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Abstract With the accelerating process of industrialization and urbanization, as well as the increasing proportion of the
elderly in the world's population, we are facing more complex health threats related to bacterial infection. While the vast ma-
jority of the bacteria in the body are rendered harmless by the protective effects of the immune system, the continued abuse
and misuse of antibiotics has accelerated the spread of antibiotic-resistant bacterial strains and has resulted in substantial new
challenges with respect to modern-day antibiotic-based treatments. Therefore, intelligent design of new antibacterial modali-
ties to be used for treating human and livestock diseases is an extremely urgent priority for researchers in the fields of chem-
istry, chemical engineering, materials and biomedical sciences. Toward this end, the most intriguing of the new developments
are metal-organic frameworks (MOFs). MOFs are versatile crystalline porous lattices of organic ligands and metal
ion/clusters that formed by self-assembly via coordination bonds. Due to their unique characteristics, including relatively
straight forward and simple methods for synthesis, large surface areas, novel and diverse structures, and adjustable porosity,
MOFs not only play strong roles with respect to novel methods for gas storage and separation, they may also be utilized in
unique applications associated with sensors mechanisms and catalysis. These features contribute to our current understanding
of MOFs as promising candidates for the development of pharmaceutical and specifically antibacterial applications. In this
review, antibacterial mechanisms, and the development of resistance to current antibiotic strategies are summarized and dis-
cussed. The main mechanisms by which bacteria show resistance to antibiotics include altered metabolic pathways, regulation
of target sites, and inactivation, modification, and/or reduction in the capacity to accumulate antibacterial drugs. We consider
recent progress on the development of MOFs, including the use of specific metal centers and ligands, metal nanoparticles,
and drug-encapsulation, all of which have important applications with respect to antibacterial activities, and wound healing.
Finally, the challenges and prospects of MOF-based antibacterial materials are discussed, including critical findings, which
will help toward the development of the next generation antibacterial MOFs for human use.
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Figure 1 Three typical metal-organic frameworks for antibacterial
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Figure 2 Schematic illustration of bacterial resistance mechanism
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Figure 3 (a) Schematic illustrating the specific antibacterial mechanisms of particular metals, (b) Ag-MOF-PLA antibacterial applications for wound
dressing through the mouse skin wound model™ (Copyright 2020, Elsevier), (c) application of MOFilter based on ZIF-8 for photocatalytic high efficiency
sterilization in air pollution and personal protection®” (Copyright 2019, Springer Nature) and (d) preparation procedures of different kinds of MOFs, as
well as the crystal structure, structural components, and antibacterial mechanism of the MOFs obtained””’ (Copyright 2020, Elsevier)
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Table 1 Antibacterial properties of typical different metal centers-constructed MOFs

bR

. HaEw) P T fE PUEHLEL Ref.
Agy(O-IPA)(H,0)+(H;0) E. coli: MIC=5~10 pg/mL; S. aureus: MIC=10~15 pg/mL Ag B, BIRANAREE, KIGAEYIRE [58)
E. coli: MBC=50 mmol/L; S. aureus: MBC=50~75 mmol/L; g
Agy(3-phosphonobenzoate) P, aeruginosa: MBC=20~30 mmol/L Ag R [46]
A [(AgL)NO;]*2H,0 E. coli: MIC=300 pg/mL; S. aureus: MIC=297 pg/mL Ag TR [59]
g .
Ag(Bim) E. coli: MIC=10~15 pg/mL; S. aureus: MIC=15~20 pg/mL Ag BIK [47]
Ags(4-NPTA)(Bim), E. coli: MIC=5~10 pg/mL; S. aureus: MIC=10~15 pg/mL Ag BIK
_ E. coli: MIC=6 ug/mL; P. aeruginosa: MIC=17 pg/mL; S. aureus: N
[Ag(NO3)(ks-PTA=0)], MIC=20 pg/mL; C. albicans: MIC=20 pg/mL Ag HE (60]
S. aureus, E. coli, S. enterica, K. pneumoniae, B. subtilis, A. baumannii: o+ PN
Zn-MOF MIC=0.006 /100 cc Zn* T STE A RER [61]
GOZIF-8 E. coli: IHH=81.1%; S. aureus: H*RK=85.7% Zn> B BRIERC A ROS [62]
Cotton/ZIF-8 fabric E. coli: “FHIHE =0 CFU/cm?; S. aureus: “FIIH&E=0 Zn*" 5 20 o 5 2R 1A ELAE AR T 4 [63]
Zn2t CFU/em’ WAL, 2K 51 A AR 1
2 BB oty ﬂ”ﬂ“‘ \Q =Y
Zn-BIF E. coli: MIC=500 pg/mL; S. aureus: MIC=500 pg/mL Zu HORERG * PP RE A o [64]
Jiif; ROS
FZIF-8 E. coli: i Bl H % =5.44 mm; S. qureus: B H % =22.1 mm Zn> TRER R A [65]
Zn(IT) MOE(1) S. haemolyticus: MIC=270 ng/mL; E. aerogenes: MIC=250 pg/mL — [66]
AC-HKUST-1 P. aeruginosa: MIC=50 pg/mL; MBC=100 pg/mL Cu® B [67]
CuBTC-silk fiber E. coli: B HZ=10 mm; S. aureus: M H P EHF=27 mm. Cu® e [68]
[Cu(etp)(H:0),] B. subtilis: MIC=5~10 pg/mL; S. aureus: MIC=5~10 pg/mL; S. Cu*"Bjit; R LR-FISEMRME, G [69]
cutt )Ll enteritidis: MIC=5~10 yg/mL T35 AL RS I 2
[Cu(p-Amp),], E. coli: MHE B HE=15mm; S. aureus: H B EH/£=12 mm Cu” Bl [70]
Cu-H,bpde-Gu P, aeruginosa: MIC=500 pg/mL; MBC=700 pg/mL Cu” Bl [71]
[Cu(TDC)(H,0),]*H,O  E. coli: MIC=150~200 pg/mL; S. aureus: MIC=150~200 pg/mL Cu” B ROS [56]

¢ /MU KR FE (Minimum Inhibitory Concentration, MIC), #z/IN % B #¢ B (Minimum Bactericidal Concentration, MBC), {2k (Candida albicans, C. albi-
cans), R TIKE (Salmonella enteritidis, S. enteritidis), Ffi 4 50 8 1A I B (Klebsiella p oniae), Wit ZEHUNF T (Bacillus subtilis, B. sub-
tilis), 1S RSN H (Acinetobacter baumannii, A. baumannii), 7 1% % K B (Staphylococcus haemolyticus, S. haemolyticus)F7= S KT & (Enterobacter aero-

oniae, K. p

genes, E. aerogenes).

B H B (OH), il b5/ DNA  LABH A 4 i &
W, R gH M BET

B& 7 LA JURRAT L2242 ROS Y MOFs 4F, #5c o N\ 3
A2 DA IRRSE . 535 SRR vy SR A5 e R S A ML
B4 7630 /18 (Photodynamic  therapy, PDT) MOFs #4
FH274PDT &R FH YA BGN = A 168 71 sk AT
PIRVRIT I — R FB. PDT al 3@t Jo 5 iR 6 80T
MERESEAT AR REESA(0,), 5IRMMBEE, (21E
HEMPAET:. TR — L 7K B, PDT X 40T 5%
RARA B, BN, 2017 4F, SR A8 i )
WIEH T S IREE I MOF-525 5% e-CL BRI R
I, 75 LED 38R, AIX} E. coli IREIRBOR K. REE
PDT /& —Fl A 2 AN i IR G697 T B, (BB A LR rk
A (DR B AR P R BIGRI P O B RIE A, (2)061
TEEIRIEVR, TOIEA AR A0 R IR G ()R K
Uil F & Z A, AR T4 S PDT J7 R4
AN, 63N 5 H AR 7 R W LR AN & E B
B, EBIPE R H K. 2020 4E, 2K E
KHEE R Cu B2 2Nk b LU 4 JE bk MOFs (/&
3d). XFh MOFs HA MRt tERe, IR 230
Cu”" FRE AT LA RO SR BT = AL R FE 7, AT PELAS H

Acta Chim. Sinica 2020, 78, 613—624

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TR MPER &, JFR4&IRE T MOFs [FGHEE
fit. SbAh, Cu* BRI LUEIE d-d BRIE RIS R A
Fedrtee. @A SRIUEY, EidHE. 10, I Cu®”
b FOC A AR F S A ) A g AR, ek R B T
BUFSESET B RES, AL IZIB &R TT BRSO 24
Ao 47 11 A T TR e A 2T ik R TR AE AR O .

4 MOFs &1 £ B4KK T HIEM &

PLAg Bk Cu® B A O Y MOFs A4 R} SR I 25
TR SRS/ R E R, Al A 2t
RS 28 T 1) A DA 2000 DA RE S K Ag HE
NIEF R Zekifhk, T KA1, FHE 1
WPIRBE b AR s, B AR A RAR IE T A DhRe; K
B Ag T TBUREA S TR Fe*', Ja 2 w25
(Fenton) Jx N =42 ik &) ROS, 21 S8 IE 7 4 & A4
RAERNL; KEM) Ag HER B STH, & sk
RERANIL I A B B TER DA S R & ) Ag TEH
Brh B AR RN, KA YA IR R, &
SIS AR BE 2 2 BT O T B AR LA
PER, 3% AT LA H AR 44 K RE T~ (A gNPs) MR 24 K KL -
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(CuNPs) KB Ag™ 1 Cu®". M-NP H.A 5 w5 1 b & i A
LR T RAFES /N T 10 nm, HER WKL), 7
DAt B 22 (3% A7 o 5 3 B R AR AR LA AL R,
M-NP 7E# I8 AR SR RE, A o
18 RIAIE, M-NP &l 55 AR BB
DRI, 7E S5 p A B 2 R R M-NP IARGEE . 20 HK
P EETEIF R AR S . ARG, e 4ATER MNP A1
TR EE AR 2 ok P 85 IR i B AR 05 v 0L
A, Yl MNP )2 525 5770 B R 55 5 1) b 1 DA R ik
BTSN fGE. MOFs () BN f# X — ] iR
BT B R

MOFs .7 % J8 49Kk 7 (M-NP@MOFs)BE - B T
MOFs st REA. KILE A LR RSN, i
FIH B S FaE . A 7B M-NP 5] §ifE L
B e E M . M-NP@MOFs {E 47T 5 45U B T 1 (1 5
RIS, XEEAN: ()5~E57EE KT M-NP AL,
M-NP@MOFs il 7T ANRAFEE =, REGREZ, 5
724 ROS; (2) MOFs FIH B & FLiE &5, 78R8 A2
NAEFTR, AR M-NP Rif2d— B R e M4r; (3) M-NP
SR LA B mem SR EAE ) SEE ) /15 MOFs A%
A, T RLE— R R B . M-NP@MOFs [
B RTTIEFEE S O E RS ¥ (ship-in-the-bottle) “ My
A& ¥ (bottle-around-a-ship) Al “ R AL IE 5 7 V% (in-situ
reduction)& =F.

OGN %, RIEJeA R MOFs, s
H,. CO Fl NaBH, 518 JEVEY) I [ AR BE 528 4 (UV)
I FRE JR &5 7 1A K MNP 353 3] MOFs fLiE A (&
42)% 2020 4, {5tk AP T — R 2 SRR
3D JKELE, ZKEUR T AgNPs@MIL-100 F1J/R S 1%
(GGl i ] B 1R FL VR & K 8 2SI A . /K e A
N—FhE SR ERZ A B, fE4IM 3D 3598, R
TRRERI DR S T TH A A BN 4T, B —Fh
BARPUEBE . R EYIAR RN PR K
BB AT G REAR. M58 UV RIS SR 4 8 A ok ik ok
A AgNPs, AYIE5E T MIL-100 F6HEAEE, HIR
T T 3D /KEPURTEE. PURESRI R, KRN
E. coli MHEKAA RBEMHIER. AL, AgNPs@MIL-
100 5 GG A E IR /KEIR RA ATER . S E
A B SRR, R A R AT 8 AT

“WRINERRL” V%, BRI A M-NP, 2512 5Hc
PRI\ B S B 28 8% AT IR g I B 4b)BHeel —
FEBEBL S, TSE A ) M-NP 38 ¥ 75 2l 2 1 i 14 771
SotE DA R AR R A . TR AR B R T i 7 2 A
Ag WKL IFEHSINZBE ZIF-8, IR &8
@MOFs %58 5 i g 44, it oo Js B s ) 25 R R AT 9
TSR A KR, HE TR B¥ ZIF-8 5%
2 EEEEHILE 30 2 100 nm Z (7], AN, b ATTHE— 50
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R T Ag@ZIF-8 Xt B. subtilis f1 E. coli BL21 {47 i PE.
ZERRY, Ag@ZIF-8 #7057 i 45 M Aok 2kt LA _E
SR B 38 A R G S DU B A T

“JRALIE R v, BRI MOFs ¢ A 45 M 7748 138 J
P ZE R — 0 R AL I8 JF A2 e MNP, JE 75 AN IR T 7%
Ak 7 At I S A B ). S BT VR A U 4 R Ak
B AR E . A SR ANHERA R S M
. sk gk e HBAPYT AR MOFs (CD-MOF) A
BB, &R T RaE ) AgNPs, SEBIL T i 2% i 40 e s 1k,
Ihfe A B 5 G AT Rk 1k i A% 1 & (B 4e). %A
FUVEYIA MR R CD-MOF BEAR, ) FH &5 44 i
FR ALY BT (OH) I L & B 7 S 3k A /B 41 (1.7 nm)
AgNPs [ CD-MOF (Ag@CD-MOF). 5253 B Ag@CD-
MOF W] 7E AR BE I R FEHN AR, HAE E. coli F1 .
aureus F P E /NI E(MIC) 75124 16 £ 128 png/mL,
M 3% L1 AgNPs 7= S TE E. coli A1 S. aureus H MIC N
512 pug/mL, iEW] Ag@CD-MOF {470 1 Th A5 51 8. 2 12
1. Ag@CD-MOF THekL 2 [HI PR RITRS B T 20 B BR R S A1
TR, R A KA AgNPs [BEfERORI N, 52
IMERE. RN IR GSS FEEX A B ) CD-MOF i
AT RIS, {2k M/ AR 1k i D RE, 3 58 1k i 2R,
(R B HORLAE 61 5 FB AL (KRG B, BrfF] AgNPs HIBTEEAEH,
ik N &4

WI(B) & —F = 52 1 B R g 2. B & H — A2
p B, 52 BOERSE BRI Lewis BR. 1%RHE
A5 LRI 200 R D B T P 4% A7 R o G 7 A S R
71, M= AESTR S M. filhn, THER A AT A AR
BEH, BAEWER. PiE. WS s /EH. 2020
A, R ES [ B O o 7 A S K A HE S 44 KL (Zn-BIF)
GER AT BT B PR A, RIS T R TR AR Y
—. D AEHIEIH Ag(Cu)@Zn-BIF, [Al5SEZH 1 HiE . il
FEIR YL A 0 1) DT A A SRR AT ML SR e 1 B
(Bl 4d). ZWFICAE = iR & N R Zn-BIF 251 1 18 B
—H BIE R T), TFATEE AR, EALE K
TALFE Ag. Pd. Pt. Au Ml Cu Z57E N L F M-NP, &
BT AgNPs FIRSFZN 9 nm. BRI, Ag@Zn-BIF
AR AgNPs AL R AR R BTEERE, X E. coli
A S. aureus [ MIC ¥J7E 30~50 ug/mL. Ag@Zn-BIF #i
EIEPEM P2 A5 T AgNPs 20 B 3 % ML 403 48,
S IR R Ag@Zn-BIF W] DA B B HE 4 B 3
(O*)F1+OH, 7F AgNPs. WBKMLECL/ART ROS 5% K&K
B FI A PR I A R 4 B A S R, AT SE I AP B
BRI LASN, Ag@Zn-BIF 1 Cu@Zn-BIF 43 5I7E 2.5 1 6
min N AR 4-R4 IR 5E AN 4-F R, X T
VEAATF B T —Foft T B 3 P A7 505K JiR A7 5 i 22 o 5 4
JEANAE Bt & BAK KL 177, &) M-NP@Zn-BIF
JET] DA T4 3 2 P A S BRI L
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(a) Ship-in-the-bottle

Au Clusters on PCP

Mixi H, Reducti :
i 7 IXing , Reauction *1 s

120 °C
Solid Grinding e
(c) In-situ reduction
Ag NP
&7 BRI 2 S 2ok E 2750 W 27
L X XL ) ) P-4 6 N % 2 ¢
WA BEA S s Ag PRGES Ser. SR N B NS
oy & o, ® .t @ o e (3 = o
PROVER S BEwE o, B me
Btk W4 Bk Impregnation Bpliak W04 B Reduction B N Bl
77 B £ B £ BB £
(X xx¢ b, A, Y&
LRSS LN e Bt WL e Bl WA
CD-MOF ,  Ag@CD-MOF

(b) Bottle-around-a-ship

@ Pdnanocube

® zn(Noy), \- A\ YA
= 2-Methylimidazole [ | i AL

(d) In-situ reduction

M-NP@Zn-BIF

M=Ag, Cu, Pd, Pt, Au et a/

B4 (a) @iX Me,Au(acac)F CPL-2 T [E A BE A S 48 H, I8 R4 B Aw/CPL-2 EAMEI, (b) PANCS@ZIF-8 1) H 2H 25 F & 3 TR ot Uk
NI AL B, ()B4 AgNPs £ CD-MOF [{14L 4= KA1 CD-MOF (13 1 280 P 119 ] 46 3L 2OV (d) M-NP@Zn-BIF (¥ 54 A B SRS AT Zn-BIF

LER I B—H i R4

Figure 4 (a) Synthesis of Au/CPL-2 composite via solid grinding of CPL-2 with Me,Au(acac) followed by H, reduction™ (Copyright 2008,
Wiley-VCH), (b) self-assembly of Pd NCs@ZIF-8 and plasmon-driven selective catalysis'®® (Copyright 2016, Wiley-VCH), (c) preparation process of
ultrafine AgNPs growth in the pores of CD-MOF and the surface modification of CD-MOFP® (Copyright 2019, Wiley-VCH) and (d) in-situ synthesis
strategy of M-NP@Zn-BIF and B—H reduction bond in Zn-BIF**! (Copyright 2020, Elsevier)

5 Y48 MOFs fiE##l

i R _EPURE 2500 GG 25 R B s &
fie s Rk Mlish kel fe ke gt PuEZme TER T B
WL, —REEREZ A B, b, 45 2
IWALAEE 2 e 2 . Fae YA TR AR . mIfE
Fl % UL R AR AR S Bk ol VAT 45 AR ZE A
. MOFs M2 L5 n] DUA Bt B 8 &1k 1, B LA
H BT A 5 O ks — L 8 M K BRAE AR P 25 5 13
BRI 259558\ MOFs [FLIE Y, DLIA 28k G i B 45 24
R HEK 2415 R I IAL K H . IR 1EVE R MOFs 73254
B WL N2 —. IR H MOFs =275 25015
o 1SN T B R AL, HRES LRSS
R E 1. XFOEE RN T AR S
MOFs (L2 KEHAFF, I H MOFs FIZ5#) 5 F 2 18K
FEAMEREGRCY, 52595 1 B A M AR E &R
B i FE HLE B AT DLSE & 259 138 330 %, Serre
SEO2R FRAER NG AT I 25 B I A E 51 MIL-100/101 L
i, RS KFLRNFLI S 4 A 92 Al 56 AN251)
T, SEPLT A SR BUE . 5K SR TR A2 PR
ZIF-8 Wit —Fs B 32 RGRBE L) T IR
W% BE (5-Fu@ZIF), HFi12 2158 200 nm, # 2 & &k
21.1%, ARk T EL R AR B2 ERT A 1570 m¥/g
FRARE 25 10 110 m¥Y/g, WEMZ595> T ERIEAE S
FLIE P 6.

IE4h, MOFs APRLIE & 7] LgEAT SMEM, XAEA
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AT LAY MOFs BETZIIIAT v, b BA R 5 PR
Ihiie, WGPy il R W R B, R 2 2
RSB AR P, DU I AR Ak 259 G ORI
B, MIMHREIGITRCR. MOFs 1E 28R AL fiE
T AT 38 i o508 A AL A 1 b S T 3 A R AS R 6 1
J, LAIE B SR TG0 B R, AT i — 2 e 25
Iy FE AR B B FE Hp SR BT N, 45 140
B S Ak B R A KA AR AT HLO, MR D v, T ER P th
s, AT LR Pl i 0 2 BEIR B SR 2 1 20 776 B A
7 B F B ) B A

Van & —FEICRPTA R, J&FRIAIT 2 Fh 4 1A gk
el PTAn e 259404, YR 9T BB« TRAE | /O PR 26
BTG LS K MRSA 5| 2 (1 i 58 28 IR, %8 Bk v
BEAERA—ERIBIT 7 WAL, 4250 18 7 R K
B B DUHGE R, Van W2 —FA T Oy A 4
Jio 9 W AR 24, SR T 1 AR 24 280K 2 K 9 B IR, MOFs
CL4 4638 Van, IX2 RN MOFs HAT 35 3 F1E
JiE A AL I o, xR AT I A LLIE BB AR Y
HITRCR. SRR BN HRIE T —Fh B A B APURG
7 e H G EE A MOF-53(Fe)@Van & &A1 kL Szig 4 5
B, MOF-53(Fe)@Van A MR 25 PERE, X
S. aureus A BIF DU ZCRCGREA R KT 90%) RA4F
A RS e M AT T o] 2SI i s . g, 78
MOF-53(Fe) Bt A Fe' RRF SR IR IE T MC3T3
ARG R k. R, EAATEE4PT 2019
EARIE T —F pH M N A ZIF-8-PAA-MB@AgNPs@Van-
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LRk

PEG, HTIAITIR YIRS (& Sa). &H RAIGIRN ZIF-8
ZZHER T T B0 R 71 2R 0 (MB) Y s A R pH
MR, 13 MB 5, 18I AgNO; A2 BT #k A it
T840, JRAL T AgNPs DL o 5T B MR8, 28 5 A
Van/NHz-PEG BEAT OB, HE— R R KR T B 4T

PE e, RAMSLIG R, S EMEHE 650 nm O RS
TX]L E. coli, S. aureus A1 MRSA B =30 K& AEF Hge
% E AT BRAE IR, RIS, ARSI N B €2 3R R A
A AR 5 1 S FTVE T FIR P B G /)RR Sl — P
WESE T MOFs 5 A4 2 BA 57 00 A AR 25 PR A s
PR PR ST RE

BT Van Zhid: Z 2 b, MOFs i H 3 K%k
S-W IR EEANHI A 3-8 I -d-TH R IR Ak Ao fth e 25 L
AP DIRERI 2541050, &7 2 3H (Sulbactam, Sul)fEJy—
FRASTT W 55 S P B- PN ot e B 11 770, % o 22 B K )

P T (B S AT 581 90 B 7P A 13- PN T o T 450 A 4 ) 4
H, B% 5HEHERLICLBRERIAMEH. Sul 5EF
P AR T T B B V6 97 BBUBR AN B T S0 9 B e DA R I
LRE G S 8 S5 3993 W AR s FH et 2 7, Sl 1) 4 B
B — B — AN R A AR R S B e AL 5K & R
AP T R — 18, Wit 7 —FR6iEk Sul ) MOFs
YKL T LLIRTT MRSA 514 5 I Ge( 5b). AbAiTe
Jekt Sul #HFLL Fe' RRE PRI L MOFs FLiE .
HMZH MOFs 1] LLA RO A~ IR Sul, Mgk 7
Sul WIFEATRER. SEIG 45 H R, MOFs 4K K 175
MRSA B GLiE R VE S5 AF T (pH=5.0) 1] LA 241
HlFE R K MRSA B TR A VIR . e ok, APy sii
WAF R 7@ ki 5 MOFs 40Kk T, B8 B S0RYT
MRSA 5|72 1) R 4 B PRGN, IR E T 4
GG N IR,

(a) Vancomycin (b) Sulbactam

ﬁ”\

pH-triggered
degradation

@ = I::j:: ZIF8-PAA @ = ﬁi@w MB Hysz- =

L

apo~Ao PEG

(c) D-AzAla

@ ML10  evAma A FI127 - * MD|LA;3(I)aS)P
S

(d) Peroxidase

glucose oxidase

Infected skin Hor™w, | € H:0; ® o f \ b
’ 2 i - i ( - .
@ : E a® |;’> )%?‘ “ : ultrathin 2D MOF nanosheet
~ | H0, J'/ v 3 : ‘ N’ *a
' . i { Decomposmon MRSA with le
0-AzAla@ Inflammation site & Release Azide groups

MIL-100 NPs Injection
Live bacteria

glucose gluconic acidt self-activated

' VS #
‘ peroxidase activity .‘;:é 4
clck ;09 :
m’\ . ‘b : .‘> Light Imaging x ‘p‘; f eand
Lo S Ja { o= 10: — e o1
( " continuously™ \ N
AIENPSDBCO  AIENPslabeled | | Therapy generated S

AIENPs Injection MRSA
RSN S Dead bactena

Bl5 (a) ZIF-8-PAA-MB@AgNPs@Van-PEG ¥4 A S HAE IR SR IGTT T KR CO () 7EBLAK pH 2 AF T, Fe'"MOF )2 B it 2 7 20 1
Gehr B RSB AE R AH N R 2 P, () MIL-100(Fe)AKRi 1 KB T34 51 S R 10k PRSI I8 Y7 123 Mg 7R 2 BP9 () — 4
MOF/GO, K MEAL R I R BT B ML 7R 2 o

Figure 5 (a) The synthesis of ZIF-8-PAA-MB@AgNPs@Van-PEG and the application of endophthalmitis treatment”®® (Copyright 2019, Wiley-VCH),
(b) schematic of the design of car/Fe’” MOF-coated MSN and the synchronous release of antibiotic molecules and inhibitors at the bacterial infection site
at low pH®" (Copyright 2017, Elsevier), (c) the fabrication of the nanoplatform based on MIL-100(Fe) and the proposed strategy for image-guided precise
antibacterial therapy in vivol®®! (Copyright 2018, Wiley-VCH) and (d) design and antibacterial mechanism of the 2D MOF/GO, hybrid nanocatalyst!'*"
(Copyright 2019, American Chemical Society)
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2018 4E, XREB\S it T — Rl AT 3-B k-
d-HRAR(D-AzAla)[f] MOFs 4KKi T [D-AzAla@MIL-
100(Fe)], FHilid B REFE T RIGAIE) R 171K
S B A 9 AR AR IR 51 3 R RS HEPLIR R T (B
5¢). i Fe’ A =M (TMAY & T BEAEZ N 120
nm ] MIL-100(Fe)4 KA I 571 D-AzAla, LK
W5, MOFs i@ i =72 1% K fif f 245 (Enhanced Per-
meability and Retention Effect, EPR){E H,0, ik 1) %
SEDCIAREE, I Fe' A TMA 28 IfA 44t H,0,
BEIR, AT 33 MIL-100(Fe) 1A P F#f#F1 D-AzAla [
B [FIE, D-AzAla 540 ANEESE A -2 5 H S
. B AIE W5 F 2-(1-(5-(4-(1,2,2-=(4-
FH AR B R 5 ) £ 0 02 ) R 3 ey -6 37 238 1 — i ]
SR BN BS R EEE G S, RN RS2 BL40
(7 bR A e S PR I . IR T A i U AR AR
B RER] S R 41 R M 4 S e i, RSRE
Y B G (A AR R T A2 T — R AR AE T — R
1 .

B)5, Sava Gallis Z5°HRIE T 5 — AN WERIRTT
TG AP 2k Ahne 25 B ZIF-8 LAY
AR P IR, Sk At fl g f 22 P 24 4 =2 B PR AT R 5 A 1Y)
TuRE SRR R Ge  BR B R Ge DA S 2 AT B E P
aeruginosa FTEUFHXINE KRG NIEH. L6 R
R, Sk R EOT SRR AR T ZIF-8 TE4H AN 1R
VIR SR, F 0T DLSEBLK A — A I 25 RE . Sk A g
@ZIF-8 Xf ELE A549 4H A FNfili -2 RAW 264.7 410 &
RO RIFIADAHZNE, BT E. coli A H A1 HL
BT, EEEME, BT ZIF-8 T HLEC R ) K
JePERE, o FHIE I A BB z-stacks AT 3D EL A, IEsK
T Sk fhiE @ZIF-8 TE4HMIH 1 A AR, IR T 24
VIERGIRE. ZIUTAERIH ZIF-8 [ i H ket fEs
WSIMZGRRE, ARSI NG5, B T AR
THA R I 2 1 DL R el 5 BT s Sk 1) Bt ity

B 7254 LAAL, AR RS R AR AL
PEXT A A 3 RS AT . AN I, RARB IS PEA TR
S % B4l AR B v A s PR T S PR v N R
FEAL. R0, BHF TAEEANESO TR B 15 5 K
SR I M RS- 2 R R RIS 1 (V0 B oK B A ). X
T AT S SR ) 40 oK RE S0 B R 0 A 4 e e
iR T B R AT R U0 B A SRR A I SRR P 1
KB IE IS T R miE R ROS kA UK KA
B OO KRR 5% R 5 AR Y -OH 81 O K. — T
T, LA IS S Ak 0 i T 1 49 oK T A e AEC A EE 1)
H,0, /#4:«0H. 5 —J7 1, BA KRG ANYEEEERI
KEFHEAL 0, F M O°. FIFIIX LRI ROS FTHA 58
FAALPERE, BEIRAN B DA ARV R B AR A F, N
T S BL e 285 A % B ME AN BT A A R Y, i HL, X
FpL o 7 Ut AN 2 S B4 B i 24 P 1 7 A

55T MOFs 2& 8 A g KB i) B FH e b, Hoh
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AN LIRS B R 5 £ pH BN 3~ 4 I BRR
PEIRES, 1™ 5 R T 9K B 7E N AR 24 T 1)
M. BEAh, #5 BN E R ) HyO, 20 1E 5 4121
B R RN E R, 2019 4F, il e R ] AT i FH b v
] MOFs Z4K J [2D CuTCPP(Fe)] 7 4% 7 % b S AL iy
(GOl #& T IX AR A Y RAEL I 5d). H, GO,
SALAG I E AN R AT REIR AN HL0,, o 1Rkt
H,0, (MR, T HLA: U & R R pH BN 7 B#A% 2
3~4, JEMEE 2D Cu-TCPP(Fe)4hk Fr i S AL 4
KEG AWM. ST HO, e T8 2D
Cu-TCPP(Fe)4H2K Fr it 47 Ja SE A S 2, 30 A=
OH, HETiSEELAA A B P .

6 BREERE

8 55 BLAR B B A 1 B e i L R %2 R (] (1 2%
YIZE X, MOFs JEDIRe RS 2 T PR RIK R, Kl
VLA SRAE 25 2R GACU . A= i A3 5 S A A0 S e
Jie 8 B 245 1 % e S5 T K 2 W SR 9T S T T2
Bz R, LAk, FT MOFs AP AT FES
T BESRR. X R SR LI 4H T MOFs i AR
BT E, WA 25 1P~ AR WL B R, 20 28R T
HAEAE 4 )& O ATELA MOFs #48L. MOFs W78 4 )8
YKL TR RN 2528 B MOFs A RFEAETTR 405 142
AU 1 — S R .

R MOFs $L B M RHE SZ 36 S0 7 i D4 BUS 735
Sy BB, {2 MOFs H A 56 RKIF ARG A TERE
L. MOFs TEUH DU ST 78 Ak h 548 LR
JUJ5 T80 1 = BRI iR A ek (1) MOFs A 83T 428 -ic
PEAE IR B P A ASHEZE AT RL, TR B = AR 1 4 )
BRI HLTC A2 0T A2 s 1) B B AR B 7R AT AR
Pl XORAERN G PR 5256 2 1T % 38 V) 75 22 1 B 11 1)
LA B AW T A WL TAE BT A A 26 5
I TG R AE N &8 1 SR B e g5 1, X i
MOFs it B EE I 55 3 t4h, X MOFs
T HEAT Th e AL A LA 1 R T FE 38 25 AR A )
R B LR 2R R B 32— ()Wl 4% 75 3% MOFs
TEAEYIR N R e T 75 AT, iR S &8 2 IR K
Fa B MBC A7 BA2 MOFs 5T B — AN Bk AE FH 73, T
HLHC R 5 e A 2 (8] A77E 23 7 [ A LA F 70 (an S5 55
JE T 1AV 59 (A HAE ). MOFs £ 8 28 A F 4 T 4%
Gy o i, X BE R AR i, AN AL SR A, AR
PE B F7 SRR 2 MOFs [fa e R B2 (3)Wnfaf sk
T 25 9 (1 BREL 1) 325 025 55 v R AR 2 SI2 o 7 TR W ) —
KPR, HATKZ 3 MOFs /A RIEZ5shit i fE & F
—ETRE MYt aE, TR, BhAh, APV
130 11 AR AN &+ o0 8 2. I A B ) 3R TH B
(CAnAZ RIS RO A 3% B Jo 8 4 5 Zh B0 [l 1) 7)), A SR BRI
TETEZ R, R A BRI T 9Kk T 32 SR 1 B
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(4) MOFs /MR & AR 1 H BN, 45 1 52 ]
AR WAEE AR MOFs a0, W fifs
MOFs & il # Ak, 3 i H U B 27 I A N
BINETRIRAWTE. BeAh, XFF MOFs BB mis. 41
T 2T HAERR T TR LL D, il 2935 S bR A

£k LJrik, MOFs AV 252 LM EA R &I
PRBALIERT, TR RTINS R TR Y
KPR TT URAAT A 22 BN AT 5. L AT
A — B AR AR R R, (EERESE MOFs BT 7T R
RN, I L PR XA PR — € S48 — e,

EE BN

4

F2, WEFRA, 2017 FHL T REHRF RE, KBS
AMEAE. 2017 SR FRERIT RPN IFRIGETF L34
EBHR T 01 Ky AN AR B S AR 0 A M SR
AERA. WEFEDRB LG A,

AESAR, 2017 FH b T3 E SR kg, KEPM LA
2018 SFEAKMTREERKRFWES —ER. B ZE2MR
T H SR R T BT B 69 B8] HOH SR AT .

)
L

S

A

@

R, #HI%, HMEAS, KEEHKEHES —EREA
FHEE FEARFEFIEZALA.BENANLZREAER
B BB IEHAE T ELERAER. AATEEMN
F R TR A HOE ERS ST
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e, Az, WA SR, RER T XFHIFRER
K. 2007 FHELFERRE, KHFEFE AEF R 100
R, EENF TR AL 3 e AT 2.

THA, B, LA, LT EMEFRILT S5H4+
HIfEFo 4 1996 F2LFRERT KF, L34
1 Angew. Chem., Int. Ed., J. Am. Chem. Soc.#= Chem. Commun.
FEFLFER P A ELFRKEL 200 44, FARAREL OIS
FIRAC T FEIR Fu £ M 2 A AT AT,
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