‘DESCRI PTI ON  DIAGNOSTIC METHOD 5

iTechnlcaI Field This invention relates to a diagnostic
jnethod for perform ng a genetic diagnosis of a resistant bac-
(terium especially for specifically detecting at high sensitivity
-methicillin-resistant Staphyl ococcus aureus 10 (hereinafter referred
to as "MRSA") and nethicillin- - resistant coagul ase-negative.

st aphyl ococci (hereinafter referred Totas "MRG-NS "). - Namely, the
present inven- : tion is concerned with a diagnostic nethod whi ch can
pronptly detect and identify MRSA and MRC-NS. 15 Background Art
MRSA and MRC-NS, i ncluding Staphyl ococcus, ESCRIPTI(%gem)l yticus and '
St aphyl ococcus epidermdis, are principal t hogeni ¢ bacteria of
nosocom al infection at hospi- 20 tals in all the countries of the
wor |l d, and have becone a serious clinical problemdue to the

Livities their accurate and specdy | AT dIBGS- 10 Cl e an
i mportant thene for the diagnosis and treat- :
5 Technical Field |
This invention relates to a diagnostic method for:
performing a genetic diagnosis of a resistant bac-
terium, especially for specifically detecting at high
sensitivity methicillin-resistant Staphylococcus aureus
10 (hereinafter referred to as "MRSAY) and methicillin-~
resistant coagulase-negative staphyldcocci (hereinafter
referred to as "MRC-NS"). Namely, the present inven-
tion is concerned with a diagnostic method which can

promptly detect and identify MRSA and MRC-NS.

15
| Background Art
; MRSA and MRC-NS, including Staphylococcus
! haemolyticus and Staphflococcus epidermidis, are principal
i | pathogenic bacteria.bf nosocomial infection at.hospi—
| 20 tals in all the countries of the world, and héve become

a serious clinical problem.due to the limited avail-

ability of effective antibiotics. In clinical ac-

tivities, their accurate and speedy identification has
_ become an important theme for the diagnosis and treaﬁ-

25 ment of infected patients.




25 ment of infected patients.

-2- MRSA i s Staphyl ococcus aureus which produces
PBP(penicillin-binding protein)2 (or PBP2a), that is, a cell-wall
synt hesi zi ng enzynme PBP having low affinity to all [err]-lactam
anti biotics developed to date led by 5 methicillin. Because of the
-production of this PBP2', MRSA exhibits resistance to all the
conventional [err]- | actam anti bi otd @s.- Since the report of its
first clinical strain in England in 1961, it has spread

around the whole world and at present, it has becorme, 10 as a
nosocom al infectious bacterium a serious problem for the
present -day nedi cal treaMRSA dsatSthpigflotadcsi sureus whichaptrofitheesountri es
of the world. MRSA produces PBP2 in addition to four PBPs
whi ch St aphyl ococc®BP{penicilitiadinding protiein)2d6, (arh@®BPRR) , thaftAsene
encodi ng this PBP was cloned by Mtsuhashi et al. and its entire
base sequence was aetcer%wvedlbfyntheswmmaﬂzm%wchagm dawtafHinity
chronosones of MRSA an i's not found

met hicillin- suscepttPo 1 ﬂ'laCtamSPQ‘p'HFFSEGEEuQeX&F-SH§d( N'Bsﬂ)ateAé-@G]r &¥ng| y,'

E)Ee mecA gegt e ch 'E &Hé— sué f%%\}{s%c% C%@%: v<;nt|t|oqu§:my ac%w red
this mecA gene on %AC @%%i%@lre%t%wg Q:%h%ll(ic%%%u%onventlonal B-

lactam antibiotics. Since the report of its first
clinical strain in England in 1961, it has spread
around the whole world and at present, it has bedome,
10 as a nosocomial infectious bacterium, a serious problem
for the present-day medical treatments at hospitals in
"all the countries of the world.
MRSA produces PBP2! in addition to four PBPs
which Staphylococcus aureus inherently have. 1In 1986, the
15 mecA gene encoding this PBP was cloned by Matsuhashi et
al. and its entire base sequence was determined by
then. 'The mecA gene exists on chromosomes of MRSA and
MRC-NS, but is not found on methicillin-susceptible
Staphylococcus aureus '(MSSA) . Accordingly, the mecA gene
20 is considered to be.a gene adventitiously acquired on
| the chromosomes of Staphylococcus aureus. Detection of
this mecA gene on the chrompsomal DNA of Staphylococcus .
aureus, dgenerally by PCR (pblymerase chain reaction) or
hybridization, makes it possible to identify it as MRSA

25 ' or MRC-NS.



aureus, generally by PCR (polynerase chain reaction) or

hybri di zation, nakes it possible to identify it as MRSA 25 or MRC- NS.
- 3-. . In Japan, a nmecA identification kit by ED PCR o
(enzyne detection PCR) was devel oped, and subsequent to its
approval and the setting of its health insurance price by the
Mnistry of Health and Welfare, i.s now 5 frequently used for clinical
di agnoses (Ubukata, K., et ~al. J. C-ig.-Mcrobiol. 30, 1728-1733,
1992). However, the identification of MRSA by this nethod invol ves
at | east the follow ng two problens. 1) It can be
used only after a bacteriumfroma 10 patient's sanpl e has been

cul tured and procedures HavSapan, a medienidentiticatiordkiefhy BRMBCROr t he

strain identi- fication of Staphyl ococcus aureus. The above nethod
therefore has a dr {epaymeofletesition PCRIpWassdexygdoped, and;

problens. 15 ) Nanely, the necA gene is also distribyted wi dely
in other strains ofitehappEeyalopng: &'—Bﬁy%g&é@&s?ff ditsehealth insurapqe.

St aphyl ococcus. (5. PrafRabw e Mialetey of Henysn pps BRLIAEE) B ha'e" o
saprophyti Cgs’- S. %ar%icft{e%‘tﬁr"uvs\%rdnefroif c§'inica1 diagnoses (.Ubukata, K., et '
al. J. Clin. Microbiol. 30, 1728-1733, 1992). However,
the identification of MRSA by this method involves at
least the following two problems.
1) It can be used only after a bacterium from a

10 | patient's sample has been cultured and procedures have
then been conducted beforehand for the strain identi-
fication of 'Stap'hylococcus sureus. The above method
therefore has a drawback of lack of promptness and
creates various problems.

15 Namely, the mecA gene is also distributed widely
in other strains of the genus of Staphylococcus, for ex-
ample, wide-spreaid normal human bacteria having low
pathogenicity such as Staphylococcus (S.) epidermidis, S.
bhaemolyticus, S. saprophyticus, S. cap.it.i;s, S; warneri, S.

20 sciuri and S. caprae (Eiko Suzuki et al. Antimicrb.

Agents Chemother. 37, 1219-1226, 1993). In a patient's
sample , these mecA-containing Staph'ylococlcus strains are
detected at the same time in many instances. Accord-

ingly, direct detection of the mecA gene from a sample

25 cannot be taken as a proof of the existence of MRSA.



20 sciuri and S. caprae (Ei ko Suzuki et al. Antimcrb. Agent s

Chenot her. 37, 1219-1226, 1993). In a patient's sanpl e, these
mecA- cont ai ni ng St aphyl ococcus strains are detected at the sane
time in many instances. Accord- ingly, direct detection of the
mecA gene froma sanple 25 cannot be taken as a proof of the existence
of VRSA. . -4- Thi s has
led to a limtation of the detection nethod-of - t he necA gene having
to be used after a strain has been cultured froma patient's sanple
and has then been con- - firmed to be Staphyl ococcus aureus by a
conventi onal strain identification nethod. Accordingly, there has 5
been no choi ce ot h€hishhast dedekp apdimibatipnr p€ the detep%épap@e@hpﬂ ofn
infected strain is identified. Fur-, . ther, adm nistration of
vanconycin has beekhenmecA gene having dmike digad iafher adkrain has Jeen
eventual ly - found to _have been,unnecessar Lack

of internal controFuiﬁuPEﬂ.fE@?cPiBé&iePt s'?agﬁiéi%géapr,tP&PS?eﬁééFﬂnié__
0L phl2€ 021 VE YRS o pense RTPHIGR SRR bR Pngpracys:
et of oSt WA ARRE k1P HSBHERY “abBokdpgpy, IR pas
is however rarely pephoh@ednbice other than to rely upon an empiric
therapy until an infected strain is identified. Fur-
ther, administration of vancomycin has been in-
dispensable even if the administration is eventually
10 found to have bgen unnecessary.

2) Lack of internal control in PCR. Described
speCificallf,'false positive or false negative may be
determined in PCR operations of nowadays, depending on
‘the working conditions of a thermal cycler. Upon a
15 judgment of positive_or negative, it is desirable to

have internal controls for negative and positive in

.each operation. This is however rarely performed in

present-day diagnostic methods.

20 Disclosure of the Invention
With a view to estéblishing a fast, simple and
reliable, specific identification method of MRSA and
MRC-NS, the present inventors have analyzed the genes
of MRSA, MSSA and MRC-NS in more detail. The present

05 inventors were interested in reports that an additional



present - day di agnostic net hods. Di scl osure of the Invention 20

Wth a view to establishing a fast, sinple and reliable, specific
i dentification method of MRSA and ~ MRCG-NS, the present inventors
have anal yzed the genes of MRSA, MSSA and MRC-NS in nore detail
The present inventors were interested in reports that an additiona
25 - - 5- DNA of
several tens of kilobases (kb) or greater exigts in a
methicillin-resistant |ocus (Beck, WD. et al. J. Bacteriol. 165,
373-378, 1986; Skinner, S. et al. Ml. M crobiol. 2, 289-298,

1988) . The present inventors have then proceeded with 5

ext ensi ve resear chDNA o€t severali teasyofckdélobgsescdkb) or grepdeirf iexists
IVRSA exi sts on chronosones of MRSA and MRC- NS. The research has
led to the findingiand meéthticillin-resistenti dncus 4Beplsi Wi.D-t gtgal -DNA
fragnment, resulting in the conpletion of the present invention. 10
Nanel y, the presenBackerdplonl§bovidds338di 3986: Skinnegesfi.c efe@dod M9l -an

MRSA (nmethicillin-resistant Staphﬁlococcus aureus) or MRC-NS
(nethici | lin-resi sMagrobiol. 2,:3880R88e- #8§8irve staphyl ococci), which
conpri ses per-

The present inventors have then proceeded with
.5 :

extensive research to determine if any gene sequence
specific to MRSA exists_on chromosomes of MRSA and MRC-
NS. The research has led to the finding and identi—
fication of a specific target DNA fragment, resulting
in the completion of the present invention.
10 Namely, the present.invention provides a diag-
nostic methéd of an MRSA (methicillin-resistant |
Staphylococcus aureus) or MRC-NS (methicillin-resistant
coagulase-negative staphylococci), which comprises per-
forming a reaction with a sample bf making combined use
1 of a part of a mécDNA,'which is an integrated ad-
ventitious DNA existing on a chroﬁosome'of said MRSA or
MRC-NS and carrying a mecA gene thereon, and a part of
a nucleotide sequence of a chromosomal DNA surrounding
said integrated DNA; and also a diagnostic method of an
20 MRSA or MRC-NS by PCR, LCR, hybridization, PT-PCR or
NASBA, which comprises performing a reaction with a
sample by using a nucleotide sequence of a chromosomal

DNA surrounding an integration site of a mecDNA in a

chromosome of a methicillin-susceptible Staphylococcus
25 '



formng a reaction with a.sanple by maki ng conbi ned use 15 of a

part ~of a mecDNA, which is an integrated ad- ventitious DNA
existing on a chronosone of said MRSA or MRC-NS and carrying a
mecA gene thereon, and a part of a nucl eoti de sequence of a
chronosomal DNA surrounding said integrated DNA; and also a
di agnostic nethod of an 20 MRSA or MRC-NS by PCR, LCR
hybri di zati on, PT-PCR or NASBA, whicg conprises performng.a
reaction with a sanpl e by using a nucl eoti de sequence of a
chr onosonal DNA surrounding an integration site of a mecDNA in a
chronosone of a nethicillin-susceptible Staphyl ococcus 25
- 6- aur essrek 6Bt hethliciblinssapteptibleNS-NSE(MBIE)r-NSYHewhierein
sai d net hod nakes use of an occurrence of - a negative reacti on when
sai d sanpl e cont ai aaid metbhd makegr usedof an occuhrence. cf5a negatiBRl EF
DESCRI PTI ON OF THE DRAW NGS FIG 1 is a diagramillustrating
cloning of a mec reactionewhen sAAdofampls PPNEALBADIOMecIER Kinkeorated and
E represent restriction sites by Hndlll, Pstl and EcoRl
respectively. 10 ‘therein. FIG 2 is a diagramillustrating cloning of
a nec

5

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating cloning of a mec
region DNA of N315 by chromosome walking. H, P and E
represent restriction sites by HindIII, PstI and EcoR1l,
respectively.

10 '

FIG. 2 is a diagram illustrating cloning of a mec
region DNA éf NCTC10442 by chromosome walking. The
diagram shows restriction maps of clones L02, L05, L07
and L021 obtained from a A phage library and an in- |
tegration site of the mec region DNA. 1 to 7 indicate
19 probes for the mec region DNA. Restriction sites: H,

HindIII; E, EcoRI; S, SaftI; X, Xbal.

FIG. 3 is a diagram'showing a structure of a mec
region,DNA of an MRSA straih, 85/3907 and an integra-
tion site on its chromosome. Also shown are restric-

20 tion maps of clones pSJ9 and pSJ10 obtained from a
plasmid library and clones LG12 and 1G25 obtained from
a ) phage library as well as an integration site of the

‘mec region DNA. 1 to 7 indicate probes for the mec

region DNA. Restriction sites: H, HindIII; E, ECORI;
25 : '



regi.on DNA of NCTC10442 by chronosone wal ki ng. The di agram shows
restriction maps of clones LO2, LO5, LO7 and LO21 obtained froma
A phage library and an in- tegration site of the mec region DNA. 1
to 7 indicate 15 probes for the nmec region DNA. Restriction sites:
H, "Hndlll; E, EcoRl; S, Saf[err]l; X, Xbal. FIG 3
Is a diagram showi ng a structure of a nec regi on DNA of an MRSA
strain, 85/3907 and an integra- tien7skte on its chronosone. Al so
shown are restric- 20 tion maps of clones pSJ9 and pSJ10 obtai ned
froma plasmd library and clones LGL2 and L&25 obtai ned from
a [err] phage library as well as an integration site of the nmec
region DNA. 1 to 78in8réhi eXpr¥pak: fBr Bsiel nec - regi on DNA.
Restriction sites: H HndlIl; E EcoRl; 25 . L .
-7- S, Sa[err] FIGx 4xdg a fiagzam showing a restriptdon mapping
di agram showi ng a restriction,naggin% . of LD8325, incluq%gg a nec
integration site, 98dLR83ZP, including; g meg ANGRITAL IR BHER AfPAR"
vertical arrowin-_, diggtes t he nmec Egtegr%tio sit%“ A_hori zont,a
arrow 5 i nlitBht BUCHROGIAENBEAPERCE tPRECREC obt VEETdERATEOW 1N~
(fromS tovard 3 hycARUdgEl L0 RALIrdfidlSite. a ndBEiGRLLICaSEHoE
means an opgn readrng frane of “an

indicates an orientation of the nucleotide sequence

(from 5' toward 3'). An underlined part in the
nucleotide sequénce means an open reading frame of an
intM. An arrowhead between the nucleotide numbers 1856
and 1857 indicates the mec integration site.

10 FIG. 5 is a diagram showing nucleotide sequences
of chromosoﬁal DNAs flanking a mec integration site aé
compared aﬁong MSSA strains. Coagulése types produced
by the respective strains: ATCC25923, type 4; STP23,
Type 4; NCTC8325, type 3; STP43, type 7; STP53; type 5.

o Compared with 225 nucleotides of NCTC8325pLEC12, rang-

ing from the nucleotide numbers 1708 to 1932, were the

corresponding 225 nucleotides of the other strains.

Boxed nucleotide are common to all the strains.

_ FIG. 6 is a'diagram showing a comparison in

20 nucleotidé sequence between MRSA and methicillin-

resistant bacteria. SH 518 and SH JA178 are clinical

strains of S. haemolyticus. SE G3 is a clinical strain

of S. epidermidis.

FIG. 7 is a diagram illustrating an outline of an
25 ' '



intM An arrowhead between the nucl eoti de nunbers 1856 and 1857

I ndi cates the nmec integration site. 10 - : FIG 5 is a diagram
showi ng nucl eoti de sequences of chronmosomal DNAs fl anking a mec

i ntegration site as . conpared anong MSSA strains. Coagul ase types
pr oduced by the respective strains: ATCC25923, type 4; STP23,

Type 4; NCTC8325, type 3; STP43, type 7; STP53, type 5. 15 Conpar ed
wi th 225 nucl eotides of NCTC8325pLEC12, rang-g - ing fromthe :
nucl eoti de nunbers 1708 to 1932, were the correspondi ng 225

nucl eoti des of the other strains. Boxed nucl eotide are conmon to
all the strains. FIG 6 is a diagram show ng a comparison in
20 nucl eot i MRSAefidentifbhoatben WeEodnd Axrrowcharks- indicate

resi stant bacteria. SH 518 and SH JA178 are clinical strains of S.
haemol yt|cus. SE @riseuscfoni PER. stWith a Chr°m°§¢m§1 BNAde£fn}1gsa, the
FIG 7 is a diagramillustrating an outline of an

- 8- VRSAPY dRArsf seht A8niRednbaachs ?‘éwthﬁrﬁsbnaitést primers but

priners for PCR Wth a chrompsomal DNA of NSSA _the ri S set as
in Areact at the ﬂBSﬁPElH@aﬁFlﬁﬁrEhﬁu¥e°'51de PriPeRsi (Bxct éﬁrég%¥

nmec-side priners ( Furt of.a
St aphyl ococsus st rgi)"ﬁh ofh& roinosomal of a pgap'ixmfococcus rain other

than mec-carrying S. aureus, the mec-side primers react
but the MSSA-side primers do not react (C).
' FIG. 8 is a diagram iilustrating a concept of an
internal control in PCR. When primers are designed in
10 such a way as surroundihg an incM-cpntaining region 6f
MSSA, they react with the chromosomal DNA of MSSA so
that the DNA fragment is amplified by PCR. In the case
of the chromosomal DNA of MRSA, on the other hand, no
amplification is feasible by usual PCR because of the
'15 integration of a mec DNA greater than 30 Kb. - Further,
when primefs are synthesized including a méc integra-
tion site, these primers theﬁselves no longer react in
the case of MRSA.
FIG. 9 is a diagram shoﬁing-homology between
20 nucleotide sequences pLECl2rc and pSJ8-2a. A
nucleotide sequence of a subclone pSJ8-2a of N315, in-
cluding an upstream junction of a mec region, (see FIG.
1) (the lower nucleotide sequence) and of a chromosomal

DNA clone pLEC12(pLECla) of NCTC8325, including an

285 intM, (the upper nucleotide sequence) were'compared.



than nmec-carrying S. aureus, the nec-side priners react but the
MSSA- side prinmers do not react (C). FIG 8 is a diagram
illustrating a concept of an ' internal control in PCR \When priners
are designed in 10 such a way as surrounding an intM containing region
of - MSSA, they react with the chronosomal DNA of MSSA so ~ that
the- DNA fragnment is anplified by PCR In the case of the
chronmosomal DNA of MRSA, on the -other hand,-ng - canplification is
feasi bl e by usual PCR because of the 15 i ntegration of a mec DNA
greater than 30 Kb. Further, when prinmers are synthesized including
a mec integra- tion site, these priners thensel ves no | onger react
in t he cas®hef olvReR nucleotide sequeficés Srow Lhei upstreshmogung-
honol ogy between 20 nucl eotide sequences pLECl2rc and pSJ8-2a. A

nucl eot i de sequenctighsaofutbeonec pSIpions Gre\sibstantially the gameng an
upstream junction of _a nec region, (see FIG . 1é éthe |, ower

nucl eoti de sequencBlEGRATEf 18 XRVEKBeoFAMPlementarypip Bpgheohifdel SepLEC a)

of NCTC8325, including an, 25 intM (the upper nucl eotide sequence)
wer e conpar ed. quetice'to BLEC12. | | -9- The

outer nucl eoti de sequenc§§FR;gg;%%éauaigaggﬁh%gﬁﬁ§Pg homoloé&ggﬁ Qf t he nec’

regions aregsubstantial | 'S Tev

conpl enentary in nygheghtf8eSEequence belWBBACpLECREEE14na psTs-2a.

Parts continued from FIG. 9 are shown.

FIG. 11 is a diagram showing homology in
nucleotide sequence between pLEC1l2rc and N315J3rc. The
nucleotide sequence of a subclone N315J3 of N315, in-

10 cluding a downstreamljunctiOn of the mec region, (see
FIG. 1) (thé lower nucleotide'sequenCe) and the
nucleotide.sequence of a chromosomal DNA clone

-pLEClZ(pLECla)'of'NCTC8325, including an intM, (the up-
per nucleotide sequence) are compared. The nucleotide

12 sequences of the intM on outer sides of the mec region

DNA are substantially the same. The nucleotide se-
guence of.N315J3rc is reverse complementary to the
nucleotide sequence of N315J3. |

_ FIG. 12 is a diagram comparing the nucleotide se-

20 quence of a clone including an upstream junction of a

mec region of N315 with one of NCTC10442 (N315, the up-
- per nucleotide sequence; NCTC10442, the léwer'

nucleotide sequence). The nucleotide sequences of

their mec regions are extremely different from each
25



FIG 10 is a diagram show ng honDIogy in5 nucl eoti de sequence

bet ween pLEC12rc and pSJ8-2a. Parts continued fromFIG 9 are
shown. FIG 11 is a diagram show ng honol ogy in

nucl eoti de sequence between pLECl12rc and N315J3rc. The nucl eoti de
sequence of a subclone N315J3 of N315, in- 10 cl uding a downstream
junction of the nec region, (see FIG 1) (the |ower nucleotide
sequence) and the nucl eoti de sequencg@f- a chronosonal DNA cl one
pLEC12( pLECI a) of NCTC8325, including an intM (the up- per _
nucl eoti de sequence) are conpared. The nucl eotide 15 : sequences of
the intMon outer sides of the nmec region DNA are substantially the
sanme. The nucl eot i dehee- except fomufRsenearNghé&Jjunctionsver ©n the other
conpl enmentary to the nucl eoti de sequence of N315J3.

FIG 12 is a di agrhandenphei nycilretidel sediugnces- onpouter sidesnod shea
clone including an_ upstreamjunction of a mec region of N315 with
one of NCTC10442 (JBnstippe age the samemer nucl eotide sequence; NCTC10442,

t he | ower nucl eoti de sequence The nucl eot i de, sequences . qf
their mec regions are exFF@neF? &FfFeééﬁﬁrPPoﬁPEB€ﬁ1§§ the nucicotide se-

- 10 - other exc%pt ioneRingiudlkgea 8%%% ggamcguhg%lgkh%%

5 the mec region of N315 with one of NCTC10442 (N315, the
upper nucleotlde sequence; NCTC10442 the lower
nucleotide sequence). The nucleotide sequences of
their mee regions are extremely different frem each
other except for IRs. On the other hand, the

.10 nucleotide sequences on outer (downstream) sides of the
junctions have extremely high homology. The hucleotide
sequence of NCTC1l0442J3 is reverse complementary to the
nucleotide sequence of NCTC10442J3.

FIG. 14 is a diagram comparing N315IS-J3rc with

15 J3rc of NCT010442; The upper nucleotide sequence cor-
responds to N315IS-J3 (see FIG. 1 and FIG. 17), while
the lower nucleotidelsequence is a sequence.of_first
176 nucleotides corresponding to a mec region of J3rc
of NCTCl1l0442 (see FIG. 13).

20 FIG. 15 is a diagram comparing.N315J3rc with
pSJ10-3J3rc. The upper nucleotide sequence corresponds
to N315J3rc,.while the lower nucleotide sequence cor-
responds to pSJ10-3J3rc. The nucleotide sequence ef

pPSJ10-3J3rc is reverse complementary to the nucleetide

25



hand, the nucl eotide sequences on outer sides of the junctions are
t he sane. FIG 13 is a diagramconparing the nucleotide se-
qguence of a clone including a downstream junction of 5 the nec region
of N315 with one of NCTC10442 (N315, the upper nucl eoti de sequence;
NCTC10442, the | ower nucl eoti de sequence). The nucl eoti de sequences
of - their mec regions are extrenely different from each

ot her except for IRs. On the other hand, the 1116 nucl eoti de sequences
on outer (downstream sides of the - junctions have extrenely high.
honol ogy. The nucl eoti de sequence of NCTC10442J3 is reverse
conplenentary to the nucl eoti de sequence of NCTC10442J3. '
FIG 14 is a di agrsegueenper ofigp8316+3IJ38rc with 15 J3rc of NCTC10442.
The upper nucl eoti de sequence cor - responds to N315IS-J3 gsee FI G
1 and FIG' 17), while FIG. 1f6his| avdiaguanceonparingupfds-2a Wishquence

of . first 176 nucl eoti des corresgondlng to a mec region of J3rc
of NCTCl0442 (see FEE&2HZ3) Thepleft nucleotjde §sqv§n‘a‘edFa§FSﬁPeaﬁﬁaFPng

N315J3 ith Th d
corresggngg ps?ﬁ’ﬁ%lSﬂgFircﬁhFl£°Vgge : ﬁﬁé%eg?aﬁ H§§g§8ﬁ6e cor -

responds to pSJ10 hg n | de sequence of pSJ10-3J3rc is ’
reverse Conplenent§%§£§ndgh§°n h o%rde 25

5 FIG. 17 is a diagram showing a nucleotide se-
quence of N315IS-J3. A thin underline indicates a se-
quence of first 176 nucleotides corresponding to the
mec regien of J3rc of NCTC1l0442 (see FIG. 14). A thick

- underline designates a nucleotide sequence correspond-
10 ing to an intM on an outer side of a downstream junc-
tion of a mec regien..
FIG. 18 is a diagram showing a nucleotide se¥
quence of NCTC10442J3rc. An underline indicates a
nucleotide sequence corresponding to an int¥ on an out-

15 er side of a downstream junction of a mec region.

FIG. 19 is a.diagram showing a nucleotide se-
quence of pSJlO-strc...An underline indicatee a
nucleotide sequence corresponding to an intM on an out-
er side of a downstream juncﬁion of a mec region.

20
Best Mode for Carrying out the Invention

The present inventors determined the nucleotide
sequences of the above DNA fragments, namely, the mec

region DNAs [may hereinafter be referred to as "mec";

25



- 11 - sequence of. pSJ10- 3J3. FIG 16 is a diagram
conparing pSJ8-2a with - LGI2H2. The |eft nucleotlde sequence
corresponds to pSJ8-2a, while the | ower nucl eoti de sequence cor-
responds to LGL2H2. 5 FIG 17 is a diagramshow ng a nucl eotide
se- guence of N3151S-J3. A thin underline indicates a se-

quence of first 176 nucl eotides corresponding to the mec regi on of
J3rc of NCTCl0442 (see FIG 14). Athick . 12 -underline designates a
nucl eoti de sequence correspond- 10 - ing to an |ntNIon an outer side of
a downstream j unc- tion.of a nec region. FIG 18 is.a
di agram showi ng a nucl eoti de se- quence of NCTC10442J3rc. An
underline indi cat ekebdichi HiramatsaotMilerebijokncEmnonokspdad8hg 581a648pt M
on an out- 15 er side of a downstream junction of a mec region.

FIG 19 is a di agr2995hobynghuomasomet watking subsequentehoetbéir cloning
pSJ10-3J3rc. An underline indicates a - nucl eot i de sequence
correspondi ng to afremtMRSA Hﬁléu#S°1ated ineJapane (bYPE-d0GAITHEARE
junction of a nec region, Best Mbde for Carryi

Invention producipg ﬁFE§éﬁt FMBEn?ar§R6%2erHFﬁédNFﬁslﬂﬁéFe&FP&é'

sequences of the a o e ra n nanel .eqgi on DNAs
[ngy herei naf t er p&e thﬁé% ggggewﬁegoaguggse prgguclng strain] type e

MRSA) and MRSA 85/3907 isolated in Germany (type-4
coagulase producing strain; type 4e MRSA). These three
strainé are those chosen, as representative examples of
epidemic strains isolated in various countries of the
world, on the basis of classification according to
0 ribotyping, the coagulase method and sites and natures
of mutationé by tﬁe determination of nucleotide se-
quences of mecIl genes. As a result, as is shown in
FIGS. 1, 2 and 3:
1) The mec DNAs have been found to be giant DNA
1o regions of 52 Kb in N315, 33 Kb in NCTC10442 and 54 Kb
or greater in 85/3907, and to be all composed of DNAs
which do not undergo cross hybridization with
chroﬁosomal DNAs of many MSSAs studied as controls.
2) Each mec contains at opposite ends thereof in-
20 verted sequences (invefted repeats; hereinafter called
WIRYs) of 20-30 bases (basé pairs; bp).
3) These mec fegion DNAs have been found to be

integrated in particulér orf (open readihg ftames)

(hereinafter called "intM"s) on chromosomal DNAs of the
25



- 12 - Keiichi “H ramatsu: Mcrobiol. Inmmnol. 39(8), 531-543,
1995] by chronosone wal ki ng subsequent ‘to their cloning. from MRSA
N315 isolated in Japan (type-2 coagul ase produci ng strain; type 2
MRSA), MRSA NCTC10442 i sol a- ted in U K~ (type-3 coagul ase
produci ng strain; type 3e 5 ' MRSA) and MRSA 85/3907 isolated in
Germany (type-4 coagul ase producing strain; type 4e MRSA). These

t hree strains are those chosen, as.rqgresentative exanpl es of
epidem c strains isolated in various countries of the worl d, on the
basis of classification according to 10 ri botypi ng, the coagul ase
nmet hod and sites and natures of nutations by the determ nation of
nucl eoti de se- StaphylptoRees areune &trgadmss (FAG.a4)gsult, as is shown in
FIGS. 1, 2 and 3: 1) The nec DNAs have been found to be

gi ant DNA 15 regé pnErok 82cébpanisensamesg Kbhe nnicTebbide sed 54 Kb
or greater in 85/3907, and to be all conposed of DNAs whi ch do not
undergo cross hybrguengesonfuthese three Sbhﬁbﬂ%sohﬁlhﬁﬁwheén fappdnebas

studi ed as control s. l nec contains at_op €03|te ends
thereof in- 20  they,arecgubshanhia 1¥iﬂ%€??€ﬂ“?e§§9¥seaﬁ3r8 hert ep up-

'l ed "IR f 20-30 b b 3
'(I:'ﬁes: nMec region Diﬁéegﬁvﬁlgﬁﬁn Sgﬁﬁ( 5 5 al > ok ik fhatePn n )

parti cul ar or (ope 1adig LEAUESe the mee TNAY, WA Snd WciShodd3 M)

on chr onoso?ml
have the same nucleotide sequence whereas 85/3907 have

a sequence different from the other two strains.
5) In each strain, the nucleotide sequence of the
chromosomal DNA was well retained in a 5'-side region
10 'of the intM relative to the mec integration site and
also in a ré§ion upstream from the intM (the left side
in FIG. 4), and the nucleotide sequence of.the
chromosomal DNA in a 3'-side region of the intM rela-
tive to the mec integration site and also in a region
15 downstream from the iﬁcM (the lower side in FIG..4) was
well retained in N315 and NCTC10442 but was different
in 85/3907 (FIG. 16).
From the above facts, an intM gene was estimated
to be an integration,éite for a mec region DNA. Ac-
20 cordingly, intM-containing DNA fragments of five MSSA
strains of different originé were cloned, and their
nucleotide sequences were'determined (FIG. 5). As a
result,

6) The intM genes all retalned the same

25



- 13 -

strains,

on 5 downstream si des of the nmec DNAs, N315 and NCTC10442

have the sanme nucl eoti de sequence whereas 85/ 3907 have a sequence
different fromthe other two strains. - 14 - 5) In each strain, the
nucl eoti de sequence of the - chronosonal DNA was wel|l retained in a
5'-side region 10 of the intmrelative to the nec integration site
and also in a region upstreamfromthe intM(the left side _

in FIG 4), and t muoclebtbfiedsequeneaseconf5t heides relativieotosthel m&NA in

a 3'-side region of the intmrel a-

site and al so in ainteggvatios sitedpvbutrtheifr3dhrehdei nusleohddeoger side
in FIG 4) was '

di fferent

facts, an intM gene was esti mated

St aphyl ococcus aureus strains (FIG 4); 4)
From a conpari son anong the nucl eoti de se-
it has been found that
from each ot her on up-

‘quences of these three
"they are substantially different

tive to the nmec integration

wel | retained in N315 and NCTC10442 but was
guencesowererdffexent. From t he above

an integration site for a

t o_be
mec region DNA.  Ac- 20 7) Cepeerping the:mueleehidengearanresgnruksdds:

five MSSA

5

10

15

20

25

tﬁct.ar?zlztrhss ,Oft:hdeI fsf'e-rs%%lte. %ucqle%%i\geer ese%jlu%rﬁ%%’s %%dsttr%%n{

from the intMs were all retained but the 3'-side
nucleotide sequences downstream from the intMs were
different from one strain to another, whereby ver-
satility was observed. |

Next, to determine mec integration sites in
Staphylococcus strains other than Staphylococcus aureus, DNA
fragménts cantaining downstream junctions of mec DNAs
were cloned from s.baamﬂytums clinical strains JA178
and 495 and S. epidermidis clinical strain G3, all of
which contained mecA genes, by using probes for
downstream'ends of the mec DNAs. Upon determination 6f
their nucleotide sequences,

8) The nucleotide sequences of all the downétream
ends of the mec DNAs were homologous ﬁith that of the
mec of N315, but the nucleotide sequences on tight_ex-
tremity to mecDNA were considerably different from that
of the intM in N315 (FIG. 6).

With a view to confirming that a chromosomal DNA
of a Staphylococcus strain other than Staphylococcus aureus

does not contain any gene having high homology with the

stream si des of the mec regi on DNAs and 't hat



nucl eoti de sequences were determned (FIG 5). As a resul t,

6) The-intMgenes all retained the same 25

- 14 - nucl eoti de sequences on 5' -sides relative to the nmec
integration sites, but their 3'-side nucleotide se- guences were
different. 7) Concerning the nucl eotide sequences outside
the intMs, the 5'-side nucl eotide sequences upstream 5 fromthe
intMs were all retained but the 3'-side - _hucl eoti de sequences
downstream fromthe intMs were diffefént fromone strain to

anot her, whereby ver- satility was observed. Next ,
to determne nmec integration sites in 10 St aphyl ococcus strains

ot her than Staphyl oppeeHsastIs16t K¥¥ridization fWadr@Es contwctedsing
downstream junctions of mec DNAs were cloned fromS. haenol yticus

clinical strains JANS intd4 of N325dadOprimdrsS. withdeespdet tbi thealfoillba-n
&3, all of whi ch cont ai ned nmecA genes, by using probes for 15
downst ream ends of ine steenmdidd . stiins e vamiusrStephylococcus stthmiims:
nucl eoti de sequences, - 8) The nucl eoti de sequences of all the
downst r eam ARCRRS5YE3 { ECTRAS TNAES .weuxeulsp wORTEERL4 99Dt ISt hat of t he

epidermidis) , ATCC29970 (S. hcemolyticus), DSM20672 (s.

5 érlettae), CCM3573 (S. caprae), ATCC29062 (S. sciuri),
ATCC33753 (S. auricularis), ATCC27840 (S. capitis),
DSM20501 (S. carnosus), ATCC29750 (S. caseolyticus),
NCTC10530 (S. chromogenes), ATCC29974 (S. cohnii),
DSM20771 (S. delphini), DSM20674 (S. equorum), JCM7469 (S.

10 felis), CCM3572 (S. gallinarum), ATCC27844 (S. hominis),
ATC('.’29663 (S J’.nt:ermed.l.us), DMS20676 (S. kloosii),
ATCC29070 (S. lentus); ATCC43809 (S. lugdunensis),
ATCC15305 (S. saprophyticus), ATCC43808 (S. schleiferi subsp.
schleiferi), JCM7470 (S. schleiferi subcp. coagulahs) ’

15 ATCC27848. (é. simulans) , ATC¢27836 (S. warneri), and
ATCC29971 (S. xylosus). As a resﬁlt,-

9) The probes of the intM did not underéo
hybridization with the standard strain of any strain
other than Staphylococcus aureus.

20 : ' From the foregoing results, the following conclu-
sions have been obtained:

1) There_are at least three_types of mec DNAs in
MRSA strains. They are.different from each other in

most regions, but two (N31l5mec and NCTciO442mec) of |

25



mec of N315, but the nucl eotide sequences on right ex- 20 tremty
to necDNA were considerably different fromthat of the intMin
N315 (FIG 6). Wth a viewto confirmng that a chronosona
DNA of a Staphyl ococcus strain other than Staphyl ococcus aureus:
does not contain any gene having high honology wth the 25

- 15 - intM dot-blot hybridization was then conducted using
the intMof N315 as priners with respect ta tjge S ol | ow i ng
standard strains of various Staphylococcus strains: ATCC25923,
NCTC8325 (S. aureus), ATCC14990 (S epl dermi di s), ATCC29970 (S.
haenol yti cus), DSM20672 (S. 5 arlettae), CCOM3573 (S. caprae),
ATCC29062 (S. sci uthem have homoRdgoi8758qaénceasr inudawhsireafCEAAB40£( S.
capitis), DSM20501 (S. carnosus), ATCC29750 (S. caseol yticus),
NCTC10530 (S. chrothginesdg DNRECAFIGL (IR2) .cohnii), DSM20771 (S.
del phini), DSM20674 (S. equorum, JCMr469 (S. 10 fells), CCM3572 (S.
gal | | narum), ATCC27844 (8) Ab esyoth ends of \peciwa® @e iFRlatiR1E]
DVS20676 (S. kI003||% 9070 entus), ATCC43809 (S.

| ugdunensis), almfé:clgsosf(@ éapPB%%?PF&F]%? ATCCA3808 (s

schleiferi subsp

coagulans),5 15 _ ATCE&?gﬁggigfgéé%ﬂ?égmg4zgﬁ%f27§§§&elfe népiggrgnd

tion sites of the mec DNAs in the chromosomes of the
MRSA strains are the same, that is, are located in ﬁhe
intMs (FIGS. 17, 18, 19).

4) The nucleotide sequences of the intMs are sub-

stantially the same at least on right sides (in
10 downstream regions) relative to the downstream junc-
tions of thé.mec region DNAs (FIG. 6).

5) The nucleotide sequences of the region up-
stream‘from the'5' end of the intMs are the same in the
three types of MRSA strains (FIGS. 13, 15, 17, 18 and

15 19). . .

6) Between the type-2 and type-4 coagulase
strains, their nucleotide sequences are different on
the 3' sides (left sides) of the intMs relative to the
mec integration sites (FIG. 6).

20 By using the nucleotide sequences of mec, intM and
a 5'-side region thereof on the basis of these find-
ings, it is possible to conduct identification of MRSA

strains by various methods fo be described hereinafter.

Although a description will hereinafter be made of a
25



ATCC29971 (S. xylosus). As a result, 9) The probes of the

I nt M did not undergo hybridi zation with the standard strain of any
strain ot her than Staphyl ococcus aureus. 20 From t he
foregoing results, the follow ng concl u- si ons have been obt ai ned:
1) There are at |least three types of mec DNAs in MRSA strains.
They are different fromeach other in- nost regions, but two
(N315nec and NCTC10442mec) of 25 - 17 -

- 16 - t hem have honol ogous sequences in downstream ends of

their mec DNAs (FIG 12). 2) At the both ends of nec there
are relatively- retained IRs of 20-30 nucl eoti des.

3) In all the MRSAcehcaptsoft admethofihini whichaprimers or probesi are ukethe
mec DNAs in the chronosonmes of the MRSA strains are the sane, that
is, are |located i nsuhrounding aj dowsstrFess. junctien of)a mec, similar ef)
The nucl eoti de sequences of the intMs_ are sub- stantially the sane
at least on right £egts ¢can ajso be obhahnedr Examr sRrEAYRAingaanyBPEETEAR

downstream junc- ., tions of the mec region DNA§ FI G 6). .
5) The nucl eoti de 33ﬁﬁ§h€85°§fthﬁem?%xﬁ(ﬂ?ﬂﬁi%r' £He 1dee? mdthoa whicn

is'performed surrounding the upstream junction of the
> mec requires to design a set of primers or probes of at
least N315, NCTC10442 and 85/3907 on the basis of the
nucleotide sequences of these three strains including
the upstream junctions bf the mec region DNAs. For the
selection of the primers or pfobes.in this ca§e,

10 designing and combinations of numérous primers are fea-
sible surrodnding the upstream.juhctions of the mec
region DNAs from PSJ8-2a (the nucleotide sequences of
FIGS. 9 and 10), L02C4 (the nucleotide sequence of FIG.
12), LG1l2H2 (the nucleotide sequence of FIG. 16) and

1o the nucleotide sequence of FIG. 5.

Identification method of MRSA by setting primers or
probes which surround a downstream junction of mec
(1) Primers are designed in a mec region DNA and

at intM and its 5'-side, and PCR is used. As is il-

20 lustrated in FIG. 7, a strain is determined to be an
MRSA if a DNA fragment containing a junction between

‘the mec and the intM is amplified (FIG. 7A). 1In the

case of an MSSA, a negative reaction is shown because

the primer on the side of the mec region DNA cannot
- 25



streamfromthe 5 end of the intMs are the sane in the t hree
types of MRSA strains (FIGS. 13, 15, 17, 18 and 15 - 19).

6) Between the type-2 and type-4 coagul ase strains, their _
nucl eoti de sequences are different on the 3' sides (left sides) of
the intMs relative to the- mec-integration sites (FIG 6). 20

By using the nucl eotide sequences of nec, intM and a 5 -side
region thereof on the basis of these find- _ 18 - ings, it is possible to
conduct identification of MRSA strains by various nethods to he
descri bed hereinafter. Al t hough a description wll hereinafter be
made of a 25 _ - 17 -

concept of a nethodrddttWh (Il PITBES S Conddiiafy A GedP8gionDNA coataidumd Ng
a downstream junction-of a nec, simlar ef- fects can al so be

“obt ai ned from surr atriity ctthewsthaxnBtaphylococqusnbirteng, 0 hbgative Heaewer,
the latter nethod which I s perfornmed surroundi ng the upstream
jjunction of the 5 tion ismxlsemhows a rdesiepctigetisnifenasikie withrohes
of at _ | east N315, NCTC10442 and 85/3907 on the basis of the

nucl eoti de sequencdxrigien atsthe it tand nits iwiide) (FIG. 7Ckhe upstream

junctions of the mec region DNAs. For the . Selection of the priners '
or probesilktfﬂs case, (2) When LCR (ligase chain reaction) is relied

upon, an MRSA can be identified by preparing two DNA
fragments, surrounding the junction between the mec and
the ‘intM, and then conducting a reaction.
(3) An MRSA can be identified by synthesizing_a
_ single or double-strand DNA probes , including the
10 junction between the mec and the intM, and then using
hybridizati;n: |
(4) By the above methods, many MSSA-side primers
or probés can be chosen from the nucleotide sequence
PLEC12 of the intM and its surrounding chromosome
1 region (tﬁe'nucleotide sequence of FIG. 4) and also
from the nucleotide sequences of the intM and its 5'?
side'in the nucleotide sequence of FIG. 5.
(5) Many mec-side primers or probes can be choseh
- from nucleotide sequences corresponding to mec region
20 DNAs in the following nucleotide sequences, namely,
N315I8-J3 (the nucleotide sequence of FIG. 17),
NCTC10442J3rc (the nucleotide sequence of FIG. 18) and
pSJ10-$J3rc (the nucleotide sequence of FIG. 19).

(6) An MRSA or MSSA can be identified by extract-
25 ' :



10 desi gni ng and comnbi nati ons of numerous primers are fea-

si bl e surroundi ng the upstreamjunctions of the nec regi on DNAs
fram PSJ8-2a (the nucl eotide sequences of FIGS. 9 and 10), LO2C4
(the nucl eoti de sequence of FIG 12), LGL2H2 (the nucleotide
sequence of FIG 16) and 15 t he nucl eoti de sequence of FIG 5.

| dentification nethod of MRSA by setting prinmers or pr obes

whi ch surround a downstream junction of nmec 19 - (1) Primers are
designed in a nec regi on DNA and at intMand its 5 -side, and PCR
is used. As is il- 20 lustrated in FIG 7, a strain is determ ned
to be an MRSA if a DNA fragnent containing a junction between

the nmec and the inihdianarpAi fren ¢€11s Gf)the|MRSAg MSSA or theskiké,an
MSSA, a negative reaction is shown because the prinmer on the side
of the mec regi on GdHivernbing £6 into a DNA with a reverse transcriptase,

- 18 - - react (FIG 7B). Concerning a mecregi onDNA cont ai ni ng
strai-n other than @dptonducting BOReubCRaoRavpridization while upipg s
al so shown. as no: reactlon is feasible wi{h the primer at the intM
and its 5 -side (FFe epve-described primers Vﬁeﬂrﬁhﬁﬁ(llgase chai n

T ST e S 67 B R SR FhEcBh LA R RacEY e
tracting an RNA from cells and then amplifying it in
accordance with nucleic écid sequence-based amplificé-
tion (NASBA) (Jean COmptoh: Nature 350, 91-92, 1991) in
which three enzymes (RNaseH, AMV-RT, T7RNA polymerase)
and two primers are reacted at the same time.

10 According to these methdds, the existence of an
MRSA can be ﬁirectly confirmed-without going through
culture of the strain frbm a patient's sample even if a
mec—containing Staphylococcus strain other than |
Staphylococcus aureus is mixed. Accordingly these methods

1o are useful as fast diagnostic methods and have high
value in clinical diagnoses.

Further, if as a negative control for an identi-
ficatibn method of an MRSA, a.primer or probe is
designed including a 3'-side region of intM relative to

=0 a mec integration site or the integration site as shown
in FIG. 8 and PCR or NASBA is performed, a negativé
‘result is obtained if a strain is an MRSA or é positive

result is obtained if the strain is an MSSA. The

primer or probe therefore makes it possible to conduct
25



the intM and then conducting a reaction. (3) An MRSA can be
i dentified by synthesizing a ' single or doubl e-strand DNA probes ,

i ncluding the 10 junction between the nmec and the intM and then
usi ng hybri di zati on. (4) By the above nethods, many
MBSA- si de priners or probes can be chosen fromthe nucl eotide
sequence pLEC12 of the intH and its surroundi ng chronbsone 15
region (the nucl eotide sequence of FIG 4) amnggalso fromthe

nucl eoti de sequences of the intMand its 5'- side in the

nucl eoti de sequence of FIG 5. (5) Many nec-side primers or
probes can be chosen from nucl eoti de sequences corresponding to
mec region 20 evalitd onn ofh dikenosdisn gondditd onisd ass anu dmbernalameEga -
N3151 S-J3 (the nucl eoti de sequence of FIG 17), NCTC10442J3rc (the
nucl eoti de sequenckive Eofitrtd). alt is also poeSsidle]oc perifeomuddssttide

sequence of FIG 19). ~(6) An MRSA or MSSA can be identified
by extract- 25 fication of an MRSA by making use of the fagt that PCR

ing an RNA fromcells of the MRSA, MSSA or the |ike, converting it

into a DNA with a O&vNASBA Gives @pnggative resuli,dncdhdscmathoder HMR or

hybri di zation whil %vueg:l,n% patient 'tshesa?n%?.\ée-wq %C ralnb?d%S%r Imr{pi&a% %rl'xeprreoi%es'
5 _

gives a positive result in these tests. It is there-
fore desired to perform this method in addition to the
above-described method (1), (2), (3), (6) or (7) after
isolation and culture of a strain determined as an
MRSA. Numerous primerslor probes or combinations
0 thereof, which are usable for these purposes, can be
chosen from!nucleotide sequences corresponding to MSSA
chromosomal DNAs containing or surrounding mec integra-
tion sites of the following nucleotide sequences:.
: PLEC12 (pLECla) (the nuclgotide sequence of FIG. 4),
1 pSJ8-2a (ﬁhe nucleotide sequence of FIGS. 9 and 10),'
1L02C4 (the nucleotide sequence of FIG. 12) and LG12H2
(the nucleotide sequence of FIG. 16).
When the abd&e methods (1) to (7) were performed
with respect to 28 epidemic MRSA stréins in 18 coun-
20 tfies, including Japan, of the world, positive resuits
were obtained in all the tests. However, negative
results were obtained from MSSA strains, stahdard

strains of Staphylococcus strains other than Staphylococcus

aureus and mec—containing clinical Staphylococcus strains
25



(7) An MRSA or MSSA can al so be identified by ex- 5 tracting an RNA
fromcells and then anplifying it in accordance with nucleic acid
sequence- based anplifica- tion (NASBA) (Jean Conpton: Nature 350,
91-92, 1991) in whi ch three enzymes (RNaseH, AW-RT, T7RNA
pol ymer ase) and two priners are reacted at the sane tinme. 10
According to these nethods, the existence of an MRSA can be
directly confirmed w thout going through - 27 -culture of the strain from
a patient's sanple even if a mec- cont ai ni ng St aphyl ococcus strain
ot her than St aphyl ococcus aureus is m xed. Accordingly these
- nmethods 15 are useful as fast diagnostic nethods and have high
value in clinical dthgpothan Staphylococcus aurbusf ekl of wisich nespeei ve
control for an identi- fication nmethod of an MRSA, a priner or
probe is eémpilgyed asckodtrgls.3’ ThisehasgSDhsbantiahbdethatv¢his
20 a mec integration site or the integration site as shown
in FIG 8 and PCR diagineBhirsmeshpdr dsdexhrpugldyi effective andeygeduls
obtained if a strain is an MRSA or a positive result is obtained
if the strain is akTRBER 1lihe primer or probe therefore nakes it
possi bl e to conduct 25 - 20 -
eval uati on of diagnosis conditions as an i iERLRal nega-

Specific Identification of MRSAs by
PCR, Surrounding mec-intM Junction

Strain Probe (J6+Nmec5+Gmecl045a)
Negative Positive

MSSAs - 11 strains# 11 0
MRSAS - 26 strains** o0 . 26
Standard Staphylococcus 25 0
strains - 25 strains#**#
MR Staphylococcus strains 20 0
including MRC-NS - 20 strains****

5 * Japanese clinical strains including the three

standard strains, ATCC25923, NCTC8325 and
ATCC12600.
%k Epidemic strains in 18 countries: England,
| NCTC10442, 61/6219, 61/3846, 61/4176, 86/4372,
10 86/560, 86/961, 86/2652, 86/9302; Yugoslavia,
85/1340; Hungary, 85/1762; New Zealand, 85/2682;
Norway, 85/2111; Holland, 85/3566; Saudi Arabia,
85/5495; Japan, MR108, N315; South Africa,
84/9580; Germany (West), 85/1836; France, 85/1940;

15 Hong Kong, 85/2147; Austria, 85/3619; Germany



tive control. It is also possi ble to performidenti- fication of an
MRSA by neki ng use of the fact that PCR or NASBA gives a negative
result in this nmethod. How ever, a patient's sanple with an MSSA
m xed therein 5 gives a positive result in these tests. It is

t here- fore desired to performthis nmethod in addition to the
above-descri bed nethod (1), (2), (3), (6) or (7) after I sol ation
and culture of a strain determned as an < 22 - MRSA. Nunerous priners or
probes or conbi nations 10 t hereof, which are usable for these

pur poses, can be chosen from nucl eoti de sequences corresponding to
MSSA : chronosomal DNAs cont ai ni ng or surroundi ng nec integra-

tion sites of the foll oyEagthycB&gBL0Z;sCgnefaes85/4231, 8pYEETR(pLECag),
(the nucl eoti de sequence of FIG 4), 15 pSJ8-2a (the nucl eotide
sequence of FIGS. 9 and8%@%547; U.S. AkGZéﬁ/@?ﬁé:nﬁéV@B? de sequence of FIG
12) and LG12H2 t he nucl eoti de sequence of FIG

When the above net K¥¥s %E?n§8r97ftﬁ%W@°$§$PﬁrﬁEﬁalns °theﬁn?%a?espect to 28

cpideric MRSA st ne ;“talp8ﬁg&“%agrsma.mgémq 0 I oL
2??27 In\s/eof t aphyl {)gggizé‘?cg??g”ﬁ (gt H? ﬁ ﬁa’phﬁ%%?e%ée‘?:zus?ga fl"’t:cLae<)sll',|reus
and mec-confai ning cli npeahs$52RBY! QGRLEHS SFéId625(s. sciuri), ATCC33753
(S. auricularis), ATCC27840 (S. capitis), DSM20501 (S.
carnosus) , ATCC29750 (S. caseolyticus), NCTC10530 (S.
chromogenes)! ATCCZ§974 (S. cohnii), DSM20771 (S. del-
phini), DSM20674 (S. equorum), JCM7469 (S. felis),
10 CCM3572 (S. gallinarum), ATCC27844 (S. hominis),
ATCC29é3 (S. intermedius), DMS20676 (S. klpos.i.i) '
ATCC29070 (S. lentus), ATCC43809 (S. lugdunensis),
ATCC15305 (S. saprophyticus); ATCC43808 (S. schleiferi
subsp. schleiferi), JCM7470 (S. schleiferi subsp.
e coagul.ans.), ATCC27848 (S. simulans), ATCC27836 (S.
warnerii), and ATCC29971 (S. xylosus).
~ %%%% Methicillin-resistant clinical Staphylococcus
strains other than Staphylococcus aureus: S.
haemolyticus, 10 strains; S. epidermidis, 10 _stréins;
20 S. sciuri, 3 strains; S. caprae, 2 strains; s.

hominis, 2 strains; S. capitis, 1 strain; S. warnerii,

1 strain.

25



- 21 - ot her than Staphyl ococcus aureus, all of which were

enpl oyed as controls. This has substantiated that this di agnostic
methhod is extrenely effective and useful (Table 1).

Table 1 _ : Specific ldentification of MRSAs by

PCR, Surrounding mec-intM Junction Strain

Probe (J6+Nmec5+Grecl (45a) ' Negati ve
Positive MSSAs - 11 strains* - 23 - 11 0

MRSAs - 26 strains** 0 26 St andard

St aphyl ococcus strains - 25 strains*** 25 0

MR St aphyl ococcus strains 20 i ncluding MRG-NS - 20
strains**** 20 b5gpecific DepestiencMethodl oSt MRCANSI ncl uding the three
standard strains, ATCC25923, NCTC8325 and ATCC12600. **
Epidemic strains in 18 cAumés iregidindNmdiimilar to thatNdrdeted 1im 29,
61/ 3846, 61/4176, 86/4372, 10 86/ 560, 86/961, 86/2652, 86/9302;
Yugosl avi a, MRSA ig5alsa0integyated &8/ ancMRCNEG. zeHpHAWergs5thes?;
Norway, 85/2111; Holl and, 85/3566; Saudi Arabi a, 85/ 5495;

Japan, MR108, N31snushaekider peguence of a chrgmpsgpal BNAnaxrpundedhp mec

85/ 1836; France, 8%/1940; ,15 . ong, , ' y
Ger many ?ntegratlon site is E?E%egggg fggﬁz%ﬁg cé%%g;b%hd§%63619

° sequence in the MRSA and is a nucleotide sequence
specific to the C-NS strain. By using this finding,
specific detection of the MRC-NS is possible by combin-
ing the nucleotide sequence surroundiﬁg the mec in-
tegration site and the nucleotide sequence of the mec.
10 Similarly to the above~described specific detection

method of_tﬁe MRSA, the MRC-NS can also be specifically

detected by using a method such as PCR,'LCR, hybridiza-

tion, RT-PCR or NASBEA. |

The present invention will hereinafter be de-

12 scribed in more detail by setting out examples in each
of which a DNA fragment containing mec and a mec-
integration site is cloned from ah MRSA strain, exam-
ples in éach of which a DNA fragment cohtaining a mec.
integration site is cloned from an MSSA strain, and.the

20 like. It is however to be noted that the present in-
vention sh&ll not be limited only to them.

Example 1 |
Cloning of DNA fragments (two fragments, i.e., up-

stream and downstream fragments), which contain a
25 -



- 22 - (East), 85/3907; Canada, 85/4231, 85/4670; Israel,

85/ 4547; U.S.A., 85/2232, 85/2235. _ *** Standard Staphyl ococcus
strains other than . St aphyl ococcus aureus: ATCC14990 (S.

epi derm di s), ATCC29970 (S. haerol ytl cus), DSM20672 (S.
arlettae), 5 CCMB573 (S. caprae), ATCC29062 (S. sciuri),
ATCC33753 (S. auricularis), ATCC27840 (S. capitis), DSM20501
(S carnosus), ATCC29750 (S.- @aseol yticus), NCTC1(630 (S.

chronogenes), ATCC29974 (S. cohnii), DSM20771 (S. del-

phi ni), DSM20674 (S. equorum), JCWMr469 (S. fellis), 10

CCvB572 (S. gallinarum, ATCC27844 (S. hom nis), ATCC2963
(S. internmedius), DVEa&tIeqien KNjosneg) and a junction ARQUEIER Helween
| entus), ATCC43809 (S. |ugdunensis), ATCC15305 SEE
saprophyticus), ATCC4ABBESméS. ang: lreiMS§A chromosomal DNA s fizgm Nokd eiferi)
JCMF470 (S. schleiferi subsp. 15 coag ulansi ATCC27848 QS.
si nul ans), ATCC27836 gtrain; and cloning,gfnar Fhyongsgma; c@!gég#{aggen

xyl osus). ***x Methicillin-resistant clinical ap y | cus
strains other than Si%Bh?PoEBEEG%nﬁu?dﬁ¥ igtegration si% P %yPFbﬁg

10 strains; S. epider 10 stral S. SCIUH
strains; S._caprae, ﬂég?aﬁﬁg d @raln NCTC832ﬁon1n|s 2 stralns S.

capitis, 1 Rtrain; s WaiS‘eEdnbng Japanese MRSAslifil {:ﬁé”1990s,2§ype—2

coagulase and TSST-1 producing strains account for more

than 70% thrbughout Japan [Tae Tanaka et al. J. Infect.

Chemother. 1(1), 40-49, 1995]. An MRSA clinical strain

N315 (Keiichi Hiramatsu et al., FEBS Lett. 298, 133-

10 136, 1991), which is identical in coagulase type and
ribotype to these epidemic MRSAs (Keiichi Hiramatsu,.
Nihon Rinsho 50, 333-338, 1992), was cultured overnight
in I-broth and was then suspended in 10 mM Tris, 1mM
EDTA (pH 8.0). After lysed by achromopeptidase tfeat—

1o ment, protéinase K treatment was conducted. Extraction
was conducted with phenol and then with chloroform,
whereby a chromosomal DNA was extracted. Using the .
chromosomal DNA so extracted, a plasmid library and a A
phage () dash II) library were prépared.

20 Described specifically, the chromosomal DNA was
cleaved by a restriction endonuclease Sau3A I. Frag-
ments as large as from 9 Kb to 20 Kb were purified by

agarose gel electrophoresis and were then used. In the

: case of the plasmid library, 0.3 pg of the Sau3a I
25 .



- 23 - Specific Detection Method of MRC-NS A nec
region DNA simlar to that integrated in an ' MRSA is al so integrated
in.an MRC-NS. However, the nucl eoti de sequence of a chronopsonal DNA
around the nec integration site is different fromthe correspondi ng
5 sequence in the MRSA and is a nucl eoti de sequence specific
tothe CGNS strain. By using this finding, specific detection of
the MRC-NS i s possible by conbin- l-n@st ke nucl eoti de sequence
surroundi ng the mec in- tegration site and the nucl eoti de sequence
of the mec. 10 Simlarly to the above-described specific detection
nmet hod of the MRSA, the MRC-NS can al so be specifically det ected by
using a net hod sucfragm®6R ahdR}.hykyialf za-plasmid vechor PpACYCR4; wWabsh.
The present invention will hereinafter be de- 15 scribed in nore
detai|l by setting bad ksenptteavedcbyha restrictpenygndenachbraser Bglnt,
containing nmec and a nec-_ integration site is cloned from an, MRSA
strain, exam were gupbiechedata bigakien, afohkovedghentranafarnphdon
nmec integration_site is, clpned froman NSSA s and the 20

SA straj |
lTke. It is howevePEtenbl- motectFain RGL0FLeorh TaEuSt Clohe ¥RAtFoR"shal |

not be limted onlgbégigggn%y colony hg%%ggkga&ion.- In the case of the
5
phage library, 0.3 pg of the Sau3A I fragment and 1 ug

of )Mdash II, which had been cleaved by BamH I, were
subjected to ligation. 1In vitro packaging was then con-
ducted. After infected to an E. coli strain XLl-blue
: MRA (P2), colony hybridization was conducted, whereby a
10 target clone was obtained.. Concerning probes to be
~ employed in khe hybridization, the mecA was used as a
first probe. The next probe was then prepared by
synthesis of oligonﬁcleotide or by subcloning after
determinihg the nucleotide sequences of DNA fragments
1o of end regions of resultant DNAs. Further, clones con-
taining adjacent DNA regions were successively cloned
(chromosome walking) (FIG. 1).
2) In this manner, starting from a clone pSJ1
containing the mecA gene, psSJ2, pSJ4, pSJ5, pSJ7 and
-20 pSJ8 were obtained. These clones were individually
subjected to subcloning, whereby probes 1, 2, 3, 4, 5,
6, 7, 8, 92, 10 and 11 were obtained. Using these

probes, the reactivity of each probe was studied by

dot-blot hybridization while employing chromosomal DNAs
25 .



Cloning of DNA fragnents (two fragnents, i.e., up- strean1and
downstream fragnents), which contain a 25

- 24 - mec region DNA (nmec) and ‘a junction sequence between
the mec and an MSSA chronosonmal DNA, from N315 strain; and
cloning of a chronosomal DNA fragnent, - whi ch contains a nec

I nt-egration site (int), froman MSSA standard strain NCTC8325 5
1) Anong Japanese MRSAs in the 1990s, type<23g - coagul ase and TSST-1
produci ng strains account for nore ~than 70% t hr oughout Japan [ Tae
Tanaka et al. J. Infect. Chenot her. 1(1), 40-49, 1995]. An MRSA
clinical strain N315 (Keiichi Hramatsu et al., FEBS Lett. 298,
133- 10 13é6xti8Cted fhomh29 SMRSENSstrains nandagssSE sypainad

ri botype to these epidemic MRSAs (Keiichi Hiramatsu, Ni hon Ri nsho
50, 333-338, 1992)Name$ypuWitheﬁespechighteach of thée chromosomahdDMAs t hen
suspended in 10 MM Tris, | nmM ' EDTA ( 8.0). After lysed b%

achr onopept i dase t2@@tng1ef the chnen9somathNhaserﬁksvhafﬁﬁﬁ@ kasheat
conducted. Extraction was conducted wi.th phenol and_then wth

chl or of orm " tropkreny atcAP IS MIWMtRS angd l"’ffd%eed: i SRPLRA

gg;ﬁnfffn?:gsgfysag$é£% C%:gﬁﬂgrgég?n1gu%é&&&é%ta@o reactlon wggﬁgeagﬁ

probe which had been conjugated with d1g0x1gen1n, a

further reaction was conducted with an anti-digoxigenin

antibody conjugatéd with alkaline phosphatase, followed
by the addition of a luminous substrate AMPPD to per-

: form detection. As a result, the probes 1 to 9 did not

0 react at all with the MSSA strains, and it was the
probe 10 tha£ reactions with the MSSA.strains took
place for the first time. 'Frbm these results, the
probe 10 was found to be a DNA fragment containing the
upstream junction of the mec.

1o 3) Ih accordance with dideoxy termination, the
nucleotide sequence of the probe.lo was determined
using an autosequencer (Applied bioéystem 373A). Se-
quence reactions were conducted using a DyeDeoxy
Terminator Cycle Sequencing Kit and a Dyé Primer Cycle

20 Sequencing Kit.

4) Next, ﬁo specify a chromosomal DNA region con-
taining the integration site of fhe mec, cloning of a

chromosomal DNA fragment of an MSSA was performed using

a DNA probe 11 for a region reactive with the MSsa at
25



Descri bed specifically, the chronbsomal DNA was cleaved by a
restriction endonucl ease Sau3A |. Frag- nents as large as from9
Kb .to 20 Kb were purified by agarose gel electrophoresis and were
then used. In the case of the plasmd library, 0.3 ug of the Sau3A
| 25 _ - 25 - fragnment
and 1.1 ug of a plasm d vector pACYC 84, which had been cl eaved by
a restriction endonucl ease BanH |, -nar7e =subj ected to |igation,

foll owed by transformation of an E. coli strain MCL061. A target

cl one was then _ obt ai ned by col ony hybridization. In the case of the
5 phage library, 0.3 ug of the Sau3A | fragnment and 1 ug of
[err]dash Il, whi cthéapstrean| endcof bwh@&amdd I(FIGerd). A chromgsemadd to
ligation. In vitro packagi ng was then con- ducted. After infected
to an E. coli strabWAXextbagbked from NGT@R325 was| oheayedrbyi thei sastric-
conduct ed, whereby a 10 target clone was_obtai ned. Cbncernlgg robes

to be enpi bieQ ‘Phd?ﬂ'éch?%$?d$§‘&?$o% tAELRE O Jaig RE
01 | gonbel ot i do. orm8yt COBoERnY Kp b 26 K5, vitieh, hedi hEVELEERERFER. PYe
Furthor . cl gnes cohoarone ae¥ electrapBardatn: BT oy SERARH 1
successi vely C!Onegleaved by BamH I were subjected to ligation, packaging
was performed to prepare a phage library. From plaques
showed positive result in plaque hybridization, a
recombinant phage was then recovered. '
. 5) By dot-blot hybridization; a DNA clone LD8325
10 subcloned from the above-described recombinant phage
was found ta undergo hybridizétion.with the probé 10.
Subsequent to preparation of a restriction map, sub-
cloning of an EcoR.I-Pst I fragment (pLEla) containing
the integration site of the mec was therefore performed
12 to determine its nucleotide sequence. |
6) As a result of the nucleotide sequence com-
parison between the subclone pLEla (pLECl2 reverse com-
plementary) of LD8325 and the nucleotide sequence of
the pfobe 10 (pSJ8=-2a), these nucleotide sequences
20 showed high mutual homology on left sides relative to
the mec integration sites (FIGS.-Q and 10).
7) Employing as a probe, a'bNA fragment (probe
N1) amplified by PCR while'using primers J4 and a Nif,

which was set on a right side relative to the mec in-
25



(chronosone wal king) (FIG 1). 2) I'n this manner, starting
froma clone pSJI : cont ai ni ng the mecA gene, pSJ2, pSJ4, pSJ5, pSI7
and 20 pSJ8 were obtained. These clones were individually

subj ected to subcl oni ng, whereby probes 1, 2, 3, 4, 5, 6, 7, 8, 9,
10 and 11 were obtained. Using these probes, the reactivity of
each probe was studi ed by dot bl ot hybridi zati on whil e enpl oyi ng
chronosomal DNAs 25 ' = 28 - - 26 -
extracted from 29 MRSA strains and 9 MSSA strains. ‘Narely, with
respect to each of the chronosomal DNA, 200 ng of the chronosonal
DNA were subjected to heat treatnent at 95[err]C for 5 m nutes and
were then spotted tegratiom sitieorinrd®32%. aSgsnepisntl ikeary szﬁ:th wash -
each 5 probe which had been conjugated w th _di goxi genin,

further reaction waextosprdeated the acraaning pyirjague hybrldlzd;ﬁx,qmdy
conjugated w th al kal i ne phosphat ase, fol|owed . 3/the additjon of a
| umi nous subst r at e VRGHSHR & clone LN4 goptadmdng &, strean Jungte

probes 1 to 9 did nat eact aLI th the MSSA strains, and it
was the %‘d‘@nl(?q H‘E’M’”@ﬁc‘f’?ﬁng Wi‘ﬂe&nhe MBSA strains took

pl ace for the flrst tinme. Fro t t
found to be§ DNA fragmenat) @Ontaar}%s%&tt o% dsetetf?ﬁnatlon of’ tqpe I‘illpcil@()stlde

sequence of IN4 subclone pLN2 (J3 reverse com-
plementafy) containing the mec integration site, the
nucleotide sequence of the subclone on an outer side
relative to the mec integ:ation site was found té be
substantially the same as that of the intM and its up-
10 stream region (5' side) (see FIG. 4) of LD8325 (pLEC12
reverse compiementary) (FIG. 11). As has been de-
scribed aboVe, thelmec of N315 was found to be in-
tegrated at a certain particular site on the MSSA
chromosone.
15 .
Example 2
Using the MRSA clinical strain NCTC10442 reported
in Engiand for the first time in the world (Jevons,
M.P. Br. Med. J. 1, 124-125, 1961) as an epidemic MRSA
strain isolated outside Japan, a chromosomal DNA con-

- 20 -
taining mec and its integration site was cloned. Name-

ly,
| | 1) Using procedures similar to those employed
above in the case of:N315, clones L0O2, L0O5 and L0O7 con-

taining the mec and its upstream junction were cloned
25 '



upstream junction of the nec. 15 3) In accordance with

di deoxy term nation, the ' nucl eoti de sequence of the probe 10 was
det.er m ned usi ng an aut osequencer (Applied bi osystem 373A). Se-
‘quence reactions were conducted using a DyeDeoxy Term nator Cycle
Sequencing Kit and a Dye Prinmer Cycle 20 Sequencing-Kit. |

4) '‘Next, to specify a chronpbsonal DNA region con- : taining the
integration . site of the mec, cloning of a - 290 - ~chronosomal DNA fragment
of an MSSA was perforned using a DNA probe 11 for a region
reactive with the MSSA at 25 ' -
27 - the upstreamend of the nec (FIG 1). A chronosonal

DNA extracted from(BEEC82)5 \waml dihedredue)] eoitd dee sleguences were tj on
endonucl ease Sau3A |. After 0.3 ug of DNA frag- ment of from9 kb
to 20 kb, which hadebeemimesbar ed by agarose gel- el ectrophoresis,
-and 1 ug of A dash Il 5 cl eaved by BanH | were subjected to :

| i gati on, packagi ng 2) Aga@ Fesditnef B SAARERCe SRS RatVesn om
pl aques showed positive result in plagyetgéprldlzatlon,

reconbi nant phage ¢ SRS . containing gpﬁ%f%ﬁﬁ.}ﬂﬁ%tion of

e B e cang £a8 Blrs-2a o WEEH "8 rb5P8h' BErresponaing
to the outside of the junction on the MSSA chromosome
was found to be_homologous with pSJ8-2a although the
nucleotide sequence of the upstream end of the mec was
substantially different (FIG. 12).

10 3) Using the probe N1, the phage library of
NCTC10442 was thus sﬁbjected to screening by plagque
hybridizatién, whereby the clone L021 containing the
downstream junction of the mec was obtained and its
nucleotide sequence was determined.

15 4) As is shown in FIG. 13, a sequence common to
NCTC10442 and N315 was observed in a region ﬁhich-cér-
responded to the downstream from the.meg junction on

.MSSA chromosome In their nucleotide sequences of
downstream end regions in the mec region DNAs, however,

20 no homology was observed except for the sequences of
IRs., -

5) Hdwever, in a region approximately 200
nucleotides preceding toward the upstream side from the.
mec junction in NCTC10442, a nucleotide sequence

25 homologous to the downstream end region of the mec in



was found to undergo hybridization with the probe 10. Subsequent to
preparation of a restriction nmap, sub- cloning of an EcoR I -Pst
fragnent (pLEl a) containing the integration site of the nec was

t herefore performed 15 to determine its nucl eoti de sequence.

6) As a result of the nucleotide sequence com pari son between the
subcl one pLEl a (pLEC12 reverse com pl enentary) of LD8325 and the
nucl eoti de sequence of the probe 10-($&J8-2a), these nucl eotide
sequences 20 showed hi gh nutual honology on left sides relative to
the nec integration sites (FIGS. 9 and 10). 7) Enpl oying as
a probe, a DNA fragnent (probe N1) anplified by PCR whil e using
primers J4 and a NN315 was founshi(®IGvas49aet on a right side relative to
the mec in- 25 ' - 28 -

tegration site in LD8325,6)a iymortihe [fidnegoing, MN¥lhasadbeen foundhdhat the

subj ected to screening by plaque hybridization, . Whereby a DNA cl one
LN4 contai ning a deensregdenj DNAs of the twpMRBA sbraipe ane aptegpwaged

8) As a result of determination of the nucleogtide 5 sequence of, LN4

subcl one pLN2 (J3 Advdhe samg integratign gihe abthayahyithey ank grrsid-

integration site, the nucl eoti de sequence qf -t.he .subcl one, o n
oute? side o ' ‘erably apartlg%om each other geo oglcafiy ané‘lnrkfhe,

that is, they were found in Japan and England and in‘
1982 and 1961, respectively and moreover, they are dif-
ferent in epidemiological markers such as coagulase |
type; and further that a nucleotide sequence common to
10 both the MRSA strains can be observed although the
structureé inside their mec region DNAs are different.
| 7) On fhe other hand, the structures of mec
regidn DNAs are however diverse. It is therefore
necessary to adequately perform'designing of effective
15 ' primers based on thé concept and procedures disclosed .
in the present invention after determination of the
structure and nucleotide sequence of each mec with:
.respect to epidemic-MRSA strains spread over the world.
Example 3
20 Concerning epidemic.MRSA strains isolated outside
Japan, a structural analysis of their mec region DNAs
was conducted accordingly. Epidemic MRSA strains most
widely spread over the various countries of the world
are.MRSAs of the coagulase type 4 [Keiichi Hifamatsu:

25 Microbiol. Immunol. 39(8), 531-543, 1995]. Using the



relative to the nec integration site was found to be substantial ly
the sanme as that of the intMand its up- 10 streamregion (5 side)
(see FIG 4) of LD8325 (pLEC12 reverse conplenmentary) (FIG 11). As
has been de- scri bed above, the nmec of N315 was found to be in-
tegrated at a certain particular site on the MSSA chronosone. 15
Exanple 2 . ' Using the MRSA clinical strain NCTCL0442 reported
in England for the first tine in the world (Jgyons, MP. Br. Med.
J. 1, 124-125, 1961) as an epidem c MRSA - strain isolated outside:
Japan, a chronosomal DNA con- 20 taining mec and its integration
site mas cl oned. Nane- ly, 1) Using procedures

similar to those egpragedstrain 853907 whiiche isase tybilals exanples dH?2,
LO5 and LO7 con- taining the mec and its upstream junction were
cloned 25 these MRSAs, a chromosomal DNA fragmed® containing mec
(FIG 2), and their nucleotide sequences were det er m ned.

2) As a result of anseddendanchions sas lsdonedh (FIG. 3).the subcl one LO2C4

containing the upstreamjunction of 5 the mec and the pSJ8-2a of N315,
a region correspondi ng 1) Using the probe 11 and the probe N1, the plas-

5 mid library of the chromosomal DNA of 85/3907 was sub-
jected to screening by colony hybridization, whereby
reactive two clones psSJ9 and pSJ10 were obtained.

2) The nucleotide sequences of these clones were
determined. The clone pSJ10 contained a nucleotide se-
10 quence identical to intM, and in registrétion with the
mec integration sites in N315 and NCTC10442, homologous
base sequenées weré observed in the nucleotide se-
quences of the downstream end regions of the mec region
DNAs in these MRSA strains. However, the nucleotide
15 - sequence of the downstream end region of the mec in_
85/3907 waé different from those of N315 and NCTC10442
(FIG. 15).
3) The nucleotide sequence of the other clone
psSJ9 (FIG. 3) did not contain any mec junction site.

20 : 4) Using the phage-library of 85/3907, a DNA

| | fragment reactive with the clone pSJ9 was therefore
subjected to cloning by plaque hybridization. 1In addiF
tion, a_cldne 1G12 was_obtained by using the nucleotide
sequence of the DNA fragment-endS'és probe. A similar

25 operation was then repeated to perform chromosome walk-



to the outside of the junction on the MSSA chronDsone was found to

be honol ogous with pSJ8-2a alt hough the nucl eoti de sequence of the
upstream end of the nec was substantially different (FIG 12). 10
3) Using the probe N1, the phage library of NCTC10442 was thus
subj ected to screeni ng by pl aque hybri di zati on, whereby the cl one
LOZ1 containing the . downstream junction of the nec was obtained and
its nucl eoti de sequence was determseggp - 15 4) As is
shown in FIG 13, a sequence comon to : NCTC10442 and N315 was
observed in a region which cor- responded to the downstream from
the nec junction on MSSA chronmosone | n their nucl eotide sequences
of downst r éaon ¢RAGLeddons in the nec regi on DNAs, homever 20

no honol ogy was observed except for the sequences of
5) However, in a region 5ppN9nenafetpe§eoreacted Wlﬁbctbstpb€§mﬁﬁé@éélﬁ@A

toward the upstreamside fromthe unction in NCTCl0

nucl eoti de sequencef NETC 10ﬁ6ﬁml§50H§s@osFﬁélﬂowﬁ¥t9@§WPAHH Pﬂ&?&ﬁl&ﬁ'the
mec in - 30 - N315 was
found (FIG 14). tion. 6) Fromthe foregoing, it has been found

that the 5 mec reg'?nAccordlngE. EW% Qﬁ%ﬁmﬁ%&%&ﬂsbﬁk?o%”hﬁ%k%%%Qa,

which is a standard MSSA strain of the coagulase typé
4, was extracted, and its dot-blot hybridization with
the above-described clones was performed. The
hybridization gave positive results. Hybridization,

‘10 however, gave a négative result when the right-side
part of the clone LG12 out of the above-described
clones was dsed as a probe.

7) As a result of determination of the nucleotide
sequence LG12H2 of LGl2, practically no homology was

15 ~ observed both inside and outside the mec except for the
observation of sequences homologous to the IR
nucleotide sequences of the upstream ends of the mec
region DNAs and approximately 20 bases located adjacent
to the junctions and corresponding to the 3' end

20 regions of intMs in N315 and NCTC10442 (FIG. 16).

8) From the foregoing, it has been found that
there are MRSA strains of clearly different origins,
which occurred as a result of integration of the mec
into the chromosomes of different MSSAs, and that at

25 least the MSSA chromosome region on the outer side



at the sane integration site although they are consid- 5 erably apart
fromeach other geologically and in tine, that is, they were found
i n.Japan and Engl and and in 1982 and 1961, respectively and
noreover, they are dif- ferent in epidem ol ogi cal markers such as
coagul ase type; and further that a nucl eoti de sequence conmon to

10 - both the MRSA strains can be observed al t hough the

‘structures inside their mec region DNAs are- &i¥ ferent. 7)) On
the other hand, the structures of nec regi on DNAs are however
diverse. It is therefore necessary to adequately perform designing
of effective 15 priners based on the concept and procedures disclosed
in the present invéhefbnsifie}r ofethentnatreamojungtion of thesmeg®ige and
nucl eoti de sequence of each nmec with resBect t o, epi dem_¢ MRSA
strains spread ovenifiheanpslygdiffers amopg kppcMBSAgtrains of daffexemtng
epi dem ¢ MRSA strains i sol ated outside Japan, a structural analysis
of their nec regi oRFBHARS. was conduct ed accordingly. Epidemic MRSA

' i d d ' ' f. the, | d
e MRSAS of the coagul aSd NoBECACLRERY chhoHMPRhatBgoRopEne” 2efighir il ¢

[nggn?l, 39(8), 53%1%é§ng1%%g)nucyﬁkggdghgequence of the intM, was

reserved on the outer side (right side) of the
downstream junction of the mec as far as all the MRSA
strains investigated were concerned. | |
10) Upon designing primers or probes surrounding

10 mec junctions for ﬁse in PCR, LCR or hybridization, it
has been found that PCR requires to design different
mec—-side basé sequences, one for N315 and NCTC10442 and
another for 85/3907. When LCR or hybridization is
relied upon, thfee primers or probes have to be

15 prepared for N315,.NCT010442 and 85/3907, respectively.

| 11) As has been described above, it has become ap-

parent that identification of an MRSA by PCR, LCR or
hybridization around the mec-MSSA chromosome junction
cannot be practiced if the initial finding, which

20 teaches merely that.the mec has the same chromosome in-
tegration site on chromosomal DNA df.some MRSAs
[Keiichi Hiramatsu: Microbiol. Tmmunol. 39(8), 531-543,
1995], is solely relied upon.
Example 4 o

25 Verification of homology of the mec in MRSAs



German strain 85/3907 which is a typical exanple of t hese MRSAs, a
chronpsomal DNA fragnment containing nec and its junctions was
cloned (FIG 3). 1) Using the probe 11 and the probe N, the
plas- 5 md library of the chronpbsonal DNA of 85/3907 was sub-

jected to screening by colony hybridization, whereby reactive two
cl ones pSJ9 and pSJ10 were obtai ned. .2) The nucl eoti de '
sequences of these clones were determgned. The clone pSJ10
cont ai ned a nucl eotide se- 10 guence identical to intM and in
registration with the mec integration sites in N315 and NCTCl10442,
honol ogous base sequences were observed in the nucl eotide se-
quences of the downstrean)eugihggasnprobeshBNAeclongsogovering tBEAs in

t hese MRSA strains. However, the nucleotide 15 sequence of the

downst ream end r egrespettite mec regions of NIFH INMGEIL4R fand i/ I90M
those of N315 and NCTCl0442 .gFIG. 15%. 3) The

nucl eoti de sequencthefrt keagtivity wish the chrgmogopplcDNaE @ifd2fot
contain any nec junction site. t he [ of

20 4 [ h |
85/ 3907, a DNA ePidemﬁPayﬁ§ﬁtsFE&éPFvésﬂﬂﬁﬁégﬁzhg&3n8°ﬂ%§%g%ﬁsI L ore
bj ected t | oni | hybr i dj zat.i | ddi - 4. . ti,QA, '
cl'ohe LGL2 fas obt HPKeH By, 8engensd hy.pebcpagt BVbriaizarion, il
DA Tragment ends 330Pha0%e &F %4 Chfinodthal o YA dEibd%nd "FfbE£PeA! ed

to perform chronos
(10 mM Tris, 1 mM EDTA [pH 8.0]) were mixed in equal

amounts, the resulting mixture was heated for 95°C foi
5 minutes. The mixture was allowed to cool down, to
10 which 20XSsC was added in an equal amount. Then, 4 pué
of the thus-prepared mixture were spotted on nylon men-
brane. Subéequent ﬁo denaturation with 0.5 N NaOH and
1.5 M NaCl, neutralization was conducted with 1.5 M
Tris (pH 7.3), 1.5 M NaCl and 1 mM EDTA. Using the
15 probes conjugated with digoxigenin, h&bridization-was
conducted.. Detection was performed using an anti-
digoxigenin antibody conjugated with alkaline
phosphatase. | |
2) As is presented in Tables 2, 3 and 4, the
20 above-described threé mec region DNAs have been found
to be practically undetectable by their corresponding
_probes;
3) It has been Sﬁggested that the use of the
respectivé mec probes of N315, NCTC1l0442 and 85/3907

25 makes it possible to classify the 26 strains into any



- 32 - | ing (FIG 3). '5) None of these reacted with

t he chronobsonmal DNA of NCTC 10442, an MSSA strain, by dot-blot
hybri di za- tion. 5 6) Accordingly, the chronosormal DNA
of ATCC25923, which is a standard MSSA strain of the coagul ase type
4, was extracted, and its dot-blot hybridization with t he
above-descri bed clones was perforned. The hybri di zati on gave
positive results. Hybridization, 10 howsser- gave a negative result
when the right-side part of the clone LGL2 out of the -
above-descri bed cl ones was used as a probe. 7) As a
result of determ nation of the nucl eotide sequence LGL2H2 of LG12,
practical |y no honohegpfuwhbe sbove-desstibed bbrhei kypge 4Rabdesside 3t pad
mec except for the observati on of sequences honol ogous to the IR
nucl eoti de sequencd}.of the upstream ends of the nec regi on DNAs
and approxi mately 20 bases | ocated adj acent to the junctions and
corresponding to the 3 end 20 regions of intMs in N315 and NCTC10442
(FIG 16). 8) Fromthe foregoing, it has been found that
there are MRSA strains of clearly different origins, whi ch
occurred as_a result of integration of the nec into the

chr omosores 2of di f f er ent MSSAs, and that at 25 | east the MSSA

chronosone region on the outer side

10

15

20

25



- 33 - (left side) of the upstreanijunction of the mec sig-

nificantly differs anong the MRSA strains of different origins.
9) .Nonet hel ess, the MSSA chronobsone region, in- 5 cl uding the
nucl eoti de sequence of the intM was reserved on the outer side
(right side) of the downstream junction of the nec as far as al
t he MRSA . Strains investigated were concer ned. 10)
Upon designing primers or probes surroundingsglQ mec junctions for use
in PCR, LCR or hybridization, it ' has been found that PCR requires
to design different nmec- si de base sequences, one for N315 and
NCTC10442 and anot her for 85/3907. When LCR or hybridization is
relied upon, three priners or probes have Tablee 2 15 prepared for N315,
NCTC10442 and 85/3907, respectively. 11) As has been
descri bed above, it has becone apistributionpefebhethet odentification of
an MRSA by PCR, LCR or N3hgbstuaint awangr MBAA shvadps- MSSA
chronmosone junction cannot be practiced if the initial finding,
whi ch 20 teaTtres—TETENYT -
tegration site on chronpsogall DNA of sone MRSAs Probe [ Kei i chi .
Hi ramatsu: M crobiol$tFﬁﬁﬂnou. dgéa)b 531- 543, ‘ 951, _I.S sol el :
relied upon. Exanpl ¢ 41 38 2 8 7 &g, f1 33t LoBe =
mec in MRSAs _
II N315 + + ++++FF+F+F+FF + O+ O+ O+ o+
III 10443 + + == === = = = 4+ o+ o+
61/6291| + + = = - = - - + #3- - - 4+ 4+ nTé
64/3846 + F = e = e = - + + - = - + 4+ NT
64/4176 + f === = - - + + + - - + 4+ NT
86/4372| + + = = - - = ++++ - - + 4+ NT
IV 86/961 + = = === - + + + + + + + NT
86/560 | + = = = = - - = +++ 4+ + + + NT
85/1340| * - = - = - - = +++ + + o+ o+ o+
85/1762| + = = = = = = = +++ + + + + NT
85/2082| + = = = - - - - +++ + + + + NT
85/2111| + - - = = - - - +++ + + + + NT
85/1836| + + = = = = - = +++ + + + ~+ NT
85/2147| + = = = = = == +++ + + + + NT
86/3907| + - - - - = - - +++ + + + 4+ NT
86/2652f + - = = - - - - +++ 4+ + + + NT
85/5495{ + - = - = - - = +++4+ 4+ + + + NT
85/3619| + = = = = = = = +++ 4+ + + + NT
85/3566| + =~ = = = - - = +++ + + + + NT
II 85/2235| + + +++++++++ + + + + NT
84/9580| + + - - - - - ++ 4+ - - = + + NT
86/9302| + + = - - - - ++ 4+ - = + + NT
85/1940 + = = ===+ * 4+ +* - - 4+ + NT
IV 8574231 + + ++ ++++++ % + + + + NT
85/2232| + + +++++++++ + + + + NT
VII 85/4547| + = = = = = = d F - - - - + + NT

1 B, penicillin-binding domain; MS, membrane-spanning domain.
2 Roman numbers indicate coagulase types.

3 Veak positive signal.

4 Not tested.



- 34 - 1) Using as probes DNA cl ones covering the

respective nmec regions of N315, NCTC10442 and 85/ 3907, their
reactivity with the chronosomal DNAs of 26 epi dem ¢ MRSA strains
isolated in 18 countries of the 5 wor |l d was screened by dot - bl ot
hybri di zation. After - 100 ng/[err] of a chronmpbsomal DNA sol ution
and TI OEl (10 MM Tris, 1 mMEDTA [pH 8.0]) were m xed in equa
amounts, the resulting m xture was heated for30O5C for . 5 mnutes.
The m xture was allowed to cool down, to 10 whi ch 20XSSC was added in
an equal anount. Then, 4 [err] of the thus-prepared m xture were
spotted on nylon nem brane. Subsequent to denaturation with 0.5 N
NaOH and 1.5 M NaCl, neutralizatiBableas conducted with 1.5 M
Tris (pH 7.3), 1.5 MNaC and 1 nM EDTA. Using the 15 pr obes

conj ugated wi th di goxi geni n, hybbigtzibubionaef the mec efnduct ed.
Det ecti on was perforned usi NFRGLOA#AI Strain among JWEAy&EtuRNR i body

conjugated wi th al kaline phosphat ase. 2) As is
presented in Tables—2,—3andyZ, the 20 apoye- gegcriped three mec
O o v DCBekYRd |0 be pract FEAPEY undateciable by
suggested that the use of th¢ 7 5 4 3 2 1 —mecl ;gcﬁg. mecA
II N315 I . T + + + +
IIT 10442 + + 4+ + + + + - - + +
61/6291| + + + + + + + - - + o+
64/3846| + + + + + + + - - o+ +
64/4176| + + + + + + +. - - 4+ +
86/4372| + - - - - - &3 - -+ +
IV 86/961 - = = = = - % + + + +
86/560 | '= - - - - - - + + o+ +
85/1340| - - - - - - =~ + + o+ +
85/1762| - - + - - - + + + o+ +
85/2082 - = = e = 4 + + + +
85/2111| - - - - = = = + + o+ +
85/1836| - - = = - - - + + + +
85/2147 - = e = = = - + + + +
85/3907| - - = - - - - + + o+ +
86/2652| - - + - - - & + + o+ +
85/5495| - - % - - = = + + o+ +
85/3619| * - + - - - + + o+ +
85/3566 - - = = - - + + + +
IT 85/2235| * - + - = - & + + o+ +
. 84/9580| + + + + + + + - -+ o+
86/9302| + + + + + + + - -+ +
85/1940| + + + + + + + - -+ +
IV 85/4231| = = = = = - = + + o+ +
85/2232| = = = = = = = + + o+ +
VII 85/4547| - - + + = - + - - o+ +

1 s, penicillin-binding domain; MS, membrane-spanning domain.
2 Roman numbers indicate coagulase types.
3 Weak positive signal.



respecti ve nec probes of N315, NCTCl0442 and 85/3907 25 makes it
possible to classify the 26 strains into any

- 35 - one of the above-described three types (Tables 2, 3 and
4). 5 10 15 20
-38—
Table 4

Distribution of the mec of
85/3907 Strain among MRSA strains

Probel

Strain? - :
7 6 5 4 3 2 1 mecX mecR1 mechA

PB MS

II N315 - = - - 43 . - + o+
- III 10442 - -
6176291 - -
64/3846
64/4176
86/4372

IV 86/961
86/560 |
85/1340
85/1762
85/2082

- 85/2111
85/1836/
85/2147
85/3907
86/2652
85/5495
85/3619
85/3566

II 85/2235
84/9580
86/9302
85/1940| - -

IV 85/4231| +
85/2232| + -
VII 85/4547| - -

+

I
|
+ I+
!
!
|
1
|
|

1
|
|
|
¥
+
I
|
|

H H M
H o+ +
4+ + 4+ +

+ + + + + + + + + +
H o+ + 4+ +

H H + 4+ + + + +
o+ + + + +

+ o+ + + o+ +
+ +

W+ +
+ +

+ +
+ + 4+ + + + A+ o+ + o+

+ 4+ + + + 4+ F+ + + + o+

o+ + + + + + + + + + + 4+ o+ o+
+ F + o+ bR FF o+ o+ o+ o+

T

o
HoH o1

1 '

H o+ W 1 H o+ 4+ +
4+ 0t
I R
4+ 00
4+ 11

e T T T T A S S S S
+ + + F + + o+ A+ FE A+

+

+ = = 4 - -

1 P8, penicillin-binding domain; MS, membrane-spanning domain.
2 Roman numbers indicate coagulase types.
3 Weak positive signal.



25 | - 36 - |
Table 2 Di stribution of the nec of N315 Strain

anong MRSA strains ' Probel Strain2
11 10 9 8 76 543 2 1 nmecl .mecRL necA 12
PB M5 |l N315 + + 4+ +++++++ 4+ 0+ + + + + 111 10443
+ + - - - + + - - + + + 61/6291 + + - - - _
+ +3- - . - + + NI4  64/3846 + + 39 - - -
+- + + NT 64/ 4176 + + - - - - - - - - - - + + NT
86/4372 + +- _ ++++ - - + + NI 1V 86/961 + -
+ + + + + + + NT - 86/ 560 + - -+ + + o+ + + + NT
85/1340 - -+ + + Example S 85/ 1762 + - P+ o+ o+ o+
NT 85/ 2082 +- + + + + + + + NT 85/2111 +
e .2 + Based on+théTbase 8&duenges+of+the mec region+-+ +
+ + + + NT 85/ 2147 + + + + + NT
86/ 3907 + - DNAs of N315 and N¢TClO442mnprobe36f955§h¢ detectlon of
+ +++ + + + NT 85/ 5495 + - + + + + NT
85/ 3619 +- -the mec region, DNAs of types 2] @gnd 3e g@rﬁ)@gqthesz.zed
+ + + + + |1 T+
84/ 9580 + +5 hﬁ& meg£$§3inown per § ;nhﬁhe ar§6/9§851egt1§e se-
+ [err]  _ _ 5 NT |1V
85/ 4231 + + + +qgegc§sy¥gr+th§+éé?égtlgn og pﬁﬁméri were aesigngd
based on N315IS-J3 (FIG. 17) and NCTC10442J3rc (FIG.
18), which is a nucleotide sequence of a mec region ex- -
tending from IS431 (FIG. 1) on the right side of
10 (downstream from) the mec to the downstream junction in
N315. The followings are primers chosen as désired.
Similar primers can be designed in a large number on
the basis of the above-described nucleotide sequences..
The nucleotide sequences of the primers will be shown
15 | next together with their positions as indicated by
nucleotide numbers in N315IS-J3 (FIG. 17).
Nmec2 5'-GATAGACTAATTATCTTCATC-3'. 229-249
Nmec3 5'-CAGACTGTGGACAAACTGATT-3'_ 507-527
Nmec4 5'-TGAGATCATCTACATCTTTA—3' 676-695
20 Nmec4-2 5'-GGATCAAAAGCTACTAAATC-3! 903-922
Nmec5 5'-ATGCTCTTTGTTTTGCAGCA—3' 1504-1523
Nmecé6 5'-ATGAAAGACTGCGGAGGCTAACT-3"' 2051-2073
Exanple 6 |

Based on the nucleotide sequence pSJ10-3J3rc

25 (FIG. 19) of the mec of 85/3907, a probe for the detec-



.85/2232 + + +++++++++ + + + + NI'VII 85/4547 + - - - -

i - ++- - - + + NT 1 PB, penicillin-binding domain;
M5, menbr ane- spanni ng domai n. 2 Roman nunbers indi cate coagul ase types. 3
iWeak positive signal. 4 Not tested. _ - 37
Tabl e 3- Distribution of the nmec of : NCTC10442 Strain
among MRSA strains . _ Probe  strain2
7654321 mecl mecR  mecA - 40 - - PB
M5 |1 N315 S + + + + 11l 10442 -+ + + + + + +
_ -+ + 61/6291 + + + + + + + + -+ + 64/ 3846 + +
+ + + + + -+ + 64/ 4176 + + + + + + + + +
86/ 4372 + - - - tion @fi the mec of type 4@ qugsyggne51zed._ - -
[err] +  + + + 86/ 560 - - + +  + + 85/ 1340
S + smep104.5 So/ATASTCTAGATCATCAATAGTTG-3," J_.,n—33r +
+ 85/ 2082 - - + + 4+ + 85/ 2111 -- -
-+ o+ @E@ﬂ?&? - - - + o+ + %+ 852147 -
- - - - - + + 4+ 5/
86/ 2652 - - . [%} ?f on %:qw 1pase squuenc*@s/%‘élz (p+LE01§) (FIG.
+ + o+ + 85/ 36 5
[err] - - 5 é%ig% the hnylaggligﬁ pstféam reélon, prlﬁéfé ggr the
84/9580 + + + + + 3 -
0 0 85/ 1940 d"etectlen of the ch*i:‘omoéﬁ{agl Q%Asl \?TSS %Szlgsl*w&::e -
- - + o+ o+ s&nthégiiﬁﬁz + + + + VI I 85/ 4547 +
+- + + + - o+t
J3 5'~-AAGAATTGAACCAACGCATGA-3"' - 1664~-1684
intM1 5'-AAACGACATGAAAATCACCAT-3" 1389—1409
10 J7 5'-TCGGGCATAAATGTCAGGAAAAT-3‘ 1267-1289
JGI ' 51 =GTTCAAGCCCAGAAGCGATGT-3" 949-969

Nif 5'—TTATTAGGTAAACCAGCAGTAAGTGAACAACCA-3' 639-671
Example 8
Preliminary Expe:iment for the PCR Detection of MRSA
15 by Combination of Primers Constructed on mecDNA and
Downstream Region to mecDNA. |
A preliminary experiment for the setting of
primers was conducted by combining 6 primers prepared

based on the nucleotide'sequences of the mec region

20 DNAs of N315 and NCTC10443 for the detection of the mec

region DNAs of types 2j and 3e, 2 primers prepared
based on the nucleotide sequence of the mec region DNAs
of 85/3907 for the detection of the mec region DNAs of
type 4e, and 6 primers_prepared based on the nucleotide

25 . sequence of the intM and its upstream region for the



1 PB. penicillin-binding domain;, MS, nenbrane-spanning domain. 2 Roman
nunbers i ndi cate coagul ase types. 3 Wak positive signal

- 38 - Table 4 Di stribution of the
‘mec of 85/ 3907 Strain annng MRSA strains
Probel Strain2 7654321 mecl mecRl necA
PB'M5 |1 N315 - ---3 + + 4+ + 111 10442 - - - -

- -+ + 61/6291 _ _ 49 - - - - - -+
+ 64/3846 + +7 4+ 64/ 4176 - - - +
+ - - -+ + 86/4372 - - - - - - - -+ + |1V
86/ 961 + + + + + + + + + -+ 86/560 ,+ + + + + + + + +
+ o+ 85/ 1340 +détéctibn+of the+chr6mos6me DNAs o§5ﬁé§ﬁ§ +PtR+wts+ + +
+ + + + 85/ 208 + 11 +
+ + + + ++ 4 performéd 1n85b1§BQ:o 50 jttof featctflon ﬂuxtdres [1o+mM
85/ 2147 + + + + . + 85/3907 + + + + + + + +
+ 4+ + 86/ 2652]:'15—1{01 pH 8. 3, so nM KCl, 15 mM Mgelz, 85b54.83w/V)+ +
+ + + + + + 85/3619 . + + + + + + + + +
85/3566 + + + + + gelatin, 200+uM dNTPs, 1.0 umlpzimenaste@plate DNA; +
+ + + + 84/9580 : + + 86/9302 - -°
- - - - - 5 .01 u,{pt Tag DN@@%rase) - As reaction conditions,
+ |1V 85/4231 + 85/2232

. + o+ o+ +avﬁys§§;n45.&x7whlch 94 q—so sec, 55°C~-1 min and -12°c=2 @in
oD it ! 1, SBERaRal S0 GGREGE"GaE°RAT A2"Bek, AR por
System 9600" (Parkin Elmer) was used. For the detec~-
tion of each PCR product, 5 u¢ of the reaction mixture
10 were applied to electrophoresié through a 0.8% agarose
gel after completion of the reaction. _Subseqﬁent.to _
the electréphbresis, staihing was conducted for 30
minutes in a 0.1 M.aqueous'solution of ethidium
bromide, followed by the detection of bands on a
15 transilluminater.
Results 1.

As is shpwn in Table 5, the epidemic MRSA strains
in various countries of the world, which were subjected
to the fest, were all classified into one of two typés,

20 . one being reactive with Gmecl045 prepared based on the
nucleotide sequences of the mec region DNAs of N315 and
NCTC10442, and the other reactive'with Nmecé prepared
based on the nucleotide seduence of the mec region DNA
of 85/3907. It has thefefore been indicated that use

25 of primers prepared based on the nucleotide sequences



3 Wak positive signal. | ' ' - 39 -

Exanple 5 Based on the base sequences of the nec region
DNAs of N315 and NCTC10442, probes for the detection of t he nec
region DNAs of types 2j and 3e were synthesized. 5 by a net hod known
per se in the art. Nucleotide se- guences for the selection of
primers were designed based on N3151S-J3 (FIG 17) and
NCTC10442J33rc (FI G 18), which is a-mgl<eotide sequence of a mec
regi on ex- tending from1S431 (FIG 1) on the right side of 10
(downstream from the nmec to the downstream junction in N315. The
follow ngs are priners chosen as desired. . Simlar prinmers can be
desi gned in a | ar gefnthieeabowve~describethé&wbatiypesf ofheealagicmsAded
nucl eoti de sequences. The nucl eoti de sequences of the prinmers wll
be shown 15 nekest dfepossikileh tohdetegssandoddentifydaddt &pepRSAs
nucl eoti de nunbers in N3151SJ3 (FIG 17). Nmec2 '

5' - GATAGACTAATTATCENCEhe yarious gpyntrdes of the worifecs

5' - CAGACTGTGGACAAACTGATT- 3' 507-527 Nmrec4

5' - TGAGATCATCTACATCTTTA- 3 676-695 20 Nmec4- 2

5' - GGAT GCTACTAAATC- 3' 903-922 Nmec5

5' - ATGCTCTTTGI TTTGCAGCA- 3 1504- 1523 Nrec6

5' - ATGAAAGACT GCGGAGGCTAACT- 3 2051- 2073

10

15

20

25



Exanpl e 6 Based on the nucl eotide sequence pSJ10-3J3rc 25
(FIG 19) of the nmec of 85/3907, a probe for the detec-

- 40 - ti.on of the mec of type 4e was synthesi zed.

Grecl A5 5' - ATATTCTAGATCATCAATAGI TG 3 10- 33 Exanple 7

Based on the base sequence pLEC12(pLECla) (FIG 5 4) of the intM and
its upstreamregion, prinmers for the detection of the chronosonal

DNAs of MSSAs were synt hesi zed. - 43 - J3

5' - AAGAATTGAACCAACGCATGA- 3" - 1664- 1684 i nt M
5' - AAACGACATGAAAATCACCAT-3' . 1389-1409 10 J7
5' - TCGGGCATAAATGI CAGGAAAAT- 3! 1267-1289 - J6
5' - GTTCAAGCCCAGAAGCGATGT- 3! 949- 969 Table 5 Nif

5' - TTATTAGGTAAACCAGCAGTAAGTGAACAACCA- 3' 639-671

Prelim nary Experinment for—tire—PCRDetectiom of

Exanpre 8

Combi nation of Priners Cbnstrug&gqlgn mec

F%montormcmw

IVI'(b/-\

1o

ination of

of prinmers was—conducted Dby conbining 6 priners prepared

based on the nucl eotide 8&4Néhces dPPPRe mec reglg -
85/2235 U.S.A. + -
84/9580 Germany + -
86/9302 U.K. + -
85/1940 France + -
10442 U.K. + -
61/6219 U.K. + -
64/3846 U.K. o+ -
986/4372 U.K. + -
86/961 U.K. + +
86/560 U.K. + +
85/1340 Yugoslavia - +
85/1762  Hungary - +
85/2082 New Zealand - +
85/2111 Norway - +
85/1836 Germany - +
85/3907 = Germany - +
86/2652 England - +
85/5495 Saudi Arabia - +
85/3619  Austria - +
85/3566 Holland - +
85/4231 Canada + -
85/2232 U.S.A. + -
85/4547 Israel + -

Results 2:

Concerning primers, Nmec2, 3, 4, 4-2, 5 and 6

were used as mecDNA primers, and J7, Nif and J6 were

prellnlnar97eNE§FPneng7F§PeFH84§ett|ng



20 DNAs of N315 and NCTC10443 for the detection of the nec

regi on DNAs of types 2] and 3e, 2 priners. prepared - based on the
nucl eoti de sequence of the nec regi on DNAs of 85/3907 for the
detection of the.nmec regi on DNAs of type 4e, and 6 priners
prepared based on the nucl eotide 25 sequence of the intMand its
upstreamregi on for the ' - 41 -
detection of the chronosome DNAs of MSSAs. PR was performed in 20
[err] to 50 [er] of reaction mxtures (10 nM- Tris-HO pH 8.3, 50 mM
KCL, 1.5 nMMd [err], 0.00 %w v) : gelatin, 200 uM dNTPs, 1.0 uM
priner, tenplate DNA, 5 0.01 u/[err] Tag DNA pol ynerase). As
reaction conditiongmployed asadoyaiktiean pirimbr846£3€hecnec-thttedrated and
72[err]C2 mn was repeated 30 cycles was used. As PCR, "GeneAnp
PCR Syst emr8gfiohs( Palki thél compinatiosedwithothehprimers- of the
tion of each PCR product, 5 [err] of the reaction mxture 10 wer e
applied to el ect roSher eagsiesy oligh I6 A NHhrakk indicateqgrogitiye
conpl etion of the reaction. Subsequent to t he el ectrophor.esi.s,
stai ni ng was condu¥eagtignszp Strong s#ﬁﬁéﬂ&sWPﬁea°9§erF9qE§§G§1§§ﬂﬁtion
of ethidium brom de, foll owed b% th% detection.ofg%an s on.a__15

transilluni Rat er. When Jé I (|’ wag use n an experimepf, ot compimnas 5

the epidemc MRSA %&%%En%etween Cmec1045 and MSSA-side primers, a strong

signal was obtained from each combination.
Described specifically, in the combinations of J7
and the mecDNA primers Nmec2, 3, 4, 4-2, 5 and 6, bands
10. of 2500, 2300, 2100, 1900, 1300 and 700 bp of PCR pro-
ducts were observed, respectively, on agarose elec-
trophoresis: In the combinations of Nif and the mecDNA
primers Nmec2, 3, 4, 4-2, 5 and 6, bands of 3200, 2900,
2700, 2500, 1900 and 1400 bp were observed, respective-.
15 ly. Further, in the combinations of J6 and the mecDNA
primers Nmécz, 3, 4, 4-2, 5 and 6, bands of 2800, 2600,
2400, 2200, 1600 and 1000 bp were observed, respective-
. _ _
In an experiment in which the DNA of the MRSA
20 strain 85/3907 was used, PCR products were not
amplified in any of the above combinations, and PCR
products were detected when Gmecl045 was used as a
mecDNA primef. Namely, in combinations of Gmecl1045 and

Nif, J6, J7, intMl or J3 as downstream primers of the

25 mec-integrated region, bands of 1300, 1000, 700, 600



In various countries of the world, which were subjected to the

test, were all classified into one of two types, 20 one being reactive
with Grecl 045 prepared based on the nucl eoti de sequences of the
mec regi on DNAs of N315 and © NCTC10442, and the other reactive with
Nmec6 prepared based on the nucl eoti de sequence of the nec region
DNA of 85/3907. It has therefore been indicated that use 25
of prlners prepared based on the nucl eoti de- sgxjuences

42 - of the above-described two types of nec regi on DNAs
nakes it possible to detect and identify all the MRSAs ~in the
various countries of the world. 5 10

and 300 bp were detected respectively, by elec-
trophores1s.
Example 9
Experiment for Setting a Primer Combination Suited
5 ' for Mixing
An investigation was next conducted concerning
mixing of two mec primers and one MSSA-side primer.
Conditions for PCR were similar to those employed in
Example 8. To detect all MRSAs by a single opefation
10 of PCR, one of J7, Nif and J6 was used as a downstream
primer of a mec-integrated region, and as mecDNA |
primers,lthe mecDNA primer Gmeclb45 reactive with the
mecDNA of 85/3907 and one of the mecDNA primers, Nmec2,
3, 4, 4-2, 5 and 6, reactive with mecDNAs of the N315
15 and NCTC10442 type were chosen. These three types of
primers were mixed. Using the DNAs of N315 and 85/3907
as templates, amplification was performed by PCR to
determine a combination ﬁhieh would lead to detection
of a product in a largest quantity;
20 Results:
When the primers of the Nhec series were combined
with the individual combinations of Gmecl045 with J7,
Nif and J6,.the use of Gmecl045 and J6 gave good sige
nals except that signals became somewhat weaker when

25 Nmec4, 3 and 2 primers were added. When Nmec6, 5 and 4-



15 20 25 .43 -

Table 5 ‘Conbi nation of priners

J7-Nmec6 J7-Grecl 045 . 82/ N315 Japan + 85/ 2235 U.S A
+ 84/ 9580 Ger many + 86/ 9302 U. K L+

85/ 1940 France + 10442 uU. K + 61/ 6219 U. K
+ 64/ 3846 U. K. + 986/ 4372 U. K + 86/ 961
U. K. + + 86/ 560 J4e - - + +

85/ 1340 Yugosl avi a - +. 85/ 1762 Hungary -

+ 85/ 2082 New Zeal and - + 85/ 2111 Norway -
+ 85/ 1836 Cer many - + 85/ 3907 Gernmany _ -
+ 86/ 2652 Engl wetle used 1n+comb1natlon with the same combination,

signals were rather stronger that those available from
the other combinations.
Described specifically, when the DNA of N315 was
5 used as a template, each.of the combinations of J7,
Cmecl1045 and (Nmec2, 3, 4, 4-2, 5 and 6) led to clear
detection of a PCR product upon staining an agarose gel
with ethidium.bromide. In the combinations of Nif,.
' Gmec1045 and (Nmec2, 3, 4, 4-2, 5 and 6), on the other
10 hand, strong bands were detected from the use of Nmech
ahd 6 primers. However, bands were weak in the case of
Nmec3, 4 and'4-3 primers. No band was deteéted when
Nmec2 was used. Further, in the combinations of J6,
Gmecl045 and (Nmec2, 3, 4, 4-2, 5 and 6), a weak band
15 was detected in the case of Nmec6, no bands were
detected in the case of Nmec2, 3 and 4, and strong
“bands were detected in the case of Nmec4-2 and 5. wWith
Nmec5 in particular, a strongest pand waé confirmed out
of those obtained from all the combinations. From the
20 foregoing, it has been substantiated that sufficient
results cannot be obtained in certain coﬁbinations of
. primers and careful optimization is hence important.
From these results, the combination of J6, Gmecl045 and
Nmec5 has been found to be an optimal primer combina-

25 tion.



85/ 5495 Saudi Arabia -+ 85/ 3619 Austria -+ . 85/ 3566

Hol | and -+ 85/ 4231 Canada + 85/ 2232 U.S A

+ . 85/ 4547 | sr ael + Results 2: ~ Concerning priners,
Nmec2, 3, 4, 4-2, 5 and 6 were used as nmecDNA primers, and J7, Nif and J6
wer e - 44 - enpl oyed
as ‘'downstream prinmers of the mec-integrated regions. In the

conbi nations with the priners of the - gyrec series, J7, J6 and N f
all indicated positive . reactions. Strong signals were observed
especially 5 when J6 or J7 was used. |In an experinent of conbina-
tions between Grecl M5 and MSSA-side priners, a strong si gnal was
obt ai ned from eachggatpleatoon. . Descri bed specifically, in
t he conbi nations of J7 and the nmecDNA priners Nrec2, 3, 4, 4-2, 5
and 6, bands 10 Inﬁeﬁﬁﬂ@atiéﬁOpnzspeplt@o@tyleGODahectQanye§h°ﬂCRf
pr o- ducts were observed, respectively, on agarose el ec-
trophoresis. In the cYRBAnhYi BRB of Nif and the mec DNA primers

Nnec2, 3, 4, 4-2, 5 and 6, bands of 3200, _2900 gg 2500, 1900
and 1400 bp were observeEasPQSBQCFhﬁeresﬁﬁts of Fyampig Ppe |ﬁffﬁ8tlve'

gonEARSLISPSZSBOJ6§§gg ggetgg primer comblng£5g§rgfhﬁgczcmgéléhs and ﬁ%eégj'

was investigated in accordance with PCR by using MRSAs,
MSSAs and clinical staphylococcus strains other than
Staphylococcus aureus, said clinical staphylococcus
strainslincluding.both those containing mec and those

10 carrying no mec. PCR reactions were performed using as
templates the DNAs of 26 MRSA clinical strains, 11 MSSA
strains, 25 standard c-NS strains and 20 MRC-NS clini-
cal strains. As a primer, the three primers J6,
Gmec1045 and Nmec5 were used as a mixture. The primer

15 was the mixture of the'foilowing thfee primers, and
Gmec1045 and Nmec5 were used on the mec side while J6
was employed oh the MSSA side. PCR was performed in
20 uf to 50uf of reaction mixtures [10 mM Tfis-HCl pH
8.3, 50 mM KCl, 1.5 mM MgCl,, 0.001%(w/v) gelatin,

20 200 uM dANTPs, 1 0 uyM primer, template DNA, 0.01 u/pt
Tag DNA polymerase]. As reactlon conditions, a systenm
in which 94°C-30 sec, 55°C-1 min and 72‘_’C-2 min were
repeated 30 cycles was used. B |
| It is Table 1 that summarizes the results of the

25 above investigation. The MRSAs in the various coun-



2400, 2200, 1600 and 1000 bp were observed, respective- ly

. I'n an experinent in which the DNA of the MRSA 20 strain 85/3907 was
used, PCR products were not ' anplified in any of the above
conbi nati ons, and PCR ~products were detected when Grecl 45 was
used as a mecDNA prinmer. Namely, in conbinations of Grecl &45 and

Nif, J6, J7, intM or J3 as downstream priners of the 25

mec-integrated region, bands of 1300, 1000, 3@0.- 600

- 45 - _ and 300 bp were detected, respectively, by elec-

t rophoresis. Exanpl e 9 ' Experiment for Setting a Prinmer
Conmbi nation Suited 5 for M xing An investigation was

next conducted conggiaknef the worlidxaly showe@ pesipiveesignalispnwhereas
MSSA- si de pri ner. Conditions for PCR were simlar to those enpl oyed
i n "Exanpl etRe NSShHstall ihilid®Eed hegativegresupbtsati The 10 - of
PCR, one of J7, Nif and J6 was used as a downstream primer of a
mec-i nt egr at ed r egsbaphghdcascuscBhirains otherpthanr Staphdoqasspriusefrer

Grecl A45 reactive with the . mecDNA of 85/3907 and one of th%- cDNA
primers, Nmec2, all gave negative results no matter whether or not they

5 -had mec. |
Namely, clear bands were detected from all the
MRSA strains. Concerning their sizes, there were bands
of 1.6 kb (N315 type) from 8 strains, bands of 1.5 kb
(NCTC16442 tYpe) from 5.strains, and bands of 1 kb
10 (85/3907 type) from 13 strains. From these results, it
has been indicated that MRSAs can be all detedted and
can be claséified into three types in accordance with
the size of amplified DNA fragments.' From each of the
MSSA strains, C-NS strains and MRC-NS strains, no band
15 was detected at all. Accordingly, MRSA specificity of
this detection method has been demonstrated.
Examplelll
Specific Detection of MRSA by RT-PCR
Using MRSA, MRC-NS.and MSSA clinical strains, the
20 whble RNAs of the individual strains were extracted and
then converted into DNAs by RT-PCR, and genes were
screened. Employed as brimers for detection were
Nmec4-2, Nmec5 and Nmec6 in Examplé 5, Gxﬁec1045 used in
Example 6 and IntM1l in Exanmple 7;

25 Used as clinical strains were: as MSSA (mec-)



3, 4, 4-2, 5 and 6, reactive with mecDNAs of the N315 15 and
NCTC10442 type were chosen. These three types of primers were
m xed. Using the DNAs of N315 and 85/ 3907 as tenpl at es,

anplification was perfornmed by PCR to

determ ne a conbi nati on

whi ch woul d | ead to detection of a product in a largest quantity.

20"

conbi ned
Ni f and J6,

Resul ts

_ - When the prinmers of the Nrec series were
with the individual conbi-hatg ens of Grecl 45 with J7,

the use of Grecl 45 and J6 gave good sig- nal s except

t hat signal s becane sonewhat weaker when 25 Nrec4, 3 and 2 priners

wer e added.

- 46

When Nnec6, 5 and 4-

2steainssecATCA26928i abhrain and hINCBE83ahestvakbhnadbon,

signals were rather stronger that those available from t he ot her
conbi nati ons.

was

Nnec5

5

MRSA (mect) sfradimishe N3dFe @tmadal,| WCRHM 4 st nrang1s

used as a tenplate, each_of the conbinations of J7,
Grecl 5 and (Nmec®5/3907 siraing and as MBRY-N§ stEains, the S. getection of
a PCR product upon_ staining an, agar ose I W L hi di um_Qr om de.
In the combi nati onBassPlRficus strdins @giﬁcﬁgdaﬁﬁs??ﬂnﬁﬁg, Eé‘,a g', eA’-"?‘?r”%déﬁd
6), on the gthe

10

15

20

25

r

and®

1 . nd, strong bands were detected fromthe use of °
grﬁFPHQEST However, bands were weak in the case of

Each strain was cultured overnight in LB medium;

The resultant cells were collected by centrifugation,
washed with PBS, suspended in a 1 hw RNase-free PK/SDS
solution [200 sg/m¢, Proteinase K, 0.5% SDS, 10 mM
Tris-HCl, pH 8.0 1 mM EDTA (pH 870), 100 mM NaCl], and
then inéubated at 55°C for 60 minutes. Extracfion was
next perforﬁed with phenol/chloroform/isoamyl alcohol
(50/49/1) and further with chl/IAA (49/1), followed by
"precipitation in ethanol. The reéulting pellet wﬁs
rinsed with 75% ethanol and, after dried in air, was
dissolved ﬁith 20 p¢ nuclease-free water. Thé whole
RNAs obtained as described above were treated with
DNase (yrc; 60 min). After completion of the reac-
tion, DNase was inactivated. Then, extraction was per-
formed with phl/chl/iAA and then with chl/IAA, followed
by precipitation in ethanol. The resulting pellet.was
dissolved with 10 p¢ of nuclease-free water. Next, the
thus-~obtained whble RNAs were heated at 95°C for 2
minutes and then quenched on ice. RT buffer (20 u¢/

sample) was added and reverse transcription was con- -



Nmec3, 4 and 4-3 prinmers. No band was detected when Nrec2 was
used. Further, in the conbinations of J6, Grecl 45 and (Nmec2, 3,
4,.4-2, 5 and 6), a weak band 15 was detected in the case of Nrec6, no
bands were detected in the case of Nnmec2, 3 and 4, and strong
bands were detected in.the case of Nmec4-2 and 5. Wth Nmec5 in
parfticul ar, a strongest band was confirnmed out of those obtained
fromall the conbinations. Fromthe 20 - Horegoing, it has been
substanti ated that sufficient results cannot be obtained in
certain conbinations of primers and careful optimzation is hence
| nportant. Fromthese results, the conbination of J6, Grecl A5 and
Nmec5 has been foufactedpewhareby GENA VagepbEaiBedla- SyBsequent; §p reac-

- 47 - Exanpl e 10 .__l.nvestigati.qn_on eci,ficity of
Det ection Method oFion at 25°C fqydl gyinwdes, at 57-8" et aSagy s%‘he

of 36, Grecl O35 anfinfinchen at o' For % minpiE ol s Pl iR, 1L
a0 M bR RPGE ) ) 6hrR PRELIEACRP Buitpact i o
5 manner known per se in the art.
Fbr the specific detection of MRSA by PCR, it is
necessary to combine a primer for N3_15 and NCTC10442
and a primer for 85/3907 as a forward primer. First,
#393 (Nmec5) and #347(Gmecl045) were used. for the detec-
10  tion of MRSA. Similarly, #210(junl) and #351(25923-1)
were combinéd as a primer for the detection of MSSA.
For fhe reverse side, #212(jun3) was used out of the

primers within the intM. Incidentally, the distance

from jun3 primer to the mec integration site is 193 bp,

15 including the primer (21 mer).
Primer name Concentration Target {strain)
(pmol/pié)

(1) #210 Junction 1(junl) 82.1 _ MSSA(NCTC8325)

(2) #260 10442-J-3-1(Nmec6b) 92.0 MRSA(N315,NCTC10442)
20 (3) #330 1S431-right 7-2(Nmec4-2) 138.4 ' MRSA(N315,NCTC10442)

(4) #347 pSJ10-4-5(Gmecl045) . 67.9 MRSA(85/3907)

(5) #351 25923-1 266.8 l MSSA(ATCC25923)

(6) #393 15431-right 5-new(Nmec5) 128.6 MRSA(N315,NCTC10442)



strains including both those containing nec and those 10 carrying no
mec. PCR reactions were perforned using as ~tenplates the DNAs of
26. MRSA clinical strains, 11 MSSA ' strains, 25 standard c-NS
strains and 20 MRC-NS clini - cal strains. As a priner, the three
prinmers J6, Grecl A5 and Nnec5 were used as a m xture. The priner
15° was the m xture of the followng three priners, and

Grecl 45 and Nmec5 were used on the nec side sshi4 e J6 was enpl oyed
on the MSSA side. PCR was perforned in- 20 [err] to 50[err] of
reaction mxtures [10 nM Tris-HC pH 8.3, 50 MM KC1, 1.5 nmM
MyCllerr], O 001%w v) gelatin, 20 200 [err]M dNTPs, 1.0 [err] M

pri mer, terrpl ate DNA, 0.Béactfienr ponditions Tay BFR wergnaSagle]scrA.bed be-
reaction conditions, a system in which 94C-30 sec, 55[err]C1 mn
and 72C-2 nin werelow, and twop£arwardopriueEs weseysmployed. = Concerning

is.Table 1 that summari zes the results of the 25 above i nv stlgRatlon
The MRSAs in the vihpoamouptnof the template, a portion (1 u¢) o

48 - tries of ,the world al] g oSkt whereas
the MSSAs all i ndi E&PQ&lﬁBgﬁ‘P?‘FHrFesUW ‘Fﬁe quiva enz"tg %ﬁo?gc&?s ca
strains other_ than S&ﬁgﬁ&t %%%%C?maléo%ﬁi RNA amouﬂltl (gaxs/gsgﬁﬁne\%q: r&ﬁ%l ts

no matter vvhefi her SP ad nec ear
bands were detectegd;fcomealil,i%iGtion of the RT reaction, was taken and

then added to a PCR reaction system of 50 ué.

<PCR reaction mixture [MRSA]>

10 Contents . _Volume/sample Final conc.
Water (nuclease-free, SIGMA) 42.4 ut -
10x PCR bl.;ffer (with MgCl,, .TAKARA)* 5.0 ué 1x
20 mM dNTPs (TAKARA) | ' 0.5 pé | 200 uM

Forward primer

15 67.9 uM Gmec1045 0.4 pe 540 nM
128.6 UM Nmec5 0.2 u¢ 510 nM
84.3 UM reverse primer jund 0.3 e 510 rM
5 U/puf Taq DNA polymerase (TAKARA) 0.2 ut 1U/50 pt
RT ﬁroduct (cDNA; template) 1.0 ué -

20 Total 50.0 uf



MRSA strains. Concerning their sizes, there were bands of 1.6 kb

(N315 type) from8 strains, bands of 1.5 kb (NCTC10442 type) from5
strains, and bands of 1 kb 10 - (85/3907 type) from 13 strains. From
these results, it has been indicated that MRSAs can be all
detected and can be classified into three types in accordance wth
thée size of anplified DNA fragnents. From each of the - MSSA
strains, C-NS strains and MRG-NS strains, nogmnd 15 was detected at
all. Accordingly, MRSA specificity of this detection nethod has
been denonstr at ed. Exampl e 11 Speci fic Detection of
MRSA by RT-PCR Usi ng MRSA, MRC-NS and MSSA clinical strains,
the 20 whol e RIBR péathéohnuixtuvel [MESAJRs were extracted and

t hen converted into DNAs by RT-PCR, and genes were ' screened.

Enpl oyed as prinmers for deteonteitan were Noledsandle)  EinadcdBnegnd Nnec6 i n
Exanpl e 5, Grecl O45 used in Exanple 6 and IntM in Exanple 7. 25
Used as clinical strainsWapserlpuclesss-RBSAEHEC- ) 42.6 pt - .
- 49 - strains, ATCC25923 strain and NCTC8325 strain; as
MRSA(mec+) strains, N315%tPERobuffer (ithcle@agBRARY)T o P-LH 1% 85/ 3907
strain; and ass MRC- NS st anﬂmnd?mstuhn%m%' 05 ut 200

- Forward primer

82.1 M junl : 0.3 ué 490 M
266.8 UM 25923-1 . 0.1 ué 530 nM
84.3 uM reverse primer jund - 0.3 ué 510 nM
“10 5 U/l Taq DNA polymerase (TAKARA) 0.2 ué 10750 pé
RT .product (cDNA; template) 1.0 ut -
| ' Total 50.0 ué

* 10x PCR buffer: 100 mM Tris-HC1 (pH 8.3), 500 mM KC1, 15 mM MgCl,

15 After the reaction mixture other than the |
template was prepared and mixed, it was poured in 49 pu¢
portions into 0.5 m¢ PCR tubes in each of which 50 u¢
of light liquid paraffin (TOYOBO) had been placed in
advance. Finally, the below-described templates were

20 added in amounts of 1 u¢, respectively. Each of the

| resulting mixtures was agitated with tapping, and after
being flushed down, the mixture was set in the "Thermal
Cycler MP" to initiate a PCR.reaction. As a negative
control for the PCR, water was used. On the other

25 hand, plasmid pLECla DNA (about 500 ng/ut) was diluted



haenol ytl cus strains SH518 and SH631 and the S. epidermdis 5 - strain
'GL3. _ Each strain was cultured overnight in LB medi um

The resultant cells were collected by centrifugation, washed with
PBS, suspended in a 1 nferr] RNase-free PK/ SDS : sol ution (200
[err]g/nm{err] Proteinase K 0.5%SDS, 10 mM 10 Tris-HC1, pH 8.0 1 nM
EDTA (pH 8.0), 100 mM NaCl ], and then incubated at 55[err]C for 60
m nutes. Extraction was : next_perfgfgngMtr1

phenol / chl or of or mli soanyl al cohol (50/49/1) and further with

chl /1 AA (49/1), followed by precipitation in.ethanol. The
resulting pellet was 15 rinsed with 75% et hanol and, after dried in
air, was h§S d [ &hd] 1 Nsic | (@dort] seagiaior thEhaidutle
RNAs obt ai ned as dgggr?tzg é%gegtﬁgfes??eétgﬁ(mdth 9 DNase (37C, 60
mn). After conpl esbPat0bnt R8s 886d as a positive, céhbsel weeri MSSA+PERed.
Then, extraction was per- 20 formed with phl/chl/IAA and then with
chl /1 AA foll owed by precipitation in ethanol. The resulting
pel | et was di ssolved with 10 [err] of nuclease-free water. Next,
t he t hus- obt ai ned \kemptatRNAs wBTaseheat ed atTempjate | c f dffase

m nutes and_t hen quenched on ice. RT buffer (20 [eLr 2 sanpl e) was'’
added and r3verse trahbkATEE259R3W18SAbn- - (7) [NCTCM“Z ?MRSA) -

" %0 duct edy ) WIRESE3%s Cfivsa)@S 20t Al P fercHPRg IR t O Leac
| ~(3) NCTC8325 (MSSA) (9) 85/3907 (MRSA) -
(4) NCTC8325 (MSSA) + (10) 85/3907 (MRSA) +
(5) N315 (MRSA) | (11) Water (PCR negative control)
10 (6) N315  (MRSA)

+ (12) pLECla (PCR positive control)
Denaturation N at 949C for 30 sec.
Primer-annealing at 50°C for 1 min.

Chain elongation (extension) at 729C for 2 min.

15 After the reaction was repeated 30 cycles at the
above reaction temperatures, the amplified product was
reserved at 4°C until it was'subjected to electro-

phoresis.

20 Confirmation of amplified products
With respect to the amplified products obtained
by the PCR, their confirmation was performed by elec-
trophoresié in a 2% agarose gel. The gel was prepared
by adding 2% of agarose ("SeaKem GTG agarose, FMC) to '

25 0.5x TBE (44.5 mM Tris, 44.5 mM borate, 1 mM EDTA),



tion at 25C for 10 m nutes, at 37[err]C for 60 m nutes, and then at
90[err]C for 5 mnutes in a thermal cycler (" TAKARA MP TP3000"), a
PCR reaction was perforned in a 5 manner known per se in the art.

For the specific detection of MRSA by PCR, it is , necessary to
conbine a prinmer for N315 and NCTC10442 and a prinmer for 85/3907 as
a forward prinmer. First, #393( Nnecb) and #347(Grecl A45) were used
for the detec- 10 tion of MRSA. Simlarlgy #210(junl) and
#351(25923-1) were conbined as a prinmer for the detection of MSSA
For the reverse side, #212(jun3) was used out of the : primers within
the intM Incidentally, the distance fromjun3 priner to the nec

integration site i§id881¥ing #he rebGrtaftgikbereran@rthén peogessing
Primer nane Concentration Target (strain)

(prol /[err]) the thus-piep#Péd sobution ifjangel Ba&kér &BSA(NCTC8325)
(2) #260 10442-J-3-1(Nmec6) 92.0 NMRSA(N315, NCTCL0442) 20 (3)
#330 1S431-right 7s@bhheidez2fypelsfialll &ReptREpBoreSisOapparatus (Mupid-
(4) #347 pSJ10-4-5(GreclO5) 67.9 MRSA(85/3907) (5) #351
25923- 1 266. 8 COSMOBIAYCC2Bgos)the amplified prefugtsa(384s8)-r ilghiut

5-nem(Nnec5g 128. 6 MRSA(N315. NCTC10442) . .
which were equivalent to one fifth of the amplified

products were taken. Subsequent to the addition of 2
‘4t of a dye (0.25% bromophenol blue, 0.25% xylene
cyanol FF, 1 mM EDTA, 30% glycerol), the amplified pro-
ducts were applied to a well and theh'subjected to
10 electrophoresis at 100 V.for 45 minutes in 0.5x TBE
buffer. As a size marker, 100 bp DNA Ladder (100-1560
bp + 2072 bé, 1 pg/ut, GIBCO BRL) was used.in an amount
of 0.5 ut. After the electrophoresis, the gel was im-
- mersed in TBE buffer containing 0.5 ug/meé of ethidium
15 bromide, and was stained at room tempefature for 20
minutes. ihen, “the amplified fragments were confirmed
on a UV transilluminater and also photographed by a
Polaroid camera (Polaroid MP4/type 667 film).
As a result of eledtrophoresis of a portion of
20 the aﬁplified.products in an 2% agarose gel, no
amplified products were confirmed in the case of the
RTase-free templates in both of the MRSA and MSSA
detection PCRs. mRNA-origin amplified.products were
confirmed only in the presence.of RTase. Accordingly,

25 the thus-obtained amplified products were all confirmed



Reaction conditions for PCR were as descri bed be- Ibma and two

forward priners were enployed. Concerning t he anobunt of the

tenpl ate, a portion (1 [err]) of an RT - reaction mxture, which is
equi valent to 50 ng as cal - 5 culated fromthe total RNA amount (1
[err] g/ 20 [err]) at the time of initiation of the RT reaction, was
t aken and then added to a PCR reaction systemof 50 [err].

<PCR reaction mxture [ MRSA]> 10 - 55 - Contents

Vol une/ sanpl e Fi nal conc. Wat er (nucl ease-free, SIGWA)
42. 4 [err] - ~10x PCR buffer (with MgCl[err],
TAKARA) * 5.0 [err] 1x 20 mM dNTPs ( TAKARA)

0.5 [err] 266 bercDNA-origin ones synthesdzeddpfromrmRNS by reverse
67.9 [err] Grecl 45 0.4 [err] 540 nM

128. 6 [err]NINne05transcript10n. Ip. ghPeMR§A'detect$qg ﬁgR, no amplified
84.3 [err]Mreverse priner jun3 %
5 U[err] Tag DNA pz;pglﬁétﬁs@ertmmmﬁ}medole teerpase 99/ Sbe[ EWP] MSSA

RT product DNA; t I
Totg| uct (c sgggeg%?%gpp]those of glfkerent lengths [N315(906

" 92 - 5 <§C$$&8%830222?h65“LS)[QB§Q¥§907(361 bp) were obtained
in the case of the three MRSA strains. In the MSSA
detection PCR, on the other hand, no amplified products
were confirmed in the case of MRSAs, and amplified pro-
ducts of different 1engths (AGTC25923>NCTC8325) were

10 obtained only in the case of the two MSSA strains.
Further, in the case of the PCR positive control
(pLECla), aﬁplified products were observed only in the
MSSA detection PCR so that amplified products as large -
as NCTC8325, the source for pLECla, were obtained.

15 From the above results, it has been confirmed
that mRNA of a mec region, which is needed for the
specific detection of MRSA, is not observed in the case
of MSSA but is developed only in the case of MRSA.
Example 12 | |

20 Specific Detection of MRSA by NASBA

Using MRSA, MRC-NS and MSSA clinical strains,_the.
whole RNAs of the individual strains were extracted.
RNAs were then amplified by NASBA. Amplification |
primers and detection probes were designed as will be

25 described hereinafter.



Content s Vol une/ sanpl e Final conc. Wat er

(nucl ease-free, SIGVA) 42.6 [err] 10x PCR buffer (with

MyCl [err] TAKARA)* 5.0 [err] 1 x 5 20 mM dNTPs ( TAKARA)

0.5 [err] 200 [err] M - Forward primer

82.1 [err] M junl 0.3 [err] 490 nM 266.8 [err] M
25923-1 | 0.1 [err] 530 nM 84.3 [err] reverse priner
jun3 0.3 [err] 510 nM 10 5 U &g }- Taqg DNA pol yner ase
(TAKARA) 0.2 [err] | W50 [err] ° RT product (cDNA;

tenplate) 1.0 [err] Tot al 500[eH]
* | Ox PCR buffer: 100 mM Tris-HO (pH 8.3). 500 MM KA, 15 nM Mgd [err]

15 After thRe feewardnprimémse ot her than the tenpl at e
was prepared and mxed, it was poured in 49 [err] ortions into 0.5
merr] PCR tubes in eachNDlSﬁMRSA)50NFE€19442 5'-GAAAGQGECGGQGGGTbAFQFfin
(TOYOBO) had been placed in advance. Flnallgégthe bel ow descr i

tenpl ates were 20 a88439P% anounts of 1 [erP]T QSQBPF6EF9TATEQCH
t he resulting mxtures was agitated with tapping, and after

being flushed down, thE KPXEHFE RRIMCEE in the "Thermal Cycler M
oo ot T2 R Eht LRRn SiBe" S8R i Eepriom, azcERN eCERIE o
ng/lerr]) was diluted 31 ~AAACGGGAACCCAGTACGCA-promotor-5'" 93 -
| of each strain, reverse primers were designed
commonly to the individual strains on the basis
of the base sequence 6f the intM region.
10 | Designed were:
For capturing
' 51 —GCTGAATGATAGTGCGTAGTTAC-3' (A)
For detection
5'-TGAAGACGTCCTTGTGCA-3' (B); or
15 For capturing
. 5'-TGAATGATAGTGCGTAGTTACTGCG-3"' (C)
For detection | | |
5'-TCATTTGATGTGGGAATGTG-3"' (D)
Used as clinical strains were: as MSSA(mec-)
20 strains, ATCC25923 straiﬁ and NCTC8325 strain; as
MRSA (mec+) strains, N315 strain, NCTC10442 strain and
85/3907 strain; and as MRC-NS strains, the S.
haemolyticus strains SH518 and SH631 and the S. epidermidis
strain G13.

25 ' Each strain was cultured overnight in LB medium.



100-fold in water, and 1 [err] (about 5 ng) of the dilute
solution was used as a positive control for MSSA-PCR
Tenpl at e RTase Tenpl at e RTase 5 (1) ATCC25923 :
(MSSA) = (7) NCTC10442 (MRSA) - (2) ATCC25923 (MSSA) . +
(8) NCTC10442 (NMRSA) + - (3) NCTC8325 (MSSA) - (9) 85/3907
( MRSA) - ' (4) NCTC8325 (MSSA) + (10) 85/3907 (MRSA) +
(5) N315 (MRSA) - (11) water (PCR negatgive control) 10 (6)
N315 (MRSA) + (12) pLECla (PCR positive control) -
Denat ur ati on at 94[err]C for 30 sec. Primer
anneal i ng at 50[err]C for 1 mn. Chai n el ongati on
(ext ensi on) at 7Ptemrtkefpes@lbtant celbs, the whole RiiAsrwehe ceoldtected
was repeated 30 cycles at the above reaction tenperatures t he
anplified product imsa similar nenneVeGSaLn4F&amﬁtﬁuh1+I ftﬁﬁssémﬁ}6§ted
to el ectro- phor esi s. Confirmati on of angllfled proﬁucts
¥ dg

Wth respect to th@empprepeuegrbnuewgne'a‘::anae'ahe RNAs toplOrserpeR difdr,
Gel . The gol vas pEEPRr €8 VAL T opaiuth AP SAURE ndHSASIEREREN GTe.
-Egﬁ;;?e FN(D to 25 ASBA- dotSﬁy 1d£z§t§oﬂ“%gé'ébnéﬂcgﬁgwlborate 1 M
1. Elution '
1) Each sample (0.5 m¢) is placed in an eluent
buffer_tube.and is stirred several times.
2) The tube is centrifuged (1,500 x g, 15 sec-
10 onds) . |
2. Separation
1) A.éontrol solution. (system control solution,
© 20 p¢) is added to the tube, followed by
centrifugation.
15 | 2) A silica suspension (70 u¢) is added to each
ltﬁbe, is allowed to stand at room temperature
(15 to 30°C) _foi': 16 minutes, and is then
stirred intervals of 2 minutes.
3) Bach tube is centrifuged (1,500 x g, 2
20 minutes). |
4) The supernatant is thrown away.'
5) After silica particles are re-suspended,
centrifugétion is conducted énd the super-
‘natant is removed. The residue-is washed with

25 : a wash buffer, with 70% ethanol (2 twice), and



di ssolving the resultant m xture and then processing t he
-thus-prepared solution in a gel naker of a submari ne-type snal

el ectrophoresi s apparatus (Mipid- COSMOBI Q). Fromthe anplified
products (50 [err]), 10 [err] 5 whi ch were equivalent to one fifth of
the anplified products were taken. Subsequent to the addition of 2
[err] of a dye (0.25% bronophenol blue, 0.25% xyl ene cyanol FF, 1
mv EDTA, 30% gl ycerol), the anplified pro- ducts were applied to
a well and then subjected to 10 electrgpggrgsis at 100 V for 45

m nutes in 0.5x TBE : buffer. As a sizg"marker, 100 bp DNA Ladder
(100- 1500 bp + 2072 bp, 1 [err]g/[err], G BCO BRL) was used in an
anmount of 0.5 [err]. After the el ectrophoresis, the gel was im
mersed in TBE buffer containg efd ] t hi i :

brom de, and was stained at ”lt.tg%nm %ﬁ%é%%ﬂgf{){ tZ%tese" c&éﬁer#%}%%ast.u%en,
the anplified fragnents werej&qohdrfdmakd. on a W transillum nater
and al so phot ographed by a Pol aroi d canera (Pol aroid MP4/type 667
film. As @) resell Feil tims s iiey g atl i [Fiedn(®é°c,2Q0
the anplified products in an 2% agarose gel, no _ anplified products
were confirnmed in the case ahinmiees). RTase-free tenplates in both of
the MRSA and® MBSA detection PCRs. nmRNA-origin anplified products
wer e confirmed on) yamreluater €560ge) oisRAdded forordirsyspengion.

the thus-obtained anplified products were all confirned
The resultant suspension is stirred (56°C, 10

minutes) to elute nucleic acids.

8) Centrifugation is performed (10,000 x g, 2

10 ~ minutes).
3. Amplification |
1) A primer (15 u¢) is added to 8 u¢ of the
nucleic acid supernatant. After a reaction at
65°C for 5 minutes, the reaction mixture is
15 cooled at 41°C for at least 5 minutes.
2) An enzyme solution (2 u£) is added, and a
reaction is.allowed to proceed (4ch,.at least
5 minﬁteé).
3) The tube is moved into a detection compart-
20 ment. The migture is gently stirred, followed
by a reaction at 41°C for 90 minutes.
4. Detecﬁion
.1)'The reaction mixture of 3-3) is diluted ap-
proximately 10-fold, 1 u¢ of the diiute solution is
25 dropped on a Hybound N+blotting membrane (Amersham),

and the membrane is placed for 5 minutes on a piece of



- 55 - - to be cDNA-origin ones synthesized fromnRNA by reverse
transcription. In the MRSA detection PCR, no anplified products
were confirmed in the case of the two MSSA strains, and those of
different | engths [N315(906 5 bp) >NCTC10442(804 bp) > 85/3907(361 bp)
wer e obt ai ned in the case of the three MRSA strains. In the MSSA
detection PCR, on the other hand, no anplified products wer e
confirmed in the case of MRSAs, and anplified pro- ducts of
different |engths (AGIC25923>NCTC8325) were gl0_ obtained only in the
case of the two MSSA strains. - Furthéf, in the case of the PCR
positive control (pLECI a), anplified products were observed only
in the VESA detection PCR so that anplified products as |arge

as NCTC8325, the sﬁfiﬁ fBap QfE§$§ke&B&PtHb6§6nﬁdNaoﬁ5 The membrah&Ofst he
above results, it has beeh confirned hat mRNA of a mec region,

whi ch is needed fogaihéa and neutfﬂﬁﬁzédcwﬂeheﬁtSﬂnssé SB&BAtibA. nodn a
observed in the case of MSSA but is developed only in the case of

VRSA. Exappéeeldf £9lter papefpewater Weserenovedi MSA henhzsbe
Usi ng MRSA, MRC-NS and MSSA clinical strains, the whol e RNAs of
the individual strasnbeated akt5a1e tbr 15 minutemndn vehyhitigiizatpion i ed by

NASBA. Anpl?ficatlon priners and detection probes were deS|gned as
will be 25 dbugfegeundercshaking, and then placed in a probe solu-

tion formed of 1 m{ of a hybridization buffer and 1 pe'
of an ALP.probe added thereto, where the membrane is
‘heated at 50°C for 15 minutes under shaking. The mem-
10 brane is moved into a 2XSSC/1% SDS solution and heated
at 50°C for 15 minutes under shaking. At room tempera-
ture, the membrane is heated for 15 minutes in
1XSSC/0.5% Tritonlx and then for's.minutes in a 1XsscC
solution under shaking. The membrane is then reacted
15 with a staining solution at 37°C for 10 to 60 minutes.
After the membrane is washed under shaking ih purified
water, water is removed on a piece of filter paper and

- dried to observe staining. The results are showed in

Table 6.

20

25



-5 -

NCTC10442

- 56- ~As forward pri mer s ' N315( MRSA),
GAAAGAGGCGGAGCCTAA- 3' 85/ 3907
CATCTAAACATCGTATGA- 3 As reverse priners 5 As a

55|

probe for detecting of the IntMregion

3" - AAACGGGAACCCAGTACGCA- pr onot or - 5' _ of each strain, reverse
' prinmers were desi gned commonly to the individual strains . on
"the basis of the base sequencegg@f-the intMregion. 10

Desi gned were: For capturing . _

5' - GCTGAATGATAGTGCGTAGITAC- 3' (A) For detection

5" -TGAAGACGICCTTGTIGCA-3" (B);.or 15 For capturing

5' - TGAATGATAGIGCGTAGITACTGCG 3" (O Table 6 For detection

5' - TCATTTGATGTGGGAATGTG 3" (D) ' Used as clinical strains

were: as MSSA(nmec-p—26 strarms;s ;

as MRSA(nec+) strains, N315 $Probe ANCTC10442 Pﬂ'@bﬁ! Bnd .

85/ 3907 strain; andStaphylkeraeeustsuzens| t (0N capturing) fachfeytcapbuUEing) fs

SH518 and SH631 and the S. epidernidi §Probe B = sirajn GP¥ob _

Each strain was cuf tured overnight in B (%08, Gﬁnte"tmn) (for detection)

MSSA
1) ATCC25923 - +
2) NCTC8325 - -
MRSA
1) N315 + +
2) NCTC10442 + +
3) 85/3907 +. +.
MRS~NS
1) S. haemolyticus - -
SH518
2) S. epidermidis - -
G3 |
+: clear color production,
+: unclear color production, and

color production was not detected.

Example 13
Specific Detection of Methicillin-Resistant
S. haemolyticus by PCR

A primer intMh was prepared based on the specific

base sequence of the region on the right side of the

mec—-integrated region (the' region downstream from the

- mecA) in MR S. haemolyticus of FIG. 6.

10

intMh: 5'~GATCAAATGGATTGCATGAGGA=-3"
_ (correspdnding to the base numbers

236 to 260 in FIG. 6)



- 57 - Fromthe resultant cells, the whole RNAs were col |l ected

in a simlar manner as in Exanple 11. After sanples wer e prepared
by subjecting the RNAs to 10-serial dilu- ' tion (1 pg/[err] to 1
[err]g/[err]) in water, the following 5 NASBA- dot hybri di zati on was
conduct ed. 1. Elution - 1) Each sanple (0.5 nferr]) _
is placed in an el uent buffer tube and is stirred several
tinmes. 2) The tube is centrid gged (1,500 x g, 15 sec- 10
onds) . 2. Separation 1) A control solution (system
control solution, : "~ 20 [err]) is added to the tube,
fol | oned by centrifugation. 15 2) A silica
suspension (70 [err]) iswhdfAeHCRoreactions were conductedtbpecombinihgwed
to stand at room tenperature (15 to 30[err] Q) for 10 -
m nutes, and is ththis primer with the s¢d-spetificeprimens in Bxanpke 5,
3) Each tube is centrifuged (1,500 x g, 2 20 m nut es)

4) The super nat antbasdehefwdlf@ay1800, 1700, 1400.5§5Q1PE¢ 3PpPi bR y&rﬁ.c|es

are re-suspended, , _
detected, respectively, from the combinations with

5 Nmec2, Nmec3, Nmec4d, Nmec4—-2, Nmec5 and Nmec6 in the case
of 10 methicillin-:esistant's.haamﬂytﬂms strains such
as SH518 and SH631. However, bands.were not detécted
at all in the case of MRSAs, MSSAs, standard strains of
methicillin-susceptible C-NSs, and clinical strains.

10 Example 14

'Specific'Detectioh of Methicillin-Resistant
S. epiderm.;'.dis by PCR |
A primer intMe was prepared baséd on the specific
nucleotide sequence of the region on the right-side of

15 the mec-integrated region (the region downstream from

the mec3) in MR s. épiderm.idi_s of FIG. 6.
inﬁMe: 5'-TCTTCAGAAGGACTCGCTAA-3'
 (correspondinq to the base numbers
318 to 337 in FIG. 6)

20 | When §CR reactions were conducted by combining
this primer with the mec-specific primérs.in Example 5,
bands of 2200, 1900, 1800, 1600, 900 and 400 bp were
detected, respectively, from the combinations with
Nmecz, Nmec3, Nmec4, Nmec4d=-2, Nmec5 and Nmec6. in the case

25' of 10 methicillin-resistant S. epidermidis strains such



centrifugation is conducted and the super- natant is

removed. The residue is washed with 25 : a wash buffer, with
70% et hanol (2 twi ce), and ' -
58 - then with acetone (4 tinmes). Centrifugation

I's perforned. '6) The resulting silica pellet is dried
(56[err]C, 10 5 : _ m nut es) . 7) An eluate (100
[err]) is added for re-suspension. - 62 -  The resultant
suspension is stirred (56[err]C, 10 : mnutes) to elute-
nucl ei ¢ aci ds. 8) Centrifugation is perforned (10,000 x g, 2
mnutes). 10 3. Anplification 1) A primer (15 [err])
is added to 8 [erraso&3t heHowever, bands werenu@tedetegtgdsgpeahatant he
After a reaction at . 65C for 5 mnutes, the reaction
mxture is 15  case of MRSA®p| ¥GSAS, 4sbanderd strains of jpathésillin-

2) An enzyme solution (2 [err] is added, and a ~ reaction
is allowed to proceescertibie] €-Nge, | apdiclinical strains. 5 mi nutes).

3) The tube is noved into a detection conpart - ment. The

m xture is gently stirred, followed 20
5 From the foregoing, it has been substantiated

that, when two primers are sYntheéized at the
downstream end of mec and a further primer is
synthesized within int¥ or on its 5! side, most of mec
region DNAs of primaiy MRSA clinical strains in the

10 world can be detected and also that this method does
not give any false positive result even if one.or more
of wide—spréad human staphylococci other than mec-

carrying Staphylococcus aureus are mixed.

15 Capability of Exploitation in Industry
Wheﬂ-conditions for super high-speed identifica-

tion of MRSA and MRC-NS from a clinical samﬁle are set
by using the present method, MRSA can be detected
directly from a sample such as sputunm, blood,'urine.or

20 exudate in 30 minutes to 1 hour within the scope of the
conventionally-knéwn art. This_méthod-makes it pos-
‘sible to perform bedside identification of MRSA from a
patient's sample, thereby permitting selection of an
effective chemotherapeutic agent and early treatment of

25 MRSA and NRC-NS infectious diseases. Further,-this



by a reaction at 41[err]C for 90 m nutes. , 4. Detection

1) The reaction mxture of 3-3) is diluted ap- proxi mately
10-fold, 1 [err] of the dilute solutionis 25 dropped on a Hybound
thIottlng menbr ane (Anershan) ~and the nmenbrane is placed for 5

m nutes on a piece of - 59 -
filter paper soaked wth 0.6 N NaOH. The nmenbrane is ' washed and
neutralized with a 5x SSC solution. On a - 63 - piece of filter paper,
wat er was renoved. The nenbrane is heated at 50[err]C for 15
mnutes in a hybridization 5 buf fer under shaking, and then pl aced
in a probe sol u- tion formed of 1 nferr] of a hybridization buffer
and 1 [err] metlodd ahs AaPsorusefulidas ahtestoforhthe phevenhionnefi s
heated at 50C for 15 minutes under shaking. The nem brane is
moved into a 2XSSPULhBERKsef npeAcemiaheingection, becauge kbCeABralso

m nut es under shaki ng. At roon1te er a- - ture, the nenbrane is
heated for 15 ni nUP@sapplied for theJfREl. S@F#??FoﬁcﬂgﬁﬂHnthﬁ pgrmal
mnutes in a 1XSSC hu i on, under shaki ? & gbran is then
react ed m??hjﬁggfa?HF a8 oFBPFENSRP2g9 o P RoF P %60 ni nut es.
15 fter. the nenbrane i s washed under shaking in purified '
water, wateT is renoved on a piece of filter paper and dried to
observe staining. The results are showed in '

10

15

20

25



Table 6. 20 25 o | | eo -

Table 6 Probe A Probe B
St-aphyl ococcus aureus (for Hg) (for capturing)
Probe B - : Qﬁwqmsomﬁw
(for det ecti on) $is Been Replaceld)  ATCC25923 REPLACED
2) NCTCB8325 _ - — VRS
1) N315 ““\\\““ - 64+— 2) NCTC10442
3907 +
VRS- NS 1) S. haenol yticus SH518 2) S.
epldern1d|s &3 +: clear color production,
uncl ear col or production, and -. CcOK®AIMSoducti on was not det ect ed.
Exanpl e 13 '
1 1. A diagnostic method of an MRSA (methicillin-
2 resistant Staphylococcus aureus) or MRC-NS (methicillin-
3 resistant coagulase-negative staphylococci), which com-
4 prises performing a reaction with a sample by making
5 combined use of a part of a mecDNA, which is an in-
6 tegrated adventitious DNA existing on a chromosome of
7 " said MRSA or MRC-NS and carrying a mecA gene thereon,
8 and a part of a base sequence of a chromosomal DNA sur-
9 rounding said integrated'DNA._
1. 2. A diagnostic method according to claim 1,
2 wherein said MRSA or MRC-NS-islidentified by amplifying
3 a DNA fragment in said sample, said DNA fragment con-
4 taining junctions between mec and a chromosomal DNA
5 surrounding said mec, by a polymerase chain reaction
6 (PCR)'whilé using as a primer said region of said
7 mecDNA and said region'ofusaid nucleotide sequence of
8 said chromosomal DNA surrounding said mecDNA.
1 3. A diagnostic method according to claim 1,
2 wherein said MRSA or MRC-NS is identified by preparing
3 two DNA fragments, which surround junctions between |
4 said region of said mecDNA and said chromosomal DNA
5 surrounding said mecDNA, and amplifying a DNA in said
6 sample by a ligase chain reaction (LCR).
1 4. A diagnostic method'according'to claim 1,

-
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Specific Detection of Methicillin-Resistant S. haenol yti cus by
PCR A priner_intmh was prepared based on the specific 5
base sequence of the region on the right side of the mec-i nt egr at ed
region (the region dommsﬂ@&@ﬁ@ﬁéﬁﬁ@ necA) in MR S _haenol yticus
of FIG 6. CAAAT CATHIOOATIIAGERA - BEEN :
(corresponding to the t“lm -

REPLACED236 tpb 260 in FIG
6) 65 = 01 - _ When
PCR reacti ons were conducted by conblnlng this prinmer with the
mec-specific prinmers in Exanple 5, bands of 2100, 1800, 1700,

1400, 850 and 300 bp were det ected, respectively, fromthe

conbi nati ong with wherein subd 2MRSNEos, MROeNS!, is\nbdenl £ iNed Sy aprieparingi n
t he case of 10 nethicillin-resistant S. haenvol yticus strains such
as SH518 ‘and SH63las Hovexebe damilglerer rdeukleesteand DNA fragment) in the
case of MRSAs, MsSAs, standard strains of methicillin- susceptlble
C-NSs, and &1 ni carhigh sswerounds juncgmﬂgeqﬂeen said regl%e@f-f?@l

Det ecti on o% Met hi ci | | in-Resi stant idermidis

A primer intMe wadr§sPSpapdd %@dc&?wmppﬁc su r°undl%aaé& |"’G€DNA'

sequence of the rﬁﬁn&"bé¥ké£§3£&thbrléhzatlon between said probe and a

7 'DNA in said sample.

1 5. A diagnostic method accordiﬁg to any one of

2 claims 1-4, wherein a nucleotide sequence of an up-

3 stream end region of said méc_is a part of pSJ8-2a (the
4 nucleotide sequence of FIGS. 9 and 10), L02C4 (the

5 nucleotide sequence of FIG. 12) or LG12H2 (thé

6 nucleotide éequence of FIG. 16); a nucleotide sequence
7 reverse complementary thereto; or a sequence obtained

8 by replacing one or more of nucleotides thereof by dif-
9 ferent nucleotides to an extent remaining'unchanged in
10 action. |

1 6. A diagnostic method according to any one of

2 claims 1-4, wherein a nucleotide sequence of a

3 downstream end region of said mec is a part of N315IS-
4 J3 (the nucleotide sequence of FIG. 17), NCTC10442J3rc
5 (the nucleotide sequence of FIG. 18) or pSJ10-3J3rc

6 (the nucleotide séquence of FIG. 19); a nucleotide se-
7 quence reverse compiementary thereto; or a sequence ob-
8 tained by replaging one.or more of nucleotides thereof
9 by different bases to an extent remaining unchanged in

TR ) D



15 the nec-integrated region (the regi on dowmstream from t he

mecA) in MRS epidermdis of FIG 6. I nt Me:
"5'~ TCTTCAGAAGGACTCGCTAA- 3" fqum + to the
base nunbers ThlsSheetHasBeenReplaB% to 3 7 In 1%5-- A? :
When PCR reactions wer conbi ni N——————= ' rimer with
t he mec-specific priner 5 bands of 2200, 1900, 1800,
1600, 900 and 400 bp tected,sgespectlvely, fromthe
conbi nati ons with Nmec2, Nmec3, Nmec4, Nnec4-2, Nnec5 and Nrec6 in
the case 25 of 10 methicillin-resistant S. epidernidis strains such
- 62 - as G3. However, bands were not detected at all in the
case of MR%Bs, MsSstismandard strains of methicillin- suscepti bl e
C-NSs, and clinical strains. 5 . Fromthe foregoing, it has
been substanti at ed 7. Ahdiagnpehicwephodeaccordingntbesnyednat ofhe
downstream end of nec and a further priner is synt hesi zed within
IntMor on Rts 5 <laims ist, ovhepein said nuelepbidensedqeengei afir aiRSA
clinical strains |n the 10 worl d can, be defected and also that ‘this -
net hod does3 chrepesgnyt DN ?%?E%“B%%’i‘?l%l‘?e%ﬁtﬂqme\?énq Pagfe off mor e
4 the below-described sequence or a sequence reverse com-
5 plementary thereto; or a sequence obtained by replacing
6 one or moré of nucleotides thereof by a like number of
7 different nuleotides to an extent remaining unchanged
8 in action:
Q PLEC12 (pLECla) (the nucleotide sequence of FIG. 4),
10 N315J3rc (the nucleotide sequence of FIG. il),
11 NCTC10442J3rc (the nucleotide séquence of FIG. 18),
12 pSJ10-3J3rc (the nucleotide sequence of FIG. 19),
13 the nucleotide sequence of FIG. 5,
14 the nucleotide sequence of FIG. 6,
15 - ' pSJ8-2a-(the nudleotide sequence of FIGS. 9 and 10),
16 - L02C4 (the nucleotide sequence of FIG. 12), or'
17 LG12H2 (the nucleotide sequence of FIG. 16).
1 8. a diagnostic method of an MRSA or MRC-NS by
2 PCR, ICR or hybridizatidn, which comprises performing a
3 reaction with a sample by using a necleotide sequence
4 of a chromosomal DNA surrounding an integration site of
5 a mecDNA in a chromosome of a methicillin-susceptible
6 . Staphylococcus aureus OY méthicillin_—'susceptible C-NS

7 (MSC-NS), wherein said method makes use of an occur-

* C L M S *



‘of wi de-spread human staphyl ococci ot her t han nec- carrying

St aphyl ococcus aureus are m xed. 15 Capablllty of _QLﬁltatlon I n
| ndustry ———When—eondit+ons for super h entifica-
tion of MRSA and - fron1a cllnlcal SamM¥§ﬁﬁ£$§@ﬂ D ?by.using
the present nethod, cted HEPRLY om a sanpl e
such as sputum bIo " exuddt=e=TN 30 m nutes to 1 hour
wi thin the scope of onventlonabbyaknomm art. This nethod
makes it pos- sible to perform bedside identification of MRSA from
a patient's sanple, thereby permitting selection of an
ef fective chenot herapeutic agent and early treatnment of 25 MRSA and
NRC- NS i nf e8t i ous xkneaset.a Fegative réaction when said sample contains
- 63 - ' method is also useful as a test for the prevention of
out br eak of 9nosocosnid neeD¥S: iintegreteds theredmn al so be appl i ed
for the MRSA carrier screenlng of - nor nal subj ects such_as those
engaged in fedical work.9.5 A diagnostic method according to claim 8,

2 wherein a DNA fragment containing said mec integration

3 site or surrounding said mec ihtegration site is used:

4 as a primer; and said MRSA or MRC-NS is identified by

5 . non-amplification of said DNA fragment in PCR because

6 of integration of said mec in a DNA of a sample.

1 10. A diagnostic method according to claim 8,

2 wherein two DNA fragments are prepared containing said

3 mec-integrated site or surrounding said mec-integrated

4 site; and said MRSA or MRC~NS is identified by non-

5 amplification of said DNA fragments in a ligase chain

6 - reaction (LCR) because of integration of said mec in a

7 DNA of a sample.

1 11. A diagnostic method according to claim 8,

2 wherein as a primer, a single or double-strand DNA

3 fragment is prepared containing said mechntegrated

4 site, and hybridization is performed between said probe

5 and a DNA in said Sample; and said.MRSA or MRC-NS'is

6 identified by an occurrence of a negativé reaction when

7 - said mec has been ihtegrated'in said DNA in said

8 sample.

1 | 12. A diagnostic method according to any one of

2 claims 8-11, wherein a DNA fragment containing said

| ] HIIH IIIH HIII Il



10 15 20 25 1. A nethod for
detecting the presence of an “VRSA nethiciiiip resistant

S LTI B b S TR L,
reaction W ter Iﬂgmnwct ed of cohtaini E'rﬁl‘ﬁ*"ﬁﬂen Vi Lg from

a said organi sm by use of a part of a . - mecDNA, whi ch

is an integrated adventitious DNA “exi gBi Ry on a chronosone of said
MRSA or MRC-NS and '

3 mec~integration site or surrounding said mec-integration

4 site uses a part of the below-described sequence, a se-
5 quence reverse complementary thereto or a sequence ob- -
6 tained by replacing one or more of nucleotides thereof
7 by different nucleotides to an extent remaining un-
8 ~changed in action: | |
9 pLEClZ(pLECla)l(the nucleotide sequence of FIG. 4),
10 pSJ8-2a (the nucleotide sequence of FIGS. 9 and 10),
11 'L02C4 (the nucleotide sequence of FIG. 12),
12 LG12H2 (the nucleotide sequence of FIG. 16),
13 the nucleotide sequence of FIG. 5, or
14 _ the nucléotidé sequence of FIG. 6.
1 ' 13. A method according to any one of claims 1-12,
2 wherein a DNA in said sample is a DNA obtained by con-
3 verting an RNA, which hés been extracted from a
4 staphylocoécus strain, with a reverse transcriptase.
1 14. A method according to any one of claims 1-12,
2 wherein said sample is an RNA obtained by amplification
3 of an RNA, which has been extracted from a staphylo-
4 coccus strain, in accordance with NASBA (nucleic acid
5

sequence-based amplification).
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10  carrying a nmecA gene thereon, and a part of a base sequence of
a chronosomal DNA surroundi ng said I nt egrated DNA 2. A
met hod according to claimi1, wherein said MRSA or MRCG-NS i s
identified by amplifying a DNA fragnment in said sanple, said DNA
fragnent con- ~ taining junctions between nec and a chronosonal DNA
surroundi ng said nec, by a pol ynerase chain reaction (PCR)- whil e
using as a priner said region of said - 6®:GDNA and said region of said
nucl eoti de sequence of sai d chronmpbsomal DNA surroundi ng sai d mecDNA
15 3. A nmet hod according to claiml, wherein said MRSA or
MRC-NS is identified by preparing two DNA fragnments, which surround
junctions between sai d regi on of sHABSTRAIINA and said chronosonal
DINA surroundi ng said mecDNA, and anplifying a DNA in said

sanpl e by a ligase chai nDisatesed LeCR) specific identificatienhpgthedordi ng
to claim1l, wherein said MRSA or MRC-NS_.is identified by..
preparing an MRSAsapd MBEzNg, sWRiFR iF 8BEBAE.sEARRASDRR F%&ﬁéht,

vhi ch SurTounds | ungh hons ek sReRatgl S 1R Sheghnt®idventson progigel s
perform ng hybridiégggggs ﬁ&“ﬁgehgsigfpggbﬁnggdog MRC-NS, which comprises
.5 performing a reaction with a sample by making combined
use of a part of a mecDNA, uhich is an integrated ad-
ventitious DNA existing on a chromosome of the MRSA or
MRC-NS and carrying an mecA gene thereon, and a part of
. a nucleotide sequence of a chromosomal DNA surrounding
10 the integrated DNA; and also a diagnostic method of an
MRSA or MRC:NS by PCR, LCR or hybridizaﬁion, which com-
prises performihg a reaction with a sample by using a
nucleotide sequenoe'of a chromosomal DNA surrounding an
integrated site of a mecDNA in a chromosome of an MSSA
15 or MSC—NS,.Wherein said method makes use of an occur-’
rence of a negative reaction when said sample contains

a mecDNA integrated therein.
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REPLACEMENT SHEET A nethod according to aq{
I—d—wheretan FET:

of . * ¢l ai e njicl eot i de sequenPEPIACEMENT S

st ream end regi on of sai( of pWB-2a (the

nucleotlde sequence of FIGSa%dﬁégggﬁg 102C4 (the nucl eoti de
sequence of FIG 12LagmMsliGl2H? (the nucl ecti de sequence of '
EI G 16); a nucl eoti de [sequence reverse conpl enentary

thereto; or a sequence ' ox- detecbyngephacprgsengeorimame of
rucl eoti des thereof by dif- ' terent nucleotides TO an extent

rigmai ni ng unchangedR$ (methiciilin-rggipgant Srvapaylococcus auregsipor
net hod accordi ng

riucl eot i de sequenb@R§?%§ (me8£iCillin'r88ﬁﬁ§?Pt ﬁpgﬁHI?ESTBﬁggklggid nmec is
g jpart of N3lplS- staphleCOfgh)QBWQPEﬁ E 99%égegéﬁggﬁﬂﬁégo%nggFt%gh

NCTC10442J3rc e’ nucl eot 1 de”sequen

§SJ10-3J3rc with a s&hpEenygbgettda sequeneaifingl 6 &8kivdng from
nucl eoti de se- guUENce reverse conprenentary ereto, or a
gequence ob- a said orgahhsﬂ by mekliagi ngmbheedr user efoh paekeoifi @ges
t:ier eof K erent bases to an extent renamining unchanged
iin actne@EDN Whlch lsA@ﬁe%ﬁEGQﬁéE@ﬁdﬁﬁ§GP§léh?“énBNbf cl ai s

ia.“d wher ol sal d Jeleal] dg, SgIUEnCE,0hngbY SSRAOMRERMEL RNA-RY Lo no

10 carrying a mecA gene thereon, and a part of a base

.
I

g ? sequence of a chromosomal DNA surrounding said
integrated DNA.

2. A method according to claim 1,
wherein said MRSA or MRC-NS is identified by amplifying
a DNA fragment in said sample, said DNA fragment con-
taining junctions between mec and a chromosomal DNA
.surrounding said mec, by a polymerase chain reaction
(PCR) while using as a pfimer said region of said

mecDNA and said region of said nucleotide sequence of

' said chromosomal DNA surrounding said mecDNA.

15 3. A method according to claim 1,

vherein said MRSA or MRC-NS is identified by preparing
two DNA fragﬁgnts, which sﬁéround Junctions between
.said region of said n;ecDNA and said chromosomal DNA
surrounding said mecDNA, and amplifying a DNA in said
sample by a ligase chain reaction (ICR).

4, A method according to claim 1,

* c L M S *



t he bel ow descri bed sequence or a sequence reverse com plenmentary

theréto; or a sequence dBTAL N TV iilng one or norewehr sWEel

t hereof by a |ike nunber ?%w@ldq mkﬁ‘gé&afﬁl eotides to an emwﬁgf ni ng
upchanged in action: pLEC12( pLEC a)] (jt he nucl eoti de sequence of FIG
433 N315J3rc (the nuclieofiXiBEEcHI2nde [of kI 65 1), NCTCl O442J3rc
(the nucl eotide sequence of FIG 18), pSJI 0-3J3rc (the nucleotide
s@quence of FIG 19), Thé nucleot1 de gequence of FIG 5, t he

nuicl eoti de sequence of RIG 6, pSl8-24da (the nucl eoti de sequence of

FIIGS. 9 and 10), wheaelin sedd ddtSoton ddieoe Mlewtiid®)py gpreparing
LﬁﬂZHZ (the nucl eotide sequence of FIG 16). 8. A nethod of an MRSA
o_irj MRC-NS by PCR LeR & pndhe & single ahidouklenstrand RN¥A ofragnent,
regaction with a sanple by using a nec] eotide sequence of, a chronosonal DNA
sarrounding an integﬁ@@a§1S¥R¥9Qﬁdseﬂqﬁ9§39n5lPQiWﬁﬁQWE%%#mF%ﬂl%P of said

met hi ci |-1i n-suscepti bl e _Staphyl ogQccus aureus. o .nethicillin-susceptible
GINS (MSC-NS), wher @PFPNA; @ deeRid FhFedopomay DA suzseunding faid mecDNA,

-87 - rence of a ne ive feactio en i,d sanpl,.e._contain sai d negDNA
tegrated therein. o peRfomting hybas ol HeGydeh G418 pR8bE ERGTR

K DNA in said sample.

5. A method according to any one of
claims 1-4, wherein a nucleotide sequence of an up-
stream end region of said mec is a part of psSJ8~2a (the
nucleotide sequence of FIGS. 9 and 10), L02C4 (the
nucleotide sequence of FIG. 12) or LG12H2 (the
nuclectide éequence of FIG. 16); a nucleotide sequehée
reverse complementary thereto; or a sequence obtained
by replacing one or more of nucleotides thereof by dif-
ferent nucleotides to an extent reﬁaining unchanged in
action. .

6. .A n.lethod according to any one of _
claims 1-4, wherein a nucleotide sequence of a
downstfeam end region of said mec is a part of N315IS~
J3 (the nucleotide sequence of FIG. 17), NCTC10442J3rc
(the nucleotide sequence of FIG. 18) or pSJ10-3J3rc
(the nucleotide sequence of FIG. 19); a nucleotide se-
quence reverse complementary thereto; or a sequence ob-
tained by replacing one or more of nucleotides thereof

by different.bases to an extent remaining unchanged in

\
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whereln a DNA fragnent contai ning-sa

sdi d mec integration si gg@ﬂ{f&ﬁha

'Ldentlfled by non-anpl 1¢"§§T§
;

C integration or surrounding

O ”Ehag?‘énfa:ﬁ PREUEMFRT SFEET:

integration of said mecli DNﬁ fondy S A nethod accordi ng
to claim8, whereint Y @ﬁé%fs prepééed contalnlng sai d
fec-integrated site or urroundLng,s&kd mec-integrated site; and said MRSA
or MRG-NS is identified py" Aon- anpllflcdtlon of said DNA fragnents in a

i gase chain reaction (LCR begause”ﬁf'lntegratlon of said nec in a DNA
of a sanple. 18ctifn.net hod according to claim8, wherein as a
primer, a single or double-strand DNA fragment is prepared containing said
mec-integrated site, and Aybrifdi pathod ascprdingnta saywean edid probe

and a DNA in said sa and said A or I S dentified

é¢currence of a negagaﬁimﬁeéfﬁvoﬁ Mggiﬁﬂ?%é%HF?QH%&ﬁ%uéﬁ saia
$a|d DNA in said A nethod ccordl Y one of ns
8-11, wherein a DNA %&Wﬁ%%ﬁ%l%r? sai¥ 2ol 18"8 Bart £k

R

fac- integration si t E8; 199"01%5%'5'2’5% (fer%lcenlcnet &}}Sﬁ Isoenquence reverse com
$ite uses a part of g&%m@?x't%‘i‘?d%%%rfe%d ‘obtained by replacing
guence reverse conpl émentary thereto or a sequen

tal ned by replacing ghe ok Hore ¥f MUSIRUti%wRS tﬁiﬁfx@ﬁf by a like number of
: different nuleotides to an extent remaining unchanged
| in action:
? pLEC12(pLEC1la) (the nucleotide sequence of FIG. 4),
; | N315J33rc (the nucleotide sequence of FIG. 11),
NCTClO44£J3rc (the nucleotide sequence of FIG. 18),
pSJ10-333rc (the nucleotide sequence of FIG. 19),
the nucleotide sequence of FIG. 5,
the nucleotide sequence of FIG. 6,
pSJ8-2a'(the nucleotide sequence of FIGS. 9 and 10),
L02c4 (the nucleotide sequence of FIG. 12), or
LG12H2 (the nucleotide sequence of FIG. 16).

8. A method -of an MRSA or MRC-NS by

PCR, ICR or hybridization, which comprises performing 5 .
reaction with a sample by using a necleotide séquence
of a chromosomal DNA surrounding an integration site of
a mecDNA in a chromosome of a methicillin-susceptible
Staphylococcus aureus or methicillin-susceptible C-NS

- (MSC-NS), wherein said method makes use of an occur-

) AR I



b‘ d| fferent nucl eoti des_to.-ar-extepI- rilemai ni ng un- » _

(;';Kanged in action: RE pLAGc\\F H‘-‘-T pLEC12( pLEOWMEMWT H?H
npcl eoti de sequence o pSJ8- 2a (5224
pucl eoti de sequence o ol L

{1t he nucl eotide sequenc %3&?%? ?9 LGL2H2

(it he nucl eoti de sequerc t he .
Hucl eoti de sequence of} FI G 5, or the nucl eotide
'siequence of FIG -6. e - 13. A method according to
@ny one of clains 1- [ S
Sample is a DNA obt azJ@nl ice of & negative reaction"‘@ﬁéﬁ Halg #13 @o&%ins
whi ch has beeh extrag{ g4 EJc‘ﬁiQAa ntegrated therein. _ staphyl ococcus
.strain, wthareversetranscrlﬁt g 1\Al\f/.nA_
met hod according to any ong, ofaclal erein
said sanple is an RNA obtai ned by—!;%m AR |qu to clainm 8, of

:an RNA, which has begfesainagt sgaf f?ﬂ%ﬂeﬁ‘&aébﬁtélnln% said mec integration
‘coccus strain, in accordance with A (nucl eic aci

'sequence- based anpl igitatéprngurrounding said mec integration sifte Ais used

:conposition for detecting the presence of I\/RSA or
:MRC- NS whi ch i ncl udess aamri_mer.aanécsaid MRSA or MRC-NS is idehlNAfiwdd Oy
iis an integrated adventitious existing on a

.chr onbsome of said mwﬂ#@:xﬁstion of said’ DNA fragmentapm PERr Pasgpuse
:mecA gene thereon,

base sequence of a &?0&&)@%&’&?‘3&& QGrﬁﬁé‘ﬂd‘P?Fg J'é"ai""d th Sy APEhe.

10. A .method according to claim 8,

wherein two DNA fragments are prepared cohtaining said
mec-integrated site or surrounding said mec-integrated
site; and said MRSA or MRC~NS is identified by non-
amplification of said DNA fragments in a ligase chain
reaction (LCR) because of integration of said mec in a
DNA of a sample.

11l. A‘ method according to claim 8,
wherein as a primer, a singie ﬁr double-strand DNA
fragment is prepared containing said mec-integrated
site, and hybridization is performed between said pfobe
and a DNA in said sample; and said MRSA or MRC-NS is
identified by an oécurreﬁée of a negative reaction when
said mec has been inﬁegrated in said DNA in said

saﬁple .

12. A method,accordlng to any one of

claims 8-11, wherein a DNA fragment containing said

(T
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tegration site ox surrounding said mec—integration
site uses a part of the below-described sequence, a se-
quence reverse complementéry thereto or a sequence ob- -
tained by replacing one or more of nucleotides thereof
by different nucleotides to an extent remaining un-
changed in action:

PLEC12 (pLECla) (the nucleotide sequence of FIG. 4),

psSJ8-2a (the nucleotide sequence of FIGS. 9 and 10),

L02C4 (the nucleotide sequence of FIG. 12),

LG12H2 (the nucléotide sequence of FIG. 16),

the nucleotide sequence of FIG. 5, or

the nuclébtide seéuence of FIG. 6.

13. A method éccording to any one of claims 1-12,
wherein a DNA in said sample is a DNA obtained by con-
verting an RNA, which has been extracted from a
staphylocoécus strain, with a reverse transcriptase.

.14; A method according to any one of claims 1-12,
wherein said sample is an RNA obtained by amplification
of an RNA, which has been e#tracted from a staphylo-
coccus strain, in accordance with NASBA (nucleic acid

sequence~based amplification).

15. A comBosition for detecting the presence .

of MRSA or MRC-NS which includes a part of a mec

DNA, which is an intggrated adventitious DNA

. existing on a chromosome of said MRSA or MRC-NS

and carrying a~mecA_g%§§ thereon, and a part of a

base sequence of a chromosomal DNA s oundin

| AR



