, 361 V2 b S AFTT 34 BTS00 G £ T o 7 e sy
L4 W [ b %\ O oL v A TN
% 9%
& COERHR Wal kW P LR &
s ) %w TR
DRy T4 | 32 "WddFRTERPE TRHBIL 008 R__m@%ﬁ%:gHS%M«.«dm\iﬁ TR
LR T BIC €/ 008 iy TV (5 el oot | THIEME %xigagﬁﬁwgwk%fw:ﬂ%chv
LR B — gy | B &?
.?-u N
288" & “ G L35 T
B LY S 3 — & S
a&%@ga&.@@aﬁaﬁwzw,4,@5&=m<ﬁ&4ﬁ$.e&ﬁ¢<*ﬁaﬁ&ﬁ 3 9b
iiacing A A T G4 SBULEROVE A
/m\|\« IIJ —_—
YOGV IS AR SATR [ BT 0 iy wa:x<mxiza:<*z$ﬁzaéamv o
% 2L ,s§¥tas¢qgcﬁm§<mxizgﬂ<x:@ﬁ:&ﬁﬁve B 5t
ko gtHﬁ&f%ﬁea#w<wzf:gﬂ<xz$ﬁﬁ&%f{ T oY 3 X A4k

A iy

€0L0ETOT *[nl fuY7 : SYOYEBO00EVEZOT &y M|

(B mseT

103

31Z A& B3 5 App



o e

9z /8t P g
2 b
a2 A, &
.l. “\ 0 \.\......
mw R A 4
Wi T I esazgeé:gwfﬁezsz?<:c@%¥No AR VI
R( 7~ MW
gﬁg::244:4ez¢3323:§&ﬁ¢m@§g&1~w RIS WA
L) ¥ T od [ S o
R 3 . &8
,3 [TR]R 2
SRR R IR ey
RCLL R S ol 5A@w¢a&§aﬁ 8ﬁﬂ\a N N
AYLLI S5 U g
BCILR VT 4y () a1 BT aw;L« ST 3% Bl 16 5 — u:.me&wéméa Qo Bt
R R I — GOy U5 RAVALly T SR3OS0 T ch (2 AN T ol 0 20 YA L5 51 B o £ ngaoo P
< 3
94 Q
of .@ :u t | (1 Jl s} 1 /a1 th /N -t 18
i i BECNG ST e e S T@jﬁ%f*wﬁma L} T S ST 6 M )
GAEPE O e ol BT AR Y R BT 690 T 89 m%
KLV T &7 %zma,@;g OISR R IRLY LS
i s%ﬁ%asamqsﬁ ~fy— "9 oAY 5
"gzzAmvw:§§xﬁ:ﬁaw@&aazgﬂw&%ﬁﬁamﬁagﬁummax@m N P utxmm
£y XM
7ol Fad k5 WY LTS A b 7
6 L4 S W — _ % RS
GRS wééca@<xzaasﬁt.g:z=&awwmgaaﬁamm "%
WNENTCRYHEN TS | o
s . .,..,.,,‘.,W.
G R T .
LR T ad [

€0LOETOT *[v| fuf7 o SYOVEBO00EVEZOT & M5

31Z A& B3 5 App

(B mseT

104



0 >
: bnc bwv
& N
& .
9z /61
& »
_ %
o)
: ; &
/.r,.. 47 00
,IY » N 0
. N, /7 @
> WY FEHTIMN T DTG YL AR T
y . ..__:_éﬁgﬁia_%?:a%.ﬁﬁwﬂtﬁﬁﬁmm BT R chEY T (T
e Z VB
\( >
> 4V
,oo\.f &0(
< X
R & 5
& P v
A A,
NS O
2 < .
4 & S
Al Il ) $ HIHE) | VEYED | (%
R mEiek | i V% BWHTH | VRNIR | W R
S v d . {
o GRS T ROM
R ARTI NG R UL &
35

EOLOETOZ "] ftf7 SYOVEBOOOEVETOT * &3 W3] &

AT

31Z A& B3 5 App

105



A\v‘ x\...” H« -
9z/0z d
2z BT A XX WO R
. TN RGE WS T GGG HAR T
I T YR IF I T YUE W IEET TV 2L Tl
b&w
P ,..\ 0
SN : & FY Bk
s e S @ [amw
WHE 6N WTH YD wTw R0 B [T weg ] Wkl | $rnnpe | ghimng | G
Q oL 254
VRN T (LIS Ty £ <
3 Y S
& &
N Q7
mvo x>o0
: A
R A
o WND & ...,.,.
. (ol ) % | q | Ty )
Ty WEET | UMY | T | il e | % ey vl | e
it T Q BV H N o AR
O ) Y RN
< N
ol FUOHE LN W T RN
FEFARBUKL VG &
23K
€0L0EZ0T [l %710 | SYOYEBO00EVEIOT * & Mi(| 2

31Z A& B3 5 App

PEEET

106



&% 5: 202343000834045 i 48] 20230703

s D
BERIFIR AT A LB RIS
g 2 : S 5
XX (BERIE BRFRELR) - oY o
R RS SRR ATBOR LR GRS P R Tl VR B 20 B i 7 AT s
k) BHIBHUE, TRMRMAL/ES 5 X X ORE&T6) R sir st

— RRAT I ¥
%
S _ &
W - QS
hH 5 ™
%0) 3 25
S : &
ek &if%@ﬁ&%ﬁﬁz S
XU 4F JSOOKK 42 XA XX B2 X00KK 48 XX A1 XK ED) S0k i b A LA PR B
“’ o
RFR&SN. B0 ELnIRGTE. K

A
o

AT N IR SRR B REASE EERHAR X X (AEFEARZ) -
o EAREAE R M AR ARAZ AR T A TRAR, URERAER AR

SUGHRGE XEHEL & 2
b
Q
N)
S J
%) Zl
O AT XX CARREARH
X3 > XXEXXHXXH
25 %)
. ™
; "’)VQ Qé?
L5 b ™=
Y Q ol
S &
g Q N
-‘;f r}) Q
' ™ Q
¢e)
4 Qr{,” o>
Q%
j: P
21/26
107 ST

31Z A& B3 5 App



I
9z/Tz

W Q st
W 3 3 00
Mvr, ;.N\./ &0
£ar o &

i i <

" N G
X "It n\.wv
& » >

AT MR T T TR ok T é.xﬁw@\ﬁggw@n [y ¥
STt

YV b

|7

Vi
i

&
A
&mc
o
b

4
Q

“E

[l
« WA N

e e

aTOEHW (Y

A
‘i Q
,%gﬁgm%a<£& YEE) YRR
L &

o
SRS

P 2T

(A3
% W)

o

sk

31Z A& B3 5 App

Rt

108

.. %A \ ] TN
o [ O LRI HET RO
¥ S ol e
T N, TR B LY ,N..,,,._,. &
: > 43
. StOYE8000EVETOT & Mi[| &

€0L0€TOT *(n) 1% 1




&R%S: 202343000834045 & 451f(a]: 20230703

W F ’
o SR BRI R
P G
& &
%—%ﬁﬂﬁﬁm&ﬁﬁﬂﬁXEMWﬁm%@wzamm% R R,
2. S

%:&%ﬂ%ﬁﬂgmwm&&%mm%mxwm%mgﬁﬂ%zﬁAmﬁ# T T
ks GE) (RIEA, W EIE SN 0peRm. 4y
=g (b4 & RRR R EAALHL X%iﬂ%ﬂﬁﬂ&&%i?%ﬁﬁ&ﬁ%m%ﬁ G

te)
%r”@@iéﬁi@ﬁﬂfm 1R T H & K5 RS2 % ,ﬂ’z}ﬂm%bAﬂhfé‘ I1F551>(9¥Q’

EIE, m*méﬁmnm%m1ﬁ¢ruwm Wﬁﬂﬁﬁ$@%§%#ﬁﬁﬁg&@ﬂﬂ%
m&ﬂ§§&@m wﬁﬂwﬂ.ﬁﬁﬁfﬁﬁi SR GE) A+1, #WA@@@ﬁn
AT #ﬁﬁt%maﬁmﬁﬁﬁﬁ%% WK AT Vv

%Eﬁm*m&ﬁ&ﬁImoé%#Fﬁ%mF SIS e R R S 2 F R i

ﬁﬁ%aﬂb&&(#rﬁﬁﬂﬁﬁ»£MHﬂﬁmﬂﬁ&ﬂ%ﬁ$I¢ B4 Tk i 75 S ED A

A& RSN, BRESEEE SR A A SRS R, R, ZRGEAOHE

REGERT %ﬁ?lﬁﬁwtfﬁxm#%@gFﬁﬁﬁ&mﬁ#%ﬁ&ﬁwtmﬁ_¢5‘f

R <9

;\.

FEK WEHHRAGERGS mﬁ%ﬁﬁmgmmrﬁ BRI R, EMLE

F— ﬁxmﬁ%w *ﬁﬂ%mﬂ@@mEﬁTﬁiEﬁﬁ H@ﬁﬂim&ﬁTA$(¢ﬁﬁ
RO RS TAR (R 260 8% F LR, maxgmwﬁ RN A R 5 &
#rﬁﬁaﬁ%ﬁﬁEL¢I¢
r%f%zw%¢h<¢>Ara§#ﬁ§ﬁ%m§mmmﬁ§%w B RGRERLE SR
5§mmxﬁﬁ%&ﬁ i o
; %ﬁ&gm#rﬁanﬁmrﬁmenmmxmgmmﬁﬁmmmmagﬁmxuﬁg
AR S L G TR, mﬁml@mfwmm N ﬁg?earb
7.8 ﬂ%%%#%”ﬁﬁk%ﬂﬁuﬁnkm(%&@@Fﬁﬁm ﬂ%sﬁm,ﬁ%mﬂw
m4>.mﬂjﬂ¢bﬁﬁu#%ﬂﬂixmA$» (3p imﬁmﬁmw@ﬁ

Bh& TD‘@*‘Eu{SUﬂ%}E"T HRE, {&%}%%”@I#[‘lamﬁiﬂﬂﬁmf\tﬁ k) 0(1

40 PR 5 5 o T mmm;mwa%&mmm§§WAn#mm SerH R B

CGhiR) 5 HEHRMIGIE ORI 28 (FIRRVE 2 O JBalith 7 IE A B, )
S AR RIS &GS RORA R T Fi8 (00 REE: LFRIN

K I B R G A R B L (A SR AT SN L HR A R A R L5

m@ﬁ

23/26

109

(B nmeeE

31Z A& B3 5 App



& E%S: 202343000834045 450 E]): 20230703

B —% RIS 2 ) KT A0 SR P 2 ] SEALIR B s
=% A2 a) b ERED 6 K AR RE it

=, Q
v b‘
N o)
S %
Q g
8) 43
8 R
9] &
™ e
%)
QY
v
W 5 »
Q = ™
™ it S
‘o) ¢ ™
) Qo)
S Q
S QO
> )
™ )
’1) 3 v
f\/ ,})
S Y
f» ’»Q
¥ : i~
» s
o) s
S %
N .
O A
Q 5
25, 4 =
™ 3 <
) . N
& /
f\/ ;‘ A
Ny 0
’)‘) Q
o =
Q Ny A
\) S .
Q Q :
0) Q ™Y
= QS ,
o) )
& ™ =~
Q Ny 3
= & ?
e A3V,
&7 7 .
24/26
110 IMeEET

31Z A ERMEHEApp



S5 S: 202343000834045

#ighifa). 20230703

M=

‘¥

SHHRAL. ARFT

AREBERAE

7 2
% a1 aan 2 8
g GRFH & & o W3
2 (JiiE) & S Pry
= 4 '
L | mam 0 el !
< MR . Ak, Fos (LB , &
7 | D (5 0g | FOWHREARS, H3 7 &R UE BETR. P
Cg’ ; AR, B, 43 5T (3) '_'@.igﬁ, #14 Figt; ,.,)V
§ (4) ZIRFFEMY 7.78 Fizt. £#113.78 k. P
. %) TRP-G 1O R 9T BB (7.5 FiTe) , f14% HPLGOK.
3| WA T 2 . BT R X 9 f= - ' L
w é{ﬁ R T80 L Godis, Go-aoa %, KUERMHSH, 4T 1.5 i
£ Q
4 | BmEshhn R 2 / v
2/ Ek/ B Frig
5 é;@iiﬁ;@&r 2’90 SNSRI ERR, Eit 2 Ax.
6 | mrm 5. 00 B, $2 . A
R Lo P
ac HEEs B ARRERNHRANS SR, 2.1 A/ AE,
’ 5% R #5990 3 A*% ~= 18.9 /i, f:l-"\ P
8 | EXGiHE 0 A 27
A5y \%
9 | ShiAtER 0 /
10 {3tfh 0 /
| mAsRR 0 e & 0
7 %7 » .6?
%’ Y
12 | FEEERE | 2.8 {WAEER 6V IR &
——r ?g-, 0;\\9
; | amas@ AT o, MEBRRI . =
13 | & 1.4 A = S "
tf {ﬁypo 49 H[' {§V :

25/26

111

y
=y
"‘:/
'

(B nmeeE

31Z A& B3 5 App



%ggg
@)ﬁ

RS S: 202343000834045 i Zhifia): 20230703
F ,
@WF&%%%-'
AN M@W@Iﬂ%mﬂﬁﬂﬁﬂmﬁ&ﬁaAﬁ X A R HTR
R R TR & &
‘ &

1$AhmEAWﬁ%WAmﬁEF 2, Eﬁ@¢u%w(mﬁ,

AR ﬁ@$umEMﬁﬁﬁA%&m*&@ﬁwz%mmkzﬁ>
v

2*Aﬁ@&ﬁ”@ﬁ¢@lﬂ%w%EAjmﬁ%&ﬁ*%ﬁ&

%x&mgﬁ%ma%%M% = AR,
"\/

3%Aaﬁﬁma&ﬁﬁﬁﬁ%£%%<&sﬂ&%A>m@zﬁ,

ﬂAkﬁ?&ﬁﬁﬁﬁﬁkm%(i?H)ﬁm\&m‘ﬁTxﬁﬁﬁ&
ﬁﬁ%&%@,ﬁﬁﬁﬁﬁﬁﬁiigﬁ oﬂﬁ¢@1ﬂﬁmﬁﬁ“j

v <
EEBATFRBRE (HEFD %ER X \ﬁﬂ\%ﬁﬁ,$kfﬁ%5

S
S
. )
ZATRRMARRER.
e v

"' ™
s W Q 2
-~ = -y W ™
(s / Ny Q
%ijﬁﬂ (%ﬁégcy oF

26/26

112

§

S
@
V

4
»
e

(B kT

31Z A& A3 1 App



SCAULIB202625957

&R ULFA

RIEPFHAREOR IR, ERALHRIRFHMHSHIRFER JEMFRREERNTF) 1 BRURIEROTR.

M% kY /
. RETIRRROED B WX | ) RSk
B WX B 39/ T 1eEHAZ P amﬂ.mwuﬂmw KA EwmET X
ADVANCED FUNCTIONAL T7 HERE 1R
Tuning the Electronic Configuration MATERIALS \ ; Top JATI: 2
HlERIVKE IF2-year=19. 0
of Oxygen Atom in Engineering Non- HIRE: 2024 HFE— OA #7]: &
1 L (T2 % MRl SaREE SCI IF5-year=19. 4
Self-Limited Nanozyme for Portable HARHEM: MAR - 1BE = — tRE: Mega-
N 024
Immunosensor #41: 34 10 1hG: - Journal
SRR Article (2025)

R e XFRRUPHERRF KL ERRERFERRIGIHIAR GUT) XN

B B Ik, AT

VSN

B kS E

FB1lLU/3t1 W

113



RESEARCH ARTICLE
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FUNCTIONAL
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Tuning the Electronic Configuration of Oxygen Atom in
Engineering Non-Self-Limited Nanozyme for Portable

Immunosensor

Aori Qileng, Weipeng Liu, Hongzhi Liang, Mengting Chen, Haoran Shen,

Shizhang Chen,* and Yingju Liu*

Nanozymes are conceived to replace natural enzymes to avoid expensive
processing techniques and fragile reservation conditions. Unfortunately, the
self-limited reaction has run counter to the desire for sustainable catalysis as
natural enzymes. Herein, the universal mechanism to overcome the
self-limitation of nanozymes caused by the absorption of ions on the active
sites is explored. Therefore, the dual noble metals (Au/Pt) are introduced as
the center to synthesize two kinds of nanozymes with different types of
central metal elements (Cu and Ce) and also compounds (metal-organic
framework and metallic oxide), showing a similar bond between a central
metal and oxygen atom. The morphology characterization and density
functional theory calculations demonstrate that the improvement in the
electronic environment of neighboring oxygen atoms by inducing the charge
redistribution via the bond between noble metals and compounds is crucial
for enhancing catalytic activity and avoiding the adsorption of the nontarget
substrate. This work not only experimentally proves that the adjustment on

the same substrates and products as
enzymes.!! For the past two decades,
nanozymes have endeavored to engineer
nanomaterials as mimicking enzymes,
but the self-limited reaction hinders their
prospects of replacing enzymes.”] There
are two primary factors contributing to the
self-limited reaction of nanozymes. First,
the active sites are consumed or converted
due to continuous chemical reactions.
For example, the peroxidase activity of
Cu,O gradually disappeared in the reac-
tion with H,0, due to the consumption
of Cu*, resulting in the destroyed active
sites and decreased activity.l’! Second, the
product of a catalytic reaction is adsorbed
on the surface to inhibit the catalytic ac-
tivity. For instance, a phosphatase-like

the electronic environment of adjacent atoms in the catalytic center is a
feasible and universal approach to overcome the self-limited reaction, but also
achieves the application of self-powered and portable immunosensor to
broaden nanozymes in sensitive detection of illegal addition in food.

1. Introduction

The field of nanozymes has gained attention due to their versatile
surface chemistry, low cost, and long-term stability, as they have

A. Qileng, W. Liu, H. Liang, M. Chen, H. Shen, Y. Liu
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DOI: 10.1002/adfm.202311783

Adv. Funct. Mater. 2024, 34, 2311783

2311783 (1 of 12)

activity of CeO, would be damped with
the sustained reaction, since phosphate
can be easily adsorbed on CeO, by the
strong attraction between phosphate and
lanthanides to prevent the adsorption of
the new substrate, which could take place
in alkaline phosphatase (ALP) as well.¥
So, breaking the self-limitation can take
nanozyme to a higher level of appreciation as it could surpass and
replace enzymes in a sense with better environmental suitability
and industrial reproductivity.

Recently, the noble metal (Au or Pt) was used to improve the
activity of nanozyme as the (111) crystal face of Au or Pt dis-
plays not only the ability to absorb target but also the proper-
ties of nanozymes, such as the peroxidase and glucose oxidase,
which were accompanied by synergistic effect in heterogeneous
nanozymes.’! Heterogeneous nanozymes, including noble met-
als and other materials such as Au@Cu,O and Au@Fe,0,,
showed a higher activity than bare noble metals.l®! For exam-
ple, the production rate of free radicals in Cu,O/Au was many
times that in Cu,O,”! since the noble metals, such as Au or Pt,
are easily inserted into the unsaturated defects of O in metal ox-
ides and then occupied vacancies of O to form a bond between O
and noble metals, thus a higher energy and stabler structure can
be formed.!®] Besides, the coated noble metals on the surface of
metal oxides could reduce the isoelectric point of metal oxides to
absorb more substrates in a wide range of pH value.l’! Further-
more, the interface between the noble metals and metal oxides,

© 2023 Wiley-VCH GmbH
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ABSTRACT: The Argonaute (Ago) protein exhibits high specificity in nucleic acid
recognition and cleavage, making it highly promising for biosensing applications. Its potential
is further enhanced by its independence from protospacer adjacent motif (PAM) requirements
and the cost-effectiveness of using short DNA guides. Both Ago and CRISPR/Cas systems face
challenges in signal amplification, which limit their ability to detect targets at ultralow
concentrations. To overcome this limitation, a thermostable quadratic amplification system (T-
QAS) was constructed by integrating a thermostable nicking-enzyme-mediated amplification
(NEMA) strategy with TtAgo. The system leverages the high stability of T-QAS at elevated
temperatures to enhance guide—target interactions and decrease false positives caused by
nonspecific amplification. Additionally, nanozyme is integrated with T-QAS to construct the
AIESTA platform (all-in-one isothermal enzymatic signal transduction amplifier), which is a
single-tube visual sensing platform. Within the AIESTA system, T-QAS improves specificity
through high operational temperatures and offers programmable functions, enabling the
sensitive detection of miRNA and foodborne toxins. The combination of T-QAS and nanozyme makes AIESTA a candidate of
point-of-care testing (POCT) field, showcasing the potential for biosensing in resource-limited and complex environments.

B INTRODUCTION adaptability of the Ago protein prevents binding of gDNA to

Currently, CRISPR/CRISPR-associated protein (Cas) systems Iow-hqmology targets and inhibits seconda.ry structure
have garnered extensive attention in molecular diagnostics due formation among gDNAs. These features collectively enhance

to their functioning as sequence-specific endonucleases.”” the recognition specificity al}clllgmpliﬁcation efficiency of the
However, the application of CRISPR/Cas systems in point-of- Ago-based detection system. "~ Commercially available Ago
care testing (POCT) and complex environments encounters proteins, such as TtAgo from the Gram-negative bacterium
several challenges, including the requirement for specific Thermus thermophilus, exhibit significant single-strand DNA
protospacer adjacent motif (PAM) sites and the high cost of (ssDNA) recognition and cleavage capabilities across a broad
CRISPR RNA (crRNA).>* These limitations have driven the high-temperature range (65—85 °C).'”'* Consequently, the
search for alternative and adaptable molecular recognition Ago protein, with its simple gDNA design and the unique high-
tools, leading to the exploration of Argonaute (Ago) proteins temperature stability, emerges as a promising alternative to the
as promising candidates. The Ago protein, primarily found in CRISPR/Cas system, offering distinct advantages in both
eukaryotes, acts as a key player in the RNA-induced silencing applicability and functionality.

complex (RISC), capturing exogenous nucleic acids and However, both Ago and CRISPR/Cas as molecular
initiating defense mechanisms against foreign invaders. recognition elements are limited by the inherent signal
Through its mediation of small noncoding RNAs, such as amplification efficiency of the proteins.'” Detecting ultralow
miRNAs, Ago protein regulates gene expression by inducing concentration targets based solely on their recognition and
target RNA degradation or inhibitin§ t;ranslation, thus serving cleavage characteristics remains a significant challenge.'®'” To
as guardians of cellular integrity.” " Due to its specific overcome this limitation, these molecular recognition elements

recognition and cleavage properties of deoxyribonucleic acid
(DNA), the Ago protein holds significant potential for
applications in biosensing."~'" Notably, the Ago protein is
not constrained by the PAM site and can employ DNA with a
5’-terminal phosphate group as the guide strand (gDNA, about
17—22 nt), simplifying the sequence design and broadening
the application scope. The recognition and cleavage activities
of TtAgo are mediated by precise base pairing between the
gDNA and the target sequence coupled with the catalytic
function of the PIWI domain. Moreover, the high-temperature

are often integrated with polymerase chain reaction (PCR) or
nucleic acid isothermal amplification techniques to construct
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ABSTRACT: Post-transcriptional regulators, microRNAs (miRNAs), are in- ‘) . AAP
volved in the occurrence and progression of various diseases. However, due to CHA %

the complexity of disease-related miRNA regulatory networks, the typing and “"R 122 s
identification of miRNAs have remained challenging. Herein, a linear ladder-like
DNA nanoarchitecture (LDN) was constructed to promote the movement J
efficiency of the tripedal DNA walker (T-walker), which was combined with the \ ‘(,, ol /«J

DNA-based logic gates and the PTCDA@PDA/CdS/WO; photoelectrode to ,&J/

develop a novel biosensor for the detection of dual-miRNAs. Two miRNAs, miR- miR'

122 and miR-21, were used as targets to operate the logic module, while its output,

trigger strands (TSs), initiated a catalytic hairpin assembly (CHA) reaction to

form a T-walker. By using LDN as the track, the T-walker efficiently unfolded hairpin 4, which further hybridized with the alkaline
phosphatase-modified hairpin S (AP-HS). The remaining AP can catalyze the ascorbic acid 2-phosphate (AAP) into ascorbic acid
(AA), an ideal electron donor, thus resulting in a photocurrent change. The photocurrent signals of both AND and OR gates
displayed a linear relationship with the logarithm of dual-miRNA concentrations with detection limits of 10.1 and 13.6 fM,
respectively. Moreover, the intelligent and rational design of DNA tracks gives impetus to create a well-organized sensing interface
with wide application in clinical diagnosis and cancer monitoring,

B INTRODUCTION which play a crucial and enlightening role in DNA
computing.'*~'* The surprising programmable power of
DNA logic gates has allowed researchers to explore wide
applications in various biochemical fields, such as real-time
monitoring apoptosis, cancer immunotherapy, mRNA imaging,
and cancer cell identification."™"” In most cases, one
malignant disease is often associated with more than one
aberrantly expressed miRNA, and the logical relationship of
miRNAs is connected to different disease stages. Thus, by
designing a proper logic operation system with different
miRNAs as input, a highly specific and sensitive DNA
molecular logic gate can be constructed, which avoids false-
positives as much as possible and further improves the
precision and efficiency of early diagnosis.

To better realize the sensitive detection of target miRNAs, a
signal amplification strategy based on the DNA walker is
introduced. DNA walker, a novel and attractive DNA
molecular motor, which can move autonomously and system-
atically along predetermined tracks by the entropy-driven

As a class of endogenous noncoding RNAs, miRNA plays
significant regulatory roles in a vast range of physiological
processes, including cell growth, proliferation, and differ-
entiation.' ™ Due to the pivotal function of miRNAs in most
organisms, abundant works have explored their molecular
mechanisms and revealed that the aberrant expression of
miRNAs is related to many cases of cancers.”® Recently, many
researchers verified that these miRNAs could be used as
clinical biomarkers to monitor the development process of
malignant diseases.” Unfortunately, due to the low abundance
of miRNAEs, it is difficult to profile different types of miRNAs
in complex samples.” Therefore, the strategies of using
intelligent computing modules and a signal amplification
method to accurately identify and sort target miRNAs are
urgently needed for disease diagnostics.

Logic gates, the computing modules, can realize two or more
inputs to execute a certain operation process and produce the
corresponding signal, which can be developed for the
simultaneous detection of multiple miRNAs. Nucleic acids
have been considered as one kind of exquisite engineering
material for molecular logic computing because of their precise
Watson—Crick base paring principle, remarkable biocompat-
ibility, and great maneuverability.”~'' DNA logic gate-based
works initially relied on the DNA hybridization reaction and
then developed into a large number of functional materials,
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ABSTRACT: The abnormal expression of microRNA (miRNA) can affect the
RNA transcription and protein translation, leading to tumor progression and
metastasis. Currently, the accurate detection of aberrant expression of miRNA,
particularly using a portable detection system, remains a great challenge. Herein, a
novel dual-mode biosensor with high sensitivity and robustness for miR-21
detection was developed based on the cis-cleavage and trans-cleavage activities of
Casl2a. miRNA can be combined with hairpin DNA-horseradish peroxidase
anchored on a CdS/g-C;N,/B-TiO, photoelectrode, thus the nonenzymatic
amplification was triggered to form numerous HRP-modified double-stranded
DNA (HRP-dsDNA). Then, HRP-dsDNA can be specifically recognized and
efficiently cis-cleaved by Cas12a nucleases to detach HRP from the substrate, while
the remaining HRP on HRP-dsDNA can catalyze 4-chloro-1-naphthol (4-CN) to
form biocatalytic precipitation (BCP) on the surface of the photoelectrode, and
thus the photocurrent can be changed. Meanwhile, the trans-cleavage ability of Cas12a was activated, and nonspecifically degrade the
FQ-reporter and a significant fluorescence signal can be generated. Such two different kinds of signals with independent transmission
paths can mutually support to improve the performance of the detection platform. Besides, a portable device was constructed for the
point-of-care (POC) detection of miR-21. Moreover, the dual-mode detection platform can be easily expanded for the specific
detection of other types of biomarkers by changing the sequence of hairpin DNA, thereby promoting the establishment of POC
detection for early cancer diagnosis.
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1. INTRODUCTION

miRNAs are endogenous and noncoding small single-strand
RNAs (approximately 18—25 nt in length) that are widely
found in animals, plants, and viruses."”” Moreover, miRNAs
play an essential role in gene regulation, such as cell
development, differentiation, metabolism, and ;:1p0ptosis.3_5
Currently, more than 2600 kinds of miRNA in humans have
been discovered to regulate various parts of the biotic process.’
Besides, a single or a few miRNAs can control hundreds of
mRNA, and thus form an intertwined regulatory network with
genes and proteins.”® Due to the powerful regulatory function
of miRNAs, more attention has been paid to the relevance and
function of miRNAs in human diseases. Significantly, more
than half of human miRNA genes had been found in the fragile
zones of chromosomes. The genes within these regions are
generally mutated and have an abnormal expression when
cancer occurs. It is suggested that tumorigenesis and tumor
progression may affect the expression level of miRNAs," thus
miRNAs may act as a 1potential clinical biomarker for detecting
early-stage cancers.”” "' However, due to the low abundance,
high homology, and easy degradation of miRNA, an accurate
miRNA analysis is still a challenge.12 Therefore, a sensitive,

© 2021 American Chemical Society

7 ACS Publications

reliable, and portable biosensor for miRNA detection is
urgently required.

Researchers have developed various methods for miRNA
detection, including microarray, Northern blotting, and RT-
PCR."™"* Although the above traditional methods have high
sensitivity, complicated operation and expensive equipment
limit their development. Recently, a series of detection
platforms have been explored, such as nucleic acid
amplification strategy combined with surface-enhanced
Raman spectroscopy (SERS),'¢ electrochemistry,'”~"° color-
imetry,”® and fluorescence,”" which can significantly improve
the analytical performance. Especially, the photoelectrochem-
ical (PEC) detector adopts the mode of different types of
energy and total separation of light (excitation signal) and
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ARTICLE INFO ABSTRACT

Keywords:
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Cascade reaction
Dual-mode sensing
Portable device

The microRNA (miRNA) has a unique physiological regulation function in tissues, thus its expression level can
reflect the development of various diseases. Nevertheless, due to the low-abundance and high-homologous
similarity of miRNA, the precise detection of miRNA remained a challenge. Herein, a CRISPR/Cas12a-assisted
multi-amplification strategy-mediated programmable miRNA (Cas-Master) biosensor was constructed based on
photoelectrochemistry (PEC) and colorimetry (CM). Initially, by employing the rolling circle amplification
(RCA), the miRNA was transformed into the long single-stranded DNA with a large repetitive sequence region,
which specifically triggered the Casl2a’s trans-cleavage performance. Afterwards, the activated-Casl2a
randomly cleaved the trigger strands of hybridization chain reaction (HCR). Thus, Casl2a was used as the
medium of RCA and HCR reaction to form the multi-amplification circuit. Then, the glucose oxidase (GOx) was
combined with B-CD@AuNPs and NH,-MIL-88B (Fe) nanozyme to form dual-cascade system for PEC and CM
response, respectively. Both the PEC and CM signal showed linear relationship with the logarithm of the miRNA
concentrations from 1 fM to 100 nM with the limit of detection of 0.3 fM (PEC) and 0.5 fM (CM). Furthermore,
through the programmed design of the RCA reaction, the Cas-Master can be applied to recognize different types
of miRNAs. Besides, a portable device was constructed based on Cas-Master, providing a new solution to expand
the Casl2a-based platform into areas of point-of-care test (POCT) and early disease diagnosis.

1. Introduction

As a noncoding ribonucleic acid of short-stranded (about 18-24
nucleotides) prevalent in organisms, microRNA (miRNA) is crucial to
the post-transcription regulator in processes of physiological metabo-
lisms [1-3]. The expression level of miRNA is closely related to the
progression, spread and metastasis of serious diseases [4]. Therefore, an
accurate, sensitive and programmable miRNA detection method is
important in point-of-care test (POCT). Up to now, different analytical
methods for miRNA detection, such as colorimetry (CM) [5], fluores-
cence (FL) [6], surface-enhanced Raman spectroscopy (SERS) [7],

electrochemistry (EC) [8], chemiluminescence (CL) [9], electro-
chemiluminescence (ECL) [10] and photoelectrochemistry (PEC) [11]
have been developed. It is worth noting that PEC is supported by unique
signal separation mechanism, in which the excitation source and
detection signal are completely separate from each other to reduce the
background interference efficiently. However, most of these methods
rely on single-signal output, where the reliability of the biosensing
platform can be influenced by factors including the working environ-
ment, different operators and nonstandard experimental procedures
[12,13]. To overcome the above-mentioned drawbacks, dual-mode
strategies have been proposed to detect miRNA [14], where two
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ARTICLE INFO ABSTRACT

Keywords: As a sulfur-containing amino acid, cysteine (Cys) plays a crucial role in life process. Abnormal Cys content can
Cysteine trigger a series of diseases, such as developmental delay, hair discoloration, neurological diseases and cardio-
Aggre%ﬁOﬂ'iﬂduced emission vascular diseases. In this work, 4-(10-{4-[Bis-(4-hexyloxy-phenyl)-amino]-phenyl}-anthracen-9-ylethynyl)-ben-
\C/(i)sll,lpa?irz;;n zoic acid (FSD-103) was found to exhibit the aggregation-induced emission (AIE) property and a further

fluorescence quench with a high selectivity to Cu®>* in 1 min. Then, due to the strong interaction between Cys
and Cu?", the combination of FSD-103 and Cu?* was influenced, which restored the AIE effect. Therefore, based
on the FSD-103-Cu®™ system, a new “off-on” fluorescence sensor for Cys detection was realized in 8 min, where a
linear relationship between the fluorescence intensity and Cys was found in both low concentration range
(1-10 uM) and high concentration range (10-17 pM), and the detection limit was 0.2 pM. Interestingly, by
soaking a filter paper, the visualization of the fluorescence recovery effect of Cys can be easily realized at the uM
level. This method shows acceptable selectivity, which provides a practicable method for the application of

organic molecules in Cys detection.

1. Introduction

As the vital components of cells, mercaptans with small molecular
weight such as glutathione (GSH), homocysteine (Hcy) and cysteine
(Cys) have multiple physiological functions and play a significant role
in biological systems [1]. Among them, Cys is a kind of amino acid with
a thiol group (-SH). It plays a crucial role in life process such as redox
balance regulation, biocatalysis, anti-aging, and post-transcriptional
modification of proteins [2,3]. In addition, it is also an important
structural and functional component of many proteins and enzymes
[4,5]. Abnormal Cys levels in the human body can endanger people's
health. For instance, lacking of Cys can cause various symptoms such as
hematopoietic dysfunction, developmental delay, hair discoloration,
liver damage [6-9]. In addition, excess Cys is one of important factors
for Alzheimer’s disease, amyotrophic lateral sclerosis, Parkinson’s dis-
ease and cardiovascular disease [10-12]. Therefore, it is significant to
establish a simple, selective and sensitive method for Cys detection.

Recently, various analytical methods such as high performance

* Corresponding authors.

liquid chromatography (HPLC) [13], electrochemical analysis [14,15]
and colorimetry [16-18] have been developed for the detection of Cys.
Unfortunately, there are still some shortcomings such as expensive in-
struments, cumbersome operation, and time-consuming. For the past
few years, due to the benefit of low cost, real-time application, low
detection limit, simple operation and its ability in bioimaging, the op-
tical techniques, especially the fluorescence technique, have been ex-
tensively developed. More attention has been focused on designing
fluorescent probes, including metal nanoclusters [19,20], organic
fluorophores [21-23] and carbon dots [24,25], where a functional
group is usually used to react with thiol group or amino group of Cys.
For instance, Park et al employed the quenching effect of Hg®* on
fluorescent gold nanoclusters (Au NCs) to detect biological thiols [20],
while Roni and John developed novel pyrene fluorescent probe to de-
tect Cys in living cells [21] and Yan et al reported carbon dots as a
label-free fluorescent biosensor to detect Hg?* and L-cysteine sensi-
tively [24].

So far, however, most of fluorescent sensors for Cys detection have
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ARTICLE INFO ABSTRACT

Keywords:

Tetrahedral DNA nanostructures
Electrochemical biosensor
Circulating tumor cells

ctDNA

Methylene blue

Circulating tumor cells (CTCs), as a type of tumor, have attracted wide attention because of their characteristics
of shedding from the primary tumor and spreading to other tissues and organs through peripheral blood. The
circulating tumor DNA (ctDNA), the DNA released by CTCs and other tumor cells into the peripheral blood, was
considered as a promising detection substance for clinical application. By utilizing the biocompatibility of red
blood cells to realize the attachment of tetrahedral DNA (TDN), as well as the specific target recognition ability of

TDN to enable efficient recognition of targets, a biocompatible electrochemical biosensor for effective and rapid
detection of ctDNA was developed using methylene blue (MB) as the signal probe. The current signal and the
logarithm of ctDNA concentration were linearly correlated in the range from 1 fM to 100 pM with the detection
limit of 0.66 fM. With high specificity, the TDN-based biosensor can detect ctDNA efficiently in the real bio-
logical environment such as serum, which provided a potential opportunity for the early clinical diagnosis.

1. Introduction

According to the report of the World Health Organization (WHO),
cancer, as one of the most malignant diseases, poses a great threat to
human beings. The mortality and incidence of cancer are rapidly rising
around the world every year, even causing millions of deaths [1]. 90% of
cancer-related deaths are mainly caused by cancer metastasis. Circu-
lating tumor DNA (ctDNA) is the DNA released by necrotic and apoptotic
tumor cells or circulating tumor cells into the peripheral blood. Relevant
studies have found that many genetic and epigenetic abnormalities
related to malignant tumors including heterozygosity deletion, gene
amplification and single nucleotide mutation have been detected in
ctDNA. Therefore, ctDNA has been used as a potential biomarker to
achieve early diagnosis, monitoring and evaluation of tumors in the
clinical field [2,3]. However, the size of ctDNA is extremely small and its

* Corresponding author.
** Corresponding author.
**% Corresponding author.

content in the blood varies according to the severity of the tumor.
Especially in the early stage of the tumor, the content may even be lower
than 0.1%. In addition, the difference between ctDNA and normal DNA
fragments is very small, so ctDNA can be hidden in numerous normal
DNA fragments [4]. Due to the rarity and variability of ctDNA, it is
essential to establish a highly specific and sensitive approach for ctDNA
detection.

Traditional ctDNA detection methods include dPCR (digital poly-
merase chain reaction), BEAMing (bead, emulsion, amplification and
magnetic), ARMS-PCR (amplification refractory mutation system-
polymerase chain reaction), etc. The ddPCR (droplet digital PCR) can
be used to realize the measurement of the allele frequencies in small
fragments from four L858R mutation ctDNA samples [5]. However,
some shortcomings of ddPCR, such as the generated droplets must obey
the Poisson distribution, and only a limited number of mutations can be
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DNA Walker for the Photoelectrochemical Biosensing of RNA
in Phytophthora Infestans
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Abstract

Phytophthora infestans, the causative agent of potato late blight, poses a destructive threat to global agricultural production.
Herein, a 3D DNA scaffold is elaborately designed as DNA tracks for accelerating the walking process of the quadruped
walker, further accompanied by the perylene-3,4,9,10-tetracarboxylic dianhydride (PTCDA)/CdS/TiO, photoelectrode for
the detection of RNA in Phytophthora infestans. Upon interaction with the target RNA, the quadruped walker was released
to expeditiously walk along the 3D DNA scaffold and initiate the unfolding of hairpin 1 (H1), where H1 could completely
pair with the alkaline phosphatase-modified hairpin 2 (AP-H2). Impressively, compared to traditional DNA track, the unique
structure of the 3D DNA scaffold with equidistant binding sites and high continuity endowed the quadruped walker with a
faster walking rate and better reaction efficiency. Consequently, a substantial quantity of AP-H2 was anchored, causing the
hydrolysis of ascorbic acid 2-phosphate (AAP) into ascorbic acid (AA) by the immobilized AP. AA, as an active electron
donor, can significantly increase the photocurrent signal. Thus, the proposed biosensor presents remarkable sensitivity in
RNA detection with a detection limit down to 3.3 fM. This strategy of designing a 3D DNA scaffold as a DNA track provides

a high-efficiency sensing platform and a valuable potential application for other biomarker detection.

Keywords DNA walker - Phytophthora infestans - Photoelectrochemical - DNA scaffold - RNA detection

1 Introduction

Phytophthora infestans, an extremely devastating pathogen,
has been regarded as the killer of potatoes and has a tre-
mendous effect on global agriculture [1, 2]. As conserva-
tively estimated, the worldwide economic losses caused by
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Phytophthora infestans are about $6 billion annually [3].
Currently, several strategies have been proposed for the
detection of potato late blight, including surface plasmon
resonance immunosensor, gold nanoparticle-based lat-
eral flow biosensor, and whole-plant redox imaging [4-6].
However, these methods had the weaknesses of expensive
equipment and tedious operation procedures. Currently, pho-
toelectrochemical (PEC) sensing has been widely applied
in various biomarker determinations based on its excellent
analytical performance, low-cost equipment, and easy min-
iaturization [7-9]. Thus, constructing a simple and sensi-
tive PEC biosensor is necessary for the early detection and
intervention of Phytophthora infestans [10].

In the past few decades, the employment of DNA building
blocks has revolutionized the amplification of output sig-
nals and enhancement of detection sensitivities [11]. Taking
remarkable advantages of simple synthesis, exquisite pro-
grammability, and high maneuverability of DNA building
blocks [12, 13], various artificial nanostructures, such as
DNA nanoflowers [14], DNA scissors [15], DNA tweezers
[16], and notably DNA walkers [17-19], have been designed

@ Springer
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Dual-Active Centers Linked by Oxygen Transfer for
Enhancing Proximity-Orientation Effect of Nanozyme

Haoran Shen, Shizhang Chen, Shi-Cong Mo, Haoliang Huang, Hongzhi Liang,
Jiahao Zhang, Zhen-Lin Xu, Weipeng Liu,* and Yingju Liu*

o . , ) 1. Introduction
Proximity-orientation effects (POE) are essential for enzymes, as the spatial

arrangement and orientation of catalytic sites strongly influence substrate
binding and enhance catalysis. However, nanozymes often face limitations
due to weak POE arising from uniform catalytic interfaces. Herein, Co atoms
are incorporated into the lattice of Pt-based nanozymes, exploiting differences
in electron configuration and atomic radius between transition metals and
noble metals. This integration induced lattice distortion formed new catalytic
sites, and restricted the transport path, thereby enhancing the POE. Such
transition metal-doped alloy nanozyme (TANzyme) can be functioned as a
self-cascading nanozyme with artificial catalase-oxidase activity. Density
functional theory calculations demonstrated that the Pt site selectively
decomposed H,0, into H,0 and O,, while the Co site specifically adsorbed
O, and conversed into superoxide anions, so an oxygen transfer path to
connect dual-active centers not only increased the POE but also improved
catalytic specificity. Additionally, by leveraging the efficient catalytic property

Nanozymes are a class of nanomaterials
that exhibit intrinsic enzyme-like catalytic
activities similar to natural enzymes.['"?]
Acclaimed for their exceptional envi-
ronmental robustness, reusability, and
recyclability, these nanozymes emerge as
promising artificial substitutes for natural
enzymes.[*l The pioneering work of Yan
et al. in 2007 uncovered the peroxidase-
mimicking activity of Fe;O, nanoparticles,
which led to an explosive growth in
nanozyme research.*] Since then, a diverse
range of nanozymes, including nanoscale
noble metals, transition metal oxides, and
sulfides, as well as single-atom variants
have been developed.’®] These novel
nanozymes have found applications in

of TANzyme, a visual origami-based sensing strategy is developed for the
cascade detection of H,0,, nucleic acids, and marine toxins. This strategy
highlighted the pivotal role of POE in enhancing the catalytic specificity of
nanozymes, mimicking natural POE in enzymes, and providing a solution to

various domains such as biomedicine,
tissue engineering, and biosensing due
to their tunable active sites and control-
lable catalytic microenvironments.*")

design next-generation nanozymes.
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Thus, interface engineering has been
employed to finely tune the intrinsic
catalytic properties of nanozymes, en-
abling the construction of sophisticated
structure-activity relationship networks.
Despite significant progress in nanozyme over the past decade,
certain key aspects such as the precise nature of the active
catalytic sites, the potential catalytic process, and the mecha-
nism remain elusive.l'?l The limitations in substrate specificity
and catalytic efficiency of nanozymes stem from an incomplete
understanding of their catalytic mechanisms. Precious metal
nanozymes, including platinum (Pt), gold (Au), and palladium
(Pd), inherently exhibit catalytic properties and showcase a range
of natural enzyme-like activities, such as catalase (CAT), peroxi-
dase (POD), and oxidase (OXD) properties.['>1>] However, single-
component noble metal nanozymes have limited substrate selec-
tivity and weakened catalytic efficacy."®! This limitation is often
attributed to their isotropic surfaces, which results in high bar-
riers for the binding and transfer of substrates and intermedi-
ate states, leading to weak proximity-orientation effects (POE).
The POE of biocatalysts enhance reaction efficiency by accurately
positioning and orienting substrates to facilitate optimal interac-
tions. Thus, addressing the challenge of weak POE in nanozymes
is crucial for improving their catalytic efficiency and specificity.

© 2024 Wiley-VCH GmbH
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illegal additive
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ARTICLE INFO ABSTRACT

Keywords: The development of advanced optical probes for point-of-care testing holds great importance in the field of
Ph‘_’t’_’the"flal. diagnostic technologies. This study focused on the synthesis of a probe featuring both fluorescent and photo-
?’“dlzed lignin thermal responses with single excitation wavelength, which was achieved through the combination of oxidized
mmunosensor

camellia oleifera shell powder (OC) and Prussian blue nanoparticles (PBNPs). Notably, OC derived from the
direct processing of raw material showed fluorescent and phosphorescent emissions simultaneously, and the
positions of the two peaks overlapped with the absorbance range of PBNPs, making the fluorescent and phos-
phorescent emissions of OC effectively quenched by PBNPs. Meanwhile, the photothermal property of PBNPs was
activated by the phosphorescent emission of OC through photoinduced energy transfer. As a proof of concept,
OC@PBNPs was applied in the dual-channel immunoassay, in which illegal addictive aminopyrine (AP) was
chosen as the detection target. Furthermore, a portable device was developed to capture the fluorescent and
photothermal signals of OC@PBNPs, rendering the detection method based on OC@PBNPs suitable for point-of-

Prussian blue
Point-of-care testing

care testing (POCT).

1. Introduction

As a non-anesthetic analgesic drug, aminopyrine (AP) is a derivative
of phenazone that has the efficient therapeutic effect of anti-
inflammatory and antipyretic. But it has been banned due to the side
effects like adrenal necrosis, thrombocytopenic purpura, acute leuke-
mia, myocardial degeneration, circulatory failure, and even death
(Abbas et al., 2016; Panchal, 2021; Huang et al., 2020). However, AP is
illicitly employed for its addictive properties in medicine, offering rapid
therapeutic effects. Consequently, the need for effective and efficient AP
detection is urgent. Traditional methods of AP detection primarily rely
on analytical instruments. For instance, thin-layer chromatography--
surface-enhanced Raman spectroscopy can accurately detect AP con-
centrations ranging from 10 to 100 mg/mL (Yang et al., 2022)

Additionally, differential pulse voltammetry has been utilized for AP
detection, featuring a linear range of 1.0-16.0 pM and a limit of detec-
tion of 0.0458 pM (Gowda and Nandibewoor, 2012). While these
instrument-based methods yield precise and reliable results, they fall
short in providing a practical solution for efficient point-of-care testing
(POCT) or on-site detection.

Point-of-care testing (POCT) stands as a formidable tool for real-time
detection. In traditional POCT, colorimetric tests are frequently used but
hindered by their susceptibility to human factors and background sig-
nals, which limited their ability to yield fully quantitative results,
making them only provide qualitative or semi-quantitative outcomes
(Caietal., 2021; Guo et al., 2023). Recently, photothermal detection has
received wide popularity in the field of immunoassay, since only a
portable light source and a thermal imager are needed. Moreover,
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Pt Single-Atom Nanozymes Initiating Pressure-Driven
Device

Mengting Chen, Aori Qileng, Shizhang Chen, Haoliang Huang, Zhenlin Xu, Weipeng Liu,*
and Yingju Liu*

) ) 1. Introduction
Current research on single-atom nanozymes has predominantly concentrated

on 2D structures, with limited exploration into the influence of 3D biomimetic
structures on their catalytic performance. In this work, a 3D nanostructure of
Pt single-atom nanozyme (Pt-NC SAzyme) is fabricated by encapsulating

Natural enzymes, comprising protein and
RNA molecules, serve as crucial biocat-
alysts for intricate biological processes.[!]
Among them, catalase (CAT), an enzyme

platinum 2,4-pentanedionate in each molecular cage of ZIF-8 and then
pyrolyzing. X-ray absorption fine structure analysis confirmed the presence of
Pt as single atoms, with each Pt atom exclusively coordinated with four
nitrogen atoms, while the *O is identified as an intermediate in the catalytic
reaction. Additionally, theoretical calculations demonstrated that Pt-NC
SAzyme exhibited a lower potential energy and a shorter pathway for
catalyzing the production of O, from H,0, than that of 2D Pt-NC due to the
localization effect, confirming a superior catalase-like activity of Pt-NC
SAzyme. Based on the efficient O, production from Pt-NC SAzyme, a
dual-mode pressure immunosensor is established to achieve sensitive
detection of aminopyrine by converting gas-induced pressure into visual and
timing readouts. This work introduced a novel approach to enhance the
catalytic activity of SAzymes through bionic structural design and coordination

featuring iron porphyrin as a cofactor, pro-
vides the body with an antioxidant de-
fense mechanism as one of the key en-
zymes of the biological defense system.!?!
Nevertheless, the inherent operational in-
stability of natural CAT posed a sig-
nificant impediment, limiting its broad
applicability.®] To overcome these chal-
lenges, artificial enzymes have been pur-
posefully designed and synthesized. In con-
trast to natural CAT, CAT-like nanozymes
present notable advantages such as high
stability and low cost. Additionally, the cat-
alytic activities of these nanozymes can
be conveniently regulated by manipulating

environment, while also proposing a new concept for point-of-care testing in
food safety, environmental monitoring, and disease diagnosis.
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factors such as morphology, size, defects,
and other inherent properties.“*! Conse-
quently, CAT-like nanozymes are antici-
pated to serve as effective alternatives to nat-
ural enzymes in various applications.[-®]

Despite advancements in nanozyme engineering, natural
enzyme-like structures play an important role in enzyme activ-
ity. The four polypeptide chains surrounding the iron atom in
the active site of natural CAT play a crucial role in mediating
the localization of H,0O, in the active site, which contributed
to the initiation of the catalytic reaction.’] Inspired by this, Liu
et al. synthesized arginine-rich peptide-platinum nanoparticle
cluster nanozymes, where arginine residues promoted cluster
formation and enhanced activity, successfully mimicking two
typical enzyme cascade systems of uricase/CAT and superoxide
dismutase/CAT.['% Subsequently, Yan’s team designed and syn-
thesized a nitrogen-doped carbon-sphere nanozyme with four ac-
tivities of oxidase, peroxidase, superoxide dismutase, and CAT, by
mimicking the 2D porphyrin ring structure.[!!] Since then, the
concept of the biomimetic natural enzyme has been adeptly in-
tegrated into nanozyme technology, focusing on the design and
development of highly active nanozymes by drawing on the struc-
ture and catalytic mechanism of the catalytic activity center of nat-
ural enzymes.[">13] For example, the rational design of highly ac-
tive single-atom nanozymes (SAzymes), exemplified by the Fe-N,

© 2024 Wiley-VCH GmbH
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ABSTRACT: The colorimetric point-of-care test (POCT) offers a rapid and efficient method for Quenching

detecting specific targets in real samples. However, traditional colorimetric methods often rely on /

complex signal amplification techniques or electronic devices to enhance detection sensitivity, ya

which can inadvertently increase both cost and time, thus contradicting the fundamental goals of CsPbBr, ’

visual detection methods. Here, we presented a distance-based fluorescent immunosensor that fluorescent H2S

utilized a gas-producing nanozyme for continuous gas production reaction as a signal. Specifically, ~capillaries I signal transduction
the SOM-ZIF-8@Pt nanozyme catalyzed the production of O, from H,0, to cause an obvious
increase in the pressure within a sealed chamber, thus driving the production of H,S to quench the
fluorescence of CsPbBr; on the walls of the capillaries. Based on the competitive immunoassay, the
fluorescence quenching lengths were relative with the concentration of aminopyrine in the range
from 0.2 to 20 ng/L; thus, the fluorescent POCT-based homemade device was realized through
the amplification of distance-based signals facilitated by the continuous gas production reaction.
This strategy provides an effective way to realize POCT assays in resource-limited areas by
transforming pressure variations into directly observable signals. Furthermore, distinguished by its high sensitivity, ease of operation,
and portability, it also represents a significant advancement in biomedical diagnostics, particularly within home healthcare and
clinical POCT.

[ihl Metrics & More ‘ Q Supporting Information

B INTRODUCTION

The rapid and accurate detection of illegal additives in food is

visible color signal changes are always affected by variations in
background light. Therefore, fluorescence signals with high

Downloaded via SOUTH CHINA AGRICULTURAL UNIV on February 25, 2026 at 06:05:19 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

critical for safeguarding public health and economic stability.
Traditional detection methods rely on sophisticated laboratory
equipment and the expertise of trained professionals,
inherently presenting limitations in both time efficiency and
spatial flexibility, particularly in regions with acute shortages of
high-quality laboratory resources. Herein, the advancement
and widespread adoption of colorimetric point-of-care tests
(POCTs) emerge as crucial solutions in food safety assess-
ment, healthcare diagnostics, and environmental monitoring.1
Most colorimetric methods only rely on the absorbance-
based readouts, which need to be analyzed with image-
capturing devices, resulting in difficulty to quantify the color
signal with the naked human eye.” However, a distance-based
readout is one of the most user-friendly and simple
colorimetric signaling methods, which can be realized by
using the relationship between displacement distance and
target concentration.” Many technologies have been integrated
with distance-based sensors for realizing the multitarget
detection or rapid detection. For example, the concept of
“Drawing-PADs” provided straightforward visual determina-
tion by simultaneously indicating two targets’ levels according
to the principle of a distance-based sensor, followed by drawin,
a straight line connecting the top of two color-changed zones.
Besides, the integration of a distance readout sensor into a
centrifugal platform provided a volume-independent colori-
metric assay.’” However, distance-based sensors that rely on

© 2024 American Chemical Society

N4 ACS Publications

contrast are used to construct distance-based visual detection,
allowing for more precise and discernible observations.
Fluorescent distance-based immunosensors can be conven-
tionally designed by manipulating fluorescence signals on the
distance meter, achieving either the generation or quenching of
these signals via interactions with specific labels. This
interaction is often mediated by the intrinsic properties of
fluorescence tags.””® However, the restricted number of
available fluorescence labels poses a significant challenge, as
it can severely impact the sensor’s sensitivity and overall
effectiveness in detecting low-abundance targets or in
applications requiring high precision and accuracy.

Currently, gas is widely used as a physical signal medium in
chemical and biochemical reactions since the small amount of
gas in these reactions can significantly transmit to a
macrosignal, pressure, which could be integrated with other
materials to produce a variety of signals, including electro-
chemical color and temperature.”'” Particularly, the applica-
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ABSTRACT: Point-of-care testing (POCT), with its portability
and high sensitivity, is an analytical device for rapid on-site sensing
and detection. In this study, a POCT device was designed for the
portable detection of illegal additives by integrating a coil device
that can visually sense color distance and a two-electrode
electrochemical system. Real-time monitoring of pressure changes
was achieved by driving CeO,@Pt/Au nanoparticle (NP)-labeled
antibodies into a competitive immunoreaction, in which CeO, and
Pt/Au synergistically catalyzed the production of large amounts of
0, from H,0,, leading to a significant increase in gas within the
closed chamber. Attractively, the coil device converted the pressure
stimulus into visually readable change in distance for semi-
quantitative detection of the target substance, while the electrical

Chemomechanical
transduction

Immunoreaction Dual-signal

-p-

!
e MR
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signal output caused by the changes of the solution around the electrodes achieved accurate and reliable quantification of the target.
In addition, the proposed dual-mode pressure immunoassay device has acceptable selectivity, stability, and reproducibility. Herein,

this portable device, which enables target concentration readings by
way to visualize POCT assays in resource-limited areas.

B INTRODUCTION

Point-of-care (POC) immunoassays are rapid, inexpensive, and
easy-to-use immunoassay that can perform promising
applications in resource—hmlted settings without centralized
1nstrumentat10n Various platforms, especially microfluidic
chips™® and paper-based devices," have been developed for
POC immunoassays. Microfluidic chips can offer high
sensitivity and specificity, but typically require a pump to
control fluid flow and a reader to anal lyze the detection signal,
which increases complexity and cost.” Common paper-based
immunoassays (lateral flow immunoassays) can be visualized
with the naked eye, but opt1cal readings are often limited by
low sensitivity and prec151on Among these, piezoresistive
sensors based on paper-expanded flexible electronic devices
have advantages of low cost, simple operation, and high
sensitivity. However, due to the lack of effective signal
transduction, only a few physiological signals such as heart
rate, blood pressure, pulse, and vibration can be detected,”®
which limits the detection of signals. Therefore, it is desired to
pursue a portable detection method with an effective
transduction mechanism for the accurate output of multiple
signals simultaneously.

Thanks to the explosion of advanced biomaterials and
manufacture technologies, innovative biosensors are developed
with high sensitivity and portable instruments for food safety-
related biomarkers. For example, many simple readout
techniques such as timing,’ temperature,'’ distance,'’

© 2023 American Chemical Society
11383
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converting pressure into multiple signals, provides an effective

weight,'” and pressure'” have been introduced in combination
with immunoassays to identify different targets. Pressure is
widely used as a classical physical principle to measure the
process of chemical and biochemical reactions, since the small
amount of gas produced by gas-producing reactions in a sealed
device can significantly increase the pressure, which is
conducive to improving the detection sensitivity and short-
ening the detection time.'* Furthermore, by using it as a bridge
between the biometric element and the signal output, a variety
of signals can be transduced. Therefore, pressure immuno-
sensors based on high sensitivity, portability, and ease of use
for POCT have developed rapidly."*'® For example, Ma et al.
used Pt NPs to effectively catalyze the production of O, from
H,0,. The continuous generation of gas caused the increase of
internal pressure in the reaction vessel, which in turn induced
an aqueous solution to react with CaO through pressure
stimulation and achieved the detection of the target by reading
the thermometer readings.'” Tang’s team constructed a flexible
pressure sensor of multi-walled carbon nanotubes with paper
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ABSTRACT: Inspired by the molecular crowding effect in biological systems, a novel

heterogeneous quadratic amplification molecular circuit (HEQAC) was developed for Grows: i
sensitive bimodal miRNA profiling (HEQAC-BMP) by combining an MNAzyme-based DNA e e e

nanomachine with an entropy-driven catalytic hairpin assembly (E-CHA) autocatalytic
circuit. Utilizing ferromagnetic nanomaterials as the substrate for DNA nanomachines, a
biomimetic heterogeneous interface was established; thus, a localized molecular crowding
system was created that can elevate the local reaction concentration and accelerate the
molecular recognition process for a significant threshold signal. Simultaneously, the threshold
signal undergoes further amplification by E-CHA and is transformed into a chemical signal,
enabling a colorimetric-fluorescence bimodal signal readout. The HEQAC-BMP enables
miRNA detection from 10 aM to 10 nM with detection limits of 3.7 aM (colorimetry) and
4.8 aM (fluorometry), respectively. Moreover, the design principle and strategy of HEQAC-
BMP can be customized to address other critical viruses or diseases with life-threatening and
socioeconomic impacts, enhancing healthcare outcomes for individuals.

B INTRODUCTION

Isothermal quadratic amplification of nucleic acids has
emerged as a promising strategy for generating a critical
threshold output efficiently without a thermocycling process."”
Recent reports on quadratic amplification strategies have
demonstrated the ability to produce a critical threshold output

reaction systems demonstrate enhanced reactivity at the phase
interfaces. By simulating the surface structure of the cell
membrane, it is possible to artificially construct a micro-
catalytic environment that accelerates molecular movement.
To address the limitations of HOQAC, the higher-order
nucleic acid structures, such as track structures, spherical

Downloaded via SOUTH CHINA AGRICULTURAL UNIV on December 19, 2025 at 03:32:05 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles

even under extremely low analyte abundance, albeit requiring
extended amplification times.’ ™ These amplification strategies
are generally based on homogeneous solution systems, namely,
homogeneous quadratic amplification circuits (HOQACs), in
which molecules freely collide with high potential barriers,
resulting in slow molecular recognition and motion due to the
absence of intrinsic driving forces that accelerate molecular
collisions.® Thus, by emulating the aggregation of high-
concentration recognition elements on the surface of the
organelle membrane, it is possible to construct a heteroge-
neous surface within the confinement space, thereby enhancing
the reaction efficiency. Indeed, biological processes are not
merely an aggregation of uniformly dispersed molecules
participating in diffusion-driven reactions.”” In the context of
the genetic central dogma that governs the flow of genetic
information, transcription and translation events occur at
heterogeneous interfaces of the organelle, which enhances the
efficiency of enzyme-catalyzed reactions by multiple orders of
magnitude.”'’ Through the orchestration of directed and
orderly molecular assembly processes, biological systems can
rapidly and accurately respond to external stimuli and subtle
shifts in the microenvironment.'"!* Therefore, heterogeneous

© 2023 American Chemical Society

N4 ACS Publications

nucleic acids, and DNA nanomachines, were used as high-
entropy phase interfaces for constructing versatile heteroge-
neous quadratic amplification circuits (HEQACs).''*
Through the deliberate design of the nucleic acid structure, a
series of biological functions, including signal exchange,
amplification, and transduction, can be conferred upon the
heterogeneous interface, thereby realizing the biomimetic
property. In addition, the establishment of a localized high
osmotic pressure difference facilitates rapid and directed
movement of signal molecules, ultimately accelerating the
efficient signal multiplication at the biomimetic heterogeneous
interface."” Herein, the HEQAC achieves a significant
detection threshold by accelerating the identification and
transfer processes of molecules.
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Editor: Lingxin Chen Ochratoxin A (OTA), which has strong hepatotoxicity and nephrotoxicity, can accumulate in the human body
through the food chain; thus, the selective and effective detection of OTA is urgently required for food security.

Keywords: Nanozymes with hyperfine size and shape control have attracted attention because of their controllable structure

Ochratoxin A and intrinsic activity. Herein, CuFe-bimetal coordinated N-doped carbon (Cu@Fe-NC) with morphology-driven

Morphology-driven
Peroxidase-mimicking
Immunosensor
Interface engineering

peroxidase-mimicking activity was synthesized using CupO with specific polygonal cubes and fully exposed
{111} crystalline facets as the template to produce a CuFe-bimetallic metal organic framework (MOF) and
further treating CuFe-MOF with high-temperature pyrolysis. N-doping can confer electronegativity to exhibit
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Abstract

Mycotoxin contamination in foods and other goods has become a broad issue
owing to serious toxicity, tremendous threat to public safety, and terrible loss
of resources. Herein, it is necessary to develop simple, sensitive, inexpensive,
and rapid platforms for the detection of mycotoxins. Currently, the limitation
of instrumental and chemical methods cannot be massively applied in prac-
tice. Immunoassays are considered one of the best candidates for toxin detection
due to their simplicity, rapidness, and cost-effectiveness. Especially, the field
of dual-mode immunosensors and corresponding assays is rapidly developing
as an advanced and intersected technology. So, this review summarized the
types and detection principles of single-mode immunosensors including opti-
cal and electrical immunosensors in recent years, then focused on developing
dual-mode immunosensors including integrated immunosensors and combined
immunosensors to detect mycotoxins, as well as the combination of dual-mode
immunosensors with a portable device for point-of-care test. The remaining
challenges were discussed with the aim of stimulating future development
of dual-mode immunosensors to accelerate the transformation of scientific
laboratory technologies into easy-to-operate and rapid detection platforms.

KEYWORDS
dual mode, electrical signal, immunosensor, mycotoxins detection, optical signal
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ARTICLE INFO ABSTRACT

Keywords: The rational design of high-performance nanozyme is of great significance in biosensors. Here, using zeolitic
Metal nanoparticle/N-doped carbon nanotubes imidazolate framework-8 (ZIF-8) as the precursor, the Co nanoparticle/N-doped carbon nanotubes (Co/NCNT)
Immunosensor

with hollow core-shell structure were prepared by high temperature pyrolysis of ZIF-8@zeolitic imidazolate
framework-67 (ZIF-8@ZIF-67), where ZIF-8@ZIF-67 was not only functionalized as the source of N and C for
growth of NCNTs but also provided the template to form the hollow structures. Encapsulation of Co nanoparticles
(NPs) in NCNT can effectively anchor active sites and avoid self-agglomeration. The synergistic effect of Co NPs
and NCNT is beneficial to increasing the oxidase-mimicking activity significantly, while the hollow structure
promotes the binding of the active sites with the substrate to increase the reaction rates. Hence, the Co/NCNT
possessed oxidase-mimicking activity to catalyze colorless 3,3',5,5'-tetramethylbenzidine (TMB) without H305,
while the blue TMB™ can also quench the fluorescence of AuAg nanoclusters (NCs) by the internal filter effect. A
colorimetric-fluorescence dual-mode immunosensor was established to achieve sensitive detection of ochratoxin
A (OTA) in a linear detection range from 0.001 to 10 pg/L with a low detection limit of 0.21 ng/L (colorimetric)
and 0.17 ng/L (fluorescence), respectively. Due to the independence and mutual corroboration of the signals, the
dual-mode immunoassay is more accurate and reliable than the single-mode immunoassay for OTA. Signifi-
cantly, the strategy lays a solid foundation for the design of MOF-based nanozymes and innovative inspiration in
food visual analysis.

Oxidase-mimic
Metal-organic framework
Ochratoxin A

1. Introduction the general population [4-7]. In addition, the European Commission has

stipulated the maximum tolerance level (MTL) of OTA in food, including

Among food contamination, mycotoxin has attracted much attention
due to its strong toxicity and pathogenicity [1]. Ochratoxin is one of the
most toxic and widely distributed mycotoxins, which can be divided into
A, B, C and other mycotoxins with similar structures. Among them,
ochratoxin A (OTA), due to its nephrotoxicity, mutagenicity, teratoge-
nicity and carcinogenicity, has been classified as a group 2B carcinogen
by the International Agency for Research on Cancer (IARC) [2,3]. It can
be mainly found in various substrates such as medicinal products and
edible foods. It can be eventually enriched in animals and humans
through the food chain because of its excellent thermal stability and
chemical stability, which has a great impact on the health of animals and

* Corresponding author.

grain (5 pg/kg), cocoa (2 pg/kg), juice (2 pg/kg) and others [8]. The
national standard (GB 2761) in China also added the maximum limit of
OTA in wine (2 pg/kg) and coffee (5 pg/kg). Therefore, it is necessary to
establish a sensitive and selective method for OTA detection. At present,
OTA is mainly detected by traditional methods such as liquid
chromatography-mass spectrometry [9], high performance liquid chro-
matography [10] and thin layer chromatography [11]. However, due to
high cost, low sensitivity and complicated sample pretreatment, the
application of these approaches is still limited.

Nowadays, immunosensors such as colorimetric immunosensor [3],
fluorescent immunosensor [12], photoelectochemical immunosensor
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Keywords:

Furosemide
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Au nanorods

Photothermal
Multi-colorimetric

With the rapid expansion of the health food industry, the scope of safety supervision has also increased. How-
ever, traditional instrument detection methods cannot meet the requirements for the rapid on-site detection.
Hence, the development of a rapid, precise, and simple method for the analysis of illegal additives in health foods
is of great importance. In this work, by using FeCo-MOFs as mimetic peroxidase to mediate Au nanorods (Au
NRs) etching, a dual-mode immunosensor based on multi-colorimetric and photothermal signals was fabricated
to detect furosemide (FUR). In multi-colorimetric channel, the localized surface plasmon resonance (LSPR) peaks
of Au NRs shifted blue, resulting in multi-color changes from red to gray to blue and finally to purple. In pho-
tothermal channel, the photothermal effect of Au NRs decreased, resulting in temperature changes. In the range
of 1.0 x 1075-1.0 x 10~2 pg/mL, both LSPR peak blue shift and temperature changes were linearly correlated
with the logarithm of FUR concentration, with the detection limits were 4.9 x 107® and 8.5 x 107 pg/mL,
respectively. Furthermore, its concentration can be accurately and intuitively assessed through the observation of
vivid colorimetric changes. This advancement offers a highly promising approach for the on-site detection of
FUR, facilitating timely and efficient monitoring, thereby significantly enhancing regulatory compliance and
ensuring consumer safety.

1. Introduction

As living standards improve, obesity has became a growing epidemic
in many countries [1], which causes various types of cardiovascular
diseases and may seriously jeopardise people’s health [2]. Nowadays,
health foods with slimming are favoured by dieters. However, some
unscrupulous businessmen added some synthetic drugs into health food
to achieve rapid weight loss effects. Among these drugs, furosemide
(FUR) is a potent diuretic primarily used for the treatment of heart, liver,
kidney, and other diseases caused by edema. It has been illegally added
in health food to promote water removal from the body and create the
illusion of weight loss, which is harmful to health when taken for a long
time [3]. Herein, it is of considerable importance to establish a reliable
and efficient detection method for FUR in health foods, as such a method
would not only enable the timely identification and quantification of

this diuretic but also significantly contribute to the enhancement of food
safety standards, regulatory compliance, and consumer protection.

To date, numerous analytical techniques have been developed to
sensitively and reliably detect FUR, such as liquid chromatography-mass
spectrometry [4], capillary electrophoresis [5], and high-performance
liquid chromatography [6]. These methodologies demonstrated vary-
ing degrees of efficacy in terms of sensitivity, specificity, and operational
complexity; however the majority of these techniques necessitate not
only expensive and ponderous apparatus but also time-consuming
detection procedures. Additionally, the operation of these apparatus
typically requires professional operators and extensive training, further
complicating their widespread application in routine analysis and
on-site detection. Due to the high specificity inherent in
antibody-antigen recognition and exceptional sensitivity of
enzyme-triggered  signal = amplification, the  enzyme-linked
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Enhanced Photothermal Activity of Nanoconjugated System
via Covalent Organic Frameworks as the Springboard

Hongzhi Liang, Shizhang Chen, Aori Qileng, Weipeng Liu,* Zhenlin Xu, Shengsen Zhang,

and Yingju Liu*

The development of nanomaterials with high photothermal conversion
efficiency has been a hot issue. In this work, a novel photothermal
nanomaterial is synthesized using Prussian blue nanocubes (PBNCs) as the
photothermal active substance and covalent organic framework (COF) as the
substrate. The as-prepared COF @ PBNCs show a high photothermal
conversion efficiency of 59.1%, significantly higher than that of pure PBNCs
(32.5%). A new circuit path is generated with the combination of COF, which
prevents the direct combination of thermal electrons and holes, as well as
enhances the nonradiation transition of PBNCs. Besides, the imine groups on
COF as the coordination and reduction agent allow the in situ growth of
PBNCs, and the dense micropores of COF as the ideal heat conduction
channels can also be the potential factors for the enhanced photothermal
property. The photothermal property of COF @PBNCs is further used in the

nanomaterials tend to absorb the irradia-
tions and transfer them into thermal energy
in a nonradiation way.'-3] Substrates such
as CuS, Ag,S, Prussian blue (PB), and no-
ble metals have been widely used in clinical
medicine, energy conservation, electronic
devices, and other fields.[*7! But it’s hard to
obtain strong photothermal property with
single component, since the direct combi-
nation of thermal electrons and holes can
resultin the insufficiency nonradiative tran-
sition, and the weak extinction coefficient
in the specific wavelength can cause the in-
complete utilization of excitation light, etc.
Therefore, the effort to overcome the above
obstacles has great importance in increas-

construction of immunosensor for the detection of furosemide (FUR). With
the help of handheld thermal imager, the concentration of FUR can be easily
read, thus shedding a new light in the construction of visual sensor for simple

and low-cost point-of-care testing.

1. Introduction

Photothermal nanomaterials have attracted many attentions due
to their unique energy conversion mode. Unlike the fluorescent
and phosphorescent substances that go through radiation tran-
sition after excitation of short-wavelength light, photothermal
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ing the photothermal conversion efficiency
and saving energy.5-10]

The strategies to improve the pho-
tothermal conversion efficiency of mate-
rials are varied. Usually, the electronic
energy level structure of photothermal
agents is adjusted. For instance, when no-
ble metal is used as the dopant of some
semiconductors, the Fermi level of the novel metal can cre-
ate a new circuit path, thus delaying the direct combination
of thermal electrons and holes and enhancing the nonradiative
transition.[!'1*] Band-narrowing effect can be also introduced by
elemental doping, which can make the photothermal effect be
triggered by light with lower energy (longer wavelength), thus re-
sulting in higher photothermal conversion efficiency.*! In addi-
tion, the usage of photoinduced energy transfer effect can maxi-
mize the utilization of excitation light,'®! while the construction
of big z-conjugated system can effectively redshift the absorption
wavelength.['718] Recently, with the development of nano organic
frameworks, more alternative routes have been developed for
the synthesis of novel photothermal materials. Substances such
as covalent organic framework (COF), metal-organic framework
(MOF), and hydrogen-bonded organic framework (HOF) have
been used in the construction of photothermal materials.['*-23]
Generally, COFs are highly crystalline, while the crystalline areas
are formed by the tight stacking of framework layers.*?’] Be-
sides, the highly ordered stacking of aromatic rings makes COFs
own very big z-conjugated system, which enables COFs with the
ability of fast electron transfer.[®! For instance, a core—shell struc-
ture of Fe;O, and COF layer was synthesized by Tan et al,*°l in
which the ordered microporous structure of COF can be as ideal
channels for the heat conduction. The photothermal conversion

© 2023 Wiley-VCH GmbH
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GRAPHICAL ABSTRACT

e A novel method was developed to
detect SNMs by CRISPR/Cas9 trig-
gered signal amplification.

e The multiple target sites were
simultaneously recognized by Cas9n
system.

e Molecular logic gate was designed to

diagnose multiple genetic locus. EDS
e Such methods were successfully ARD l e
applied in P. infestans genomic DNA A ~

detection.
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Precise detection of single-nucleotide mutations (SNMs) is extremely important in various biomedical
applications, but the simultaneous detection of multiple SNMs remains a great challenge. Herein, we
developed a new method based on CRISPR/Cas9 system for multiple SNMs detection. The CRISPR/Cas9
system transduces the nucleic acid into an intermediate trigger to initiate the isothermal amplification
reaction and further form fluorescence signals. According to this strategy, we established nucleic acid

bio-computing operations-molecule logic gate in simultaneous distinction of the genetic locus. We

Keywords:
CRISPR/Cas9 system
Multiplex SNMs
Phytophthora infestans
Molecular logic gate
Signal amplification

demonstrate that the fluorescence signals generated from different input combinations can be used to
discriminate the multiple genetic locus, and the molecular logic gate has great potential in single-base
mismatch detection. In addition, the successful assay of real samples indicates that the novel strategy
could further adapt for the pathogenic monitoring and biomedical research.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

With the developing knowledge of molecular biological tech-
nique, sequence variations in genomic DNA have been found to
connect with a mass of mutation-related diseases not only in
humans and animals but also in microbes, while the most common
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Abstract

A multi-colorimetric immunosensor basing on the mimetic enzyme etching of gold nanobipyramids (Au NBPs) was established
to detect ochratoxin A (OTA). Octahedral Cu,O nanoparticles were successfully synthesized through a selective surface stabi-
lization strategy, which can exhibit a peroxidase-like ability to oxidize 3,3',5,5'-tetramethylbenzidine (TMB). Au NBPs can be
etched by the product, TMB?", to form a significant longitudinal peak blue shift of local surface plasmon resonance. During the
construction of the immunosensor, the microplate was coated with dopamine to immobilized OTA antigens, followed by the
immunoreaction of OTA antibody and the Cu,O-labled secondary antibody. A linear relationship can be found between the local
surface plasmon resonance (LSPR) peak changes with the logarithm of OTA concentration in a wide range from 1 ng/L to
5 pg/L, while the detection limit was 0.47 ng/L. Meanwhile, the approximate OTA concentration can be conveniently and
intuitively observed by the vivid color changes. Benefiting from the high specificity, the proposed multi-colorimetric immuno-
assay detection of OTA in millet samples was achieved, indicating the available potential of the immunoassay for the determi-
nation of OTA in real samples.

Keywords Multi-colorimetric immunoassay - Gold nanobipyramids - Octahedral Cu,O - Local surface plasmon resonance -
Ochratoxin A

Introduction the majority of them can only be used for qualitative detection

of the substances for the limited single color variation in re-

Colorimetric immunosensor has been extensively explored in
rapid detection of food, pharmaceutics, and environment be-
cause of its low cost, excellent sensitivity, practicality, and
simplicity [1]. Additionally, the colorimetric strategy general-
ly relies on the visual judgment by naked eyes without the
requirement of sophisticated equipment [2]. Although colori-
metric immunoassay kits are already commercially available,
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sponse with different levels of targets (only intensity changes
but no spectral peak shifts) [3, 4]. For instance, the extensively
used 2,2'-azinobis-(3-ethyl-benzothiazoline-6-sulfonic acid)
(ABTS)-horseradish peroxidase (HRP) immunoassay shows
only a monochromic (blue) intensity change with microcystin-
LR concentrations [5]. As we know that the optical density
variations of the same color are not enough for semi-
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ARTICLE INFO ABSTRACT

Keywords:
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Metal organic framework

Colorimetric or fluorescent biosensors based on mimic enzymes have come into the spotlight in virtue of their
visual detection. In traditional visual sensors, fluorescent-changing or color-changing substances should be
introduced for the catalytic reaction with mimic enzymes. Herein, a mimic enzyme (Au@Fe-MIL-88B) with self-

;ﬁ:;zz:’zor triggered fluorescent property was prepared. By incorporating Au nanoparticles (Au NPs) in Fe-MIL-88B, a higher
Rosiglitazone peroxidase activity of Au@Fe-MIL-88B was monitored due to the synergistic effect between Au NPs and Fe-MIL-

88B. Besides, Au NPs can change the valence of Fe ion in metal organic framework (MOF), thus lower back-
ground fluorescence was discovered, but the addition of HyO; can trigger the self-fluorescence of Au@Fe-MIL-
88B. By using Au@Fe-MIL-88B as a label to anchor secondary antibody, a competitive immunosensor based
on fluorescence and photoelectrochemistry was constructed for the immunoassay of rosiglitazone (RSG), a kind
of hypoglycemic drug. Finally, a portable instrument was homemade for the on-site and convenient detection of
RSG in functional tea. This self-triggered fluorescent MOF may provide a possible route to design biosensors for

the detection of hazardous materials.

1. Introduction

Recently, with the rapid growth of the functional food market, the
safety of functional food has also received widespread attention [1].
Some illegally pharmaceutical ingredients were used to enhance the
efficacy of functional food with certain medical functions, such as hy-
poglycemic and blood pressure reduction [2]. Rosiglitazone (RSG), as a
kind of thiazolidinedione drugs, can enhance the body’s sensitivity to
insulin, regulate the transcription of insulin response genes, control the
production, transport and utilize blood sugar, and balance sugar and
lipids [3]. Therefore, some illegal traders added RSG to functional food
for the profit. However, if it were taken for a long time, serious side
effects including hypoglycemia, kidney damage and even death may be
found. At present, the main detection methods of RSG in hypoglycemic
functional food are high-performance liquid chromatograpy and liquid
chromatography-mass spectroscopy. Except for the expensive

* Corresponding author.

equipment, the time-consuming of sample pretreatment and the skillful
manipulation of professional staff are needed [4].

Mimic enzymes, including oxidase mimics [5], peroxidase mimics
[6], catalase mimics [7] and hydrolase mimics [8], received widespread
attention due to the advantages of high temperature resistance, stable
activity and industrial production compared with traditional biological
enzymes. Especially, mimic peroxidase-based biosensors can generate
color signals by catalyzing the substrate with HyO2 such as 3,3',5,
5'-tetramethylbenzidine (TMB) with Au@Cu0 [9], o-phenylenedi-
amine (OPD) with CeO, [10] and 2,2'-azino-bis(3-ethyl-
benzo-thiazoline-6-sulfonic acid) diammonium salt (ABTS) with
Prussian blue [11] under pH 3-5. However, this pH may have an in-
fluence on the stability and structure of biomolecules.

Recently, peroxidase mimics based on metal organic frameworks
(MOFs) can effectively ensure the high catalytic activity due to their
large specific surface and porous structure [12]. Therefore, they have

** Corresponding author at: Key Laboratory for Biobased Materials and Energy of Ministry of Education, College of Materials and Energy, South China Agricultural

University, Guangzhou 510642, China.
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ARTICLE INFO ABSTRACT

Keywords: Hydrogels, as an extremely hydrophilic polymer with a network-like cross-linked structure, are considered as a
Dual-emission promising material in the field of sensing and detection. In this work, a new ratiometric fluorescence sensor on
Hydrogel

the basis of the dual-emission of gold nanoclusters (AuNCs) and carbon dots (CDs) was developed to recognize
copper ions (Cu?>") and glutathione (GSH). AuNCs with excellent photostability and biocompatibility could
electrostatically interact with aminated-CDs@SiO,. After adding Cu®*, the fluorescence of AuNCs gradually
weakened, while the fluorescence of CDs in silicon spheres was basically not affected, thus a fluorescence ratio
signal was generated to realize the recognition of Cu?*. Subsequently, the strong combination of GSH with Cu®*
could recover the fluorescence of AuNCs, and a new fluorescence ratio signal was generated to further recognize
GSH. The developed ratiometric fluorescence sensor could detect Cu?* over a range from 0.5 to 16 pM with a
detection limit of 0.25 pM and GSH over a range from 0.05 to 48 pM with a detection limit of 0.035 pM. Such
dual-emission CDs@SiO2/AuNCs fluorescent probe was located in the visible region, thus a multi-color fluo-
rescent platform for the alternative visual recognition of Cu?>* and GSH was realized by implanting CDs@SiO2/
AuNGs in agar gel. The construction of multicolor fluorescent hydrogels can be not only applied to fast and visual

Aggregation-induced emission
Copper ions
Glutathione

on-site sensing, but also used in the bioimaging, information encoding, and other fields.

1. Introduction

Hydrogels are three-dimensional (3D) networks formed by hydro-
philic polymer chains through multifarious chemical or physical in-
teractions in an aqueous solution [1]. Over the years, hydrogels have
been widely used in biomedicine [2,3] (such as tissue engineering, drug
release, cell culture), agricultural engineering [4] (such as soil condi-
tioner, slow-release fertilizer), food science [5] (such as food texture
perception, food packaging materials) and other fields. Notably, the
hydrogel-based sensors are one of the most important innovations in the
field of sensing and detection over the past two decades [6]. Hydrogels
exhibit low optical background, good biocompatibility, large load ca-
pacity, so they are particularly suitable for designing visual detection
platforms and developing optical sensors with visual fluorescence or
colorimetric output [7]. Lee et al. prepared a hydrogel to detect AI>* by
displaying bright yellow fluorescence [8], while Wu et al. developed a
visual detection of glucose by the intensity change and size change of the

* Corresponding authors.

hydrogel [9].

In order to construct the hydrogel sensing platform for visual fluo-
rescence detection, a variety of fluorescent polymer hydrogels have been
devised by incorporating luminescent nanoparticles [10], lanthanide
complexes [11] or organic fluorogens [12] into the hydrogel matrix. The
combination of hydrogels and nanomaterials can not only improve the
functional properties of hydrogels, but also improve the properties and
applications of nanomaterials. Therefore, hydrogel nanocomposites are
considered as “smart materials” with great potential in the development
of sensing devices [13,14]. Fluorescent nanomaterials, including metal
nanoclusters (NCs), quantum dots (QDs), and carbon dots (CDs), are the
newly developed but with the advantages of low cytotoxicity, chemical
and physical stability as well as tunable emission color/intensity [14].
Especially, as spherical-like carbon nanoparticles with the size of less
than 10 nm [15], CDs have prominent properties including adjustable
luminescence range, excellent light stability, and low toxicity, which can
be potentially applied in bioimaging, biosensor and agriculture [16-18].

E-mail addresses: weipeng liu@scau.edu.cn (W. Liu), liuyingju@hotmail.com, yingjuliu@scau.edu.cn (Y. Liu).
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HIGHLIGHTS

e The CoS,/NCNHP was synthesized by using the core-shell ZIF-8@ZIF-67 as a precursor.
e The hollow structure was beneficial to improve the catalytic performance.

e The CoS,/NCNHP exhibited efficient hydrogen evolution performance in acidic solution.
e The CoS,/NCNHP maintained the stability after long-time durability test.
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Among various hydrogen evolution reaction (HER) catalysts, cobalt disulfide (CoS,) has
attracted extensive attention due to its abundant sources, favorable electrical conductivity
and electrocatalytic activity. Herein, CoS,-embedded nitrogen-doping carbon nanotubes
with hollow polyhedron (CoS,/NCNHP) derived from ZIF-8@ZIF-67 was synthesized and
functioned as an HER electrocatalyst. Carbon materials from the pyrolysis of ZIF-8@ZIF-67
effectively retained porous structures of the zeolitic imidazolate frameworks, resulting in a
high specific surface area to provide a carrier for the loading of the CoS, nanoparticles,
while the generation of N-doped carbon nanotubes (NCNTs) further enhanced the elec-
trical conductivity of the substrate. In addition, the favorable electrochemical properties
were facilitated by the synergistic effect between CoS, and NCNTs. Therefore, the material,
CoS,/NCNHP, was electrochemically tested under acidic conditions, showing the over-
potential was only 144 mV at the current density of 100 mA-cm 2, and the current density
remained 89.6% after a long electrolysis period of 24 h. The synthetic strategy for the
controlled design of MOF-derived materials affords a new pathway in developing com-
mercial electrocatalysts.

© 2022 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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