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strains isolated from food and clinical samples
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ABSTRACT: Objective To investigate the invasiveness on Caco-2 cells and biofilm formation ability of different
clonal complex (CC) of Staphylococcus aureus strains isolated from food and clinical samples. Methods Caco-2
cells were cultured in vitro, and gentamicin combined with lysostaphin protection test were used to explore the
invasiveness ability in vitro of clonal strains of Staphylococcus aureus from 12 different sources on human intestinal

epidermal cells; 96-well plate crystal violet staining method was used to study the biofilm-forming ability of different
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strains. Results The results of in vitro invasion capabilities indicated that strong Caco-2 cell invasiveness strains
were found in CC5. CC25. CC30. CC50. CC59. CC239 and CC398. In addition, some isolates belonging to
livestock-associated lineage CC9 also showed strong invasion ability. In contrast, there was no strong invasiveness
strains in CC1, CC20, CC72 and CC121. The biofilm-forming ability of different clonal lineages had obvious
differences, among which the CC5, CC9, CC25 and CC239 showed stronger biofilm forming ability, while the strains
of CC1, CC59, CC72 and CCI121 had a less capable of biofilm forming ability. In addition, the biofilm formation

ability and Caco-2 cell invasiveness ability of Staphylococcus aureus strains were positively associated (R=0.743).

Conclusion The cell invasiveness ability and biofilm formation ability of Staphylococcus aureus belonging to

different clone lineage has a certain differences, which can provide an important support for the effective prevention

and control of clinical infection.

KEY WORDS: Staphylococcus aureus; different clonal complex; Caco-2 cells; invasiveness capability; biofilm

formation ability
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Sl RIS Y I B AR G — 2L e R
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TAES CEEZER AR, 24 FLBE LB TR E R
Invitrogen Z\#)); DensiCHEK Plus 27 FGH - Fb it {3 (32 [
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ARFFE ISR T 56 HRAS IR R 7Y 14 4 B (o A A BR 1A
SrERE, RIGFEMENRIL S SRR 1 PR, 2
% 12 MRAT TR R CC1, CC5,CCY, CC20,CC25,CC30,



4496 1% A T R A

CC50, CC59. CCl121, CC72, CC239 #1 CC398, HH
30 BREEAHEHT A ege FEHTE

Fz1 EHKRER
Table 1 Strain information

RtkaFR R ege B [k 3
20278 CC5 + LR
20966 CCs + 43
20723 CCs + 43
20991 CC5 + i 1
20736 CCs + 43
20978 CCs + 43
B272 CC5 + 73
€299 CC5 + 73
D184 CC5 + 7S
Q152 CC5 + %
20973 CcC9 + 43
20979 CcC9 + 43
20350 CC72 + LR
20987 CC72 + B P
20994 CC72 + B
C344 CC30 + 73
K241 CC30 + %
0114 CC30 + i3
L247 CcC25 + 73
20346 CC25 + MK -4
20347 CC25 + LR
20348 CC25 + MK -4
20836 CC20 + i 1
20837 CC20 + 43
20974 CC20 + 43
L029 CC20 + I PR A 4
€209 cci21 + e
F104 cC121 + %
20729 CC50 + 43
20995 CC50 + Al
A075 CC239 - %
B008 CC239 - %
BO086 CC239 - %
€288 CC239 - %
D131 CC239 - 73
F158 CC239 - 73
A095 cCl - R

5513 4
1)
Wtk#FR wBEHR ege BHE [k 3
B226 cCl - I PRAE 4
D004 cCl - [N
M146 cCl - Ifi.
20701 CCl1 - SRR T 1)
20963 cCl - 414
20965 cCl - 0|
Al176 CC59 - liid
C256 CC59 R
P361 CC59 - N
N71 CC59 - IfiL.
20758 CC59 - 47
20770 CC59 - 47
20971 CC59 - 47
A100 CC398 - R
N126 CC398 - S
K185 CC398 - lirid
20725 CC398 - 47
20839 CC398 - e S
20755 CC398 - 47

T HE TR ege SEDR RS 5 PCR A, -6 bk ege SEDH #ks
5 PCR Kl B

1.3.2  Caco-2 @ & 4975 L 5 KR3E

S R AP S T T A TR S R R,
ABARIR VK FEBUE AT, 72 37°COKIR AL o ket A
PO, S8 A 4 mL DMEM B350, RRIRAG
1000 r/min %% 5.0 3 min, 3 L35 A 2 mL DMEM
BRm, RRERE, HEHS A DMEM KRR 040
MLREFEN, BT AR FRAE T, 37 CREFR PR . SR
2 B VLR A R B TR B, U BE 240 B 5 TR B 80% 42
i, FEBFWEIMAREAMER | mL, £/ 1 min 5
MRERGEE TRIRFEMER 5 min. A EUS A 15 mL
BriE DMEM 20 355 5% 0 B2 B2, A ZI58T ) 4 e
RS R R 55
1.3.3  Caco-2 7E AL am it i FF 44

ZWALARKGFRN Caco-2 UMK ARG, ¥z
FNGNRE R EFELINA | mL), ZE8E TAE S Pk e
IR ARSI, A SR BRI A 5%
1) AR SRR, 37°CHE R4 48 h, MUK IR IR
JEFRIE, K B R R % s R MR R v 3 k.
Caco-2 A, LLes A
1.3.4 2% EHFHREF T Caco-2 twfeimfE R F 5 4

JERYL S B (multiplicity of infection, MOI)248 4l & = 4L
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HEV MRS, AR AR Y A A Y LU R
) MOI {EX RIS FE T IR GG A5 RAEH T2, S A
HUR TR Y AN e P 0 I B, A b E 1001,
40:1.100:1.200:1 4> MOIE #4745 # 6 A5 BR 7 4 Caco-2
T P S AR R A 500 2 3056 . 24 Caco-2 2Ll 24 FL4M
LG SEMRECTRAS, AN H 290 3%10° cell/fL. K574
WOREERE B272 WAL E RO MR TR, (R
B AL B AKE R BE OB A, 4n R 3x10°, 1.2x107,
3x107 fl 6x10" CFU., e Seshfn & T Akt 44, 37°C
REFR 15 min J5, [TBERREL S iR R LI Hik. &
FLIIA 500 pL 1) DMEM 558 (AN 250 pg/mL FEKHER |
10 pg/mL I HATEREES), 37°CHHESR 2 ho BHEH L DMEM
KEFRW, A0 FARERRER G R 3 YU, LA 100 puL 0.5%¥k
JEAY Triton X-100 V5K, & 10 min J&, SET40RIT4R,
MREMEEES 3 K.
13.5 4% &H FHHE A Caco-2 MILKIEE Ak

PR I6 BRI RD T 19 TSB WA RS J5 3L, 37°CHE 57
12 h J5, "I 1 mL §53%95 12000 r/min 2.0 30 s, 32k F
THWE, B RRTE S 0P TE R IR AR B, R R
FNFE L E A 1.0(B 3x10% CFU/mL). 5 DMEM 335
1 1:9 AT HIE S S, W 1 mL il A% Caco-2 4RSI
o, RRREEE T AR, 37°CHER 2 h G, fi
FAERRER 2% R R R e Ui B T A LA 500 pL 19
DMEM R F2 W (TN 250 pg/mL PEAREEZE | 10 pg/mL %
FJEREAN), 37°CHEREFE 2 he R F L DMEM Ki3Ri, i
RERER Z I IREVE 3 WG, JIA 100 uL 0.5%V& ¥ Triton
X-100 %, #E 10 min J5, FABBRARIEWRITHHREE
AIEWREE, B TSB WA FRIEIA TR, SR E
B E A 3 kP,

PIKRIGFFE DHS5a (Escherichia coli DH50)J925: M8 &
PR, PEREIIIRZE T 248 7 U B HRAE LE T S IR AR (R 22 65
B(n), HPSRRZEME LN n>25, 1RZEME LN n<10,
1.3.6  H R R A

15 5 0 T A B SR M 45 TSB A 1:100 AR L 517
B, IAE] 96 FLANGIETMR, BAIMARSGK 180 uL.
37°CHEFEM KGR BRER, AFFLI0A 200 uL BBERRER 2% vh
WOV, EE W 3 WEERKRT . RJEIA 0.1%K 25
PRV TR 180 pL, 30 min J5 SRR, FIAIBEEREEZZ vk
IR PR 3 R, ARSI AR RS, A 95%
BY 2B 180 uL, #E 5 min J5 IR FEEHRIUIE ODsos
WA, M A 3K, HHRBE R 5 AT

S IRIRIE EE ATCC6538 X IR . TSB #E5%
LA yas O IR, 28 FOG BE A S 3MR SG(EDN 3 3 R
2, VERASBIFS B 5 R B 5 [ (L ODe i) 2,
EANTEME ODsos<ODc B, MIFIHBAYE; 24 ODe<ODsos
WA HA —E R REE T . IR TR ODsgs W0

s, FRHAILPARTE A fRE ) e
1.3.7 %itotr

KA SPSS 18.0 #f4, iz FIHE & Jr 2240 Hr 7 ik A
T-test X AH G380 B4 LA T 58 2Pk 4B Al

2 HRED

2.1 £HEBEHIKEX Caco-2 AMGRIERLEEHK

A 5% PR 4 T (638 25 BR BRI ik B272 X Caco-2 41l fifg
BRULE HL 10:1., 40:1. 100:1 F1200:1 #47 7Tk, &t
MOUEMLAL IR, £ v (8 BRI 7 44 Caco-2 41 IR
MOI B4 100:1,

22 SHEBEEKEARREREKNARIKREN
ST
CC1. CC20. CC5. CC25. CC30. CC50. CC72.

CC121 I CC398 TEIfi AFEA FSh YRR RE & B, CCI J&
FHFR R R R, 1 CC239 W 2 )& T KA T
o 12 AN R T2 e 2R TR R 1 AT AR 28 68 T SE e 25 SR
2 ME 1 s, HdCccs, €C9. CC30. CC25, CC59,
CC50. CC398 il CC239 Wtk kI T AR 221 R
Rk, Hrh CC239 58I 78 Mk L Bl =5 (83.3%) L Hivk 2 CC5
(70.0%). M CCl, CC20, CC72 F1 CC121 5Tl &P
TR (18 240 L 52 28 0 e, 0002 CC72 Fl CCl121 5542281k
FE BRI IE 100%, Ak, CC5. CCY Fil CC25 45 vl & R 4y
AR BRI A 4R 28 W B R E R, R
FISRIGIR CC239 TufE R I Z MY B H T BRI
HHR2E 77, SHEF I SRR AEDC CCO R
WARI T RIZFEE

R2 AREEERPBERKFIFRELLS
Table 2 Percentages of hyper-invasive strains and low invaders
belonging to different clonal complex

= =

I R i
CCl 7 0 5(71.4)
CC5 10 7(70.0) 2 (20.0)
CC9 2 1 (50.0) 1 (50.0)
CC20 4 0 1(25.0)
CC25 4 2 (50.0) 2 (50.0)
CC30 3 1(33.3) 0
CC50 2 1 (50.0) 1 (50.0)
CC59 7 3 (42.9) 3 (42.9)
CC72 3 0 3 (100)
CC121 2 0 2 (100)
CC239 6 5(83.3) 1(16.7)
CC398 6 3(50.0) 0
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Fig.2 Invasion capacity analysis of egc locus-positive isolates and
negative isolates on Caco-2 cell
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Fig.3 Biofilm formation capacity analysis of 12 different clonal lineages isolates of Staphylococcus aureus
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