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Abstract: The antibiotic resistance and virulence of Acinetobacter baumannii are increasingly
serious. Studies have shown that the CRISPR-Cas system in A. baumannii attenuates the antibiotic
resistance and virulence, while the effects of CRISPR-Cas system components on A. baumannii
remain unclear.[Objective] Investigation of the role of components of the CRISPR-Cas system in
the modulation of bacterial drug resistance and virulence in A. baumannii. [Methods] The impact
of casl overexpression on bacterial growth, serum resistance, bacterial drug resistance, biofilm
formation ability, and survival rate of mice in a mouse model of bacterial infection was investigated
by constructing casl overexpression strains and corresponding with them to detect the
aforementioned changes. [Results] The resistance of the bacterial strain AB26:: casl to 22
commonly used antibiotics was determined using the paper diffusion method. Of these antibiotics,
six were found to have an effect on the strain, causing it to change from resistant to sensitive. The
capacity of the bacterial strain AB26::casl to form biofilms was evaluated through the use of
crystal violet staining, which revealed a reduction in biofilm formation ability when compared to
the AB26 strain. The intraperitoneal injection of the infected mice model demonstrated that no
mortality occurred in the AB26::casl strain in vivo infected group in comparison to the AB26 strain
in vivo infected group. The fluorescence quantitative PCR assay demonstrated a reduction in
MRNA expression of the majority of resistance and toxicity genes. The survival assay, which
involved incubating normal human serum with inactivated serum, revealed no statistically
significant difference in serum resistance between the wild strains and the overexpression strains.
[Conclusion] The casl gene, derived from strain AB43, was observed to exert an inhibitory effect
on the drug resistance and biofilm-forming ability of A. baumannii, as well as the pathogenicity of
the bacteria in mice.

Keywords: Acinetobacter baumannii; CRISPR-Cas1; antibiotic resistance; virulence
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(clustered regulatory interspaced short palindromic
repeat, CRISPR) #% (21-50 bp M E /¥4 R 5
17-84 bp MIEIRRIF 51 S 2 HESI T AL) . Hi )7
51 (leader, L) & — % %1 CRISPR #H 3¢ %
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AIMFIANEE RS R BGIS B, N, sk
A |-F %1 CRISPR-Cas 4t it [ R ) /) B i) Ja
AE T 253G 0R , AR RERS T )2 R e 2 /N R
F . M. HERNRAE RS BT,

] S AN T FEEAFTER) CRISPR-Cas 5
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MR m R B Be s BALB/C /N F 47 MK
P EE .G, Y Pikg iR (L sh i
PAE AR ) SRR U EEAT, MR
TSR HE R ST R A (S
YXYLL-2023-061).
1.2 FERHFIFLR

PCR 5146 b B A JE RN ol A= T A=)
TR (b ) By A R A W 5E 8 MiniBEST
Universal RNA Extraction Kit, PrimeScript ™ Il
1st Strand cDNA Synthesis Kit. #H 5 BE fil 1 4% i
PP . pET-30a ki, PCR Mz Hiikidinl &, &

http://journals.im.ac.cn/actamicrocn



674

ZHANG Pengyu et al. | Acta Microbiologica Sinica, 2025, 65(2)

A TR (RIE)ARAF BiAERAHAH
MH SR A5 FE 5L RN MH [ RS 7238, AN 3 An
AR BR A

¥4 M5, ThermoFisher Scientific 2 7 ;
fEIRFEIR, NBS AH]; 4 HshEE L ML,
Syngene A )5 KRR AR FARINAL, BUAKEL Hr A
Fl; PCRX. MY 0.2 mm Hidi#f, Bio-Rad
NI
1.3 I casl EFE T RIEE K

it TR AT 78 25 5 b X B 2R S FF B AB43
PRI 25 R b iy casl FE DR 815 casl LA
519 casl-F (5'-CGCGAATTCTAAATGGAACAAC
TTAACC-3') #il casl-R (5'-CGCAAGCTTTCTTT
CACTCTCCAAATT-3"). _Li#¥ M EcoR | fiE 1]
i 55 GAATTC, Ui b Hind 11§ D147 5
AAGCTT, i DNA $Hiath) & 5 i & A8 5
FF A AB43 #RILIZH DNA, 1E MR #4T PCR
P38 . PCR JZ N 1A & (25 pL): 10xPCR Buffer
25 pL, . FESI (10 pmol/L) £ 1 L,
DNA #i#z 0.5 pL, ddH,0 10 uL, PCR Jz i 5%
£ 94°C 5min; 94°C30s, 58°C30s, 72°C
90's, 30 MG 72 °C 10 min, R R Bk G
PyarEy, B4 A A2 1000 bp % PCR 7~
P T DNA T . 38 780 50 A s g 45 21
by casl L =R, KRG Wi T IR, TE]
WG 1 7= 91 54T EcoR | A Hind 1 XUEEYT, =2
Je AT IS RN, [RTIRE T 74 5 20 TR il
Y1 iy pET-30a kA, 7E 16 °C o5 F T ffi H
T4 DNA BESEBREI R . R IR S A
FABE RN LB FH L, 37°C. 200 r/min k55
W, A BB TS RN AT BRI TSR LB )
PREE 3R I, 7E 37 °C. 200 r/min B 3734 %
PR 20 ok pET-30a-casl, M4t HL kA 7 =k
B H S A2 RS AB26 #R AT AB29 BRI
ZAYMIH
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2 18 2016 4 Iifi PR 52 16 22 s v Ak B 224 o
“OR B FT TR JE I TR e B AR RN SR A B R VR R
(minimum inhibitory concentration, MIC) fi# B¢ t5
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4y (intermediate, 1) =% ifif 25
(resistance, R) 3 2%,
1.5 SYIER AL

4% 1x10° CFU /mL (1)1 2 RS R
IR H AT IO 96 LR ZIdH, Bk
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MR T AR RE . FHEEAR N ODs7o b B
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FRUEUNTT » 55 PHME N Ac<A<2A.; FHTE N 2A<A<
AAc; SRFATE R A>4A.
1.6 MEHMIRIE
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FIAE R 10 ul 5 90 pL 1E# A MG e /MRS
ZJEAE 37 CHEIR G AT . T 0. 1. 2,
3h 3IHL 10 L RA W, TR LB [AR: F 5
R R BHRE RO 3 N E AL, T
3k, 56 °C. 30 min F I I I 2H 7 b %o

(sensitivity, S).
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Synthesis Kit 5 RNA 52 % 5% % 855 cDNA,
K H qPCR 5 il 4% it 25 1 5 7 Y 22 =
%Kik,
19 BIESH

SEEECR LA SPSS 20 HEA AT, fHH t G
B A A BT BN 1) 22 Sk, i P<0.05 SRR A
ST e

2 HER50H

2.1 casl EFHNFHI 2 EM A4S AT
B B 2514

AT 9 52 36 B T v AR A 1) 6 2 O SR T
AB43 bk, HAEHEAN CRISPR-Cas 4. M
AB43 TH PR 88 Y casl JEIN, IFK L R
FIRFAK pET-30a A Ti%EHE, Kty EL iy B4 2k
TR0 T A Z E N 25 R AB26 FlJ™ 12 i 2 1 Bk
AB29 1, PCR %7 45 rfilk 1 S 41 A 1) ity
A (E 1) FFXT 22 Bl R E A 2 09 25 o
s R, S5k AB26 fHIL, AB26:casl
RN 15 B = BPUERIRDIVIA . k55
WA R UG AL B 5 . TR RB-N
V5 P A1 11500 2 6 W S B A 3R MR P b A s 1
W BRIMEERR, LISk R A £k
I G 6 FhiTAE KA 25 kA T Wk,

FHH 255 iU, M2 T, HAy 16 Fprd &R
X7 AB26::casl H AR T 25 PR FEARAE . ) —
JrTH, AB29:casl HEAIMRXTIX 22 Bl & nyt
IR R A MU, SRR, DUMEIET
R KIEFRE X AB26::casl Fil AB29::casl & 41
R 110 300 TR P AH A 1 H R I A B AR Rk X A T 4
K, X FRW] casl Ak Fe 3k v BEIG 1R 1 4H B %
P N7 N U W | A NS (U8 | ) O
AB29::casl i 41 Ak (19 41 1 Bl N 0 mm 3 K %]
10 mm, 1T Pl AR A 3 K AR AR IR B X Sk
MG B R (AR RR R B BRIk T
2 25 B bR AB29 Xt Sk A ik 5 i it 2 K S
(K2, %£1).

bp M1 2 3 4
5 000

M5 6 7 8

1 000

250

E1l S AT Ecas1EE T RIEHKIDERPCR
£E

Figure 1 Identification of the casl over-expression
strain of Acinetobacter baumannii by PCR. Lane M:
DL5000 DNA Marker; Lane 1, 5: AB26, AB29::casl;
Lane 2, 6: AB26, AB29; Lane 3, 7: pET-30a-casl;
Lane 4, 8: H,0.

22 Casl PR THESANTEZEMH
PREY S 4BR 2 AR 7K S

A= I T 15 A0 B R T 2 4 2 AR
BRI R . N TR casl i Kk BRI 251
RS A Y OY S RE e s A O, R
F T 45 i SR YL (K AB26 11 AB29 B A=k &
I casl EAMKA A WIEIE A ). AHEC T B A
Bk AB26, Ttk AB26::casl 14 WY i fE
B FEIR(E 3),
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AB26::casl

E2 caslEREIRIEFAB26. AB2OMKAMIBURM LAV I BUERM . 1. kffnkls; 2. SkfuEls;
3: KAt ; 4. KAfRE; 5. URPIPGAR; 6: IRKER; 7. ZAEHER; 8: FDKRA; 9: NV A;
10: JIERVD A 11. AAAFIVPAL2. BEOKA; 13 WRPIPIAAEME I 14, ZRVIMETELE; 15, fif
M S 16 B RVIMMERR; 17: Z2FEEB; 18: WUIHER; 19: ZPHIER; 20: WhKM; 21: K
IR 22: KD KM

Figure 2 Drug susceptibility variations of casl overexpressed AB26/29 strains detected by paper disk-agar
diffusion assay. 1: Cefepime; 2: Cefotaxime; 3: Ceftriaxone; 4: Ceftazidime; 5: Piperacillin; 6: Gentamicin;
7. Tobramycin; 8: Amikacin; 9: Ciprofloxacin; 10: Gatifloxacin; 11: Levofloxacin; 12: Nertilmicin;
13: Piperacillin/Tazobactam; 14: Ampicillin/Sulbactam; 15: Sulfamethoxazole; 16: Ticarcillin/Baric acid;

17: Polymyxin B; 18: Tetracycline; 19: Doxycycline; 20: Imipenem; 21: Minocycline; 22: Meropenem.

2.3 FHEKIMBIMMELTE

I35 o B A AMA R G5 B R EAE R
JBT, T B BT I A P Re ) R T2
—o KT WIS casl i Ik BRI MG PR 1L,
PR 5 03 L 19 (KRR ) iR G e, 1
37 °CHM N AT E , JFAEO0. 1. 2. 3hEfsy
S TE B I3 (N 2H 5 3K IR (H-N)2H 4
AT . 16 0 h i, B4 Hk AB26 il AB29
SHF AL N 445 H-N 4 bW 5 B — 3,
SRR AR S EARR . 1. 2 M3 hIEF G,
AR S @R, 75N 45 H-N 2P i 20k
R E2ZR(E 4), casl £ pyFIAIFARAE
I 0 2 AN BT B P I O
2.4 AB26::casl /)RR TE

SR RRAR L, AB29::casl Jf A F I HY B
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WAk, (HE APk AB26::casl HIJEFLL T X £
T4 2 2R T 245 P el AV R A 0 RSO B e 0 B o
WA W BRI R RE 71 5 4 B AR AR 28 1 22 T
FEAEEEmNIR, dF—25F A E 4 % AB26:
casl 47 T/NRUBGL LS . 5 o, 7RS4
Pk AB26 A R, /NRTESS 12, 14, 16 h 41
A 1 R, BT 18 h A 2 HAET:; R
M, fEE Ak AB26::casl YL d, /NERIT AR
HEFE TS O (K] 5). X FKHH HE 4 bk AB26::casl
FE/IN BRAA P 0 S0 RS o
2.5 AB26::casl ¥k 4/E N EFFE R
MRNA B4k

T ik — 25 WIS A AR T 24 1 e A DA R B
JIES AT RERY A FALEI, #6471 qRT-PCR Al
391k AB26 F AB26::casl T £k ) cDNA g
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Table 1 Variations in drug resistances of Acinetobacter baumannii mediated by casl gene over expression

Hi/k: Z Antibiotic Pl Inhibition zone (mm) it 254 8 2 UEdE Drug susceptibility
AB26 AB26: AB29 AB20: Antibiofic  AB2s AB26: AB29 AB29:
casl casl resistance casl casl

%75 7 & Broad-spectrum penicillin

WRHT P K Piperacillin 0 18 0 0 <17 R S R R
Tifi iz 2 Sulphonamide antibiotics

it iz 5 4k Sulfamethoxazole 27 25 0 0 <12 S S R R
£ 7 # # 2% Polymyxin antibiotics

ZFi % B Polymyxin B 18 17 17 18 <14 S S S S
T B 25 Carbapenem antibiotics

W 5 R Imipenem 18 38 17 18 <18 R S R R
&% 1% R Meropenem 11 29 12 1 <14 R S R R
PUFR 22K Tetracycline antibiotics

PUF, 2 Tetracycline 26 26 0 0 <11 S S R R
Z VU3 Z Doxycycline 31 33 10 10 <12

K FR 2 Minocycline 34 38 23 29 <12 S S S S
SR Fluoroguinolone antibiotics

YL A2 Ciprofloxacin 34 32 0 0 <15 S S R R
e TD B Levofloxacin 32 34 11 1 <13

T b & Gatifloxacin 38 38 20 20 <14 S S S S

T8 R B- N BEREREHM 70 2 54

Penicillin/B-lactamase inhibitor complexes

WRFL PG A/ B 3 Piperacillin/Tazobactam 15 26 1 8 <17

FE PR I Ampicillin/Sulbactam 25 29 17 18 <11 S S S S
RV EERR Ticarcillin/Clavulanic acid 0 26 0 0 <14 R S R R
AR 25 Aminoglycoside antibiotics

BR>K-R &L Amikacin 17 18 22 23 <14 S S S S
K A Netilmicin 25 23 18 19 <12 S S S S
PR EEZE Gentamicin 21 20 11 12 <12 S S R R
HAf & Tobramycin 23 23 25 28 <12 S S S S
37114 22 Cephalosporin antibiotics

L ffnit i Cefepime 14 24 0 10 <14 R S R R
3L 7fE 5 Cefotaxime 21 18 0 <14 S S R R
L7 kA7 Ceftriaxone 16 16 0 <13 S S R R
At fibE Ceftazidime 18 17 0 <14 S S R R

S. HUE; R. M2y,
S: Susceptible, R: Resistant.

Mt AT acse ., g5 BN, 5 AB26 BRAHEL,  EXWAE T FRE(E 6). RikZEFHBKMIEHRF
AB26::casl Bk R AT 2518 S 3 Ak soxR. adeB. adeC. adeG. adeF. basH.
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Figure 3 Biofilm formation ability variations of the
recombinant strains. **: P<0.01.
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% . Shabbir Z£%1 % #) =5 fiz 75 il 74 19 CRISPR-
Cas9 R Gt & AT Z I, N
77 38 5 20 B A T 240 . AL, o A P e
1) CRISPR-Cas9 & 15 /) Wil 3 iz 411 1] 248 77 J Al £
HPUIR A, Kbk £ Rren 2, dkim
T SR Y R I 4 T A0 4 i 24 PO e
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B, o] kP8 A SRR cas3 X vicR.
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Figure 4  Serum resistance of the recombinant strains and wild strains. A: The bacterial content of each strain 0
h; B: The bacterial content of each strain 1 h; C: The bacterial content of each strain 2 h; D: The bacterial content

of each strain 3 h.
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=
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t/h

E5 FFERFEARRPNRNETE
Figure 5 Survival rate in mice of the recombinant
strain and wild strains.

PS5 T A0 T ) i T 20 i A B R B3k
WM, H4R P 1-F % CRISPR-Cas £ 4t )4
T A X /N B SR AA P R OO %
55 FRATT A B 2 R B R A P B 5 R B EL A A
eIt

N T RAIRGE casl F& DK 7 i A Bl T 1R i
RRBT P TR B, TR K casl
HTEZ FEMM 250k AB26 FlJ iz i 251k AB29 i
FFraddeik, T T B4 5B A HRIE 25 Y
RO | R BBE S . MU B DL /N R
R A RS 225 . RS RN,
AR AB26::casl X Z R A 2 a0 s B
$ET&, AEWBOY BURE S B B, HLAE /N BUSR
DO B L S RO R R Y e S L Y
e casl SEN bRk )G, WH] T 2R /8 )
FERFRIAA o FRATARNT casl FEH 1y FRik
FEE AT E R FT, ARBFFE £k casl ZEHAY
R 2 H A% IR AR pET-30a, XA R
Z¥E DLk, X B B9 3 B 2% 38 & AH RS e Fn
FH& . EARIIT R IF R B AL i F kK
SRR M52, IRES N 40 TR i 24
P B J6 0F 9 4R A T 58 B i S 0 R o AN R Rl
TR, B NMIZS . HEEIE. Lkbik
TR 2L 32 B AL FE 7= A 4 FhoK gt Bt [ 75 25

fa i . AmpC il . )3 B PN EE R (extended-
spectrum- B -lactamases, ESBL)]; X4 H %5 & 45
4 % 1 (penicillin binding proteins, PBPs); 4l fits
WEB v kARl I MRS 25 2
&k 5 4b B FL % 1 (outer membrane pore protein,
omp) ikt 2 5 7 A 2 HE b 28 Ak g LA R B0 Aor
AR R AR A2 38 e B, A I PR T
CRISPR-Cas # %t fE fi% 21 HU i 24 Kk DA H 47 By
FASEN 41 43 A B9, SR M, CRISPR-Cas 7E 4% Ml
ZE 7 BR T v W AT A R By Lk i 2 R R B R Y
L — BB g R 4B R, A Y
CRISPR-Cas # &t AN X A] 58 HA7 B A% 51 A= 2 i
R B HE 1, 18 ] HE R M 20 TR R 1Y
By A2 P, K, CRISPR-Cas R4 A
=Ry i it W T T o | W5 i A ek D T
IE_[SHO

AT B, E AR AR Y OY R
W EREAR, $E7R P RE = LT 24 PR A8 55 19 Ji [
7] R 2 H 20 PR A0 T AR P S0 P s s g ML o
PRI, i B3 /) B L A 7R 1 P ) 56
iE, A4 bk AB26::casl 5 4 bk AB26 [
B ER . MRS REY], Bk AB26 i H
41 #k AB26::casl AL /N RIAL TR L B
SR, S ARSNME Y I LR 25 SR AR o [R]E
i F 2 S f8 PCR X 3 [ & 35 & A7 Al
S ILET AR Bk b RS 4 L B (40 adeA . adeB) Y
MRNA 3 ik & 5% 5 4] ¥k AB26::casl 2 BLA% 4L
A%, $E7n casl kAl 3% 38 T #1122 s 245/
B 1A R e ak 1 T A0 A B Y IR 24 P A
EA

gi LTk, ARFFRAGE/R T casl FEHFE
{2 AN Bl AT TR 22 H 1 24 0k v v AR N T A EL,
W Sk AR TR 24 VR BR IR SRR T BT Y I 5 LS RN
] . CRISPR-Cas & [K 41 /- 7F £ H ifi 24 il i N 5
FFER Bl 3 B A 4o A s A 7 P A E100%0 ) 4%
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