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Abstract

Object: Staphylococcus aureus (SA) is a clinically significant pathogen. The widespread misuse of antibiotics
has led to the emergence of multidrug-resistant strains, posing substantial challenges in the prevention and
treatment of SA infections. Biofilm formation significantly enhances bacterial antibiotic resistance and
immune evasion. As natural predators of bacteria, bacteriophages exhibit great potential in controlling and
eradicating pathogenic bacterial biofilms. However, the underlying mechanisms remain poorly understood.
Our preliminary screening identified differentially expressed genes associated with biofilm formation in SA
strain J57 after P51 phage infection, among which cl/fB was selected as the target gene. In this study, we
constructed gene deletion and backfill strains with one of the clfB as the target gene. By comparing the
phenotypic differences of the three strains in biological characteristics, biofilm formation ability and phage
susceptibility, and analyzing the differential genes at the transcriptional level by using the RNA-seq
technology, we can provide theoretical bases for the further research on the pathogenicity mechanism of
Staphylococcus aureus as well as the prevention and control of S. aureus.

Methods: (1) The c/fB gene knockout strain (AclfB) and complemented strain (CAclfB) were constructed
using homologous recombination in SA strain J57. (2) Biological characteristics of J57, AclfB, and CAclfB
were evaluated by analyzing growth curves, morphology, hemolytic activity, autolysis rate, biofilm formation
capacity, drug susceptibility, and quantitative analysis of biofilm components. (3) Phage P51 susceptibility
was assessed through plaque-forming efficiency, in vitro lytic activity, adsorption rate, biofilm inhibition
assays, and CIfB antibody-mediated adsorption interference. (4) Transcriptomic profiling of J57 and AclfB
was performed to identify differentially expressed genes and enriched pathways.

Results: (1) Successfully constructed the c/fB gene deletion strain Ac/fB and the complemented strain CAclfB.
(2) Through the measurement and analysis of the relevant biological characteristics of J57, AclfB, and
CAclfB, the results indicate that the deletion of the c/fB gene significantly reduces its hemolytic ability and
autolysis rate, enhances sensitivity to chloramphenicol, gentamicin, and kanamycin, decreases sensitivity to
linezolid, significantly reduces the ability to form biofilms, significantly decreases the content of extracellular
DNA and proteins in biofilms, and significantly increases the content of soluble polysaccharides; the clfB
gene does not affect the growth and microscopic morphology of Staphylococcus aureus. (3) By measuring
and analyzing the phage sensitivity of strain J57, AclfB and CAclfB, the results showed that knockdown of
the clfB gene of S. aureus 157 led to a significant decrease in its phage sensitivity and spotting efficiency, and
a significant decrease in the adsorption rate, in vitro cleavage ability, and biopermeable inhibition ability of
P51, and that the CIfB antibody was able to be able to partially inhibit the adsorption of phage P51 to S.
aureus J57. CIfB antibody was able to partially inhibit the adsorption of phage P51 on J57. Therefore, c/fB
gene deletion reduced the sensitivity of S. aureus to phage. (4) Through comparative analysis of transcriptome
data, a total of 436 differentially expressed genes were screened, including 206 upregulated genes and 230
downregulated genes. KEGG enrichment analysis revealed that the deletion of the c/fB gene mainly affects

ribosomal translation, alanine, aspartate, and glutamate metabolism, and microbial metabolism in different



environments. c/fB gene deletion significantly down-regulates the expression levels of sard, atl, hib, katA,
and other genes, which in turn mediates the reduction of S. aureus hemolytic activity, autolysis rate, and the
ability of biofilm formation; and secondly, the deletion of this gene inhibits the signaling pathway of the agr
group sensing system, which in turn activates the CRISPR-Cas defense system, and ultimately leads to a
significant reduction in the strain's susceptibility to Phage sensitivity.

Conclusion: The clfB gene is closely related to autolysis, hemolytic capacity, and biofilm formation of
Staphylococcus aureus, affects bacterial susceptibility to some antibiotics, and is involved in regulating
phage-bacteria interactions.

Key words: Staphylococcus aureus; c/fB; biofilm; phage susceptibility; transcriptomics
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Main Abbreviations
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min minute Bk
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TEM Transmission electron microscope B8 1l BT 65
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LB Luria-Bertani medium LB £5 783

BHI Brain Heart Infusion i OV B 7

°C centigrade P IR
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F1E 22

1.1 £EEEDREWNRIER

1.1.1 £EBEBHKEAEA

WO EEKE (Staphylococcus aureus) +&JERER ] (Firmicutes) M7 2% [CRH 3R
W, HAIEEIE, IF HARAREBH AR RE AW s A 52 MRk, Hhf
28 MEFR, AHEANHIAE N B RIEIRIR B i) 2 B4 . 78 20%~40% 135 18 N\ F
W, (RSN R AR R R T S R R BR A  B EE B BR B —
[ pR B Z R AR, & — ML JE AR, EAARR DR RE DR Z B G o0 T Cani@ ki
JRIRAE . B MEIR A BAMEFTE R, AL 30 TR <e B (0 ) B3R B r il i AL IR 22
RIZA L B0 NIMVRIEIE R 48, MM 51K R e S g, R R, FEMKEE
SR NN B ) B E BEAR S A DI REAIR T M4, FLR KB B 1l N2 2 T e i3
o5 TR 11 42 2 AL ) g 2 T 280 B PR A s B R R P B DD AE OC, U LA IR 7 A O i e L
A R R

o v (0] ) IR B 1 ol R B 2209 L 1, 22 BN 24 R 1 O O R 7 AT LA A O B e A
FEXBRAF PRI G B B S R EAE R, AR AR X SRAF M F A PR B R (CA-
MRSA) Mt & SIS KB, X IR SHMEMNE IR T8 5 LAY e
JISRAFAE W E A N o AT R A B R W], 1 bk A A% R A% 2 O TR A% G 1= e ek
GuB R R, XA FE T AR 22 A BT P BRI, o [ 4 B i 24 B I CCHINET) %44
307 4 v (0 R  BR R PRI LR AL T IR 32 B B R 6 3 460, S FEARHY 9.08%, Mo
MRSA #i H 28 =ik 29.1% . 455 E0 ] %) BR 1 0 A= V0 BT i ) -5 L 245 3 B 35 U AH 5%
M, FEIG IR 73 Bk 25 A A R T R, H 2 J1 24 R AR 2608 86.7%0), idF
— PR TCRIN,  RAAAE  IEAE RE A M B AR TR R HE GBI E L, H = 4R gER AMY
LB PR PR RS IUAE R BIE, SRRV T AR RE A RRAS, AT 2 25 G 9 A= 4
TR TE 32 Sy iE BR AN PUR VA IT BIHRPURE /0 o XA AW A T I 25 L A2 Ve R BiE
%K N TR E AR TEHE IR MR B IR, IR IR PURGIRTT 1RSI gt 1
HEFIRAKYE . BFFTUESE, AEPIIE N AL TR IR S 1003 S A v B B 0 L % &8 IR g IRk
Gethhr, FEURGSO Y R Aom s il

S OVH B BRE VNI RLE R I FEEURE, HBUR R FE LR R 4
fRFBEMSHREN . 20 JEAR T R METL b5 R AT B FLAH A S H AT 1 5 ),
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B TR 2 A R AR LGB B AT A AR, R B A M AL DD e 538 R 3L
PR T Y, FREEIA T T B 25 AN NG A AN OG0 L) e 20k B R, B
W ()2, TR L X P RS A A 1037 T S A 7 3 T S Rk LB E N B A I B . AT
AR o, SRS G 5 e BRI i R A O R I B R R A AR B AR OGHE, Uk
N BB it 22 2 ) EE 3K LA ) R

112 EREHEXEEYWIRNA T

17 48, %= A\ Leeuwenhoek Il i B R Sl Al i I 5 4 T BRERE AN 15 (R B
T AR, (HEZF] 1978 £F Coslerlon 28 N2 H AN E A AR CEAL, AR #E
DA RIS A e JE R A BT A i g 5SR-S T T BRFR) 400 B A L A S it
IR R e = 4R A, T ORI FE RS AE TG 5 10 S T AR A PRARaRie - e (A
) BR TR AV TR BSOS AR BRI 2 e Bah & L], 58 38 A i ] 0y = A4S S it
Wi REEMY. KB R EY)E AR Y] VIR e P BL, i 3R b b
RS0 EARM A E R AR TAE AL BEAGSMR S, R AR ) A RS A A TR
JREYENLAREER s B BAERER N R GUIRTE T, SEIU AR SE A6 AR e W i e B e i 25
R REIIG  TT 58 B G B A= P 2 AR BRI

<5 R 0 26 BR R ) ZE VIR e TR R IS AR, 2 R KO IR AR B o
BRI R T B S R A 8 o WS, 1200 SR AR AE R T S b4 S5 oL o 25 i 1) P
AR RIS AL, FLAE A om A AR I AR S 2 R T RESL [ D E .
HA R SREEERR M B 7T A4, Bl R 42 3R T FR A o0 A S i 7K s [ 2 i K1, 3R
AT T 55 R o BRI AR G AE B A rhod i T R AR O R R ik, SR AT
) BRI BT 1] A 52 AR VI GE AL ) A8 o AR AR T RO RG B 5 A AR AE R T 8RR 1T, A
D A S VERE, J09T A R & S e By, PR E A SERAE T AR R
PARG B B A2 AE DR T, 120 AR T- 4 R B £ i B 5 (CWAD 578 T 4i i /0 JE 5t (ECMD
RISt 4G, Hrh i SR AR O AR T R R B 2L 5T 72 7 MSCRAMMIPI,
— 4 MSCRAMM i i3 e 500 g 5 5 5 By B4R B A5 SR A it A s T R, Herp el
R AR NLEIRER Z A (Serine-aspartate repeat-containing protein, SdrC. SdrD
I SArE) « A4 ER A4 A 5 H FnBPA Al FnBPB. R T A (Clumping factor A,
CIfA) FZELEE ¥ B (Clumping factor B, CIB) A& Me ki iR &5 M 45 &5 (Bone
sialoprotein-binding protein, Bbp) 4151,

AR R AL T AR A B A R AR 5 IR A o B R ) sh 25 P i) 2 <5 i 0 8 6 2R
B S R T A 5, B ST IR IR T B 7, 30 I A 1 70 W0 B R AR SR T R 1 1Y)
R4 AW (extracellular polymeric substance, EPS) 541 B #H B AE F A2 3t A= W AN Wir
KEW, WIS PR 7 T HUH: ica BRI TR ARG ARIE T & ¥
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Z W4T M TR B P 22 (PTAD S SRR [ADRS B US); T dca ARARA M 42 WA A6 22 P 3R T B
Mt EER, GFEA4EEAIRESEA (FibpA/B) NS18 FAEHHE, BEMKEA
(Aap) TEREEIRTE A 45, Pl SasC/SasG. Embp. CIfA/B &E 4> FiELEAH-EH
FHEAE A SRR RN, B ERZ, 9 PIA 8B A= V)4 s i T b L) B 5
PR EEIE SME,  ATERE s R ) Nl I ZhA R R B B R IR SC I 2 R A e 4
RN, B Ao 2 B K el I TR LA SR S R B A A A APl LA
B T O A 0 A B = A 8 R T A% O R AR RO, B FCIESE, HXIRREMER
S OVHIETBREE D IR 40 i B R R o 5 A B R R I B A, S IRAN RS
ML 784, ARV B RO E I -« A B AR T AR BT B4 DNA
(eDNA) 7£ ica AF MR 427 B A Pk BT B ) 57 SR B R s AR B ¥ B 2R, K
-2 AL IR B R 2 FEAE I R B RIS AR T, VR 2 4 B AR R R 2
IE SRS FEYI T, IX EC I8 T O T — Lo PR AR M i — e AR FE I P, and
Al MyrlEtEEA (PSMs) IR A EER2123,

YR RS, PR IE S OSBRI R R SR SRR AR S LR Y i AR
N2 P B R R R M RE R, ISR A AN K v It U T IR
(PSMs) 5| K PR 2518 £ 488 Ah A S AL FR BT B A M R B BE ) 1 o X M3l s i 2 i 2
AR A4 EH AR D RREAS ) PR AN e A, SEIBR G I 7 BIOAE 351250 B P VR M Bl Ak 3R 40
A=) 75 R 2R A LI B )N ) RTRRR A JE -1 SR IRDRG B, T 1 2 2R o 4 8 i e i
A7 IO (1) 1% g D 1 S A I 2 ) R ) B A M v 24 o R PR A 2 A R B SEBR AL R, 4R
B RS A LA T 1 S BB, R AR 0 I A N 5 7 % e R e M B A Y, 51 e
YIin) 8 35w AR X BT A0, (EA5VE R BT, X B P 4 B A 9 - P AL I R TR 1))
ADBGAEI, AU R AR MR 2868 T, TOAPUAE I 245 2 DR () 7K P i # A
PR, A I (%) i 7 53 A A B T30 — S8 AR WD M PR TR 271

1.1.3 € RBEBIKEE YRR AR X IEENH

G V8 (O ) BR B A VB SN A P R 4ERR I R 2 ZE S R NS I FE R, Hol
B S T 08y TR Agr BHARE N RGUIE B 175 SR 5005 T AR 1 2 [A]
FIEVE, LuxS/AL-2 8 SCHUMPAE RS 515 F, LK Sigma B &R A5 A
T2 5 B R0 B 28 R 235 5 1 3 KRR SRS X e sy ool EoE S BAE, K
AV . 4ERF S iRt 2.

(1) BRI RSt

BEE M A K BT, M G501, 550 UL RE S 20 Ph e
FE B F 3 0, 18 2 — € BE 5 S AE R T 40 148 0 1 AH SG Ik PR 3Rk L M AR AR AL,
X —I R AR A RN, (quorum sensing, QS) P, XUE(E5 0 FHAR N E F
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F¥) (Autoinductor, AD , B PLr A BLF = FpeAyBOBUB, e bE LG e, XFR
ZRAFESY (auto inducer2, Al-2) , stk A7 E T 40 R H I EAR NS 5 01
Pk 3 v 22 R N I8 Cacyl-homoserine lactone, AHL) 72 2% [C M H T A B 5 91,
MK H % S 7 (auto-inducer peptide, AIP) RAFE TR = RFHMEE . 40 (B 4
BRI BRI N, RGAHE 2 KRS Agr BHRIKMN RGN Lux S /AL-2 BEARIEKN R 45053,

BEAR RN 3B LR AT (Accessory gene regulator, Agr) Z4tH RNAIL Al RNAIII
PN S A AR, HoA RNA TN A8 AgrA. AgrB. AgrC Al AgrD YA H
TR B34 AIP H agrD S f3 2Ia114, HEH AgrB BiiiF i 2fust. 24 AIP
WRERREL TR R R 2 BE, AIP 5N AgrC 456 IR oG L i,
ISR LS AgrA, TG AgrA JEIBOE /5 3 P2 1 P4 _Ei agrBDCA #2401 Al
RNAIIL 355, it AR Pk JEE (%) figd v R 23 B OSIB0IT) - B (0 ] 26 BR B Agr BEAR N, R4t
I 5 5 i FIE S AE VR . (D N MSCRAMMS 2538 i 2 B K 1
Rk QISR B/ A% R R MR AN K RIS R FR s 53 )T A 14 1 45 28 11 (PSMEs)
PZeIE . Hrdr AgrA W N o3 FAE R ST 1, Ik B R AR 1 o7 U P R AR )
JELEMZN AP, RN, Agr RELATATE Clp P B ABEE 1, clp P 2R iFRAEHE
SRAEVIE T RLRE T, BEDR R IE 7K STt 2 35 4 g Bo10,

Lux S/AI-2 BRI RG R —FEMAE T T IZAFAER QS REL, Ae%/r AN
PRI IG5 2T, SOUHFh BRI R, Z R 2 A2 (550 T 00, XF
VIR O EEAE R o S-Z SRRt B A (LuxS) A1 S-J s (=] 24~ pt 2 B %
HF (PO LE AL-2 W& BOd R R4 B 2R - SR A 2 R ( S-adenosylmethionine,
SAM) £ H HAL 54 R E =& Prs AL A B S-AZ BE A AU 2 B & R (-
ribosylhomocysteine, SRH) , SRH £ LuxS LA it A Fa 2 i) DPD, Bl AI-2 fRT/A
Yios, P I A OB B AR B AL-2 fE 5 4RI RUBRRE LS AR Lux S/AL-2 fE4
VIR T s A et e AR, BEAE BT FRER AN, AATTRIL AL-2 fEAS [FM & B A A A
A R RS, a0 AL-2 #E S.epidermidis BT RN ER ica ADBC ¥ 3%/K-F-, {H7E luxS
FAF PR A IE IS BE ica R T ica ADBC 5 3 /K 1401431,

(2) &Rt ET

) 2 BR B P 15 PR 7 A (SarA) A2 4 0 60 3] 4 BRER 38 B 4 R 1k e s 1A T L1
J&T SarA FHHAZKKE (85 SarA. SarR. SarS 25 5) M6, SarA & HiE LR le-#% -
BRE (HTH) B 5 MR MR (WD B35 DNA 25617, sarA JEF H sarA .
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