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Unlike most Gram-negative bacteria, Acinetobacter baumannii can still survive and acquire polymyxin resistance
after complete loss of LPS. Previous studies of LPS-deficient Acinetobacter baumannii mostly focused on
LPS-deficient strains induced by polymyxin, whose background was complex and unstable. To investigate LPS
loss-mediated polymyxin resistant-Acinetobacter baumannii, this study constructed a stable and clear background
LPS-deficient strain by knocking out [pxC gene in Acinetobacter baumannii ATCC 19606 with CIRSPR/Cas9, and
then studied the phenotypic changes of the /pxC-deficient strain including morphology, growth rate, antibiotic
susceptibility, virulence, membrane permeability, and membrane potential. Animal experiments were approved by
the Animal Care and Welfare Committee Institute of Medicinal Biotechnology, CAMS and PUMC (approval
number: IMB-20240119D,). The results indicated that the /pxC gene of Acinetobacter baumannii ATCC 19606 was
successfully knocked out. After losing the IpxC, the strain underwent the morphological change from rod-shaped to
spherical. Furthermore, it leads to reduced growth rate, enhanced membrane permeability, decreased membrane
potential, lower virulence, and increased antibiotic susceptibility to S -lactams, quinolones, aminoglycosides,
macrolides, glycopeptides. The IpxC deletion results in significant changes in membrane homeostasis and
adaptability of Acinetobacter baumannii. Understanding the phenotypic changes of colistin-resistant Acinetobacter
baumannii mediated by LPS loss is useful for exploring the resistance mechanism of Acinetobacter baumannii and
developing new therapeutic strategies.
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26867)~ W (1,3-~ ELHEZ R)- = Ik H R 805 /R [bis-(1,
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fit 5 : 130493-201105) 32 %' 1% B (meropenem, #t 5 :
130506-202004). 2 il F§ (aztreonam, it 5 : 130507-
201303). %F E2L4H (sulbactam, #it5: 130430-201007)- i
7} % % (azithromycin, it 5 : 130352-201007). fi] K
A (amikacin, fit 5 : 30335-200204). X A W W A
(levofloxacin, It 5 : 130455-202108). /i & % &
(vancomycin, L5 130360-201302)- VU¥£ % (tetracycline,
L5 130306-201419) 1T Hh 5] £ i 24 A 2 BT 55 e
BN 2 (tigecycline, L5 : 1511130122) 1+ 1E KK
i IAFE % & (daptomycin, [ 25 4E5: 720100001) 5T
Vg ik i 256 IR 2 |, RB% Z& (kanamycin, KAN,



- 1288 - 252 %4} Acta Pharmaceutica Sinica 2024, 59(5): 1286-1294

LOT#HCO0113A0020). & ft & %E (ethidium bromide,
EB, LOT#G107BA0010). 5 4 % - p-D- B A% 2 FL 4
(isopropyl-beta-D-thiogalactopyranoside, IPTG, LOT#
1621BA0019) 14 T4 T A9 TR (i) B H R 2
] WL N IE (propidium iodide, PI) - ZEER & H /R R
1\ 7] ; Gibson 2H 28 55) . T4 DNA #E#: . T4 £ E#%
R WA R M N U BEE (Bsal-HFv2. Ecol-HF .
Not1-HF) 4T 3% F New England Biolabs (NEB)A #] .
CRISPR/Cas9 & R mIBZRARMIR IpxCER A
W98 2% Z2 R VLU 1 75 kW, FE il -, ARk
T I 4 7 IpxC FE TR sgRNA i [H] J5 5 20 455 AR 11
pSGAb-km Jifi #7, CRISPR/Cas9 3 [ % %5 J7 ¥ WL & 1,
FI) ] CRISPOR M (http://crispor.tefor.net/) 15 i1 %1 %
IpxC ] spacer 7 41, 1% % PAM 7 &5 (5'-NGG-3") [ §il
20 bp # it 3 Xf 5 B 1% 1 IR spacer-lpxC spacer-F/R 7
|, il T Gloden Gate ¢ 4% 7. b ¥ [pxC spacer-F/R i %
B & Bsal B V)it 1) pSGAb-km ki . kL %% 40 B
E. coli DHSo Ji, J1d 50 pg-mL™" - F8 55 2 Bl v ~F AR 0
EBHYE TR, LA IpxC spacer-F/M13R J4 PCR 5|9, & 14
% PCR IS4 Fr 56 40E i 3R 45 45 17 [pxC Al sgRNA
(1) pSGAb-IpxC spacer-km Jii R . 4375 i i R i 14 9 7]
B NofI-HF . EcoRI-HF ¥ pSGADb-IpxC spacer-km J5T $i
AL, DL IpxC B[R] R4 500 bp [ [F]JEE ipxC-up
Al IpxC-down Ay [A] 5 # A AR, K A Gibson 2H %% 1) 77
KA T A overlap [ 51 #%F IpxC-up F/R. I[pxC-down
F/R, VL2 B & 8 4H 9 452 B 38 ik PCR 3R 15 IpxC-up.

Recombiantion
system
Cas9

( pCasAb-apr

ApmR R

SacB

1.Electroporation

IpxC-down, 2 Gibson 2 3544 I 1 i [7) U5 8 T 4% 0% %
B 2R V10 #9 pSGAb-IpxC spacer-km i FL i, 54k
R 25 R U TR \PCR I 58 UE J5 SR 15457 [pxC FE K]
sgRNA Fl [7] Y5 # 4 BLAR 1) pSGAb-IpxC spacer-HR-km
JRRL. FTE 55 L% 1. 4 pCasAb-apr Jii Fi F
B 3 ] B R AT B ATCC 19606 1, DL pCasAb-apr | %
Wi 2 55 R UM L IR (ApmR) AR B 1 51 4 X6t
ApmR-F/R (£ 1), i# i PCR B IE I 5 3K 15 I AR A7 47
A pCasAb-apr UKLV ¥k, 18 IPTG ¥ #RiL 2 h )5,
) 2 B A2 AS YA . X 400 ng #4) 2 4 1) pSGAb-IpxC
spacer-HR-km J5i R 11 1] 4% 717 pCasAb-apr 5 A 1) ] &
AN B ATCC 19606 11832 25 40 g b #k AT i etk . W
d e, TN 1 mL BHIVR A4 BE 77 3 91 B T 37 °CH2
PR 100 rmin” fZ3% E 75 16 ho B 100 pL B4 A0 78 &
20 pg-mL"' £ 316 K B 1) BHI [E 483 75 7P AR 3%
F7 16~20 h i 3% PH M 7 B o 7F IpxC FE K] 1T 35 [ 98
B 51 W%t IpxC-CF/CR (% 1) #1457 PCR. 7P##i@ it
b ep R 3 i N oL e = UL S R S AT E N DA VS F o
55K EIE A 5% BERE K BHI [ 4R B 77 1 025 B
Ipx C 35 5% T ke v 5 D] 2 5 14 J5 Kz, Bk 3 1 9% 38 i PCR
IOAIE R 2 B 25 3, LL ApmR-F/R 5] #381IF pCasAb-apr
5 KL, LA pSG-F/R 51 4 5 ilF pSGAb-km Jii ¥i, 5] 4
W 1.

LPSHIIRESEE HECAFER 15 mL #E08
HOIN 12 mL %4 /) PBS (pH 7.2), SIBCFAR E R H &
FIPBS IR A, 5 H B OD,, N 0.6 AL 47 4°C NE

Repair KanR

pSGAb-km

sgRNA
SacB

2.Cleavage

sgRNA

Cas9 protein  + %i
pCasAb-apr l

>

Recombiantion
~

system Sy
e .

Targeted DNA
/

PAM

. S
~ \\\\ Repair
template

3.Repair

l ) /
~ -

Figure 1  Principles of gene knockout using CRISPR/Cas9
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Table 1 Primers for gene knockout used in the study

Primer Sequence
ApmR-F CCGTTGATCGTGCTATGA
ApmR-R TGAGTAAACTTGGTCTGACA
IpxC-CF GTGGTTACGCAATGATGG
IpxC-CR ATGAGCCYYGAGATAGTGTT

IpxC spacerl-F  tagtTGCAATTGGCGTAGATGATA
IpxC spacerl-R  aaacTATCATCTACGCCAATTGCA
IpxC spacer2-F = tagtGTTTGTGTATGAAGTCAGTG
IpxC spacer2-R  aaacCACTGACTTCATACACAAAC
IpxC spacer3-F  tagtTAGGAGCATCTTGTTCACGC
IpxC spacer3-R  aaacGCGTGAACAAGATGCTCCTA

MI13R CAGGAAACAGCTATGAC

IpxC up-F CCGAGTCGGTGCTTTTTTTGATATCGAATTC
TGCGAAAGGCGTGTTAAT

IpxC up-R CCAAATAAAGACAATGACGCTTTGTAACTTC
TTTTTTAAAACCG

IpxC down-F AAAAAGAAGTTACAAAGCGTCATTGTCTTT
ATTTGGCTATGTTATAATG

IpxC down-R CTCCACCGCGGTGGCGGCCGCAACACATAA
AAACAGGAAACCT

pSG-F GATGTTCATCGTTCATGTCTC

pSG-R TCTGTGGATAACCGTATTACC

HEOTEIR (2 500 xg, 10 min) 38753 B AKTTIE, #UTTE
R 10 A5 I NZL MR, 1R R P U5 4 M RS AT
WEHE (WEHE 3 s, A B 3 s, 40% Th, 3£ 10 min). 2500 HX
FIE, N E BB K (45 0.1 mgrmL™), 60 °CHFEF
#H 60 min J5 20, BUH AT LPS (1) B . K HE B LPS
¥ i i 47 SDS-PAGE Hi 9k, 140 V HL K NI4T 55 min,
I D e

WEARE S RBIEMLER S R R IR
BV A %2 2] 0.5 MCF 2247, X 10 uL #6088 J5 1R B UM
#1200 uL Dulbecco's & 2z #1'#i (Dulbecco's phosphate-
buffered saline, DBS) Z& M H, A 44kl DIBAC,(3)-
EB.PL &K 43 5 4 10.10.5 pg-mL". K FE fh 7
25 °C F W% & 30 min, 2} 5 i# i BD Accuri C6 Flow
Cytometer Jit 2 4H B SR M, SR Y 488 nm 1 UK G,
K 0 2% 43 51 76 >630 nm. 575 nm 4 3 K0 & PTG
EB %t [ W 5 3% 14, 525 nm 4b Il 5 DiIBAC,(3) 9¢ %
S B JEE P B

FAEBRFAESFEE PO IR, B0
2 B3 )5 0.2 mol-L' PBS H & Wik &5 0 B Ik, 5
PR A 72 3 1.5 mL 208 H, WE BEMN 1 mL 2.5%
WS NN, R AR AT EE | min J5 50 K,
2500 xg &0 5 min, I S, 4 °COKAR EE LT
(> 12 h), &R BB A ] E R
S HL B SRR RSN SRIEAS

HE S VITEK2-compact 4= H 3 41 B 24 77
BT 2 4038 i 5 2% [ VR A4 B 25 B0 R v (VITEK2 AST-
GN13) & il & 2 A 5h AT B ATCC 19606 B 4= 7Y (wild

type)~ i R Pk (AlpxC) W25 . [F B AR 4% CLST #5 i,
T RIAH MR REEN E RN Z R EB R R R
B &R EHR A LIRSk ke 38
PR VR R AT I P E A R BOK R R R
WETEFER R R BN R AL R MUK
P, 25W0IK FE VS LA 0.125~256 pg-mL™", 4 B K
[ £)5x10° CUF-mL", & T 37 °CH; 9% 16~20 h, IR
WL EZ T A B AR K IR S AR 24 0 P35 D e M T TR A P
RN E B R IR SN B, 1R
1:1 000 7, 38T BIOSCREEN 4> [ 3l 4 K- 28 40 A3,
37 OC S5 % 55 F7 Witk 48 h, 4F 4 min &1 OD,, 11 %k
B DA 21 B bR 1) A2 K it 22, 48 ] GraphPad Prism 10 X}
A K 2R B0 HE AT UL 26 O ZE 43 BT, SR H Bonferroni
HIGLER, 4P<0.05M, HLit¥E L.
INREG LT NRIZREREN A, FA
10 H, BERE S o SEI0 B 5% e 3 14 T I B A R
R, B RN BRI VE N 29 2x10° CFU Y B W (A
baumannii ATCC 19606 1.6x10° CFU. A. baumannii
ATCC 19606 AlpxC 2.1x10° CFU), Ml & 3 it 5t 7 K A
A EN Y FE TR, {5 F Fisher K 846 56 3E 1T 8 1H 40 M7
N Prism # £F Kaplan-Meier ) 216 5 b IR 125 A1) 432 2E 47
Hi 28, I 0 X SRR AS 36 (log-rank) LL#GAEAF B2k, 24
P<0.05EAMAERAREEESR.

Z#HR
1 #SRFNFE ATCC 19606 7 IpxC EE 2 5 fR fE
FEHARENE LPS

O R IE FR, 2 A B M B ATCC 19606 1E IpxC
JE R B R AT BE A7 05, 6 IE IpxeC 3 IR 2 75 i Ik 1 3,
ABEFLHEAT T PCR KMo HLUKSS SR 2o, TP A PR
PCR =) K B AE 1 500~2 000 bp 2 [8], T gt 52 4k 11
DNA =K BE7E 1 000~1 500 bp 2 7] (K 2A). 5
GE R — DU S, MURRPR I =2 2908 1397 bp
DNA 741, 2% T 903 bp (1 5k 3 X B IpxC FE R (B
2B), 5L R — 3, KW pxCHB R KL BT
IpxC L[ 72 LPS & I S B BE (K], 4 T RE 50 B Hb
e R 2 AN BAT B pxC HE R 5 LPS (AR OGP, AR A
PRI T B A Ak 5 R BR AR 11 LPS #E4T SDS-PAGE HLyik 6
W, &5 BB IR, B A RRAE 17~20 kDa (1) £ B & 91 LPS
(R . 2, T il R AR A H R, E— 2B IR B T R e
Ji 6 2 AN B A R LPS B2k (K 3).
2 WS REIFE ATCC 19606 7E IpxC E ARG G, T
SRR IR

N T M EE IpxC B DRI o 0] 60 & AN B T ARSI
SR, ASHIE T 4y S0l 38 e 4 R S 0 A R B L 4 B 2
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A bp Ladder Wildtype AlpxC B

2000
1500
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SNEENEEEEEEENENEEEEEEEEEEEEEEE
AAGAAGTTACAAALG T TG T

CGTCAT CIETAT T

~AAGAAGTTACAAAGCGTCATTGTCTTTATT~

Wild type~AAGAAGTTACAAAGC~N(903)~GTCATTGTCTTTATT~

Figure 2 The results of [pxC knockout in Acinetobacter baumannii ATCC 19606. PCR (A) and Sanger sequencing results (B) of 4.

baumannii ATCC 19606 before and after /pxC knockout
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AHI 72 3 3 9 40 B AR K 100 000 A28 3 e a4

B EAT R I, 23 BIAE 525,575 AT> 630 nm U K K
DiBAC,(3).EB M1 PI %4 BL 1 % St 9 B2, LA vF AL 40 B4 (1)
I 368 375 P R 34 . DiBAC (3) 2 — 3 Jig 1 [ B 1
TGk, 7E 2 R L B A R 1 LR, DiIBAC,(3) A
A% 5 o 1o 5 BE IR 4 B i, R G 29 et BE HLAIG . (H Y
I P A AR I 2 186 I G ) 1) S5 R0 77, AT 5 B0 6
B3N . EB\PLZ P M AZ R S k), (£ 41 Jf JE 50 B 1 1%
BN 23 B 1k e Gkl (1 33k N, 22 5 SZ 450 38 M 1
i, EB A PTREGS HE N B4 ML N 5% IR 45 & Rk .
T2 AR (0 45 B R, RRBR R AE 5 AN R
Ll BT AR Ak B R 5 B, X R W B 2 AN B A 1 [pxC
K PR R B I, T e B BRI (18 S A, L 3 1 0 (18
5B.C).
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FHEINBUX (32 3).

5 IpxCEFERFREERAE KIRFPER, ZIRARES

AR A HE G 7 A S5 SR AR B, IpxeC R DR R Ak R 1) A2
KR o BT B AR . BF AR R B ARAE K20 12 hiatik
B 7AW, M52 ML, IpxCRERFRZIME 12 h A4 3
FE W (B 6A). XU IpxC 5 DR A el I 7™ 2 5 i fify
SAGAT I E KN )%, SEAEKE R,

/N BRI i S K £ 2x10° CFU I B W i, 3 820
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Figure 4 Morphological changes of 4. baumannii ATCC 19606 before and after /pxC deletion. Scanning electron micrographs of 4.
baumannii ATCC 19606 (A-C) and /pxC deletion strain (D-F) at magnifications of 10.0 k, 20.0 k and 40.0 k amounting to 5.0, 2.0, and
1.0 pum, respectively. Transmission electron micrographs of 4. baumannii ATCC 19606 (G —1) and /pxC deletion strain (J - L) at
magnifications of 2 k, 4 k and 15 k amounting to 2.0, 1.0, and 200.0 nm, respectively
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Figure 5 Alterations in membrane permeability and membrane potential of 4. baumannii ATCC 19606 before and after /pxC deletion
using DiBAC,(3)/EB/PI staining. DiBAC,(3) staining (A) revealed membrane potential decreased, EB staining (B), and PI staining (C)

revealed membrane permeability increased after /pxC knockout

Table 2 Minimum inhibitory concentration (MIC) determination TR, &R E IR, A baumannii ATCC 19606 (wild

of A. baumannii against antibiotics with VITEK2-compact type) HNRIT RN 90%, A. baumannii ATCC 19606
Antibiotics Ve SR (MpxC) 4L/ RIET: % 0% (I 6B). i

Ampicillin/Sulbactam <2 <2 Fisher ¥& i f 38 3247 40 o1 20 A LB B 7, P 4/ BUBE
Cotioln o oo TR AAREE X R (P<0.01). 5 Prism B £
Ceftriaxone 16 <1 Kaplan—Meier E@ % %/El *& BE /2 ﬁ'J @ /fli ﬁ EEE Zﬁ ) j'JF 1% }Eﬁ Xﬂ'
f;f;z:; <81 ji KA (log-rank) Fb 5 27, 9 20 /s BRI 26 A7 ith 2%
Gentamicin 4 <1 BAHMBEELES (P<0.01).
Tobramycin 1 <1
i S 1€
Trimethoprim/Sulfamethoxazole >320 >320 fif] B NS AT B AE IR 5 I
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Table 3 The antibiotic susceptibility of 4. baumannii ATCC19606
with and without /pxC

Antibiotics , MIC/ug L~

Wild type AlpxC
Colistin 0.5 > 128
Polymyxin B 0.5 > 128
Apramycin 128 8
Kanamycin 64 2
Cefoperazone 64 16
Ceftazidime 2 0.125
Cefuroxim 64 0.5
Meropenem 0.5 <0.125
Aztreonam 16 2
Sulbactam 1 <0.125
Azithromycin 32 <0.125
Amikacin 8 <0.125
Levofloxacin 0.25 <0.125
Vancomycin >256 <0.125
Tetracycline 2 0.125
Tigecycline 1 <0.125
Daptomycin > 256 2

B 22 RGeS B R Sl Y. BT
BT A6 0% K B (8] 736 T 40 A4 e T, [ bk 7 S M 4 s
W5 R WP ALAE SV 98, AR R YT I RE R, e R
WIPLEE 2Pk &) RAET 257, H 2004 4F 2, it 8276 3
KR B >k 78 S R 1 PR Fh 23 85 1 R 22 36 B 2 SR 454
e P TR 245 TR 8 2 A SR B Y. X AN I GO 5T
M e, 36 1) 75 BRI 086 B AN BHAT 1R FITH 25 B

LPS ik 2 2 i) 2 AN FF B 0 22 6 B8 2R 24 AL
Z o Moffatt 2P g B I LPS 62K (1 6ifl 2 A3 A1 1,
FE ARIE T I6 IR 53 2545 2 1 LPS 2k 4% B0707-070.
J5i 8 20 I PR 43 55 15 2 11 LPS B 2% bk 5 G 8, B Al
LPS ik il & R 3 A B 10 78 2 2 T8 £ 3 i R AR Ak
FFMK. 582 T 980T 68 51 R HoAth A A &L K 1
RAC 5T 4 AR €, A 7038 i CRISPR/Cas9
FEAR BN T IpxC HE R A RBR AN [F 6l 2 A
BT 1 — M3 TR PR R o, Ipoe @ 32 TR 1) ot Bk 4 e AR i 2B
MU, 5 2 CRISPR/Cas9 £ 45 i ki [ (0 1
ANBEAE A R I3 I 2% A o 25 RS B B = AN BN AT R 7
LPS 2K J5 3R 15 0F 2 3 B 25 10 s FE i 24 1, AW 9 A

—=— Wild type
—— AlpxC

154 :|
EE L

2.0

0.0 T T T T T 1
0 8 16 24 32 40 48

Time/h

2R 2 R &R B AR N S A, T 3R AR IpxC L
37 S

B P T 4 i AR B 1R 8% JIE (phospholipids,
PL) M1 LPS mi 7y 4t 1556 ) A8 ~F 47, 407 7T Lo i 6 4
LPS MBI A [F] B A58 52 = 0 245 Y0 1) i 32
M, T — LS8 R il A 2 50 2 R 7 A i
fify 2 ANBNAT B A2 H AT &K IR 2 LPS J5 75 BEAF 15 1) 3 Fif
HHTE 2 —, B S BN 1E 5k 2 LPS IR EAME, B
4 27 45 L N 7R LPS Rk 2k 36 R o I 4% 12 14 2 mlaBCD
NG & H 7% 12 1k & 101BDE % K 1) 7 56 K F 8.3 i,
Ui W5 5T 72 LPS SR 2% 1% B bk b By T O% B 45 A
M, A5 Sk RS, 20 B A LPS Bk 2k 2 5 30l 1
PL ¥ B 4M =, PL R AN 1 SMELLPS, {H R A 08 28 1
S i B 1 A 2 ) RS PR, 3 S A R 3 5 1 1
In, EAK A 51 B8 gk N2, KA B R 8 i A &
i A SR LPS [0 b ik — 25 3 R L 3 PRI, aX
AR A R ML R LA H k% LPS
(86 2 AN ZH A B 2R 25 T IR IFPIRTER, 28R 7 3RIR
T T2 11 5022 U W 40 1 400 B SR o R AR T )
FR) SRR, A ST TR Ik T KB IR SRR 1 5 BORE LPS 5k 2K: i
SAYHENAEFEREE YHFEHERGGEALA
(penicillin binding protein 1A, PBP1A) & [1 = &K & i,
1 2 AN FHAT B LK 2 LPS J5 TCiE A7, A4 PBP1A 7]
R0 B JOR SRR 1) & R AT HR R U #E LPS B2k
fif) 2 AT R, TR B-1,6-N- £ Tt & B I (poly-p-1,
6-N-acetylglucosamin, PNAG) 1] & & 5 ¥ 1 1 K 1)
pgaABCD HE [A] % 5% 7K ~F B 2 5 ™7, 158 B 41 i A% 1 ik
RVER G AT AT BEAE4ERF LPS SR 66 8 A B M B 4
JMIREAG E P R SR . = T AR E SR A
TR T EFFMAANE TSR, LRSS R
W LPS FEAEFFAH R TEAS VA BB I TR I L 3 2258
HEAEHY IpxC BN AR IS, 662 A ST B 2
FHE R BURIE N . LPS 2 2 3 R 1 OB
FHEE R, B B0 2 263 R W AE AL R A D18, B 50
AT A S ) — PR R 2 R R T IRk

00— == &
80
-~ Wild
=\\° 1ld type
T; 60 -&- AlpxC
E 40 Control
)

20
*3

0 T T T T T T 1
0 24 48 72 96 120 144 168

Time/h

Figure 6 Growth curves of 4. baumannii ATCC19606 before and after /pxC deletion (A), and survival curves of ICR mice following
intraperitoneal infection with 2x10° CFU of the A. baumannii ATCC 19606 before and after IpxC deletion (B). n =10, X £ 5. "P < 0.01,

P <0.000 1
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