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Characterization of novel ACME-SCCmec composite Islands in Japanese MRSA isolates:
determination of genome structure and application to epidemiological studies.
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The Arginine catabolic mobile element (ACME), a genomic island identified in the
Staphylococci genome, is characteristically found in strain USA300, which is the predominant MRSA clone
in the USA and is spreading globally. In the present study, the prevalence of ACME and the genetic
diversity of ACME (+) MRSA were investigated for clinical isolates collected in Hokkaido.
The percentage of ACME carriage against the all MRSA isolates significantly increased in the course of
study. Increased number of MRSA with the identical genotype as USA300 was observed, which suggests its
potential spread in northern Japan. We focused on the ACME (+) MRSA with type Il SCCmec (MRSA-11) because
MRSA-11 is the predominant genotype in Japanese MRSA. The genetic structures of ACME and its flanking
region in MRSA-I1 were determined and novel genetic variants were identified. The similar analysis was
carried out on coagulase-negative staphylococci clinical isolates obtained in Hokkaido.

MRSA ACME



arginine catabolic mobile element ACME

pH
MRSA USA300
ST8-MRSA-1V
USA 300
ACME arginine
deiminase pathway: ADI
arc arcCBDAR
opp
opp-3ABCDF
ADI
ATP
pH
ACME
staphylococcal
cassette chromosome SCC
direct repeat: DR
SCC
ACME
USA300 ACME 1
arc (+) opp(+)
CoNS ACME 11 arc
+) oapp(-) ACME 11
ACME 11° arc
&) oop(-)
staphylococcal cassette
chromosome mec SCCmec
ACME-SCCmec
ACME-SCCmec composite island:
ACME-SCCmec CI
CoNS S.
haemolyticus
CoNS USA300
USA300
MRSA - ACME

ACME 11" ST5-MRSA-11
ST239-MRSA-I11
ACME-11"
ACME
ACME
11 SCCmec MRSA MRSA-I1
ACME
ACME
MRSA-I11
ACME-SCCmec CI
MRSA
ACME
MRSA
3 -
2008-2011
1,212 MRSA
2013-2014 624
MRSA 2012
271 CoNS
ACME
MRSA mecA
Zhang K. et al. J Clin
Microbiol. 46:1118, 2008 Kondo Y.

et al. Antimicrob Agents Chemother. 51:264,
2007  ACME
PCR
Sequence type ST dru
MRSA



spa

MRSA-11 ACME-SCCmec CI
MRSA-11
ST5-MRSA-11
ST764-MRSA-11
long
reacting PCR LR-PCR
ACME-SCCmec ClI
DNA
1 ACME
MRSA ACME
2.6% (31 /1,212 ) 7.2 % (45
/624 ) ,ACME
ACME ACME 1
ACME 11* 24 ACME 1
ACME 11" 36
ACME 1 MRSA
USA300
ACME 11° MRSA
SCCmec SCCmec 11 53 ,
SCCmecV 6 , 1 ACME 1
CoNS
S. epidermidis ACME
190 ~70%  ACME
CoNS ACME 4
2 USA300
MRSA
USA MRSA
USA300 ACME 1

Panton-Valentine
leukocidin (pvl)

ACME 1 USA300

ST8-MRSA-1V

pvi ACME 1 USA300
agr coa
USA300 agr-1/coa-111a
USA300
(3) MRSA-11 ACME
2008 2011
1,212 MRSA
MRSA-11
ACME-SCCmec CI
1,103
MRSA-11 22 -
ACME ACME-SCCmec CI
ACME-SCCmec CI
SCC A ACME 11
SCCmec 3 SCC
B ACME 11 SCCmec 2 SCC
SCCmec
J3 5

A-1 A-2 A-3 B-1 B-2

A-2
9 /22

B-1 5 /22 A-2
ST5/ spa-t002/dru-61 ST5/spa-t067/dru-61
ST764/spa-t002/dru-7s 3

MRSA-11 B-2
ST5/ spa-t071/dru-61,ST764/ spa-t002/ dru-
7s ST764/spa-t002/dru-61

MRSA-11
ACME 11" (2) ACME 1
MRSA

MRSA-11 ACME 11°

2008 0.86% (1/116) 2009
0.90% (3/333) 2010 1.4% (4/278)

2011 4.5% (14/313)
p = 0.0021 ACME Il
ACME 11*



ACME-SCCmec CI

-0.5028, P = 0.0235

fitness cost

MRSA
MRSA-11 ACME
-
fitness cost
ACME-SCCmec Cl
2013-2014
MRSA-11 6.9%
31/452 ACME I1*°
MRSA-11 ACME I11°
ACME-SCCmec CI
(4) CoNS ACME ACME 1
2012 CoNS 271

S. epidermids 190
S. epidermids 87 S.

capitis S.simulans 1 ACME
S. epidermids ACME
45.8 % mecA 40.0 %
58/145  mecA 64.4% 29/45
arc cluster

opp cluster ACME 1 arc
cluster ACME 11 arc
cluster ACME 11" 3
arc opp cluster ACME 1
®)

ACME

MRSA-11 ACME-SCCmec ClI

S. epidermids
ACME 1

MRSA-11
ACME

9
Urushibara N, Kawaguchiya M,

Kobayashi N Two novel arginine
catabolic mobile elements and
staphylococcal chromosome
cassette mec composite islands in
community-acquired
methicillin-resistant
Staphylococcus aureus genotypes
ST5-MRSA-V and ST5-MRSA-11., J
Antimicrob Chemother, , 67
2012 1828-1834.
DOI: 10.1093/jac/dks157
Kawaguchiya M, Urushibara N, Ghosh
S, Kuwahara 0, Morimoto S, Ito M,
Kudo K, Kobayashi N, Genetic
diversity of emerging
Panton-Valentine
leukocidine/arginine catabolic
mobile element (ACME)-positive ST8
SCCmec-1Va  meticillin-resistant
Staphylococcus  aureus  (MRSA)
strains and ACME-positive CC5
(ST5/ST764) MRSA  strains in
northern Japan., J Med Microbiol,
, 62 2013, 1852-1863.
DOI: 10.1099/jmm.0.062125-0
Kawaguchiya M, Urushibara N,
Yamamoto D, Yamashita T, Shinagawa
M, Watanabe N, Kobayashi N,
Characterization of
PVL/ACME-positive

methicillin-resistant



Staphylococcus aureus (genotypes
ST8-MRSA-1V  and  ST5-MRSA-11)
isolated from a university
hospital in Japan., Microb Drug
Resist, , 19 2013, 48-56.
DOI: 10.1089/mdr.2012.0089

Onishi M, Urushibara N,

Kawaguchiya M, Ghosh S, Shinagawa
M, Watanabe N, Kobayashi N,
Prevalence and genetic diversity
of arginine catabolic mobile
element (ACME) in clinical
isolates of coagulase-negative

staphylococci: Identification of

ACME  type | variants in
Staphylococcus epidermidis.
Infect Genet Evol, , 20

2013, 381-388.

DO1:10.1016/j -meegid.2013.09.018
Wan MT, Lauderdale TL, Kobayashi N,
Urushibara N, Chou CC, Population
deviation of piggery-associated
methicillin-resistant
Staphylococcus aureus based on
mec-associated direct repeat unit
analysis., Infect Genet Evol,

, 16 2013, 349-354.
DO1:10.1016/j -meegid.2013.03.030
Paul SK, Ghosh S, Kawaguchiya M,
Urushibara N, Hossain MA, Ahmed S,
Mahmud C, Jilani MS, Haq JA, Ahmed
AA, Kobayashi N, Detection and
genetic characterization of
PVL-positive ST8-MRSA-IVa and
exfoliative  toxin D-positive
European  CA-MRSA-Like  ST1931
(CC80) MRSA-Iva  strains in
Bangladesh., Microb Drug Resist,

, 20 2014, 325-336.
DOI: 10.1089/mdr.2013.0153

Ahmed S, Kawaguchiya M, Ghosh S,
Paul SK, Urushibara N, Mahmud C,
Nahar K, Hossain MA, Kobayashi N,
Drug resistance and molecular
epidemiology of aerobic bacteria
isolated from puerperal infections
in Bangladesh., Microb Drug Resist,
, 21 2015, 297-306.

DOI: 10.1089/mdr.2014.0219
Urushibara N, Kawaguchiya M,
Onishi M, Mise K, Aung MS,
Kobayashi N, Novel Structures and
Temporal Changes of Arginine
Catabolic Mobile Elements in
Methicillin-Resistant
Staphylococcus aureus Genotypes
ST5-MRSA-11 and ST764-MRSA-11 in

Japan., Antimicrob Agents
Chemother, , 60 , 2016,
3119-3122.

DOI: 10.1128/AAC.02356-15

Aung MS, Zi H, New KM, Maw WW, Aung
MT, Min WW, Nyein N, Kawaguchiya M,
Urushibara N, Sumi A, Kobayashi N,
Drug resistance and genetic
characteristics of clinical
isolates of staphylococci in
Myanmar: high prevalence of PVL
among methicillin-susceptible

Staphylococcus aureus belonging to

various sequence types., New
Microbes New Infect, , 10
2016 58-65.

DO1:10.1016/j -nmni.2015.12.007

Urushibara N, Kawaguchiya M,

Kobayashi N Genetic diversities in
ACME-SCCmec composite islands in MRSA

isolates collected in Hokkaido, the



northern main island of Japan. The 15%

International Symposium on
Staphylococci and  Staphylococcal
Infections., Lyon(France),

2012-08-29.

Kobayashi N,
Urushibara N, Ghosh S, 1to M, Kuwahara

Kawaguchiya M,

S, Quifiones D, Characteristics and
genetic
PVL/ACME-positive

diversity of

MRSA strains

isolated in Hokkaido, the northern
main island of Japan. The 28"
International Congress of

Chemotherapy and Infection., Yokohama,
2013-06-06.

Onishi M, Urushibara N, Shinagawa M,
Watanabe N, Kobayashi N, Prevalence
and genetic characterization of
SCCmec and ACME in coagulase-negative
staphylococci. The 28" International
Congress  of
Infection., Yokohama, 2013-06-06.

Urushibara N,

Chemotherapy  and

Kawaguchiya M,

Kobayashi N, Genetic diversities in
ACME-SCCmec composite islands in MRSA
carrying SCCmec type Il collected in
Hokkaido, The 28

International Congress of

Japan.

Chemotherapy and Infection., Yokohama,
2013-06-06.

Urushibara N, Kawaguchiya M, Paul SK,
Kobayashi N, Two Novel Staphylococcal
Cassette Chromosome mec Elements
Containing Two Copies of mecA genes
Identified in Bangladeshi Clinical
Isolates of Staphylococcus
haemolyticus. 1t International
Interscience Conference on Infection
and  Chemotherapy.,

2013-11-08.

Seoul (Korea),

¢y

@

Aung M, Kawaguchiya M, Urushibara N,
Kobayashi N, Genetic characterization
of MRSA isolates harbouring PVL genes
and/or ACME in Hokkaido. 88
2015-03-28.

Kobayashi N, Ahmed S, Kawaguchiya M,
Urushibara N, Aung M, Molecular
epidemiology of £. coli and S. aureus
isolated from puerperal infections in
Bangladesh. 88

2015-03-28.
Urushibara N, Onishi M, KawaguchiyaM,
Paul SK, Kobayashi N, Novel SCCmec
Composite Elements Containing Two
mecA Genes Identified in
Staphylococcus haemolyticusi. 88

2015-03-28.

Aung M, Kawaguchiya M, Urushibara N,
Kobayashi N,

genetic characteristics of hospital-

Drug resistance and

acquired staphylococcal isolates in
Myanmar . 89
2016-03-24.

URUSHIBARA, Noriko

KOBAYASHI, Nobumichi



