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0 S ) E CRP EHBEILIFE cas3 BEEFRIAEE
H & & SR

wEZ, BONL ORF OREXAS BT, e mES, FEL T

1 MR PRl JEemfiBRsrbe - AT AR, 195 40

2 PR Bl SR —Im RSB, VT8 M

3 IFIRE A REEBE AN R o T ML m BF IR I R Be) , VT8 BT AR
4 TR BR R BE (N R BB s B T P R BR Be), 195 H%
5 WMKET B be, T8 M

6 WM, RS Al dris A R A T SR R, VLR M

AR, B, RS, ROCK, BRF, A, B4, R SIS OR ST R CRP & FE I R cas3 i PR3 008 5 A R T Y
HLHID]. P24, 2026, 66(2): 867-880.
HUANG Jiayuan, HUANG Xinyue, YU Ting, YUAN Wenjie, CHEN Ping, HU Jian, XIE Jun, LI Guocai. cAMP receptor protein

enhances Acinetobacter baumannii virulence by regulating cas3 expression[J]. Acta Microbiologica Sinica, 2026, 66(2): 867-880.

W OE: [86] KRLZ THATH KA BT cAMP <4k % 4 & @ (cCAMP receptor protein,
CRP)*f cas3 A B 69 2h feR4E4E A . [k AR BALRE R % kX464 CRP & &, KA @ik
it #% & T 3) 4 #7 (electrophoretic mobility shift assay, EMSA) 5% 3248 % CRP *t cas3 /& 3) T 69 4 &1k
B, JFid it qPCR B # CRP x4t cas3 B 69 f4=4E R . At —F #iA CRP XF cas3 &9 %) 488 4= 1%
B, ME Acrp REAR, BREAMWE L., FERZEZFER. KHEEEH)TERAR D R EE AL
AR M crp 3HELZ RN E 5 6% m. [4R] EMSA 23 K8 CRP AT E cas3 AR B3
FHFHESL; qgPCR 4R AW, Acp REH cas3 35 FAKF 2 F FHP<0.001), 5 2FA4kA,
Acrp REMBEAE RGN FTEIRLAL £ 7, (25 WHIEF &L H B F 5% (P<0.001), *F AS49 %mje
849 5 H (P=0.003<0.050)F= 42 £ (P<0.001) 4% /) 480 3 3% . Acrp REARAE 72 h AT K2 a9 e F
RERE, BDRBREZRLERERN, Acp REMREMIRG IR N B E 5 T 5 A AR(P<0.001).
[4i£] CRP A —H4FHFR T, TAHELS cas3 BHTHRFLIEFARL, SmEKHLT
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cAMP receptor protein enhances Acinetobacter baumannii
virulence by regulating cas3 expression

HUANG Jiayuan', HUANG Xinyue', YU Ting?, YUAN Wenjie?>, CHEN Ping’, HU Jian*, XIE Jun®,
LI Guocai'™*"

1 School of Basic Medical Sciences & School of Public Health, Faculty of Medicine, Yangzhou University, Yangzhou,
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3 Xuyi People’s Hospital (Xuyi Clinical College Affiliated to Faculty of Medicine, Yangzhou University), Xuyi,
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4 Yixing Traditional Chinese Medicine Hospital (Yixing Traditional Chinese Medicine Hospital Affiliated to Faculty of
Medicine, Yangzhou University), Yixing, Jiangsu, China

5 Guangling College, Yangzhou University, Yangzhou, Jiangsu, China

6 The Key Laboratory of the Jiangsu Higher Education Institutions for Nucleic Acid & Cell Fate Regulation, Yangzhou

University, Yangzhou, Jiangsu, China

Abstract: [Objective] To investigate the regulatory effect of the cAMP receptor protein (CRP), a
transcription factor in Acinetobacter baumannii, on the cas3 gene. [Methods] CRP was expressed
and purified via a prokaryotic expression system. EMSA was employed to examine CRP binding to
the cas3 promoter. qPCR was conducted to evaluate the regulatory effect of CRP on cas3
expression. To further confirm the regulatory function of CRP, we constructed a mutant strain Acrp.
The impact of crp deletion on A. baumannii virulence was then analyzed via the biofilm formation
assay, adhesion and invasion assays with A549 cells, a Galleria mellonella model, and a murine
model of bacterial infection. [Results] EMSA demonstrated that CRP specifically bound to the
cas3 promoter. The qPCR results showed that cas3 transcription was downregulated (P<0.001) in
Acrp. Compared with the wild-type strain, Acrp exhibited no significant difference in growth
capacity but enhanced biofilm formation (P<0.001) as well as strengthened adhesion (P=0.003<
0.050) and invasion (P<0.001) in A549 cells. Furthermore, Acrp demonstrated a markedly
increased lethality rate in G. mellonella within 72 h. Furthermore, the murine infection experiment
revealed that Acrp possessed higher colonization capacity in the lungs than the wild-type strain
(P<0.001). [Conclusion] CRP acts as a transcriptional activator that directly binds to the cas3
promoter to activate its transcription, thereby attenuating the virulence and pathogenicity of
A. baumannii.

Keywords: Acinetobacter baumannii; cAMP receptor protein; cas3; virulence
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i) S AN B FT 1 (A cinetobacter baumannii)t:—
Pl & I 0 A~ [Q PR AT B, ELAT AR 9 5
WM RETT, BITZAAAE T BRI E B A
T 488 R RUR T R R T | R A 4%
A LRE . AR . 5 1R L) % i R 2R 55 IR e
52 NFEpRT, H B IRE A 5% B o
O, HHI R R AR TR m Y, fe4Ek
T N 24 45% BB SN Sh AT R 4 Bk S I 2
it 254 BT SE PR R AR i DX A A7 1 B Sy
g, Z N2 R L 70%° B RBFF R
Nk Y 22 T I 24 R 25 e Bk N dE AR 2 A ok
T E KPS,

CRISPR-Cas £ 4t 41 i (1) — Fh 345 1 s
Za8 ) HE TR R AR . TR AR NE
AR ARY RS H CRISPR ¥4I, #if
P51 CRISPR AHOCHEE K ZH . CRISPR J771
Hy — ZR 91 J () 5 2 ) 51 A B T 51 22 B HES1 R
W, EEIPIKE—BAE 20-50 bp Z[H], HA
FERE I A5, REREHE Cas A BUNMLS G
(i) s 7 5] R T B A A= ) 4 7 Y 71 DNA
B, XU HBUNECICIZPREE, 0 E T
T 3 1 SR o 4 IR 3 A% ) B R AR B
CRISPR-Cas ZAL &1 , CRISPR J¥ 41 % 5¢
H: i, CRISPR RNA (crRNA), crRNA 5 Cas #
SN E S, TR T 55 5MNE DNA 1Y
HAMEXT, 5155 G Y R U I U0 F AN R
DNA, MR 20 18t 37 kel

4 Cas FEARYZHAL, HTHI CRISPR-Cas &
G MW KIS Class 1 1 Class 2, Class 1 fl4%
I, I, V&, Class2 &1, vV, VI, 17
CRISPR-Cas & G 7E 4 i H 43 A fie M) 12, 1-F
% CRISPR-Cas & Gt S& Ml S RS rh A AE ) 3
PR o 1Fb WA AR IR M
csyl . csy2. csy3. csy4. casl. cas3 FEHZH AL,
Hr, cas3 B:H 215 CRISPR-Cas 248 1) &
SEILIN, B gmh — P EL AT 0 ST A T A A A
WERZIRBRG M T, 5 SME DNA #1478
FREfE

TEG S ABIFFR Y, /L4 CRISPR-Cas R4t
AT HRAR S IR A R A AR I PR il s 24 36 PR AR B,
HiGtz 2\ N KA, AR AN,
CRISPR-Cas R4t nyfa e ME A2 2N 1 HHE %
P, Hp, CRP &—F A7 TR
EJRATHET, S5AWE S AR TR,
R . AW . F TR
404 R, & T CRP 7582 AN S 3 9 2
Ihfe, JoHIEN) CRISPR-Cas Z 46 1 E#EAE ]
HAEmAERE. Bk, KRB ERARRE
SEVAPEH T CRP FEBE AR SAF R XS cas3 HEH
AR E P R T A o 75 B2

1 AR5

1.1 A&, BRI, (REFNStISEhes

15 NS AT AB43 BF 1 #kUS) (NCBI %
2% CP083181.1), pET-30a J&i ki (P75 = 4t
P, 57 His bR i) 8 R 2K) . pATO3 it
PR NEERDUE, A FLP 748/ PMMB67
EH Bk, HFIHEBR RABHUHIER) . pATO4 ik
(VU ZEPME, A Recap HLH RS K PMMB67
EH okr, FHTRIEEL). pKD4 Fiki(RIRE %
itk , W TH oA FRT A7 A0 R A Bl
pBRAB [Tk (2 '~ 5 & R Pulk, 5 oA Buk
pWHI1266 & i &5 i pBR322-Tac ki, JTF
LRI A ) 24 S g = AR A . i A Sty
LK b 4 M AS49 M AR LI E A7, 18 H
8 JElily SPF 2% BALB/c M LM K 2E LA R 2
Hub s 40 HIORERIF (300 mg)ily A R HLE A7
YR A BRA R . ARG T A sh S5 1Y
WA N K E e B2 B S b, s
YXYLL-2023-061,
1.2 EERFIFUE

2xKeyPo SE Master Mix, FastPure Plasmid
Mini Kit, FastPure Gel DNA Extraction Mini Kit,
B A MERE E R AR A F] 5 BamH 1, Xho 1,
EcoR 1, Hind T KR 14 4% B2 1 VI fiff . TaKaRa

http://journals.im.ac.cn/actamicrocn
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MiniBEST Bacteria Genomic DNA Extraction Kit
v3.0. Cy5 #rid B 51 ¥ , TaKaRa 2 # ;
Seamless Cloning Kit, 38 2= KA H AR
AR/ H) ;3 SteadyPure RNA $2HUXF] & . Evo
M-MLV Plus ¢cDNA £ Wi & . SYBR Green
SupTaq HS IR A qPCR X7 £, 18 R A
I TREARAT; 1640 MR FE3E . Bl . fin
A1, FEVLHEARAE YR PR A ) 5 NaCl, %
FEHM . BERER . NaHPO4. imidazde. HEPES,
DTT. Tween-20, (NH4),SO4. KCIl. EDTA, b
HREFERH AR A ; 6xHis Tag Recombinant
Mouse Monoclonal Antibody [ASD1-R], #tJH 4&
LAY EARFARRA A
1.3 EFRESZ AT

LB W &5 77 (g/L): NaCl 10.0, JE2 i
10.0, BF ALK 5.00 AF 722 M 2% W (mmol/L):
NaH,PO, 50, NaCl 300, pH 8.0, JFA8M:¥EAM
(mmol/L): NaH,PO, 50, NaCl 300, imidazde

x1 AARFASIY
Table 1 Primers used in this study

25, pH 8.0, ARZAZMEEML# (mmol/L): NaH,PO,
500, NaCl300, imidazde 250, pH 8.0, 5XEMSA
45 & 2% v (mmol/L): HEPES 100, DTT 5,
Tween-20 1%, (NH,),S0,50, KC1150, EDTA 5,
1.4 5|4

NG OEIE 7R 27 e
1.5 #SAETE AB43 EF2HIEEL

¥ AB43 BFAEAR DU X R ZE FIEHT Y LB “F-ie
I, 37 °CHEFRIAR, PRBURE VA E TP LB
WIS FR Y, 37 °C, 200 t/min 555 12 h, %
f# TaKaRa MiniBEST Bacteria Genomic DNA
Extraction Kit v3.0 #£HU AB43 $L[X 2 DNA,

1.6 CRP ZEAWHI&
1.6.1 CRP ZEBAMREZFIERANK

fifi F§ Seamless Cloning Kit (Ju4% ve iR 57 &)
¥4t pET30a-CRP FATFTRL, 4528 IR 51 kL
Akt E. coli BL2I(DE3)& 2 A, ¥ CRP &
HRINEHT TR R ODeoo fH K 0.6-0.8 I fiIIA IPTG

Primer names Primer sequences (5'—3")

Product length (bp)

Pcas3-F GTACAAGTAATTTTTGAATTCCAATTATTTGGCCTATGGCC 297
Pcas3-R GTAGACGGTATCGATAAGCTTCTTTCACTCTCCAAATTTGG

cas3-F GTACAAGTAATTTTTGAATTCCAATTATTTGGCCTATGGCC 297
cas3-R GTAGACGGTATCGATAAGCTTCTTTCACTCTCCAAATTTGG

CRP-protein-F GCCATGGCTGATATCGGATCCATGACTTCAAATTTTTCACAACTC 708
CRP-protein-R GTGGTGGTGGTGGTGCTCGAGTTATTCTTCGTCATCATAGTC

CRP-up-F AATGCCAGTGTGACCAAG 171
CRP-up-R GAGCAAACTTCGGTTTGC

CRP-down-F CACACAAGCTCGAGATGA 215
CRP-down-R GCGCAAGGCCAGATTTTT

CRP-k-F GCAAACCGAAGTTTGCTCTTGTGTAGGCTGGAGCTGCTTC 1518
CRP-k-R TCATCTCGAGCTTGTGTGGTCCATATGAATATCCTCCTTAG

CRP-com-F CCCTTTCGTCTTCAAGAATTCAATTTAAGCAGGGTCTGTTG 1122
CRP-com-R TAAACTACCGCATTAAAGCTTTATTCTTCGTCATCATAGTC

16S-RNA-F GTTGTGGCTTTAGGTTTATTATACG

16S-RNA-R AAGTTACTCGACGCAATTCG

q-cas3-F GAATCAAACTTGGGACGAGG

g-cas3-R AACCAAGCAGCTAATTGAGC

P4 actamicro@im.ac.cn, 7 010-64807516
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AW E N 1 mmol/L, 55 6hJ5 4 °C,
8 000 r/min &0 6 min WEEETTIE . IIAAEASYE
SRR R R, 4 CCHAE IR, MR N
350 W, HRIHE] A 40 min G 5 s 15 5s), #H
il )E, B LWEMUiYE, {4 SDS-PAGE i
I CRP £ [ R IRE I

B BSOS 0 BT (T E CRP SR FIRIA T L
IR A 5K 50% BeyoGold™ His-tag
Purification Resin (i i JiR % 5 7), & T 4 °C
RS AT 30 mine KRR A WAREI A EF1)Z
Mk, FEsE IVER R A AR, TSR
A 3 e, A 10 AR A AR AR P R 4
Wk LA A fea AR AR PRV B e i H
P H . BRI A ZE T4 E T PBS
PEATIBAT 2RIk, I R VR4 BT -80 °CIRAT
1.6.2 CRP E4HZEH Western blotting £ 3E

4lifb)5 i) CRP 5 5 4xloading buffer &
WAy fa EAEE TR 0 B, SRS R R NC
I, 5% Wifg 4 W =R ] 2 h, TBST ¥k ¥%
3 K. SRR —Pt His FrZEHUIR(1:5 000) T
4 °CiIEE , TBST YERE 3 ¥k, 1:5000 FikEfr
HRP FRicd R PRI A 2 h, VBl 3 5T
PIIRTA A7 B U U RN E T
1.7 EMSA

DL AB43 LA MBI, (A CyS bric iy
314 Pcas3-F/R #17 PCR 4744, PCR [ W {4 %
(25 puL): 2xKeyPo SE Master Mix 12.5 uL, I+,
N 51 % (10 pmol/L) 4% 1 uL, DNA &%
0.5 uL, ddH,O 10 uL. PCR JZ i 514 94 °CHi
AP 2 ming 98 °CAZPE 10s, 58 °CiR k 30 s,
68 °CHEAH 30's, 335 MEFR, VIR 4lifb 5 3R
Cy5 DEHRIC Y cas3 Jash TR . UL AB43
ik, (A CyS FRic BG4 cas3-F/R 3714
AR HE . B CRP &1 . EMSA 456 % 1l
S5HEF 25 °CAMF IR 30 min 5, A LR
GEPWL, ITAE 6% AR MR VIR B EE R b kAT
HLUK(4 °C. 100 V HLik 2 h), i ADEERIR RS
IR LS B

1.8 EREHRK B ERAIIDE

DL AB43 2 SERAU R, 435i%t B i
b R TP S . DL pKD4 JTURH AR
PRI Bt AT 3. bl H R Ba, LA
B RN DR IR R B AR, RS
¥ CRP-up-F il CRP-down-R #17 PCR §'1¥, Jf
DI I LAARAR Al B

{#1FH RecA [RIVEEE 245 AR B 1) 5] i 2
AT AB43 Wi, # A 1) AB43-pAT04
BZESE RBIRSG, KEWE 15 min 51l
M T gy, STRVINAE LB B3,
FHA IPTG, 37 °C. 200 r/min }55% 4 h, HK
BLOHESF IR B S RIBHUER LB SFA
Ki9% 24 h, i PCR ik BHYE RV . FF pATO3
JFOR L 2 AB43Acrp::Kan JE&A2 24, i e BH
P, 78 LB A FAECE &= pAT03, pAT04
JTkr LA SRR R B o 4T R o

fifi H JC 4% se vk A 2 (7 % b BUkZ pBRAB-crp,
W AN TR B 2 Acrp BRHR T, PCR 2 5E /Y
FHAEBRRR IR [N AR Acrp/perp
1.9 qPCR

i i SteadyPure RNA #2 B 57 &5 72 e 40 1
A RNA, FF]H Evo M-MLV Plus cDNA 4 it
G AT cDNA, fifi FH SZHF 96 52 7 PCR
1A qPCR. LA 16S rRNA LK g N S HE A,
T 27 RS P e S KT
1.10  crp EFEFAT RS AT ERER
=21
1.10.1 A KHHZENE

Sk EL AB43 . Acrp M Acrplperp B v
BEFPF LB WARE #2390, 37 °C. 200 r/min 55
F%, B ODgoo I ZE 0.5 J5, % 1:100 Fi F%
B 200 pL BEINA 96 FLAR H, i FH AR AR
12 h 5B 1 h ME ODsos {8, 5 12 h Bk 2 h K
W, FrLekaiil 24 ho PABFE]AREALFR, ODsos A
A brahl A4

http://journals.im.ac.cn/actamicrocn
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1.10.2  E4I AR R Ak BE SN E 1.10.5 KUSHES /1K

TPk EL AB43 . Acrp M Acrplperp B il
R T LB RS 32 3 37 °C . 200 r/min £
7%, BRI ODgoo VHZE 0.5 J5, +4% 1:100 B Jn
B 200 uL HEBINA 96 fLKRH, T 37 °CHrERF#
24h, 24h /)5, FHEEIK, BLIIA 0.4% HZH
HH i [ 7 30 min, B/ {8 PBS Rk 3 3 Jfm
A 200 puL 1% 45 ff 25 94 5 10 min, FFE4E08 0,
fifi ] PBS ki 3 i 5+, fa A 95% LB
PEBE 30 min, i B AR ARSI 570 nm Ak (4 1%
HAA
1.10.3 FhHMIFNIRZRE SINE

S CHR[17], ¥ A549 4L 1x10° /AL
P51 T 24 fLAROEE SRR T, 15 5% A 40
BE . K AB43. Acrp F Acrplperp i TR LA
MOI {47 100:1 BEYL4HA{E 3 h, {40 5 7853 Fh bt
MRZE. i WM, IO PBS Wk 3 il
Ve EMANREE AU, A 1 mL % 0.1%
Triton X-100 /) PBS Zf# 2 i 15 min DAL
AN, £ R BRI LB MOl f 736 i 4,
SIS T 26 I A2 28 BB (total)

5 AB43 . Acrp S Acrplperp 5 B W LA
MOI B4 100:1 YL 41 fud% 5% 3 h J5, PBS iUt
33, FALMA 1 mL &4 50 ng/mL ZFiH % B
) PBS, 7£ 37 °CCHNfuRE =48 P AL P H 15 min
DI KNS A A, B FIA 1 mL &
0.1% Triton X-100 A PBS 2L ZH itd 15 min LA
M ANE, A% RS BRI A LB AR s s
B A5 40 T 1= 28 8 (invasion), A R (1)
e

R =12 78 DA -1 785k (1)
1.104 CCKS

B A549 ZRMILL 1x10* /AL A EE T 96 1L
AR EE =, N AB43 . Acrp J Acrplperp
BT L MOL B 0 10:1 BG40 o % 55 24 h
G, sk, XRALARHIA 10 uL CCKS %
W, 37 °CW#E 1h, BRI 450 nm 4b
AR

P4 actamicro@im.ac.cn, 7 010-64807516

He 40 HRWEIE Sy 4 4, B 10 2, 4y
S PBS 41, AB43 4. Acrp 4% Acrplperp 4.
{11 PBS K fof BV R B & 1x10° CFU/mL, fif
FHIBE 5 R S AR B 10 uL R BRUr A B, DA
WSS TN S R S AT RS, KRS R R
RIFIEE T 37 °CHEFRM, B 12 h LR RIS IR 1
FETIE N, K H Kaplan-Meier 72+ 22 il I i A=
Frifg!,
1.10.6 /)R B ER Rk A= B

B 18 FUNRT I 3 4, BE2H 6 K, 20k
AB43 41, Acrp 1% Acrplperp 4. 75 3CHK[19],
P 8 JAl i BALB/c MR/, 7EIEYLHT 3 d
B FUNRUE ETE ST 150 mg/kg BOERBEmERE, e
A7 1 d B H /N RIE ST 100 mg/kg (1 300 1
Jg o AT PR 10 7 45 R 1 /)N BROBE A 4
P, R E/INEUR A A 3.0x10° CFU/mL.
YL 24 h J5, U V0T R LA SN BRI R 2R A T
W E I
L1 HIEAIES o Ah

F|H GraphPad Prism 9.5 H %) BLK 28 Ty 2547
M (one-way ANOVA) X} i 4 ¥ 4750 7, R H
log-rank F3Xf AR IHEGA T 00T, SCERgs RS
PIEARME DR (meanSEM)#% LR 7R (ns: P>0.05;
*. P<0.05; **. P<0.01; ***. P<0.001).

2 BERE5M

2.1 CRP ZEHMEZKFKIA
2.1.1 ELHFRH pET30a-CRP A PCR KX
EREE

41 JFi R pET30a-CRP 4 PCR % 52 1] 155
S5HEM BR800 R B, i H BamH 1
Xho THEAT XUV AT 15 2] 5 400 bp F1 708 bp 1Y
2R B(E 1A), HIFER S R B—2,
FU A kA I
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A B o oG o0 C D
e
bp M 123 kba M CSITISISI kDa M1 23456728910 kDa M 1 2
P w— 15
100— o= ju | ' 100 — - 70—
70— - | o 70— : 35—
55— - 55— .- 40—
40— =W B - 40— = 35— - «~—
-l 8@ 8 < RS e 25—
25— g 25—

=y
15— w . - 10—
El1l CRPEHMIFRIALEL K Western blotting36iF. A: 4 FikipET30a-CRPJPCR K AW % 18 (VK
M: DL12000 DNA marker; PKiH1: PCREAVEX I Jkif2. HFURPCREELR; JKiH3: HA BRI
FEOIMEEZER); B: CRPEEH RN E(JKEM: #H Hmarker; JKIEC: RiFFEMAR; JKES: HR5
B s WKGEL: BFEUUE); C: CRPEHMAILGKIEM: HHmarker; JKIE1: JWZEW; JKiE2: 2
ff; VKIE3: VR VKiE4-9: VRN ; VKkiE10: Z4#H); D: CRPHE % Western blotting (VK& M:
f Fmarker; JKiE1: 2ifb/ERI8E; JKE2: PR ER),

Figure 1  Expression, purification and Western blotting verification of CRP protein. A: PCR and double enzyme
digestion identification of pET30a-CRP (Lane M: DL12000 DNA marker; Lane 1: PCR negative control; Lane 2:
PCR identification result of recombinant plasmid; Lane 3: Double enzyme digestion identification result of
recombinant plasmid); B: Expression identification of CRP protein (Lane M: Protein marker; Lane C: Uninduced
recombinant bacteria; Lane S: Supernatant after induction; Lane I: Precipitate after induction); C: Purification of
CRP protein (Lane M: Protein marker; Lane 1: Flow-through; Lane 2: Lysate; Lane 3: Wash solution; Lanes 4-9:
Elution solution; Lane 10: Lysate); D: Western blotting of CRP protein (Lane M: Protein marker; Lane 1: Purified
protein; Lane 2: Negative control).

E R CRP (umol/L) ~ 0.00  0.05-0-:0=0:20m0858 0.50 0.50

212 CRP & B HIRIAL ALK Western Probe (pmol/L) 0.1 0.1 0.1 0.1 0.1 01 0.1

blotting EﬁﬂE Cold probe - - - - - 50x 80x
i i IPTG %55 CRP A EL, B Y

% SDS-PAGE Z5 % 7R, ZY7E 35 kDa Ak 31 H St Dandd

Kok, SMA/N—8 ZEA EEE L
ik, HEANRRESES T RIEBEIFITLHE
AEA(E 1B). BERESE Ay g A e T alifk
AR AiAL S B B 2l B B T (] 1C). B
WERRMEALITENIRE, & Western B2 EMSAKCRPE S S cas3 B FHIE A 5
blotting 485, H5 WA 1 R/h—2(& 1D). Fo cas3TREN NCySERICHIDENCIREN, 41Uk IE N
2.2 CRP EBS cas3 BHHTEE ATEFI0.1 pmol/L; JKIE1-5: CRPE I LHEST

150, 0.05, 0.1, 0.2, 0.5 umol/L; Jki&6. 7:
S QR EBR S, G |
B Ty 650 nm MOBUIEROZION . 55 yjeansiysean 1 mASOTi. SOfffAHRE

H(E 2) BoRTEKE 1 A Cys 2¢6HR Figure 2 EMSA was used to detect the binding of
ALY cas3 B s F R Bt ARG A &0, Tk CRP protein to the cas3 promoter. The cas3 probe
1 2-5 HBEZE CRP & A AW, B was a Cy5-labeled fluorescent probe, and the amount
1y - - . added to each lane was 0.1 pmol/L; Lanes 1-5: The
i 35 Ve 3 _ Jale £ ’
IRBOEWINGE . TKIE 6-7 AEVKIE 5 PR AR 19 2K il loading amounts of CRP protein were 0, 0.05, 0.1,
ORI AT EREE 50 45 F1 80 175 AUV R F LA 0.2,and 0.5 umol/L; Lanes 6 and 7: 50-fold and 80-fold

THELTEH, KA L, HE T8 cold probes were added on the basis of lane 5.

Pcas3
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HS5EANIERESESE S TR, FiREW
CRP A LN IS T cas3 JA 3+ IXHH,
2.3 HSARENIFE Acrp BT Acrp/
perp EIFMERIFE
2.3.1  Acrp RETHRBIE

DL AB43 JERAH A BARY 1S crp B2 L R
W R U, 22 50h 171 bp A1 215 bp., L pKD4
R R8P R B, A 1518 bpe RbG SR
924 1 868 bp A BL(K 3A). FH RecA [F] 5 &
HAEAR, HRIPirE R AB43 1Y crp H
, ffiFH51%) CRP-up-F/CRP-down-R #4T PCR
U SEUESE R T (K] 3B). Bl 5 TH BR R AR BT
A B X Bl R pATO03/pATO04 (€ 3C), Ihk
5 AB43Acrp RAKEK .
2.3.2  Acrplperp B4 MERIE

fifi I JC 4% 5o B 7R) G4 pBRAB-crp [ 4
kL, {# ] PCR R AUEFY) %528, PCR ¥ v BX
K/NK 1122 bp, fii FH EcoR 1H1 Hind 11T X fif
YInT LAFS3 245 8 000 bp. 1122 bp 1Y 2 4~ F Bt
(& 3D). K a1 £b Bk L A AB43Acrp 9872tk
HARAS Acrp/perp [BIEME .
2.4 qPCR ¥ crp B cas3 $5RKF

fli H qPCR #4 R K I AB43 BF/E#k . Acrp
RAFKE N Acrplperp WIAME R crp JE R S 1
BL(E 4A), TE Acrp ZE7EREH crp JEPRUANFE ST
TE Acrplperp PIAMAE T crp JE R G SR I% 0 £ K
BREAEMOKY, WEZRZERTGIEE
X FHH Acrp RAERE S Acrplperp [MIAMEE E LD
LiIf

J T B crp X cas3 WIVREMER,
qPCR i AR KM AB43 BF A= ¥k . Acrp 2828 bk &
Acrplperp [FIAMEF cas3 FERI W FESRIGDL . 4558
R (# 4B), crp FERERIG, cas3 BERFRE W
R BE(P<0.001), ¥t crp HEPR M 2 BB RS
cas3 FEHH FK 5 AB43 WA MR—2, HIL,
crp FERITT LIS cas3 MG 33k
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2.5 crp BEEIRREXTES A TR REM
0]
2.5.1 crp BEEREASEMMEDS AT ER
HK

1 LB BR3P E AB43 BPARR . Acrp %
ARRLL S Acrplperp IAMERT 24 h A K ith<k. 5
PPAERRA L, Acrp RAEMKPAERK T B 255
(E'5), FW crp JEDH GBI AR50 AB43 Bk
A IE R A
252 crp BEEBKLIERESANTRE
AR AR BE

I FH 45 fb 2R e 1k X AB43 BFAERE | Acrp
GEARKR VL S Acrplperp [RIRME I8 AE W 95 BEE 1 BE
HHATRE . SRR (E 6), Acrp RASHRAY)
PRI L RE S1 4838 (P<0.001), AB43 HPA Rk LI K
Acrplperp 1AIRMEZ 0] JCH 5 25 5 .
253 crp EREGRKIGE T 802 A ohHFE Y
MR ZERE S

20 TR 8% BT 52 28 RE 7 2 1 197 4 T S50 M i 55
FIEE B bR, LA AS49 M B, PEAY orp 3
PR Bk 2R T 8 52 S B0 A T 6 B 42 22 E 0 B 52
GPREW], Acrp AR ZE T FEE I eI 2
e, Acrplpcrp [m] %MK B4R 22 B B RE Bk &=
BRI (K 7). BREEREI, orp K
BRI SR T B2 AN ST R R 22 RE T .
254 crp EEEKLIETR T X AS49 4R
RMAtER

R THRGE crp FEPIRT AN TA A 520, d
AB43 BF AR . Acrp EAERKRLL K Acrp/perp 1R
PRI A549 ML, FFH CCKS ¥ 46 1l 41 i 1%
J1o BERFIE ), Acrp RASFREGLAN )5 4N
3% 71T B (P<0.05). X FBH crp HEH 26 XF
A549 ALY RAE 5
255 crp BEGRKIEE T HSEANTERD
=)

Rt M J L 24 PSS A — AR AR L
O G A A P B AR TR DL R I S 5T
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A bp

B3 AcrpRE#R B Acrp/perpEIAMEIIETE . A: crpEH L. TUEFERE . RAIRPUIESER A B & R B
PHIGKIEM: DL2000 DNA marker; VK 1: FWFRIEE; WKiE2: TWERBE; WiE3: IRk B
UKiE4: R R BY; B: AB43Acrp:Kanf % (JKiEM: DL2000 DNA marker; JKiE1: AB43Acrp:Kan
PCR%%)- C: AB43AcrpfJ % 5E (UKIEM: DL2000 DNA marker; JKiE 1. RABPUMETERR; vKkiE2. FAPEXT
3 UKIE3: pATO3FURLFHPEXS IR Jkil4: pATO3BURLIFER; JKiES: BAVEXSIR; Vkil6: crplfidtll; Vkid
7: crp%l(ﬁ 5%%; VKIAS: pATO4FTRLINER; VKiH9: pATO4)5k:FH T$X¢ D; D: [FIRMNTUR S E (VKA M :
DL12000 DNA marker; VKkif1: 4] FAMNFRPCRAESS S VKiE2: B BIANR AU ) S E 45 1) .
Figure 3 Identification of the Acrp mutant strain and the Acrp/pcrp complemented strain. A: Amplification of
the upstream and downstream homologous arms of the crp gene, the kanamycin resistance gene fragment, and the
fusion fragment (Lane M: DL2000 DNA marker; Lane 1: Upstream homologous arm; Lane 2: Downstream
homologous arm; Lane 3: Kanamycin resistance fragment; Lane 4: Fusion fragment); B: Identification of
AB43Acrp::Kan (Lane M: DL2000 DNA marker; Lane 1: PCR identification of AB43Acrp::Kan); C:
Identification of AB43Acrp (Lane M: DL2000 DNA marker; Lane 1: Elimination of kanamycin resistance; Lane
2: Negative control; Lane 3: Positive control of pAT03 plasmid; Lane 4: Elimination of pAT03 plasmid; Lane 5:
Negative control; Lane 6: Original crp gene; Lane 7: Elimination of crp gene; Lane 8: Elimination of pAT04
plasmid; Lane 9: Positive control of pAT04 plasmid); D: Identification of the complemented plasmid (Lane M:
DL12000 DNA marker; Lane 1: PCR identification result of the recombinant complemented plasmid; Lane 2:

Double enzyme digestion identification result of the recombinant complemented plasmid).
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Figure 4 qPCR detection of the transcription levels
of the crp and cas3 gene in the AB43, Acrp mutant,
and Acrp/pcrp complemented strain. A: Transcription
level of the crp gene; B: Transcription level of the

cas3 gene.

VAR crp PRI BRSNS R TE IR REI . 45 25R
LKW, Acrp B VIJE RISIEAET A8, 36 h i
CLadfAET, 1M AB43 B A kK S Acrp/perp 11%b
Bk 72 h BB IHA 25 25% A9 K I S A7 55 (& 9).
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Figure 6 Detection of biofilm formation ability of

the AB43 wild-type strain, Acrp mutant strain, and

Acrp/perp complemented strain (n=3).
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Figure 7  Detection of adhesion and invasion
abilities of the AB43 wild-type strain, Acrp mutant
strain, and Acrp/pcrp complemented strain (n=3). A:
Determination of the adhesion ability of each strain to
AS549 cells; B: Determination of the invasion ability

of each strain to A549 cells.
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Figure 8 Detection of the viability of A549 cells
infected with the AB43 wild-type strain, the Acrp

mutant strain, and the Acrp/pcrp complemented strain

(n=3).
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Figure 9  Survival rates of Galleria mellonella
larvae infected with the AB43 wild-type strain, the
Acrp mutant strain, and the Acrp/pcrp complemented

strain (n=10).
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Figure 10 Detection of bacterial loads of the AB43 wild-type strain, Acrp mutant strain, and Acrp/pcrp

complemented strain in mouse lungs and bronchoalveolar lavage fluid (n=6). A: Detection of bacterial loads in

mouse lungs; B: Detection of bacterial loads in bronchoalveolar lavage fluid.
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