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O E B =X a(Fo)BBEmE T 2R (ATRAYSK”) 8 24 R 9 F M % Ak [Fe-K(Cs) FFHK , Co-K (Fc) FFHK VA & %t
M8 % AR [C-K(Co)FFHK], R Fe A2 B F M AT % R A ET AR LR A LRG0, Fik RASREBAESGREESRILE FHE
% Bk, SR BAR 3 ROR AR &35 iR BEAT 45 AL 5 SRR R SR T L o R AR M) SN BOR R | Zeta WAL AT AU . Zeta BAL A HT £
FREG AL ; RN B — & 3% (CD) A% 2ot 2o sh K (FTIR) (AR 8 & T(ThT) 3% bk &4 b F B 445 (TEM) F 847 — 8 4
M FAE 5 BRI E R A(ROS) AR AR I A K Zokn 2 R I FAk R IS 5 I Feig g bk 52 18R 0 2 40 B -5+ M
SRRAERRBERAMAAEE LG ZF, GR GRTIHLEAN T TN SR, RTREERERIT, £ETHE24.96h
i}, Fe-K (Cy) FFHK , Co-K (Fe ) FFHK #4 % SN B0 B i JL-F & A K, =% 89 Zeta AL 5 RV 7 0.3.0.5 mV, —REMEILE R
2.7 ,Fe-K(Cs)FFHK . Co-K (Fc)FFHK %~ %1 8 28 3% p% 42 iy 24 K A7 Fo 42 24 K 47 2 26 ), C-K (Co) FFHK B 28 35 A%, IR A2 K 24 K 4 2 2%
M AFREERE T ISR B & B RFEMETEA—E£F, HIPROS £ & EI %R 7, Fe-K(Cs) FFHK & pH
6.0 i 49 ROS & mzk % & F C-K(Fc)FFHK , RN E &R R 27 8 Tt P A Gk a3k &3 H5HE 27 F 574 £ pk ey A%
T K (MIC) AR 3 % 50 pg/mL, iZAK T x5+ B& % Ak 69 MIC 4 (400 pwg/mL) ; 3+ T K M AT # , Fe-K (Cy ) FFHK #9 30 #& 4% T
C-K(Fc)FFHK, 4tk 5 i foii ik R334 45 R 27 2 AP R M 5 Ik39) LA BUF0) A etk . S50 @3 183K Fe, it %
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Effects of ferrocene position isomerization on the self-assembly behavior and antibacterial effect of coupled
cationic peptides

LI Yijie', WANG Jingwen’ (1. School of Pharmacy, Shanghai Jiaotong University, Shanghai 201100, China;
2. Dept. of Pharmacy, Xijing Hospital, Air Force Medical University, Xi’an 710038, China)

ABSTRACT OBJECTIVE To design the two isomers of ferrocene (Fc)-coupled cationic peptides (hereinafter referred to as
“peptides” ) [Fc-K (Cs) FFHK and Ci-K (Fc) FFHK] and the control peptide [Cs-K (Cs) FFHK], and to explore the effects of Fc
position isomerization on the self-assembly behavior and antibacterial effect of peptides. METHODS All isomerized peptides were
prepared by standard solid-phase synthesis and purified by reversed-phase high-performance liquid chromatography. The stability of
the peptide was analyzed by using UV spectrophotometry to detect UV absorption spectra, and Zeta potential analyzer to determine
Zeta potential. The secondary structure was characterized by circular dichroism spectrum (CD) , Fourier transform infrared
spectrometer (FTIR), thioflavin T (ThT) fluorescence spectrum and transmission electron microscopy (TEM). The differences in
antibacterial activity and biocompatibility of the 2 kinds of isomerized peptides were evaluated by in vitro reactive oxygen species
(ROS) generation test, growth curve determination test, plate method, cytotoxicity assay and hemolysis test. RESULTS Three
peptides with purity higher than 95% were synthesized. The stability test results showed that the UV absorption spectra of
Fc-K (Cs) FFHK and C:-K (Fc) FFHK remained almost unchanged when placed at room temperature for 24 and 96 hours, and their
Zeta potential were decreased by 0.3 mV and 0.5 mV, respectively. Secondary structure characterization results showed that
Fc-K (Cs) FFHK and Cs-K (Fc¢) FFHK were self-assembled to form twisted nanoribbons and short nanofibers, respectively;
Cs-K (Cs) FFHK was assembled into cylindrical nanofibers. The optical spectrum results showed that there were certain differences
in the content of structures such as B-sheet and a-helix. The in vitro ROS generation test results showed that ROS generation
efficiency of Fc-K(Cs) FFHK at pH 6.0 was higher than C«-K (Fc) FFHK. The results of in vitro antibacterial activity showed that
for methicillin-resistant Staphylococcus aureus, both the isomeric peptides had similar minimum inhibitory concentration (MIC)
values of 50 pg/mL which were far lower than the control peptide (400 wg/mL). To Escherichia coli, Fc-K(Cs) FFHK had better
antibacterial activity than Cs-K (F¢) FFHK. Finally, cytotoxicity
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assembled peptides can be improved. Regulating the position of Fc in the peptide sequence could regulate the self-assembly behavior

and antibacterial effect of the self-assembled peptides.

KEYWORDS antibacterial peptides; self-assembly; isomerism; Fenton reaction
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JIK Ac-RFSFSFR-NH. il Ac-SFRFRFS-NH., . # % 7 #
] 1) 22 B2 R K 2R RN R R 5 BT AR, — 3
I IC N T B-Hr A AT IRAR S5 , 254 B A
(7] P 52 M) G 3R 0L F A7 RN T AR o ASAF 52 SR FH s o ]
AHA B A W21 [R5 544 1) — % 4k (Ferrocene, Fe )
I [ 2 2K, NI 25 R RAE \ROS A BUSCR BT
TR L R A AR A VA5 7 T, PRSP 1 E Re A A
P22 IR B A REAT AN A YIS R s e, DU R i — 205
JERT A M R TR AR R 1k S B RT S
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1.1 FENE

ARG i 22 A AR A LC-20AR R ] £ 744 Y A
% ( H A< Shimadzu 23 7 ) , 6230 B AH (€535 - ATHT
[i] J5T 1% 5k FH (TOF-MS ) A ( 3¢ [§] Agilent 23 F] ) , UV-2700
RIZHNAT UL Y66 EE 1 (NICOLET iS5 U B 21 406
¥ (Fourier transform infrared spectrum, FTIR ) A% . Varios-
kan Flash-602 71 Z Dy GEF AR (X [FEBR R /R BHE ()
A PR 7], FL-6500 A5G [ 4 /R BRALES (1
1) A PR )], Zetasizer Nano ZS I 40 k7 FEAY K Zeta
HLAZ 23 HT A (€ Malvern 23 /) , J-1500 A4 [8] — 4,51 3%
(circular dichroism spectrum, CD )X [{F &) Bk 8 ) 572
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A FR2S F]], Tecnai G2 #Y 4k ¥y #4355 5} H, F i il 8% (trans-
mission electron microscope, TEM) ( 2 [# FEI 23 &) ) ,
BX53-611 B 57 94 1F #2506 W58 ( H A< Olympus 24
Al )4,
1.2 FEHRBSRAF

Rink-E e I #5122 %% [Fmoc-Lys (Mtt) -OH , K] . #i
2 W2 [Fmoc-Lys (Boc)-OH, K] . Fmoc-L- A& N % /2 (F) .7
I = ME-N, N, N, N' -0 B LR S U R L — FH 3L
Pk (DMF) ¥ [ 75 /- A=Ak () A BRA 7] 41543 1)
k1 GLS211122-49101 . GLS20080-3-36813 . GLS220802-36802
GLS200919-35701 , GLS201005-00702 , GLS21098-2210
N-Boc-N'- =R HIEE-L-Z &R (H) At ¥ & T(ThT) ¥y
W A g e A5 2 B IO A BR A | 543 51 oy
BSA288,BNP774; Fc H iR (41t C11558015) e H Sk A
IR A BRAS 7] 5 IR (Co) L = SN LR e L 4- H 3L - IR
WE . 30% i FALE (H0.) I .2, T- SO ER . LR TR
(DCFH-DA) ¥l [ I g Z B B A FRA | L it 5
43512k T912082., 77927158, A52011 , P2047146 . P2033707;
LB A% (5 1227K03 1) [ _Lig 23 A YRH A R
5] CCK-8 850 A FC il K Eagle 5 #7360 B - ifE2E
= KRB AL R A 570514 C0043 ,8122476
1.3 HErkS4HA

i FP 480 V8 AR 4 25 10, 46 %5 BK 1 (methicillin-resistant
Staphylococcus aureus, MRSA) ATCC 43300, K 7 T T
(Escherichia coli) ATCC 25922, N Fz ik 5 £F 4 40 Jif
(HFF-1) 30 [ LA A R A BRA /L #5530
4 HDLR908 .HBJT086 .GEYI879,
2 FHik
2.1 FeBEEAEZHMHIE SRS FENE

SR FHRRAE A A SGE I AT A . FH 5 mL — 4
$E 15 mL DMF ik Rink- % i (0.5 mmol) 30 min,
DMF V¥ 33 )5, Il A 4-H JE-WRIE/DMF (1: 4, VIV) 5
15 mL JZ ¥ 15 min, ¥ Ji DMF ¥E7% 3 i , 58 | iR 1%
Y 3 SR J5 AR Aig 4 4% 5 1 2 FE R (5% Fe . Cs) /R I =
RWE-N,N,N',N' -t H B RS U R £h/ — S N HE ek dot
(2:2:5, m/m/m)VEW , LA DMF 8 mL, JZ W £ /0 2 h, 1§
LA B I KA TR S 5 e FH 8 mL DMF
VR E 3K, H 8 mL 5 F ek i m i 5 U, #:5m
A 10 mL =R O/ = S5 N R R/ /K (92.5:5: 2.5, VIV/V)
VWL, RN 3 he 38 AR IR A% & 2 2~3 mL, ik
LVERR 3] Fe-K (Cs) FFHK . C-K (Fe)FFHK , C-K (Cs) FFHK
FIAR =4

K FH SR i RO A £233% (RP-HPLC ) 35" % |34 3 Fb
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M=t fraife, LL0.1% =R ORIFEI (A)-0.1% =4
TR NGV W (B) 2y it 80 AH E 4746 B2 Pk /B (0~3 min,
5%B; 3~13 min, 5%B—30%B; 13~26 min, 30%B—
60%B ; 26 ~28 min, 60%B—95%B ; 28~ 32 min, 95%B—
5%B) ; ik A 10 mL/min; H:iE A 25 °C; EFE R 5 mL;
W 4R 22~ 26 min A PE L . R H TOF-MS £ "0 &
LAY T, YRR T —65 cCHE 23 R T 1 5 15 3
Fc-K (Cy) FFHK , Ci-K (F¢ ) FFHK , Cs-K (Cs) FFHK 3 fh £
R T IR K
2.2 FclBEkB4E % S IRAIFEE RN

W21 3R Z BRI R T OB R, iR h 92 vh
W (PBS,pHT7.4) Y5 % itk , 459 5 g e B2 47 10 mg/mL A9
PPN, T OCE 24 h AR A A1 ) B — 2 I
VW, SR J5 H PBS (pH6.0) #i BE 5 2 i s ik FE 44 A 1
mg/mL [ FA—Z2 IR, 530 T2 I T i 24 .96 hit,
SR FH R AT UL A6 B I 5 22 BRI W 1) 58 A MO
i, Zeta AL E H: Zeta BT, LLBGTIE 3 FhZ2 K AY
FE
2.3 FelBEXBERE SN REHRIE

BU2.17H0 T 3R 2 IR VR TR ARG ik, #e 2.2 7 30
ORI T B A% SR )5 FHASTE] pH Y PBS 7 BE A3 21K
[Fi) o et YA 2 P 8 RO, AR TS r A9
2.3.1 CDE

£ CDAY L id 5% 3 Fh Z ki CD Kl , B 7 i dn
T AT BRI T K LR R 16 A5 K (500
pg/mL) B ARG K E R 0.1 em BAEIE A 95 S
CD YGIEVE R Ky 185~260 nm, 4% e M 0.1 nm, 44
BE3ASTAT , BRARE R A o 3 U, O34,
2.3.2  FTIR {5

W F 2% 24 WIS I 3SR Z IR TR VR TR 2R T
JRA R , 915 KBr M AR L [ 0 5 22 T i JORE 5, He il
R, 8 F FTIR AT 1 500~1 700 em™ ' 35 Bl P 0 4 3 Fob
Z R LT AP CIE L
2.3.3  ThT# IRk 2

PLThT o e RGN 3 Fh 2 ik b B-4r S A0 & .
# ThT (0.2 mg/mL) 5 “2.3” 11 F fif £ K (2 mg/mL)/
PBS#% 1: 1(V/V)IR G, WEALICE 2 h, >R 2O G
ARG , 558 R K2R 450 nm, Wi Kl 470~700
nm, B 3T,
2.3.4  YURIESIIER

SKHAEY R TEM 70088 . B05 WL #i R Ja I hig 75
R (300 wg/mL) , URRTERG TR 240 A% L, FH U AR
W R Z2 A BV TR, SR TERE i 7T A 2% £ Tl 7K
VR B e €8, TP IR AR I A AV T B i T
T BT 3 h, B a A AR TEM (T AR 120 kV) X
FE A T Se i S H B R
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2.4 FclBEXBHR S IMEINROS £ EMR
2.4.1  VAWHARZ ROS A= R I &

K H . H 36 35 (methylene blue, MB ) 4 {6 )7 i >k 2
78 ROS fAE AR . ROS Y7 A fifi 5 MB 7 664 nm J%
KA TR 45255534 Control 41 \Fe-K (Cs) FFHK
2H Fl Co-K (Fe) FFHK 2 , Control £H it A H.O.(1 mg/mL,
pH6.0) F1 MB % ¥ (10 mg/L,pH6.0) , Fe-K (Cs) FFHK 2H
N Co-K (Fc) FFHK 4H 4] 7E Control 2H i34l EmA “2.27
TR 22 Bk it 25 5 W AR B (0.1 mg/mL, pH6.0) , #4545
H AW 5 S R A RS 5 AR A B2 mL,
BT 37 °CHRRIR, 43 HIAE 20,40 60,120 min B, SR 564k
A WAEERE T T 664 nm i K ALK I I S RE
2.4.2  YHMIN ROS A AR AN &

K F DCFH-DA $R4H 50 41 i P4 1) ROS A JR0R o
B35 3% B BUE KW E. coli AR AN ] pH (pH6.0
pH7.4) ¥ PBS Hii B , SR FH 58410 AT WL 430 0 B 3115 21 7
600 nm P 4 A WG BE (AT AR “ODeoo” A 0.15 B B
W 925843 R Control 41 (45T PBS) (H.0.41 (45T PBS %
100 wg/mL H:0.) ,Fe-K (Cs) FFHK 4[4 7 PBS % 100
pg/mL Fe-K (Cs) FFHK],Cs-K (Fc) FFHK £H [ 45 7 PBS
100 pg/mL Cs-K (Fe)FFHK],Fe-K (Cs) FEHK+H.0. 4[4
T PBS.100 pg/mL H.0. 5% 100 pwg/mL Fe-K (Cs) FFHK]
Cs-K (Fc) FFHK+H.O. £ [ 47 T PBS . 100 pg/mL H.0.
100 pwg/mL C«-K (Fc) FFHK], | &4 40 43 515 2 # pH
(pH6.0 .pH7.4) FE:FE MY E. coli BMkILIFE , T 37 °C1H
AR RN 8 h; B LA 2 500 r/min 5.0 3 min 254 PBS,
JHAE 3R 7K R PR 338 5 i A 500 wL DCFH-DA 4= 2
ERIKEE W (100 wg/mL) A E. coli Witk, T 37 °C I H
30 min, FF A= B3R K U B e bk 3 30 5 e J5 JH 100 L A=
HEKERE. coli WIME, W3 pLiNfESS 3 A I, &
FIEESO RS T MR,

2.5 Fc{BELB A% S RWREFIETMN
2.5.1 AR ZIEIN S S A R B

B 157 =X EUE KW MRSA L E. coli ¥k JH PBS
(pH6.0) Fi B, 155 ODeoo (M 0.15 FIH I . [ “2.2”
TR J5 1k AN 7] 5 £ v B (200~16 000 pug/mL) [ 2
RV, 42T 96 LR, LI 180 pL iR T A
10 WL 45 8 5 7 22 KA i L 10 wLH.0.(10 mg/mL),
fifi 15 3 Foh 22 IR Y e ¢ o = VAR 2 - 10~800 pg/mL; 53 B
10 wL PBS #% bR #4E 5 4/ A0t B, B 20 3% 3 4P 47
H4 96 FLAR E T 37 °CREFR AL H il i ODno fH o ZH BRI AE K
15 77 52 PR BRI PE T 4, >4 ODeoo (AN FH- T 15 B 1) B¢
R BT R BRI N 2 B (A B R 2 (MIC)™,
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2.5.2 MLV RE
P11 % B X EUE KW MRSA LE. coli ¥k FH PBS
(pH6.0) i B , 1551 ODeoo 4 0.15 (TR o [A] IR A%
LR R B AN ) Jo 2k 2 (15~800 pg/mL) 1Y 22 IR
W, FERDT 96 FLAR L A 180 WL iR b 10 WL 4%
Jot e e B Y 22 BRI 10 wL H0:(10 mg/mL) , BIF5iR
G 5 H10 WL PBS ¥ Bk B ERE X IR, A4 F
37 °CF W 8 h, Bl J5 AETC B 2514 T IR 100 L, #475] Hh
FHFE LB VBN B AR 7R AL 1,37 °C MR 18 h i,
I T RPN Z BRI RE o
2.6 FclBELBHE SRR EWHETEITN
2.6.1  ZHAEFETEASI

8 FH CCK-8 % 3 Fh Z2 JIK i) 40 Jif 2 M 24T P
4 HFF-1 4% 5 X 10" /LI AP 7F 96 FLAk T, £F 37 °C . &
5%CO. FTE IR AL FRAA TH G 55 18 h EANMIGBE B 5
W DR AR N R B 0 N S I AN R e T Y 3 Fp &2
JIk ¥ W (25,50, 100,200 pg/mL) [ 587 AL [C ik B Eagle
Regrdk , Horp FOm ACH 6 41 [G 2l B Eagle B5 77 309 1E N
X RE BRI 3N FAT. 24 hJE B & h
10%CCK-8 [T G R Eagle 1577, 58 2 h, ffi ]
Tt bR F 450 nm 357 4 ARSI 45 FL A IR SO, I3 T340 g
16 7 AHME 1 (%) = B — 28 FUED /O BR(E — 28
F{E) X 100%.
2.6.2  FRIEAS

BB B e i AR A (0.5 mL) 5 PBS(1 mL, pH 7.4) R
4, L4 500 r/min 2.0 5 min, 2> B 2L A0, PBS W51k 5
W, I PBS B2 5 mL, HL0.3 mL, /A 1.2 mL 3
PSS B2 19 22 K2 (50,100,200 pg/mL) , g
IBAHA)  1E% IR T E 3 h5, LA 2 500 t/min B0 3
min, B EIER . (PR T 540 nm P AN & [
WG RE (A) 5 A2 B AR 22 IRV AR Ay B X
e, PBS AR 22 IRV VR S B B 942 T =R
IR 2 3 LR (% ) = (A s — Aess)/ (A sier — Aess) X
100%.,
3 HRE5SH
3.1 FeBEBEEAXSHNIE 4UESTFENE
gR

A 5T A NI Al Ak A5 E] 2 B R 4 A £ K
Fc-K (Cs) FFHK ., C«-K (F¢) FFHK A M X} Fd £ jik
C-K(Cs)FFHK 3FhZ k77 (K 1) . 3R Z kA4l
KT 95% (EIHE ) ; Fe-K (Cs) FFHK Fil C-K (Fe ) FFHK [

o I;AH H (o] M o
HN/\/\/\[rN\:/U\N N\)Lﬁ NH,
] B o] < o
A G M)

A. Fe-K(Cy)FFHK

o
Y
N N NH,
?%H/\/\/\[or ; E T E\EH\> T
= (j NH

B. C;-K(Fc)FFHK

PS> THE 444 1 042.44, Co-K (Co) FFHK B 38 7T
4 956.12, 55 TOF-MS 25 B AT (%) .
32 FelBEBHEKXSHMMEELER

Zeta BT IR ALBEAS B0IE 43 HIUAR 2R 0 BRAS e pE,
AHFFEEE R R, 5 FHCE 24,96 hitf, Fe-K (Cy) FFHK
Cs-K (Fe) FFHK (1) 45 #1051 35 LT A el As o i
B 96 h i 5 i ® 24 h B A kL, Fe-K (Cs) FFHK .
Cs-K(Fc)FFHK 1) Zeta FLAv 43 319870 1 0.3.,0.5 mV, iIEH]
2R Z KRR E R R AF , A VR B AR Y i A T 5%
L FH A AR
3.3 FelBEXEAESHMM _REMRIELER

CD I HERFAE X AT LR BH 22 IS W A2 A 4
¥ A5G BT -8 TEHLE A5, CD RS 4SS i
71, Fe-K (Cs) FFHK F1 Co-K (Fc )FFHK 7E 208 nm I K Ab3
A7 W S () 73X W Fe-K (Cs) FFHK Al Co-K (Fe) FFHK
FRAFAE a-IBUIE G4 M , H 4 7E 225 nm K ALY IE
W5 )& 55 & M FE M Fe 19 - 28 ; Co-K (Cy) FFHK 7E
203,222 nm FHE PR AN A 04, 3X B Cs-K (Cs) FFHK
P RREAEAE - BEIE — 254 , WA B B/ MR A% 1T e
H Fe i # F & SLMR 2 py L pu 2544

FTIR (&3 RE AL o BERE T X ARG 1T X A RRAR I
U ok ¢ B2 1 slUIEE — HEsi BAF A ARBFFE 45 R
7R, Fe-K(Cs)FFHK . Cs-K (Fc ) FFHK Fil Cs-K (C: ) FFHK
BI#E 1631 em ™ AbAT W S AR I | R BV WO A A
B-HE . ThT DENIEIEE R iR fEF—I K &M,
Fc-K(Cs) FFHK H -4 78 F i e 5 o

PRI S LR L5 T R (B 2) , Fe-K (Cs )FFHK H 41
& e oA (11 +4)nm B9 48K 47 , C-K (Fe) FFHK
LR EAR R (9 £ 2)nm Y GKEF4E , Co-K (Cs) FFHK
D20 26 B A% M (8 + 2)nm B [ ARG K £ 4

PR B 22 7 5 2 7 A M, C-K(Cs)
FFHK 2 8870 () SCHRAR G548, SCFg IR &5 #aam i LA o 92
Ry A T A 4L, SRR B Z IR R SE g K oL HE
AATE A, LA G2 25 1 7 2B 2 42808 R Rl R
ARG K L4, Fe-K (Cs) FFHK 1 Co-K (Fe) FFHK 4K I
B 225K [ Fe 5RIEH CoaR LAY AR B 22 57 . 24 K
Le HERE AL T 22 Bk F AR, 22 B i 1) T SR AT L K rh
i, VA R - 1 i AR B R g ok 254 L (H
ST Fe MAETE , JLHUZE R 2Z (8] 1 - FELT-HEZAE I FH
5 T WOREFHEAE DN AT A e LLRE T LS8 16

o I;AH H (o] M o
HN/\/\/\[rN\:/U\N N\)Lﬁ NH,
] B o] < o
A G M)

C. C+-K(C)FFHK

B 1 Fe-K(Cs)FFHK .Cs-K(Fe)FFHK #1 Cs-K (Cs) FFHK B 454958
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A. Fe-K(Cy)FFHK

G KET 4, DRI [ 22 0 R T 8 2 1) 400 K 21 2 5
4 5 24 Fe R FEAL T 2 Ik EHERT, 43 0] Uk A5 7 3k [
Z B ar-ar BT HESAE A T 43 F 9N ) 2B ) 2 2
9K 3 F1 , Fe-K (Cs) FFHK iz 28 p¢ 1 1 1 /4 44 K 77
ghFg

25 b, Fe o B B SR vl LAY 2 Y 1 20 2 R 5h
1, WK AR - BT HESAE S, pEm R i £
R AY B 22 HERE , 1T Co-K (Co) FFHK Wk —E TN
Uit B BE M Fe X F 4L 2& TR ME
34 FcBEEBARSHMEINROSERMELER

MB 4B 8 5z [ 45 5 8 (&1 3) , Bl 2 52 1oy i (1] ) 4
1+, Fe-K (Cs) FFHK 2H W2 5 B2 %5 Control 2H BH b T [, 1fij
Cs-K (Fc) FFHK 20 WO B 60 55 F % 5 ) 17 120 min B,
Fc-K (Cs) FFHK W56 4 0.17,, Co-K (Fe ) FFHK 21
4 0.36,

DCFH-DA A BB DS H 0T DL A i 280 i i,
AT 7E L N 7K f#% 2B B DCFH, DCFH #% ROS Ak A 24t
FIDCF, R, K I T A2 Gt B mT LA B4 it
WHYROS K. 4 pH K 6.0, 5 Fe-K(Co) FFHK 2075
W E. coli RIFRER (A0 B it , 15 Co-K (Fo) FFHK
SFE W E. coli RRDEHR R , iX F2 P Fe-K (Cs) FFHK
TEREREIRSE T, ROS A= i8R B {2 =i T Co-K (Fe))FFHK 5
M pH N 74K, “HILEEF I E. coli HFRY BR 55 Y

pH6.0

pHT.4

Control 4 H.0,4 Fe-K(Cy)FFHK 4

B. C,-K (F¢)FFHK
B2 Fe-K(Cs)FFHK ,Cs-K(Fc¢) FFHK #1 Cs-K(Cs) FFHK A TEM [E

C. Ci-K(C)FFHK

0.6
£
=04

0.2

0
550 600 650 700 750 550 600 650 700 750
P/nm WK/mm
A. Fe-K(Cy)FFHK 21 B. C-K(Fc)FFHK 4

I :Control 2 ; Il : Fe-K(Cs)FFHK #H (20 min) ; Il : Fe-K (Cs) FFHK
2H (40 min) ; IV : Fe-K (Cy) FFHK 4H (60 min) ; V : Fe-K (Cy) FFHK 24
(120 min) ; VI : Co-K (Fe) FFHK 2H (20 min) ; VIl : Co-K (Fe) FFHK 41 (40
min) ; Il : Ci-K (Fe ) FFHK 21 (60 min) ; IX : C-K (Fc)FFHK £ (120 min)
B3 Fe-K(Cs) FFHK , C-K (Fe) FFHK B MB % £ |2

Rz 28 SN W S 1

YR E (8] 4) , 1 3% W G PRt 2 S5 sz v e
R TIN B R R 2 —
35 FeBEBARSHMNMEETEER

i SC4E R 7R, Fe-K (Cs) FFHK , Cs-K (Fc) FFHK (1)
S ROS AR A B2 5. Wik — S5 -
IR 25 ST BL R AR 52 ], AR IF 5T LA ODeoo {E K i B2
AL B30 DA UE 40 B 1 AR KR DL . MRSA A= Kl 4k
(K 5)45 3 R, Fe-K (Cs ) FFHK il Co-K (Fe ) FFHK /Y
MIC {31 4 50 wg/mL, Cs-K (Cs) FFHK f) MIC {8 1] &5
ik 400 pg/mL, XF T E. coli 1 #k , Fe-K (Cy) FFHK FI
Cs-K(Fo)FFHK . R BT & PR 25 57, Fe-K (Cs) FFHK

Cy-K(Fc)FFHK 4 Fe-K(C,)FFHK+H,0,4H C-K(Fc)FFHK+H,0, 41

B4 AELEBARTE. coliEEHRLZARE A ROS BIAE B 7 B (x40)
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1 MIC {4 100 pg/mL, Cs-K (F¢) FFHK [ MIC i 4 250
pg/mL, X 55 2 il [[5] 43 5 4 22 K 04 40 KB A ) A 56 o
B2 [ BF I T A0 A LA L A % G P B O TR A B S
JZ i Fe-K (Cs) FFHK HA7 S8R Z2 1 i Aok 2544 , ot
IKFRIEREAE R Mt A A0 MRASE b, 318 i T 20 s 1 A
20 NS A A 3R [ s 3 e 6 /K 35 AT 5 8 I 0Ly
SRR A EAER PR T A AR AR LA
M B 1)y 2Ok B A AN R A B ™ R,
YK S 10 AS ] 0] BESZ MR T 250 2 7 e P 0 4 3458 47
24 it S AP AIL A 4 IR RD L 2 ] 40 S 22 R B LA
B i 22 S WIPLE. coliBE ST o

SEMT B TR S R —AIE T 3 B Z AN F AE 1 Y 22
5o MRSA 1P 1w v # (B 6A) it s, BT & ¥ 224 100
pg/mL I, 48 Fe-K (Cs) FFHK i1 Co-K (Fe) FFHK 4k 3 5
HIBRE T LI A K B % 5 % C-K (Cs) FFHK,

Y o R A 400 wg/mL B, B BESE A ATk RS K
FNT BB, RWTELE Fe N, Fe i SR 251 2 v fig
. 2 b 47 7 Fe-K (Cs) FFHK il Co-K (Fe ) FFHK X} MRSA
BYIMERE 1. IEAb, Fe-K (Cs) FFHK Fl Cs-K (Fe ) FFHK
TR E )1 25 AW, 3X AT fig & K R Fe-K (Cs) FFHK Fl
Cs-K (Fo) FFHK A3 A7 3HH 51 A0 M BSR40t 2 I e BT AL
HITEHT MRSA B S0 T RAFIBEIRN ™, X FE. coli
P, Fe-K (Cs) FFHK FY 4 & 8 /) fie {4, Co-K (Fe ) FFHK
K2, Cs-K(Cs) FFHK K T % (K 6B) .
3.6 FcBEBAXRSHMNEYHEHEER

CCK-845 R 7, Jir i e J& hy 200 pg/mL i), 28 3 F
Z ik 4b 315 () HFF-1 20 I35 PR 478 70% LA |, X 1561
Fe-K(Cs)FFHK TE E. coli IR 2 15 MIC I A B4 1
AR 2R 1k 5 R T Co-K (Fe) FFHK, 24 5 3¢ ) 1k 5]
E. coli HHRAY 2% MIC (500 wg/mL) I}, 2377 —5E Y

08 1 —— xipn 08 1 — xtm 089 — xtm
—_ ég ug;mi —— 15 pg/mL —— 50 pg/mL
—— 25 pg/ml = 25 pg/mL —— 100 pg/mL
06 91— ?80ug/r;1L 0.6 1 —— 50 pg/mL 0.6 —— 200 pg/mL
—_— pg/mL —— 100 pg/mL —— 400 pg/mL
<= <= ng <= ng/m
& 5041 £ £o4 £ 5044
=3 =0 =0
0.2 0.2 1 0.2 1
0 x 0 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
t/h t/h t/h
08 9wy 081 —— sy 08— xtm
—— 25 ug/mL == 50 pg/mL — 100 pg/mL
0.6 J— 50 ng/mL 0.6 4 100 pg/mL 0.6~ 200 ng/mL
01— 100 pg/mL 21— 200 pg/mL © |~ 400 pg/mL
— ~=— 200 pg/mL o m == 250 pg/mL o —— 800 pg/mL
= i !
8 S04 S fo4 € S04
5 8 e €0
0.2 g —] 0.2 0.2 4
0 0 0 r
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
t/h t/h t/h

A. Fe-K(C,)FFHK

B. Ci-K(Fc)FFHK

C. C+-K(Cy)FFHK

E5 ARRSREN3TEIKAIES MRSATIE. colifEK 2 E

25 ug/mL

50 pg/mL

25 pg/mL 50 pg/mL

POl 100 pg/mL 400 pg/mL

A.MRSA

H6 ARRERELN3FHEIKALIESE MRSAFE. colifIEREZE

200 pg/mL

TEZED 2023455 34 85 181

Fc-K(Cy)FFHK

50 pg/mL 100 pg/mL 200 pg/mL

Cy-K(Fc)FFHK

X} B

200 pg/mL 300 pg/mL

Cy-K(C,)FFHK

400 pg/mL

Xof i 200 pg/mL
B. E. coli

800 pg/mL
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[l 43 5% # ) Fe-K (Cs) FFHK Fll Co-K (Fe ) FFHK [ £
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TEAEWDIGVE DT T, Fe 007 N [ 23 1 35 b 52 e 248 i 1A

ROS AE MR AT P , (E AR ROHL T 24K 4540 g

f B 5 1 4128 22 Ik ROS A= LRI K HE A 4 i 9

FOMESS , AT AT B 5 A0 I 6 P, X Oy b — 20312
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