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. ShmingA S M4E (Listeria monocytogenes, LM) & —# % LR RMHERE, BAKIEOIRIEES
M HOR . AL SUE RS A AR R, SMMERKF R, FRASHK. K4 0T 08 A 632 S M4
RAF R BB BL—F EH & ZIF-8 &5 AIERMACLE LS (RYR) 8L 544 (RYRQZIF-8) , A&
e F R4 (TEM) . B#HET 284 (SEM) . X H&AT4 (XRD) X & LE-FhiE (XPS) . AMbk
AKX A& (BET) Sty RatAtassEtfetifh, FREA. A@ARFHTEIE S, LR mMIE £ FIHHE
WA ERERER LY, £ RYROZIF-8 A4MAREKRAHN 1.25 mg/mL &, #HE£5i% 84.6%. 3 RYRQZIF-8
BAMA AP AL R RI, S AT HE A TAET L TR, HIEREMMRYE, 7 RYRQZIF-8 £
HERvR A, R S 2O AR R M AR E Zn?tfe RYR, 8 2GR B = Wr B st A Akt O iR = 4 A AL
WAh, RIREMA RS A EY, FRELGMIEEFHFHGAT. LAY RYROZIF-8 ERBFBA RITFH

KRR ARG A TR R BRI R R
FES2S: TB383.1; TQI127.11 XEktRSAS: A XE%S: 1672-6510 (0000)00-0000-00

Preparation of Acid-Responsive RYR@ZIF-8 Nanocomposite and Its

Antibacterial Activity Against Listeria monocytogenes

SUN Yan, PEI Zixuan, HUANG Baojia, DU Ting, DU Xinjun
(State Key Laboratory of Food Nutrition and Safety, College of Food Science and Engineering,
Tianjin University of Science and Technology, Tianjin 300457, China)
Abstract: As a common foodborne pathogen, Listeria monocytogenes (LM) has strong environmental adaptability and
pathogenicity. In response to the problems of increased drug resistance and side effects of existing antimicrobial strategies,
the development of novel antimicrobial materials that are efficient, safe and environmentally responsive has become a hot
research topic. The composite of ZIF-8 metal-organic framework material encapsulated with red yeast (RYR) (RYR@ZIF-8)
was prepared by a one-step method and the structure and morphology of the nanomaterials, functional groups, and surface
compositions were characterised and analysed using transmission electron microscope (TEM), scanning electron microscope
(SEM) , X-ray diffraction, X-ray photo-electron spectroscopy (XPS) and BET method. The experimental results of the
antibacterial activity of RYR@ZIF-8 against Listeria monocytogenes showed that the antibacterial rate of RYR@ZIF-8
composite was as high as 84.6% when the concentration of RYR@ZIF-8 composite was 1.25 mg/mL. The inhibition
mechanism of RYR@ZIF-8 composites was found that Listeria monocytogenes would produce acid during the proliferation
process, making the solution slightly acidic, and RYR@ZIF-8 has acid-responsive properties, and the slightly acidic

conditions would destroy its framework structure to release Zn?* and RYR, which were proved to synergistically oxidatively
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damage the cell membrane of the bacterium, rupture the membrane structure to release the contents, which would in turn

lead to the death of Listeria monocytogenes. The above results indicate that RYR@ZIF-8 has a good application prospect in

the antibacterial field.

Key words: Listeria monocytogenes; acid response; antibacterial; membrane damage
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A1 2-FR LR 2Rs () ZIF-805Y, 3 e e B 11T
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TERRYE SR AE T 2, vl LR —Fp pH i L4 254 4%
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1.1 Bk R ENEE

O N S T ( Listeria
monocytogenes) ATCC 19115 7 Sz =8 {5 -

. AN/KAIMEREE . 2-FFEmkmy, KWL
R TH AR H R BE, 96E OXOID AHl;
BRI 8. BER 4. TAKOEE, REEmifh
WA B ATP BHRA & AL
filf (SOD) RF&, FERtg s EY) TRER AT

DHP-2042BS 74 i #ufH IR 17 57 46 - MR-96A U fifg
Frfl ICAPQ HLBHEA S B TR H% 4% . Talos G2
200X JZE 5 L B, 3£ Thermo A F]; UV-2600
RUEE AR W23 66 EE T 1950 TR e BRI AR e 41 AR
P34, 7% Eppendorf A ; TGL-16B &1k
B0, RS RBEAER) s HS3120 AL S
Ved, REWEHLBMA[RSEHRAA;
XRD-6100 ¢ X S ATHAL, HABEHEAR .

1.2 SWHE
1.2.1 RYR@ZIF-8 {4} O & R E R AE
(1) RYR@2ZIF-8 9KAH K} i %

ZIF-8 KA R HI 4% . 150 mg /S /K A SR B
BT 5.0 mL £k 330 mg 2- HH R IR i A
A 10 mL ) B Red o B TR B b
500 r/min o503 S IKA HEREF TR 22 12
FIRR R, FREtRE 5 mino. XM 281K
BTG, TSR] ZIF-8 9K R

RYR@ZIF-8 [l %: 150 mg /S/KA iEBRAETA
i T 5 mL %517k ; 330 mg 2- LKA 5.0 mg
LR R (RYR) ¥ TN 10 mL FH 1) 5 J Joe
o, KR TG B RS 500 rimin TR iR
W75 /KB R BB I W N I 21 B e, 43
TN, $idk O 1 min, B8 550 . F FEZ LA 10000
rimin #EGEG 3 R, BT S AR B [ AR R
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RYR@ZIF-8.

(2) RYR@ZIF-8 4KA1 kIR AE

JERTE S P B (TEM) X RYR@ZIF-8
TESHEAT RAE . H 2B 7 /KB 90K BRI R
FAERE S A HS ), D VEAE i T T X S
R b, =R N EATE, H TEM WEMH KM
EHITES .

fi 58 A0 -1 WL 2 O O U RAE ZIF-8 &
RYR@ZIF-8 [FRFEMR ST o ) FH 7 75 SR A5 79 23
PSR KE, 4 I HL 200 pl A oin 2247 S L,
T 5E P R REAE 200~800 nm PR LU

A L AR 2L AR 61E A (FTIR) RAEM AL
[ H B REH] . BUE R ZIF-8. RYR@ZIF-8 /% RYR
TR R R E TR, 5IRIGITR SR,
FoEE, FH X E 2 400~4000 cmts

X SHEATH (XRD) &R X SR 7EAN A A
Yo AT S BB, A b AT R 5 R
IRGER SR . T8 ZIF-8 )2 RYR@ZIF-8 ¥y A
I XRD 7t HediA 454, 15 1=0.15406 nm, 43
HEE P 5F9min, FHEEH 5280 T/EHE 40kV.

X HHEAEREAC (XPS) il 5E FE i 1 7T R AL 244
AR L RSy o AT B UG (1 47 B 1T DAAS AT
FEMMELT & T RNEE, ot 500, e
HITER M.

WP B R TR L (BET) & 4R A Bk
Fr BA BLATHAR . ZIF-8 N LA KL, it &S
W B Ee R R e i B R (RYR) 2 EHEE
& EIELR LS.

BiHd] 0. 2. 4. 6. 8. 10 pg/mL RYR ZEEhnit:
W, AN s TR E 505 nm AL IR EEE,
bl 22 . K RYR@ZIF-8 W 1# T 2.0 mol/L 3k
P o E 3, I SE 505 nm A FITOG R, AN RYR
FrEdh2k, % RYR@ZIF-8 #1 RYR HIfi# &,
1.2.2  RAKIPE KL 6 M 2

] 96 FLAR A FL I 107 CFU/mL 4% 41 i
B HRE B, SRJE NN 100 uL RYR@ZIF-8 4K
TR, A2 73l v 2.5 1.25. 0.625. 0.313,
0.156. 0.078 mg/mL, ¥ 96 L & T 37°C. 200 r/min
15 5 BB PR 85 9% 4~5 ho SR = 4% B Bk 32 g
RYR@ZIF-8 4K E &V HAINEIRE (MIC) .
1.2.3 FHAHFER

B 5 BV e S o BE AR R, B 10° CFU/mL
BV I 5 AN R FE 1#) ZIF-8 & RYR@ZIF-8 1A%
5], HURSEIGA, UANEMERIEBCAN R, &
M 3 AN PAT. BRULAE 4 CCOKFETFINE 2 hJEiR

B, HKG AR E T 37 cCEIR G FR A Hh R 9% 0. 41
A A7 405 26 R SI2 56 2 55 56 HE L ) TR v R LA
124 wRABESFHTME (ICP-MS) @l

#4100 uL 107 CFU/mL X EUHEH R 7 35 2 EP &
W, N RYR@ZIF-8 (&5 &K N 1.25 mg/mL)
ZZARF 200 pL. 7E 4 °CUKFEHIFE 2 h, 4 200 uL
R Z N 9.8 mL LB AR F 3, 37 °CRE IR 7%,
W15 AN [F IS 8] 0 V20 79 0.2 pm B, SR U8
W, RS SE B TR (ICP-MS) E %
AN TR) A B T R R . O 5 VR TR (2
BS54 30, 60, 90, 120 pg/mL) , MEHLEE
.
125 ApE A K&

100 pL 10" CFU/mL % A 3 23 s in 100
uL RYR@ZIF-8, fdifhkl2 i sk g 5oy 1.25,
0.625. 0.313. 0.156 mg/mL, fE 4 °CUKFEWE 2h,
Wiz & In%) 9.8 mL LB liiAs; Rk, 4% E 3
AEAT, 37 °CCREIRIG TR, BEFR 1 h %HX 200 pL B,
£ 600 nm Ab N 5E % S22 5 A AL, il
S HHE R A B AR K 2R
1.2.6  mARRE % Bk 6 M 2

BB A B (107 CFU/mL) 5 RYR@ZIF-8
(A JFREWRE AN 1.25 mg/mL) 8 0R 5], %4 sk
W, RAIMGUKAMBHE R B A, & A
4 °CH¥HE 2 h, ZIREOWE, WEREERTTEIMA
2.5% % e A A R KBS, KRS
ANEAFR 5 # (30%. 50%- 70%- 80%- 90%- 100% )
M CEERE Ve, B0 10 min, K HEAE TEE
100% L E A o A4 b T 0 PE A X AN 35 35 B AR K
T, AES T2 (TEM) FHHfiE T B/
(SEM) W%z,
127 RIS

B EIAE RS RYR@ZIF-8 787018 5] S
M, UAEHERIEBCAN IR, 4°CHEE 2h, &
O 2 B3, K AR E BT 1.0 mL PBS H1, il 100 uL
10 po/mL Btk A e (P, BEALSe 15 min, 0N
80 uL 5.0 pg/mL —JPREEZRIEGIE (DAPD , IE4bE
e 15 min. H PBS ZIRESOERZ RYEL, AL
WINEREE BRI SS, R E DO R IR,
1.2.8 #FHHA (ROS) &y =

BB (107 CFU/ML) 5 RYR@ZIF-8
FRATIRSINSEI A, DL SR B A R4,
4°CHEE 2h, BOBEG. HEAEET 1.0 mL LH
K, NG R 27- &R R F
(DCFH-DA) i H 29K %N 10 umol/L, 745G
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FALIEE 1 h, FRRHRA Y2 IR0G, KRZ R YR,
TE8 B 5O B g,
129 Zamke

BT O E R (107 CFU/mML) 5 RYR@ZIF-8
TR, DA E MR BRI AR R,
4 °CWEHE 2 h, B0 JEHUTE, HRHE BCA EEKE
WA ElE S HEAR S =.
1.210 Hge FERGN 2

BB AR RE R 10% CFU/mL FEiEAT 704,
IR R o BB 2, RS B
[ % RYR@ZIF-8, 4°CHF & 2 h, B 2H 6000 r/min
B0 5 min, fEAHBSRLONE LIERBSE.
1211 m@E L AAARIREG N 2

BB R (107 CFU/ML) 5 RYR@ZIF-8
TR, DA E MR BRI AR R,
4°CHFE 2h, B0 LiEWR, DUER PBS 25 .
BB A E R T 4.0 mL PBS thIFBEREAL 3], A
FHEE o ATP B & B A s A 55 &
BEATISE -
1212 i FE ey e

1t 96 FLAHRMIE TR R AR FLIE N 100 pL AR
A R AF R AEIN S8 B 40 i (Vero 4 AR , A:4L 103~10°
A, BT 37°C. 5% CO, B9t 9% 24 h, HE
Y K35 R, FRpERE IR O ZIF-8 & RYR@ZIF-8
3 il FE 200 5 2 VR R RS [FIVR E, RN 96 FL
BRH, AL 100 pL, fEAHPREEFRAR FE59E 12 h Al 24
h &, #IA 5.0 mg/mL MTT X575 (20 uL/FL)
haliE R 4 h Je&ObEEEFE, WAL 150 pL —HJE
TG (DMSO) , K88 (a4h Wy H B 78 o i
SE 490nm ARG, DATCAN A AN IR, ANBRAE TS
RS2 5 ot R ZEL T B ) LUAEL
1.3 HESHR

K H GraphPad 3 fF 7 Hr dis, SEggs R L “°F
PHEHRHEZE” Ron. KAt i 2 7 2 35 1,
o wxy s fllernx KON 2H 0] 22 7 10 3 (P<0.05.
P<0.01. P<0.001 £l P<0.0001) -

2 FR57h

2.1 RYR@ZIF-8 4K+ RIHIRAE
211 HEH LT DG K AELE

RYR@ZIF-8 Z KR IE 5 H+ 2 s 1 %
JCERBU EGWE 1B, METEAZ 100 nm.
RYR@ZIF-8 35 HIZE T+ —THA KL . EDS JT 5
K & r T C. N. O Ml Zn TR MAEAEMEF T E

ARPELEE R

F&r&E. TEM JURERBUFEEREIR, C. N. O f1 Zn
JCERMIBIEI A, RERILE K RYR@ZIF-8.

Bl RYR@ZIF-8 KRl A0iE ST F B IRE R T Rk
5 El%
Fig.1 TEM characterization and mapping of RYR@ZIF-8
nanoparticles

212 CEIS-FT Ry RAE T ERIELR
ZIF-8.RYR@ZIF-8 & RYR M4 4h-AT WO

WEANP 2 fias. ZIF-8 £E 200~300 nm JE I P AFLE 1

AR g, 20 (RYR) 7E 505 nm &b E %A

BH 2 (1) 5 A W S U, T S R RYR@ZIF-8 75

200~300 nm AL [ 5EIIS AT SRAFAE , I HLAE 505 nm

WEAFAE 1 AV, i RYR@ZIF-8 &

PEH £ ) o

B2 ZIF-8, RYR@ZIF-8 & RYR HYSESM-1] DL IRULA i
Fig. 2 UV-vis adsorption spectrum characterization of
ZIF-8y RYR@ZIF-8 nanoparticles and RYR

2.1.3 FTIR &9 & fr4E

ZIF-8. RYR@ZIF-8 } RYR {# BLIH-AF 21 4
WA 3 fin. 1584 cm™ iy C=N iR, &
ZIF-8 [ IS IE, 5 ZIF-8 &5k &2, £F 760
cm™ Al 1145 cm™ &b A Zn-N i 4aHRshiE, &I RYR
BRI E A ZIF-8 N .
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3 ZIF-8, RYR@ZIF-8 % RYR & EMIIRLT I HILE
Fig. 3 FTIR spectrum characterization of ZIF-8,
RYR@ZIF-8 nanoparticles and RYR

214 XHEATHEIELER

ZIF-8 J RYR@ZIF-8 [1] X 5 £ fi7 5 R Ak 0 4l
4 e AE X SHEAT I ohonT DUBLSE 2R AR g 4y
AT 7.352 10.45°F1 12.8%k, 4%t N T ZIF-8
FRATTETEI (011) « (002) Al (022) fhTH Y,
RYR@ZIF-8 5 ZIF-8 (¥ &3 JL-F-HH ]

4 ZIF-8 & RYR@ZIF-8 #9 X HHekfT5 RAEE K
Fig. 4 XRD spectrum characterization of ZIF-8 and
RYR@ZIF-8 nanoparticles

215 X SRS EIEL R

ZIF-8 X RYR@ZIF-8 ] X Hit £k R it X R AE an &
5 ffi. HIE 5 A4, RYR@ZIF-8 ghKki v 3 % iy
W B EREER AR, 4R 4 MRBUINIE,
AR A2 1021.47.531.75.398.78.284.81 eV,
3N RT Zn 2p. O 1s. N 1s #1 C 1s KL TRE
o Mg e R ESAT o0, Zn 2p HIER
1021.38 eV (Zn2p 3/2) F11044.63eV (Zn2p 1/2)
AEHIEFEWEYR (5 ZIF-8124, C 1s i)y 284.81 eV, 5
398.78 eV I N 1s X C=N #t[], 5 FTIR &5H—
3. O 1s 7E 531.75 eV AbMuExf . OH 2. DL L
SERHE T RYR@ZIF-8 [Tk .

5 ZIF-8 % RYR@ZIF-8 I X BT REIL{LFRAE
Fig. 5 XPS spectra of ZIF-8 and RYR@ZIF-8

216 BET &/ir& %

RYR@ZIF-8 4K AR L RTHFNLAR 1. 613
HIJE I ZIF-8 FLARBCA KA, HEET ZIF-8,
RYR@ZIF-8 LR A Rk, R RYR B
Wik ZIF-8 HEZE

#z 1 RYRQ@ZIF-8 kR AItL R EFR
Tab.1 BET of RYR@ZIF-8 nanoparticles

ZIF-8 2105.2013 3.058
RYR@ZIF-8 1076.763 3.057

22 wRMERERVESR
SR FH B 240 M 98 A 2 S o A 9 ARR MR

£ 0~1.25 mg/mL G A RYR@ZIF-8 7 5.1z 41
6 18 A 2 R B ) B AR B R B o FEARN IR I B
OB B M R 2 BE 5 5 R VEMORES, W N
RYR@ZIF-8 K& 9 KMk 5 77 2 R W% ik H W
JEEE/ANT 0.1 B, LGSR BE AR ) B AR A R VR
RYR@ZIF-8 X F A% 41 Jitd 14 A= 2 i B 110 S5 1A B
WA 0.156 mg/mL.
2.3 FRAHIWER

5T RYR@ZIF-8 fissrifimithae, KR
SERRCEEGE, DA A M G AR 2R TR A O S IR
FEME R A TR AR, VPN RYR@ZIF-8 S &40KH
BHOTTREIGE, 2R 6 fir.
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RYR@ZIF-8 7E 0.31~1.25 mg/mL Ji [l N, 4%
S MBS A A TR R I AETE RS RYR@ZIF-8 &=
TR P R T v T 2R T B AT AP RRIR 4 1.25 mg/mL
i, RYR@ZIF-8 i 5% 241 Mo 384 A= 2 3kl T 1 400 1 26
AliA 84.6%, %8 RYR@ZIF-8 9K ki 1 Refis 45 244
g A, BA—E R, WEE 6 (b
LG H, RYR@ZIF-8 EH B MNERE /1, FF
HE% RYR@ZIF-8 ¥4 FE ¥ Tt i bl 7 BUZ Wi b

() TFiHR

(b) AR T4 HE
El6 RYR@ZIF-8 38t mpiEd THF R /AR NN
Fig. 6 Effect of survival rate of Listeria monocytogenes with
RYR@ZIF-8
24 HEREZFETFRIE (CP-MS) MELHR
FAAZ AN M 0 A 2 e R A AR R R e AR IR
WP, BT ZIF-8 B MNYER, IR
FRPERT, JLAEZEEEMI SR, MMREEUE Zn?t,
LR & 45 B8 7B (ICP-MS) I 5E 45 i 7
o WA 7 (a) FIH ICP-MS il H 5 RYR@ZIF-8
JE 1h 2 14 h BB TIOR8, BE B ) )38
BETRRNE R MR, % 14 h A R e
BOTIRELE] 0.11 mg/mL. & 7 (b) , LEEET
WREALT 30 pg/mL & 120 pg/mL i, EFE Y
1E 20% /A4, Ui T BA — 2 EIEA, M
T fE4E R Bt RYR@ZIF-8 A 58 [47 1 v 4 7T Aig
AT Zn?HEH. B 7 (o) BalRAthatE HpE
FHEEFIREM T R, R B30 B .

ARBB LGSR

(a) RYR@ZIF-8 5 Fr% 2 B i A 2 35 v st 77 5 8 1 7 O R S

(o) ZRid AN R FEE 4 25 1 b T P A% 240 P 18 24 2 B T ) 40 T s ek S

(c) FRPAREF
E7 BREBEFETRIENESER
Fig. 7 Test results of inductively coupled plasma mass
spectrometry
2.5 HMESEKHZNELSR
AP AR BT AR . W HO. AR
WAL GET- ] 4 AP A A KR R A AR
eI, B AR il et o R AR AR Ak, BASG AT B
W2 o A BT T S S AR R . BRI, (R E S
BEEAMBEIERE, Wi RYR@ZIF-8 XfZ4=Hiis
ARAINHEIER, SR E 8 frs. SXTIRAML,
BN £ S RYR@ZIF-8 L8597 2 h JT 44,
ARKETE R BH0E], AR R, XA
12 4 B 4 A 2 T R A A )RR B . X R W
RYR@ZIF-8 HAT RUFHIPUIE I
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8 RYR@ZIF-8 3T B4R tEE ZHr A KBk AU
i
Fig. 8 Effect of growth curve of Listeria monocytogenes
with RYR@ZIF-8

2.6 ZHAEBRSTEEME

Nk RYR@ZIF-8 KM LA,
35 5 LT BB A R FH R A4 IS R T ST 3R
fiE, iRwKE 9 frs. BEE RYR@ZIF-8 55 4%40
JeL3E A 2= i RE B AR FH I R] B 28K, RYR@ZIF-8 (1T
PRATHERA, + RS HEHLE, &
ZIEA TR, AR, WE9 (b) ATLLE 2,
Xof HE 2 1 BRAZ 4 G A 2 R T 5 L IR R R
FLAT, 4040 iR ROt . S, fE
RYR@ZIF-8 fEH 7 h i}, WM AWM, 4ip
AN RYR@ZIF-8 1EH] 14 h J5, 4B AR
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Fig. 9 TEM analysis of morphology changing with time of
RYR@ZIF-8 nanoparticles and Listeria Monocytogenes
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Fig. 10 TEM pictures of Listeria Monocytogenes treated
with RYR@ZIF-8
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Fig. 11 Fluorescence images of live/dead Listeria
monocytogenes
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Fig. 12 ROS overproduction induced by RYR@ZIF-8

nanoparticles treatment
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Fig. 13 Effect of Listeria monocytogenes supernatants
protein content with RYR@ZIF-8
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Fig. 14 Effect of RYR@ZIF-8 on the activity of ATP and
SOD of Listeria monocytogenes
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Fig. 15 Conductivity change of Listeria monocytogenes

treated with different concentration of RYR@ZIF-8
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Fig. 16 Cell toxicity test results of RYR@ZIF-8
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