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CRISPR-Casl1 attenuates antibiotic resistance and virulence of
Acinetobacter baumannii
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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 4. baumannii attenuates the antibiotic
resistance and virulence, while the effects of CRISPR-Cas system components on 4. 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 4. 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:: cas] 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:: cas! 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::cas! 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 cas! 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

il = A B KT B (Acinetobacter baumannii, — GG )y Z A MUAE 4 ™ HEG , JLH G YL &
AB), WFREIRASIFFE, J&—F 2. 9 GE W97 7 (intensive care unit, ICU) N %328 J1 11K
REERIANG, WolZERREMEMAL . WIRAR  FREERA, SEUHEGR, ImER, &
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SN X DU AR R A 25 B AR BT
Z AN 2 )Y 2 1 24 00 2 AN S I8 © o Bk
PERI AL TR PR, Wl o Fe i ey
A" Z 0 FRATHT PR, S
ARSI FF AT 24 0 5 v e i L i gy,
{H3X — o B W] i 3% A7 $ 3L CRISPR-Cas R 41
e,

CRISPR-Cas % Gt 4 1A 1 — PR A5 S e
RYL, JIZAFAET 40% ELZH B FI 90% (¥ 7h 4
A LS % 2R G H R R () R R S R
(clustered regulatory interspaced short palindromic
repeat, CRISPR)#% (21 -50 bp I B & ¥ 5 R 5
17-84 bp AYIEI RGP S LR HEFN M AL) . AT 7
4] (leader, L) M — % %1l CRISPR #H 3¢ 3& [
(CRISPR-associated gene, Cas gene)%?ﬁ%% 3 5
LI, CRISPR-Cas 245 1 48 STy il JE: 1A
JROREL . Wt TR R 45 SR AZ R 1 PR AR,
KA ZHFFTIEW], CRISPR-Cas 28 40 X 41 14 4
) FAT R R AR OGS AAERT, i a N
W H SRR R 5 5% dE R R e R L e
#F DNA 852 DL S 4 2 56 PR 40 i A 2504180, it
S, BRI EA ] 1AL CRISPR-Cas R 45 H
ARG BE S > N, AR
Bl I-F 1 CRISPR-Cas Z8 FE MR AR XH /)N 1 S e
RE ) 35 140, ANTR RERS )2 AR HC 2 /D B
. I . AR AR RS L

S R EFF IR T 3 ZAFAERY CRISPR-Cas &
G 1AL, Hop Py WA N 2, %A
i RFIEE R Casl &5 Cas2-3P0%0, 4Rk,
AW R IHELLAN R 1) Casl B FIREEAEH T A
BSEER L DTS2 M0 40 B8 1) 2 02 e e e R
A TR A W e PR 0 2 AN Sl T B 20 B AR A R
K B — BRIt IR 70 B bk AB43 & A7 56 B Y
CRISPR-Cas R4t, AL 2 2415 24 Kz i 245 TR bk
H, RAER AR /320 73 B B CRISPR-Cas 5

Gt AT IRFEMIZAIFTH CRISPR-Cas REGEE
55 YN 25 M 8 ) LR I Rk i, H
## T AB43 FkfX) CRISPR-Cas £ 4t i 5 98 A8 Fk o
SRR, AR R PUAE R BURRE A )
Mif 25 R Ak, ELA W I i BE Sy 38, X R M I
(EAE R B E R, Xt AB43 BRi AT 43t A
WG &I, R4 CRISPR-Cas RS AETETT
KT 8RR ) St 2y p 5L G B Bk, (H
AB43 PRAS B B TR 25 0% A1 8 7 BB . FRATTHE
W, 3% 7] B S T CRISPR-Cas 2 4038 10 4111
Tiif 245/ 25 77 3 PR A ek B 07, sk BT 9T &
PR, 15 RS E AB43 #kAY CRISPR-Cas & 4¢
ol 41 43 1R X 4 B A T 2 P A B 0 5
PRI,

i T 8% AB43 ¥k CRISPR-Cas R 4 1E Ml
il 700 LR By P ek s 2 R B T IR AR v Y 1
WM, ARG — PRI casl FeH I Rk xf
[Fi) JUH A ) 6 2 N ST 1T 22 245 T 24 D e B 1
2 AR DAL 2 MURME 1 52 i U R A 6t 2 S B A
PRI ARG T B 42 P BB AT o

1 AR

11 BRI

it B R Zh KT T 25 0k AB26. AB29 5K [
MR m R B Be s BALB/c /MU F 47 MR
P EE .G, Yk (L sh i
PAE AR ) R UL EEAT, MR
TSR HE R S TR A (S
YXYLL-2023-061),
1.2 EFERFIFLE

PCR 51946 15 H BP0 i 2R T A=)
TR (B ) I A RS W] 52 s MiniBEST
Universal RNA Extraction Kit, PrimeScript ™ II
1st Strand cDNA Synthesis Kit, #H5¢BE il P42 iR
PIYIRE . pET-30a JFiki, PCR KA ikitinag, &
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AW TRERKRE)ARAE; iAERGHEA .
MH AR5 72 5 R MH R B IR 38, BNl
AR A PR ]

H W4 HH, ThermoFisher Scientific 2\ ] ;
fEIRFEIR, NBS AF]; 4 H BB R BT L,
Syngene 2w ; BEPRE AR IAL, BRAREIT A
F); PCRAY, HLFE(YY 0.2 mm HLdi#R, Bio-Rad
A
1.3 H93E casl BERE TR IEF kK

il R HADIT 7 25 5 vh o B S OR S FF B AB43
PRI 25 P Y cas] B2 ROt casl FEN
51 ¥ casl-F (5'-CGCGAATTCTAAATGGAACAAC
TTAACC-3" ) #l casI-R (5'-CGCAAGCTTTCTTT
CACTCTCCAAATT-3"), LN EcoR T 1]
i 55 GAATTC, U I Hind 111 Y147 25
AAGCTT. #ip DNA 255 S I & A 5
A AB43 FRILINZH DNA, 1F R #E T PCR
i, PCR JZ W 4K & (25 uL): 10xPCR Buffer
25 uL, b . TFU#51 4% (10 pmol/L) 45 1 uL,
DNA ##z 0.5 pL, ddH,O 10 pL. PCR JZ Jii %
. 94°C 5min; 94°C30s, 58°C30s, 72°C
90's, 30 NMEFR; 72 °C 10 min, ¥ H UK AS I
PG, BTG FURYZY 1000 bp /Y PCR 7™
Y T DNA T . 38 P80 50 BrifAd g 45 21
K casl FEHAFEYIE , KR Y E T IR, 19
W B 7= B E 4T EcoR 1 F1 Hind T XUEGY], 22
Je AT BRI, TS B 0 77 4 5 2 A [ il
YIS pET-30a 44K, 7E 16 °CF T ffi
T4 DNA EIEMREE R . S YIRS A
KIBFZE M LB ¥4 L, 37°C. 200 r/min 7
R, KB TR R BT PR TC R LB W)
PREE 3R 3L, 7E 37 °C . 200 r/min ¥ 3734 %5 ,
PREUCE 41 ok pET-30a-cas, i HL LA 7 X
P H S A2 R SFTEE AB26 FRAT AB29 # YK
ZAYHIH
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1.4 InEZHERMAE

Z 1R 2016 4 1Ifi PRS2 56 % A i AL D 04 o
“ON BN AT B JE IR P AR R S I Tk
(minimum inhibitory concentration, MIC) fi# % #x
WE” L LA PR H 0 22 R A= & X6 2 R shAT
PR EAT 25 ) AU I . A B3RP T S mL MH
WA FRIE R, 37 °C, 200 t/min 1537 3% 2 HRK
ODgoo M 0.5, ATHMRF R R BER, X
AR T MH BAEEFREL, e BE R 60°H &2
RILIE 3 Wk, 24t W R IR, 37 °C
FRERFE 16 h T, IR R 3 v 0 o B AR
DL HI 2 TR MR X B A R B U, L AR ) A R
4 (intermediate, 1) 5%, i 2
(resistance, R) 3 2%,
1.5 SYIER R

il £ 1x10° CFU /mL Y8 S AN S 320,
IR AR T IO 96 LR ZIEH, Bk
B3IANEAL, HIL 200 uL EW, 37 °CH; 3
48 ho Wt V8 J5 B FLINA 200 pL 1xPBS 14 &
2K, FlJE REYEYL(0.5% 45 T 45) 30 min, PR
W e, REFLAREEIINA 200 uL 1xPBS 1
2. ZJa, mAEFLINA 200 uL 95% £, £§
ZERME T ARG, SRR ODsy A% EE
(A), BRIy a8 RO RE (4. FiE
FRUEUNT » 55 PHME A A<4<24.; PHTEH 24.<4<
44.; RPATER A>44.0
1.6 MEHMRIE

% CHR[19], B 1x10* CFU/mL fif] 5 A 5
FFAEW 10 uL 5 90 L 1E 4 A MG 7270 R4
ZJAAE 37 CHEIR G AT . T 0. 1. 2,
3hrHIE 10 pL IR AW, JCH LB BE{RK: 5L
R R BHRE OGO 3 AN E AL, T
3 YR, 56 °C. 30 min P I3 2H AR R xF

(sensitivity, S).
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1.7 NEREXE

o & AN BT TR I AR AR S AR, ol P A
6 JEI% BALB/c /NE(Z 20 ) T5286, H4H/)
BN 6 B /NRUE IS 7x10" CFU/mL 3
W, WL SR/NRBET %, STtk S5/ R
TR Z MR
1.8 MWHMBHERMEFRERN

PEHUANTE B RNA, F2 B8 RNA 250K &
(TaKaRa 23 A UEHI B #EATH4E, (R E H
o 0 ASCRS I e B 5 o i, O i R L VK A T
2 ¥ . M| PrimeScript™ II 1st Strand cDNA
Synthesis Kit ¥ & RNA S %5 5¢ i # 5% cDNA,
K qPCR A5 i 4% Tiif 25 F1 2 7 3k A i) 25 5%
Fik.
1.9 BIESH

SEEBAE I DL SPSS 20 #EATAHT, HEH ¢ 46
B A A BT RO () 22 Sk, i P<0.05 SRR A
Gt

2 ERE

2.1 casl EFEINF 2 EM A4S AT
B I 2514

AT 52 56 B 9 v AR A 1) 6 2 O S T
AB43 [F Pk, HASEHEEM) CRISPR-Cas &4t M
AB43 HFE Y casl FER, IR AR
FERAAR pET-30a HEFTH8EHz, KA A T 412K
oA A Z N 25 R bR AB26 Fl) 12 Tii 25 B Pk
AB29 H1, PCR %5 45 50N T S AL B 1 i D4
A 1) BFXF 22 Bl R H HIPTA: 2 00 25 0l
gER R, S5EER AB26 AL, AB26::cas]
RS B R U RURPIVEAR . T
WP E R W LD 5 . HRR/B-N
T P A1 10500 2 G W S B A R MR P bR Al s 1
W BRMEER, DRk Rl Rk
Jmt g 6 it R 25 kA T A,

it 255G iUk . M2 T, Hdk 16 Pl
X AB26::cas] T HFRAIT 25 PER A . 55—
JrTfi, AB29:cas! BAIREXTIX 22 Pl Z AT
PR AU . (HARTE RN, TUARERIL
He KGR ZE X AB26::cas] Fl AB29::cas] 4
R A 490 BT P R ¢ T X IO A B A R A A T
K, XKW casl (1id ik PTREHG 5 1 40 B XF
Kok FE W BORME . A, Sk A g X
AB29::cas] T BE 094 B B A 0 mm 3 K F)
10 mm, 0GR Bl L A% 9 185 R R AR R 3k B0 3k 760
M B P L, (HAERCR R B BRIk T
w2 25 B R AB29 Xt Sk A ik 5 Y i A2 oK F
(E2, #1).

bp
5 000

Ml 2 3 4 M5678

1 000

250

Bl 82T EHTE cas ] B EIT FRIAHRAZHIPCR
£E

Figure 1 Identification of the cas/ over-expression

strain of Acinetobacter baumannii by PCR. Lane M:
DL5000 DNA Marker; Lane 1, 5: AB26, AB29::cas!;
Lane 2, 6: AB26, AB29; Lane 3, 7: pET-30a-cas/;
Lane 4, 8: H,O.

22 Casl FRTHSAHMTERZSERE
PREY A YRR 2 A K F

A= I T 15 A0 B B T 2 0 2 AR
BB R . N T IRIT casl i Tk Wk 2451
NREE A 5 A W REY BURE T e AR A G, R
FH T 25 SR e L4 AB26 A1 AB29 7 A ik %
H cas] TR AEYBIL NAET] . M TE A
¥k AB26, Tk AB26::cas] WY i fE
B FER(E 3).
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AB26::casl

E2 casIEEZRIEGFAB26. AB2OKAIBURM TR I BUEEM . 1. Lfnkls; 2. kfimEls;
3. KAl ; 4. SKAEALRE; 5. URPLPGAR; 6. IRRER; 7: ZAER; 8: FDKRE; 9. HMNDE;
10: IVERYbRL; 1. ZESURVP 12, KA 13 WRBLVGM/MBME I 14. ZURVIM/EF I, 15: ff
e S s 16 B RPEMBRR; 17 ZFEEB; 18: WK, 19 ZVEHE; 20: WHKM; 21: K
WHER; 22: EXHE,

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

7: Tobramycin; 8: Amikacin; 9: Ciprofloxacin; Levofloxacin;

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

23 EHEKMBMMETE

I35 o A AMA R G5 B R EAE R
JBT, T PR BT I A P Re ) R T2
—o KT casl iSRRI MIGHUEAE L,
P 5 03 L 19 (KRR IR G R, 1
37 CCHAM T #ATIEE, JFAE 0. 1. 2. 3h if4)
S FARLTE B I (N) A5 BRI I3 (H-N)ZH 4
W AT . 76 0 h A, EFAEHk AB26 Fil AB29
HHFE AL N 45 H-N A b A B & —5,
PRGN S EEAHR ., 1L 2 M3 h IEF G,
Bk S @R, 7E N 415 H-N 20 P i 20 5k
I EZE S (B 4). cas] FEH P FRBI R AE
I B 2 AN BT B Y MG BT
2.4 AB26::casl ¥E/NREFLERTE

S5 AMAE L, AB29::casl AR FEIW H

P4 actamicro@im.ac.cn, & 010-64807516

84k, B E Ak AB26::cas] HIEIH T4 £
FT A 2% T 245 P 984K R A W RSO B /g 0 1 5%
YT W R RCRE 15 AR B B AR R 28 Z 1
FEER B MR, #F— DR & 4 bk AB26:
casl AT T/NRURGL L . 45 R B, EE4E
Pk AB26 UL T, /NEAES 12, 14, 16 h 4y
WA 1 HAETT, BT 18 h WA 2 HAET:; &
M, TEHEARR AB26::cas] &Y, /INRIFAR
HIFET G OB 5). X R H PR AB26::cas]
TE/IN BRAA N A B0 PR IR
2.5 AB26::casl KT Z5/E hEEE R
mRNA I

R T 20 R 2H PRI 24 P ek A A B
JIES AT RERY A FALEI, #6471 qRT-PCR Al
I3 AILL AB26 Il AB26::cas] k) cDNA s
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Table 1 Variations in drug resistances of Acinetobacter baumannii mediated by casl gene over expression

A= Z Antibiotic HI T} Inhibition zone (mm) M2 PET 05 257U Drug susceptibility
AB26 AB26: AB29 AB29: Antibiotic  AB26 AB26: AB29 AB29:
casl casl resistance casl casl

i 75 % % Broad-spectrum penicillin

WR 37 P K Piperacillin 0 18 0 0 <17 R S R R
fiff 2 Sulphonamide antibiotics

i J1ie 5 8k Sulfamethoxazole 27 25 0 0 <12 S S R R
£ % 2 25 Polymyxin antibiotics

ZFH# % B Polymyxin B 18 17 17 18 <14 S S S S
W B 38 Carbapenem antibiotics

P} 4% 7 Imipenem 18 38 17 18 <18 R S R R
5 K5 Meropenem 11 29 12 11 <14 R S R R
PUFR 252 Tetracycline antibiotics

POFRE Tetracycline 26 26 0 0 <11 S S R R
Z V43 E Doxycycline 31 33 10 10 <12 S S R R
i E Minocycline 34 38 23 29 <12 S S S S
FUEE T Fluoroquinolone antibiotics

IR TP 2 Ciprofloxacin 34 32 0 0 <15 S S R R
FE 4R ID B Levotloxacin 32 34 11 11 <13 S S R R
JinEsvh 2 Gatifloxacin 38 38 20 20 <l4 S S S S

TR 2 /B- N BERE R 57 5 54

Penicillin/p-lactamase inhibitor complexes

WR 37 PG K/l B4 3 Piperacillin/Tazobactam 15 26 11 8 <17 R S R R
R TEM/AT I H Ampicillin/Sulbactam 25 29 17 18 <11 S S S
AP /HE MR Ticarcillin/Clavulanic acid 0 26 0 0 <14 R S R R
FHHMEHZE Aminoglycoside antibiotics

P>k R 2 Amikacin 17 18 22 23 <14 S S S S
ZFK AR Netilmicin 25 23 18 19 <12 S S S S
KK %52 Gentamicin 21 20 11 12 <12 S S R R
HAfi %5 & Tobramycin 23 23 25 28 <12 S S S S
3L E S Cephalosporin antibiotics

SLAAMEAS Cefepime 14 24 0 10 <14 R S R R
SLAAWENT Cefotaxime 21 18 0 <14 S S R R
Sk ft1 i ¥ Ceftriaxone 16 16 0 <13 S S R R
LA IE Ceftazidime 18 17 0 <14 S S R R

S: #UR%; R. THZh,
S: Susceptible, R: Resistant.

M fT R, S5 R BN, 5 AB26 BRI, SR BT R 6). RIAZEFBKELHFE
AB26::cas] R F i 24/35 1 FL DR ) 3R 7K soxR. adeB. adeC. adeG. adeF. basH.
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Figure 3 Biofilm formation ability variations of the

recombinant strains. **: P<0.01.

bauA. abal, W T casl FH ot Fik FIR £ A
ZE SRR, B AR R IE R SRk 02 cas] B
PRI IR PR FE R R IA Y 1172, 8.55., 11.24,
10.66. 11.48. 839, 13.41, 8.94 1%,

3 itk
CRISPR-Cas  Gu% ifis 245 14 F1 85 7 i 8 97
BT A = =R S NI I e S 1
CRISPR-Cas Z Gu Xt Tiif 25 11 FIRE 7 1) 5% W A7 7F 22
5 . Shabbir 252V B %5 Jig 25 il B A9 CRISPR-
Cas9 RGH LRSI Z I RE, N
T3 SR AN TR AT 251 . AR Z T, 3B B VS 4 i
() CRISPR-Cas9 5 & ¥y W] i i 411 1) 240 71 S i 2
FPCIR A, Kbk R e n 2, ki
i SRR i DR I 4R T 40 B A i 2 2T JE L
%W%WCMWKQE%QWEﬁﬁﬁ%%EM
fitg ot IR RE T, 3k (575 200 BT A A% 2 1 1f A J#
b %lkﬂmﬁ%*mlo AR SEEEBR A cas3 Xt vicR .
gtfC. smu0630\ comDE 553 ] RE I Rk AE 5
I MR AT . W AR Y Cas 2R

Il Normal serum treatment group (N)
[ Heat-inactivated serum treatment group (H-N)

lg CFU/mL
o p— 8] w

Q;\/(o ) 0‘»’\ Q;\?) ) @‘a\
3 &
v v
c 5
3 4
£3
S 2
on
= 1
0 o \ 3\
o
g & &
NS v
$ $

E4 BFERFMEBEAKOIERM. A: 2 ERO hE
FR2 WA 5 i D & RS hiE A0 & i .

B 5
4
—
£ 3
=
U 2
=
0 o N 9 N
Q’W ; 0,% Q;\/ 0,%
‘9’ ‘9’
v v
D S
g 4
E 3
o 2
20
1
0
\ o
Q’W npo,% Q;\/ @‘a
Vs V4
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o had

Wi, B: AHEHRIWERAFHSE; C: KW

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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Figure 5 Survival rate in mice of the recombinant

strain and wild strains.

P 5T 200 B G i o 20 B % 26k B R B0 gk
WM, H4%R B 1-F Y CRISPR-Cas £ 4t U4
il 720 BRI B R AR N AR OKSE, X
55 FRATT A B 2 R B FF A P B 5 R B EL A A
eIt

T IHEAIRTY cas] Fe R FEO S N ST i
2 RBT P TR, BRATR I casT HE
K7 Z E i 20k AB26 AT {Z i 250k AB29 ik
FFrad ik, AT T A S B A RRIEZGY)
TR | AW BLRE . T B DL /N R
B EARE T HNZES . MR RER,
FAIRE AB26::cas] XiF £ R Ah 2 Bl i 3%
PET, AW B RE 77 B R, FLYE /) RRUER
Jepileh HEUR MR B AT X s Ash AT
e casl ML FIKG, W T 2R 25/8 )
SER R RIAA . FRATTRXS casT HEP Y Kk
PR AT RESY, AR RIE cas] SEHY
TR FUR A% IR # A pET-30a, XA
Z4g DUFORE, X H A3 PR 2 ik B AR AR e
F& o TERRH I IR H B o Rk K
SRR 22, T RES S AN TR T 24
MBI 16 AF 5T A A T 50 2 1) S B AR o A0 TR X
TR, B NBETS . HREK, LMkt
AT 2B 2 B 7 AR AR OK il [0 7 B

JiliE . AmpC fif . )35 BN BEIE [ (extended-
spectrum- B -lactamases, ESBL)]; {28 75 B & 45
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