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Rapid detection of Listeria monocytogenes by Zn/Co-bimetal infinite
coordination polymers nanozymes-based catalytic colorimetry
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ABSTRACT: Objective To establish a catalytic colorimetry for the rapid detection of Listeria monocytogenes
based on Zn/Co-bimetal infinite coordination polymers (Zn/Co-ICPs) nanozymes. Methods Firstly, a Zn/Co-ICPs

nanozymes-based catalytic colorimetry was established with 3,3’,5,5’-tetramethylbenzidine (TMB) as catalytic

chromogenic substrate based on the peroxidase-mimicking activity of Zn/Co-ICPs nanoparticles, and the functional
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nucleic acid aptamers for enhancing the peroxidase-mimicking activity and specific recognizing the analytes.

Secondly, the morphology and structure of Zn/Co-ICPs were characterized, and the effects of aptamers concentration,

pH, temperature and reaction time on catalytic effect were investigated. Finally, the method was applied to the

determination of Listeria monocytogenes in drinking water and frozen Basa fish samples. Results Under the

optimal conditions, the concentration of Listeria monocytogenes was negatively correlated with the absorbance of

blue chromogenic product oxidized TMB (oxTMB) at 652 nm. The linear range of the colorimetric method was
3.2x10°-1.0x10° CFU/mL, with the r* of 0.9964 and the limit of detection (LOD) of 1.5x10*> CFU/mL. The

recoveries were 90.7%—108.7%, with the relative standard deviations of 0.17%—7.20%. Conclusion The proposed

method can realize visual detection without complex and expensive instruments, and has the advantages of

rapidness detection, high accuracy and good selectivity, which exhibiting potential promising for rapid analysis of

complex samples.

KEY WORDS: Zn/Co-bimetal infinite coordination polymers; aptamers; Listeria monocytogenes; nanozymes;

colorimetry
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¥ [CH (Listeria monocytogenes, ] FR B I8 A= 55T ) J& — At
B LAY 2L [CPH MR TR, A5 R FEMNGE . AR . 5™
25— N T FE BRSO S B 2 R TR A
FARIN i, HLAERG RS R, (AR SR A B S
Tk R R R, HRTRER BRI
ZR b S AN, NS TR O A ) R i A A I
Rrel R, AR A — R SR RS DU R
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Lo oA s LA T B . AT L (45 S L35
A B VA 50 T DAL 7 2 A A 3 A ) 488K P A 5 A
AR, 5T R IHE L gl Rk Rk BLAT 25 A Y i 44 £k
WM, DO BRI AT . A0 K A H B A
AT L RS I A B R B T 2L S R AR
AHEG, OREEEA BAK . Al il Ak e i S e g,
FEMEAR EE oM v 2 B s B i B RO H T, 14290
KARHRR AR 5 4 SR AR ARSI Au A
Pt). 4 & F ALY AR R RO 4 R A HLAE 42 (metal
organic frameworks, MOFs)Z4 #1814 2 9l k3 A
B HAUR KRBT . o MOFs & —FP i R &
(coordination polymers, CPs), H4:J& & F 5% i 45 F0 A HLAC
MR R R, B T MOFs, CPs 3B AU 45 53 —Fihk
A 44 K B kL BDJE PR B A7 2R 5 ¥ (infinite coordination
polymers, ICPs), UEEBA A FHYAHAZER, B ICPs H

A RUE N AR T, 1R G RR AT AT A TR,

T HH R AT A4 )R 35 A Fe, Co. Ni, Cu)ffi H iy
TELE RGO A, DR A 4B Al v A R A 0 A 77 o
B A, FIH ICPs /E A 4K B AL 770 0 B T He A AR /0 4

o Hl, ZENG S5EPUA BT — R i B R B R A
KKLF, RN T Hy0, PR . R LG, T
I, AR QIU ZPILL Zn® Hl Co® W4 JE B 1, 2-H 4
DRI IR, A& R SRS PERY ICPs, JF RSN T4
RIS A DR R 8 11 L A U

HR, T 909 oK il 1 2 Y54 00 BT L 68 43 Ay i el
REAFTEVEPEVE 22 A 0] 8, w3k 51 A4 Wi 43+ (i
T P A B MRS )4 v Jr ks AR e o A% R 1 AT 14K (aptamer,
Apt)—FASN G IR HBE DNA B RNA /N, BB 4
J& . AP AR, MR RS S . AR RE,
R T A T 40 5 e 0 K i P AR A F ),

FET M, ABETE R I TTTE B — 255 BURE A 4 )R
TEFR AL 25 W(Zn/Co-bimetal infinite coordination polymers,
Zn/Co-ICPs)J KB EL, AR T Bk, %6 iy ik A,
VIOKRE T, ANTEE R, RO o X Rk iE 7% iR
W WK BE A, 3] Zn/Co-ICPs-Apt A L. LT
Zn/Co-I1CPs-Apt HE 7. —Filt BRI 2= TR 7 P AR LG €2 50 # 7
e, FRMEIZ TR N T OO K A R B U £ SR R T AT
DUy B2 R B A A 4 e —Rp DR | T etk
U R L AR 1

1 #MR57H%

1.1 #R5ERF

FERROREEK . R VREL D )il A 2 T

AL 2- B Lk e 3,375,570 DU HT O Bk K
(3,3°,5,5 - tetramethylbenzidine, TMB). PKESER(Z-Hr4t, |
TR TR A BRA RD); CREE . i AL E (bt M
2R ), JCoKEERR N (4 Fr s, R itk T IR
) FRIEASIURETE . RMAFFIE . DT TICE . A (R A R
H(ATCC19115, ATCC25922, ATCC14028 . ATCC6538, |



174 B dn 2 4 R R I A 4R

F 14

BRI A A RN 7)), B A S0 A T X A (B L I 1)
2 5-ATACCAGCTTATTCAATTCCAAAAGCGCACCCAT
ATATGTTCTATGTCCCCCACCTCGAGATTGCACTTACT
ATCT-3', b TAEY TRA R R, 5256 HK Al
K(18.2 Q).

FVKEEfR(HAC) . Jo/KEEfREN(NaAc)BL il 0.2 mol/L .
pH 4.0 1Y) NaAc-HAc & A -

12 HF5RE

xMark HEFR{ (3% Bio-Rad 24 +]); UV-3010 £4h-A]
VL4366 EE . Hitachi S4800 34 Hi T i 13 8% (scanning
electron microscopy, SEM){X(H 7% Hitachi Z37]); FEI Talos
200x BB A HO G (energy dispersive spectroscopy, EDS){Y .
NICOLET AVATAR 330 {d B 02148 Ei% (Fourier transform
infrared spectroscopy, FTIR){¥ . EscalLab 250Xi X HJ£kfiiH}
(X-ray diffractometry, XRD){¥(3¢[# Thermo Fisher Scientific /A
7i]); Nano-ZS90 Zeta HL{7{X(¥[E Malvern 23 7)); H3-18K &
BB HLAHTRE AT A R A D .
13 S
1.3.1  Zn/Co-ICPs #9#|& . & ALik 3 AL B R AE

S MR (22100 )11 % Zn/Co-ICPs, ¥ 40 mmol/L
ZBRBEK VSR 40 mmol/L S LA KIS R BUR &, B
50 mL {RAVEBINA 50 mL 320 mmol/L (1 2-F SERKmE K 7%

W, ZEIRAEFRE 20 min J5, 6000 r/min &.0> 10 min, 3 FIER,

FHARAIK PSS 3 1R, ¥R T18 18 h J515%] Zn/Co-ICPs #4#} .

HUCSERBR 1 wmol/L 1Y SRS 2 I il BT PO AT VR 5
1.0 mg/mL ) Zn/Co-ICPs {F IR A E 30 min, 6000 r/min
B0 10 min, 13 2EFAADIREILIY Zn/Co-ICPs(H} Zn/Co-
ICPs-Apt)b1 k.

X SEM. EDS. XRD, FTIR $ RFE Zn/Co-ICPs
MIES . JuE . SRS MERER, A Zeta HLOIFN
S AR WL AR T FRAE Zn/Co-1CPs 22 T 138 B AR i
132 @mEEHK

A BERISTE Luria-Bertani (LB)A 1735 35 3L ih 15 35
SR, BERIRE RN 37°C, Bl 150 vmin, M EIRKY
ODgoo THIEE 1.0 Bf, 4HFWEEZ R 1.0x10° CFU/mL.
1.3.3 o#75ik

1E 1.5 mL B0 P BIIA 50 uL 1.0 pmol/L [ ¥4
TR RS FCAYA WL . 50 pL 1.0 mg/mL 1) Zn/Co-ICPs #
W, FIRIFE 30 min, FEANA 50 pL BBEARITER B RO, 4k
LR E 30 min, REAHIMAL 50 pL 9 NaAc-HAc
ZEOYAW (pH 4.0). 10 mmol/L TMB A 100 mmol/L
H,0, %W, 18241, 1€ 40°C/KIE P ) 30 min, )i AR
ACIE 652 nm AR A X Ay FIJC B AR iR /K
OB . LA TATES 3K,

1.3.4 HfouiE

K EaERIRE, FEIEERE IRIC10 g, MIA 50 mL
Tow AR, MRS . ¥ 1 mL 1%HBRIMA 9 mL
T ke 10 IR A3, #E 10 min YUIEE AR ARG, W
0.22 pm JEMLLE, HUEBE FPTEH 10 mL JCEAE #ER K
Ve HEARE MR . R IRTK IO WAL HE . 53R 5 Ak
PR, TN 1.3.3 BB T 0T,
1.4 BUEAIE

i BRI AR ()5

B/ Yo=(IE M AT b3 R B 5 1 3 W
)BT I OO (1)

SR H Origin 2021 #EA 4R AL 15 7047

2 HREDH

2.1 Zn/Co-ICPs BYF=1E

Fl SEM #AE Zn/Co-ICPs RYIESRLEH, 45 la
JT7R, Zn/Co-ICPs KB 451, KifeZyk 100 nm. F| ] EDS
UESZ T Zn/Co-ICPs HAFAE ML (K 1b), Zn/Co-ICPs 177
f£ Zn, Co, C. N f1 O iz, H Zn 1 Co JLEKIET
FEER S SRR B T, C. N, O JCEMIIEAEII N T 2-
JEBRIE A HLEC AR . ] XRD #AE Zn/Co-ICPs 1 S AL
(1), Zn/Co-ICPs JCHFEATSTIE, MR S IAZE M,
Zn(IDs% Co(I1)-5 78 HLAC 14 Y 2R F 2 [8] 7] B8 A7 £ JC) 7 e
PO BRAh, A AT S R W LA, kR 22T
FTIR R ZFEAF Zn/Co-ICPs B BEFI (B 1d), Zn/Co-ICPs H
7 A 2-F DRI AR 0628, 1145 A1 1178 em ™' 4b iRt
i C—N SR 4EIR S, 944 F1 989 cm™' ALY XS i C—H
ST AMETEAR S, 1302 I 1424 cm ™! Ab RIS C—H
ST NS TEIE S, 1583 em ARG XT I C = C B
45Rsh, FIREE R FEI Zn/Co-ICPs & NI .

2.2 Zn/Co-ICPs HIEECAINRE(L

X} Zn/Co-ICPs #47iE Bl & ThfEfk, 3 %] Zn/Co-
ICPs-Apt, f] Zeta FLA XIS UFIE BLAAE Zn/Co-ICPs b Y A
D&M . 7E NaAc-HAc 22 1AW (pH 4.0), B2k
& BB G Zn/Co-ICPs ) Zeta HL{ M -(2.88+0.40) mV
TREE-(7.39+0.46) mV, 2B 1 AL fof (1438 e A4 B Ty s pE
M%) Zn/Co-ICPs . HLAIFE(Rf Zn/Co-ICPs-Apt HE5W)
W25 RV IE A TMB Y3 R, 9% 00
HLVEFH 738, Ak T >

FHERHN-RT UL A3 66 E ST 1 — A5 T3 08 2 Wi B i
BCARAE Zn/Co-ICPs | M 38, M4 22 51 Wl 1 3 P A I VR
& 260 nm AL WROGEEME AR AR ME M 2, &tk U5 RN
A=0.56¢-0.0016, r* >y 0.9807, FI#t§ Zn/Co-ICPs-Apt & il
J& IR AR SRR BRSO, AEHET 260 nm 404 B LAY
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Wi, VAR T BT RR AVRFIE ), 45 260 nm
b TUF- JE W e, 3 B P 118 DR 43388 L4k 3 2o Ll
B2 B 28 5 Zn/Co-ICPs HY X 4 J& #H B 1F A H & 7
Zn/Co-ICPs £, #4R=(1)i1E ! Zn/Co-ICPs-Apt 1
PR RS TR 3 B AR B TR 83.0%.
2.3 Zn/Co-ICPs BT S HIEGE AR

LI TMB J9Jid), 34 Zn/Co-ICPs 255 B AL i fi ik
PERE, 754 TMB (10 mmol/L)HI H,O, (100 mmol/L)H)
NaAc-HAc & A (pH 4.0)F LA Zn/Co-ICPs (2.5 mg/mL),
A (o, FFAEIEAE 652 nm [ffiE. TMB {RZRF
TMB+H,0, [ A RTE 652 nm A JCH] B kg, TMB+
H,0,+Zn/Co-ICPs JZ WK 2 7E 652 nm AbAT — i IR i, %
WAR W0, FW Zn/Co-1CPs HA 255 B AL W s 1, itk
H,0, E At TMB 4 i 1 {4 oxTMB.

i —H R IR A 1% Zn/Co-1CPs 15 E ALYy
PTG PEDEA T IEAY, 420 S R A pH AN, 1 5 e —
FREPIR AR, A8 75 —FPR IR, 7 652 nm WO
FHEAT 10 min FaZS 3l 12404 o 430 FO R R R BE
S H,0, (1, 3. 5, 10, 15, 20 mmol/L), TMB (0.1, 0.2,

Characterization images of Zn/Co-ICPs

0.3, 0.5, 1.0, 1.5 mmol/L)W RN HI TR, 15 H KK
B (K ) P13 ISV IR JE (Vi) o Ko S8 S BEFEEXT IS4 2 F0 )
HIREESEL, K, EAL, W S5IRYMSER MR, sk 1
FiR, 3T TMB JIEY, Zn/Co-ICPs Y K, R 2 2Bt
A ALY (horseradish Peroxidase, HRP)Y 1.5 ff5, XK 7
O A TMB W A BRIk B IR KT M . SR,
Zn/Co-1CPs Xf H,O, FEWIH K, (Lt HRP K%Y 3 f%, X3
Zn/Co-ICPs X H,0, HA HEHIFEM 1. EHAFERMNE,
Zn/Co-ICPs HA . HRP WY Vioao DA LECHEHR I,
Zn/Co-ICPs HAT b HRP B & i fbifth . 58 W4k
g Xof L 437, Zn/Co-ICPs HA I Fe;04 NPs Fl AuNCs-Apt
B AT
24 SRR

e NE I N o o o Rl N Ul L NP
Zn/Co-ICPs 1t S A Wy B 0N B (RN S G 14 ) HA S i A 1,
Bl Zn/Co-ICPs fi k.11 % 1k & (hydrogen peroxide, H,0,)% L
XY TMB 4 iR A L% TMB (oxidized TMB,
oxTMB), KR BRI (. KR A7 7E 8 207 R T
T B B A AR T AR Rk 25 A, S Zn/Co-ICPs 3R 1],
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S E Zn/Co-ICPs IZEHEG MEE 55, 18 B IEsR ik 26
FNZBE, AR R (R 2), SE TR T — B
A T (R L 8 0 B ik o

#F1 Zn/Co-ICPs MIESTHNEFSH
Table 1 Steady-state Kinetic parameters of Zn/Co-ICPs

fEAL Y Kn/(mmol/L)  Viae/[¥107° mol/(L *s)]
H,0, 1.30 47.0
Zn/Co-ICPs
TMB 0.75 42.0
H,0, 3.70 8.70
HRPBY
TMB 0.43 10.0
H,0, 6.66 12.9
Fe;0, NPs??"!
TMB 0.26 35.1
H,0, 3.66 30.9
AuNCs-Apt*?
TMB 0.33 13.6
2
PR ’\/é:.*'-ef‘
AN+A+ QJ g:‘;: :"*é b8
\ Sy A Apt N\%.;lv‘
Zn* Co** 2-HIBEmkmk Zn/Co-ICPs-Apt

12 Zn/Co-ICPs HIKRGIE I . MM (A) B 7L BG4 ke T i
b 8 43 HT I H (B) /R 2 I
Fig.2 Schematic illustration for the preparation and modification of

Zn/Co-ICPs nanozyme (A) and the application of catalytic
colorimetric measuring Listeria monocytogenes (B)

25 SMBEERNL
2.5.1 AEALB R &HEHER

AR EHEH LT Zn/Co-ICPs-Apt FHRHK FEEAL 4
P, REERCAHEEE(0.1,0.2,0.5.1.0,2.0,2.5,4.0 pmol/L),
ANl pH (3.5, 4.0, 4.5, 5.0, 5.5, 6.0). A[FEEE(20. 30,
40, 50, 60°C)FIA Al S B ETEI (5, 10, 15, 20, 30, 40 min)
S SC AR BISE, 315 Zn/Co-ICPs FHRIA T H A, HR4
SEATER 3R, RIS B A S A LA
S8, FE T B 5gm, YW E/NF 1.0 pmol/L
i, Zn/Co-ICPs-Apt HIMEALIE IR Apt ¥ RE I I im 3 5i,
W KT 1.0 pmol/L J5 Wt EE LT R4E, RUEMifE
Zn/Co-ICPs FRIH A& FCAR B A, ok, ARFRFEEHRT
pH R, & B pH 34K, Zn/Co-ICPs-Apt AL TEPE
BlSERAEFSC R NS B, 7E pH 4.0 B8, BT TMB AT IE
M7, 7E pH 4.0 B, Zn/Co-ICPs-Apt i 5 L7, TMB B 45 5)
T 3ok B LA PR M AE Zn/Co-ICPs-Apt 5ifi . Ak, AWF5E
BT R BE R SA R, A I 0 SR B LR i

JeHIGERE, AE A0°CHTIAZIEME, BT Apt NAEYIHGISF,
TR B RS Apt B TG PR T R AR T T o B,
XA SR B R SEA T T P Ak, Ak I T e 5 £ FH
5 IS 0L B ) 38 0 T S 3G A5 B, SRR 30 min, BT
Zn/Co-1CPs-Apt FIfEALTE P L Zn/Co-1CPs &, Hi#& IR #&
PSRRI @2, B, B RN AN I B R B
1.0 pmol/L, pH 4.0, R 40°C. S Hf[E] 30 min,
252 AWK

el 1.3.3 WA BT ik, Ak e M E AL R N 25 1 T E
ATSE50, VR ZR A0 €0 B 2 PR 2 0T O VA 2 T 3 R A
H(E 3 ), LS = YITE 652 nm Ak iYW BE 2 i 4
IS, WLOGRE 55 PR IE AR i R TR AV B SR A DG OC &R o LABAIY
TR RO B X BOR R AL bR, Ag-A HNARARIEITLPE
LG, LR A-A=0.1061gc+0.0893, £& 35 Bl
3.2x10*~1.0x10° CFU/mL, r* 3 0.9964, & i [ (limit of
detection, LOD)}y 1.5x10% CFU/mL.

= ARRRERT
0 —1.0x10°CFU/mL
1.6 + 0
=3 1.0x10° CFU/mL
0.8
0.4 - s
600 650 700 750

K /mm

T A L SRy X 7 A £ B 1 e
3 BT Zn/Co-1CPs 4K Rt Ak, Lt (7540 D 518 2= Ry T 119
W
Fig.3 Absorption spectra for the detection of Listeria monocytogenes
based on Zn/Co-ICPs nanozyme-based catalytic colorimetry

2,53 HHHESHT

TN IR . KIBAT YT IR A4
WO ERESMNE RS R NE 4 PR, FEAE
WHEHN 10* CFU/ML 400 F, BRI 40, Hopb
T | A OIG JE FAATR T 2 A, D0 % 9 X B g
TR T A R b, DU R T A B I R R
A B B S A 1R
2.6 EFRHEROHT

A FT ST I 5 1 g TR R KR VR 8 7 R i
PSSR R IS, S5 R BN, RS ORA A AR
FEPE, XPRE S ET T I0AR IR SRS, AR R 90.7%~
108.7%, AHMARMEIREE R 0.17%~7.20%, £ oA
BRI ) AR HE ) B8 ELISA FPARGHEGE:, g R
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Fig.4 Selective analysis of the proposed method

AEAE PEAGIN, J5 2% T LUE SEAGI, (AN I 9] 4 (48 h). S

TYAKAT A I B 2SR B RO RGI Jr v lU LR 2, 5
FA SRR B I 7 AR B, AST7 ik BAT SR At BR, 4

R AW Re L N T VS NS S R iy ST SRR S
TR A BREAS I

3 & i

AWFFIET Zn/Co-ICPs HYZEHEN: . & B XTS5l
TP R GBSy F IR SR a5 A, HEST T — R
AR RE R A E o IO IR O A 2% B S
1XE%, PTHELT AT ARG, ELAGI G R . MEREE . 4
SRR, R R RS B — e niE ). ik
S AR A2 A, A A R N T A B AR 04 BT
ICPs 1A 9K B A6 BRSO TSI AT A, - Bk
S 1 TAEF BN BZ SR BTSE, (EZ 9 KB %
Tr AR T R A e B 4 b DA S 56 3 5 1) SE B b Y R B
S, RREFLK DR RERETES . RoF EAAfEU N E
S, R e N — P [ A 2 AR 40 AR Kb e O T 1
), YR, P A AR 1Y) 55 AN BE 1/ FABIL G 7 ik
—HRAMGE . )5, T BG-GB R S AT A HE AR
{45 B 3k S G b o T B A

R2 TREIPRM RGN BB R 77 AL

Table 2 Comparison of methods for Listeria monocytogenes detection based on different nanomaterials

Rz OKFL R (S WIRZS & R A /R L MEVEE/(CFU/mL) LOD/(CFU/mL) EZ PN
R rGO/AuNPs FLPITER: 24 1.0x10°~1.0x10° 1.8x10* [34]
[ERUR7S Fe;0,NPC I EERFS 16 5.4x10°~5.4x10° 5.4x10° [35]
i MNPs B IZ AT 5 1.0x10°~1.0x107 1.9x10* [36]
HAERZS Zn/Co-ICPs HER 0.5 3.2x10°~1.0x10° 1.5x10° EN I
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