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Performance and Mechanism of Self-oxygenated
Perfluorohexane Nanosystem for Combined

Photothermal/Photodynamic Bacterial Inhibition

ABSTRACT

Multidrug-resistant bacteria are a threat to human health around the
world. Most drug-resistant bacterial infections (> 80 %) are related to the
formation of bacterial biofilm, which can prevent the penetration of
antibiotics and other drugs and avoid the attack of host immune system.
After the wound is infected by multi-drug resistant bacteria, it is easy to
form biofilm, which leads to the unsatisfactory treatment effect of
traditional antibiotics. In recent years, photothermal therapy (PTT) and
photodynamic therapy (PDT) have developed rapidly, especially the
method of combined therapy with multiple means has become a hot spot.
In this study, according to the characteristics of biofilm microenvironment
(hypoxia and low pH), a self-supplied perfluorohexane nano-system was
designed and constructed to reverse the anoxic characteristics of biofilm
microenvironment, clarify the inhibitory activity of PDT/PTT combined
with drug-resistant bacteria and clarify its bacteriostatic mechanism, and

explore the ability of this nano-system to promote wound healing. The
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design of this type of nanoparticles lays a theoretical foundation for the
clinical application of new phototherapy nano-drugs that can replace
antibiotics.

(1) An oxygen-carrying nano-system was designed. By reversing the
anoxic environment of biofilm and combining with PDT/PTT, the biofilm
of drug-resistant bacteria was removed, and high-efficiency antibacterial
activity was achieved. The design of the nano-oxygen carrier system is to
load Meso- tetra (4- carboxyphenyl) porphine (TCPP) on lecithin (SL),
further coat perfluorohexane (PFH), and finally modify poly-dopamine
(PDA) on the outer layer of nanoparticles to form PFH/TCPP@SL@PDA
nanoparticles. The nanoparticles alleviate the anoxic characteristics of
biofilm microenvironment by loading oxygen, thus promoting the
therapeutic effect of PDT. Through the bacteriostasis test of
PFH/TCPP@SL@PDA, it is clear that the inhibition rate of the
nanoparticles on MDR E. coli and MDR S. aureus is over 95%, and more
than 90% of biofilm is removed. Transcriptome analysis showed that the
expression of CRP/FNR family transcription regulators was down-
regulated. This may lead to the inhibition of bacterial aggregation and is
one of the reasons that affect the formation of biofilm. PDA can carry out
relatively mild PTT and promote the reaction process of PDT. Through the
biological safety test, it is confirmed that PFH/TCPP@SL@PDA has good

biocompatibility and low biological toxicity. In the experiment of
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promoting wound healing in mice, the nano-system can effectively
alleviate the inflammatory symptoms of mouse model and accelerate
wound healing.

(2) PDA as a nano-shell and photothermal agent, plays a certain role,
but its photothermal effect is not ideal, so the follow-up research in this
paper is to further optimize the nano-oxygen-carrying system. TCPP and
SL were made into thin films, and then PFH and Au NPs were wrapped
inside to obtain PAT@SL nanoparticles. PAT@SL (@ BSP-SF hydrogel was
finally obtained by hydrogelizing PAT@SL. The results show that
PAT@SL has good photothermal performance. The results of antibacterial
experiments in vitro showed high antibacterial activity against drug-
resistant bacteria, and the bactericidal rate against MDR E. coli and MDR
S. aureus reached over 95 %. Biofilm ablation experiments showed that the
biofilm clearance rate of two drug-resistant bacteria reached more than
90 %. We explored the mechanical properties of PAT@SL@BSP-SF
hydrogel. The hydrogel showed good stability and self-healing
performance, and the hydrogel could effectively avoid local overheating.

The results show that the synthesized oxygen-loaded nanoparticles
have good photothermal/photodynamic  effects, broad-spectrum
bacteriostasis, biofilm removal, wound healing and biocompatibility. The

prepared hydrogel has a good clinical application prospect, which provides

Vi
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a new idea for designing and constructing a new nano-system to deal with

multidrug-resistant bacteria.

KEY WORDS: Photothermal therapy, Photodynamic therapy,

Oxygen loading, Synergistic antibacterial, Biofilm removal, Hydrogel
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Figure 1-1. Steps of biofilm formation. The multi-step biofilm formation starts
with the attachment of planktonic microorganisms to the surfaces which issub-

divided into reversible and irreversible attachment followed by microbial division

to form micro colonies. Micro colonies undergo maturation characterized by
specific composition, shape, and architecture followed by dispersion of biofilm to

repeat the cyclel?2],
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Figure 1-2. Schematic photothermal antimicrobial mechanism of PTAs
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Figure 1-3. Schematic illustration for the photochemical reactions of PDT50],
5 PTT L, BT HOGHENLE], X PDT ™A fu 25 VE T RE LR
No ZEEK, PDT [ama R AT R AV B I O 2l 1 & R 2R AL Th et
BEAT T, PAERAS 2 A A A Brw s v, I D9 e PR S SR 4 T
KW 7o R, AE 2 SRNS a] DUAE IR PR B 58 70 FI R 2200, /5 2208 O i
PDT I KL Z & fE /1991 ROS KT ML ar 6 BR il o EASIEREIEZ, Wl
T AR B S5 M AAT IR A BR ), e ah 71 5t G4 B R AN ikt G+4H

7



E2g W NS i R DA

ROS W% iERe /1 RWFHREIE—Lwtse. Fik, EgE— BN HT %k
R 21, FRER 5 PDT B RIBRE .

PSs it 5 PTA —ieffif, LAstEl PDT 5 PTT WIWhFEMER . B, £
BIHAUKAT (GNRS)EN PTA, 5 R E 7 Ik (PpAN)IEA PS N H T il
PR, DAUKRBHES T PpAN 57 5 e (0 40 B 40 e 2 T ) R AR AR A, DASK
LT 1% B2 VE BT E I o A B 00 2 g b R EDCA I ik TR R B BE ik 4 K
(SWNTs)—it2 fl T I8 5 5 i A #40R1 ROS B4, I 87 Bl [H) 0 470 B
Mo ZRALlH, K5 M SR (1ICG) B Bk = % 74 36 ek doe £ 3% 100 W i P 41 2k 4
KUK (APTMS@SPIONS) 2 FH T i 4 Al G-(K I AF 1A il 48 5 75 40 B
0 % M1 B TR ) R G+ (% 1 28 BK B ) 4 A VR i A LR A R |, B T
12T PTT A1 PDT IV EIHL A G PE . ¥ 1ICG Al A H F R4S (MnBr(CO)s)
FRET 2,2-HEnE -4- R TR (BPY) 18 1 1 2 KA KR K 7 1 10 40 K 6 i
(G3KBPY)H', M T ICG&CO@G3KBPY #ikE &MEl, %ZE &M Bk
5@ B F PTT R PDT SRIA T AE W4 L Jgk Gutsi-sel,

1.3.4 BEEIHFFTA(SDT)

FE 3] 39745 (SDT) & 3 4F ok — Fl v J7 & Bl 0 iROBT I I K 7 v . SDT
AN A — PR A& M AR N IR VR 9T 7. eV R B i
3R B R0 FR S 7 BRI V88 7S ORGSR P AR VS PE(ROS) o X SRR AT DL
A B(US) BoF, #tmfk ROS B4, EonthdiEsEANM. 5 PDT ¢
FoAby7 LML, SDT B HALBIE R d . xRS A U0 805 8% /s LR
1 F US Jmy #0428 1l T B 1) R 010 52 BB K E bR . AR 2 DA IR 23 A0 200 3
W, SDT FEH ARG S SR, WAL LIMERRCH
TR ORI 5 BRI . — OIS, A AU B R 6 T H AR
WORWOR TR R R B, X 45 A HOR X SDT £ CEE . A EUH T DL
FRM ROS B4, Mg Bk s . R AR CEHT K T NAL
G F BITCHUM B b RS 8GR, RS T e ATTLE T B R T I S R 9T K
B 1-4)B7E,

SR, R BOR RIS TR, (2 SDT 13A 75 2 uilk i 4tk . I
S E WA A S DUIOR 20 i 9B A SDT SIS E kAR . 5 B AN



TRCTRER A A AR 3

it 96 40 PR S 1k G 0 R R R IR R BOR SR AT AR, S EERRL
I AR S B G 0. BR AN, RS I A AN B U R il 2 S B0 BRI
EEd, BT g N EAEKE T (VEGF) RiAM NG H xR, S
AP ETAA, NS BA M T R . IR AT, AT AP
3 M 21 3 b IF32 S 20 e 240 0 1) Sokn pk b, #E I8 B AT DU Ok T AR = BRI
R (ATP). —FIARER S e G, KM RARER . BEIR EH 40
H A R SRR T PRSI RE T T, (EAR SR TME R] DU 2E i /83 20 Jife Oy B¢
VIR Z AL MR BUZ I RS, SECE R . B 0ok¥, 5 SDT Mk
R S8 I AN A A bR TR A MR ZH 23 b B i 0 A R BE o M 55 VR T AR
R

AT RX SDT ¥R97 MR AR, CEIFR T & Fh 5 ok 32 Rk
7 Ak T fieg N i — 8 AR (B 1-5) . X SESRIE i 78 0 1 AU ) AR
Bk SE R SDT HEITROR,, WG LLZRRFE Ry H AR, Bk S Bit,
PR AN 78 S0 BRI S5 T vk o IR A0 MR R B H W0 L DR T I B N e RS T e A
REGMERFL, XA EE SDT #tnl AN JRARER IR A M. Ak, SDT 53
fibiayr 5 4 &, RPTIE M2 HA0ATT, B8 7 BORMZ 150E. X8
LR ITVE SR AL T LR A R S R BE T, JF R I PR R A 7 7 15901,

1-4. SDT fELIR BT H HIIG TT BOR 7 AEHLH -

Figurel-4. Illustration of the mechanisms underlying the therapeutic effects of

SDT in disease treatment[60l,
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Kl 1-5. 42 T 2 s A 52 5 SDT 1531 ROS [ RUIEHT 5 HE . X LUK AL h
FEEMEI WA F 7 1, AIE R R FE, NI E S, R A A
DL TME &,

Figurel-5. The emerging strategies proposed to alleviate hypoxia and the enhanced efficacy of
the SDT-induced ROS. These aforementioned strategies focusing primarily on different aspects of
the oxygen cycle, including the reduction of oxygen consumption, the promotion of the
endogenous oxygenation, the utilization of the external oxygen vehicles, and the remodeling of the
TMEI®,

1.4 PFH #4512 R AT 25 1 2H e R R B B2 A
1.4.1 PFH(Z&C k)

2 CF(PFH) & —FAEYMHAENEGY), EEIE T2, AAREMZA
SRR AR B i o AEAG A T7 R TS YRR, AR N R BRI A 7
Y. PFH (1R A8 75 22 (16T F A2 I 5)[6162,

1.4.2 PFH K4 R 89 2 FA

PFH H V2 2WiRa T N, GREAERYT . ARG MR =G % . 4

OHEGRRL T H T A N ER, T AR icanie, FEim s b A R 2R AL,
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WG RO, BAMIRRAAE, TR DR A AR A4 . BT PFH 4K
FLF R AU, A TR S IR AN s s v T I BCR T 9T 44, A
o2 iR i SR AL R AR T TR,

FETZ WS R, PFH RAE MR B AR I i 52 v R 4, R — Se it Fudiis
TARHME R ) EE MBS R A O . FEATIE ], DL PFH A2 1 L7
TE GG St A BRSNS DT TR A 2. JR1, J&T PFH AU
K 22 A ARG RO R A9 21 4 T R S l6-80,

HAl, PFH & —FBEmET A TR, HEREE-SHHRRT s T
FFEATR DM, TR X LR B i

(1) PFH 7ER& H B R

PFH PR § & —Fi T Im R AR BT B g R . 24> PFH K0 1A
TN AN AR B AR FRARAY, . PFH 40oKRL T 1K R G 32 I o VF S AR S 46
&, XAES PFH &6 TR . X85 T G IRE F 2 TR SR, Dlbsid
A, R R R R E R AL, R TT RCR, EAGIRREAE, RS
RS A2 A

o H MRI
19F MRI

Infiltration

1-6.(A) ZINREAE EFABEYTKALF(100-200 nm) /<&, Al 5 —Fh oyt i ootk
FERRCAA WG A M ZRE, ERKEST, SR )58 A BR S A 45 S 4R, S 4
Jf, G ERAZ AR E A MRIAS X A ) SR 5 . (B) LWL CPC JE IIBEE Al
A A B0 IE 19F MRI.
Figure 1-3. (A)Schematic illustration of a multifunctional liquid perfluorocarbon nanoemulsions
(100-200 nm) which can be modified with another cargo targeting ligands such as aptamers and
polysaccharides, intravenous injection, and then directs cellular uptake by circulating or provincial
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phagocytic, immune cells such as monocytes and macrophages; MRI detects the collection of
these cells. (B) Post-mortem and in vivo murine cardiac 19F MRI following intramyocardial CPC
injections(®2],
(2) PFH %k PDT Al RT H LA B AR

4 PS SO H DG T, B NIES A NBADIRES . XA TR e RS £
KA — 5. BRI R OB R B R LR A IR B B . BB AR
il RGN R X RN R BB A KA ar = n RS o XM =SSR
PP R A 16 45 S5 T

4 PS 5ENTRNES, B A PSS R A A B TR . S
H YA AT LS AU B AR RS PR FESE R, ATk R PSS K
Re B EARB ML E S T, FEURMRLEE 4. X% RO FW VA4S
IHORNE . ERASFBOCHE MMM, £ PDT R, PFH LR
S 73 o LA R AR ) A B, X BT S ARKIAR . UG
(RT) I M B4R T (X S RE y S 2K 77 A E 3, aX 6 [ 26 T B ) e A3
i DNA, X AN EL /> iE R DNA $if;, JHif Smauiuste. EIRE&MT,
XA 2 LRI A o XA ITVELENGIR B TRIT A o IX BP0 — N4y
Re s MR A M TR 5] . KZHXFhRE R FH WA XMk ERE R
YRR o ABJBURHR ST R o B 8050 2 T e SE EL RSO M A ) R ) B e e AL L
ML SRS 2 R0 DNA 545 TR o Fo B S S 400 it 5 4% 70 AR R R FE X
YT 4H I SR 1-6) 81821,

S RRANMIAH LG, ohIe ) B PR SR AR, AR IR B8 5 b 8 24 i
AR 2 ARLZ AL, DRk PRH 302 T G2 oA 55 vh = SRR A
L5 R RIEMREAS
1.5.1 iR@ig it B

AR RTINS BRI R A K T & .

(LYETXoF i 24 B AR P EIOA B (Z 480 IR pH) FORIE,  BETT SRS KA i 24
PEIR R . A9 O (PFH) HA 05 AP S e RS A Be 70, TR R 3k,
ISR ZE K F RIS L S o i /K e 8, LS B IR 5 400 B B 5 A 25 4L,
VIR EVELF: S = AL, BB ARG TCPP, Rk 1 O6sh i
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RL A SESAS  BREE, SR T OB I ROR s WOREIIC pH, ATAM RIS E I K

2 UM (PDA) 1ERAIKANTE, (EHIE RS FiE, BA R
PR, IR TR S SRR AT o

(2) T EIF P AT PFH/TCPP@SL@PDA 40K RIB T2, KM
HBIREER, T g PDA LEMBHAERPUR MR FDCRGUR A, SRR A
FEARBRARF 8, KRR B O VECR S HEE KA Au NPs, 445K
PAREE T 7K BRI A i o T oKk A ME R T, [R] IR 7K R IR R T AL R
I AR -
1.52 FERRENE

(1) SEHOBN FIBEETR T B GNKT & IROAE 2 A Bt B PR AT 5T

WL E R T INEE(SL) L FE Meso-PU(4-FRFEZKEL) nhwy(TCPP) , 35
78 4 % C Fi(PFH) , & 5 724N B BB R £ B EDA) & B, & &
PFH/TCPP@SL@PDA (PTS@PDA) ZHK¥i 1o X AP EH#EAT — L85 AL,
& UV-vis. IR. SEM. DLS. Zeta Hifii. EDS %5; ARAEMEMGEIE TR ZXT 47
WEPESEES, JGHRIEAL . GSH THFERIEPESEARI, A4E CFU SE5 . MICHlE . 24
PR SRS . B M FIF SEM LSRRI T 4RI A e AR
THRVPAS, EEST/NRAG DAY, @ G D B AR RV A A B Re, W
gRERE, BN R I ARG DS P T H&E YLt R AR 2R
Wz Atk

(2) BRSO e KBRS GG 3 P E TR AL

# TCPP F1 SL | i 5, 4R 5K PFH 1 AuNPs L EN, HI 4 PAT@SL
MoK KT, B PAT@SL fn A B KB & BROL B d £, &&145 3
PAT@SL@BSP-SF /Kt . % PAT@SL 4NKNL 134T FAE S8 UE b4 R 75 ik
D s BAROGHOGE) SR iiE W R AT RAF AR SE I, X gKRL 5 HEAT fA A1
FVERT S BRHIE B A RHE T HAT R A RO TE T, B A KORL T ] K B S AR E
JIEE R A S A 22 4
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B 2E AREEN NG BT ENR T ERMER
MEEMETS

21518

A R K 2 B B R R SR, b N R . WAk H SR
BN B PRE SR 0 ) R 25 B AR M IEATS AR 2 — AN B R Bk R . B AR I AR R 4
WG R BT AE 2897 oA, ARk, U #ORYT (PTT) MD6G3h /1697 (PDT)
PR e A7 000 9T T 2 A0 R gL % 2 Ok E . L, W RIANK B R 4
(PFH/TCPP@SL@PDA) @ik Sa I AG3) 67 8ok 797 4. Wi fE R
SRR AR(SL) b fiEk Meso-Y(4-R K2k ) nhwy (TCPP) , #i— P AE AR
Fe(PFH) , &JGENZEER L ERL(PDA) G, RiFHAKIIE RS @
R R R R RO B I SRR, 98 PDT AR TE 2R T 4(ROS)
MfEF . & B EaE T AEMRNIBE M I GE TR R, X MDRE. coli
A1 MDR S. aureus 1 {3 RAET 95 %, [FIBFMEIHF 258k T 90 %L L
AP . PDA AR T REFHIGUKSERIER, 10 B 5T 7 AR IR AT
PTT, {£# 7 PDT I MidFE. PFH/TCPP@SL@PDA EA RIFHIEYH
A, WML BN A RE R T 5 %, AR/ RABTE R AR,
MR A @A B, ASHFFE a0 0] L A0 R A s BR AR i T — Bl
R ZATIBEIRIT RN .

FEAR L, R T — AR RS, WS A AN R E) )
TBIT RARBR AN AE (K 2-1). PFH SREML B AE /1005 &, PFH fil TCPP
5 OK G 90 ®E s (SL) fuE, S E B PDA SR, RN A
PFH/TCPP@SL@PDA (PTS@PDA) . PTS@PDA Hf K 4F i) Fa 5E M Al
WA . PTS@PDA R T SRR EE, R T 20 B IR 1R B AR RS, 32 o
T PDT W%, sl 7 PTT 5 PDT MW RIAYT « ACHEFE T PTS@PDA
FREPE . PTS@PDA HIJGHRFNGE) J3 R RL, 48 F Ak S0 20 B # k] . 2R JE
F R S B8 AAA N BRUSE A AL T B A ALE] . PTS@PDA BAA R 4F M4k
NAMETE, T BT R — B RS ER I T SE RS
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22 LW 5
2.2.1 SEE#AHY

Hr-DU(4-FRF IR FE) ARy (TCPP). BRBEAR(SL). A% CLe(PFH). R LMt
Ll (PVP) « Z Z(DA) BERRERZZ MR (PBS) « —F2 FH AR S B (Tris). —
A HLE(CH2CL) « DCFH-DA (C24H16CLO7) « WAL (KBr) « 40 B 41 iy PRI 2
WRlE. TOKHE. TKOEE. BFRHBZmE (PBS). SfbH. TSB Ki7rkt
SYTOY/PT /B 4H B A 77 G 3 B B r T AR A IR A 7], [ i
2254 5 A & FRE (MDR S. aureus, CCUG46147). £ 25 K #F i (MDR
E. coli, CCUG58542)¥0 A Ab4h GBI B A R A H]

2.2.2 LGS

R 2-1 SEEGAN AR

Table 2-1 Experimental equipment

e EN ] TR
A UR TR FD8-3 £ [H SIM 2 ]
TR AL TP 3 SZCL-2 R AT B A F
EVOLINIVG i/ di-aay UV-3600 A 1 A
WL RF-5301PC EENC
(ERAL A S 10 IRPrestige-21 FIA Byt n ]
P T B S-4800 SENERAAS
T AL CytoFLEX 15 B A4 PR A
PSR TAT T DM2500 LED e SN
X SFEOE R T RERE Thermo Scientific K-Alpha FEER KRRl A A
IR B A Bruker EMXplus-6/1 A T A R A
HE AT B 0L Z 326k o FE 0y A
TS BJ-2CD b R EE ST A A PR A
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G T RE R 2F I 2418 S

2 Q
TCPP
N\ .\ .' PFH PDA 0,
| — | — | —
‘ Romry evaporator *000® Sonication Oxygen bubbling

TCPP-SL PFH-TCPP@SL PFH-TCPP@SL@PDA 0,-PFH-TCPP@SL@PDA

o \
‘ * e

Live bacteria

& 2-1.(A) PFH/TCPP@SL@PDA & i &, (B) it PTT A1 PDT B0 [EAFE FH 1A A= 4B ik
B HE R I B BREIR
Figure 2-1. (A) Schematic diagram of PFH/TCPP@SL@PDA preparation. (B) Oxygen delivery to

hypoxic biofilm and biofilm removal by combined treatment of PTT and PDT.

2.3 LW FHIE
2.3.1 PFH/TCPP@SL@PDA 2Kt #}41| & K =4
(1) #l4% PFH/TCPP@SL@PDA

1% PFH/TCPP@SL 49K/ : K TCPP (10 ug) A1 SL (100 pg) KA &
HGE IR S BN — AN R BT, 985 1 R e e 28 SRR T 71, 19 313
MIBE R . SRJE M 2 mL Tris (10 mM, pH 8.5) ZEm ks A K &, B )G HE(T
FEEALHE 20 min (FFJE 10s, %M1 5s) o K HUA(10 mg/mL) 7€ 4°C R4 G,
[ UK IO 100 uLPFH, SR )5 0 FHEREH AT 75 4028 5 min. & #0H PFH
45K ki 7 (PFH/TCPP@SL) -

il € PFH/TCPP@SL@PDA KM £L: ¥43R15H PFH/TCPP@SL 42 %2 /s
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b, SRIGLEVKKHE RN PVP (100 mg/mL Tris Z2#P) A1 100 pL &A4b4%20
mM) . HEHE 10min 5, # DA T Tris P 0 5IMN, BZWREHN 0.5
mg/mL. {EOKKIEFHRE 12 DG, BEITEY)(PFH/TCPP@SL@PDA, L fi
FX PTS@PDA) LA 12000 rpm FI#5#E B0 10 min, F KB F/KPES 3 Ik, FEAE 4
BICE N7, BRI,
(2) PFH/TCPP@SL@PDA KA

N T BAE PTS@PDA W Th & B, A A 28 40-71 W 23 0 6 FE i UV-
3600( H A< ) A1 {H B 21 486 14 IR pressure-21( H A ) 3815 T PFH.
TCPP. PDA. SL. TCPP-SL. PFH/TCPP@SL #1 PTS@PDA [f] )% i .
PFH/TCPP@SL 1 PTS@PDA ¥ ot i 72 i £ F ¥ ot kL FZ 4 #r 4X
Mastersizer 3000 (Malvern,UK) ¥l & ki 12 f1 Zeta WL L . N T W 5%
PTS@PDA M EM:, EL-LRIAT /RN E. b, EHAME T
%5 (JEM-2010 HR, Nippon Electron Co, Ltd.) M % PFH/TCPP@SL Al
PTS@PDA WK% .
2.3.2 e REITAE

i LA B g RS (FOTRIC) WAl 7 PTS@PDA ) PTT MERE. #A
[E¥R EH PTS@PDA A 1.5 mL &0 F, H 1.5 W/em? D% 1) 808 nm
BOGIR S AN F N A ¥ 150 pg/mL PTS@PDA B T 1.5 mL BFO0&ES, HA
7] T 28 B BOE IR . BEBS 1 min RAE — UOE I AR AR BEE . 228 T
WAz, FIHOUF AR E 7Bz (n) , Hd s (223.17)
I A H 2R 2R B A BT SRR AT . Ma AT Ca 2 PTS@PDA ¥ W IR
B> 1g) MAEREG.2T/g*k) . AEEHRKFNE REERMAREN Qo
MK IR S B EIRE (37 °C) TR N Tmax water>  Tsurr 28 A5 E I (26 °C) -
Tmax (AR 7~ PTS@PDA ¥ % I I F20E & s ila B(58.6 °C) , H I RRB
HIhZE, Asos X BT PTS@PDA 7£ 808 nm Ak (W % i .

Ts =mgCqg/hS
Qo = hS(Tmax,water-Tsurr)
N = hS(Tmax-Tsurr) -Qo/I(1-10748%%)

233 HEARSEMEKRN
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FA & i SRR 0 B AN 43 ZH(HL0 PTS@PDA Al O-PTS@PDA) A
VAR S R, IR TR S B E R

M1, 3-Z2RFE R 2R IR (DPBF) #REH R ROS IAFEAE. W& A 150 pg/mL
PTS@PDA 1 O,-PTS@PDA & 7F ¥+ INA 10 uL DPBF ¥ #i(5 mg/mL) » &%
1 min iCF R ESN-TT WOGHE, B ARy 0.4 W/em? (1) 660 nm JTZL4MNH
FIELEL ST 5 min. (fE F3XH, PTS@PDA N O,-PTS@PDA. )

2.3.4 HRRARSEARS RN 1

ASCHE— W I T M ORHE A N 06 BRI 3 D AT N IR TE R AR . HUAS
FZ 1) PTS@PDA 5 AFEHME 4 h )5, A% 1.5W/cm? 808 nm i
AN IR A, B e RGeS 4 R . B4l B PBS, TCPP,
PTS@PDA S5 AHEWHE 4 h J5, 4@ B0 EME, A 10 M
H.DCFH-DA 8%, & 30 min. 854 0.4 W/em? 660 nm [13x 414
XPHBATIRYY, HIEE RGBSR M E I DRk K.

2.3.5 FIMIEKY

B RAEP N TATH N E PTS@PDA 5/l ¥k B (MIC) : NIR 4H(2.0
W/em?, 5 min) FIEH (6 NIR) 4. 7E 96 FLARINA 100 uL ‘KB 5 i) TSB 3%
5, RJEK PTS@PDA (200 pg/mL)BEATEEEMFE. Hm, 1mEA LA 100
uL AR (1x10° CFU/mL) o ¥-PARAE 37 °C H ¥ E 12 h, (THEEIRICAE
600 nm (ODeoo) M EMOGE . HFIAERANHHER MR SRR,

K 4N B BV VB0 PTS@PDA 5t MDR E.coli f1 MDR S. aureus {4
SMBEENE . TS, X ARG B SR AE 37 °C IRA RS FRIL(TSB) it %
R, -CUEEE AR AR BT HOY, AR5 S 2B RS PFH@SL, TCPP,
PDA, PFH/TCPP@SL, PTS@PDAGKE N 150 ug/mL) 541 E 2 h, FEHA
(-NIR) B T BB S, WG4 (+NIR) 43 3 H 1.5 W/ cm? ) 808 nm 1 0.4 W/cm?
1) 660 nm JTZLAMNEOECHE S 5 min (FSCIE/EIEZLAMNEOEIE S 5 min) , HX 100 uL
BISTGAEREFEI E, 37 °C W% 12 h, % CFU #EATHHEOF AN 3
2.3.6 PRIMEHBEAE R K H RN IY

B 40T 53 BUWK MDR E. coli 200 pL (1.0x10° CFU/mL) A% 96 Lk,
E 37 °C 1577 48 /NI, AN, (RN ABEES 2 M EE) - WAL
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HECH BIEW, N 200 pL ANFEIHE PTS@PDA HIVE, FILL /NSO ST S
min, 7E37°C FIFELR. H 100 pL 4 %% T HFEEE 2 A 10 min. SR 5 2:
TEAFLEY FIEW, B2 FH 50 uL 45 45 58(0.2 %) e €8 30 mino A= B 3R 7KIE B i
= B RME WSRO E R EYIES A ER . BRRTE, A 33 %L
BRI 58 VA o A G AR I B ODag2 {H. MDR S. aureus (A
I B 400 1) S B8 am b TR

2.3.7 Live-Dead 346 M 4RAEA T %

N T IRFEA R 50 TG BREME, K dn bl — OO LA SRR 5] 1.0x10°
CFU/mL, 737%l5 PBS. PFH@SL. TCPP. PDA. PFH/TCPP@SL. PTS@PDA
REGIFE 2 h, HILLAMEOEIRS 5 min 50 E 4 h, 955 &5 505 HIE/SE R W
H L7 SYTO9 A1 PIEBREMAEEH 4Lt 20 min, Je@4iRn, FREZRE
Jeill, FRAUKIETE =R, B)a A wBIE7E 1.5 mL 4K, HL 400 pL 7E#3%
Fr BT, WS A e A7, 8 S R VA = AR 0 4 PR R T VO
2.3.8 AR SENE

X B 25 4N % 5 PBS. PFH@SL. TCPP. PDA. PFH/TCPP@SL.
PTS@PDA VB2 E 2h, FHITLAMNEOECRRYS Smin, 4k4E7E 37°C, 200rpm T
R 9% 10 he BOUCAEZHE (5000 rpm, 5 min)3f ] PBS BEIEPIIK. F 2.5 wt%k —
WEAL PR S 5 H PBS BRI K. W RIANE H CBF EATRREE (35, 50, 70, 80. 95
1100 wt%e) Bi/K, FEABEEEALTE 15 min. KRICERIME G T, el
T RIBE(SEM) WA .

2.3.9 BREAMNF S

WAL 1A FIZH 5% T MDR E. coli 3 FERIENA . #£7553 4 Blank, PDA,
TCPP 1 PTS@PDA, 43 #Jic/E Blank, PTT, PDT #1 PTDT. FEAZITHREN total
RNA, £k rRNA JFE4 mRNA, B 5% BEER et g )7 N e . AR5 kAT
RNA-seq 74T, S0, R KAFEE A% T IR RIE 2 5,
AR 5 S AR G IR S Ve R, SR G BE— 2 2 M AR LR S M R TR ) AR 2
= 8384
2310 (Rt OB AR EY

SKIGENPIKM /N, MEYE, 4 ) 3K B F ORI S AT 5T O (h [
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W) BETIMKZF(RE TN i s, Hiz GMasiEe) fl (Rs)
Vi SEAIAE FH AR R ) R UGHEAT IR IR . AN E AT /4, B 5 K, ANRUE
[ AR 2 RS B FE (20 £2 °C) AR (50-60 %) , MEFRICEE ACRI/N R & F Tk,
WS 5 RIFICFAMEARNE, 2 G O, S ANFIA Sy, R 3 AT
Seis . A HUNRE RV EARZ 12.5 mm F510, #:FF MDR S. aureus(1.0x108
CFU/mL) . KA RFEA > AR, SR T 20N E IR S min, 105%
ANERAAREE, WEAG R/, FEACBIAN, RSB OGRER I SR B R
e NRALFESS , VIR D BRI DL RO R B AR AFTE 4 %2 R EEF, 2
JEREAT H&E 4087, (A X493 112 k4 213647 Masson 487347 .

2.3.11 £H ML

%} PTS@PDA #HT— R 54 . BUBHEEE N EDTA A3 53515
SLYRME, HAEKREE PTS@PDA(50, 100, 200, 400, 800 pg/mL), FAYEXHHE Ny
H,O, BIPEXIRECN PBS, HZ40MIR S, 37°C /K 1, 12, 24 hJ5 1000 r/min
B0 5 min JGHL 200 uL T 96 FLEAE 570 nm AMKGIN . VA I3 =(RE O 5 - FH
Xof HEIRO FEE ) /I o RO 82 - 3 A5k BB O )

T N E WA PRARAR R 7% 24 h, "R EEFREE,  F PBS ZEITRBEHIIR, IIAA
[ B PTS@PDA, RRHBCE 9 MKEFEZO0. 12.5. 25, 50, 100, 150. 200
300 pg/mL) , FHBE =/PAT. 1E 24 h J555 2% LG, H PBS & E—H.
FEALIIA 100 uL CCK-8 W H 1h, FEEFR{XAE I ODaso.

N TGRSR 2, Shsese s dom, B /0 B 32 2000 JH R
A N H L IRAFLE 4 %2 PR et T H&E 4, 15 DA 2850
47 Masson B¢ th, MEALYI R, F3 AN RSB 20 ) /0N B O JHF IR B 45 4 0 10 2
BARL, PEARAOR A N A 2 Ak
24 KWHER5R
2.4.1 PFH/TCPP@SL@PDA BYZ=R{E

A FHOCHGN TCPP 5 SL il jle ¥ 58, e ik v J5E 4 150 75 Ak R o) %
PFH/TCPP@SL, #AJ5¥% PDA HLELESINZTE K PTS@PDA. 181t 34 6 #Us
(DLS) Kl K ROk KA R~ 25 R3], .3 PFH J5 TCPP@SL B /K
RS2 4 228 nm, AMNEEHE—E PDA J5 215 274 nm(&l 2-2 a) « KALRSFALE
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—JANIRFFEEE, KW PTS@PDA BA RIFHI AT EME(E 2-2b) o 1R4E TCPP
prU#EHIZE, TCPP 7E PTS@PDA 7 RN 26 %(1& 2-3) , &Rk
R, HRE— BN, KU EIT RS TN 2-2 o) « S HGR
&K, PFH/TCPP@SL. PTS@PDA JESU4—, @Kk T K/NEE], K/ANE 200
~ 300 nm 2 [8) (& 2-2 d, e) » TCPP ££ 400 nm P iT 45 %58 ) Soret #7, VARHFnk
RIS m~m* BRIE RS, 2840 m] ILGHEIESE 7 TCPP M) 71 %%, 200 ~300 nm
2 RIS [ 56 P55 (R WAL I /T LA S Tk PEH AT PDA 1 h 138 (& 2-2 ) .« TCPP £14h
FERERFAEVELE 1590-1300 cm JEFE Y, 1590-1300 cm™ Sy C=N 4R zhi%, 1000
em 25 A7 R UMICE JEPRBHIE, 3550-3300 em! D N-H 45 9RzhIE, 970-960 cm’!
N N-H HWNAEFIEE 2-2 ¢, h Q®) o C-F FRIEEN T 1250 em™, 45 R K
PFH ML, 7E 1660-1700 e XIS HH IR &L, RFR L Ek P /A ERI R . 7E
1700-1750 em™ X3 BRI hi k3, Ron 2 W AR IR A B, &Y
PDA I EESHINZ(E 2-2g, h®@) . — RFIFRMELEEH, PTS@PDA
AWM E .

b c
o [r—— e 0
100 W\ —eprs@roa | —
2 £ S-10
g Sl LS
N £ .,
£ 60 () g €30 &
S ° I & T o
g4 250 02 &40 ©
£ ) QO"' &d T .
20 : . i 3504 & & L
R <&
0 Z N 00 -60 A
100 228274 1000 1 2 3 4 5 868 7
Size (nm) Time (days) Sample

—— TCPP@SL
—— PFHITCPP@SL

3
<os

— I
-~ 9 ® | —PTseroa
S 251 < 5
9 o
- \ o e
o 20 \ PFHITCPP@SL 5 s
e \ PTS@PDA = =
@ 1.5 E g
4 @ c
o 1.0 % @
L =
=

200 300 400 500 600 4000 3000 2000 1000 4000 3000 2000 1000
Wavelength (nm) Wavenumber (cm-') Wavenumber (cm')

2-2. (a) PFH-TCPP @ SL. PTS@PDA IfJ¥ift; (PBS ' PTS@PDA PR T (c)
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PFH. TCPP. PDA. SL. TCPP@SL. PFH-TCPP@SL. PTS@PDA f{] { #/7; (d) PFH-
TCPP @ SL /] SEM E1%; (e) PTS @ PDA MR IKE; () UV-Vis Jtik, (g)
PFH(®) . PDA(@) . TCPP(D®) . SL I IR ik (h) TCPP @ SL(D®@) « PFH-

TCPP@SL(D@®) . PTS@PDA(D@B®@) LA
Figure 2-2. (a) Particle sizes of PFH-TCPP@SL, PTS@PDA; (b) particle stability of PTS@PDA
in PBS; (c) zeta potentials of PFH, TCPP, PDA, SL, TCPP@SL, PFH-TCPP@SL, PTS@PDA; (d)
SEM images of PFH-TCPP@SL; (e) SEM images of PTS@PDA; (f) UV-Vis spectra, (g) IR
spectra of PFH(®) , PDA(®) , TCPP((D®) , SL; (h) IR spectra of TCPP@SL((D®)) , PFH-

TCPP@SL(D@®) , PTS@PDA(DRB®) .

a b

3.01 —— PTS@PDA

—

S 2.5

©
n
L

o
vz-o_
0]
2
S 151
_e
o 1.0
w

Q
<C 0.5

o

Oy
[N
h

Absorbance (a.u.)

0.0

o
o

0 100 200 300 400 500 400 500
Concentration (ug/mL) Wavelength (nm)

w
o
o

2-3. TCPP Hbrif 2k (b) 150 pg/mL PTS@PDA (145 #h-1] IOk
Figure 2-3. (a) the standard curve of TCPP; (b) The ultraviolet-visible spectrum of 150 pg/mL

PTS@PDA.

2.4.2 PFH/TCPP@SL@PDA By 4 Rt

R T PTS@PDA KIJt#tERE. K 2-4 a. & 2-4 b 53471 T AIA PTS@PDA
W AFEHOCH S ThE PR e TR 2. B 2-4c. Bl 2-5a IHUE S B
JRBLT PTS@PDA WiFHRAZM, KRBT PTS@PDA R E#MERE. RS 9
min, PTS@PDA 7E 150 pg/mL i 5 T )il /% #1 PTS@PDA 7E 1.5 W/em? 808 nm
WOETRS T IR 2 B N 26 °C F1 26.5 °C PLigiFt = %= 60.8°C F1 60.6 °C. 1E 96
FUBR b A B b B P A MR S T AR S o 400 1 P B R R T TR FE (8] 2-5 b))
23t 6 min [FEIRAYFRALTE G, MDR E. coli §il MDR S. aureus (PTS@PDA K
£ 150 pg/mL) MEBER AR 60 °C, 5 5LkRiayT B 75 M7 R0 7 im At
Fio THERDEIERBERM) N 39.1 %, 3E—BIAE T HAL R RO RERE (B 2-4
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d, e) . [EHFERENZ, @ REOCA RGN )G, PTS@PDA Yo#ida et R iF,
WE s (E 2-4 1) .

a b C Laser irradiation time (min)
65 —=— 0 pyg/mL 65 —— 0w
604—=— 25 ug/mL — 60{—— 025w e
— —a— 50 pg/mL D —_ —— 05w ®
O 55{——100pgmL _* O 55]—— 1w o
\é, il 150ug/l"7lL~ 5% o 504 15w o /"’*H
5 ] - = A
g4 © < 5 /
g_ 40+ o 40 4 P
E 35 E 35 ,// =
[ 301 4 F 30 7 —0—t——t0—0—0 \5’
25 254 (3
o 2 4 6 & 10 0 2 _4 6 & 100
d Time (min) e Time (min) ®
1200 65 d
] —=— PTs@PDA | ©
10004 T15=202.2 60 — HQO@ &
N N=39.1% © 551 o
800+ o 50] Z
(0] 5 o
E 600+ T 45 e
" 400 8 401
1 £ 351
2001 F 30
0 251
0 1 2 3 4 5 6 0 5 10 15 20 25 30
f -In® g Time (min) h
65
60 351 - Omin 3.5 0 min
1 min 1 mi
5 551 hag 2min 304 2 min
o 1 3 mi 4 3 mi
S ool azs\ 3 | 325\ i
2 451 8204 2
2 40 2 620 \
1 o V4 ]
§3o- 2" . 2101
<051 <05 \
254 —
0.0 0.0
0 10 20 30 40 50 60 70 80 300 400 500 600 300 400 500 600
Time (min) Wavelength (nm) Wavelength (nm)

2-4. PTS@PDA I YCIADEEN J1HetE . () TEITZLAME ST (1.5 W/em2, 808 nm) |~ AN[F]
WEE(0. 25, 50, 100 Al 150 g/mL) PTS @ PDA e THE IR (b) AS[E NIR 0% 38 5
(0. 0.25. 0.5. 1.0 F1 1.5 W/cm?) K PTS@PDA (150 g/mL) et 2k, FlITZr4he
(1.5 W/em?, 808 nm) HESF 1A [A] PTS@PDA #K (0 25+ 50, 100 F1 150 g/mL) HI# 4% E
% (d) BHE 5-1n (0) BIZE A fh2k: (PBS Al PTS@PDA (150 g/mL) VEWAE 1.5 W/em? it
LLAME SRR R I THEA R RIZE: (f) PTS @ PDA(150 g/mL) fEITZLAMEIEGT(1.5
W/em?, 808 nm) FEELEPYANTF/ SRR FHE A R 25 . PTS@PDA (g) Xf Lt Oo-
PTS@PDA (h) ROS F=A: fE(#<: 150 ug/mL) »

Figure 2-4. Photothermal and photodynamic properties of PTS@PDA. (a) Photothermal warming
curves of PTS@PDA at different concentrations (0, 25, 50, 100, and 150 pg/mL) under near-
infrared light irradiation (1.5 W/cm?, 808 nm); (b) Photothermal ramp-up curves of PTS@PDA
(150 pg/mL) at different NIR laser intensities (0, 0.25, 0.5, 1.0, and 1.5 W/cm?); (c) Thermal
imaging images of different PTS@PDA concentrations (0, 25, 50, 100, and 150 pg/mL) irradiated
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with near-infrared light (1.5 W/cm?, 808 nm); (d) Linear regression curve of time versus -In (0);
(e) Warming and cooling curves of PBS and PTS@PDA (150 pg/mL) solution at NIR irradiation
intensity of 1.5 W/cm2; (f) Heat-up and cool-down curves of PTS@PDA (150 pg/mL) under
near-infrared light irradiation (1.5 W/cm?, 808 nm) for four consecutive on/off cycles. PTS@PDA

(9) versus O.-PTS@PDA (h) ROS production (concentration: 150 pg/mL).

a Laser irradiation time (min) PTS@PDA pg/mL)
100

-----
Do (®(w
D® oe|
P®ee
|| [ [
®oe|s]
D& oe
O®e e

2-5.(a) 7E AR AT 20 /NSOG8 EE (0. 0.25. 0.5, 1.0 A1 1.5 W/em2) R 150 pg/mL
PTS@PDA J# G B Frs (b) SHWIRA I E — B 4 J5 1 PTS@PDA HI#BUE B s

0
Omin

3min

0.25
MDR E.coli
9m|n 6m|n

0.5

Omin

Laser Power (W/cm?)

3min

1

MDR S.aureus

6min

1.5

9min

Figure 2-5. (a) Thermal imaging of 150 pg/mL PTS@PDA under different near-infrared laser
intensities (0, 0.25, 0.5, 1.0, and 1.5 W/cm2); (b) Thermal imaging of PTS@PDA mixed with

bacterial liquid after incubation for a period of time.

2.4.3 PFH/TCPP@SL@PDA 183285 5h 146

AT RE C2UESE, TCPPE LAEH BA RIFHOGE) i thfe. 78558
TCPP Y3l J1 3 B R, A 513k O2 (1) PFH Al TCPP ] 2% fift i 4 355 it 4
i . & 2-3 H Image J 04t 7 (K 2-6 a) Motwk. 45 R KW, Oo-
PTS@PDA tt H.0 £ 3 mg/L(F 2-6 a) . FiBFEARSE G, XHIREHE
B3k 4T 0, BRI 02-PTS@PDA Lt H0 & 5 in# < (8 2-6 b) .
WAL 45 R W], 0,-PTS@PDA tk PTS@PDA Al HoO HA7 5 55 ) %
e . Bt A M E SRS DPBF MW S BT . A .-
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PTS@PDA [t PTS@PDA /4 ¥ £ ] ROS(& 2-4 g, h) . 4i}fd N ROS 45
REI/R, HoDCFH-DA 15 0 [ BiA: il ¢ 6 1) DCFH-DA(K 2-9 d) -

St R b B S R 41 R 40 i 28 B R PTS@PDA it TCPP #7=4: ROS, [H M
PR R SR I, UiE] PTS@PDA 7E 52 b b B it 72 o g 0% 7 A K (1

ROS ¥, H6sh 71N .
7 2-3. F Image J 73 #1 & 2-6.(a) H1G5E

Table 2-3. Analyze the light intensity of Figure 2-6. (a) with Image J.

1 2 3 4 5 6
Area 1080 1080 1080 1080 1080 1080
IntDen | 146123 | 160290 | 174987 | 104586 | 112103 118669
Mean 135.30 148.42 162.03 96.84 103.80 109.88
7 8 9 10 11 12 13
1080 1080 1080 1080 1080 1080 1080
126520 | 135056 | 142540 | 152072 | 159682 | 169970 | 198977
117.15 125.05 131.99 140.81 147.85 157.38 184.24
a b
’] - ‘ ' o A
4% q;”. EC50: 10.12 ;,2 \
< 1.04 = 10 \
9 10 11 12 13 o] \»\ os
00000 n

H AL EE H,O. PTS@PDA Fil Oo-PTS@PDA, A5 5t R EUE AT
bW & 280 nm A RO R SR A I BE T A e 28, AT

I HE EC50 K/ DAL A B 7 o

K] 2-6. (a) 77 nll FHIE %
ELE: (D) RBERE bk TS

Figure 2-6. (a) H20, PTS@PDA, O,-PTS@PDA were treated with dissolved oxygen reagent
respectively, and then compared with the images of color cards; (b) After diluting the sample
gradient, the obtained data were fitted into a curve by measuring the absorbance at 280 nm,
Analyze and compare EC50 size to compare oxygen load.

2.4.4 RSMINEES

I PTS@PDA X % Fhfiif 25 40 B (1) MIC {E 7 #, % PTS@PDA *f
MDR E. coli f1 MDR S. aureus ] MIC {573 3 Z124 50 1 60 pug/mL. &55% 0L
* 2-4,

5 A AR E PR OTH BP9 KA BEXSE MDR E. coli #1 MDR S, aureus 1
PUBAE o AR AL 3R G 55 R iR B R S gi it WLIEl 2-7. TCPP #1 PDA H5|
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197 % MDR E. coli fl MDR S. aureus MIHLHEAE F B/ $R1M, 24 PFH 3k
A, PFH/TCPP@SL A:F Lt TCPP ACFHAEREE L HME, XIHK T
PFH i & 2 ROS Mi/=4; M4, #t—H 5 PDA ML A,
PTS@PDA Yt #% LA I 38 58 1) 06 30 77 4b B M JL-F- i A B Mk o V8 B 1 401
PTS@PDA 140 & # ) i& 1 5 H Ik FE 2 IEAH (B 2-8) o X tegh R B
PTS@PDA 9K kLB AT B I I | 1% 470 B v 1

R 2-4 FARIN IR EEAE AU & (HNIR , pg/mL)

Table 2-4 Measurement of MIC value (+NIR , pg/mL)

. Bacteria
Materials -
MDR E. coli  MDR S. aureus
TCPP >150 >150
PDA >150 >150
PFH/TCPP@SL 100+10 100+10
PTS@PDA 50+10 60+10
Kanamycin 4+£2 7+2
Ampicillin 7+2 5+2
a PFH/TCPP
PBS PFH@SL TCPP PDA PTS@PDA

4
B
Q
Wi
8
2|z

P4
b
3 P4
3
©
(%)
.
S (X

Z
c d
120 120

NIR- . NIR-

100 sz N N NR+ | 100 =2 1] . NIR+
o I =)
€ ol I < 8o I
g ar :
= o £ 604 1 B
g * g g
. 404 I o 40 4 -
2 1 g 1
@ 20+ D 20

e g geul g e IS PO

@ 0T O 0@ ¢ @0 O 0@ 9

?Q‘(\(‘ ¢

?(,\)\“ ¢

Bl 2-7. RAMIUREETE . (a) 150 pg/mL AR FEAYCECTLIE %A T X MDR E. coli 173
R PR IE s (b) 150 pwg/mL AR EA LT E 2 F T X MDR S. aureus /)N R AT
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T ZREL R PR s (o) G BRAEIE 20 T (a) HHHIP AR VA B (d) 4H AR 200 BT (b)
TPAR VA B 45 5RF RN T34 SD, n=3. *P<0.05, **P<0.01.

Figure 2-7. Antibacterial activity in vitro. (a) Plate photos of the effects of 150 pg/mL of
different components on the survival rate of MDR E. coli with or without light; (b) Plate photos of
the effects of 150 pg/mL of different components on the survival rate of MDR S. aureus with or
without light; (c) The survival rate of bacteria corresponds to the number of plate colonies in (a);

(d) The survival rate of bacteria corresponds to the number of plate colonies in (b). The results

were expressed as the average SD, n = 3. *P<0.05, **P<0.01.

a PTS@PDA (ug/mL) b 1006 = =
50 100 150 z . NIR+
. & 801 .
U z
o L )
5|2 g I
S S 4] :
o s ‘
o @ 20-
=
0 - r r —&
0 50 100 150
c Concentration (pg/mL)
100) =
—_ y *
x| & 801 iy ok
21z o
e T 60 . Bl
3 = L
2 S 401
. :
+ -
S |x @ 20
Z 6 I
0 50 100 150

Concentration (pg/mL)

B 2-8. (a) FEALETEIGHITEIL N AFIKEERK) PTS@PDA X MDR E. coli 471 R I 521 {1
B (b) ZHRAFIE F AN T (a) AP EEEG (o) FEAGETCI G H L T A FHREE 1)

PTS@PDA I MDR . aureus A% & [ISZM P45 (d) SR FIAAE R0 R T (e) KT

W R 45 RUPIME R AR HEZERIR, n=3. *P<0.05, **P<0.01.

Figure 2-8. (a) Plate photographs of the effect of different concentrations of PTS@PDA on the
survival rate of MDR E. coli in the presence or absence of light; (b) The survival rate of bacteria
corresponds to the number of plate colonies in (a); (c) Plate photographs of the effect of different
concentrations of PTS@PDA on the survival rate of MDR S. aureus in the presence or absence of
light; (d) The survival rate of bacteria corresponds to the number of plate colonies in (c). Results

are expressed as mean = SD, n = 3. *P<0.05, **P<0.01.
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2.4.5 YR ERREE

25 iR YL BN PTS@PDA WA bR EramsEM, W(El 2-9 a). A
NARKICFL Y FR R, REIRIE G, RERIEY LR ERE, HEE
PTS@PDA WKL FEA B, KB AEY) b R 55 B2 i A v, 17 &
2-9 b AOUEL PR A BRI, ERA (K 29 o) R, BEEEYIEASH
REE KA AR . RIRGE KB, PTS@PDA H A 2k A= W s 4 il
FIERUER .

a PTS@PDA (ug/mL) c
Blank 25 50 100 150 Sl

3 o) MDR E.coli

S O, 1 MDR S.aureus

o =

o § ;

o s 1

= E 2

2 e 1

o g1 X

3 g i

(%] 2 i3

x Blank 25 50 100 150

= Concentration (pg/mL)

b MDR E.coli MDR S.aureus TCPP PTS@PDA

MDR E.coli

PTS@PDA (pg/mL)

MDR S.aureus

K 2-9. RFEAMWKE PTS@PDA %t MDR E. coli f1 MDR S. aureus W (AW RAEH . (A)
25 B Y1) 96 ALAR ' PTS@PDA+NIR AbHE (1 AL VIS (ARG HE Fr s (b) b2 R ikse T s
N (c) 45 b SR G B AR PIELAE 492 nm ALIRIEE Ah-AT LIRS RREE . 45 SRFOR P SD, n
=3. *P<0.05, **P<0.01. (d) fEABTCIEHMIEN T, MDR E. coli #l MDR S. aureus [K B

AT

Figure 2-9. Biofilm ablation of MDR E. coli and MDR S. aureus by different concentrations of

PTS@PDA. (a) A digital photograph of a biofilm treated by PTS@PDA+NIR in a 96-well plate
stained with crystal violet; (b) Biofilm observed under an optical microscope; (c) UV-vis
absorption intensity of crystal violet dyed biofilm at 492 nm. The results were expressed as the
average SD, n = 3. *P<(.05, **P<0.01.(d) The production of ROS in MDR E. coli and MDR .

aureus with or without light.
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2.4.6 MBEVEMESEITZE R

f#H MDR E. coli Fl MDR S. aureus {E B4R, 38 1 5/ HE 4L 4 52 50 56 1IF
T PTT MG EHE S8 PDT R B RACR . EPLRET, CALLMAE S KA
B3t /£ SYTO9 Yo', WEW KM eRt. B 2-10 g R ExR, H
PBS 1 PFH@SL A3 (140 e & B B gk e 6, R R 2 BN 870
A TCPP #1 PDA ACBERIANRAH e, J5& R AR R4 HT, ]
REAZRN PTT OB =AE #E LU B PDT F=2E 1) ROS JE8 T — & FEFE 41 B
TR . 5 TCPP 4UMIEL, PFH/TCPP@SL i6I7 G AL T-HHE T £, w2
4 PFH A1 8k A r@ I TCPP R AR 63l ifE = A 8 2 ) ROS, FHUK
ZHMBEIET . HAEERR, W PTT SRS, 4 PTS@PDA AbF 40 &
HEZMAERNES, RPAGEERREICR. RANARARE&EARS
FEAN PR A KR S WAl IR0 TR VR VB0 I PR VB AR YE R A
MR ZE B (K 2-11)#3H, PTS@PDA %t MDR E. coli #1 MDR S. aureus {50 %
i 95%, XU PTS@PDA I /e ARKAUHIATT B — M A Al 54 PTT/PDT $i b4
2.

a  sYTO9

PFH@SL PBS

TCPP

PFH/TCPP
@sL

PTS@PDA

K] 2-10. MDR E. coli #1 MDR S. aureus )¢ Y40 8% . K 4e NIR+A0H (1) 2 B F

29



TRCTRER A A AR 3

SYTO9/PI 4+ff. SYTO9 4u i iiid 4 Won G (0 PIALE AL L4 i R 20 (0
(a) MDR E. coli 175681 (b) MDR S. aureus H15¢ 6B .
Figure 2-10. Fluorescent staining images of MDR E. coli and MDR S. aureus. The bacteria
treated by NIR+ were stained with SYTO9/PI. SYTO9-stained living cells showed green
fluorescence; Pl-stained dead cells showed red fluorescence. (a) the fluorescence image of MDR

E. coli; (b) Fluorescence image of MDR S. aureus.

a PBS PFH@SL TCPP PDA
% ) B ‘E_
"% |Dead228% "1 |Dead556% Dead 3862% Dead 46 29%
NEW’ 107 «Em’ 107 E1U: 13’ - 1":1; ¥ 0 107
PTS@PDA (ug/mL)
PFH/TCPP@SL 50 100 150
=N =N %
- Dead 6358% - Dead 35.46% Dead 46.60% - Dead %6.05%

Live 58.45%

10

T e T P P w0t e AP 0 T T T
PBS PFH@SL TCPP PDA
% ]| Dead 1.24% « ]| Dead 2.36% < ] | Dead 37 56% < || Dead 47.94%
Live 98.19% Live 96.53% ve 57 46% Live 48.86Y
) 3 = T e . ® =B T e
T T T L O T T T T T T S T T A
PTS@PDA (ug/mL)
PFH/TCPP@SL 50 100 150
% ]| Dead62.17% ]| Dead 41.28% % ]| Dead 69.42% % ]| Dead 95.92%
A A f
LI - - Live ) 261
B o T T T R R T e 10

Bl 2-11. AR IR T 45 R . 14 NIRHACE A B SYTO9/PT 4 ta. (a)
MDR E. coli f§T-. (b) MDR S. aureus 40T,
Figure 2-11. Apoptosis results were shown by flow cytometry. The bacteria treated by NIR+

were stained with SYTO9/PIL. (a) Apoptosis of MDR E. coli. (b) Apoptosis of MDR S. aureus.

30



TRCTRER A A AR 3

2.4.7 HRERYFLSHFIE

18 Fl SEM W% T MDR E. coli #1 MDR S. aureus HE2A5(B 2-12). i PBS Al
PFH@SL 4B 40w S th R AR s, M §H TCPP A1 PDA 4b 2 ()4
A o AR TR, AT R IR D il A A M 2 o i B3 204 F = AR
ROS U8 T A n i@z, SFENIEHEMSNA, S, K TCPP
Al PDA SAEA R TR A 057E . PFH/TCPP@SL &7 i EL B 1] TCPP T
BRIBA, BONEA PFH BYSEUR] LA 50630 17 4E ) ROS, 5 3422 .
a3 —412, 7€ PTS@PDA ACFEMAN R, AMAEENZ, AT 5e%
IEAS, RO PTT GRS PDT LGB B A REFIRCR, AR AL E
RHEAL T B Bk

a PBS PFH@SL TCPP PDA

PFH/TCPP@SL

MDR E.coli

b PFH@SL

A py L 7
(¢ ;5»-\.\\ =1

A Al
\/.,f"' S [

MDR S.aureus

K 2-12. #1EHNIR 43 [f)(a) MDR E. coli Fl(b) MDR S. aureus [f] SEM FEl{%. %A
PBS 777 .
Figure 2-12. SEM images of (a) MDR E. coli and (b) MDR S. aureus processed by material
+NIR. The blank group was treated with PBS.
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2.4.8 HMEHHI5TF

N TR REA RIS A IR AL, WE T A4, PTT 4.
PDT 4M1 PTDT 4, 500 57 AT A 0. Kl 2-13 a SR 7 AR
MR IE KT 25 BE I 2k, BT SR R MR R 25 B2 AT o BRSSP AR Tog
2(RPKM+1), HUEBRR FR/RHE R R bl s T8 ELAL bR 2 N AL 8 A . %5
JE 2R WA FOR A Th B R B i AR T X . 45 SRR, & BRI RS
BIFFEIEE K, T ES . SEEARGAT T HARREA S R, Hp—
L5y A B LEE B B R i AR ) 2 SRR B E AN AR AR 1, T2 T M. 5 —A
(¥ 2 W DRI 5 (0 22 e B DR 2 BT 45 B S T SE R 45 S . B3R v R K ST e AR A
(] 2-13 b) RFEARRI IR, BLA R B AL B RS R X A AL R AR 2 ]
ARG REIMRIE, A aRREMKE, HORRIGHKL. PTT. PDT. PTDT 5
AR RZE N 0.60. 0.89. 0.66, X IH P T AN [[] 4k B o 5 (R 2254 5%
M 2 3 A [ 8l

GO RiBHA F4h 325 AWLIFEBP) « 4 TIhEE(MF) 40 & 5(CC) -
SZRmEMR. B 2-13¢KW, PTDT S 1 A =FiAFEZ5-(BP. MF #1 CC)
gL 72 7. XATRER TR B A KE G, UGN ) RS A i
R, BORAMBRE R, PRI, A RS R TS, KEGG = & E
mEFTR(E 2-13 d). BRI R SRR T, BE £ KEGG B2 M 72 73 H
Mg 5@ MR B M SO RS E 2  EEAARER KEGG B8R E £
Ae. B 2-13 e)E R LA FEAR H FI R R KL (logl0 FPKM), £L%
INEIER SR T RIB T, WORRRBBAC. 73 R R R &R K,
PIAN L R 29 SCAR I, eI RIB R . ARYE AT IR IS R, B
T VR & SRR R HEAT 2 (p A REN 0.05) . ZIERR AW i(ko01230) Tk
R (ko01200) + Z A (ko00910)  HE R (ko00340) &2 F| 22 521 1%
o, FEREEMRBITM. SRRY, SIRAMRIEIER. ATP BN
ol HRFRBERE BT L RS 4 2R U PhoR 2556 R R IA W] (T 4454,
SN RE BV BRI AR R B ) e . (EARTE RS, AR PTS@PDA A
JYRT, CRP/FNR FMGRF AT FII3RIE T . XA RE S 800 4H B SR A2 1 4l
I HL2 s m A= I U R R 22—, 5 DA AR e B 45 SR — 35187981,
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BmE, BHEERORIKRGERA RIFETURTE, w706 A9 5 1
e fERIEEVIRBIAEIN, PDA MR HE TR, 2R N AT 2K
Mo fid A SR TR, AT AR AR 58 P9 ) Sk S DB = RO 30 70 S S B B 78 A2 X 4R
ERL. FESCIEEN T MIEFRMEA T, AUMUBR 240, AR A AR AR |
BARAE RACEE . PRB(E B AL B SE T S BIRE M, 207 R A

a C
catalytic activity
0.20 binding
I transporter activity
. I transcription regulator activity Type
Z 0.15 m structural molecule activity
S § molecular function regulator . BP
A 0.10 | molecular transducer activity cc
I small molecule sensor activity |
| antioxidant activity
0.05 | translation regulator activity W vF
| molecular carrier activity
0 protein folding chaperone
b 0 5 log2 10 s P intracellular

I protein-containing complex
other organism part

P metabolic process
I response to stimulus
I biological regulation

PDT localization
m growth
i multi-organismprocess
1 signaling

PTT ¥ locomotion

¥ detoxification

I intraspecies interaction between organisms
I interspecies interaction between organisms
biologicaladhesion

nitrogen utilization

reproductive process

reproduction

Blank

Blank PTT  PDT  PTDT
d developmental process
carbon utilization

@ Carbon fixation pathways in prokaryotes

0 500 1000

@ Tryptophan metabolism Gene Number

- Aminobenzoate degradation e

Other glycan degradation
Drug metabolism - other enzymes
Starch and sucrose metabolism

@ Pyrimidine metabolism

ine, tyrosine and tryptop
© Glycerophospholipid metabolism

- Biofilm formation-Pseulomonas aeruginosa Pvalue
= Valine, leucine and isoleucine biosynthesis ! 0.20
&) is of secondary i 0.15
Arginine biosynthesis — 0.10
ABC transporters

0.05

£ Ribosome -
& Biosynthesis of siderophore group nonribosomal peptides
Lysine degradation DEGs number
2-Oxocarboxylic acid metabolism @® 50
- Microbial ism in diverse envi @ 100
Methane metabolism @ 150
© Glutathione metabolism . 200
@ Sulfur metabolism
@ Citrate cycle (TCA cycle)
Biofilm f@rmation - Escherichia coli

. Two-component system
Histidine metabolism ®

@ Nitrogen metabolism

@ Carbon metabolism
Carbon fixation in photosynthefic organisms

Blank PTT PDT PTDT

. B:osynthesns of ammo acids

0.6 0 7 0 8 0.9 1.0
Rich factor

Kl 2-13. (a) NEFEAE AL PTT. PDT. PTT) FiA/K PRI EHEE; (b) LR EEHRE
P (c) A5 PTDT ) GO EEHTE T E; (d) A5 PTDT 1) GO & &5 HTHUs
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RN KEGG 845,  RUIR/INERTER S| KEGG AR IR R . AL (35 (i
R TEEMEERE, ZREFEMAEL. RETREEH TR, 2aERH
R, WORRRIERRIE.

Figure 2-13. (a) Density profiles of expression levels of different samples (Blank, PTT, PDT,
PTDT); (b) Heat map of gene expression correlation; (¢) Histogram of GO enrichment analysis of
Blank vs PTDT; (d) Scatterplot of GO enrichment analysis for Blank vs PTDT. The horizontal
coordinate of the graph represents the ratio of the number of differential genes annotated to the
total number of differential genes in the KEGG pathway. The vertical coordinate represents the
KEGG pathway. The size of the dot indicates the number of genes annotated to the KEGG
pathway. The colors from red to purple suggest the degree of significance of the enrichment; (¢)
Heat map of differential gene clusters. The colors in the heat map are used for cross-sectional

comparison, with red indicating high gene expression and blue indicating low gene expression.

2.49 KALE

FEARA PPl T PTS@PDA WP FIHTE A @& BT RCR . A
A3 TN 25 TN B 5 5 00 B R B3 1) /N RS AY . FE R J N R MIYI I 12,5 mm Abgz
Fh MDR S. aureus 18 23R (1x108 CFU/mL) , PAEEST 40 B GA5 D s, id
S5 O 4 PTS@PDA KIS (B 2-14 a), ] 808 nm ¥TZL4MEALTE S, PDA
A PTS@PDA IR 43 73k %) 54 °C F1 51 °C (& 2-14 b) « id3% T ANENGIT 4/
BUE 11 RN I DAl f (B 2-14 ¢), /DERIRETE 11 KN 2 F(E 2-
14 d), &£H] PTS@PDA TR/, BN AHER, Fra sei N agf Bk
INIBE /N . A X IRZHAN PFH@SL ZH 0155 KN AN 42.5 %A 40.5 %,
TCPP Z1F1 PDA 21537118 36 %F1 35 %, A PDT 5 PTT HIA W AR T 1M
PFH/TCPP@SL |1 33551 PDT et Son B B E BRI RERE S, 151 K/
28 %. ZNEIFZ, PTS@ PDA i1 T HAMRF A LN R, AL T PTT
A PDT B A Bt B AF PR AL 52 ORI R/ANR 21 % (B 2-14 ¢) , R
PTS@PDA HA RIFHMEHG A ERH . FRas REM, YR A R
PR AR PDT, AR S U 5T 24

dbAh, G R A R KB AL, BRI e R
BRL ARG TE AL E I . Sy TR AR EaR R R R, A A 2 Y
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SEARACFR HAAE OGN Z R VAL A D A Ak e . S5 R (8] 2-14 6) iR . H&E B
R, T HRZE G R 40T WK & A M4, PBS A1 PFH@SL 20 43 v WL & (4 5
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Masson =GPl | KAPRNA T D 2P IS 8 F K I RE . VYT
JG% 11 K, PTS@PDA A JEHIAR I s F A, M ERE N iz, FEH.
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PTS@PDA BA RIUFMHNEEERE, B (2difh @G MA s HEz.
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Kl 2-14. 1697 /D RUBRHAG R . (a) ILZLANAOGIRET N BRI #UR: (b) MORHHEZLANEPE IS
ANERATT AR T ZG s (o) N R By () WRT AN SRR AR (o) N BRI TE
HEREDT (O DR 421 H&E Fl Masson 44 tf, .
Figure 2-14. Treating infected wound model in mice. (a) Thermal images of mice irradiated by
NIR laser; (b) Local temperature rise curve of mice wound after material +NIR treatment; (c)
Photos of mice wounds; (d) Weight changes of mice during treatment; (e) Quantitative analysis of
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wound area in mice; (f) H&E and Masson stain of wound tissue in mice.

2.4.10 ZE MM

PR 2540 (0 A2 VAR B8 VX CAE A Y IR S B B P 28 R B B VA I SRR 45 R 2
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c), UiHIXSIER NE WA BcA & R thah, BN AT 1 IS A A
1. fREIR 11 RATDhRETR (B 2-15 d, e, f, & 2-16 a) FI'EThAEFEFR(A 2-
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A IR BE A BT ILAE s (c) ANRIVREE (¥ PDAL TCPP Al PTS@PDA it A\ F 40 ffa fr) 25 M 1F
Wrs MRS/ IhEFRPR(d) ALT (e) ALB (f) ALP [52mi: A0 kEN 5 68 5(g) CREA
(h) JREMIFEMT; (1) RO FE L i, B ZERE U H&E Geigi R .
Figure 2-15. (a) Hemolytic images of sheep red blood cells at different concentrations of
PTS@PDA at different times; (b) The hemolytic energy was analyzed by measuring the

absorbance at 570 nm; (c¢) Toxicity evaluation of different concentrations of PDA, TCPP, and
PTS@PDA on human macrophages; Effects of materials on liver function indexes (d) ALT (e)

ALB (f) ALP in mice; Effect of materials on renal function index (g) CREA (h) UREA; (i) H&E

staining results of main organ sections of mice such as heart, liver, spleen, lung, and kidney.

a b
300
101 PBS PFH@SL TCPP PBS PFH@SL TCPP
PDA PFHITCPP PTS@PDA 250 4 PDA PFHITCPP PTS@PDA
8 @sL = @sL .
5 . J200]
= . I 5 ! 1
B
~ I £ 150 - 1
5 o BN !
3 4 < 100
2 50
0 0

2-16. MEXT/NRIFIIREFE () y-GT BISZM AR 6 F ThREFe B 52 .
Figure 2-16. Effects of materials on the liver function index (a) y-GT in mice; Effect of

materials on renal function index (b) UA.

2.5 KRB/

gr EPNR, AEARHEF b Bt I DA 1 Mo I G R0 ) 7 2 AR
A5 B LU LA I R IR G oK P&, b PRH S8R U DA G = 3R B LA
J o PDT 4. 1f] TCPP f21fifE SL ¥ PFH 3%, &A= NRZ EIEAA
PN, R BRI EEM. BT T PTS@PDA HIBES VLR E . PTS@PDA
TEH 5 HEA RIFHIASENE, BA RIFROCRIACRN, 638 /5256 ik W]
PG IG R 1 PDT HIRCR, ARAMINE LIRS/ JE LR BEY], PTS@PDA A
HRUFW)IEPURETE, PTS@PDA v LAYE PTT A1 PDT /EH R =4 K& 1k
A EAERRE, AR T ISR A EENE, H9E PTT M PDT K4
A DD BB B VERE, e 2 o i 45 SR RS A QR R S TA Y B, RN BE )
JR AR AR 118, TG H R R AR PR ¥ CRP/FNR SRR s 15 R -1
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E3E ATEMEERNEEREEEC KR
EZMMERER

3158

NT E I ER W PFH/TCPP@SL@PDA 9KA kIR A 72, I
KBRS T fig vk PDA FEMEHAE RR MR RG] R, SRk
RARARBAR IR, BB RE e R e VBCR T 4 H A MEIR Y Au NPs!9%89,

75 22 [N 2 THRE N UM BECIRJE PR B0 ) . AR IR M BN B
JE VR AE YRR T T T AR . BLWEER R4 FEEASE), ©
MNP TSR, HF AP AL BE, DUAE = &P AR 2=, s
2. KB AGREURL, 422 R EAVEIRA A A A TR, A
7 B SR EUG R LA CAAS R 7 s AT 0 T, D& W R T A e S . e T
PAELHEH Tl 22 56 b k), m) DL AR A o (n e 50 0 500 B o R ) 485 4 LA
PR Rl I i (10 0 B 5 3 AR B (1 4 A (B ) B 22 FL RN B B PR 7
(UNZ ). T 22 F A BOR AU DR B P b 1L, e w] DR DG
TR SR, SR A BN BB EE R T T 2 K A AR RHE A TR
H g R i 12001081,

AR R —Ffegihsy, EEMTRITRG. 8. HAEE LA .
PAREE =W TR I, R 2 HE(BSP) 2124 K A X085y, BSP B m A
e, JoEEME, FIBUE TR S0, B S H TR DS AR S
BT BSP HA M H RN, BOLREN S 5HRANESES, HIH %k
TRE ST, AT EA VAR A RE SN« et AL /8 T A F A= 437 e 12092201

AR BAEKEER b, ik TAPREARRE B R L Au NPs B8040, 5%
FEKBER N, S EE A G T AE AR N SRR, THIREEIN S, GO R ™ AE
I FEUR AR, TS B T A .

32 XWIAFI 5%
3.2.1 SEERF

H-PU(4-FRILREE) Ny (TCPP) 5 BREAS(SL) ; 2% CHi(PFH) 5 R Lt
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% B (PVP) : 2 EZ(DA) : BEIRERZZ MR (PBS) s =% F AR Fl e (Tris)
T & W %E(CH2C12) ; DCFH-DA (C24 H16C1207) ; JR4LAT (KBr) ; 40 40 3%
e sE R & TOKREE: KO AEZHE: 5)eF: IEER (HAuCL);
TR HR(AgNO3);: T/ he it = HIL IR (CTAB): 22 3 B I (SF)S5 340 [ B Hr
TAHANEHEARAR, TE R 2244 OHERE (MDR S. aureus,
CCUG46147). Z i 2 KAt # (MDR E. coli, CCUG58542)#)0 B LGB A
FHEA PR A .

3.2.2 LGNSR

Al 2-1,
@ )
TCPP </ *
*&,,m 5 p o PFH Au 0,
= = %o < o > —
rota-vap > sonication Oxygen bubbling  \Q®
TCPP-SL
SL PFH-Au/TCPP@SL

.

“, o~ 7 /

e £ - \/\ -

sonication //*/\
SF BSP - AN

BSP-le PA}C;)siBéP:SF
hydrogel
& 3-1. PFH-Aw/TCPP@SL/BSP-SF /K& & o = K

Figure 3-1. Schematic diagram of synthesis of PFH-Au/TCPP@SL/BSP-SF hydrogel.
3.3 LW HE
3.3.1 PFH-Aw/TCPP@SL(PAT@SL) HK#1 & B 5 RAE

(1) PAT@SL 4K E EM R E K

a) KB G RBARIENE B4 Au NPs, H5ERCEITFA T, % HAuCl(5
mL; 1.0 mM) MIAZ] SmL 75k = IR (CTAB; 0.2 M) o KR RETTIA
) NaBHa (15 pL; 0.01 M) PREIIA G PRI S, FFEKBEIAT 37 CIE 2 h.
A, H1 A K, B HAuCl (50 mL; 1.0 mM) JIAF] 50 mL +/5 ki =
HJEIR1LE%(CTAB; 0.2 M) o« FEIIA AgNOs (2.50 mL; 10 mM) , FEEVETRR 7%
. M HCL(80uL, 37 %) LAZES 1-1.15 # pH. 2RJ5, # 70 uL Hidh MER(78.8
mM) JIARIER A, [FN RS H 2 WS . ZEIMAM (150 ul) 3F
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S B R AR PR A IR R A L SR 24 he AT IRAG B AKKL T

b) il % PAT@SL #5K Wi : ¥ TCPP (10 pg) A1 SL (100 pg) EARLE S ki
WS BN —AN BRI, AR5 8 P e 28 RV Br L0, 49 2058 9 1 iR
JFR. SRJEH 2 mL Tris (10 mM, pH 8.5) ZEMCK IR I K &, B G HEAT -
AbEE 20 min (FFJE 10s, KM 5s) o #0804 (10 mg/mL) 7 4°C FAEE, WK
KA F I 100 pL PFH AT Au NPs (10pg) » SR f# R 3E4THE 75 4022 5 min.
XIS T HA PFH YKk T-(PAT@SL) FIFE K, 258 FKIkgk 31K,
HAE 4 °C Ti#Ar, HEMRMEH.

(2) PAT@SL 4K & A MEHI R AE

MOELRAEIEE 77 ] 2.3.1(2)-
3.3.2 PAT@SL HIFe 3 M4 gE 1T

JEIE R VAL VA 2.3.2.
3.3.3 PAT@SL K9SB 1714 BEAS

PRI T R ] 2.3.3,
3.3.4 PAT@SL B9 SMIDE RIS

PRI B S TV 2.3.5.
3.3.5 PAT@SL B9 FE ) HRR LIS

A= B R SR B8 725 [R] 2.3.6
3.3.6 PAT@SL@BSP-SF 7K 8RB & Fufiz 25 W 82

FREL BSP (0.2g)F1 SF (0.25g)n A4k, fE 50 °C FHiH: 2%k, REH
PAT@SL I\ E| BSP ¥+, $ii4k 2 h, i BSP-SF ¥R 2K BN 20 % (W/V) o
R Cm A S EIRIBAVERT, ke 30 min 58 REME RIS
W, WHKBIRELHEAE 37 °C, PR EREE 37 °C I, Ml 1530555
FITRR AT e, WG TR NIRRT, B HE T 50 °C A+ 1
h, 13%] PAT@SL@BSP-SF /K&K . XI7KERHAT T IRAMEE L) L B @ik e il
W, WFFL T KR P
3.3.7 PAT@SL@BSP-SF 7K:E AR HYA M4 BE

X} PAT@SL@BSP-SF /KR HEAT I MAEREVPAN o« B 4 %K B 2040 B (7 DL
VR, KASFEIRE PAT@SL@BSP-SF 7KK (PAT@SL #7354 100,

A\
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200, 400 ug/mL), BFHMEXTEEA 0.1% (v/v)Triton X-100, FAPEXTHE N PBS, 541
MMBIR A, 37°C K 1, 12, 24h J5 3000 r/min £5.0> 5 min J5HL 200 L T 96
FLARTE 570 nm A F HL 12
3.4 ER51118
3.4.1 PAT@SL HIRIEER D4R

EEHOGEGR TCPP 5 SL il i, KoK & 5 E Mt in N PFH 1
Au NPs, 38 it 815/ SOk 5 kb3 #) % PAT@SL. ¥ PAT@SL 29K B &4 BH& ik
ZJh, RLESRSEWEMEIES, wEFR (E3-2a), JES—, KA.
BN JCHUR (DLS) Far il 20 K BORL K KA R o 255388 (J&13-2b), AuNPs R
SPAE 50 nm A4, 1 PAT@SL #2924 254 nm. TCPP Al SL fyHAL N f AL, Au
NPs KILHEGRIEFHAL, PAT@SL 2/~ TGS IERAL (B 3-2¢), KHMEITRE
JRIIE e SN WOGIEIESE T AR T gk (B 3-2 d)o dlid 410 nm 724
[ TCPP RFAEUEE LA K 520 nm 72 45 ) Au NPs FFAE 430 B B4R R Ih & . i8It 2
AT TAE (1551 em™\ 1050 em™), PLRZSE Au NPs [FRFFRFHEIE (2921 cm
D), IEW] PAT@SL MRS & . — RIIRIESLIRY], PAT@SL CARII& L.

r 7 40
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P 3-2. (a) PAT@SL FIFAH A % (b) Au. PAT@SL f%i4%; (c) TCPP. SL. Au.
PAT@SL I € H47; (d) PFH. TCPP. Au. SL. PAT@SL ] UV-Vis J¢i#: (e) PFH.
TCPP. Au. SL. PAT@SL HIZLAME1E .

Figure 3-2. (a) SEM images of PAT@SL; (b) Particle sizes of Au, PAT@SL; (c) {-potentials of
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TCPP, SL, Au, and PAT@SL; (d) UV-Vis spectra of PFH, TCPP, Au, SL, and PAT@SL; and (e) IR
spectra of PFH, TCPP, Au, SL, and PAT@SL.
3.4.2 PAT@SL BIFEIRMEBE S 7
RE T PAT@SL [Re e . B 3-3a. B 3-3b20#7 7 ANE PAT@SL W<

B D)2 N R TR . BHS 9 min, PAT@SL 7£ 150 pg/mL i
N BUIREE A PAT@SL 7E 1.5 W/em?2 808 nm BOG RS R AR FE 23 HI M 26 °C A1
26.5 °C PLE T EE 70.1 °C A1 70.5 °C. &t =R A HIER )G, PAT@SL Y
PAEENE R, B 3-3 ¢). tFRFDEREIIAERM) 53 %, #t—1L%
UE T ARSI RE(E 3-3 d). 1K 3-3 e MFUG SE B S B T PAT@SL ()38
Bk, BT PAT@SL AR B .

7% 75
—a— 0 pg/mL
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1805 ....
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K 3-3. PAT@SL HIDGIARDGEN 5. (a) FEILZLAMDEIRES (1.5 W/em?, 808 nm) T AN[FEIK
F£(0~ 50, 100 1 150 g/mL) PAT@SL HI# IR HIZE; (b) AS[F NIR BOBH#EE (0. 0.5, 1.0
A 1.5 W/em?) ' PAT@SL (150 g/mL) F#ER i 4e;  (c) PAT@SL(150 g/mL) fEUT 21410
HEAT(1.5 W/em?, 808 nm) 3L =ANTF/ MG M THR AR tZk:  (d) I E 5-In (6) F12&
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PEFEATZE;  PBS #l PAT@SL(150 g/mL) AL 1.5 W/em? i 2L/ S 585 1 -l A0
HHRZE; (o) FILZAME(1.5 Wiem?, 808 nm) [ AN [F] PAT@SL ¥R JE (0. 50+ 100 A1 150
g/mL) FJFAEUE EIME . FEAR T LAMEOE# A (0 0.5+ 1.0 F1 1.5 W/em?) X 150 pg/mL

PAT@SL HI# &G K A, (f) O-PAT@SL /77E ~ DPBF W 5 G RR TR 96 &R

Figure 3-3. Photothermal and photo-dynamic characteristics of PAT@SL. (a) The photothermal
temperature rise curves of PAT@SL with different concentrations (0, 50, 100 and 150 g/mL) under
the irradiation of near infrared light (1.5 W/cm?, 808 nm); (b) Photothermal conversion curves of
PAT@SL(150 g/mL) at different NIR laser intensities (0, 0.5, 1.0 and 1.5 W/cm?); (c) The heating
and cooling curves of PAT@SL (150 g/mL) under the irradiation of near infrared light (1.5 W/cm?,
808 nm) for three consecutive on/off cycles; (d) Linear regression curve between time and -In (0);

The heating and cooling curves of PBS and PAT@SL(150 g/mL) solution at near infrared
radiation intensity of 1.5 W/cm?; (¢) Thermal imaging images of different PAT@SL concentrations
(0, 50, 100 and 150 g/mL) irradiated by near infrared light (1.5 W/cm?, 808 nm); Thermal imaging
pictures of 150 pug/mL PAT@SL at different near-infrared laser intensities (0, 0.5, 1.0 and 1.5
W/ecm?), (f) Relationship between absorbance of DPBF and illumination time in the presence of
02-PAT @ SL.
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Figure. 3-4. In vitro antibacterial activity. (a) A representative flat photograph of MDR E. coli. The
horizontal controls were PBS, PAT@SL+Ice, PAT@SL +VC and PAT@SL, and the vertical
controls were +NIR and -NIR. (b) The relative survival rate of bacteria in the number of plate
bacteria communities. (c¢) Flat photos of MDR S. aureus. (d) The relative survival rate of bacteria
in the number of plate bacteria communities. The data is expressed as the average SD, n=3,
*p<0.05, **p<0.005.

3.4.5 PAT@SL BYEYIRR AV SR BE

25 i R GOV PAT@SL X A E A, W 3-5 a0 SR
M BRI, SREGREIR G, RUERIAEY LR, HEEHE PAT@SL
IRFERISEIN . A EEARR, FRUIAEY) b RS B AR, 1 &l 3-5 b bR
TR B ERGERRY], PAT@SL HAT EBR AW IR I 40 %
JR AR .

45



TRCTRER A A AR 3

PAT@SL (150pg/mL)

MDR E.coli

MDR S.aureus

MDR S.aureus MDR E.coli

K 3-5. RIAIHKE PAT@SL %} MDR E. coli 1 MDR S. aureus B HIZEYIEHEEEF . (a) %S
R AL 96 FLIR ' PAT@SL (+NIR) AbEE I AE YRR B IE Js (b) Je2% B N s A4
PO .

Figure. 3-5. Biofilm ablation effect of different concentrations of PAT@SL on MDR E. coli and
MDR S. aureus. (a) Digital photos of the biofilm treated by PAT@SL (+NIR) in a 96-well plate
stained with crystal violet; (b) Observe the biofilm under an optical microscope.

3.4.6 PAT@SL@BSP-SF 7K B 7S M 2R

8w A7 H R R BORMR S 2 i B IR is shdh, INimeik &, #2
SR PG B A RKE O I HorhE i B AT B R R g, Al
BORLRE 18 B K I ] R T AR BP0 O o KBTI T VA & e B e, PE
BURDILEE, B RIS T B (K 3-5 a), BEUIKER Bl B IS B
I, P 3-5b &R T PAT@SL@BSP-SF 7K 15200 ] A1k fg

46



TRCTRER A A AR 3

w(" 3ty 2 by

€] 3-5. (K BRI IR IR s (b)KIBEIRE 1 1 2 PR
Figure 3-5. (a) Image of hydrogel formation; (b) Self-healing properties of hydrogel.
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Fig. 3-6. (a) Hemolytic images of rat red blood cells at different time and different concentrations
of PAT@SL@BSP-SF hydrogel; (b) The hemolytic energy was analyzed by measuring the
absorbance at 570 nm.
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