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Analysis, Biased Sinusoidal Field Gel Electrophoresis
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Sixty-four Staphylococcus aureus isolates from the hands of study participants, food-
stuff, prepared food, cooking utensils, and cooking equipment at food preparation facilities
were genotyped by Randomly Amplified Polymorphic DNA (RAPD) analysis, Biased Sinusoi-
dal Field Gel Electrophoresis (BSFGE) and Pulsed-Field Gel Electrophoresis (PFGE).

The results of the genotyping revealed that diffusion of S. aureus had occurred. S.
aureus originating from the hands of a study participant was transmitted to a cooking
knife and to prepared food (salad). Furthermore, another transmission was found by an un-
known person between a frying pan and a faucet.

The strains were divided into 11 different genetic types by RAPD analysis based on
two primers, and 12 different genetic types by BSFGE. The PFGE types were completely con-
sistent with the BSFGE types. The types obtained by both techniques were similar for all
strains examined. However, in RAPD typing, 8 types (73%) were consistent with the PFGE
types, but the other 3 types were not consistent. RAPD provided less discrimination than

PFGE.
Key words: Staphylococcus aureus, RAPD-PCR, BSFGE, Food preparation facilities, Cross
contamination
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#

7 N o BKE (Staphylococcus aureus) % JRK & ¢
2RETHIR, BKEVLEOBEBLUZOMIE, #
o, BXRLCESTHEAER BETFHELLOELORRIC
LB EPMESNTVEY, AREEEOHEEEL
MRk OWE (MM, BEMb) »EH, BhHERE
HEERDBEEICS 210, Lo L, RRELTBIZED
PHUICLDEHOEBENRET 2FHO LI LIRS
ha, THLECKEBECHES NI FLHIFIEET
FAHINIEENIILALETHY, FiEPRE - HaEh
5D S. aureus FYEHEEITEN T2 EBRD SN
5., koT, FHEHERICE T B S. aureus DIEHRELRE, &
BEELEEL TB T LRBTEFHAR LB TE
BThrLEZONS, (EEEOFHE, TR KEE
Ax sy, BRRECIVRERSEE TSI LbET
WEEBTRINTWBRH 1816305 FEROFEIEE T
S. aureus DMEIE T A EREANE L 2RI W2,

INF TS aureus DIEZRIRIE ORI Z a7 S
S—+¥H, zvFotFv v (SE)RBEMSFBENT
E 1o, Bl HHERRGUIE D 75 SRR T & I
DNTEYENTFE $715b5 DNA OSHMIc L v A8
T 2RIEFERBITESZHINTE D, FRcBermg
S. aureus & L CHEIREICIE 5 2 F ¥ ) ViitHEE (MRSA)
DEFHIFRICO>VTIIEEETH 512112229

S. aureus DBEFLZEIFENHICIE, Randomly Am-
plified Polymorphic DNA analysis (RAPD) & (7%
AP-PCREE)NS2), N2 7 4 — VW FAXAVBLRKE
(Pulsed-Field Gel Electrophoresis, Y1 F PFGE)
B9 22.23.26 Multilocus Sequence Typing (MLST)
629 )Ry 4 w222 Insertion Sequence
(IS) # 1 © v 75430, Amplified Ribosomal DNA Re-
striction Analysis (ARDRA) & EABHW SN TW
5,

PFGE #ic & 2 B3 S HHE s h, ZORYMHE, &
EfE, BHRESE I TE D %), KiE 3 kEE
H5ic CHEF (Contour-clamped homogeneous elec-
tric field gel electrophoresis) &5, /¥4 7 X [E3LEE Y
NVERKE) (Biased sinusoidal field gel electrophore-
sis, ZI'F BSFGE) @ & 7 2icfRanhTn 3,

AL OENNZ, BRIBEFRD S. aureus HEBEDOIHIE
EERICERT 2 ERETEL, TOHELHES,ICT
32 ¢, 7 UCRERRAERICK T 2Bz TFLIETEE:
OERM M, WIS ETH 5.

MBS UHE

1. S. aureus D58

FEEFES /S Vv—7 26 ZDMER L L EBZOEE
BB L UEBEICOWTS. aureus DNBERIT- 1.
HR S L CHEFOEFEDFIEH» 5 OREHREUL 7

]

O—7Ya—REBICE DT o, BREME 28 &
FHEEARR 26 RIEIEE L —ERERE, /K
BHSY, 754X VREOREREBLIUVHEIRSZ
Wokicky, £/, AT EFFICOVTITBENIEL
LbDOEEBEICHERSE, TNERE Y ZITAN,
ro—7va—REEERFECY VT v IEEINZ TR
BEEAETSICEEY, chEERREE LTHV .

2. SEHEE

Bon SRR 10 EERERRL, IHEN~ v
=y M EIEEH (H/KBEE) 1T 0.1 ml BERR, 35°C, 48
BRISEET-> . BRTHEROAERERNTEELH
B, MiREEAEIT-

3. 8. aureus DFE

DEEKE 7 S A E (B&M L ZEHE, Merck
Japan), 2775 —€REk (v ¥7 5 X< KM, Kif
L2 1TV, & SICAEEE* v + (APISTAPH; Bio-
merieux) B\ T S. aureus DREIEEIT- 1. HEEL
Btk ISR FEIRT 2175 £ T —80C HEETHRIE
L.

4. RAPD %

(1) ERTSA4<—

10EBHEDA ) IR LAF K754 <— A-03%: 5-
AGTCAGCCAC-3"’ & F-04%: 5’ -GGTGATCAGG-3"
(RAPD 10 mer Kits; QIAGEN) =/ L 7-.

(2) %4/ & DNA D%y

B L 72 S. aureus % TSB EXREEH (/KB 1<
L, —REBRRERLLEE» S—ALHR AR
L, [Gen & 3E™ (B£H) | (TaKaRa) = H\W\WT4 /
LDNAZ S BEL /2. DBE4S 7 ADNAWGTE Y »
7 7 — (10 mM Tris-HC], 1 mM EDTA; ¥ 7 <7/ K
Yoy F YY) ITERRL —20C TREL .

(3) PCR Kt

AccuPower® PCR PreMix (TagDNA polymerase: 1
U, dNTP: 250 uM, Tris—HCI (pH 9.0): 10 mM, KCI: 40
mM, MgCly: 1.5 mM; Bioneer) {24/ & DNA 10 ul, 40
pmol D754 <— A-03F/d7 54 ~<—F-041ul, 5
mM MgCl, 1.2 ul ERBEKENMARR 20 4l & LT,
PCR RIS D Mg 1 & ViBEIZ>\W\WTit 1.5, 2.0, 3.0,
4.0 mM DR IBE TTFMARITYV, 3.0 mMB8L V4.0
mM TRIFZKEENEONS L 2R LD 3.0
mM ZH w7, PCR KRG EZcycler (EZC-96, JEF 7
J 75 R) AR, BERSDHENCHEL TIT- 1. PCR
RS ORI, 2.0% 7H o — R4V (AgaroseH14
TAKARA] ; TaKaRa) TEXKE (HFE~—»—
PCR Markers (50-2,000 bp); Novagen) L, =F V7 &
7B <4 K (0.5ug/ml) T 20 SHREGE L, FERIKT 30
SRR EREEZIC L DIT- .



5. BSFGE i%

SYBEEIbRZ SCD R (HKSBEE) Ik —%
BRL EREEO—ALEES TSBEH# (RHe
P EEREL, 5 BSRIEE%, MO (8,000 rpm, 10
S E1TV, EEIZ05MEDTA 2%, IRWTY
2497 4 v (SIGMA) &7 #v— 2 (BMA) 2% <, $
BT7oy 7 il@nt. ooy 2 ickdk ()R
774 v+05MEDTA FIOEHMETE)) 1 ml 2%,
37C T—RIREL THES 1. RIT, ¥ V50 BHR
® (a5 4F—+FK (Sigma)+1% N-5 9 o4 L4
I vF b Y UL (Sigma)+0.5M EDTA) iciBH#aL,
50°C T 8EERIRINE¥1%, TE Ny 7, —IcBHL
T, 7074+ —€KERELSE12,

Tuy 2 ZKRETHIBBEEZER Y 7 7 — (Smal
buffer; TOYOBO) T 30 /7fil#k & 5 L7-1%, Smal YLEE
(30°C, 16 Kf#]) %17~ 2.

RiZ, COTvy 2% 1% BIKEAT Ho—245 0
(SeaKemGTG; BMA)IiZ & v b LTBE/N v 7 » —
(445 mM Tris-borate, 1 mM EDTA; ¥ 7' <=7 K
Vv FYvs¥v) HTEE (GENOFIELD; ATTO) %
1T- 7o, WkEhid DC=42 V, AC=250V, start=0.01 Hz,
end=0.2 Hz O&MH:T 20°C, 24 51T - 72. 758, DNA
5 FE~<—#5—& L TADNA (Lambda DNA Lad-
ders; CAMBREX) & A-Hindlll digest (TaKaRa) %
Wiz,

KBRS VIZTF VY LT o=A F(05ug/ml) T
30 Mgk, RBEUKT 1.5 BRIBEL, Bt i
g1,
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ERRICITY, BonkBER 7oy 2% 1% BESKSET
#'a — R 4V (Agarose; Invitrogen) ic £ » + L TBE
/Ny 7 7 — T k&) (CHEF-DR®III; Bio-Rad) % 1T -
7z. DNARFEZ—H—-E LT, ZBEOD Smal U
DNAMFZH W, BI04 4 X321 55— DikH)
BEHBRLEH L. B3 S v2 94 6 1~508, B
6.0 V/em, A 120° OEMHET, 14°C, 22 BT - -
KBRS VI F V9L Tow A K (2 ug/ml) T 304
g EEk, BRUKT2BMREL, BE Ik vEEL
7.

=5 S

1. S. aureus D58 EFE

KEBLUVEFTOETEFIER 26 LH 5D 5%
D #HEL 26 14k, BEEME 28 RfF, HERA AR
26 Bk, EEMAAESRE L L UHRED 3 2B #¥l 56
BIR, & 162 BRIKIZDO T S. aureus 27 L 155 R,
15 BIEDBEA R L, TN OoMED S S, aureus 64 B
ZoHE L7 (Table 1). ThoDS bKEAS V&7 54
N o BEEBERICIVBHETH D, IBESBEL
fo. DEELT 64 BEKKIZ S S LB, o705 — ¢
RIGEHT, FEE+y Mk D FXTS. aureus TH -
7.

2. RAPD /X% — o -SRI

T34 - A-0BBLUFS54<—F-04 2HNT,
ZNZENRAPD 21T - IBED /¥y — v 5B L 12 S.
aureus % Table 2 B XU Table 3 Ic;RL 7. 754
T A0 Ik DB NNy FIZ, 200 bp S

6. PFGE % 2,000 bp fHiLIT 10~12 KD /N> FHS, 754 < — F-
PFGE (CHEF & 1ic & 3) &3, S. aureus » 5 D 04 TIIERRIC 9~10 KD Ny FHHIE L 72, RAPD /¥
DNA fith % & O'HIFREEFRALER 12 >\ T i3 BSFGE i & Y=V E754<—A-03TRT7ToDRUL, 54 <—
Table 1. Distribution of contamination by Staphylococcus aureus during cooking.
Number of
Items Sort of experimental sources** Number of S. aureus strains
sources detected .
obtained
Participants Hands; 26 "
(Before preparation) 4 (2A%, 2B¥, 4C*, 8BY) 24
e . 3 (2A%, 7B, 8B¥) 15
(During preparation)
Foods Foodstuffs; 28 2 (2 Chickens) 5
Prepared food (salad); 26 1 (prepared by 8B*) 7
Equipments Frying pans; 2 1 (Used by anyone) 4
Faucets; 2 1 (Used by anyone) 5
Utensils Knives; 26 2 (Used by 8B* 7A%*) 3
Chopsticks for cooking; 26 1 (Used by 6C*) 1
Total; 162 15 64

* Identified participants.

** The number shown after the semicolon indicates the number of each source.
Samples were taken from the hands of the 26 participants before and during food preparation activities, and from
28 types of foodstuffs, 26 prepared foods, 4 pieces of equipment, and 52 utensils. Out of the 162 specimens, 64

different strains of S. aureus were detected.
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Table 2. A-03 Primer RAPD patterns of 64 S. aureus” isolates

Representative example of RAPD Patterns

PAPD-A Types” ¢ E BE ™ strain code® n’
| 0
al . K7. K8. K9 3
a2 K26, K58 2
a3 ; 1 K24,25,27 3
ad 1
K29. K30, K31, K33, K34, K35, K36, K37,
5 K38, K39, K40, K41, K42, K43, K44, K45, 31
4 K46, K53, K54, K55, K56, K57, K59, K60,
K61, K63, K65, K66, K68, K71, K72
K3. K4, K5, K6, K10, K11, K12, K13, K14,
ab K15, K16, K17, K18, K19, K20, K21, K22, 18
K23
al K73. K74, K75, K,76. K,77. K80 6
@ Refer to Table 1.
b Classified using A-03 primer.
¢ Refer to Table 4.
4 Number of strains.
Table 3. F-04 Primer RAPD patterns of 64 S. aureus® isolates
Representative example of RAPD Patterns
PAPD-F Types” 28 B 8 RE 2§ ™ strain code® n’
T T T T
A I ' K7. K8, K9 3
2 1
f3 K24, K25, K27 3
f4 K51, K58, K63, K65 4
fo K53, K54, K55, K56, K57, K59, K60, K61 8
f6 K66,68 2
K29, K30, K31, K33, K34, K35, K36 K37,
£, K38, K39, K40, K41, K42, K43, K44, K45, 25
. K46, K71, K72, K73, K74, K75, K76, K77, K80
K3. K4, K5, K6. K10, KTT. K12, K13, K14,
f8 K15, K16, K17, K18, K19, K20, K21, K22, 18

K23

@ Refer to Table 1.

b Classified using A-04 primer.
¢ Refer to Table 4.

4 Number of strains.

F-04 Tl 8 2RI T Stz. S. aureus 64 #RiE, T
ho 2754 ~v—1ckd RAPD/YY —vinb 11
B (r1~rl1) iIcBf 7z (Table 4).

3. BSFGE /8% — v & SRR

BSFGE i 1z & % fi# #7113, RAPD i & B #% i S
aureus 64 BRICOWTiT- 12, 4¥ff{A DNA (3 10~12
Aicyrsh, chsidwdhnd 50kb 25 600 kb ff
sy FIERR AR U, $hiRod PFGE & g4 5 7o
¥ S. aureus 39 ¥d BSFGE /¥ % — v % Fig. 1 IZ/RL
fo. ThoD/ 8y — i bl~bl2 D 12 Bt Shik
(Table 4).

4. PFGE /X% — 2 & SRR

MEVEBICHH L7 S, aureus 39 #RiC> W T PFGE #:
AT 21T - 1655, 4efBfk DNA (3 12~ 13 R Uil
n, chsiVEFEns 30,5 700 kb fflric/ vy K&
Rk Ltz (Fig. 2). Th s @ PFGE 284 — v id pl~pl2
® 12 812413 Stz BSFGE T 100 kb 2> 5 200
kb fHEICBHB ICTER S oy v K id, PFGE T+
SoYEES Nt de - 2. —7, 250 kb A5 600 kb fFic
ok & itz A~5 Ad /3 v i PFGE 2T 13 Bl 1< 43 i
Xt 7. PFGE #T pl~pl2 Bl S o Bk,
BSFGE /T b bl~bl12 BLic /i) & & B & B2
—H L 12 (Table 4).



Table 4. Origins and classified genotypes of 64 isolates of S. aureus
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RAPD types
Origin of isolates Strain code n BSFGE types PFGE types
A-03 primer F-04 primer A-03+F-04
Hand of partlclp-ant 4C K7-9 3 al f1 o bl ol
(Before preparation)
Knife (Used by 7A) K26 1 a2 f2 r2 b2 p2
UREDL BN IS poy om g g a3 £3 r3 b3 p3
(During preparation)
Chopsticks (Used by 6C) K51 1 a4 f4 r4 b4 p4
Frying pan K53-56 4
ab 5 ED b5 p5
K57, 59-61 4
Water faucet
K58 1 a2 r6 b6 p6
f4
K63, 65 2 r7 b7 p7
Foodstuff (Chicken 1) ab
K66, 68 2 6 r8 b8 p8
Foodstuff (Chicken 2) K80 1 a7 f7 r9 b9 P9
Hand of partlc1p-ant 2A K10-21 12
(Before preparation)
— b10 pl0
Hand of participant 24 ) o, 2 a6 8 r10
(During preparation)
Hand of partlclp_ant 2B K3-K6 4 b1l pil
(Before preparation)
Hand of part1c1pbant 8B K31, 33-36 5
(Before preparation)
Hanq of part1c1ps.mt 8B K37-46 10 a5 1
(During preparation)
Knife (Used by 8B) K29, 30 2 7 bl2 pl2
K71, 72 2
Prepared food
(Salad: prepared by 8B) K73-77 5 a7 9
Total 64 7 types 8 types 11 types 12 types 12 types

Strains analyzed by PFGE were 39 strains out of 64: K3, K5, K6, K7, K10-12, K14, K19, K21-24, K26, K29-31, K35,
K37, K38, K40, K42, K44, K46, K51, K53, K57-K59, K61, K63, K65, K66, K71-73, K75, K77, and K80.

W W B e W R e e W e e

. e ..

Fig. 1. BSFGE patterns (b1-b12) of selected 39/64 S. aureus strains.
Refer to Table 4 for the origins of isolates of each classified pattern.
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Fig. 2. PFGE patterns (pl-p12) of selected 39/64 S. aureus strains.
Refer to Table 4 for the origins of isolates of each classified pattern.

Transmission 1 (r5, b5, and p5 type groups)

[ St | |
: —> 1 Unknown | > ) .
Frying pan -— i o :‘ -— ’ Water faucet
K53-56 K57, 59-61
Transmission 2 (r11, bl12, and pl2 type groups)
Kni B J
Hand of 8B Hand of 8B > nies {Dsed by 85)
(Befoe food (During food K29, 30
preparation) preparation) Prepared food
K31, 33-36 K37-46 (Salad: prepared by 8B)

K71, 72

Fig. 3. Proposed transmission patterns of S. aureus during cooking.

% =

Bingen 5Vi3 2 7 7 5 — €& D 7 F v B (CNS)
A 8ZLO/NREENS 12HOML, 20754 < —
I2 & 5 RAPD #& TR OEXEN O 4 2 3HEIT3E
BEgisd v, MXEO 4 20 BEICBRERRPR SN
Btk EEZEELTVWA, KFFRICBWTS, RAPD
7, BSFGE #:# & O¥ PFGE #:CE—R O Bk o7 i <
N o, FHEREZRNTS. aureus DILENH - 1o
LEZOLNS,

Fig. 3 Ick Lck DT, 7545005 D4 MR 4 B
(S. aureus; K53~56) & #1 5 v ip & O MEE® 4 Bk ([E);

K57, 59~61) RE—MERLILT EDD, FEOKE
HOFED SERENH - EEZbNE. T, EBAE
8B OFH5H o D4yl 15 ¥k ([6); K31,33~46), &l
504 EEE 2 ¥k ([F; K29,30) BLUHF Fi» 505
BEEE 2 Bk (B K71,72) RWEhoRglgkc b E—R %
TlLtzcemd, FEFESBAEHRLLETE, HFHEL
e s FiciERE LEEEZONS, BB, THE—M
KRR AT THE S, aureus #ZFRFE L TVWAE T
LorahTEns192n, FEHA BB IIFHICT bE—
HEEREELTHD, BcRECEELTVW LS
Abhb,

7 PO RRERDE T, HRIECTHERER 0TI 2



TS5 —-€BPL 7o bFd vy (SE)BIBIG &L
HAuosntwa, Lrl, HEOICLZ LEREBE»S
B L 7 S. aureus @ SE FEEAERIZ 375% L{EL, F1
INSDESIFSERBIRATH 3T EBMESHTY
%. %7z, PFGEETW[E—a7 75— €RIBIEKT S
IS BIBITE?, a7/ 5 —€RIP SERIg L
DE—Td PFGE BB TR ERL 3 BITHEEI N 35
EHRBHONTVWE, Thwz, KEOHERERKRILED
BEFHAICI13, PFGE i£78 & OB F L RIRNTELS
ThHbHEEZOLNS.

RAPD 3 PFGE o st L EEM B £ 0BG+
ATRVWEELNTVWASI, 22T, TagDNA £ Y 2
7 —EORRPHBIEL 7 54 < —DRFEITV, 35T
BHOT7SAv—2HOTREOBELR L2 &
BEASNTWB2, FEASE TagDNA £ *x 5 — %
5 FE¥H DI Klen TagDNA polymerase (Sigma) 12 &
D BIFSRERENEONA I EERE LTV S, SEEE
SMH WV AccuPower® PCR PreMix 3, Klen Tag
DNA polymerase & RIS kEMEME SNz, £, F
BLi22D754<—3Blanc 520 12 BEO 7 S
A= —DHTI0RFIEDO NN Y FEERTZ 754 <—
BRI 1B, BEKRICOVTIE 2~4 E0OER%
fTORAPD /¥ % — v OFIRM A L 1.

RAPD 5 Tr9 & r10 B/ vy — v AR LBk I
B2 TEED PFGE Blic/ i otz 7, r11 & 19
BT 5 - BEHEDS PRGE iE1C & A RIBIT I —~
4 —vARL7%. RAPDEIC & 2Ekk0EIR|I: PFGE
BT K BBBE 8RB (r1~r8F) F—HK Lz E b DFY
B—ELh -1,

Smal JUERIC & 2812 F2 RN, KEIEEORL 3
BSFGE # & PFGE &I & 0 f## L 7z. BSFGE i34y
B4 FEOEFA 500 bp~3 Mb T& b, RFLP (re-
striction fragment length polymorphism) figtfr, B:R}
REAROKE L EIIERATEIRMEBE LTV
fo, WAMSS D EMICHV AR EBH S, IhET
BSFGE #%I2 & 3 S. aureus DFRIFIFRE 1372043, Fig. 1
WRT & HIT 100 2> 5 200 kb [HEDABERELSE L, &
Hiox v K ST dH 0, CHEF &I & 3 PFGE i & [H
Ex oz nll bok#EgsE sz, L»L, 250kb
» 5 600 kb fhE D5 #ERE I3 PFGE ikt L, ©9% %
R R SN, SH%IKEEL R EORNBULETH
3,

PFGEHRER M H 2 s CHAMAEES. —7A,
RAPD B I3#AIREIC P2 3 bo o, FEtEicEn,
rEEICERTE 3. BREEUR S B, 5 SR OEK
DBoBEE N, IS 2EERICEBIE & 2TV, ERYR
ERANDLEND B5E, RAPDERZENTH B EEL
5B, B, bhbhiIKEFHEMR L VLS.
aureus DEEFEZERT %17V, RAPD BE0S7ELIET
BOIRR ) —=Vv S ICERATHAT EA2MHBLT
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W3 (BREEmREE).
E #

FHOFEEFR ICBWT, EEEBLUCHERE,
B ONHEL 12 S. aureus 64 BRI 5\ T RAPD &,
BSFGE %% & U PFGE # (CHEF %) T & 38zF%
BT 21TV, RN TOARROEIREREE T~/ B
MOBRPOKEEFTEDOFIRITEBE LTV S
aureus BEHAT, AELLY S Sl TVWAC
EDBHEESN, K, BTV ETSA VI HIEES
o)=Y (Wi

RAPD EIC L ARIBITIR 25D 7 54 = — %A
btk 11 #z, BSFGE 6 &£ U PFGE Tt 12
BIcXBld B LM TE/, £7z, BSFGE & & PFGE
FERRITIdmE 352 Ic—3 L 7A5, RAPD & PFGE
BT & B2 RHIT 8B (73%) d—H L e BB ORI R
—¥Th 1.

RAPD 13 PFGE I L NGRBIRE T34 3 28, Hak
HBLUBEEOBHEEB L TBY, S aureus DiEGL
FRES EICHAICTERTE2 L2005,

Ei i3

AFRETIICh i, EELERRES LT
W2 & L ATTO RS oHEHXK, GH
HERICEECH#IFLE L B £ 9.
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