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att: attachment sequence  

BHI: Brain heart infusion  

CC: Clonal complex 

Coa: Coagulase  

DNA: Deoxyribonucleic acid  

DDBJ: DNA Data Bank of Japan DNA  

EDTA: Ethylenediaminetetraacetic acid  

egc: enterotoxin gene cluster 

ELISA: Enzyme linked immunosorbent assay  

EMBL: European Molecular Biology Laboratory  

EtBr: Ethidium Bromide  

GS4B: Glutathione Sepharose
 
4B 4B

 

GST: Glutathione S-transferase -S-  

LA-PCR: Long-accurate Polymerase chain reaction PCR  

LB: Luria bertany LB ( ) 

MHC: Major histocompatibility complex  

MLST: Multi locus sequence typing 

MRSA: Methicilline-resistant Staphylococcus aureus  

MSSA: Methicilline-susceptible Staphylococcus aureus

 

NRS: Normal rabbit serum  



 

NTP: Nucleotide tri-phosphate 3  

O.D.: Oprtical dencity  

ORF: Open reading flame  

PBS: Phosphate buffered saline  

PCR: Polymerase chain reaction 

S. aureus: Staphylococcsua aureus  

Sa3C: Sa3 Center region 

Sa3L: Sa3 Left region 

Sa3R: Sa3 Right region 

SaPI: Staphylococcus aureus pathogenicity island  

SCCmec: Staphylococcal chromosome cassette mec 

SDS: Sodium dodecyl sulfate  

SE: Staphylococcal enterotoxin /  

SEA: Staphylococcal enterotoxin serotype A A/

A  

SEB: Staphylococcal enterotoxin serotype B B/

B 

SEC: Staphylococcal enterotoxin serotype C C/

C 

SED: Staphylococcal enterotoxin serotype D D/

D 

SEE: Staphylococcal enterotoxin serotype E E/

E 



 

SEG: Staphylococcal enterotoxin serotype G G/

G 

SEH: Staphylococcal enterotoxin serotype H H/

H 

SEI: Staphylococcal enterotoxin serotype I I/

I 

SEK: Staphylococcal enterotoxin serotype K K/

K 

SEL: Staphylococcal enterotoxin serotype L L/

L 

SEM: Staphylococcal enterotoxin serotype M M/

M 

SEN: Staphylococcal enterotoxin serotype N N/

N 

SEO: Staphylococcal enterotoxin serotype O O/

O 

SEP: Staphylococcal enterotoxin serotype P P/

P 

SEQ: Staphylococcal enterotoxin serotype Q Q/

Q 

SER: Staphylococcal enterotoxin serotype R R/

R 



 

SEl: Staphylococcal enterotoxin like toxin /

 

SElJ: Staphylococcal enterotoxin like toxin serotype J

J/ J 

SElX: Staphylococcal enterotoxin like toxin serotype X

X/ X 

SFP: Staphylococcal food poisoning  

SSC: Saline sodium citrate  

ST: Sequence type 

TAE buffer: Tris acetate ethylenediaminetetraacetic acid buffer / /EDTA

 

TBE: Tris-boric acid-EDTA buffer EDTA  

TET buffer: Tris-EDTA-Triton buffer EDTA  

TST-1: Toxic shock syndrome toxin-1   

UV: Ultraviolet:  

VRSA: Vancomycin-resistant Staphylococcus aureus
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 (24, 48)

 (Methicilline-resistant Staphylococcus aureus MRSA) 

 (Vancomycin-resistant Staphylococcus aureus VRSA) 

 (31, 53)

 (23, 91)  

 ( Staphylococcal enterotoxins SEs) SEs

 (1, 

4, 29, 40) SEs 22~29kDa

 TSST-1 SEs

 (4, 7, 42) SEs MHC classII

TCR T T

 (4, 7, 9, 80)

SEs Classical SEs SEA SEB SEC SED

SEE 5 SE SEls (

Staphylococcal enterotoxin like toxins) 5



 

classical SEs 18 SEs/SEls (SEG~SElX) 

(1, 4, 7, 40, 41, 57, 59, 61, 76, 87)  

 

2000 13,400

 (3)

20

20

 

MRSA

 (16, 43, 53)

 (74) 1984

 (69)

 (27, 73) PCR

 (14, 66)  

2001  (39)

2013 1
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genomic elements  (43, 44)

 

genomic elements Staphylococcal chromosome 

cassette mec  (SCCmec) 

genomic elements  (38, 43) genomic 

elements

 (43, 50)

 ( + +genomic elements)  ( ) 

  (18) MRSA

multi locus sequence typing (MLST) (20) genomic elements

SCCmec  (11, 79) 

 MLST MRSA

 (Methicillin-susceptible S. aureus (MSSA) 

 (20) SCCmec

 (71) MSSA

MSSA MRSA



 

 (2, 13) SCCmec

 

1 SCCmec



 

1  

 

 

 1-1.  

S. aureus pathogenicity islands (SaPIs) 1998 Lindsay  (46) 

SEs

 (54, 85, 89) SaPIs

6 SaPIs  (

8 9 18 19 44 49 ) SaPIs 13

17kbp SaPIs

SaPIs

MRSA MSSA SaPIs

SaPIs genomic elemants SCCmec

 

SaPIs genomic elemants

genomic elements-scanning

SaPIs

SaPIs SEs genomic elements (1, 4, 29, 40) Sa

enterotoxin gene cluster (egc) truncated-

  

 



 

1-2.  

1-2-1.  

1-1 3 10 N315

MW2  (5, 39) 243

SaPI3

 (7) 4 4

2 10

J11

1-1 J11

BHI  (Difco) BHI broth (Difco) 37

 

 

1-2-2. Genomic elements LA-PCR  

Genomic elements 6 SaPIs seh

egc Sa3 LA-PCR

Genomic elements CLUSTAL W (77) in 

silico MolecularCloning  (in silico biology) 

N315 (BA000018) MW2 (BA000033) COL (NC_002951) USA300 (NC_007793)

RF122 (AJ938182) MRSA252 (BX571856)  MSSA476 (BX571857) 

Genomic elements SaPIs seh

egc 1

Sa3 40-50kbp

SaPIs 3



 

3  ( 1-1)

1-2

in silico in silico MolecularCloning  

 

1-2-3. Genomic DNA long-accurate (LA) -PCR 

37 TET buffer (10mM Tris-HCl 

pH7.5 1mM EDTA 2.4% TritonX-100 Lysostaphin (Sigma) 5 g/ml ) 

37 30 QIAamp DNA Mini Kit (QIAGEN) 

genomic DNA genomic DNA 1x

/ /EDTA  (TAE buffer) -1% 1xTAE buffer

SeaKem GTG Agarose (Lonza)

1xTAE buffer  50xTAE (Bio-Rad)  

LA-PCR LA-taq HS (TAKARA) 0.5 M dNTP 0.5pM

2.5U LA-taq 1x LA-taq buffer 49µl genomic DNA 1µl

50µl PCR MyCycler   

(Bio-Rad) Veriti  (Applied biosystems) 

96 1 98 10 68 20

28 68 10 1% precast ready gel 

64well (Bio-Rad) 1xTAE-0.5 g/ml Ethidium Bromide (EtBr)-buffer

1xTAE-0.5 g/ml EtBr buffer  50xTAE (Bio-Rad) 

Ethidium Bromide  (Bio-Rad)  QIAquick PCR 

Purification Kit (QIAGEN)  

 



 

1-2-4. LA-PCR   

1-2-4-1.  

2U HindIII (New England Biolabs, NEB) 

HaeIII (NEB) 37 30 DNA

1% precast ready gel 20well (Bio-Rad) 1xTAE-0.5 g/ml EtBr-buffer

 

 

1-2-4-2.  

sec  sec

pGEM-3zf (+) pKOC3 (  ) DH5α 

(TOYOBO) 42 45

100μg/ml  (Wako) LB agar (Sigma) 

100μg/ml LB broth (Sigma) 37

QIAprep Spin Miniprep Kit (QIAGEN) DNA

pKOC3 BamH (NEB) EcoR  (NEB) 1x TAE-0.9%

DNA

MinElute Gel Extraction Kit (QIAGEN) sec DNA

ECL Direct Nucleic Acid Labeling and Detection System (Amercham Bioscience)

 

LA-PCR 0.5~1μg

Hind 1x TAE-0.9% agarose gel 1xTAE buffer Sub-Cell GT (Bio-

Rad) PowerPac Basic (Bio-Rad) 15V

DNA  (350mM HCl 10 ) 2



 

DNA denaturing  (0.5M NaOH/ 1.5M NaCl 25 ) 

 (0.5M Tris-HCl/ 1.25M NaCl 15 ) 2 UV 

cross linker DNA 20xSSC (Bio-

Rad) 10x SSC  Hybond-N+ (Amersham Bioscience) 

 DNA TL-2000 Ultraviolet Translinker (UVP) 

 DNA 42 1

sec 42

ECL  gold hybridization buffer 

(Amersham Bioscience) 0.1M NaCl (Nacali Tesuque) Blocking reagent

1 42  

(6M  (Nacalai tesque) 0.1x SSC (pH=7.0) 0.4% SDS (Life technology) 20 )

42 2  (2x SSC 5 ) 

2 ECL Direct Nucleic Acid Labeling and Detection 

System (Amersham Bioscience) Chemidoc XRS (Bio-Rad) 

sec  

 

1-2-4-3.  

 genomic elements

QIAquick Gel Extraction Kit (QIAGEN) 

1x 

TAE-0.9% agarose gel 1x TAE buffer Quant-it dsDNA 

Assay Kit BR (Invitrogen) DNA BigDye® 

Terminator v3.1 Cycle sequencing kit (Applied Biosystems) BigDye® Terminator 



 

v3.1 5x Cycle sequencing Buffer (Applied Biosystems) 

 (96  1 96 10 50 5 60 4 25 ) 

10 1 3M  (pH 5.2) 10 1

125mM EDTA (pH7.5) 2.5 100%

3.5 70% -20  

Hi-Di formamide (Applied Biosystems) 95 2

2  (ABI PRISM 3100- Avant Genetic 

Analyzer (Applied Biosystems)) 

ATGC6 software Ver. 10 (GENETYX) 

 () Open 

reading frame (ORF) ORF finder 

(http://www.ncbi.nlm.nih.gov/gorf/gorf.html) in silico MolecularCloning software

National Center for Biotechnology Information BLAST 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) ORF

 

 

1-2-5. Accession number 

 genomic elements DDBJ/EMBL/GenBank

 

Accession number AB704539 (IVM60) AB704540 (HHMS2) AB704541 (J11)

AB716349 (IVM10) AB716350 (Ishikawa11) AB716351 (No. 10) AB716352 

(Hirosaki4) 

 



 

1-2-6.  

 ( : B201016)  

 

1-3.  

1-3-1. SaPIs  

 1-2 N315 LA-PCR SaPIs N315 6

SaPI SaPIn1 ( 15kb) 

44’  (39) 20Kbp  ( 1-2A) SaPI  

(attC) SaPI 8 9 18 19 49 4kbp

44 HindIII 1-2B

in silico 3 HindIII  (8,225bp 6,473bp

1,700bp) in silico 6,473bp sec

sec  ( 1-2C)  

 

1-3-2. SaPI    

1-1 243 10 SaPI

LA-PCR  ( 1-3)

SaPI 10kbp 22

HindIII 8’ 49’ 1 9’

18’ 44’ 2 19’ 4  

( 1-4) No.1 No.10 Ishikawa11 Nagasaki IVM60



 

HHMS2 J11 9 MW2 9

SaPIs genomic elements HindIII  (6,745bp 2,936bp

1,940bp 428bp)  (5)  6 9

HindIII  (DDBJ/EMBL/GenBank) 

 (2011 9 ) SaPIs

SaPIs Open reading frame (ORF) 

annotation 7 SaPIs  1-5

SaPIs 1-3~1-9 SaPIs Novick

 (55) SaPI +  (SaPIivm10 SaPIishikawa11

SaPIivm60 SaPIhhms2 SaPIj11 SaPIno10 SaPIhirosaki4)  SaPIs

SaPIivm10 8' SaPIishikawa11 18' SaPIivm60 SaPIhhms2

SaPIj11 19' SaPIno10 SaPIhirosaki4 44'

SaPI  (attL attR) int stl

str rep ter SaPIishikawa11 pri cp

SaPIs SE

SaPIivm10 SaPIishikawa11 SaPIivm60

SaPIno10 SaPIhirosaki4 SE seb SaPIj11

sek seq SaPIivm10 SaPIishikawa11 SaPIivm60

SaPIhhms2 SaPIno10 SaPIhirosaki4

ear  

 

1-3-3. genomic elements  



 

N315 MW2 SEs genomic elements

1-6 in silico 1-

10 MW2 seh HindIII

5,000bp  ( 1-6A) in silico

5,000bp 2 DNA N315 egc

2,500bp 750bp  ( 1-

6B) in silico 2,500bp 3 DNA 750bp

DNA N315 MW2 Sa3

3  (Left Center Right) HaeIII

 ( 1-6C~E) in silico DNA

 

4 2 MW2

 ( 1-7A, 1-8A)

3 N315 egc  

( 1-7B, 1-8B) 7 Sa3

3 2

3 HHMS2 MW2  

( 1-7C~E, 1-8C~E)   (J11 ) 3

DNA  (2012

4 ) 6  



 

SaPI genomic elements 1-11

genomic 

elements  

 

1-4.   

3  (

genomic elements) genomic elements

SEs SElX genomic 

elements  (1, 4, 29, 40, 87) SEs

genomic elements SEs

SEs genomic elements

 

PCR 10kbp DNA PCR

MW2 MSSA476  ( MLST sequence type 1  

ST1)  N315  ( ST5) USA300  ( ST8) MRSA252  ( ST36) RF122  

( ST151) COL  ( ST250)  (5, 19, 26, 30, 32, 39) 

44’ SaPIn1

N315 SaPI

6 SaPIs PCR LA-taq 2 PCR

20kbp SaPIn1



 

HindIII in silico

SaPIn1 sec  ( 1-2) 3 SaPI genomic 

elements N315 MW2 genomic elements

 ( 1-6) LA-PCR

10

SaPIs genomic elements  ( 1-3)

SaPIs 7  ( 1-5) SEs genomic 

elements Sa3 genomie 

element  ( 1-8)  

SaPIs SaPI

SaPI

 ( 1-3~1-9

SaPI int

att  (54) 

SaPI stl str

xis rep pif

ter (51, 54, 63, 81-83)  ( 1-3~ 1-9)  

SaPIishikawa11 SaPI pri

cp 2 MW2 SaPImw2

SaPIs  (5, 

54) SaPIs SaPIs



 

SaPIs SEs

 

genomic elements

SEs genomic elements sec SaPIs

 (RF122 ) 9'  SaPIbov1 USA400 

 ( MRSA) MW2 18'  SaPImw2

N315 Mu50 MRSA

SaPIn1/m1 SaPIs

 (5, 30, 39) seb SaPIs 19’

SaPI3  (26, 90) seb SaPIs

8’ SaPIivm10 18’ SaPIishikawa11 19’

SaPIivm60 44’ SaPIno10 SaPIhirosaki4

5 sec SaPIs seb SaPIs

SaPI3 seb sek seq SaPI

seb SaPI SEs seb

sek/seq SaPI SaPIj11 sek/seq

SaPIs SaPI3 SaPI1 SaPI5  (19, 46)

2 SaPIs Sa3mw2

 (5, 32, 49)  

SaPIs SEs genomic elements

McCathey

sea  (49) egc 1 4

 (12) seh



 

3 1 sea sek

seq Sa3mw2 3 N315 egc 

(1 ) J11

4 seh

/ SEs genomic elements  
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表1-2. 使用プライマー 
                                  
プライマー  塩基配列  (5’ to 3’)                 増幅領域  Priming位置 (株)    
SaPI4S   ATGGCAGGTGGACCAAGAAGAGGCGGACGTCGTCG  8’SaPI   412747-412781 (N315) 
SaPI4AS       CATTCTAGTAGACACCTCTGTCGTTTTAACATAAG   8’SaPI  416278-416312 (N315) 

SaPIbovS       GTTATGGGAGACTACCGTACGTATGATCACACAG  9’SaPI      435843-435876 (N315) 
SaPIbovAS      GTTGCTATTTATGGTGGCCTTTCAAGCAATATTAG   9’SaPI   439465-439499 (N315) 

SaPImw2S       CATCATGTTGGTTGTTTATCACTTTTCATGATGC   18’SaPI     844043-844076 (N315) 
SaPImw2AS      GAAAGAAAAAGAAAAGCAAAAAGATGACGACCACAG 18’SaPI    845724-845759 (N315) 

SaPI3externalS    GCTGTAGAAAGTGCGAAAGATAATCCTTATGC   19’SaPI     877986-878017 (N315) 
SaPI3externalAS  GCGAAATAGATTCATCATTAACTTGAGGGAG    19’SaPI    878357-878387 (N315) 

SaPI2S       AAATTACCGCTACACTAAAGGACAAATTTATC   44’SaPI    2056106-2056137 (N315) 
SaPI2AS   GGTATCGTTGATCCAACTAAAGTAACACGCTCAGC  44’SaPI   2072459-2072493 (N315) 

etdS    CGTTGTGAAAGATAATGAATCGGTTTGGGCTG   49’SaPI    2275743-2275774 (N315) 
etdAS   CTAAAGTGGCAGTAACAAATGATTTTAGTTTC   49’SaPI    2278259-2278290 (N315) 

SEH exS   ACTAATGTCTCCATTGGTTGTTCTCTATTAAAAGCGCGAT Transposon 60574-60614 (MW2)   
SEH exAS   ATATCGTCTTTCGACACGTTGTAAGTGAAGCAGCTAGA Transposon 70511-70548 (MW2)  
   
egcS TCTTAGAAGAGGATGGCTTCGAAACATTTACAGCG  egc   1883029-1883063 (N315)                              
egcAS GGTGGTATTGCGATCCCATTAAAAGATATTGAAGATTTAGA egc   1874827-1874867 (N315)                           
      
Sa3RS GTGAGTTTCGTGATTTCAAAGGTTGGACTAAGATG  φSa3 left  2018126-2018160 (N315)                            
Sa3RAS GACAATAGTGCCAAAGCCGAATCTAAGAAAGATGAT  φSa3 left  2005236-2005271 (N315)                       
      
Sa3CS ATCTATCCACTCTTTCTCATCCATATCAATAGGTTTACG φSa3 center 2017613-2017651 (N315)                            
Sa3CAS TACGCGTTTAAGCGAGTACAGAGAAAAGAAAACAATAGA φSa3 center 2035055-2035093 (N315)                       
      
Sa3LS GAATCTTCAGATTGTGTATGTGTACCGATAACGT   φSa3 right  2049941-2049974 (N315)                             
Sa3LAS AACCCGTTGTATCCTTTAGTTTTAACTACTTCATCAAG  φSa3 right  2032829-2032866 (N315)                           
                                  



表1-3. SaPIivm10のORFマップ 
    
ORF Gene Annotation or function Location (bp) length (bps) Comments                                                                     
No.                                                                                  
attL aaagaagaacaataatatataatttattgtcaaaccccgtagg 1-43 43                                                                            
1  Hypothetical protein 197-1027 (complement) 831 No similar protein on database                                                                                    
2  Hypothetical protein 1046-1513 (complement) 468 No similar protein on database                                                                                  
3 int Integrase 1510-2727 (complement) 1218 Similar to SAA6008_00346 (S. aureus JKD6008)                                                                                             
4 stl Helix-turn-helix XRE family protein 2753-3616 (complement) 864 No similar protein on database                                                    
5 str Transcriptional regulator 4022-4234 213 Similar to SAT0131_00379 (S. aureus T0131)                                                                                              
6 xis excisionase 4235-4507 273 Similar to SAA6008_00349 (S. aureus JKD6008)                                                                                                                   
7  Hypothetical protein 4519-4692 174 Similar to SAT0131_00381 (S. aureus T0131)                                                                                                          
8  Hypothetical protein 4659-4862 204 Similar to SAT0131_00859 (S. aureus T0131)                                                                                                          
9  Hypothetical protein 4864-5247 384 Similar to SAT0131_00382 (S. aureus T0131)                                                                                                          
10  Hypothetical protein 5248-5568 321 Similar to SAV0789 (S. aureus Mu50)                                                                                                        
11 pri Primase 5634-6503 870 Similar to SAV0790 (S. aureus Mu50)                                                                                                                       
12 rep Replication initiator 6520-7989 1470 Similar to SAV0791 (S. aureus Mu50)                                                                                                 
13 pif Interference with phage growth 8268-8630 363 Similar to SAV0792 (S. aureus Mu50)                                                                                 
14  Hypothetical protein 8632-8895 264 Similar to SAA6008_00357 (S. aureus JKD6008)                                                                                                        
15  Hypothetical protein 8897-9538 642 Similar to SAV2019 (S. aureus Mu50)                                                                                                        
16 cp1 Genome packaging 10074-10415 342 Similar to SAV0795 (S. aureus Mu50)                                                                                                
17 cp2 Genome packaging 10446-11099 654 Similar to SAT0131_00867 (S. aureus T0131)                                                                                                
18 cp3 Genome packaging 11152-11679 528 Similar to SAV0798 (S. aureus Mu50)                                                                                                
19 cp4 Genome packaging 11682-12023 342 Similar to SAT0131_00392 (S. aureus T0131)                                                                                                
20 ter Terminase small subunit 12020-12589 570 Similar to SAV0796 (S. aureus Mu50)                                                                                         
21 seb Enterotoxin type B 12897-13697 801 Similar to SA21266_1666 (S. aureus 21266)                                                                                                
22 ear Penicillin binding protein 13468-14025 (complement) 558 Similar to SA21266_1665 (S. aureus 21266)                                                              
attR aaagaagaacaataatatataatttattgtcaaaccccgtagg 15735-15751 17                                                                                                                                                                              



表1-4. SaPIishikawa11のORFマップ 
    

ORF Gene Annotation or function Location (bp) length (bps) Comments                                                                                                

No.                                                                                                         

attL tcccgccgtctccat 1-15 15                                                                                                                                                                        

1 int Integrase 348-1463 (complement) 1116 Similar to MW0745 (S. aureus MW2)                                                                                                                   

2 stl Helix-turn-helix XRE family protein 1469-2206 (complement) 738 Similar to MW0746 (S. aureus MW2)                                                                        

3 str Transcriptional regulator 2358-2576 219 Similar to MW0747 (S. aureus MW2)                                                                                                                 

4 xis excisionase 2588-2734 147 Similar to MW0748 (S. aureus MW2)                                                                                                                                      

5  Hypothetical protein 2727-2951 225 Similar to MW0749 (S. aureus MW2)                                                                                                                            

6  Hypothetical protein 2952-3251 300 Similar to MW0750 (S. aureus MW2)                                                                                                                            

7 rep Replication initiator 3344-5716 2373 Similar to MW0751 (S. aureus MW2)                                                                                                                      

8 pif Interference with phage growth 6404-6748 345  Similar to MW0752 (S. aureus MW2)                                                                                                     

9  Hypothetical protein 6973-7179 207 Similar to MW0753 (S. aureus MW2)                                                                                                                            

10  Hypothetical protein 7166-8224 1059 Similar to MW0754 (S. aureus MW2)                                                                                                                        

11 ter Terminase small subunit 8402-8893 492 Similar to MW0755 (S. aureus MW2)                                                                                                                 

12  Hypothetical protein 9322-10290 969 Similar to SAV0801 (S. aureus Mu50)                                                                                                                        

13  Hypothetical protein 10515-10709 195  Similar to SAV0802 (S. aureus Mu50)                                                                                                                     

14 seb Enterotoxin type B 11447-112247 801 Similar to SA21266_1666 (S. aureus 21266)                                                                                                                  

15 ear Penicillin binding protein 12325-12882 (complement) 558 Similar to SA21266_1665 (S. aureus 21266)                                                                                  

attR tcccgccgtctccat 13463-13447 15                                                                                                                                                                            



表1-5. SaPIivm60のORFマップ 
    

ORF Gene Annotation or function Location (bp) length (bps) Comments                                                                                                

No.                                                                                                         

attL    ttattcctgctaaataa 1-17 17                                                                                                          

1 int Integrase 160-1404 (complement) 1245 Similar to SA21266_1686 (S. aureus 21266)                                                                                                                   

2  SAP domain protein 1394-2782 (complement) 1389 Similar to SA21266_1685 (S. aureus 21266)                                                                                                   

3 stl Helix-turn-helix XRE family protein 2809-3381 (complement) 573 Similar to SA21266_1683/1684 (S. aureus 21266)                                                                        

4  Hypothetical protein 4404-4787 384 Similar to SA21266_1678 (S. aureus 21266)                                                                                                                            

5  Hypothetical protein 4788-5105 318 Similar to SA21266_1677 (S. aureus 21266)                                                                                                                            

6 pri Primase 5172-5981 810 Similar to SA21266_1676 (S. aureus 21266)                                                                                                                                            

7 rep Replication initiator 6054-7763 1710 Similar to SA21266_1675 (S. aureus 21266)                                                                                                                      

8 pif Interference with phage growth 8093-8473 381  Similar to SA21266_1674 (S. aureus 21266)                                                                                                     

9  Hypothetical protein 8470-9111 642 Similar to SA21266_1673 (S. aureus 21266)                                                                                                                             

10 cp1 Genome packaging 9627-9968 342 Similar to SA21266_1672 (S. aureus 21266)                                                                                                                       

11 cp2 Genome packaging 9980-10558 579 Similar to SA21266_1671 (S. aureus 21266)                                                                                                                      

12 cp3 Genome packaging 10576-10794 219 Similar to SA21266_1670 (S. aureus 21266)                                                                                                                   

13  Genome packaging 10797-11372 576 Similar to SA21266_1669 (S. aureus 21266)                                                                                                                         

14  Genome packaging 11375-11716 342  Similar to SA21266_1668 (S. aureus 21266)                                                                                                                        

15 ter Terminase small subunit 11713-12282 570 Similar to SA21266_1667 (S. aureus 21266)                                                                                                             

16 seb Enterotoxin type B 12590-13390 801 Similar to SA21266_1666 (S. aureus 21266)                                                                                                                   

17 ear Penicillin binding protein 13468-14025 (complement) 558 Similar to SA21266_1665 (S. aureus 21266)                                                                                  

attR ttattcctgctaaataa 15375-15391 17                                                                                                                                                                                



表1-6. SaPIhhms2のORFマップ 
                

ORF Gene Annotation or function Location (bp) length (bps) Comments                                                                                        

No.                                                                                                     

attL ttattcctgctaaataa 1-17 17                                                                         

1 int Integrase 160-1404 (complement) 1245 Similar to SA21266_1686 (S. aureus 21266)                                                                                                           

2  SAP domain protein 1394-2782 (complement) 1389 Similar to SA21266_1685 (S. aureus 21266)                                                                                            

3 stl Helix-turn-helix XRE family protein 2809-3381 (complement) 573 Similar to SA21266_1683/1684 (S. aureus 21266)                                                                

4  Hypothetical protein 4404-4787 384 Similar to SA21266_1678 (S. aureus 21266)                                                                                                                     

5  Hypothetical protein 4788-5105 318 Similar to SA21266_1677 (S. aureus 21266)                                                                                                                     

6 pri Primase 5172-6041 870 Similar to SA21266_1676 (S. aureus 21266)                                                                                                                                    

7 rep Replication initiator 6055-7764 1710 Similar to SA21266_1675 (S. aureus 21266)                                                                                                              

8 pif Interference with phage growth 8103-8483 381  Similar to SA21266_1674 (S. aureus 21266)                                                                                             

9  Hypothetical protein 8480-9121 642 Similar to SA21266_1673 (S. aureus 21266)                                                                                                                     

10 cp1 Genome packaging 9638-9979 342 Similar to SA21266_1672 (S. aureus 21266)                                                                                                               

11 cp2 Genome packaging 9991-10569 579 Similar to SA21266_1671 (S. aureus 21266)                                                                                                             

12 cp3 Genome packaging 10587-10805 219 Similar to SA21266_1670 (S. aureus 21266)                                                                                                           

13  Genome packaging 10808-11383 576 Similar to SA21266_1669 (S. aureus 21266)                                                                                                                 

14  Genome packaging 11386-11727 342  Similar to SA21266_1668 (S. aureus 21266)                                                                                                                

15 ter Terminase small subunit 11724-12293 570 Similar to SA21266_1667 (S. aureus 21266)                                                                                                    

16  Phage abortive infection 12685-13896 1212 Low homology with Tepidanaerobacter sp. Abi family protein                                                                                                       

17 ear Penicillin binding protein 14111-14665 (complement) 558 Similar to SAUSA300_0815 (S. aureus USA300_FRI3757)                                                                                 

attR ttattcctgctaaataa 16017-16033 17                                                                                                                                                                                   



表1-7. SaPIj11のORFマップ 
    
ORF Gene Annotation or function Location (bp) length (bps) Comments                                                                     
No.                                                                                  
attL ttattcctgctaaataa 1-17 17                                                                      
1 int Integrase 160-1380 (complement) 1221 Similar to SAUSA300_0799 (S. aureus USA300_FPR3757)                                                                                               
2 sek Enterotoxin-like type K 1468-2196 (complement) 729 Similar to SAUSA300_0800 (S. aureus USA300_FPR3757)                                                                        
3 seq Enterotoxin-like type Q 2220-2954 (complement) 735 Similar to SAUSA300_0801 (S. aureus USA300_FPR3757)                                                                       
4  Toxin-antitoxin system 2966-3424 (complement) 459 Similar to SAUSA300_0802 (S. aureus USA300_FPR3757)                                                                              
5 stl Cro/CI family transcriptional regulator 3436-3768 (complement) 318 Similar to SAUSA300_0803 (S. aureus USA300_FPR3757)                                                 
6 str Transcriptional regulator 3982-4224 243 Similar to SAUSA300_0804 (S. aureus USA300_FPR3757)                                                                                              
7 xis excisionase 4217-4489 273 Similar to SAUSA300_0805 (S. aureus USA300_FPR3757)                                                                                                                   
8  Hypothetical protein 4845-5213 369 Similar to SAAV_0792 (S. aureus ED98)                                                                                                          
9  Hypothetical protein 5214-5534 321 Similar to SAAV_0795 (S. aureus ED98)                                                                                                          
10 pri Primase 5601-6470 870 Similar to SAV0790 (S. aureus Mu50)                                                                                                                       
11 rep Replication initiator 6487-7956 1437 Similar to SAV0791 (S. aureus Mu50)                                                                                                 
12 pif Interference with phage growth 8209-8604 396  Similar to SAV0792 (S. aureus Mu50)                                                                                
13  Hypothetical protein 8597-8890 294 Similar to SAV0793 (S. aureus Mu50)                                                                                                        
14  Hypothetical protein 8887-9528 642 Similar to SAV2019/2020 (S. aureus Mu50)                                                                                                        
15  Hypothetical protein 10238-10582 345 Similar to SA21200_0582 (S. aureus 21200)                                                                                                    
16  Hypothetical protein 10617-11012 396 Similar to SA21200_0581 (S. aureus 21200)                                                                                                    
17 cp2 Genome packaging 11423-11950 528 Similar to HMPREF0769_10096 (S. aureus MN8)                                                                                                
18 cp3 Genome packaging 11953-12294 342 Similar to SAB1895c (S. aureus RF122)                                                                                                
19 ter Terminase small subunit 12291-12860 570 Similar to SA21193_1849 (S. aureus 2119)                                                                                         
20  Hypothetical protein 12993-13814 774 Low homology with Bacillus cereus hypothetical protein                                                                                                    
     (B. cereus 03BB102 strain, BCA_4773, 35% of maximum identity)                                                                                                                                                                    
21  Hypothetical protein 14082-14639 558 Low homology with Penibacillus curdlanolyticus hypothetical protein                                                                                                    
     (P. curdlanolyticus YK9 strain, PaecuDRAFT _3564,                                                                                                                                                          
     29% of maximum identity)                                                                                                                  
22  Hypothetical protein 14990-15505 516 Similar to SAAV_0810 (S. aureus ED98)                                                                                                    
attR ttattcctgctaaataa 15735-15751 17                                                                                                                                                                               



表1-8. SaPIno10のORFマップ 
    
ORF Gene Annotation or function Location (bp) length (bps) Comments                                                                     
No.                                                                                  
attL ttttacatcattcc 1-14 14                                                                
1 int Integrase 81-1253 (complement) 1173 Similar to SAB1912 (S. aureus RF122)                                                                                                 
2 stl Helix-turn-helix XRE family protein 1267-1974 (complement) 708 Similar to SAB1911 (S. aureus RF122)                                                    
3 str Transcriptional regulator 2160-2348 189 Similar to SAB1910c (S. aureus RF122)                                                                                              
4 xis excisionase 2352-2669 318 Similar to SAB1909c (S. aureus RF122)                                                                                                                   
5  Hypothetical protein 3017-3334 318 Similar to SAV0789 (S. aureus Mu50)                                                                                                          
6 pri Primase 3401-4270 870 Similar to SAV0790 (S. aureus Mu50)                                                                                                                         
7 rep Replication initiator 4287-5756 1470 Similar to SAV0791 (S. aureus Mu50)                                                                                                   
8 pif Interference with phage growth 5958-6404 447 Similar to SAV0792 (S. aureus Mu50)                                                                                   
9  Hypothetical protein 6406-6690 285 Similar to SAV0793 (S. aureus Mu50)                                                                                                          
10  Hypothetical protein 6687-7328 642 Similar to SAV0794 (S. aureus Mu50)                                                                                                        
11 cp1 Genome packaging 7866-8207 342 Similar to SAV0795 (S. aureus Mu50)                                                                                                    
12 cp2 Genome packaging 8220-8798 579 Similar to SAV0796 (S. aureus Mu50)                                                                                                    
13 cp3 Genome packaging 8816-9034 219 Similar to SAV0797 (S. aureus Mu50)                                                                                                    
14 cp4 Genome packaging 9085-9612 528 Similar to SAV0798 (S. aureus Mu50)                                                                                                    
15 cp5 Genome packaging 9615-9956 342 Similar to SAV0799 (S. aureus Mu50)                                                                                                    
16 ter Terminase small subunit 9953-10522 570 Similar to SAV0800 (S. aureus Mu50)                                                                                           
17  Hypothetical protein 10799-11767 969 Similar to SAV0801 (S. aureus Mu50)                                                                                                    
18  Hypothetical protein 11992-12186 195 Similar to SAV0802 (S. aureus Mu50)                                                                                                    
19 seb Enterotoxin type B 12925-13725 801 Similar to SA21266_1666 (S. aureus 21266)                                                                                                
20 ear Penicillin binding protein 13803-14360 (complement) 558 Similar to SA21266_1665 (S. aureus 21266)                                                              
attR ttttacatcattcc 15735-15751 17                                                                                                                                                                      



表1-9. SaPIhirosaki4のORFマップ 
    
ORF Gene Annotation or function Location (bp) length (bps) Comments                                                                     
No.                                                                                  
attR ttttacatcattccggcat 1-19 19                                                                                                  
1 int Integrase 86-1258 (complement) 1173 Similar to SAT0131_02174 (S. aureus T0131)                                                                                                 
2 stl Helix-turn-helix XRE family protein 1272-1946 (complement) 675 Similar to SAT0131_02173 (S. aureus T0131)                                                    
3 str Transcriptional regulator 2119-2337 219 Similar to SAT0131_02172 (S. aureus T0131)                                                                                              
4 xis excisionase 2342-2659 318 Similar to SAV2025 (S. aureus Mu50)                                                                                                                   
5  Hypothetical protein 3007-3324 318 Similar to SaPI2 ORF7 (S. aureus RN3984)                                                                                                          
6 pri Primase 3388-4257 870 Similar to SaPI2 ORF8 (S. aureus RN3984)                                                                                                                         
7 rep Replication initiator 4271-5971 1701 Similar to SaPI2 ORF9 (S. aureus RN3984)                                                                                                   
8 pif Interference with phage growth 6301-6681 381 Similar to SaPI2 ORF10 (S. aureus RN3984)                                                                                   
9  Hypothetical protein 6678-7319 642 Similar to SaPI2 ORF11 (S. aureus RN3984)                                                                                                          
10 cp1 Genome packaging 7881-8222 342 Similar to SAV0795 (S. aureus Mu50)                                                                                                    
11 cp2 Genome packaging 8234-8812 579 Similar to SAV0796 (S. aureus Mu50)                                                                                                    
12 cp3 Genome packaging 8830-9048 219 Similar to SAV0797 (S. aureus Mu50)                                                                                                    
13  Genome packaging 9099-9626 528 Similar to SAV0798 (S. aureus Mu50)                                                                                                          
14  Genome packaging 9629-9970 342 Similar to SaPI2 ORF17 (S. aureus RN3984)                                                                                                          
15 ter Terminase small subunit 9967-10536 570 Similar to SAV0800 (S. aureus Mu50)                                                                                           
16  Hypothetical protein 10813-11781 969 Similar to SAV0801 (S. aureus Mu50)                                                                                                    
17  Hypothetical protein 12006-12200 195 Similar to SAV0802 (S. aureus Mu50)                                                                                                    
18 seb Enterotoxin type B 12938-13738 801 Similar to SA21266_1666 (S. aureus 21266)                                                                                                
19 ear Penicillin binding protein 13816-14373 (complement) 558 Similar to SA21266_1665 (S. aureus 21266)                                                              
attR ttttacatcattccggcat 15115-15134 19                                                                                                                                                                                     



増幅産物 (株) 制限酵素 消化断片1 消化断片2 消化断片3 消化断片4 消化断片5 消化断片6 消化断片7 消化断片8 消化断片9 消化断片10 消化断片11

seh-トランスポ
ゾン (MW2)

HindIII 5,032 (bp) 4,634 243 79 - - - - - - -

egc (N315) HindIII 2,594 2,561 2,349 747 - - - - - - -

Sa3L* (MW2) HaeIII 5,237 3,351 1,587 1,049 847 - - - - - -

Sa3L* (N315) HaeIII 8,730 3,351 842 - - - - - - - -

Sa3C** (MW2) HaeIII 4,039 3,036 2,380 2,059 1,571 1,193 854 845 722 707 137

Sa3C** (N315) HaeIII 13,858 3,645 - - - - - - - - -

Sa3R*** (MW2) HaeIII 7,310 4,419 1,792 1,545 232 - - - - - -

Sa3R*** (N315) HaeIII 14,592 3,645 - - - - - - - - -

表1-10. N315株およびN315株における各増幅genomic elementsの消化DNA断片長  (bp)

*Sa3L: Sa3 Left,**Sa3C: Sa3 Center, ***Sa3R: Sa3 Right 



株 由来 8’ 9’ 18’ 19’ 44’ 49’ トランスポゾン egc φSa3

No. 1 食中毒 - GE TypeA (MW2) SaPIishikawa11 - - - ○ (MW2) - -

No. 10 食中毒 - GE TypeA - - SaPIno10 - ○ - φSa3mw2

Ishikawa11 食中毒 - GE TypeA SaPIishikawa11 - - - ○ - φSa3mw2

Nagasaki 食中毒 - GE TypeA SaPIishikawa11 - - - ○ - φSa3mw2

IVM10 鼻腔 SaPIivm10 - - - - GE - ○ (N315) -

IVM60 鼻腔 - GE TypeA - SaPIivm60 - - - - -

Hirosaki4 鼻腔 - GE TypeB - - SaPIhirosaki4 - - ○ -

Hirosaki11 鼻腔 SaPIivm10 GE TypeB - - - GE - ○ -

HHMS2 感染症 - GE TypeA - SaPIhhms2 - - ○ - φSa3mw2

J11 感染症 - GE TypeA - SaPIj11 - - ○ - unknown phage

GE: genomic elements

表1-11. 本章で使用した株のgenomic elementsプロファイリング



10Kbp

Sa3 Left Sa3 Center
Sa3 Right

φSa3n (from N315)
 図1-1

図1-1. φSa3領域ファージのLA-PCRでの増幅領域。Left、Center、Rightは各プライマーセットでの増幅領域
を示す。図の作成には、データベース上のN315株のゲノム配列 (BA000018) より、φSa3nの配列を抽出し、
In Silico MolecularCloning を使用してファージマップを作成した。
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図1-2. N315株におけるSaPIs解析。A: 全6カ所のSaPIs挿入領域の解析。8’、9’、18’、19’、44’、49’はそれぞれ
SaPIs挿入領域の8’、9’、18’、19’、44’、49’を示す。M: マーカー (λ-HindIII digest (Takara))。 B. 44’領域増幅産
物のHindIII消化断片の泳動像。矢頭1-3は消化断片1-3を示す。M: マーカー (λ-HindIII digest (Takara))。C. sec

特異的DNAプローブを用いたSouthern hybridization。矢頭2は消化断片2を示す。
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図1-3. 臨床分離株10株のSaPIs解析。M: 分子量マーカー (λ-HindIII digest (Takara))、1: 243. 2: No. 

1、3: No. 10、4: Nagasaki、5: Ishikawa11、6: IVM10、7: IVM60、8: Hirosaki4、9: Hirosaki11、10: 

HHMS2、11: J11、N: No DNA (超純水) 矢頭: SaPIsが含まれていると考えられる増幅産物。
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   図1-4

図1-4. SaPIsが存在すると考えられる増幅産物のHindIII処理。M: 分子量マーカー (λ-HindIII digest 

(Takara))、1: 243. 2: No. 1、3: No. 10、4: Nagasaki、5: Ishikawa11、6: IVM10、7: IVM60、8: Hirosaki4、
9: Hirosaki11、10: HHMS2、11: J11。500bp以下のDNA断片は確認困難

M 6 9 M

M 2 3 4 5 7 8 9 10 11 M

M 2 4 5 9 M

M 1 7 10 M11

M 3 8 M

M 6 9 M

8’

9’

18’

19’

44’

49’

20

6.4

kbp

9.4

4.4

2.3
2.0

20

6.4

kbp

9.4

4.4

2.3
2.0

20

6.4

kbp

9.4

4.4

2.3
2.0

20

6.4

kbp

9.4

4.4

2.3
2.0

20

6.4

kbp

9.4

4.4

2.3
2.0

20

6.4

kbp

9.4

4.4

2.3
2.0



1Kbp

SaPIivm10

SaPIishikawa11

SaPIivm60

SaPIhhms2

SaPIj11

SaPIno10

SaPIhirosaki4

Lysogen Replication Phage
interference 

Packaging seb ear

seb ear

seb ear

seb ear

seb ear

sek seq

ear

 図1-5

図1-5. 本研究で同定した7種の新規SaPIs。青矢印: 溶原化、遺伝子制御に関わる遺伝子。緑矢印: 複製に関わる遺
伝子、橙矢印: ファージ干渉に関わる遺伝子。灰矢印: ファージ様粒子へのパッケージングに関わる遺伝子、赤矢
印: スーパー抗原遺伝子、黄矢印: 薬剤耐性遺伝子
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図1-6. N315株およびN315株における3種のgenomic elements挿入領域における増幅産物の制限酵素処理。A. ト
ランスポゾン (MW2)、B. egc (N315)、C. φSa3 Left (MW2とN315)、D. φSa3 Center (MW2とN315)、E. φSa3 

Right (MW2とN315)。 M: 1kbp Ladder。白矢頭: 不明瞭なDNA断片。500bp以下のDNA断片は確認困難。
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図1-7. 臨床分離株のSEs関連genomic elementsの解析。 M: 1kbp 

Ladder。1: No. 1、2: No. 10、3: Nagasaki、4: Ishikawa11、5: 

IVM10、6: IVM60、7: Hirosaki4、8: Hirosaki11、9: HHMS2、10: 

J11。白矢頭: 不明瞭なPCR産物。
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図1-8. 臨床分離株のSEs関連genomic elementsの解析。A. トランスポゾン、B. egc、C. φSa3 Left、D. φSa3 

Center、E. φSa3 Right 。 M: 1kbp Ladder。1: No. 1、2: No. 10、3: Nagasaki、4: Ishikawa11、5: IVM10、6: 

IVM60、7: Hirosaki4、8: Hirosaki11、9: HHMS2、10: J11。白矢頭: 不明瞭なDNA断片。500bp以下のDNA断片は
確認困難。
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2-1.  

mobile 

genetic elements

genomic elements-scanning SCCmec genomic elements

MLST  (Coa) 

MLST 7

 (20) MRSA

Coa Coa

 (92)

Coa

PCR  (68) Coa

 (II /III /IV /VII ) 

 (36, 56, 68, 75)  

MRSA MLST SCCmec  

MRSA ST250 (CC30)/SCCmecI  (18, 21)

MRSA

CC5/SCCmecII New York/Japan CC5/SCCmecI

EMRSA16/pediatric  (18)

1990 MRSA  (

MRSA)  (16) ST8/SCCmecVI USA300



 

 (62)

 

 

2-2.  

2-2-1. DNA  

 506 42

1990-2010

329 2005-2010 85

1990  (

) 

2007 50  (52) 

2-1

DNA 1

 

 

2-2-2. genotyping 

Coa SE/SEl MLST genotyping

2-1 Coa Sakai  (68) 

2 A

B CoaIII CoaIV CoaVII CoaVIII CoaI CoaII CoaV



 

CoaVI PCR QIAGEN 

Multiplex PCR Kit (QIAGEN) 

MyCycler™  (Bio-Rad) 

95 15 35  (94 30 57 30 72 90 ) 

72 10 3% NuSieve 3:1 Agarose Gel 

(Cambrex Bio Science Rockland)  0.5 × Tris-boric acid-EDTA (TBE) buffer

0.5μg/ml EtBr UV

 0.5×TBE 10x / /EDTA (TBE) (Bio-Rad)  

SE/SEl Omoe  (58) 

SEA-SER TSST-1 4

 ( 1: sea seb sec sed see femB, 2: seg seh sei selj

sep femA, 3: sek sem seo tst-1 femA, 4: sel sen ser seq

femB) PCR Coa

Coa   

 MLST Enright  (20) 

7  (arcc aroe glpf gmk pta tpi yqil) 

TaKaRa Ex 

Taq
® 

Hot Start Version (Takara) 0.4 M up- and dn-  

 95 5 30  (95 60  

55 60 72 60 ) 72 5

PCR MyCycler  

 (Bio-Rad)  QIAquick PCR Purification Kit 



 

(QIAGEN) DNA 1

MLST (http://saureus.mlst.net/) 

Allele number sequence types 

(STs) ST Clonal complexes (CCs) 

MLST PHYLOViZ 1.0 

(http://www.phyloviz.net/wiki/)  

 

2-2-3. SEA  

2-2-3-1. SEA  

SEA Sandwich ELISA

Hu et al.  (34) ELISA

SEA SEA pGEX GST system

(Pharmacia Bioscience) Ampicillin Sodium (Wako) 100 g/ml

2x YT MicrobialMedium (Sigma) ( 2x YT/Amp ) 100 ml

pKAX (34) BL21 (Novagen) 

37 16~18  50 ml 2x YT/Amp (950 ml) 

30 O.D. 600 0.6 ~0.8 O.D

SmartSpec Plus  (Bio-Rad) GST

SEA Isopropyl -D- Thiogalactoside (Sigma) 1.0 

mM 37 3

1 mM dithiothreitol  Bug Buster R  Protein Extraction Reagent 

(Novagen)  ( ) 

50%  Glutathione Sepharose
TM 

4B (GS4B Amersham 



 

Bioscience) 1  GST rSEA 5

Dulbecco’s Phosphate buffered saline (-)  (PBS) 3 Glutathione Elution 

Buffer (50 mM Tris-HCl pH8.0/ 10 mM L-glutathione reduced (Sigma)) GS4B

GS4B GST rSEA  (GST  rSEA

) 3 PD-10  columns (GE Healthcare) 

 PreScission
TM 

Protease buffer (50 mM Tris-HCl pH7.0/ 150 mM NaCl/ 1 mM 

EDTA/ 1 mM dithiothreitol) buffer Prescission
TM 

Protease (Amersham 

Bioscience) GST rSEA 100 g 2 U 4 GST

rSEA GST SEA 50%GS4B 1

GST Poly-Prep Chromatography Columns (Bio-Rad) 

GS4B rSEA   

 

2-2-3-2. ELISA  

 rSEA Shinagawa  (70) 

 4 1

-20 IgG

MabTrap
TM 

Kit (Amersham Biosciences) HiTrap
TM 

Protein G HP 

(Amersham Biosciences) 1~3 ml MabTrap
TM 

Kit

1x PBS 2 0.22 m (Millex GP R  0.22 m  

Millipore) 1x PBS  HiTrap
TM 

Protein G 

HP 2 ml IgG  1x PBS

0.1 M glycine-HCl (pH3.0) IgG 1 ml

Neutralizing Buffer 70 l PERISTA R BIO-



 

MINIPUMP (ATTO)  HiTrap
TM 

NHS-activated 

HP (Amersham Biosciences) rSEA rSEA

 (0.2 M NaHCO3 0.5 M NaCl pH8.3) 

rSEA 2~3 mg 1 mM HCl HiTrap
TM 

NHS-activated HP 30 

Buffer A (0.5 M ethanolamine 0.5 M NaCl pH8.3) Buffer B (0.1 M 

acetate 0.5 M NaCl  pH4.0) 6 ml 3

1x PBS 2 ml pH rSE

 PERISTA R BIO-MINIPUMP 1x 

PBS 2 0.22 m  (Millex GP®0.22 m Millipore) 

SEA Horseradish Peroxidase (HRP) 

HRP EZ-Link
TM

Plus activated Peroxidase Kit 

(PIERCE) -80

 (LABCONCO) 

 

 

2-2-3-3 SEA sandwich ELISA 

Omoe  (59) ELISA

Yeast Extract 1% (w/w) BHI broth 60ml 37

 10
3

CFU/ml 300ml  ( ) 

 (37 48 ) 14,000 rpm 20

0.22 m (Millex GPR 0.22 m Millipore)  

Protein A Normal rabbit serum (NRS) (Amersham)  



 

(vol/vol)  4 Can Get Signal 

Immunoreaction Enhancer Solution 1 (TOYOBO Tokyo Japan) 100 10,000

ELISA ELISA rSEA PBS

0.1%  (w/vol) BSA

Sandwich ELISA IgG 2µg/ml

HRP 20000 100µl ELISA

F96 Maxisorp Nunc-Immuno Plate (Nunc) Blocking Starting Block
TM

(PBS)

Blocking Buffer (PIERCE) Can Get Signal

Immunoreaction Enhancer Solution 2  (TOYOBO) ELISA

SuperSignal® ELISA Femto Maximum Sensitivity Substrate (Thermo Fisher 

Scientific) Wallac 1420 ARVO MX/Light (PerkinElmer) 

Varioskan Flash (Thermo Fisher Scientific) NRS protein A

NRS

IgG Sandwich ELISA

SEA  

 

2-2-4. Genomic elements  

 genomic elements 1

genomic elements-scanning  

 

 

 

 



 

2-2-5.  

 ( : B201015 B201016)

 ( : A201065)  

 

2-3.  

2-3-1. Coa  

Multiplex PCR 2 PCR Coa

2-2 70% CoaVII

35%

CoaII

CoaIII

Coa CoaI CoaVI CoaVIII

IV VI  

 

2-3-2. SE/SEl  

 Multiplex PCR SEA-SER TSST-1

2-3 20 sea seb

seh sek seq 3 20 sec

seg sei sel sem sen seo tst1

sep see

 SE/SEl  ( 2-4) 

sea, seb, seh, sek, seq (28.6%) sea, seh, sek, seq (19.0%)  



 

sea  (9.5%) 

SEs/SEls seg, sei, sem, sen, seo (18.8%)  3

 (sea, seb, seh, sek, seq; 0.6% sea, seh, sek, seq : 0.6% sea; 

3.0%) sec, seg, sei, sel, sem, sen, seo, 

tst1 (17.6%) seg, sei, sem, sen, seo (10.0%) SEs/SEls

3 SEs/SEls sea, 

seb, seh, sek, seq (1.2%) sea  (3.5%) 

SEs/SEls  

 

2-3-3. MLST  

Clonal complex (CC) 2-5 MLST

CC

CC81 CC508 CC8

CC508 CC15 CC188 CC5 CC509 CC121

CC188 CC12 CC15 CCs

CC81

CCs CC6 CC8 CC12

CC81 50% 3%

2.7%: 329 9 1.1%: 85 1 2.0%: 

50 1  

CC81 Coa SEs/SEls 2-2

CC81 Coa SEs/SEls CoaVII

SEs/SEls sea, seb, seh, sek, seq sea, seh, sek, seq seb, seh 



 

3  (CoaVII/sea, seb, seh, 

sek, seq sea, seh, sek, seq seb, seh) CoaVII/sea, seb, seh, sek, 

seq 1

3 CoaVI/sec, seg, sei, sel, sem, sen, seo seg, sei, sem, 

sen, seo SEs/SEls 1

CoaVII/seh CC81

 (p<1.0E-35, 2 )  

 

2-3-4 CC SEA  

sea CCs Yeast Extract BHI 37 48 SEA

2-3 CC81 SEA  (6.65  0.43 µg/ml) CCs (2.5µg/ml

) 3  

 

2-3-5. CC81   

CC81 2-4 CC81

MRSA MW2 (USA400 ) MSSA

MSSA476 CC1 CC81 genomic elements

Coa  ( 2-5

2-6) 1 CoaVII genomic elements 

seh 2 CoaVI

genomic elements seh egc

9' genomic elements 2-6

1 A 2 B 1



 

seb SaPIs sea 2

sec SaPIs

1  ( 2-5 2-6)  

 

2-4.  

Coa SEs/SEls MLST genomic 

elements-scanning 4

Coa CoaVII SEs/SEls sea 2

 (4, 36, 56, 68, 75)

MLST

genomic elements-scanning CC81 1

50%

 

CCs CC CC Lindsay  (45) 

CC 8 CCs 3 CC

CC97 CC705 CC385 CC398 CC CC97

CC705  (28, 88) CC385

 (47) CC398 MRSA  (72, 84) CCs

CC81 CC CC1  2-4 CC1

ST1 allele number  (arcc aroe glpf gmk pta tpi yqil) = (1 1



 

1 1 1 1 1) CC81 ST81  (arcc aroe glpf

gmk pta tpi yqil) = (1 1 1 9 1 1 1) single locus variant

CCs

CC1

 ( 2-1)

Mizumachi  (52) 

SEB

 ( ) 

 

MRSA MW2 MSSA MSSA476 CC1

CoaVII seh sea, sek, seq 9

genomic element A  (5, 32) CC81 1

CoaVII genomic elements CC81

CC1 genomic elements

McCarthy  (49) CC

sea, sek, seq CC1 CC

CC81 1 CC1

Coa genomic elements

 



 

sea SEA  

(8) Cao  (10) MW2 Sa3mw2 SEA

CC81 1 MW2 Sa3mw2

SEA Hu  (34) 

SEA SEs

Evenson (22) SEA

144ng/ SEB SEC SEs

 (6, 25, 65) SEA

mRNA  (17, 64)

 (78) SEA

 (86) SEA

SEA

SEA

SEA

SEA

 

CC81 1 SEs/SEls SEH

SEA SEH

SEH SEs

 (34, 57, 59, 61) Omoe  (60) SEs SEH

Sakai  (67) 

SEH 2000



 

SEA SEH  (35)

CC81 1 seh

SEH   
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表2-2. 各種分離株におけるCoa型 
                     
          由来          
Coa型    食中毒      鼻腔    感染症     環境   
      (n=42)    (n=329)      (n=85)    (n=50)   
CoaI    -       7   (2.1%)  13 (15.3%)  - 
CoaII   3  (7.1%) 44  (13.4)    26 (30.6) 4 (8.0%) 
CoaIII  4  (9.5)  32  (9.7)  8  (9.4)  4 (8.0) 
CoaIV  3 (9.5)      23  (7.0)  13 (15.3) 4 (8.0) 
CoaV    -            55  (16.7) 9  (10.6) 18 (36.0) 
CoaVI  1  (2.4)  7   (2.1)  1  (1.2)   - 
CoaVII      31 (73.8) 102(31.0) 5  (5.9)  13 (26.0) 
CoaVIII    -   11  (3.3)  1  (1.2)  1 (2.0) 
型別不能   -   48  (14.6) 9  (16.5) 6 (12.0)  
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Summary  

Molecular Epidemiological Characterization of Staphylococcus aureus Isolates from 

Food poisoning Outbreaks 

 

Staphylococcal food poisoning (SFP) is caused by the intake of staphylococcal 

enterotoxins (SEs) produced by Staphylococcus aureus. SFP outbreaks occur 

worldwide, and S. aureus is one of the most commonly addressed agents in food 

safety and public health. According to the food poisoning statistics in Japan, there 

have been about fifty outbreaks of SFP involving several hundred patients per year 

since 1990; these numbers are clearly higher than those of food poisoning due to 

enterohemorrhagic Escherichia coli. In 2000, the largest outbreak of SFP 

worldwide was reported mainly in the Kansai district of Japan and involved 13,400 

patients who complained of their poor health. Although these observations reveal 

that SFP is one of the most important risk factors in food safety, there is too little 

scientific information on SFP to develop effective methods for control and 

prevention of SFP outbreaks. 

 

Since the first report of the complete genomic sequence of S. aureus in 2001, the 

molecular epidemiology of this microorganism using molecular biological methods 

has progressed extremely rapidly. Staphylococcus aureus is a causative bacterium 

of various diseases. Several recent studies showed evidence that these diseases are 

caused by several disease-specific clones of S. aureus with closely related genetic 

backgrounds. Pathogenetic analyses of each clone were recently developed in a 

study on S. aureus-induced infectious diseases. However, to our knowledge, no 

studies on SFP have attempted to identify SFP-related clones or analyze their 



 

 

pathogenesis.  

 

The first chapter described a study that was carried out to establish a novel 

method for molecular epidemiological analysis of SFP isolates. Staphylococcal 

chromosome cassette mec (SCCmec ) typing is widely used for epidemiological 

analyses of methicillin-resistant S. aureus (MRSA) clones and is the method used 

to classify the SCCmec responsible for methicillin resistance. It is the most suitable 

approach with which to analyze MRSA. However, this method is not applicable to 

SFP isolates because almost all of these isolates are reportedly methicillin-

susceptible S. aureus (MSSA). Therefore, this chapter describes the establishment 

of a new genomic analytic approach focusing on genomic elements (genomic 

elements-scanning method), mainly S. aureus pathogenicity islands (SaPIs) 

harbored in both the MSSA and MRSA genomes. This method is based on long-

accurate polymerase chain reaction (LA-PCR) and targeted nine regions of genomic 

elements including six SaPI sites, the Sa3 prophage, transposon, and enterotoxin 

gene cluster (egc). Several selected S. aureus strains and isolates were subjected to 

the genomic elements-scanning method in conjunction with other genetic analyses, 

such as Southern hybridization and sequencing. The genomic elements-scanning 

method enabled accurate amplification of all 9 target regions of the genomic 

elements of 2 S. aureus reference strains (N315 and MW2) and 10 clinical isolates 

from SFP in Japan. In addition, this method revealed seven novel SaPIs 

(SaPIivm10, SaPIishikawa11, SaPIivm60, SaPIj11, SaPIhhms2, SaPIno10, and 

SaPIhirosaki4) in the clinical isolates. From these observations, it was concluded 

that the genomic elements-scanning method described herein is a feasible approach 

for the genetic analysis of S. aureus. 



 

 

 

In the second chapter, 506 isolates of S. aureus (42 SFP isolates, 329 nasal swab 

isolates, 85 human infection isolates, and 50 environmental isolates) were analyzed 

using the genomic elements-scanning method established in the first chapter in 

conjunction with coagulase (Coa) typing, SE typing, and multilocus sequence 

typing (MLST). Coa typing revealed that >70% of SFP isolates were classified as 

Coa VII (others: <30%). SE typing showed that >50% of SFP isolates were positive 

for either sea or seb (others: <20%). MLST depicted that >50% of SFP isolates 

(54.8%) were classified into clonal complex 81 (CC81) (others: <3%). The genomic 

elements-scanning method subsequently revealed that two subtypes existed in 

CC81 according to the different profiles of the genomic elements and Coa and SE 

typings. Subtype 1 isolates exhibited Coa VII with positivity for either sea or seb or 

both. All subtype 1 isolates carried seh-related transposon, and some of the isolates 

had a sea-related phage and seb-related SaPIs. In contrast, subtype 2 isolates 

exhibited Coa VI with negativity for both sea and seb. All subtype 2 isolates carried 

egc, and only one of those isolates had a sec-related SaPI. Of these two subtypes, 

all CC81 isolates from SFP were classified as subtype 1. In addition, the CC81 

subtype 1 isolates showed the greatest SEA production among the CCs with sea-

positivity. From these observations, it was considered that CC81 is the SFP clone 

that produces the highest amount of SEA. 

 

In summary, this thesis concludes that CC81 subtype 1 is the SFP clone 

involved in the recent food poisoning outbreaks in Japan. This evidence seems 

useful for establishment of the scientific basis of the epidemiology and prevention 

of SFP outbreaks. The identification of the source of contamination and elucidation 



 

 

of the contamination pathway may contribute to eradication of this clone from the 

food environment. Therefore, we suggest that the general approach of food 

sanitation combined with a specific sanitary strategy to eliminate the CC81 

subtype 1 of S. aureus will improve food hygiene and help to prevent SFP in Japan. 
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