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Abstract: [Background] Antimicrobial resistance poses a huge threat to global health and
economic development. Tigecycline is one of the important drugs for treating severe infections
caused by multidrug-resistant Enterobacteriaceae. However, the mobile resistance gene tet(X3),
which could mediate high-level tigecycline resistance, was discovered in 2019. Outer membrane
vesicles have been recognized as a new route for horizontal gene transfer, while little is known
about the role of outer membrane vesicles in the disseminating of tet(X3). [Objective] To
investigate the effects of different antimicrobials on the production and characteristics of outer
membrane vesicles of tet(X3)-positive tigecycline-resistant Acinetobacter baumannii strain
34AB. [Methods] The antimicrobial susceptibility was determined by the broth micro-dilution
method. The bacterial outer membrane vesicles were extracted by ultracentrifugation. The
protein concentration of the outer membrane vesicles was determined by the BCA method, and
the size and potential tested by Zeta-sizer nano-ZS. The copy number of tet(X3) within the outer
membrane vesicles was determined by RT-qPCR. [Results] Compared with the control group
without antibiotic treatment [(0.64+0.04) mg/mL], antimicrobials at 1/2 MIC or 1/4 MIC
increased the production of outer membrane vesicles, with the effects of ceftazidime [1/2 MIC,
(2.83+£0.57) mg/mL; 1/4 MIC, (2.38+0.29) mg/mL] and meropenem [1/2 MIC, (2.19£0.11) mg/mL;
1/4 MIC, (1.96+£0.37) mg/mL] being the most significant (P<0.01). Meanwhile, the
antimicrobial treatments decreased the size and potential of outer membrane vesicles and
increased the copy number of tet(X3) (2.80x10*-2.63x107 copies/uL). [Conclusion] The
clinical application of antimicrobials may increase the production and the antimicrobial
resistance gene abundance of outer membrane vesicles, thereby increasing the risk of them as
vectors for disseminating of antimicrobial resistance genes.
Keywords: Acinetobacter baumannii; outer membrane vesicle; tigecycline; antimicrobial
resistance; tet(X3)
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*®1 MEAYIXESAEHITE 34AB §9 MIC &
Table 1  The MICs of antimicrobials against
Acinetobacter baumannii strain 34AB

Antimicrobials MICs of bacterial strains (pg/mL)
Strain 34AB Strain ATCC
25922

Rifaximin 2.000 0 32.000 0
Tigecycline 32.000 0 0.2500
Ceftazidime 4.000 0 0.1250
Ciprofloxacin 0.2500 0.007 8
Meropenem 0.1250 0.062 5
Chloramphenicol 16.000 0 4.000 0
Polymyxin 0.500 0 2.000 0
Gentamicin 256.000 0 0.2500
Mitomycin C 8.000 0 32.000 0

2.2 ARIMEHAXESAhHTE 34AB 5h
ik Hialed—{:0E-A

Hifl BCA 4513 M S HIRAWTE 1/2 MIC
i 1/4 MIC ¥ BT X 2 ASB T 16 34AB S1 S
WA, ERE 1 s, mE AL,
TESHE WAL RS, 34AB AN 490 19 7 &
[(0.65+£0.03)—(2.83+0.57) mg/mLFHA ok &

54
g) . mm [/2 MIC

g 1/4 MIC

N 3 L

.5 sk

§ I ¥

§ 2r ok ]

g ok o
5] *

: " o o ¥ e
B 1t 1 T T gax L
g -

a

=

3 0

1 FEIMEAMER TS TS E 34AB 5
RRAN 2

Figure 1 Effects of antimicrobials on the
production of outer membrane vesicles of
Acinetobacter baumannii strain 34AB. *: P<0.05, **:
P<0.01, ***: P<0.001.
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SRR F)(2.83£0.57) mg/mL, 1/4 MIC HefE
WA T SNSRI A F)(2.38+0.29) mg/mL.
Hwoh % B, SR ™= 50 5 (2.19+
0.11) mg/mL (1/2 MIC £4)F1(1.96+0.37) mg/mL
(1/4 MIC 2c1F). BREIMA R K KE R, H
AYUEZ5Y) 12 MIC WIEERTF, i S 4MESE
WA L 1/4 MIC 4500 F &
23 AEMEAXNRSAATE 34AB Jb
[EE ok 3 oA

SR A K 5 LA 4S5 AS TR e B 245 1
NS REFTE 34AB 43I A SN AR A
(Fl 2)o HETPAERZET, M R3IFFR 34AB
H AR43IWA) OMV SEHHRiAE K (524.07+71.63) nm.,
FEAS TR BE TR 24 4 T A B 3% 3k A% 35 0/
[(90.94+3.67)—(342.90+36.70) nm], L5 £ /E
F itk 3, SR ST 7= B I -3

800
T = /2 MIC
N 1/4 MIC
8 600
o
=)
<
0 3 3
CFF &S FE '&Q
OQAC“\}J\}bo“'@@Q@rﬁﬁo
CEF & F ST S S
% FeQ W &% o‘bé*\

2 FRIMEAYMER TH#HS TN E 34AB 5h
R BRRE

Figure 2 Effects of antimicrobials on the size of
outer membrane vesicles of Acinetobacter baumannii
strain 34AB. *: P<0.05, **: P<0.01, ***: P<0.001.
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. OFRE . Skffhre e R, Lk
) 1/2 MIC ¥ EEAE T SMIESE R 42 L 1/4 MIC
W RE AT AN S R AR ek, i HAth e 5 25 1)
YERZ .
24 ARIMEAXNESANHITE 34AB 5h
G k=R A=A

SR FH A0 KR B F A4S 22 AN [ e 1A 24 4
FH T 12 AN ZhFF 1 34AB 43 Wb 114 41 5 3 1 Ha
(&l 3). FELBLHAERME LT, 2 K5
M- 34AB AR MWK OMV FHH AL K
(—0.92+0.31) mV. FEANFEPRELGIERT, JME
FE AL PERE S R A ER S,
A RERE LA e I, 4390 2 (—10.47+0.31) mV
(1/2 MIC 444)F1(~10.72+1.71) mV (1/4 MIC 4
). F20M L, BmARE ., FlmeEi . ki
ol | 55 % 5% R RN N 7 S X6 SIS I F 57 5 )
BR, A%E. ZHER. KRERMLAE

>
g
=
=
Q
1S)
=9
8
N ek ***l ok = /2 MIC
®%% 1/4 MIC
—-15 n\, 1 L 1 éj
BN N > O
ST T TS E
D S K &
AR Qé\@, & @e} &@Q Q@ & ¢ {9&
o

B3 ARNEHIIER T8RS E 34AB 5b
¥ ial:0)::K v

Figure 3 Effects of antimicrobials on the potential
of outer membrane vesicles of Acinetobacter
baumannii strain 34AB. *: P<0.05, **: P<(.01, ***:
P<0.001.

F C1E 1/2 MIC ¥ FEAE N X B HL o 52
M) AE X 55 /0N o
2.5 HSARENITE 34AB HMNEERGIES
tet(X3) & &

R KBRS S MR 1 FE i DNA J5
K] PCR L4858 A4 tet(X3) AR o 4 2R 40
K 4 iR, ANRPTHE WA AT, W
HES REIFFE 34AB AMESEIRE 535938 1
BEYE F (9 45747 (650 bp), T BATEXT IR TG 4471, 3
W T A A1 RS TR il B30 485 el 5 o o 3% it 2 6 1A
tet(X3).

2.6 HSRENITE 34AB HMNEERGIES
HY tet(X3)EE# I

W AKX EAA R EA TR, pUCT8-tet(X3)
PEDIECH 1.10x10" copies/ul, K5 HoAR HoFi FE
PAASTRIHE EE (1.10%10'°-1.10x10° copies/uL)ff) 5
H TR M IEF T RT-qPCR J i, DL C
RN AR AR, 38 DUEC A AR FR2s il bR i 42
RS RPREM AR R AN y=—3311 Tx+
36.464, R=0.992 2, ijiHHY 48 i 4 45 H6 R
FHOCHELT, P IGRCRB R E0R, WIS IR &
RT-qPCR 3K,

DL A Ah B 3L DNA - Sl 455 A F 47
RT-qPCR #3184 , K IA5 ) C(ELAR AR v T 2R 2>
2, 15 F MBI p 5T 19 tet(X3)¥E DLk, 2%
RE 5 iR, LA FMET, M2 K5
FFR 34AB 43 B AN BRI 45T 1Y) tet(X3)
FENFRE N 7.90%10° copies/uL . Pt 257
J& . WS R SIAT I 34AB AMELRE I 4
W tet(X3) ¥ DL A ¥ A BT I (2.80%10%-
2.63x107 copies/uL), HHEZ K EH)E . sb
A 0 P 5T B tet(X3) 5 DL B =, il
6.30x10% copies/uL (1/2 MIC %) Fl 2.50%
10® copies/uL (1/4 MIC 4:14).
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4 PCR ¥ iEESEHHTE 34AB JMNRER tet(X3)EEHIIZAEVEEEXE M.

M1 23 4 567 8 910111213 14151617 1819 20 21

S
A P s W G e

DL2000 DNA Marker; 1:

PHPEXTHE p34AB J5ohi; 2: AUSIIBURZGYILSMESERER:; 3. FIREEI 12 MIC; 4. MIREH D 1/4 MIC; 5:

BIIAE 12MIC; 6: BIERE VAMIC; 7: SLHuftalE 12 MIC; 8: SkflfthiiE 1/4 MIC; 9: RNV 1/2 MIC;
10: FRAVPAL 1/4 MIC; 11: SEFHER 12 MIC; 12: SEBHRG /4 MIC; 13: SA& R 12 MIC; 14: EFHE 1/4MIC;
15: ZRRR 12 MIC; 16: ZHERIR VAMIC; 17: JKREER 12 MIC; 18: JRKER 14MIC; 19: 234
C 12MIC; 20: ZZ47F% C /AMIC; 21: FAVEXHE PBS
Figure 4 The agarose gel electrophoresis graph of PCR product of tet(X3) carried by outer membrane vesicles of
Acinetobacter baumannii strain 34AB. M: DL2000 DNA Marker; 1: Positive control of p34AB; 2: The outer
membrane vesicles without antimicrobials treatment; 3: 1/2 MIC of rifaximin; 4: 1/4 MIC of rifaximin; 5: 1/2 MIC
of tigecycline; 6: 1/4 MIC of tigecycline; 7: 1/2 MIC of ceftazidime; 8: 1/4 MIC of ceftazidime; 9: 1/2 MIC of
ciprofloxacin; 10: 1/4 MIC of ciprofloxacin; 11: 1/2 MIC of meropenem; 12: 1/4 MIC of meropenem; 13: 1/2 MIC

of chloramphenicol; 14: 1/4 MIC of chloramphenicol; 15: 1/2 MIC of polymyxin; 16: 1/4 MIC of polymyxin; 17: 1/2
MIC of gentamicin; 18: 1/4 MIC of gentamicin; 19: 1/2 MIC of mitomycin C; 20: 1/4 MIC of mitomycin C; 21:

Negative control of PBS.
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Figure 5 Effects of antimicrobials on the copy
number of tet(X3) carried by outer membrane
vesicles from Acinetobacter baumannii strain 34AB.
*: P<0.05, **: P<0.01, ***: P<0.001.
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