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Screening of specific target sequences for the PCR detection
of Staphylococcus aureus by automatic genomic comparison
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Abstract: The aim of this study was to establish a fast and accurate method for developing specific DNA sequences and PCR
primers for the detection of Staphylococcus aureus. An automatic C++ program for genomic comparison was used to identify
specific DNA sequences from the genome of S. aureus MRSA 252. Four primer pairs were obtained from 9 specific target
sequences by comparison of 2656 coding sequences with our local genome database, and 2 pairs of primers were confirmed to be
specific to S. aureus by PCR evaluation against 137 bacterial strains, including 11 species of Staphylococcus. Furthermore, the
DNA detection sensitivity of primer SA3 was 13.7 fg/uL and the cell sensitivity for this primer was 9.25x10?> CFU/mL. This
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method has overcome the limitations of specific target mining in conventional assays, and it could be easily and widely used for

other foodborne pathogens.
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RN E M EEEEOREY, el s 2 i
JIEF, WpR:ZE (Staphylococcal enterotoxins, SEs) .
FERIRTELEAEREE -1 (Staphylococcal toxic shock
syndrome-1, TSST-1). FEHMWiFE R (Exfoliative
toxins, ETs). fjZj BRI A % (Staphylolysin) F1E [#
fif (Coagulase) %5, FJLAGLEEY T . FERAR
CEEAE . BRER . IRFUIE M A8 R A R A% S T R
IR, T GRS 55 Jy 12 v 4 9 €00 R 2 R TR G T
TrEAIR R MG Ge R 320y Bk, W E 5~6 d A HETS
BRI ZE RN Pl | A R AT % ) 4 B
FER e 2T RO a8l 2 — TEAE, DUk R
DNA J B A HE s 1Y 73 1 LR W02 A ) 5 B AR S — b
PR A vk E )1z R

MBS E DNA 8 0UFE T3 — H AR 40T
FEZH N L AR HAB AR B AR AN Gk PR 2 N k2R
A3 AT TR S A 0 R S 12 H B A Y DNA
F BB, TEANER I 4y R AR T, H A 4 S
PERSF X 3 DNA Ji Bt A T 16S rRNA #123S rRNA
X0 5380, nucl B&PA A 4 8 €0 5 25 5K T 1Y) H 2L
BB, B AT DAt 7 A — e R 00 A R TA R Y
5 A 1 R AF G (4 T A R I (TNase)' ', BR T 12
AR AN, HA RS 5 F BEA A coa FEHUY
I tRNA [ B ¥ 1 50530 gRifii, 38 H AR DNA 946
WA S AT 1 o Koo f

Bifi 5 B0 A ) B DR AR B3 n . AR MR B
. BRI A RN BT 2 AN R R, KRR Y
BE DR 2H X S A R 1 5T Bl RE T A bR | e Ak
KRS DNA S S4RAE TR ae! >, Eid A sk
7 6] 35k P 2 B0 2 45 7751 (Coding sequences,
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AR B 5 A A A b A TR DR A A P T
T, HEST T IET R4 R Y A B 0 A R R R R 1
DNA J¥ 31 H g AT e 77 ¥ o %05 20 4 0 (3
HIBRE MRSA 252 [N A i )3 51 647 73
ISR HE S M DNA B
1 MHBE 7%
1.1 EESF R EEE DNA 28

AL i AR EE 137 Bk, Horb 4 i (a5 4 3k
WK AIRREEA (R 1) SEH BT IR bR 1%
1 F Luria-Bertani (LB) £73£3&H, 160 r/min, 37 C
Pz lidF 18 h % 1.

AHTEHE 4] DNA 244 R QIAGEN 24
] DNeasy Blood and Tissue Kit &5 &, #i7] & 1t
WIH#E, 100 pL TE 22 M e i 40 s 58 K 41
DNA, T -20 C#&H.

1.2 E@FH CDS Bk bkt
7£ GenBank 41 I 4= 55 N 41 848 & (ftp:/ftp.ncbi.

nlm.nih.gov) v, PEHCEATURMERY 139 S48 1Y 5k
RZH s , #IH Blast 244 (R4S Blast-2.2.9-ia32)
HNIARHEE N B (A 14 a8 R4 Bk
HENLER) . RAET C+-F& 1ML CDS
XHREFEU, A3 4 B A AT ER T MRSA252 B4 3L [
20 CDS {5 5. (UMK ¥ NCBI %4l NC_002952.ffn).,
T ZH0CN E>4.0, L>400 bp, HIFF F 3 x4
A Blast A BUCEH ) E B X ¥ L iy CDS
J¥ 5 38 i M I Blast HXF  (http:/blast.ncbi.nlm.
nih.gov), EH shiik ) CDS fF 51 .
1.3 3|489i% it & PCR #2

% JH] PRIMER PREMIER 5.0 &4, vk iy
CDS X DNA JF8liits¥ (& 1), 514 Bk
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Table 1 Bacteria strains tested in this assay Table 2 PCR primers against specific CDS
. . . Number of i i
Bacterial species/strains I;?rlaiirso Source Ne(t:rrlsesof P;;ﬁll:r Primer sequence (5'-3") (S];fg
Staphylococcus aureus isolates 84 a SAI-F CTATTTGCTGTATTAGGTGGCG
S. aureus ATCC 13565 1 b S41° SAI.R  CCGTAAAGACTTCCGACTAACC — 203
S aureus ATCC 25923 ! a o1, SA2F CGCTTACCTCGCATTACACTT 208
S. aureus ATCC 27940 1 b SA2-R  CGCCACCTAATACAGCAAATA
S. aureus ATCC 29213 ! a o3 SA3F AAGCACTTACACGAAACCCAAT
S. aureus ATCC 6538 1 b SA3-R  CGGAGCCACTCAACCAGAATA
S. aureus CMCC 26001 ! a o SA4F CGTTACATAGTCAGGCTTATTCGC
S. aureus CMCC 26003 1 c SA4-R  ATGATTTCACAGTTGTCGCACC
S. capitis ATCC 49325 1 b
S. caprae ATCC 35538 1 b PCR " 341K 2 . 1.0 uL 40 7% 3 [N 4 DNA;
S. ch s 3688 1 b N
clromogenes 1 U rTag DNA RA& M (KA ALRHEA R
S. cohnii isolate 1 a B
S. epidermidis 11993 1 b Al ,JE30); IxPCR 28 0¥ [200 mmol/L Tris-HCI
S. epidermidis ATCC 12228 1 b (pH 8.4); 200 mmol/L KCI; 100 mmol/L (NHy);SO4];
S. epidermidis ATCC 146 1 b
preermien 2.0 mmol/L MgCl,; 4 F dNTPs 4 0.25 mmol/L; I .
S. epidermidis isolates 5 a
S. hominis isolate 1 a T{ﬁ?@l%% 10 nmol/L; 77[173%’7J<§ 25 uL,
S. lugdunensis ATCC 43809 1 b K H Peltier Thermal Cycler PTC-200 PCR 1%
S. saprophyticus ATCC 15305 1 b = N
% . 2 Jit
. schleiferi ATCC 43808 X b (Bio-Rad Laboratories, USA) #17 PCR ¥ 14, [
S. sciuri ATCC 29062 1 b A 105 CHAEE; 95 CA2HE 5 ming 95 CASE
§. simulans 13044 ! 4 30s, 56 CiBk 30s, 72 CHEAf 30s, 30 PEH;
S. warneri isolate 1 a ot )
S. xplosus ATCC 29971 1 b 72 ‘CHEff 5 min.
Bacillus subtilis CMCC 63501 1 c $ 6 uL PCR P=¥1%: 1.0% 3 abEE I vk, H
Escherichia coli CMCC 44102 1 Ve Sy . S )
senertehia cot ¢ 10 pg/mL 1Y EB ¥ G4 €4 15 min, & T 2AIMSARIX
E. coli isolates 6 a
Listeria grayi ATCC 700545 1 b (Multilmage Light Cabinet, Alphalmager) PJWL%S,
L. innocua ATCC 51742 1 b DNA 4378 100 bp DNA ladder (K 41k
L. ivanovii ATCC 35967 1 b
y VA= =3
L. monocytogenes ATCC 19111 1 b iH:iﬁI;EA vl ’ jb}?\)o
L. seeligeri TYPE T 1 b 1.4 S945 51T FOA& 0 R JE 47
L. welshimeri ATCC 35897 1 b %ﬂﬁﬂsz)/l\i%\ﬁj% 15 HQQEH% , @?ﬁ 11 H{é—z\ﬁ
Pseudomonas aeruginosa CMCC 10104 1 c b e s e b b s e “p
: OHEBKE AN 4 PRAEE W ORI . £ [k PCR
Salmonella isolates 4 a
Salmonella paratyphi CMCC 50094 1 c Lol MK/% h s 7’F[J FHL%’VI“ # 4 X5 %Xd‘ 4 TR 2 PR 2
Salmonella typhimurium CMCC 50017 1 a DNA ﬁﬁ??}hi , PEM B %B{]#%%’yrio ){%%}J}/J‘}ﬁzméﬁ
Salmonella typhimurium CMCC 50098 1 a . S s N
Vibri o RBCUF AR ST 1M, I T4 0 Al 40 T 174 A
ibrio parahaemolyticus isolates 4 a

a: Strains provided by Shanghai Institute for Food and Drug
Control; b: Strains provided by Dr. George C. Paoli from East
Regional Research Center, Agricultural Research Service,
USDA; c: Strains provided by Joint Sino-US Food Safety
Research Center & Bor Luh Food Safety Center, School of
Agriculture and Biology, Shanghai Jiao Tong University, S.
aureus isolates were obtained from clinical samples.

BE

TEBRURE S PR 1 5 | A T A I BRI PE A, 43
TR T 46 B8 B BT ER A AR E TR AR CMCC 26003 1Y
FEHZH DNA ¥WREE 10 {5 B AN R R AR EE 10
FERRELEL, W51 40 B9 DNA. AG I BRI 1A G 00 B 795 27
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FER AT PR o JE 4] DNA B9 BE B Ny
1.37x107, 1.37x10°, 1.37x10°, 1.37x10*, 1.37x10°,
1.37x10%, 13.7. 1.37 fg/uL. 407 B AHR RS EE N «
9.25x10°, 9.25x10°, 9.25x10%, 9.25x10°, 9.25x10°,
9.25. 0.925. 0 CFU/mL (%5 [AXf [R),

1.5 AL SHEHRAE &

BUHT#E3 5E E W 200 g, IR NER S8 N
25.0 g MR 8 1o HrhBEDLANR 2 A, AR
AR GB/T 4789.10-2008 4> T {77 % bR 12 46 46 o At
FERT R . HAy 6 (BN 3 A, 113
H HE W I 4 B 6 2 3K B PR ME TR PR CMICC
26003 AW, PRSI 9.25x10° CFU/25 g,
9.25 CFU/25 g 1 0.925 CFU/25 g, AN TI59L 15
WRES AR 225 mL A4 FEER K IR A), W S mL
R ARINA 50 mL 7.5% NaCl W% H 9% 8 h,
1 mL WimkRy, #% 1.3 hETR LB T PCR
R g 2 A PATIRER . N TI5 Je ke S )5
S L RAT bRy PR HEA TR, A 3k )
Ao
1.6 BmSHEAENA

P T IN T 0287 0, EHNE . ],
=HE . PR B AVE. LB RIN G S
*x3 cHEBHEEKEFR!YE CDS WEMNLIFR

Table 3 Screening of specific CDS from S. aureus

Tt 185 4, Fa bR A A i A B 5 ik A T 1 B 35
F&, BOEE N 1 mL RAADESE TSP # PCR
P3G SR AR TR A s T (R B HCHE TR PR 4 R
DuPont BAX Q7 % )¢ 5E H# PCR Jy & Al [ by ¥E HE4T
Rrde, A =35 X 4 B €0 4 2 R AT PR A 1 OO o

2 HR

2.1 R4 CDS BB sk iFik

SO BRI MRSA 252 2R HNAM S ETE
B o4 A 2 656 4, ik CHIFEFLT,
37158 9 > E>4.0 H L>400 bp % CDS, 4> 54 H
DX SA1 & SA9 (& 3). Wi X IRiE, BEH 4
AR SV CDS XTI 514
2.2 SRR RIEITM

¥ SAL-SA4 X 4 X515 % 11 #k4a s (]
25 1R DRI 4 BRI 4 2 €0 40 A9 BR 1A 1Y) SE 1 41 DNA 4T
PCR ¥ M4 55, 514 SA2 Fl SA3 X fr FH 4 85 (0 i %
BRIA DNA HAFRESFME (B 1), 137 HR4HR I 4H
DNA i) PCRIXIRZE AR . 514 SA2 Fil SA3 W] LA
PSR S0 & E A A A BRI L I 41 DNA, R A
4 ¥ (O A BRI LR 20 DNA SR I PCR 434 457
(45 5 25 BR TR T P ) HeAh 13 ASF).o

Name of CDS File name Position (5'-3") Size (bp) Expression product *
BX571856.1 Siderophore compound ABC transporter permease
41 o114 127918-126920 999 protein SirC
42 0115 BX571856.1 379 Sucrose-specific PTS transporter protein RpiR
222069-222947 family transcriptional regulator
BX571856.1 Siderophore compound ABC transporter permease
43 0193 128910-127915 996 protein SirB
BX571856.1 Cell wall associated fibronectin-binding protein,
S44 1484 1527354- 1528338 985 hypothetical protein EbhB
BX571856.1 . .
SA5 0952 1017875-1018729 855 Putative RNA pseudouridylate synthase
BX571856.1 Putative  glycerol-3-phosphate  acyltransferase
46 17 1254819-1255805 87 PlsX
BX571856.1 . .
SA7T 1347 1433735-1434997 1263 ImpB/MucB/SamB family protein
BX571856.1 . .
SA8 1938 2068690-2069676 987 Hypothetical protein
SA9 2293 BX571856.1 888 Acetyl-transferase (GNAT)family protein

2412296-2413183

*The information was collected from GenBank website in September 2009.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

LI rrY “ u 318 bp

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

-

- -

1l LT L T FYaa

1 £HEEHEEHIRE 43 PCR 3R FHERIERE

Fig. 1 PCR specificity evaluations on four primers for S. aureus. 1-15: results for primer SA1; 17-31: results for primer SA2;
33-47: results for primer SA3; 49—63: results for primer SA4. The bacterial strains (From left to right) tested for each pair of
primers were S. aureus ATCC 27940, S. aureus ATCC 13565, S. aureus ATCC 25923, S. aureus ATCC 6538, S. aureus CMCC
26001, S. aureus ATCC6538, S. aureus ATCC25923, S. aureus ATCC12228, S. aureus ATCC29213, S. aureus strain B255, V.
Parahaemolyticus strian 39001, Salmonella strain T16, S. aureus strain G64, S. capitis ATCC 49325 and E. coli strain 133; 16, 32,
48: standard DNA marker.

2.3 S4B9AE I BRI MR S PEEAN S5 R, RITILERY PCR S
it PCRIB KRR IS (48 C~62 C) F LAFIEM DI . 519 SA2 (3K 4] DNA
BER TSRS (0.5~3.0 mmol/L), XF5I¥it MRy 137 fg/ul (& 2, Lane 6); 1% SA3 Kyt
TR AL . 7E 56 CIRE FIR A, BEEFRE 4] DNA KR 13.7 fg/uL (& 2, Lane 15), %
2.0 mmol/L i, 5# SA2 Fl SA3 1y PCR M H.  Ab, 51¥ SA2 M54 SA3 Y T PR I FR AT i 34 31
HHRER R —P BT, PCR Y IERORE . 9.25x10* CFU/mL (& 3, Lane 5 fil Lane 15),
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208 bp

9

10 11 12 13 14 15 16 17

318 bp

2 514 SA2 1 SA3 BYE FH DNA R RIR L PCR 84 R

Fig. 2 PCR amplification of sensitivity tests genomic DNA of primer SA2 and SA3. 1-8: primer SA2 were applied; 10—17: primer
SA3 were applied; 9: standard DNA marker. The genomic DNA of S. aureus ATCC 6538 were 1.37x10” fg/uL, 1.37x10° fg/uL,
1.37x10° fg/uL, 1.37x10* fg/uL, 1.37x10° fg/uL, 1.37x10° fg/uL, 13.7 fg/uL and 1.37 fg/uL, respectively.

1 2 3 4 5 6 7 8 9

10 11

12 13 14 15 16 17 18 19

@ '@ IVST D@WODO@C CVIRE S

3 314 SA2 A SA3 HTE F R4 M BRI IE PCR 184 R

318 bp

Fig. 3 PCR amplification of cell sensitivity tests for primer SA2 and SA3. 1-9: primer SA2 were applied; 11-19: primer SA3
were applied. 1-9 and 11-19: the cell concentrations of S. aureus CMCC 26003 were 9.25x10° CFU/mL, 9.25x10° CFU/mL,
9.25x10* CFU/mL, 9.25%x10° CFU/mL, 9.25x10> CFU/mL, 9.25 CFU/mL, 0.925 CFU/mL and negative control, respectively; 10:
standard DNA marker (From bottom to top: 100 bp, 250 bp, 500 bp, 750 bp, 1 000 bp and 2 000 bp).

24 ANLSEBEHSARABSERIAENA
KHIPCR 5k (% 519 SA2 3 SA3) FlEHR
J5 LI REAG R S S B A R 9.25%10% CFU/25 ¢
F1 9.25 CFU/25 g WM& WA ERE; SR, &
0.925 CFU/25 g & W @aAHIKEE ST, mT
FERNE R, bR J7 9 F1 PCR 5 vk 2445 31 B P45 51
TEVA RIS 8 185 (A, 38 AW 5 A 4G T
Dy SRR & T O EERE P 3 bR, AR
1) 1.62% , 5 BAX Q7 Kaill 25 48 Al ARG Jr 7 45
S| OERES i

3 wH
e G A S DNA 719 2 2 T 01

LN A S TR LR GM0T . AR I 2
VRS 1 FROE N S, DNA FBESEAFRRSEE, Jof
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AN H AT P R S A AE 280, W coa 3
KIFI 16S rRNA 7517 4 B 00 4 BRTA A A S5 AIAH
LA 79% , HA TR0 21X B AR RS 3
AT IO R R S v . A S o AR R
BRI Y 44 2 (U E A BRIE CDS XANE
RN Z 80, PRSFIERF. S42 JEFE 4 # (0 4
BREARN A AMESE 99% L) I, SA1. SA3 FIl SA4 3
PRI 7E 45 o (R A BRI A AR ANIR T 93 %

Sy M4 B (A ER A CDS 31 %I 1 2 1 5
WG BT, X S A 7 51 4 55 20 i BSR4 it BE
B iz FIAE B A G (3R 3). Hirhr, S41 Fil 543
R 3R 7 1) 43 3 R Z P il SirC Fll SirB - (Siderophore

compound ABC transporter permease protein SirC and

SirB), il X} Sir RN E [ 5T T 5 s,
VLB ER S A 2 ABC #i8 FINREM B T8
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AU N SR T AR AT TG AR,
i DNA FP3Io0HT, &8 OMAABKE 1 sirB Al sirC
BRI R AR B BRSFAE D FIASHIF S A S50 AR A
B T sirB il sirC ZEH 0l fEJE 2248 DL SE R PY ) 558 &
FHT0F R B SR B I BUR R AR I 7 v . S42 1Y
FIRTYONTENE L B PTS iz 8 (5% A s 2 N
(Sucrose-specific PTS transporter protein RpiR family
transcriptional regulator), RpiR # [ 1l g5 g i ik
Wbk AR rpiB SE R T P, s44 Wt e
oh 40 O BE £ Ak R R N, SRR R —
#E % H EbhB (Cell wall associated fibronectin-binding
protein, hypothetical protein EbhB), i i 3 K 4H b
X I ebh BEDH 2 AFTE T4 8 (53] % BR T Bk X 20
A28 AR SR A A G

A AT BE BT B W B I AL 5115 B E O
AYE AT AR R RS S Ct
FEFP IR ] Blast 8R4, X 45 0 (0,9 % BR A 1k 5 20 A7
FI gl Hext, i g 5 DX Re 5 4 DNA P51, %05 15 1
ST, AT DUPRGE S A e e A DI L R, 2
i FEXI R, R ST AR T W S DNA 741 Y
PRI 7 VAR AL TR R OB Y #E bR IXCTR]

BUigt: AR R E R LI RFEHAR T S George C.
Paoli 1§ 4 AAFRARAL T K EAFEE .
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