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Molecular Identification of the Genotype of Staphylococcus aureus Biofilm
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Abstract: Typical foodbome Staphylococcus aureus (SA) was selected to investigate microbiological safety. The biofilm-forming ability
of 58 SA strains was quantitatively determined using crystal violet staining of biofilm. The biofilm-associated SA genes including those
associated with regulation (icaA, icaD, and icaBC) and adhesion property (agr, atlE, and aap) were studied. The result demonstrated that all
strains tested formed bicfilms, which were strongly adhesive in three (5.2%), moderately adhesive in 23 (39.7%) and weakly adhesive in 32
(55.2%) strains. The icaA gene was amplified from 48 isolates and icaD and icaBC were amp lified from 56 and 57 strains, respectively. The agr,
aap, and atlE genes were amplified from the genomes of 56, 53, and 57 isolates, respectively. The results indicated that the ica operon is
required for SA biofilm formation, the aap gene may act as an independent factor for promaoting SA biofilm formation, while the atlE and agr
genes are necessary regulatory factors for biofilm adhesion.
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Table 2 Quantitative cetection results for the bacterial hiofilm

A MBIERE O AN BRREM P AR SR
W 2 B R (0) (+) (++) (+++)
BAPRECHE (n) 0 32 23 3

2.2 ENBUEA KA RBER 5 o4

221 icaifldzTAERLR 5547

gE RN, SLIOHT IR 58 KR4 T A Bk b
48 FRREY HAH icaA, 56 HEY I icaD, 57 #kPHE H
icaBC. ica 1t 4 LKA K icaADBC, Hgwhd
(R P s [ A A B 626 BR B AR 5 o FErb 40
TR RE B OB 5T 22 W ) RGP 2R-PIA. HE3RE icaA
A icaD 7E4x b8 (] Bk B AR VIR IO i A% TR #5
AR, icaA 3 PRI AD ) N- 2,15 U5 Wi
Folg, %M T PIATIE . BEAF, icaD HEFER
IR ERE N- 2T S 0] 0 W e R 1) s 1A KR
T S PIA G K icaA FicaD %A%} 48 1
T B AEW RN AT ke BB o ARSI (1) 58
PR&E O BRI, 47 PN icaA. icaD FEREA K
LR, HR 3 PRE SRR AL, RN AR A
icaA+icaD+ 554 18 (0 1 4 BR R AR BT U3 VIAE % .
WA AR B AR IR S PR R icaA+caD+g [F] 25
HELES, T AR M B A icaA-icaD-[16]. {H
ARSI IR, 81.3%(47/58) AL A FH 1k B Ak
FEE A E, F 17.29%(10/58) & icaA-icaD+EL &



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.7

icaA~+icaD-Ji K1Y, 14—k icaA-icaD- 1 7~k Pl i
KEB A2, BoRER T icaA, icaD FE RIAE kI Ak
JETE ik R 7 — 2R T LUAE AR, X5
Gad 5 ANWF A —EL.

FE[H icaBC 4b T icaAD (1) N, ZWid—Fpx) 2 bk
PURMIZ AR . AL 58 FRAVIHIE P HEkk
46 tk 79.3% T LAY 1 icaADBC, ica #: T IFIET
A AR RSH P T AT Bl A S 3 HE R (H A B8 AR A
PRARY IR T ica BT IR, 3201 T ica # 7
G VR O 26 BR TR AR BT BT ), HLANHE
T ica BT IILEDIBE L AL, 30 e HR Y
D8 G ER BRI
222 HMABXARE LR G557

56 Hk4 1 i agr, 734G 53 #RAI 57 FRYL tfd
171 aap Al atlE (3R 3) . J (K agr /24w (03] BR 1A
JREEFATE T, w6l — R RMEFETFREL,
It H A S 1E MR R G AR Y. (H agr fE
IR R E R AT 2 U, P S FAE AR b
PTG FE e R IR DT AN 55 A B
JEFE . Agr JEEDRIE I V% S e i P 7 2 ki &
1 AT HS S A e RSP BB AR, B 4 €0 3K B
AT DL MR A0 FEE) 225 Hh Bt 5T S e AR i 313
Ty — S FRTH FURORS I TR AR . JE R R oy Y
gE R RS FTA 58 FRE 56 HRATLLY 48 H
agr, TN IZHE R AT R8N S R AR R AR A7 T LA,

1E 4 o C0 R 4 R TP A7 1E

ica Zmit i) PIA T 43 (] 23Kk b AL 0 I 1k
h BHEZUEM, (AP ARV ica HEFH M
8 B ER AT AR PIA, 8 2 THI 2 1 B
B F TR 1 S (V20 TR A= e B, 2R TR AR08
F T RAEMC R AR aap Fifd ). ASLKH aap
DRI BH R 9 53 1k, A 5 R app ZERRIBR G 1R, o
AP SRR BT 1K, R 4 BRI R A R
SSREF . TIAE ica N THRIE, 15T app BEDH T R
w41 A I IR TR - 45 R B, i PIAY 581 aap
HAN SRS CEERR AR . aap &4
T OO ) BR A SRR BB 3 — 0 AR B B $ 5%
VERI MR, ATREVE (el 40 AR B TR i — A
ZLIVASE

B (086 ] BR A 2 WA B 5 B By 2 PR i 2R
HZ2Y, Hh/r 340 @5 EEk ks 118 £ 48
Rl B PR 2272 SR AR O EE 1 AtIE(Autolysin E) HH
atlE JEF D, 7 Tt maakmaRm, NS
YR TSR T . AUE 2 A 3 A HEE-S AR
LA M, R I e b AR () ke A P A 0 .
A SZIG HRL I LD atlE AR W R T R
57 PREEHY, R 125 PR 7E 4 i €00 1 267 K 1A o i A7
fEo 1 PREVK IR IUA LR SSRGBE,  Foul Hox A=
VI RRTE BT e ASe] sk VE L, AEELAHL IS
R T at— B9t

Fe 3 H AT EHE LB ER A 25
Table '3 Results of biofil m-associated genotype testing

icaA icaD icaBC agr aap atlE
A AR
P L E fadk A e fabE M fAk AR fRbE AR
Btk Ak Btk Btk Btk AH Btk Bk Ak E Btk B
7 3 0 3 0 3 3 0 2 1 3
L 18 5 22 1 23 22 1 23 23 0
35 KL 27 5 31 1 31 31 1 28 4 31 1

b Ty g e e S I
123

M 123576 1204347 A Sy "
7 12367 121235 120608 12078900101 NC

0412 4 , 0™ 11982™ 103
o e
o=

NC 122149 123240 123614 111312 112117 110427 110576 M

77



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.7

112865 122348 12361 120608 122149 1203257 131185 12071013

M 123114 121931 12019 1204189 121889 12558 123873 NC

10379 10173 10103 113349 11403 110606 11580 11298

M 10023 10008 10501 11359 110341 11450 110397 NC

R ER R R R R AR

1124851 110606 11298 11580 110576 110457 112117 11984

NC 111786 110397 11450 11256 11270 110341 111312 M

121889 12558 123873 121782 120789 122818 123240 121440

M 120325 131185 12071013 1232 236. 111019 123310 NC

f
E: A icaA ABESE, B: icaD AER4A, C: icaBC
AR, D: agr AASA, E: aap AES A, F: atlE £ R
47, A. B. EB ¥ Marker A_L 5| T 4Rk % 5000 bp . 3000 bp .
2000 bp. 1000 bp. 750bp. 500 bp. 250bp. 100 bp; D. C. F
B & Marker A _E2] T4 K2 2000 bp. 1000 bp. 750 bp. 500 bp .
250 bp.

3 g

78

AN S 06 B T 8 R e o v E S AR W T e
BT SR BT b, 0 idd B AR G B 28 53 1Y
Bk, G ica IR 8 SR T RE JIAH O 4 2,
X} 58 & R AR B I AV A K B N
AP INCAREIN . 25 IR, EMAE R A 4
B B BR TR R, AR TR B i,
100.0% (58/58) B AHNREIE MBI, 43.1%0L E
(1) 46 B €0 1 ) BR R i R S B R e T o B AL
RIL ica BRYNT R ea (R 43K B A VR SO 1T
Jit, aap H:RIN] REVEA R 4 0 (0 T BRER AR Ak T
TERHI— AN K. T atlE, agr 3R &4 v
2] BR TR AR W NEEA B 2 o TR B Bl 2 85T BRL
G v EH TR B A R IR T R — N A4 2 R A
WS IEE R, B — e S LR E AR Pt I B
PLEI R ER, AT DL R BRIx ek R AT 7T, A
T iff S 2 R A IR TR, IR R FRATT AR TAE 1Y
EIgag

[1] Le Loir Y, Baron F, Gautier M. Staphylococcus aureus and
food poisoning [J]. Genet Mol. Res., 2003, 2(1): 63-76

[2] Costerton J W. Introduction to biofilm [J]. Int. J. Antimicrob.
Agents, 1999,11:217-221

[3] Frank KL, Patel R. Poly-N-acety Iglucosamine is not a major
component of the extracellular matrix in biofilms formed by
icaAADBCasitive Staphylococcus lugdunensis isolates [J].
Infection and Immunity, 2007, 75(10): 4728-4742

[4] Boles BR, Horswill AR. Agr-mediaed dispersal of
Staphylococcus aureus biofdms [J]. PLoS Pathogens, 2008,
4(4): €1000052

[5] Yarwood JM, Bartels DJ, \blper EM, et al. Quorum sensing
in Staphylococcu saureus biofilm [J]. Joumal of Bacteriology,
2004, 186(6): 1838-1850

[6] Bischoff M, Entenza J M, Giachino P. Influence of a
Functional sigB Operon on the Global Regulators sar and agr
inStaphy lococcus aureus [J]. Joumal of Bacteriology, 2001,
183(17): 5171-5179

[7] Yao Y, Sturdevant D E, Otto M. Genomewide analysis of
gene expression in  Saphylococcusepidermidisbiofilms:
Insights into the pathophysiology of S. epidermidis biofilms
and the role of phenol-soluble modulins in formation of
biofilms [J]. The Journal of Infectious Diseases, 2005, 191(2):
289-298

[8] Arciola C R, Baldassarri L, Montanaro L. Presence of icaA

and icaD Genes and Slime Production in a Collection of



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.7

(9]

[10]

[11]

[12]

Staphylococcal Srains from Catheter-Associated Infections
[J]. Joumal of Clinical Microbiology, 2001, 39(6): 2151-
2156

FINREE AL B IR 2 25 40 0 €0 1) R ERT AR JIEAH R [
) PCR 43T 0158 =4 PR 54241 ,2009,31(15):1147-1149
Sun Feng-jun,Wang Qian. PCR analysis of clinically isolated
Staphylococcus aureus biofilm associaed gene [J]. Acta
Academiae Medicinae Militaris Tertiae, 2009, 31(15):
1147-1149.

Artini M, Papa R, Scoarughi GL, et al. Comparison of the
action of different proteases on virulence properties related to
the staphylococcal Journal
Microbiology, 2013, 114(1): 266-277

Petrelli D, Zampaloni C, D’Ercole S, et al. Analysis of

surface [J]. of Applied

different genetic traits and their association with biofilm
formation in Staphylococcus epidermidis isolates from
central venous catheter infections [J]. Eur. J. ClinMicrobiol.
Infect. Dis., 2006, 25, 773-781

Laura B R, Luciana R S, Vinicius Z C, et al. Quantification of
biofilm production on polystyrene by Listeria, E coli and
Staphylococcus aureus isolated from poultry slaughterhouse
[J]. Brazilian J of Miicrobiol, 2010, 41: 1082-1085

[13]

[14]

[15]

[16]

[17]

Knight G C, NicolR S, McMeekin T A. Temperature step

changes: a novel aproach to oontrol biofilms of
Streptococcus thermophilus in gpilot plant-scale cheese-milk
pasteurisation plant [J]. Int. J. Food Microbiol., 2004, 93:
305-318

Gunduz G T, Tuncel G. Biofilm formation in an ice cream
plant [J]. Int. J. Food M icrobiol., 2006, 89: 29-336

Kadry AA, Fouda SI, Shibl AM, et al. Impact of slime
dispersants and anti-adhesives on in vitro biofilm formation
of Saphylococcus epidermidis on intraocular lenses and on
antibiotic activities [J]. Antimicrob Chemother, 2009, 63(3):
480-484

Gad G F M, EkFeky MA, EI-Rehewy M S, ¢t al. Detection
of icaA,

Staphylococcus aureus and Staphylococcus  epidermidis

icaD genes and biofilm production by
isolated from urinary tract catheterized patients [J]. The
Joumal of Infection in Developing Countries, 2009, 3(05):
342-351

Wright JS, Lyon GJ, George EA, et al. Hydrophobic
interactions drive ligand-receptor recognition for activation
and inhibition of staphylococcal quorum sensing [J]. Proc
NatlAcad SciUSA, 2004, 101(15): 16168-16173

79



