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[HE] BH Rt &E OB EERE (SA) 41 BES E 55 1 SasX W RNATIE KR IE M %, 18
R SAKIAMIE (BF) ERAMBURERENER. 753k E20224F4~6 A/t ER R EHE ILE
= e B B LI RAE A H 7 B8 S A ST239 50 [, R FH 25 [R] Rt ok AR [l ¢ A 282 37 AR ok A\ Sas XOR B b
¥k ASasX (pRB473-SasX) , ZLRNAIFMHIL (RIP) 4P, FR S %)% % EPCR (gRT-PCR)
For Wl Sas X 4k (R 6 RN AT 4% 56 /K T W2, 2 ikl 38 G b e WL S8 B AR AR I B, B0 TR e PR R A v
71, ¥R MEBFLR, JRAqQPCREAEBFE AR RIL. LR ASasXHRMRNA TIKF
SFEMTE A (1=4.273. P=0.037) . ASasX¥RBFEEAE /IR AR B WES (¢ =4.619. P=
0.032) , ASasX (pRB473-SasX) + RIPHBFIE AL /1 & (KT ASasX (pRB473-SasX) # (1=7.874,
P=0.011) . ASasXkkicaA (z=5.324, P=0.027) . sarA (¢ =6.250, P =0.016) fifnbA (¢ =
4.833. P =0.031) mRNA/KTEZEMTEHAFk:; ASasX (pRB473-SasX) + RIPFkicaA (¢ = 4.386,
P=0.034) fllsarA (+=5.531, P=0.023) mRNA/KFHEASasX (pRB473-SasX) PREE[EK. B Al
DLEF ARG K SRR R, ASasXBRZ B ANIE /3 M BU/NE SR 4R, ASasXBRIN LR /1B 4
PREE S : ASasX (pRB473-SasX) FRIRERE /I MEF LAY, ASasX (pRB473-SasX) + RIP
PRI R EERE S8 ASasX (pRB473-SasX) k59, £5i8 SA SasXid il ifIERNAII# R FRIE, 12t
B IR EMBFE A 1, WS 5 H BRI 2.
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[ Abstract] Objective To investigate the regulation of RNAIII transcription by Staphylococcus aureus
(SA) surface-anchored protein SasX and its effect on bacterial aggregation and biofilm (BF) formation, which
will reveal the effect of SasX on the pathogenicity of SA ST239 clones via RNAIIl. Methods SA ST239
HS770 isolated from clinical specimens of hospitalized children of Children’s Hospital of Nanjing Medical
University from April to June in 2022 was used to establish mutant strains ASasX and complementary strains
ASasX (pRB473-SasX) by gene knockout and complementation technology, and further treated with RNAIII
inhibitory peptide (RIP). The effect of SasX gene on RNAIII transcription level was detected by quantitative
real-timePCR (qRT-PCR), and the growth rate of the strains was observed by proliferation curve. The

DOI: 10.3877/cma.j.issn.1674-1358. 2023. 04. 006

WHMES: Mt ARNERELTHEESTE (No. YKK20125) ; MREER K2R RBESTHE (No.
NMUB20210074)

VEHBAL: 210009 FEATTIT, R R BR 25 K IR TR R 45 A EE B AR B R . 210009 B AT, YLI5E T BRI AU R
210008 R 5T, P 5 BB K22 b IR ) L BE B A 30 R

WEEE: IMAE, Email: 451377086@qq.com



rh RS0 RN A RS 24 35 (HL TR) 20234E8 45175 %5434 Chin J Exp Clin Infect Dis (Electronic Edition), August 2023, Vol.17, No.4

aggregation ability was analyzed by microscopic examination and the BF formation was observed by semi-
quantitative BF formation experiments. Results The RNAIII of ASasX was significantly lower than that of
wild strain (¢ = 4.273, P = 0.037). The BF formation ability of the ASasX was significantly weaker than that
of the wild strain (¢ = 4.619, P = 0.032). The BF-forming ability of the ASasX (pRB473-SasX) + RIP strain
was significantly lower than that of the ASasX (pRB473-SasX) (¢ = 7.874, P = 0.011). The mRNA levels of
icaA (¢ = 5.324, P = 0.027), sarA (¢t = 6.250, P = 0.016) and fnbA (¢ = 4.833, P = 0.031) in the ASasX were
significantly lower than those in the wild strain. The levels of icaA (¢ = 4.386, P = 0.034) and sarA (¢ = 5.531,
P =0.023) mRNA in the ASasX (pRB473-SasX) + RIP strain were significantly lower than those in the
ASasX (pRB473-SasX). Under the microscope, it can be seen that the wild strains had large aggregates and
clusters, and the ASasX were mostly scattered alone or aggregated in a small area. The aggregation ability of
the ASasX was obviously weaker than that of the wild strain, the aggregation ability of the /ASasX (pRB473-
SasX) + RIP strain was weaker than that of the /ASasX (pRB473-SasX). Conclusions SA SasX promotes

the aggregation and enhances the ability of BF formation of SA by regulating the transcriptional expression of
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RNAIII, and thus participates in its pathogenic processes.

[ Key words]) Staphylococcus aureus; Surface-anchored protein; Quorum sensing system; Biofilm
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AT . Gateway®BPClonase™IIEnzyme Mixiz
5 (EEInvitrogenAF) o BRI HHIRIAF & (4
ZREMFARER AT . QuantiTectilfi #4557
& (EEQiagenA ) , FIYH LEHEL ARG
B, DRI B AR R R A PR A & SRk

=\ LRI

SA HS7708F A4 kk. ASasX#k. ASasX
(pRB473-SasX) FkAlASasX (pRB473- SasX) +
RIPHRFI ASasX (pRB473) #k. B4 bk NIk R AR
Ao ESIISAST239 50 FERRHS 770, AMHATAT AL BH ;
ASasX ¥k NF I pKOR1 £ Gt ¥ Sas X 3k [K M 2 7 J&
K H b i bR ) R A #k ;. ASasX (pRB473-SasX)
PR K Sas X H 4 J5RL T 0 N A Sas Xk J 22 37 11
SasXFE R B #pFIAKK; ASasX (pRB473-SasX) +
RIPHRNTE ASasX (pRB473-SasX) HR4HH 14555
Fe A i N B & FE 250 pg/mlftRIPALFE

4. HS770 A SasXHRAH B #hFIA T A 4 7

1. ASasX#E#) % : HpKORI1 RS2 7. ASasX
RAKK, LAHST770G% 4k 3 R 4 b, 37 38
SasX & 4t B Fr Be (F 19 5|¥)SasX-attl fliSasX-
rev) , EWEEIN_EBamH 1 5EcoR 1 BN &,
JiiSasX R4 FiiE v Bt (K29 51 #)SasX-rev2 fll
SasX-att2) , fEM UGN L Hind NIILL K EcoR 1
VIfE i, HE4EB|pET28a% /K, fiSasXIELP K] K
Ui [FIRE EAE — /S . LApET28a-ASasX i fi {f A
B, TESaxBEPR bR FEE B g (GEFE
Y)SasX-att] flSasX-att2) #HITPCRx N, ¥ #EH
ERWABAERFES, 2MFEREE, EX
Rk FR, HAb, WA SB2RPEHTE, R,
FH Rl 32 7 & S BB R pK ORI-ASasX, # A
SARN4220; #57%16 h, BREUCAANWIEERT&FH
AEZ (10 pg/ml) TSBEE L, Hhde 820 ik
JG, ZPCRYEFHIIEM, H4 TR NHSTT0

=1

th, ZEE MK ERTHL, PCRXSSasXiHAT
o U 45 5 DR A 7 AN DRI 2 i T

2. SasXH AP RIKFH R E: LIHS7704% ik
FEDRIZH O, FEAESER BRI INPst 1 FEcoR
B U4 &, GBI PCRY™ 1G5 B 1) A 25 1 Sas X 3 [A]
KA B, ENFR I KipRB473 3k 15 5 241 i ki
pRBSasX, #ifEE AR, HF (HE2 kV, H
7%25 vF, HBH100 Q) 47 (0] %) Bk RN4220;
AR EA PRI, DAAH R 551 % N\ SasX 3 [ fi B
f1ST239 50 [ RRHS770, %7 SasX[m|#hFikkk, =L
i 2 )6 € =PCR (quantitative real-time PCR, ¢RT-
PCR) #&lSasX mRNAFI/KF, #iE SasX ik N
o TR AR I IR 2R K

i qRT-PCRAG I A Sas Xk Al [ %h 28 35 #E 1
RNAIITE K ik

W% 2H T AR T (R TSBRS 72 5B B A g0 o =
0.1, FLEFEAE LELA37 °C, 200 r/mind& 16 h, Y&
L DUE R BUARNA, ¥ 5% NcDNAJG,
LlgyrB AW Z . HABI 7500 SEPCRAUHEAT &
HPCR, HHWINMFEAES, BMEAR
3IANEFL, RAH27NE, BRAHN SR
X FRIKKFIH— AT, THE L ZHRNAIT mRNAT
FEXFFIL . RNAII EJE5[4): 5'-ATAGCACTG
AGTCCAAGGAAACTAACT-3', FiE5 4.
5'-GCCATCCCAACTTAATAACCA TGT-3',

75~ SAHEWIIETY BiRe 77 B A

SAEWIE (biofilm, BF) JER%HE 74 :
P E P TSA AR 53724 h, FhBUR & H
TSBE:FEM, B 1737 °C, 200 r/min$% K % L1 7%
24 h, FHAEHE R/ O BEN0.5% 3 IR, B
5 plp R Fr 2245000, FRIR K G552 W7 55 97
24h, FEEEFRW, L HPBSYLIR24FLI3 KA, H
1%45 R 615 min, FKMPE, R T,

A\ SasX FRA [E] K F A T AR A AR < [ 2K ] PCR 514731

FER 27K BFF] (5'—3")

SasX-attl
SasX-revi TTTATAAGTATCATATCCATAAAACACA
SasX-rev2
SasX-att2
CSasX-Pst [
CSasX-EcoR GATATGATACTGAATTCTTATTTAGAATTAG
AGAATTAGAAGTACGTCTAAATGC

GCTGATTATGTAAATGACTCAAATG

SasX-F
SasX-R

GTTTTATGGATATGATACTTATAAATTTTATTT

GGGGACAAGTTTGTACAAAAAAAGCTAGGCTTGCACTTGATCAATATACCAACCATG

GGGGACCACTTTGTACAAGAAAGCTGGGTCGATGAAT
TGGGAGGAAACTGCAGATGAAAAAATCTAAAG
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FLINA33%0KEEEZ30 minj5, 590 nmis KA 5L
AfH.

L+ qRT-PCRIl & BEJ¥ BUAH I Rl 1A 7K~

5 H AR TSAF AR EE 7224 h, qRT-PCRES
M &-2HBFJE A 2 £ [KlicaA. sarAFIfnbA [ mRNA
K, FJiEH, PlgyrB AN Z. qRT-PCR5|4) L
*2.

I\~ SAHEKAG I

W B R B B TSBRERE 2 400 o= 0.1,
B T37 °C, 200 r/minfERIELF;FR4 h, 8h, 12 h
124 h, 53000 € V& TE AL (colony forming
units, CFU) , ZHfilAKMZ, WELSAKKE
ST

JU SATEERRE I Al

P B 2H R R 0 B e o, 2 b BB e T TR
FITSBR: 7=, B TR 137 'C. 200 r/minid
Wo B0 plBl T8 b, FREEZ A,
BT MR R 1) SR A R

1. Geitse b

K HISPSS 19.0%k %) 45 it AT A ab 28, 4
HIEB DA REER (RNATIKF. mRNAK
SPRIAMED) Lhx+ siow, WAL LU B ST AR AR oA
5, ZAHRBHBRERTTZ08r, HEWE IR
HLSD-th %, P < 0.058% %A Fiil 5 & Lo

# R

— A SasXHRA B KB 1)

PlSasX-attlflSasX-att2 >y F N5 4, LASA
HS770EF A Bk AN F 2 1 A Sas Xk i [K ZH DN Ay
WHIPCREE R ILE 1A, BFAKPCREY) A3 110
bp, SasXARiF& i 50 FEPCRF= W) 5 B A ¥k K/ —
|, ASasXHIPCRZ#) M2 495 bp. PCRF=4)4

=2 EWEIE RHESSFE KR qRT-PCR 5| #7751

E VSRS SIS (5'—3D

icad-F GTCAGACACTTGCTGGCGCAG
icad-R GAGCCCATCTCACGCGTTGC

sar4-F AGCAGCAAGCTAAACCTCAAATTCC
sar4-R AAGATTTTACGTTTTTCCCAAACGC
[fnbA-F TGGTGTCGGTGGCGTTGGTG

fnbA-R GCGAAGCAGGTCACGTTGGAG
gyrB-F ACATTACAGCAGCGTATTAG

gyrB-R CTCATAGTGATAGGAGTCTTCT

FEHEERE, ES2 A SasX BRI T .

PLSasX-FHISasX-F-RA L FiEs1%, Lot
PRSP AR A H 1 B B B TR 9 2 R L DN AR S A
JPCREE WE1B, [Hl%p#kASasX (pRB473-
SasX) [HIPCR=H)H615 bp, ZMlJEIEELAT, TFSL
[B] %Mk ASasX (pRB473- SasX) M EE I .

T SasX K F R A RN AT 57K - 1 520

ASasXPRRNAIAK AR T B AR (1.73 £
021) vs. (3.02£0.34) : t=4273, P=0.037],
ASasX (pRB473) #RRNATIIKFAL T B 4= ¥k
[ (2.08+0.32) vs. (3.02+0.34) : r=5.168, P=
0.030], ASasX (pRB473-SasX) #RRNAIIIKT 5
PAEpRZE R LS E Y[ (297 +£0.18) vs. (3.02 +
0.34) : t=1.135, P=0.089]. .2,

= SasX I K] F g SA A4 2 f B i

1. SasXE:HFL % SA BFIE (I m . B
MR ASasX#k. ASasX (pRB473-SasX)
k. ASasX (pRB473-SasX) + RIP#EAIASasX

(pRB473) FRINAME 518 (0.5236 + 0.0625)
(0.3764 + 0.0537) . (0.4863 = 0.0351) .
(0.2723 + 0.0276) A1 (0.3247 = 0.0423) ,
ASasXkkAI ASasX (pRB473) #kHIBFJE R fE
PP A RIS (A SasXFk: t=4.619, P=0.032;
ASasX (pRB473) #k: t=6.175. P=0.018) ,
ASasX (pRB473-SasX) ¥BFIE LA 115 B A #k
EZR LI HENL (1=2.168, P=10.069) , %
HHSasXAENE 4 SARIBFE K. ASasX (pRB473-
SasX) + RIPFRIIAME N (0.2723 + 0.0276) , *%
ASasX (pRB473-SasX) ki & &ML (¢ = 7.874,
P=0.011) , $#IRFMHFIRNAIIIZ I BE A
L3,

}:9%24 hJi ASasX#kicad (¢t = 5324, P =
0.027) . sard (t=6.250, P=0.016) . fubAd (t=
4.833, P = 0.031) mRNAKFAK T B 4= ¥k ;
ASasX (PRB473-SasX) Fkicad (¢t = 1365, P =
0.082) | sard (t=12234, P=0.059) Flfubd (t=
1.689. P = 0.073) mRNAKF58 4Pk %45
5 E s ASasX (PRB473-SasX) + RIP#kicaA

(t=4386. P=10.034) ., sard (t=5.531. P =

0.023) mRNAJKF#;ASasX (PRB473-SasX) ¥k
FEAC, fibA mRNAS B AR E R LSRN (1=
2.322. P=0.053) . W.¥4.

2. SasXJ: M B 5T SALE KoM . BF AR Fk
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ASasXFk. ASasX (pRB473-SasX) k. ASasX
(pRB473-SasX) + RIPFEFIASasX (pRB473) #k
SAMYFA M AR — 2, I () SO A KO
ERLGFE L, WES. KHSasXHRNAIIA
SR SATAE KR,

3. SasXZE R FR AT SAREERE SR . 4T
AT LB AR 2 A K B, T A SasX Pk
ZNHEAEAE A, BUNEERE, ASasXREK

RALRE U BRI A MRS . ASasX (pRB473-
SasX) PRIV ERE I AEF AR Y, ASasX
(pRB473) HRIIRAERE N1 5 ASasXkAH Y (K
6) o PAEE, SasXpefedtSARI KL, SasXim
Fros a2 R /19855 . 11 ASasX (pRB473-
SasX) + RIPHKI B A RE /1L A SasX (pRB473-
SasX) FRIES, 5 ASasXHRAZ, BN H0H
RNAIIIRE 5 BSA K T AT

TE: A: PCRIFEZRAHASasX, MAmarker, 1'5¥kili: UA4 MG ERFHS 7703 K ADNA N (15 W4 s 2~450kiE: DA
REE S AB R PIAEK. HBTETE PR 2 P AE K (1 2 — S DN AR 10 B 45 51, 125 % 5 25 F3 5 bkl Jy Sas X3 IR Rk 1 2 1
ik, B: PCRIFEREI MKk ASasX (pRB473- SasX) , MJymarker, 1~35 kil g AZEFIME AR K H B0 v B B VR G T8 5 (09 I 45 1R,
15 PKIEIGPCR=4), 25 N3-S 3KIE =) KN SasX BRI, H125 %5 lml fh ik

El1 PCRI%kFATR A SasX A [a] #hk ASasX (pRB473-SasX)

W THEEMRMEE: P <005, “SRAMME: P <005 (n=3)
B2 SasXXGRNAIZEIEL K0

e T S5EAERELL: P <<0.05, * 5ASasX (pRB473- SasX) HAHEL: P < 0.01
E3 SAMBFIE L
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e T HEFAERRAHEL: P<<0.05, 4 5 ASasX (pRB473-
SasX) #RAHLL: P << 0.05
El4 &3O EREBFE At SR R R A

54 — A SasX(pRB473)
= A SasX £ SasX(pRB473-SasX)
—— /A SasX (pRB473- SasX) +RIP#k

0 4 é 1I2 1IE 2I|] 2I4
B fE Chr)

E5 SAKAKHhZ

P #EZYefn, 100 x
E6 SAMIEERE

W

SARERIE K FhRME M, LA R R 40
JrOEE SR RpE b, AR R EESS E AR . 20104,
Holden X} 7F 9% [H £ & i AT FIMRSA ST239 50 £ 1T
SFERAM T, KILT Ul 2 R iR R840 o e
Wi BARIETS, 44 ASasX!', SasX5ER K
A BRI FE /P T SesIA B I RIVEME (R IERR
FEA195. 1% EVEME) , SesliE -5 58 B A AT ER B 11
et RPN | HEIRSasX Al i H AT 5 SesTHIEL

EY S ThRE, ESAEERBURET.

BF A& 21 B 43 A 1) — R 40 B A0 5 5, 72 40 B 4K
PUOON A RIAEE RIS R peib b E B 50, 2
R FIEOR R R BE B R SR 2R R B A
N Z, XWSAKERKAFR. B Er, f#
BN B 73 B IS A SasXH#H R A E 1%, i P 20
PESA SasX#E# 17%~39%, ST2397% % [#)SasX
AT H 0] 171583.8%. Bt N B I SAF 1 A 1) SasX
FEPR B PE 4R 7R, SasX A REXT 41 I BF L A
EH
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A TR FH ik AT g o3 A [ b 456 R 3R A5 48 B 1)
SasX AL PR [ A, X 75 08 HH 1Y) o B 22 R 56
J1ii%, EIL70% DR 7 SasXEE K. QS
JE A BEJE B 4% B A 34 s, SATE I Q SA Il
PRl A 50 P R R R R B A, kT AR B S
R L RIS, MBI AT AR RNATIDZ
QSR GUE BE1) T U ML N RS 1o A T R 22 50 Wk
RNAIIFGER, HARNAIFGE IR T & 2 — 2
R, 2SHMHAZAREOBRN, RIEHER
ShZBE. ERASEBFRR ML AL, 385040 R BF %
e/, A WRNAIILS 4 & B R 5. AW
FURIHqRT-PCREZ I A I, FiFRSasXFEH f5, SA
FIRNATIZKF FEA%; 177 [ kb SasXFE A 5, RNAIIL
KPR E B MK GREH, SasXFE KX}
RNAIIIFZREH HIEE

AR H N Sas X K DA i 5% f5 S A BIBF T B
KO, B AR SasXE R bR 5, 4w BEJE EX
REJTURkSS, [EIkhSasXREKE BFIE Hifie /1, iR %K
B SasXH H BEZ M SARIBFIE AL, vl RE & H 5l =
Bt PN 47 22 IR JL FIMR SA W) B 2285 J7 A+ . FHRIPAL
FEASasX (pRB473-SasX) ¥iJa, 4HEE HIBFIE K
fe S8 A SasX (pRB473-SasX) #IR5s, HEaik
RNAIIZHIS9SARIBFIE L, 4h 15 SasX A A g 4%
RNATI# s K- (78 R B, AR VR ALAH HE I Sas X
XFSA BFJE i) I 2 7] g 15 2 E RN AT % 5% &3k
HRK. MEBFY KRR E BRI KA.
WBFH & KRE KT 2 RY, L2 PEMIE R 2R
(polysaccharide intercellular adhesion, PIA) [f]&
BRZ. AR, icaEiEHIPIAK & K.
SnbABE R gt A EE A4 G EEHFnBAR —M £
BB EE, R4 AEMERT, £SA BFIE
BB B B AT P sard it — Rl E 3
DRI 5 2 [, 9B () Sar A 2R 1 g3 5Rica Al fnb A
B2 R sk, b A BE IR BGS AE 1) 40 1 & B e
T, SarAibREHIEHAMBEAH I R 1FRIE, fEdk
BF &%, qRT-PCREE R Fon, R ASasX
ffica. fnbAFIsarAFK K KFHE T B A bk, 1=l
#h¥k ASasX (pRB473-SasX) thHJicad. sarA-
fnbA mRNAKEF- 58 AEMRFA Y 456 BFE R SEL
gE R, $E/xSasX L iflicad. sarA. fnbAFEN KR
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