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Study on the antibacterial performance and mechanism of
molybdenum disulfide nanosystem thermo-sensitive hydrogel

combined with photothermal/photodynamic therapy

ABSTRACT

Multidrug-resistant (MDR) bacterial infections pose a critical global
health challenge, with over 80% of cases linked to biofilm formation—a
protective barrier that impedes antibiotic penetration and immune
clearance. To address the limitations of conventional therapies, we
developed two innovative phototherapeutic nanoplatforms targeting
biofilm microenvironment modulation.

In this study, molybdenum disulfide (MoS;) nanoflowers,
photosensitizer chloro-e6 (Ce6), autogenic oxygen nanocalcium oxide
(Ca0,), and MOF material (ZIF-8) were used to construct MoS,-Ce6-
CaO,@ZIF-8 (MCC@ZIF-8), an autogenic oxygen multifunctional
nanosystem. This system exhibited photothermal and photodynamic
antibacterial activities in the active near-infrared (808 nm) and visible (660
nm) regions of the spectrum. The experimental results indicated that the
nanosystem was hexahedral, its zeta potential was +38 1.1 mV, particle
size was approximately 310 nm, and photothermal conversion efficiency
was 47%. In the experiment, this nanosystem showed >95% antibacterial
effect against MDR Escherichia coli and Staphylococcus aureus.
Furthermore, it could inhibit the expressions of bacterial base excision
repair, tyrosine metabolism, glutathione metabolism, and other genes. The
hydrogel system MCC@ZIF-8@BBR/CS/B-GP (MCC@ZIF-8@BCp)
further promoted wound healing in infected mice. These findings confirm

the significant antibacterial effect of the autogenic oxygen multifunctional
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nanocomposite and lay the foundation for the practical application of this
nanosystem in clinical practice.

To address the limitations of high-power photothermal activation in
conventional nanosystems, we developed a MoS:-ZNO@TM/TA
thermosensitive hydrogel by integrating molybdenum disulfide-zinc oxide
hybrids with tannic acid/tristearin (TM/TA) self-assembled networks. This
innovative design aimed to reduce the photothermal triggering threshold
while enhancing energy conversion efficiency. The resulting hydrogel
exhibited robust photothermal performance under low-power near-infrared
irradiation (0.8 W/cm<, achieving controlled heating without inducing
localized tissue overheating—a critical advancement for clinical safety.
Rheological and thermoresponsive characterization confirmed its stable
viscosity and temperature-dependent sol-gel transition, ensuring structural
integrity during application. In vitro evaluations demonstrated exceptional
antimicrobial efficacy, with >95% elimination of multidrug-
resistant Escherichia coli (MDR E. coli) and Staphylococcus aureus (MDR
S. aureus), coupled with >90% clearance of mature biofilms.
Transcriptomic profiling revealed that the hydrogel disrupted bacterial
survival by suppressing genes associated with small molecule biosynthesis,
amino acid processing, and carbon-oxygen lyase activity—mechanisms
orthogonal to traditional antibiotic pathways. In a murine wound infection
model, the hydrogel accelerated healing through dual functionality:
eradicating pathogens while promoting tissue regeneration. Histological
analysis showed significant collagen deposition (2.3-fold increase) and
CD31+ neovascularization (3.1-fold elevation), alongside a 62-75%
reduction in pro-inflammatory cytokines (IL-6, TNF-a)). By synergizing
low-power  photothermal activation, biofilm  microenvironment
modulation, and inherent biocompatibility, this platform represents a
paradigm shift in combating recalcitrant biofilm infections, offering a

\%
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translatable strategy that bridges efficacy and safety in post-antibiotic
wound care.

In summary, this study developed two antibacterial nanosystems
based on molybdenum disulfide nanoflowers (MoS,). In the first part, a
self-oxygenating multifunctional nanomaterial, MCC@ZIF-8 (composed
of MoS; nanoflowers, Ce6, CaO,, and ZIF-8), was constructed. This system
demonstrated efficient photothermal (47% conversion efficiency) and
photodynamic properties under near-infrared (808 nm) and visible light
(660 nm), achieving >95% inhibition rates against MDR E. coli and S.
aureus. Mechanistic studies revealed that its antibacterial action involves
suppressing bacterial gene pathways related to base excision repair,
tyrosine metabolism, and glutathione metabolism. The material was further
encapsulated into MCC@ZIF-8@BCB hydrogel, which significantly
promoted the healing of infected wounds in mice. In the second part, an
optimized MoS,-ZnO@TM/TA thermosensitive hydrogel was designed
by integrating ZnO nanoparticles and encapsulating MoS,-ZnO with tannic
acid (TA) and trimyristin (TM). This hydrogel achieved efficient
photothermal effects under low-power near-infrared irradiation (0.8 W/cm=f
while avoiding localized tissue overheating. It exhibited >95% bactericidal
activity against the two drug-resistant strains and >90% biofilm eradication.
Transcriptomic analysis indicated that its antibacterial mechanism involves
inhibiting bacterial amino acid metabolism and genes associated with
carbon-oxygen lyase activity. Animal experiments confirmed its efficacy
in accelerating wound healing in drug-resistant bacterial infections.

Both systems achieve potent antibacterial effects through gene
regulation and enhance biosafety and wound-healing capabilities via
hydrogel formulations, offering novel strategies for treating drug-resistant
bacterial infections.

KEY WORDS: Photothermal therapy, Photodynamic therapy, Oxyge
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RLF HEAT AR SR S0 B A B 75 B R R0 B T, 6 KR 1) B K vk
5 JE B0 IE L A7 2 M e DA S I AR e A
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# 2 B AEEMKEHICRRK RIS LRI
HER RSO R A 15

21 518

IR R 2 B2 B SRR G (R SR TR, ™ o B N R o v A A HL S T
(IR LA R 25 BRAE W RATS SR e — A B R K - 5 2% I AE MR 4 W A8 B A
FIRITIR, IEER, JeeyT (PTT) ADEsh iR T (PDT) RHEBEHE UG
TS 245 240 BT SRR G 2 52 90 . BRIk, PRRIZAK TR 5248 (MoS,-Ce6-Ca0.@ZIF-8)
I RRIE ) J3 8T R 5 T A IR R 98K AE b B R A A

(CaO2) , A MNMIE6 (Ceb) , B fEANEMEMOF (ZIF-8) & . BitHIgh
KA ARG B R A R B I SRR, S SRPDT AR T A T
S (ROS) WIMER . & WG58 T VIR IE I 0% T BirifRE, XIMDRE.
colifIMDR S. aureus# ()31 13 95%, [7] I 31 2B 1 90% LA L [t it .
MoSa AR T R AF AR IPE R, 1 BT H T mBUWPTT, {21 TPDTH X
NdFE . MCC@ZIF-8@BCBEA R UF I AEYIAH A 1, ¥ M58 2 7~ 2141 P 7 ifn. 26
KT-5%, A BEM/NRBA YRR, ke Dl E. Rz, ARBFFCHHE
L SR A I L BRI T R R 2B IRTT RS .

FEARRF, 3T —F A APk RS, Wil 4 &G RAIE 863 1R YT
KRR AP (121D o CaOoff 7 AR AE JI 5 K, CaO2AICe65 —
BACEE  (MoS2) GkAEILtid, SMZEMEZIF-84b7%, Kk (MoSx-Ceb-
Ca0,@ZIF-8) MCC@ZIF-8. MCC@ZIF-8 B K 4F ity Fa e 1 e # 30% .
MCC@ZIF-82&f# | AR, FRAR T 40 B8 R AR BN, 32 T PDTIIRIE,
S T PTTSPDTHIPMAEVEIT « A ST T MCC@ZIF-8HHFPE. MCC@ZIF-8H1)
JCIRA S IR, FEAE AR SN TR ] | AR 25 B SRR AR P /) B S BR AT 7
T HEHEINLE . MCC@ZIF-8 R A RIFHIKRAINETE, AL HTBE M RH 3 —
AH R TR T SRS %
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\ - —

> 5
37C |
=
MCC@2ZIF-

8@BCB hydrogel

~  MDR S. aureus

Kl2-1 MCC@ZIF-8@BCR/K &% & i /4 L HPTT/IPDTEL AL 7~ = A
Figure 2-1. Schematic diagram of MCC@ZIF-8@BCp hydrogel synthesis pathway and
combination with PTT/PDT against bacterial infection.

2.2 LIS
221 EIRHF
IR —/KEW (NaaM0oO4 2H20) , RZ K (PEG) , L-BHEAMKR, LR

(C2oHs02) , &ALES (CaCly) , 0.1mol/L HCI, 1-ZJ@3Emkme, 1-85ke, 1,3-
TIRFLIEIFLIE (DPBF) , —ANNYYE6 (Ce6) , 1mol/LE K (NH; H20) , 30%
LA (H202) 5 2-FFEIKIE (CaHeN2) , B-H Il BEFREN (CsH7NaO¢P 5H.0) ,
/NEERS (BBR99%) , FtRE: /K &4 ( (CH3COO) 2Zn 2H.0) , KI##FH (MDR
E.coli ATCC8739) , AhHZEAIAFIE (B.subtilis ATCC6633) . 4 (o & Bk 8
(MDR S. aureus ATCC6538) 2 ZBEALE J9959% 1) 7 S M B i Aladdinft %
A RA A
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2.2.2 LIRS

®2-1 SRS

Table2-1 Experimental equipment

(NEELR S fiths] COIE
RURTIRAL FD8-3 FKHE SIM A7
TR B & SZCL-2 IS Ve % A R 2
EVORIBG oL 47y UV-3600 H A i 23 ]
R IEETT RF-5301PC HAS By 22w
LRVAL EA {7 G IRPrestige-21 HAS By 2w
T R S-4800 HAH AL~ F]
ikl CytoFLEX N2 RAF
FOL A DM2500 LED ot [ 32 A 7
X S8t TR Thermo Scientific K-Alpha FEE KRB A F]
%
WG EAIR B A Bruker EMXplus-6/1 A & e AR A 7]
TR R B DL Z 326k 18 FE i 5 2 )
HHE TG BJ-2CD LR BT YA IR A A
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2.3 XWHE
2.3.1 Mo0S,-Ce6-CaO.@ZIF-84WK i1 #1HI % B RAE

(1) MoS: g KAEI & R

140.15 gHHIRENIA T20 mL L B 17K o B 5 MA0.1 mol/LHCHE 5 ¥ i pH A
6.5, BEEMA0.4 gL- AR, H/KME 240 mL, 7ER1IRG S BRI
h, BEREINRRNE, 180°Cn#agh, HUHAE. FH 2 & FRMICK LB G
3K JE > 12000 rpm E50a5 min, i JaHEE FIEW, £60°C F H 2= F15:24 h, 13 FIMoS;

(2) CaOf) & ik

H e L g AL SIS 110 mLZtiskHr, RIS mLNHs H20 (1 mol/L) 180
ML ZEF (PEG) , {EREIHiHEds FHHE 2 B0ETE, S35 7E20 miny 5380
A5 mL H0; (30%) , 25015 min (9600 rpm) , FHEESEIASIR, £ HT THEHL
FFHRA D (50°C) o &S EIFAICa0H A

(3) Mo0S2-Ce6-Ca0,@ZIF-8FIMCC@ZIF-8@BCR/K ki ) & ik

WA R IMOS 40 KA R Ca02 %25 mgiA i T-70 mLIC/K ZBE,  Widi #2545
2 h, SRJEINA25 mgCe6, WE:TEFE24 h, 50210 min (10000 rpm) , %% L
1B G HCK CBEGESIR, 50°CHAE T 24 h, 13%|M0S2-Ce6-CaO2. 7E it 2
1, 7£30 mLE/K ZEEH 25 mgMoS,-Ce6-Ca0z. Ffif&, #40.24 g— /K Z.FR%:
1.5 g2- FHAELBKIE I T-10 mLIG/K ZBEd, RGHEHE2 min, R EEE I
Mo0S,-Ce6-CaO2i il 11, BEGTERL /I E2s EH I BRSO, kb
JH (10,000 rpm) o FHAEEHKAITE K ZBEBE BRI, B TH:12 h, 153218 EIMoS;-
Ce6-Ca0,@ZIF-8 (MCC@ZIF-8) . ¥MCC@ZIF-8IIA & NEERRIIFS B (CS)
MIB-H M BERREN (B-GP) ¥, VKOKIBTHHEFEIMCC@ZIF-8@BCR/KEEIKL «

(4) Mo0S,-Ce6-Ca0,@ZIF-8HFAL

N T HAEMCC@ZIF-81) )& i, A8 S8 A1- 1] W43 66 BE H A BL 21 b
J6 B AL 3K A5 T MoSz« M0S2-Ce6 . MoS,-Ce6-Ca0; il MCC@ZIF-8 1 )t B
MCC@2ZIF-8H0t 1 2 38 i 1 FH OB KL E 73 BT {X Mastersizer3000 (Malvern, UKD
R M Zetati iz . N T HFFEMCC@ZIF-8HIFaE I, 8-t RIEAT T RAZ I &
deAb, AR T BB M EMCC@ZIF-8IFTE S -
2.3.2 MCC@ZIF-84KAF L A4 M BB T A
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ERLIMARE RS (FOTRIC) 14l T MCC@ZIF-8IPTTHERE . K ARV
JZH) MCC@ZIF-8JAA1.5 mLES.LE T, HI1.0 W/em?Tj #1808 nmisu't Hi i A
[E] i a]; K 150 ug/mLMCC@ZIF-8E T1.5 mLEOEH, FIRE TR O IE
be BERRL minRAE — IR IS FIEL REAG . 28] 7 B4 =i 2k, I A
FARBE THREEHRE (), His (362.32) AEHRIA N 28 i 2 1 5117
SRS . MafICa 22 MCC@ZIF-81F I i & (>1g) FI#AE & (4.23g%K) .
AT IERGGI T SREEM AR S NQo , /KRS ERIREZ (37 €) Roxh
Tmaxwater, Tsur FRAAIEER (26 €) o Tmax[HEKRMCC@ZIF-81A L B[ Fa5E
i (625 €) , HPERRBOLIIZE, Aswki i TMCC@ZIF-8/£808 nm4t
IO RE

ts =mdCd/hS
Qo=hS (Tmaxwater-Tsurr)
N =hS (Tmax-Tsurr) -Qo/l (1-1048%)
2.33 MCC@ZIF-84K ML E M & A

1, 3- 2RI FIEII (DPBF) #REMGMIROSIKAEAE . 1454 150 ug/mL
MCC@ZIF-8#102- MCC@ZIF-8) =K 1 il A 10 uL DPBFEW (5 mg/mL) .
FERHL minic FEA TR AL Ab- T DL, (RIS FH 8 290.6 W/em?[f]660 nmi g 45
FE 55 min.

2.3.4  MCC@ZIF-84UK L 4BA A S &h S48

ARSCRE— ST T MBDEsh AT RS RE . B 45 B NPBS, Ces,
MCC@ZIF-85 AR G4 hiG, e LRZEME, IIA10 uMAH2DCFH-
DA%, ¥ E30min. 485 H0.6 Wicm?2, 660 nm et ik riayr, HIEE W
DARTA T S NI S A
2.35 {RIMESEMR

HSETE AT AL I 2 MCC@ZIF-811 S /MUK (MIC) +NIR4L (1.0
Wicm?, 5 min) FIEH (-NIR) 4. 7E96FLARIIAL00 LK B 5 I TSBES 7 4,
RIGHMCC@ZIF-8 (256 pg/mL) #HATHEEEMRE . e, Ml FLA i A 100 pL
P MR (1108 CFU/ML) o 4 PARIES7 € i F12h, i HEFHRICE600 nm

(ODeoo) MEMIGHE . FHPUERETHE & R MER RN E = AE x i
K FH A0 VA T 05 IMCC@2ZIF-8%F MDR E.colifIMDR S. aureus )44 41
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PUBENE. WIS 2, XA E e BTEST THIRARE A (TSB) ks
W, ZRIEESE R AR K B HON, S5 K13 B R 5 B 417K, MoS2, MoS,-
Ce6, MCC@ZIF-8 (/K N150 ug/mL) S4iE P E2h, Ee4l (-NIR) B TH
AR, WG4 (+NIR) 3% FH 1.0 W/em?[1808 nm#10.6 W/cm?(#1660 nmiik
HSFS min - CFSCGE/EBOEESE min) , HUL100 pL¥g 50 iR fERE IR0 1, 37 €hF12
h, [A)_E B BO B S R 437580 pg/mLs 32 pug/mL. 64 pg/mL. 128 pg/mL
MCC@ZIF-8iE AT AbFE, X CFUREAT T4t FH A LIC 3%

AT RIS F A3 500 T 40T R0, K 40T — U0 A6 DA R 31 1.0>1.0°
CFU/mL, 4»%I5PBS. MoSz. MoS,-Ce6. MCC@ZIF-8iR1JEME &2 h, 4L
HMEOGIRESS minja i E4 h, B 455 TS L B WU G (i SY TO-9MPIFE
PRIE A g 20 min, QA HE, BREZRMGE, BHAKBR =R, &
JE N BT AR LS mLglizk e, HU400 pLZE#me i BT, WIS It e b,
e 3% B P 8 eSS 4 PP A7 20
2.3.6 HEYIHIRRE K HRL

AT HOUIMDR E. coli 200 puL (1.0x<108 CFU/mML) B F|96 LA H,
1E37 € H5FR48WE AL, GEENIABEA3NES) WA FLHEH
EEW, IN200 pLASFEK EEMCC@ZIF-8HITEW, FHILZLAMEOG B SS5 min, 7E
T CHWEHEIIH. H100 pl 4% % 5 H 1 [ 8 A% 5 10 min. A5 BR8N FLR Lk
T, P 50 uLgh SR (0.2%) Beti30min. AR Sh/KIEVERE S =k, @i
BB G S A A R . BRI S, IAN33%IH L BRI RAE A
J5E AT MR . 3B BRI B ODag2{E . MDR S. aureus (1 A 5 JIE FO 4101861 S 56 4
ERriR.

2.3.7 MCC@ZIF-84uK# 1 3B AS OS2 N

W o B 265 1 41 B 5 PBS « MoS2 M0S,-Ce6. MCC@ZIF-8iR 21 G iE A 2 h,
FHIR LT AN O IR S5 min, 48224637 €, 200 rpm F%5510 he B0 UEE4HE (5000
rpm, 5min) FFIPBSYEA K. F12.5 wt% [ —Bs 4b 3 5 F FIPBSEE IR MK . IR
FE YR TR P B3k AT A6 (35, 50, 70. 80. 95F1100 wt%) ik, AN Ab
P15 min. RS RIAH B VR T, S a i@ i 4 B AR (SEMD MLERZH T4 .
238 MAHSHGEEKRENERENF S

WHF T AR 5% TMDR E. coli#t ki 2152 . #£ 4 AyBlank, MoS:.
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MoS,-Ce6. MCC@ZIF-8, 4r7licfEBlank, PTT, PDTHIPTDT. FEAZ it H2EL
totalRNA, ZERrRNAJEE EmRNA, Bl 1 R e v a2 07 sUE e . AR ET
RNA-seq7M 1T, G074k, BN R B A% T I BRI RIB 2 5,
MR H 5 25 AR DR IR R S PR B, SR 5 a3E— 20 23 M3k S S P 6 PR 1 A ) 2
s
239 FPMEORE

SEEY) (KM/NEL, BEPE, 4)8) 3R E MR RSt st 0 (R [E
B0  BIGTINRE ChETRND S siftdt, Hiz S fls) f(se
5 Wy EAE R G TR NI E T A, A5, IR
PR 2R FEIE HIRE (202 €) FRLEE (50-60%) , MEFRICE KA/ & H
Tkl WERSRIFICRARE RN . 2 G TR, S AFH Sy, BH3AFAT
e, B H/NRIEEYIF EAZ12.5 mmig{h 1, #FMDR S. aureus (1.0<108
CFU/mL) o B RHAANFIA M EAE B, SEEH T 20 4MEOE G min. 103k
AN, UG RN ARSI, RDBRSE ORI BT AR K
NRARFESS VIR A% 1R R S DA SO JFF RN B CR AT E4% 2 S R v, 2 J itk
ATH&E ST, [EII X495 1 B2k 2H 213k 47 Masson e (2,43 17 .
2.3.10 =M= ITH

XMCC@ZIF-8@BCB/K B AT — FR A 22 VA« BUHTEE 1IN AEDTA
WG SRS, B AFIIREEMCC@ZIF-8 (32, 64, 128, 256 ug/mL) , FAME:
X OYH20, BITEXT I OOPBS, 52040 R & 37 €KL, 12, 24 hJ51000 r/min
05 minj5 B 200 uLT-96 LA FE570 nmAb Gl . 375 1M 3= (R 5 W6 i -BH 1 %o
WIGEED 1 CRHAERT RO BE-BAPEXT IO R o AT B TR AR 22 41,
BN 5 S, EUH /S R 0 AR A5 1 2 SR AR AT AE 4% 2 5 i [
TR, BHATH&EG E, 15 11 H LM T Masson e €, ERA W) Fr, i A
[ ST 450 /1N BRI 5 5 38 AR B AR Ak, DRI MR IR P AR e ik
2.4 KWHERSTTHL
241 MCC@ZIF-84yK MR FIMCC@ZIF-8@BCRA BRI BT ER ST

A FIEMCC@ZIF-8IMAE A /NEEI (BBR) HIFEIEHE (CS) FIB-TH ik
BRAN(B-GPOHHL, VKK i+ 43 2IMCC@ZIF-8@BCB/K i - MCC@ZIF-8@BCP
IKEER ) UL R an B 2-2afT 7R « FTIRM ISR (E]2-2b) REAMCC@ZIF-844K
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PRI R 1) 2 tH IR HE AR RE T MOoS2FF I RSN o BT N-HEERLAR T 40K RHE 1)
~F1H , MoS2NPsHR ) I £E1840 cm 4 3 H B St (R RFAE U, AT Mo—SHR 3/ I #£1180
em L ab R B H A5 AR AR . FH EI2-2¢F] S, MoS NFs I T 21145 2125250 nm,
HZ B (PDD 40.149. MCC@ZIF-8 NPsf)F- 441454 4300 nm, PDI
H0.174. W 2-2dffR, IIAARFERIMEG, Zetad A k4 T AR AL, 0
MCC@ZIF-8 NPsHI& B My . MEI2e ] LU i, MoS27E400 nmid A BH S (1
i, 17 Ce67E400 nmpftIE#8 H I T RF1EIE . SEMIZIR, MoSHIMCC@ZIF-8 NPs
FIESRAI R (E2-2ff11(2-2h) T8, MoS: 218K, MCC@ZIF-8 45 117514
T, RF8%5], SrdctEds. seah, STMCC@ZIF-8 NPSITEMEG 7 ([K2-29) IR,
MCC@ZIF-8NPs) /N TR HDGHE » W ZIF-8Ri D] $& fEM0S,-Ceb-CaO2 NPs#
[fl. MCC@ZIF-8NPs[1] 703 7 H7 45 R El2-2i-2-2mffiow, F£%5Zn. Ca. S Mo.
O M IC Z BT T 3RAE, IFSL T MCC@ZIF-8 NPsHI RN & i 76N [FHRE X6t
MCC@ZIF-8 @BBR/CS/B-GPila K& it AT M, SR unE2-2nfix. K&K
FE4 °CHWRAR, TE37 °CHylillfAk, FWIIIREHURME. i FHSEMXIMCC@ZIF-8
@BBR/CS/B-GPIR B /KB FEATRAE (KE2-20) o SRR, HNHMLEMNZ
FLEEM, SAHOCSCHER P R — B, U BRI TR B . E12-345 R UK
MCC@ZIF-81 %255 N30%, HEA RIFHIMRIAR 2 .
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a . X X
.. e el ¢ a il a4
a N ge 203 N @
MoS, = & & P K -
37°C
MoS,-Ce6 MoS,-Ce6-Ca0, MCC@2ZIF-8 MCC@zZIF-
Ceb 8@BCP hydrogel
C .PDI=0.149 PDI=0.174 d 180 M8t cos
o - 100 —Mos, MCC@zIF-8 - \‘ MoS,-Ce6-CaO,
i A% —mcc@zIF-8~40 MCC@ZIF8
120 - Y TN > 081] —Ces
ol |/ MoSyCeb-Ca0, ’2\_.;50 Ex 3 €30,
/ - Y1180 cm T © .
80 YV _~"Mos,ces g60 = goe
! 1840 cm! o) 2
601 s4g0em? WTM["\#E:M s ‘90,4
404 .~ MoS,, AN z Q. o
~ AV 20 g <02
207\ Mcc@zwﬂ 3 .
0 ; 04 =
400035003000 250020001500 1000500 220 240 260 280 300 320 340 360 200 300 400 500 600 700 800
Wavenumber/cm-'! Size

Wavelength/nm
T M ' :

2-2. (a) MCC@ZIF-8@BCR/KEHIZ 1% %472 (b) M0S,-Ce6/MoS,-Ceb-
Ca0./MCC@ZIF-8HIZLAMETE, (¢) MoS/MCC@ZIF-8fFif%; (d) MoS,/ MoS,-Ce6 /
MoS,-Ce6-CaOo/MCC@ZIF-8f¥jZetafifiz; (e) 241 (F) MoS, NFsf43 4 i 5t &

%; (g0 MCC@ZIF-8&H %, (h) MCC@ZIF-8fiHfi B EE; Gi-m)
MCC@ZIF-8HITCE 2 HT; (n) MCC@ZIF-8 @BBR/CS/B-GP /KM% i i A Itk ik
(0) MCC@ZIF-8 @BBR/CS/B-GP 7Kt i 114t o s 1%

Figure 2-2. (a) Schematic diagram of theMCC@ZIF-8@BCp hydrogel synthesis pathway; (b)
FTIR pattern of M0oS2/Mo0S,-Ce6/M0S,-Ce6-CaO./MCC@ZIF-8; (¢c) The particle size of
MoS,/MCC@ZIF-8; (d) Potential of M0S,/Mo0S,-Ce6/M0S;-Ce6-CaO./MCC@ZIF-8; (e)

UV-vis spectra; (f) SEM of MoS; NFs; (g) TEM of MCC@ZIF-8; (h) SEM of MCC@ZIF-8;

(h-m) Mapping of MCC@ZIF-8; (n) MCC@ZIF-8 @BBR/CS/B-GP thermosensitive
hydrogel at 4 < and 37 <C; (0) MCC@ZIF-8@BBR/CS/B-GP temperature-sensitive hydrogel
SEM.
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a o8 b 101

e
0.9 { —=—pH=6.
%71 Re=0.002 QO-EB-_‘_‘)H;T'4
< 06 07
€ 04 G0,
£ 04 £0s]
g0 <o
10 20 30 40 50 T T e s o o
Concentration (pg/mL) Time (h)
K 2-3. () IRAELAERESHISE R, MCC@ZIF-8/# 255 30%; (b) MCC@ZIF-87
ANFEIpHIEE T (2R T

Figure 2-3. (a) According to the results of UV spectrum analysis, the drug loading rate of
MCC@ZIF-8 was 30%; (b) MCC@ZIF-8 Drug release at different pH environments

2.4.2 MCCQ@ZIF-844K MR RIS AR ST 11 BE

KR TMCCQ@ZIF-8[1) e fE . MCC@QZIF-87EIT £ AMEB S IRk, H
R 5 RN R B ) RS T A B R (E12-4a, E]2-4b) . il il 2 MCC@2ZIF-
B I W R SRV e A PERE . IMCC@ZIF-8 ([¥2-4c, E2-4d) ¥ FF
FIUR B i 28 7] 0 Atmas F113 51 943.9 THI1.0 Wiem?, #HIMCC@ZIF-8 L K i
G AR EME . I MCC@ZIF-81H [H] 55 —In6 F) £ PE [0l U il 2 (& 2-4e) W] 40
MCC@ZIF-8 e A e 3 8 N4 7% DPBFFIROSAE Tt =4, S8t
f#fil. MCC@ZIF-8 + DPBFfE660 nmALIR G EE K (Kl2-4f) , REJPLEASE
DPBFRAE T M o # A% (I 2-49) B WL S B T 1R A2 4L . *4MCC@ZIF-
8K FEIA FI200 pg/mLi, 8 F1.0 Wiem2iiz £ 4 515 min, 3R A60°C. th4h,
KRR WIMCC@ZIF-84 K KL B AT R (AR, ATH T D& & . an&l2-4h
Ji7, MCC@ZIF-87EMDR <& 2 {70 7] %) 2K i ATMDR K I T B F 48 2 P9 ROS %t o
MW, 555 I ZHPBS+DPBFAH L, 5256 4HMCC@ZIF-8+DPBFROSY 't it 5 B i
& A BN BA RIS 8, IEBMCC@ZIF-8 A 3 JifERH, WTLLH TG
SHUENC M TN
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a ow b c 65]-2 58
. «—H,0 .
65]-+0sw ; 651 2756 ug/ml. . ZOO.W i 2 2
010w e o] = 100hgmL A 60 Hoh
o . o +150 pg/mL x —~ & % P $1
Y g5 20w 4 T T o — Yss{ / \ i A o
@80 S A AT o 50 Y ® 50{ J
5 5 N et 5 45/
2 45 2 as] . 2
® S 1 S 0
@ 40 . s—b—4——3 @ 404 /& @ ’ % i4
a8 2 5 2 4| "/ ¥ %
E 35 £ 35 € Mos,-Ce6-Ca0,@2IF-8
¥ 30 2 30 .
= ) &
251 251
0 4 8 1 16 18 0 4 5 12 16D o fo 2 b 4570 6
d Time mln)2 e Time (min) f oo ( in) 2 min
o 1200] 7,=362.32 2 A 4min
6 200 pg/mL N=47% L - gmm
o 1000 2 = e
< 55 = &
o 50 - 800 ./ o 025 /
o /
:45 @ 600 i §020 Y
3 40 £ o 2 == \
E 3 F 400 i g
F 30 .' 200 el D08 A\
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O 4 8 12 16 20 24 3 4 L 300 350 400 450 500
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2-4. MCC@ZlF-BE@;‘HMﬂ;‘%iJJ73%@; (a) 200 ug/mL MCC@ZIF-87E AN [FZhH T iR
FEHZE:; (b)) MCC@ZIF-87E1.0 W/iem? AR L TR HIIN#A I Zk;  (¢) MCC@ZIF-8f1)t#4
TRE L (d) MCCQZIF-8HIRE SR E#IZ:;  (e) MCC@ZIF-8HL LA
(f) MCC@ZIF-8+DPBF 660 nm UV-vis)tiif;  (g) AFWKEZMCC@ZIF-81I A SN AHUE E
&: MCC@ZIF-8A [F D45 I8 T RIS R Ch) g s PSR R O U
Figure 2-4. (a) Temperature curves of 200 pg/mL MCC@ZIF-8 at different power; (b) Heating
curves of MCC@ZIF-8 at different concentrations at 1.0 W/cm?; (c) Photothermal stability
curved of MCC@ZIF-8; (d) The temperature and temperature curve of MCC@ZIF-8; (e)
photothermal conversion efficiency of MCC@ZIF-8; (f) MCC@ZIF-8+DPBF 660 nm
UV-vis spectrum; (g) Thermal imaging images of different concentrations of MCC@ZIF-8 in
vitro; MCC@ZIF-8 in vitro thermal imaging images under different wattage irradiation; (h)

Fluorescence imaging of intracellular reactive oxygen species

243 FIMIBELER S
(D &RIEARE (MIC) KCFU

FRHEMCC@ZIF-85F ¥ Fhifi 24 41 8 FIMICAE 43 BT, #1 '8 MCC@ZIF-8%F MDR
E. colifIMDR S. aureusftiMICE 73 A2 50 F160 pg/mL. 45 5% W3&2-2. {3 FH brifE
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PR EE AL T 49K BETMDR E. coliRIMDRS. aureusfIHt B /Ef -« AR R}
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Table 2-2 Measurement of MIC value (+NIR , pg/mL)

Bacteria Blank MCC@ZIF- PTT(808 PDT(660 PTDT(808+660 Kanamycin Ampicillin

8 nm) nm) nm)
MDRS.aureus >128 >128 80 72 52 16 12
MDRE.coil  >128 >128 78 73 50 11 17
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Figure 2-5. Antibacterial activity in vitro; (a) CFU detection results of drug-resistant bacteria after
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treatment with different materials; (b,c) bar chart of bacterial survival statistics; (d) CFU of drug-

resistant bacteria treated with different concentrations of MCC@ZIF-8 (The units in the figure are

ug/mL); (e,f) bar plot of bacterial survival statistics; The results were expressed as the average SD,
n=3.*P<0.05, **P<0.01
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Figure 2-6. Confocal fluorescence microscopy was used for detection; (a) Detection of MDR

S. aureus by confocal fluorescence microscopy after treatment; (b) Confocal fluorescence
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microscopy was used to observe MDR E. coli after treatment; The cells were divided into

Blank, MoS;, M0S;-Ce6, and MCC@ZIF-8 group; The cells were co-stained with PI (red

fluorescence) SYTO-9 (green fluorescence) for 30 min; Live cells (SYTO-9) are shown in
green and dead cells (P1) in red; The cells were treated with 808 nm 1.0 W/cm? and 660 nm

0.5 W/cm? for 2 min, respectively
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Figure 2-7. Apoptosis results were shown by flow cytometry; The bacteria treated by NIR+ were
stained with SYTO-9/PI; (a) Apoptosis of MDR E. coli; (b) Apoptosis of MDR S. aureus
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Figure 2-8. Biofilm ablation after nanoparticle treatment; (a) Images of biofilms treated with
different materials; (b, ¢) Biofilm analysis under ODag, (*P < 0.05, **P < 0.01, ***P < 0.001); (d)
Microscopic and laser confocal images of biofilms formed after treatment with different materials,
stained with crystal violet and PI/SYTO-9, respectively; The cells were divided into Blank, MoSa,

MoS,-Ce6, and MCC@ZIF-8 groups; The cells were treated with 808 nm 1.0 W/cm? and 660 nm
0.5 W/cm? for 2 min, respectively
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Figure 2-9. SEM images of MDR E. coli and MDR S. aureus processed by material
+NIR; The Blank group was treated with PBS
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Figure 2-10. (a)Mechanism of action diagram; (b) Heat map of differential gene clusters; (c)

Blank

Gene Ontology; (GO) Enrichment analysis histogram of Blank and PTDT; (d) Heat map of
gene expression correlation; (e) Scatter plot of GO enrichment analysis for blank vs PTDT.
The size of the dots indicates the number of genes annotated to the KEGG pathway
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Figure 2-11. Volcano plot of DEGs between Blank and PTDT groups
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Figure 2-12. Wound healing and staining analysis of tissue sections in mouse; (a) Schematic
diagram of the mouse model establishment process; (b) Photographs of the wounds of mice in

different treatment groups; (c) Curves of body weight changes during treatment in each group
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of rats; (d) The curve of the wound area of mice in different groups during treatment; (e)
H&E staining of the main organs (The Heart, Liver, Spleen, Lung, and Kidney) and wound
tissues of a mouse in different groups and Masson staining of the wound tissues of a mouse in
different groups; (The experimental groups were Blank, MoS;, MoS,-Ce6, MCC@ZIF-8, and
Hydrogel groups; All cells were treated with 808 nm 1.0 W/cm? for 2 min and 660 nm 0.5
W/cm? for 2 min)
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Figure 2-13. Respective hemolysis experiments for MoS, and MCC@ZIF-8 as well as biosafety
assessment; (a) Hemolysis test; (b) To calculate the hemolysis rate of the hemolysis test; (c)
Survival statistics of MEFs after MCC@ZIF-8 treatment
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(CO (NH2) 2) , JHIEVVUE 188 (Poloxamer188) , REFE (CioH2011) , =
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EH MR EREE (CorHs408) » H TR (CreHs2046) » M5 Kt H (MDRE.,
coli) , MiZ54& T4 ERE (MDR S. aureus) .
3.2.2 SKBU{YES

31 A

Table3-1 Experimental equipment

P& =S ) T
R URT IR FD8-3 EE SIM A A
TR RE e HE 2% SZCL-2 IR 4 A A
EVORIRAN: Pi /i 37 UV-3600 F A 5 A
LI EET RF-5301PC H 7 1, A 7
(AN RAR] S 2 ' IRPrestige-21 % 588 A 7]
Ffi T BT S-4800 EENERS
A CytoFLEX 13 B A R A 7
SO RIER DM2500 LED it [E S A
X SR T REREX Thermo Scientific K-Alpha FERR KRR A F]
IR e R I i A Bruker EMXplus-6/1 i s AR N 7
eV TR B L Z 326k o [ 4 8 0 )
@ TAES BJ-2CD b RS T A IR A

3.3 XWHE
3.3.1 MoS;-ZnO@TM/TAZKBRER & R 53R 1E
(1) MoSHKILRIE R

H#0.15 gHHIRENIA T20 mL L BSF /K . BE 5 IA0.1 mol/LHCIA ST i pH A
6.5, BEJEMAO0.4 g L-IEER, F/KMREZRA40 mL, 7EMETIRG % LR JIhiHEL
h, BEBEINR N, 180 °Chiiagh, BUHAEI. FH 28 F/KFITEK BRI
3G, 12000 rpm .05 min, HjEHEE LG, 7860 °CF H = T4524 h, 153
MoS 2K AE -
(2) 4HHKZnORIE K

B g/ KA HIREE 56.01 g/R %V T-100 mL4izk A, #Hi+:nA0.36 g
VA& VD U1887H10.36 gRE HEVA MR, 10 min 2123 UK LB I W pH=4~5, 4k&L4
P2 hE s R B R N e, 90 °ClE 24 he M R AR =IE, BUHIRAWR
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B0 B EF A PTNE , {8 H150% S BE KIS ER AR, 60 °CHET-24 h, 1521 44°KZn0O .
(3) M0S2-ZnO@TM/TATKEEEZBY & Bk

KMoSMZNOZ IR L: LI GVAME, fiFk12h, KR SERE LR GTIRES
FM0S-ZnOGKIRL » ¥4 g — 5 H Il B AE ARIR S (TMD IR, #5510
MLDMSOER (20%v/v) JEA A0 mgH TR (TA) EIESY), BREY
IFREITS T, HEEEBITMEM, TIAMOS-ZnOF KBk, HEFEL ho Kzl
NN /NIRRT L, A3 2 5= 30781, TR BiM0S2-ZnO@TMITA
IR o
3.3.2 M0S2-ZnO@TM/TAKERBZ HY L # 14 BE 1AL

SR REPEAL T4 R 2.3.2,
3.3.3 M0S:-ZnO@TM/TA7K BB A BE 463

RECE R IIFES (B0 mLEAD BB o SEEEOES 1 R
e RS, SRS IEREMATH i ADRE R 2R, e MUY 5 % 55 0.1-100,
SRIGBOE IR IR TR, AEHC =B, S E .
3.3.4 (RIMINEEME AR

A F A ER S 58 7[RI 2.3.5.
3.35 HEYIHIRIREL K HRL

A= WA I i SR 56 7123 [7] 2.3.6.
3.3.6 =R ORE

AN Y SIS 7124 17] 2.3.9.
337 MR eMiTH

XFMO0S2-ZnO@TM/TAZKEE I AT ¥ L1 BETPAN o X4 %K SR AT A0 A (AR DLl
VR, AR FIIR E M0oS2-ZnO@TMITA/KEEKE (M0S,-ZnO@TMITA ¥R JE 4
579100, 200, 400pug/mL) , PHMEXFHEAN0.1% (viv) TritonX-100, RF X HEA
PBS, SZ40MBIE A, 37 €/KIBL, 12, 24hJ53000 r/min &5 min/i5EL200 pL
F96FLARAEST0 nmALAG I I+ A K
3.4 HR511E
3.4.1 MoS;-ZnOHIRIELER D4R

ME3-1an] ELF Hi, MoS27E400 nmib %A BH B I g, 177 ZnO7E400 nmff
AR L T RFIENE . FTIRJEIEZE R (EI3-1b) R EIMO0S2-ZnOZh K A4 4L 1) B By il

41



i W N 7 e 2 VA TS

Bt T P MRS T MoS2 1 Y6 LN o T N-HEE R T 99k A4 KL Z 191 T
MoS2NPsHR B I 711840 cmn ™ Ab R HIL H BH S5 (R ARV, T Mo—SHR B #£1180 cm™
AL LSS R . A BI3-1cHTas, IMAANRIEIM LS, Zetafi A A 1 AH
RIKIAEAL, K WIM0S2-ZnO NFSH& U Y] . SEMYELR, MoS2HIM0S2-ZnO NPs()
TSRS (E3-1dF1EI3-1e) B, MoS 28R, MoS2-ZnO N4 A /NEER FI1E
HR, MoSoNFsIE 35K 42 499250 nm. MoS,-ZnOHIFEI 42 2] J9400 nm, R~
B)5], 3B - MoS2-ZnONPsH G 3 70 i 45 2R 4 3-11-3-1i s, JEX4S. Mo,
Zn. OFHMICRIAT TRAE, 1ESE T MoS2-ZnO NPT s

e b 901 —wmos, zn0
— 210" 80{—2n9
—TA MoS,
—MoS,-Zn0 70
60 m ~ M
50 \
‘ 40 \/
—— 30
) T 90
—— 10

200 300 400 500 600 700 800 4000 3500 3000 2500 2000 1500 1000 500 MoS,
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f

K3-1 (a) %4k (b) MoSa/ZnO/ MoSz-ZnOILL /M i, (¢) MoS2/ZnO/ MoSz-ZnOff
Zetalifiz; (d) MoS; NFsfHHi s EIR; (e) MoS;-ZnOMH i i E1&; () MoSz-ZnO
e ER 7 A
Figure 3-1. (a) Uv-vis spectrum; (b) infrared spectrum of M0S,/ZnO/ MaS;- Zn0O; (c) Zeta
potential of M0S2/ZnO/ MoS,- ZnO; (d) SEM images of MoS; NFs; () SEM of MoSz-Zn0; (f)

elemental analysis of MoS,-ZnO
3.4.2 Mo0S;-ZnO@TMITAZK R HIFRIE S 4R
 ZERFNRIE R M0S-ZnO@TMIT AR K BER AT It . % 50 4 FE13-2a 7
N IKIERAE20 °COY A, E37 °COMRAK , 22 W1 HR FEBURAE . {8 FH SEMXTMoS;-
ZnO@TMITAIR B /KB HEATRAE (KI3-20) o SRR, HPNIE-NZAL

ZnO

('nOUl

|
MoS,-ZnO
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o
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=]
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(&2
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G5, 5 AR OGSk R — 2, TEB & T KBS . AT M0S2-ZnO@TMITA
AT TR DG, FORG /A [R] B 2R 3-2c,  BY PRS0/ 551 R B B DA 0
[K13-2f. X M0S-ZnO@TMITAKEEIBEAT 25 keiich 26 Fa e YRSt 45 R i
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KI3-2 AKEILRIEL R () M0oSz-ZnO@TMITAZKEE IR MBS  (b) MoSz-
ZnO@TMITAKEI IR () M0Sz-ZnO@TMITAKEEKLI [ AR EE AR (d)
Mo0S,-ZnO@TM/TA/KEER AR E MR (e) MoS-ZnO@TMITA/K Bk 2y Re it 22 :
(f) M0S2-ZnO@TM/TAZKEER BY AT PRl FE if 22
Figure 3-2 Hydrogel characterization results; (a) MoS,-ZnO@TM/TA hydrogel temperature
sensitivity test; (b) MoS,-ZnO@TM/TA hydrogel scanning electron microscope image; (¢) MoS,-
ZnO@TMI/TA hydrogel time/viscosity test; (d) MoS2-ZnO@TM/TA hydrogel stability test; (e)
MoS,-ZnO@TM/TA hydrogel drug release curve; (f) MoS;-ZnO@TM/TA hydrogel shear

frequencyl/viscosity curve
3.4.3 M0S,-ZnO@TMITAZK SRR RIS M BE 3 47

R T M0S2-ZnO@TM/TAKEE H A B - M0S2-ZnO@TMITAK I LE
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UTLL MRS IR A, LRI DR T A E R (E3-3a) o i il
7€ M0S2-ZnO@TM/TA JK Bt J12 B J'ts #40 45 R0 SR PP S HOG I BE . i MoSe-
ZnO@TM/TA/K R (1E3-3b) FY_ETFHFAN [ 1 26 AT A0 Avmax 113 531 953 <TH10.8
Wicm?, 5 B MoS,-ZnO@TMITAK Bt ik BB R IF s A e ¥ . H MoSe-
ZnO@TM/TAK B Jie I [8] 55 —Ing i) 2 1% [=1 )3 h 26 (1&13-3d, 3-3c) AJ HIMoS;-
ZnO@TM/TAZKEEIE (1 6 A #3838 52% . RS (1813-3e) ELWLHE SR Bl 1%
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3-3. M0S2-ZnO@TMITARIEFELE:;  (a) 100 pg/mL MoS2-ZnO@TMITAYEARR IR T
FIREZHIZE:  (b) MoS-ZnO@TMITARDEHFREMEMZ: () MoS-ZnO@TM/TAA[A
DR EIR T AR A SUE EE (D) M0oSz-ZnO@TMITARIRE K il B i 28 (e
MCC@ZIF-8I ) i i 3 %

Figure 3-3. Photothermal properties of M0S,-ZnO@TM/TA; (a) Temperature curves of 100
pug/mL MoS2-ZnO@TM/TA at different power; (b) photothermal stability curve of MoS,-
ZnO@TM/TA,; (c) In vitro thermal imaging images of MoS,-ZnO@TM/TA under different power
irradiation; (d) temperature and temperature curve of M0oS,-ZnO@TM/TA,; (e) photothermal
conversion efficiency of MoS,-ZnO@TM/TA

3.4.4 RHMNIEEMEMNR
(1) BREZECFU (FrEFERITED
5 FHARAE RO BTG T 99K B % MDR E. colifIMDR S. aureus!37i & 1
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o AFEMEHEER G B TR B K Suit WEI3-4a, 3-4c. PBS. MoSFITAET
1HJ7XMDR E. colifIMDR S. aureus(#Ht B 1E H 5/ JRTM, 24MoS2f1 2 ZnOkY,
MoS,-ZnO4b 3 L MoS AL B RE AR FETE 2 (4 B, X VAR T ZnO B T e #i = b= A
AR AR IE T Zn® RN, 3558 T AR IO RBOCR s sk, BE—D 5K AL &
M0S2-ZnO@TM/TAKEER G LTI ER T FrA bk 405 - EI3-419 45 R 2R,
FMIMoS2MTAN BA —E BHIEZCR, 11 M0S2-ZnO@TM/TAK B 12 4H Ak 3
TR 26 T80 A7 35 ARG, 36 W M0S2-ZnO@TM/TA /K i 52 110 i 2850 S B4 T B gl iy
MoS2E( TA, HLIE 2 CFUSZIRIESE T M0S2-Zn0O@TM/TA/KEE R HA R IFHIT 15ht
AT

MZ@TM/TA
MoS, MoS,-ZnO H%mge, b

*)
!
}
}

=2}
o

*

il

Blank TA MoS; MoS,-ZnO Hydrogel
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Survival rate
N £
o o

o

c []-NIR
100 B+ NIR
= = = e a2
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X80 *

<
= (V]
8 T 60

. e *
& Sw
(=] 2 *
s 3
*
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Bl 3-4. (RSMIE L (a. o) AFEMPRHMEHE ST 25 CFURIIIZE R (by d) dHEAF
AR 45 498 FHSD, n=3; *P<0.05, **P<0.01
Figure 3-4. Antibacterial activity in vitro; (a, ¢) CFU detection results of drug-resistant bacteria
after treatment with different materials; (b, d) Bar chart of bacterial survival statistics;

The results were expressed as the average SD, n =3; *P<0.05, **P<0.01

(2) mAHHREA
N T I M0S-ZnO@TMITAK BRI BT B i M, FH I 4B Ao A v
JIRTCIE 7 0 PP A B 4 R A B AT T B G PR o TE T 24 4 B A
BB I b a0 P 3-5a, 2% 1 A R AT B R T2 3608 2.37% TA+NIRZF 122 5916.3%.
MoSz+NIRZHL {18 T % 953.6%+ Mo0S2-ZnO+NIRZL [ T- 3% 7993.6%, il M0S,-
ZnO@TMITAKE-E+NIRZL I T 26 2496.45% 411 I 3-Bb AT 7~ , i 25 284 K iy T 1
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IR AR, 25 AL AN B R T2 %K 090.25% TA+NIRZLIA - % 418.1%- MoS,+NIR
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K 3-5. AR, (a) MDRS. aureus 4HH0JHT:;  (b) MDRE. coli 4T
Figure 3-5. Apoptosis results were shown by flow cytometry; (a) Apoptosis of MDR S. aureus; (b)
Apoptosis of MDR E. coli

(3) Live-Dead#:f

i HIMDR E. colifIMDR S. aureusfE y B R4 14, i G/ S84 (58 1 —
WAEPTTAGUKA B 5 FIPDT R ERCR . 3 — LW FIMCC@ZIF-8HI T 1],
18 Live-Dead 5 46 A1t A il ARSI H 4 B s o 1207 V2 BE RR A It 7% 1
255, WRe I H AL T UK . R S5 SYTO-9MPIIL Gt . SYTO-97] AR (A
TG SEAR M FIDNAJF K th ks, ML T4 DNA R BERPIZL (5 K 4Lt
9o BEI3-6E R, EXHAH, LI JLT- NZE . MoS+NIR (128 pg/mL)
HIM0S2-ZnO +NIR (128 pg/mL) BAEIA | —LEMDR E. coli, M0S;-ZnO@TM/TA
IKEEZ+NIRFEIR TR ZHMDR KT B (3-6a) o XTMDR S. aureust il %< 5|
[FIFERIRON. (E3-6b) o IXEEEERFKE], M0S:-ZnO@TMITAKELR+NIRZA B A
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b SYTO-9 Pl Merge

BLANK
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MoS,-ZnO

MDR E. coli
MoS,

MDR S. aureus
MoS,

MoS,-ZnO

.o

K 3-6 JLEAEVOLEMBLive-Dead sk i; () JLRETCEMBIKNATT G £ Hil 24
HOHEIRE: (b LREROCRHG SR B S HMDRAIT B K45 yBlank
4. TAZL. MoS4H. MoS;-ZnOZHFIM0S-ZnO@TMITAKEAGAL; B4 5Pl (4 (5%
M) SYTO-9 (LRt t) Y30 min, LR AVEAIM (SYTO-9) , L NI4T
(PD , 437541808 nm 0.8 W/cm24hHE 2 a2 min

Figure 3-6. Confocal fluorescence microscopy was used for detection; (a) Detection of MDR S.

Hydrogel
Hydrogel

aureus by confocal fluorescence microscopy after treatment; (b) Confocal fluorescence
microscopy was used to observe MDR E. coli after treatment. The cells were divided into Blank,
TA, M0S;, M0S,-ZnO and MoS2-ZnO @TM/TA Hydrogel group; The cells were co-stained with
Pl (red fluorescence) SYTO-9 (green fluorescence) for 30 min; Live cells (SYTO-9) are shown in
green and dead cells (P1) in red; The cells were treated with 808 nm 0.8 W/cm? and 660 nm 0.5

W/cm? for 2 min, respectively

345 HYWIRIRE K HRALE R 7
O6FLAR 55 7%} 247 R AL W, 5 it 48 G C R DT £ N ] D e LS 5 oK e
S AE VIS I REIR A R BR AR . W EI3-TafT R, AR R R EIR, £ MoSe-
ZnO@TMITAKEERL (808nm) AbFRJ5, 24 i A= VI ) A= 1) s B B PRI . A
BRI L R AL BB IR, M0S2-ZnO@TM/TAZK B +NIRZHL 41 i A= Vst J L -4
T, BB (E3-Th) o PIRhE bR AV A R 2R 15 >80% ([
3-7c, 3-7d) o 4GB AV RS R 7R, MoS+NIRZL. TA+NIR
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Figure 3-7. Biofilm ablation after nanoparticle treatment; (a) Images of biofilms treated with
different materials; (b) Microscopic and laser confocal images of biofilms formed after treatment

with different materials, stained with crystal violet and PI/SYTO-9, respectively; (c, d) Biofilm
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analysis under ODag2 (*P < 0.05, **P < 0.01, ***P < 0.001); The cells were divided into Blank,
TA, M0Sz, M0S,-ZnO and MoS2-ZnO @TM/TA Hydrogel groups; The cells were treated with

808 nm 0.8 W/cm? for 2 min, respectively
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Figure 3-8. Wound healing and staining analysis of tissue sections in mouse; (a) Photographs
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of the wounds of mice in different treatment groups; (b) Curves of body weight changes
during treatment in each group of rats; (c) The curve of the wound area of mice in different
groups during treatment; (d) Masson staining of the wound tissues of a mouse in different
groups; (The experimental groups were Blank, TA, MoS;, M0S;-ZnO, MoS,-
ZnO@TM/TAHydrogel groups; All cells were treated with 808 nm 0.8 W/cm? for 2 min)
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Figure 3-9. (a-f) Analysis of blood safety in mouse; (g) H&E staining of the main organs (The

Il%)

Heart, Liver, Spleen, Lung, and Kidney) and wound tissues of a mouse in different groups (The
experimental groups were Blank, MoS;, M0S>-ZnO, MZ@TM/TA Hydrogel groups; All cells

were treated with 808 nm 0.8 W/cm? for 2 min)
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3.5 AE/LE

FEARZHIF, BRINA K T MoS2-ZnO@TMITAKER, fH#3MoS2n] LA H
ST LA R A b DO i R RO, FHR ST, MR SRR, R
IR PGt T B 4 e A SN HH B s 4 et A M T 5 S50 80 T A8 495 4D il . AR ST
W98 T M0S2-ZnOFIMO0S,-ZnO@ TM/TAZK M (1 FE RN FRAE , IR ] 52 0L 1 FL AV
TN S W B BB R s A SR X M0S2-ZnO@TMITAK SIS EAT T iR B SL 56
FOREREMR, MG F T AT H 2K B B R IR B R DL SRS BE PR RE B 5T
Z5RELH], MoS2-ZnO@TM/TAZK B LT £1.410.8 Wiem? 2641 [ 6 B AL 0%
N52%, HtHEaE MR, W T MoS-ZnO@TMITAKEEE HA KU (s ik
BE; PR AN S 5645 B 7RM0S2-ZnO@TMITAZK AL LA KA (07 1 300 37 1
X F"MDRE.coli HMDRS. aureus] % & 55 A] I8 #|95% LA I A=) Rl S 56 25
REHM0S2-ZnO@TMITAKEEIR HA R AT HIAEVIRE SRR AE T, 0T b 24
P A= 4 TSRS B R AR A B 7 900% LA b5 W45 1 B R 52 56 4 R B R MoS,-
ZnO@TMITAKEEE /T LA e b5 D BT & &, BB RIFIAED 241k,
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fig (TM) H 23 K B M0S-ZnOit 17 . 5, F 445 EIM0S,-ZnO@TMITA
IKEERE . G LE R, MoS2-ZnO@TM/TAZK S {E AR T 2T 21 A1 IR 5 2%
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ST R R AR A R S £ SR N K B I 24 T L A v i, T
MDR E. coli FIMDR S. aureus] - i 2 5 ATk #195% A b s AW R il s 56 3=
I 7K V8 PR K B8 T 24 B P A A B 5 ok e IR 1) 779000 DA o Ik A LTI 25 5 T
TR F A 248 BEIR, M0S2-ZnO@TM/TAK BN R A F R 5 iR @ FE 1R
R FE . 5 B R E LR SO AT AR . A R R ER QU R 457 A A,
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PRIKF (23 5Bl sha 0 DS Y SE6 36 W MoS2-ZnO @ TMITAZK BRI W] A7 Rdie
B DRI & A
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