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B E: AT te(X4)AR B INFRAT, B EH AR 40 IR E (tigecycline)*f 6 R % & & 2 4m
B R RE TR, &FFRARNGERBH WL ER G, AFRRAMSHEHRBEE. -
FH W RN B ABEE(B-thujaplicin) fe B A IR R 9 RSN IR G4 8 RAE, BTN T 20 H 4m IO SR 8 i
M. mE IR E M E(reactive oxygen species, ROS)A2 & . A BABRE A LA EEHF, RIKR
B-A2 KB An e IR F IR AL A &F tet(X4) A B Fa M4 K AT B (Escherichia coli)® B VEAALH]. 4R
A, B-ARBEIRAH AR E T ter(X4) LB Ak K AT E LA KSR R 3R, B B-HAAREELAR
BYERARETCE AN LR F Stk fotn o dik, AR EI, PAAARBEEEED HE K mid Rk ed:d
EhE, Bk E RN AS S, TSRS, FF@ER ROS B3, ANmAERBHLE, #—
HARAIN, PAAABETELFTREHSRMAE XD mefEaE, HREREEEMAETNIE
MR, RFRERA B-ARBIBEEH MR E 6 9T tet(X4) A B Fa M K AT ) B 42480 T 3238040 52 3R
Ak,
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Synergistic effect of B-thujaplicin and tigecycline against
tet(X4)-positive Escherichia coli in vitro

ZHANG Muchen"*, SONG Huangwei"**, ZOU Zhiyu', YANG Siyuan', LI Hui’,
DAI Chongshanl’z, LIU Dejunl’z, SHAO Bing3, WU Congmingl’z, SHEN Jianzhongl’z,
WANG Yang'*

1 Key Laboratory of Animal Antimicrobial Resistance Surveillance, Ministry of Agriculture and Rural Affairs, College
of Veterinary Medicine, China Agricultural University, Beijing 100193, China

2 Guangdong Laboratory for Lingnan Modern Agriculture, Guangzhou 510642, Guangdong, China

3 Beijing Center for Disease Prevention and Control, Beijing 100013, China

Abstract: The widespread of tigecycline resistance gene fet(X4) has a serious impact on the
clinical efficacy of tigecycline. The development of effective antibiotic adjuvants to combat the
looming tigecycline resistance is needed. The synergistic activity between the natural compound
B-thujaplicin and tigecycline in vitro was determined by the checkerboard broth microdilution
assay and time-dependent killing curve. The mechanism underlining the synergistic effect
between B-thujaplicin and tigecycline against tet(X4)-positive Escherichia coli was investigated
by determining cell membrane permeability, bacterial intracellular reactive oxygen species
(ROS) content, iron content, and tigecycline content. B-thujaplicin exhibited potentiation effect
on tigecycline against fet(X4)-positive E. coli in vitro, and presented no significant hemolysis
and cytotoxicity within the range of antibacterial concentrations. Mechanistic studies
demonstrated that B-thujaplicin significantly increased the permeability of bacterial cell
membranes, chelated bacterial intracellular iron, disrupted the iron homeostasis and
significantly increased intracellular ROS level. The synergistic effect of B-thujaplicin and
tigecycline was identified to be related to interfere with bacterial iron metabolism and facilitate
bacterial cell membrane permeability. Our studies provided theoretical and practical data for the
application of combined B-thujaplicin with tigecycline in the treatment of te#(X4)-positive E.
coli infection.

Keywords: B-thujaplicin; tigecycline; fef(X4); synergistic antibacterial effect; iron homeostasis
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NS TR SAAE M, NIT FBO% 259 (1045
BINFRR)RIEL, 2019 4, FREHHFTERIBA
KT 2 F terX) KA K ter(X3) M
tet(XH)7, AN, tet(X3)F tet(X4) 2
A T A ROk b, AT 7 A [ 40 s 8]
TIPS . R RZE R B, re(X4)EEH
SN, W HFEEFZHORIEMAE )2 A7
1, HRATRREEN ter(X4)HE il 35 5 5
B et (XA)FEH T2 TAT IR TR IR &



KR F/B-RAREBRESE AR rer(X4) AR FHFEREIMIEREER 1623

M 257k B & A, 25 NG IR FR ARG £ &
T 245 TR IR e Y7 A3GE B T B R BRAR . Ik, &5
TR A X 20 N A 26T 245 12 ) 4 il e it o

U 25 W) 210 YT AR R I T B, R
M, HREGH ARG R A T IR R MERE K A
B A R T F A e AR
ZHRPUAE R NPTERCR , NITERK A PR
Yl ARt Ik, JF R G A SN E R
AR L Ay 3 ) T 24 M e 1 R AR
—o N, Liu 2550 BHT ARG B G 22 2y
Y) 5% 2 R % (azidothymidine) i] 5 Tet(X) 7 1411/
FURE S PESS G IR I AR AR TR M, DT K A
tet(X) A P B BN DA = i B0 . it Ah,
Xu L B AL ST 40 B 2RI S KR
Py =% S5 TRASAN RT3 DR A0 T 200 B S ) S 4 1k L i
5 Tet(X3)F Tet(X4)h P H &5 E, Tl Tet(X3)
I Tet XA MMEALTEPE, MR ter(X4) 3 FH
PR U R Y Uk . DA B FoE R,
FE &N 2 AR ) LA B S RSB b A T A5k
{5 B I 1 A A IR AL Sy A R R
b 2wt — 2 k.

H T4 M e A FE M2 ek, ki T
) R IR WITE L5 I b k4556 B R AE
M, BE&Z&ERERED ) AR5
YRR G Y RS TR i, R B-iaAR
M (B-thujaplicin) KA B MR R X AT ter(X4) 2k
PR KA FF T B A B0 B R P PR AR . A
AR SR DA (] 5 Tt T AR T R B B — i L
A LT R B SRR B, B PUR
B VLA MPTRIER . h AL 2R, B-
R 12 B T B 25 | Alk ZE A7l ARl
ARGV T B-AR AR B HU R LIRS 5%
IR M EGCELE], S B-R AREEE & 3k
RIRIT ter(X4)EE K BHE KW AT 1 5 | i e e 42
(6T HE RS LA
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1 S

1.1 #
1.1.1 R4

B-#2 K% (B-thujaplicin), ZHJF 99.78%, W4 H
AR AARA R (TS T3717); &
TN E (tigecycline), 4liJE>96%, W H FiEHTHr
T AR A BRA R (585 E129449),
1.1.2 RXIGEHE

tet(XHFE K FAYE K AFT 16 153-47R, PRt
Pk ATCC 25922 4 H AL 56 25 (R4 o
1.1.3  FERWIKFI

Mueller-Hinton A 1% % 5% % (Mueller-Hinton
broth, MHB, 5. CM901), Mueller-Hinton
B 1% 3% 2k (Mueller-Hinton agar, MHA, 175 .
CM902), 1 B At Fli B H AR e A BR 23wl 5 1
SR & A T 3R A RAEY AR A RA
FI(BE5: S0033M); ki 127 S T Pl s 30 B
TER ()RS ARAFGTS: MAK025),
1.2 75
121 MEMHEBEEAEALR

KRR BL U E pA AR RS
N RS X ter(X4) I K BH M KB AT B
J53-47R WPTHACR . 7E 96 LA IIA 100 L
MHB K773, 4 a Z5MA HI-H10 fLH, KK
 EAF R E BT, 7E55 141 A1 2 H1 fLH
A b 25, MWZERA R HRREZES 9 41, 1-10 41
A 100 pL AT (1x10° CFUs/mL), 5 11 F1
12 514354 H 8 MHB 5 7= 51 BAYEXT BRI
100 uL MHB P71 100 pL B A FHAEXT IR, T
37 CCEFA PR E IS 18 h R e, 4550
FICEARER - LAIR IR B S H A 0  4H 2 A A i
K 25 ¥R B2 SRy 2 245 90 14 S /N0 PR VR B (minimal
inhibitory concentration, MIC), A2 (1)1
B A #7548 £ (fractional inhibitory concentration
index, FICI). H M50 fLIXE 2 MEE.
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FICI =

MIC(ﬁﬂaéﬁﬁ) MIC(bZjE% ) (D
MIC(aeqiﬁH) MIC(bZ #.H)

#1 FICI<0.5, WA P AP 24 ) A B Rl VR 5
0.5<FICI<4, W] PN 24 HA AR el Jo /R
FH; #7 FICI>4, WIHE PR 259 BA FSHER .
1.2.2 EfE-REfhsk

PRHLE. coli 153-4TR HAFEFET 1 mL MHB A
G FEHER, 37 °C, 200 r/min K5 5% 2 X HOY
VAL RO B 2 2 G 0.5, 7 1:100
B2 5 mL BJCHE MHB Wi, IR 2Ok
Zy°k 1x10° CFUs/mL, F5r3% E ARG . 2k
Jo TE AN [\ A 4 i A B R R 22 vh i
(phosphate buffered saline, PBS) (FHPEXTHE) . B-
FEARWE(16 pg/mL) , BINFFE (8 pg/mL)sY B-IEA
BE(16 pg/mL)+HEE MR 3R (8 ug/mL), IF 37 °C,
200 r/min R 555 405 T2 A 385 ()5
1.2, 4,8, 12, 24 h Bk, %ﬁﬁﬁs&%ﬁ%
Meitd. R RE 2 ANEL.

1.2.3 RMIHiRE

P IC T I 2T 445 2F- 1l 800xg 5.0 5 min, JH
PBS B4 3 K, Bl i 8% MILr gl Eik . 1
PBS ¥ B-fE REEHATAEER RS, TR 8%l
NS, fil - *%*@EE’J%%EF*F?@ 2.4.8. 16,
32, 64, 128 1256 ug/mL. [EIEF, 43504 PBS
1 0.2%H triton X-100 14 4 B F11BH @Xﬂﬁo ¥
KRR T 37°CH¥E 1 h 5, 100xg B0 5 min 5
BRI, T2 D RE R AR (TECAN 2+l :
Infinite M plex)IlE FIEWTE 576 nm 4bAYH L
. HEINEL.

(%) =

OD =] _OD T FHE 2
b B 1 00% (2)

ODyy i — ODgypense

1.2.4 SR

KH] CCK-8 (cell counting kit)iZ:!"Kl5E -1
AREET ARG B 40 i HEK293 B9 4u et o F &
1%H6 4 1L (fetal bovine serum, FBS)AYH AL
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i gE AL (minimum essential medium, MEM)fi%
FLR 258, ff AR ARBRLZIREE N 2. 4. 8. 16,
32, 64. 128 H1 256 pg/mL. L) 10 000 >/1LIK%L
H W H 100 uL HEK293 4iffd 2/ T 96 FLF 4l
Mt , F& 5% CO, WRiFRAE P 37 °Chigt
24 ho FEEFEFRMW, 16 96 FLARH A 100 pL A
[l B B AR, 43 3 LA B SR RN 1%
FBS 1Y) MEM 15 % AR hy B 0T B A2 (0 B
TE T 5% CO, BSR4 37 °CIEE 24 h J&, FAL
JIA 10 uL B9 CCK-8, 37 °CAKZEH 1 h, o
1 1] 22 ThRE R BR AN 2 55 351K RAE ODyso AEHY
Bl W 3 AEE AP (half-inhibitory
concentration, 1Cso) i 41 IAF 16 2R [ R 50% T 1Y 24
Yk 5 CR A Logit T35 .
TG (%) =
OD 4, — OD... 3)

.
ODyixig — ODs g4

1.2.5 B-1RREETH AR T kRIS S L

27 Song AR IR 7 A XS B-AEA
FEMT 25 R AR TR . KA 1 X ECH I KA A
ATCC 25922 VR HRE 2 A7 QA 0.5,
i 1:100 FRFEIMARISA RFEWRE B-IE AR
(0.25xMIC, 0.5xMIC, 1xMIC, 2xMIC, 4xMIC)F¥]
MHB I’\]?Zziﬁ%%ﬁtq: 37 °C. 200 r/min JRi%H;37
24 hJE, SRR AE RS DU E 4 X iR
et Py rio HAR A TR - ARBEE) MIC ., 7
RSP YR, 1 24 h HERIKG

VRO B-FEAEE MIC {ETH = B bk, 16
24" MHB $5 52 i R i 2245 7 d. 7 d J5 F
YR 7 A R B-Fs AR B BURRAE . EHUZ4R 7 d
JEXF BAEAREE MIC (B TH & B0 lzﬁffk, $2H0 DNA
FEDEAT 42 35 DR 4L 00 5 A BAAZ T R 2 25 4k (single
nucleotide polymorphisms, SNP)Z T .
1.2.6 ZHARARIEIEMNE

K %Ot WA 1-N- 2K R 28 B (1-N-
phenylnaphthylamine, NPN)ll 22 4 B & 5 48 i35

x100%




WRIR B/pIaABBRABIIRER rer(X4) IR XFHEOHIMYBREER

PERO BT RO E. coli 153-47R HilAk,
Ffl 5 mmol/L HEPES ZZ (7% 5 mmol/L %5 b¥)
VRSIT R, TR E 2 ODgoo= 0.5, A
LN 10 pmol/L ZOLHREN NPN, 37 °Ck¥
%5 30 min, X 190 uL e CHRE IR E
96 fLEF AR, SRIGAHIIA 10 pL AN [EHREERY
B-IE ML, 16, 32, 64, 128, 256 pg/mL)FIZ
FHE X (4 pg/mL, FHYEXTIR), 37 °CIFE 1 h 5%
FHZ Dy RERaHRASCIN 22 44 3R 9 08 BE (B A U
£=350 nm, &4 1=420 nm).

I FHZE R E L N BE (propidium  iodide, PI)
N 5 240 7 240 P s P ST EIOY E. coli
J53-47R HEMA, JEF PBS ZEnhikvkis ot EE,
R E 2 ODgoo=0.5 AL E 7 10 pmol/L
) PI, 37 °CHRZMFHE 30 min, WLHL 190 pL 235
PEIHHE IR 96 FLEE R, SRIG /2 HIImA
10 pL AN[FIREE R BARAREE8. 16, 32, 64, 128,
256 pg/mL)MIZZ6 R 2 (4 ng/mL, BHEXT R,
37 °CiFE 1 h 5 R ZIREE RO E £ MR
DGR EE (PR I K=535 nm, K FHkK=615 nm).
127 HERAEESSENE

B B3R E. coli 153-47R 4 KI5 5%
(1:100)% 100 mL LB W%, 37 °C. 200 r/min
P b 9% BN HUE K .4 000xg B IR A,
0 PBS Wi 3 dJfEA, MEBEEKKER
OD0v=0.5. MAZIRE 2,7- —H _AXKNE
T LPRIE(2',7'-dichlorodihydrofluorescein diacetate,
DCFH-DA), £k R 10 pmol/L. 37 °CHR¥%
I 7 30 min J5, 4°C. 4 000xg &.[> 8 min Y4E
R, JFH PBS YEU 3 IR, RBRAREEBAHE .
1] 96 FLAEFHRAR HF A 190 pL 282k 5 AR £ 1Y
W, DA 10 pL AR EERY B-R AREE(8. 16, 32,
64. 128, 256 pg/mL), 37 °CH¥HE 1 h, &5,
FIFH 2 ) R BRI 22 R R 08 BE (R
B K=488 nm, &K =525 nm).

&: 010-64807509

1.2.8 HEEAN%SENE

E. coli J53-47R X532 X805, F PBS Uk
BIF TR E A ODgoo=0.5, FFIEL 1 mL
SEE 1.5 mL BOE T AR B-A2AR
BE . BN REL BARAREHEINIAZR, 37 CF
1h, SRJ5, 4°C. 4000xg B5.0> 5 min, 3 FIHR,
FIARH PBS Wik 2 UOF R, KHARE THRAM
65 °CAIRH, AR URRL 3 IR, FESHRNEE .
Jei . M iR ] £ (Sigma-Aldrich: MAK025),
i PR A FL T 00 2 0 T L P e o
1.2.9 I FEKBFE p-RARBEEHIRE-RELZ

E. coli J53-4TR A BGFa , IR o 2
A 1x10° CFUs/mL [ BRI, FF A PBS (BT AR |
R EERIZ58) . 299414 K Fe™™ (1.25 mmol/L),
F37°C. 200 r/min FRI5HEFR . 3BT 2Ry
B0, 1. 2. 4. 8. 12, 24 h AbHUFE, HHATREEERR
BRI, A E 3 N ER
1.2.10 HAEBMAZMA RS EMNNE

Z:7% Tong 5T k1 52 40 w1 i 2
WR &R ¥ E. coli 153-47R 1E LB Wiz PR
IR BXFON G B IR, R PBS B R A
VR 3 WA SR S & 1x10" CFUs/mL,
r%E 1.5 mL BOE T, SRR
(32 pg/mL). AFHRER B-REAKEEG2. 64,
128 pg/mL)E{ B-Fx REE+HEIIRER, 37 °C.
200 r/min R¥%HFEF 30 min, 4 °C. 12 000xg &
O 3 min WA, JIA 500 pL Jop /K EE,
IHH B TAR 65 °CKIBH, R Rk 3 Ik
ZURMNET . 12 000xg &0 3 min W FHFRK, I
W AN RTITTE FH 200 nL HBEER R, 12 000xg Bl
3 min W8 FIER HPR HIERAITIE, 12 000xg
B0 3 min YA BIEW . &5, FIHARER
W, JFH 0.1%H BRAKXT 25 TR ¥

i# f Waters ACQUITY UPLC-I-Class/Xevo
TQ-S —H PUMFT ik {X (Waters Corporation) &
PRI RIS L 0.1%H BR/K TSI A,

P<: cjb@im.ac.cn
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FEE R shAE B, {8 ACQUITY UPLC HSS T3
column E3EFE, Fid ok 0.3 mL/min, BEEEVEILFEF

J+ | | GraphPad Prism version 8.4.3 #K {4
(GraphPad software Inc.) i1 74813 B IFAEEL

W 0.0-0.5 min, 95% A; 0.5-2.5 min, 95%-50%
Aj; 2.5-4.0 min, 50%-5% A; 4.0-4.1 min, 5%-95%;
4.1-6.0 min, 95% A. EFEARUR S uL. SRAH
W55 B TR, LAZ B RO Wl i) Utk A T IR
TR AR I A TR L N R IR R 1
1.2.11 IS

RIS SR PSR 1 22 (X ) 3R,

2 EREQM

2.1 B-EAREFMBEMNIAZEEHEREES

WAL IRBE 2 592 FhRSRIL G, LB B-AEAK
P AR I A KB X MR LM 258 E. coli
J53-47R 4 FICI & 0.5, EA BRI E 1 (&
1A). B8] -5 T 4R 5 SR R, > Ao fii A

A Growth (%) B
100 10 L Control
3 80 3 i
‘g) E a " Bl6
jé 60 2 —=- T8+B16
= o
4 =
oy 40 % ———
& =]
=
20 L 1 1 L J
01 2 4 81632064 0 5 10 15 20 25
B-thujaplicin (pg/mL) Time (h)
C _ D E
- :I_;_’:\- '-.,.1.:-..& - v 64 r = Tetracycline
] 10 100 1C=60.22 pg/ml. O 35 | — B-thujaplici
<100 = < = -
< 90 < 80 F s l6f
g 10 z ‘s g
2 8 =R R . S g °f
% 6 £ 40 5 4T
2 4 = = 2F
= L IR WA
3 2 3 20 E i
0 0 . : !
R e i3 %\t@’\%@&\ 1 B-thul‘g licin ( Q&L) 1o 0 W 20 30
5o Japticin (. Time (d)
Q.

B-thujaplicin (ug/mL)

1 B-IRAREEKESB M ZNEIMIEIRE -2 REEMZEMTN A B AREMEINHF RS
R R AT 153-47R AR BLR BRA 25 s 1. B B BB & ) B-A AR FI R INER 2 X0 KA
T J53-47R W R]-R T ZR. C: R ARBEXT 240 20 A A3 M. D B-RE AR EEEXT HEK293 4 i A 1. E-
- AR AN PR 2R 2 22155 5 KT B 30 d 77 AR T 2 28 28 Tk 1) s 25 i &

Figure 1 Synergistic effect of B-thujaplicin combined with tigecycline in vitro and selectivity of B-thujaplicin.
A: Checkerboard broth microdilution assays between B-thujaplicin and tigecycline against E. coli J53-47R. B:
Time-dependent killing curve of B-thujaplicin, tigecycline or B-thujaplicin combined with tigecycline against E.
coli J53-47R. C: Hemolysis of B-thujaplicin against sheep red blood cell. D: Cytotoxicity of B-thujaplicin

against HEK293 cell. E: Dynamic curve of drug-resistant E. coli mutants induced by B-thujaplicin or
tetracycline for 30 days.
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WERIR Z/pIaRBBA SRR re(X4)BRIEATHELAIMDEREER

16 pg/mL (0.5xMIC) [ B-f= AR PEEsL 8 pg/mL
(0.25xMIC) Y INFR R I, IO ABEIE . 2
2 P2 s &4 0L BA BB R ROR , HAE
24 h i, BEFHAH -5 2 P 2R Bl FH 4 A LU T o
B T 6 1g (CFU/mL) (K1 1B), DL &5 B-
o2 R T IR I 20 3R JK (5 FH O i 2 3R 1 245 1
E. coli J53-47TR HA WHEIHT AR
2.2 B-IRAKEZHBEES MR

R TR B AREEAE &2, 15k
T B-AEARBEXS 2 2L A py s it o 53R 8
IR, Y PR AR EE A 1024 pg/mL Fl 512 pg/mL
F, B0 508 5.19%F 2.86%; 124 B-fzA
Bk BEAR T 512 ng/mL i}, ¥ MR8/ TF 1% (]
1C). MeAh, RG240 HEK293 A AU
E OB REEA A EEYE, R B-A AR B X
HEK?293 [ ICso 4 60.22 pg/mL (K 1D). LA 2%
RN, A ARBEAEH & FEHT AR PR B2 Y A
TG B I 1 3 A R 20 i R
23 B-BAKREAZFSHEES~EMAMN

PUR A YRR Z R T AW TE i 7
HREAM A TN T RE B KR

12 000
=10 0004

> 6000f
4000
2000

T

of NPN (a

Flourescence intenesity *

B-thujaplicin (ng/mL)

2 P42 7KEE XA 40 A R I M RS20

ok ok

Flourescence intenesity &

TR T S AR A 250k ARESE 4 BIR
ANFR R B-AS AREEFPUER K BOXT E. coli
ATCC 25922 #4753, FEEZHAT 30 d )5,
E. coli ATCC 25922 XF UM ZE Y MIC {EHIE S T
64 1% , MXT B-AEAEERY MIC {EALTFE T 2 f5 (K
1E). Z4 R RWAMHK T IUAER, - AREEEA
Gy (A TR A i 245 9878
2.4 PB-1R/KEZEEIE KA A RE AR EIE 1
NPN & HA HiKHERE DO B Yk, S
AMESEBTER KT, NPN A 5B s K R B4
G I L HREIDG, PRI RT VR R & >4 BAPE B
MASMELR AR, 4R BN, 18 B-IRA
FEACHRANTR | h J5, 525 PO REFHEL, 259 Ab Bl
DR B E R (B 2A), UEW] AR AR RERY
KR INERRENE . SOCYUR PG E
P2 TR ZA M ST RSE , B AT 2 200 T 200 o 3 3 P 1
Kist, HA BRI AAFEMN S DNA 456G, Ik
SRENNA N, IR R R I, I AR RIR
AT I AR R PSS e (K] 2B), TERH
B-H AR BEREIE CH B 4 I ST BB ) S 1k . DA B 46
TR, B REE AT 1Y A R A MRS A

3000 -

;2000 -

£,

& 1 000

S -

< ns

VD Do > D
No ey \%% -\\Q

\\%
00

B-thujaplicin (ng/mL)

B-IE AR A AT B J53-47R AN 751 (A) F o s 15 1

(BN 5 7557 125 1R I LN 2K 05 2270 Mt (one-way ANOVA)

Figure 2 Effects of B-thujaplicin on the bacterial cell membrane permeability. Effect of B-thujaplicin on the
permeability of E. coli J53-47R outer membrane (A) and plasma membrane (B). The significances were
determined by one-way ANOVA (ns: No significant differences; *: P<0.05; **: P<0.01; ***: P<0.001; ****:
P<0.000 1).

&: 010-64807509 P<: cjb@im.ac.cn



1628 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

2.5 B-IRAREZHELAE RIS

B TS 5MEE S . AR 0. DNA
B BRGSO A A i S AR, X AN
A B e Y AT KB, B-
R AR T v 110 Y2 SR 5 4 T 2 ik, DT B A
12 2 [ i 14 3h 4 ko i T b A R A ) E T BT
PG, A ZE R AR 2 R 4R T B A
XTI R ERFR S R R . 2R E 3A PR, B-
R AR T AT 2 e A4 it X A AT 40 T P 4k it
PE— B3 T I AE R =Mk T (FEHXT B2
REEA BRI, 450 R AN Fe® 4
PRI BRI P B-Aos AR A R ) TR e T
31g (CFU/mL) (d 3B), DA FZ5R%EMT, p-fak
P A 3 ) AR A A R P 2k B i, P HRERAR S,
PN PN €
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X B AR A AR BN 25 5 18 35 MR TR 32 5 22 3 M (one-way ANOVA) (*: P<0.05; **: P<0.01;

*xk P<0.001; ****: P<0.000 1)

Figure 3  Effects of B-thujaplicin on bacterial iron homeostasis. A: Effect of B-thujaplicin on the intracellular
iron concentration of E. coli J53-47R. B: Effect of supplementing ferric ion on rescuing B-thujaplicin mediated
killing of E. coli J53-47R. The significances were determined by one-way ANOVA (*: P<0.05; **: P<0.01; ***:

P<0.001; ****: P<0.000 1).
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Figure 4 Effects of p-thujaplicin on bacterial ROS generation. A: Intracellular ROS level of E. coli J53-47R
after 1 h treatment with p-thujaplicin. B: Effect of NAC on rescuing B-thujaplicin mediated killing of E. coli

J53-47R. The significances were determined by one-way ANOVA (*: P<0.05; **: P<(.01; ***: P<0.001; ****;
P<0.000 1).
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Hr(one-way ANOVA) (*: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1)

Figure 5 Effects of B-thujaplicin combined with tigecycline on bacterial intracellular tigecycline accumulation
and iron content. A: Intracellular tigecycline accumulation of E. coli J53-47R after B-thujaplicin treatment for
30 min. B: Effect of B-thujaplicin and tigecycline monotherapy or combination on the intracellular iron content
of E. coli J53-47R. C: Effect of supplementing ferric ion on rescuing B-thujaplicin combined with tigecycline
mediated killing of E. coli J153-47R. The significances were determined by one-way ANOVA (*: P<0.05; **:
P<0.01; ***: P<0.001; ****: P<0.000 1).
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