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WA 7 K BRE L g BRI~ o %5 % 23 3 5 microbial surface components recognizing adhesive matrix molecules
(MSCRAMM) EIFEIE T FAY Y 238815 5. M7 B EREIC L 5 G O N 2 (infective endocarditis: TE) 128 C,
TR KUMAE AIEAN O 7 121X MSCRAMM & OB #PEAVRIZ SN TV 2 A3 Z DR IEH L A% > T v, KIFET
e N RENRNBZHIIE~ O 75 & MSCRAMM O 5814 % 459 % 729, 20204F 12 BRIR & 0 4B & L7z i, e, SRR
FRIZ BT 2 MSCRAMM % 2 — R§ 2 @51 O 54RO W T PCRER F W T HE L 72, k¢, MSCRAMM % 0 — F
T BT OWRE /Y — v & M RENRMN R Z~ ORI 75 14 K OSHUBENFEAT 1 o BB PE IZ D TRt L 7z, BRIR 55
KR TR O BIE T DA /88 — ¥ HHER SN, cna, fabA, clfA, ebpS DIRA/SY — 13w b BVl #EMEZ R L7 L
7L, MSCRAMM % I — R 5 @2 DA L 2 AN BATHEANOZEIIRD b h o 7o, RKWIFRIE, BRIR#EMR 1S
BT AMSCRAMM % 2 — F§ 5 BIZFORE/Y — LM L7

F—T— K
Staphylococcus aureus, JEGE LIRS, MSCRAMMe-encoding genes

r%—m

G MO % (infective endocarditis: TE) 13 975 %2 [
NI, KA NI £ E S TREL TR L, I,
MR, LREESEORRER 2 23 % 4 5 MOiiE g
BCTHL, EEOERELHE L, REEIHE, sk, BEK
REEOWIMAE % 55 5 BRAHE = &0 L7236, IEx 5
FES B W RRIEEDSE VS, B OB R WIS b FEE
T2 EVH L. AT, MERE, Bk EOEMRE,
S 2 & 72 TR BB I ) IEAEIML T 5.
F 72, LEAEIAARR TN A A EGEDEFIETE (health-care
associated IE) & SJMETdH 2 V.

EQFEZRFREO—ETH 5T Ny EREI, #F
NDOFERERHNENETES 57 7 LAGEERE TH L. AMEIZ
xf LINEEPHIZ 8 2 AT TR CTH ), AN ORAE
PR G e S R AE, BRAMATHESLTI&RED
I F7, AF V) VitE#E G T N ERE (Methicillin-Re-
sistant Staphylococcus aureus: MRSA) 13 [F5 J5¢ B 8 & e % #C
CTREMLMETLH Y, BENTHEES LB IHPER O H
THOHHENSH VR TH S 2. W7 N ERW ISR
5 IEDFETERIE 20% U b, MRSADSEKE TdH 5 5613

60% &R D EDHESLH LY. T/, HET FYIEHEIC
L BB IMEEF DR 5 ~30%IZIEDFED HILD > 9,

F LT N BRI O G 3 FAREAN O E L SR/ S
%, —HEBOMIR N (IO LW R KA~ OfF 7 % RS
LWEELT, T RAY Y EMEINLMERTE D L <13
BB AT AME RO I EDMERR SN T\ 5, Hifh
T R ERB AR T RN ~ 1, microbial surface compo-
nents recognizing adhesive matrix molecules (MSCRAMM)
EIFEN LA B IS N, i EHA O ERT &
LTS5, #f7 K ERE 2O MSCRAMM & L,
cna’® 3 — N3 5 collagen adhesin, fnbA J2 U8 fubB753 — N
9" % fibronectin-binding protein A & "B, clfA7*2— N3 %
clumping factor A, ebpS7* I — N3 % elastin-binding protein
LEOWRERBWEPH SNTNAS, £72, collagen adhesin i
collagen |2, fibronectin-binding protein A J% U¥ B I fibronectin
|2, clumping factor A |3 fibrinogen |, elastin-binding protein
delastin IZFENENHEET 5.

BE#HIZ B\, fibronectin-binding protein DRAF AT v I
BT .0~ =R S 9 5% L, #HnT
RY7EREIC L ZIEIZBWT, FREEC LA, RIE AR~
D721 MSCRAMM & DBIEIEATRIZ STV 57867,
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ZFOWFIIHS 2o Ty, 72, MRSAIZ X ATH
IML4E 12 1 Daptomycin  (DAP) 72 & ORI IE % i\ 721G DS
T a7y, mOMBEBANBITELZ AT 2 G 7 MY IREE
WRHIRE~ND T A — TBIR D72, P51 EH
LW B IR SN TV B 9. 2D L) RBlEL»S b,
H 7 N BRI DS 5 53 S 72FE, MSCRAMM % 21—
Ry 58T 2T AL ITEETHLEEZ LS.

ARWFZETIE, b M KEVIRANEMBE O R &
MSCRAMM OB # % % MiES 4 5 2 & & HRYIZERR & 0 75
BE S 7o, W, RHIRIRIZEB1T 5 MSCRAMM % O —
N3 2 #ET OG5AIRIICOWT, PCREZE FVCTHEL
72, K\WT, MSCRAMM % 32— N§ 5 OG5 —
v e b KEIARP B AR~ O R A 5 1 K O R NAE AT 14
DB EMEIZ O W THEET L 72,

I.75%

1. EREMN

MSCRAMM B # 8 (5 F O A di A Tld, 2020 412K
K0 S BlE S A MU SRR 18 Bk, TREH SR 20 Bk, WEHEH
bk 20 RO 7 7 BRIAFE S8 kA KSR & L7z,

M AT A 1 K O N AT DO RRET T, 2020 47 12 B
REDGHSNZBETORENNY — VPR RD
BGU1426, BGU1427, BGU1428, BGU1429, BGU1433,
BGU1440, BGU1442 O M R E 6 7" B 7 BRI 7 Bk L OF
2009 {ELZERIR X 0 75 BE S 4, MSCRAMM % I — R %t
BT OGS — VAV LT 2 Mg H R # 6 7 K 2k
B#RBGU120 # x5t & L 72. BGUI20 1% fubA % 114 L 7
WML H SR 7 B BRI R Bk & L CfER L 72,

2. fEFHERE

M A N AT IEOMRES T, & P REIIRMN
Bz #fl 4 (Human Aortic Endothelial Cells: HAEC, ScienCell
Research Laboratories, California, USA) % 27z, #ifig
REAR I L 72 B 22 12 1L JEBh L 7% & 5 % Fetal bovine
serum (FBS) & U' 1 % Endothelial Cell Growth Supplement

(ECGS) % # Endothelial Cell Medium (ECM, ScienCell
Research Laboratories) % V2T, 6% CO,, 37C THi#& %
?? -7z,

3. DNA #itiA%

PR T m TR (H RS pRatt, BOUHE, H
K) ZHAWT37TCT—HEREZEL, 0.1 mL ¢ 20 mg/L Lyso-
staphin, recombinant (&7 1 )DL\*D?‘E%%E%E&%H, N
BJff, HA) BWICHE L729. 207 100C - 10 500
Bt 4T - 545 - 13000 rpm O 5Tkl Lf_i:(ﬁ % tem-
plate & L 72.

4. MSCRAMM BB&EE(F DA HAE

PCR (2 {% TaKaRa PCR Thermal Cycler Dice (% # J /¥ A
FrRA LA, WEE, BA) AL, HEEIZIINew En-
gland Biolabs (Massachusetts, USA) # ¢ 10 X ThermoPol
Reaction Buffer, Deoxynucleotide (ANTP) Solution Mix,
Taq DNA Polymerase /¢ U8 Table 1 (ZFE 3% L 72 Primer (#£34
KAE7 7 A<y s, MENE, BA) 2HEHLZ RGSE
i, WA 1 04C - 55 % 1A 7, BN
94C 1%, 7=—U ¥ 27:55C- 1%, MERKE:
nC - 1mz25F A7 vkl ZDMk, 1%77Ta—2A
7OV E W CESIKE) % 4T\, Ethidium Bromide Solution
(Bio-Rad Laboratories, California, USA) T %t o %,
MSCRAMM % I — N9 % cna 'V, fabA 'Y, fabB ¥, clfA ¥,
ebpS " DFMEEMERRL 72,

Primer Sequence 5'to 3' Amplicon size (bp) Reference
F: 5-AAAGCGTTGCCTAGTGGAGA-3
cna 192 9
R:5-AGTGCCTTCCCAAACCTTTT-3
F: 5-CATAAATTGGGAGCAGCATCA-3
fnbA 128 9
R: 5-ATCAGCAGCTGAATTCCCATT-3
F: 5-GTAACAGCTAATGGTCGAATTGATACT-3
fnbB 523 5
R: 5-CAAGTTCGATAGGAGTACTATGTTC-3
F: 5-ATTGGCGTGGCTTCAGTGCT-3
clfA 288 5
R:5-CGTTTCTTCCGTAGTTGCATTTG-3
F: 5-CATCCAGAACCAATCGAAGAC-3
ebpS 180 9

R:5-AGTTACATCATCATGTTTATCTTTTG-3

Table 1 Sequences and anticipated amplicon sizes for the primers used in this study.



5. HERafTE Y - MRS ITE DRSS

#74 x 1048 /mL O HAEC % 1 mL 3D well IZFEFE L, 6%
CO,, 37CTHEAEZATVY, 80% confluent |ZFHFE L 7=, KIZ,
McFarland 0.5 (1.5 % 108 CFU/mL) |ZFR% L 72HW iK% 10
AL 725 D% 1 mLmIIL, 6%C0, 37C T 3.5
532 21T 5724, well N % Phosphate buffered saline (PBS)
THEE L 72,

MBI A 75 KOS Z R AT L 2R B O B ETIE, 0.5%
[ ZFREE L 72 Triton X-100 (B> 2 - AT 7 ) AT 4 97
AR, BWRHE, HA) % 1mLiihiL, =i <2045
BIEHE L, HAEC OFMIRLIR % 3 UMA P IC B AT L 72/l e
R R KIS, BRI E T NDHEE R BTG E
e
Company, New jersey, USA) %MW CHEXIT- 7.

FENTRD & B MBBNICRAT LW DA EFE L7,

Calcium Chloride Dihydrate (Ca & L C 50 mg/L, &L 7
AV aFGHEEE RS, KBUF, HA) & DAP (32 mg/
L, WRULBC MRS, WEH, HA) 2Rl 728
# 1 mL & AR 18 FefilREE <& (6% CO,, 37T), #
FaAMcAT 2 L7 2 i L7z, 20, 0.5% 1%L
7z Triton X-100 % 1 mLiAHT L, HAEC OMifE i % i LA
FANIZBAT L7 % 0 &4, LB agar & W T o
RIE R AT o 72129,

EROWHD SMIBNIZRAT L 2R Z T\ b 0 % il
fafdsg Lzmf s L7z,

# |, Difco LB agar, Lennox (Becton, Dickinson and

w7 B ERE O A OWE

%R, ®E LT, DAP#% 32 mg/L 2% | 72 HAEC %
HEvwell ZHAL, MIEPBRE SNL Z L 2R L7

B5ix 4 well CRERZAT - 72, F 72, WEHEATIIE
IBM SPSS Statistics 25 (International Business Machines Cor-
poration, New York, USA) % i\ C—JClli&E 5 #4712
LBZBIEZMHT L, p<0.05 a0 A 5= & HIr
L7,

II. #&5R

1. MSCRAMM BEE & FDRHRAE

2020 SEICATBES NG T FUERKICB W, mbAld
SRRIZAEE DSERD S NT2. cna, fabB, clfA, ebpS DA
WM HRRERICB W TENEN167%, 333%, 944%,
61.1%%, WEHRHRETIZZN2E11700%, 100%, 100.0%,
850% %, JRHHEMETIZZN 2 550%, 300%, 100.0%,
90.0% % 7/R L 7-.

KIS, BHFRIFER SN ZBIZTORE Y — v &%
DOEE % Table 2 1278 L7z, 2020 SR\ BE S -8 7 K
7 BRI 12 B 1T A5 MSCRAMM % I — N5 2 #{n T OA /<
y — ATIME SRR T 7 M5, WERHDRIRC 4 f4H, FREH
KT ATERD SN DL HERS N BEETOR
Ho8E — 0%, M RPR Tl fmbA, clfA, ebpSTdH 1),
ERD 38.9% %R L7z, WP HI Rk M ORI K4k T U ena,

fmbA, clfA, ebpSTH ), ED 65.0% & 45.0% &R L7z,

Retention gene

Retention type of genotype

Strain Isolation
cna fnbA fnbB cIfA ebpS blood (%) sputum (%) urine (%)
BGU1428 blood — O - 0O O 38.9 20.0 15.0
BGU1427 blood — O O O — 22.2 10.0 0.0
BGU1426  blood — O O O O 1.1 0.0 30.0
BGU1433 blood O O — O O 111 65.0 45.0
BGU1442  blood - 0O - O - 5.6 0.0 0.0
BGU1429  blood O O — O — 5.6 5.0 10.0
BGU1440 blood — O — — — 5.6 0.0 0.0
BGU120 blood O — — O O — — —

Table 2 Retention types for the genes encoding MSCRAMM.

2. HRfTE R ORI TIE DRSS

HAEC |ZA) 3 % M N AT PE A5 A % Fig. 112, Alfaft
EVEOMERE Fig. 2 1R L7z, KB TORE/Y — 1
£ 2 HAEC~OMIFBNBAT IR BT S e o 7z

F 72, MBENICEAT L-2RIZB W, HAEC 2 & W
M TORFITRO LN D72

HAEC 2K L, #& b @\ fliiafd &1k %R L7220 cna,
fabA, clfA, ebpS % fRAE T A BGUI433 TH Y, cna, clfA,
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ebpS % P~ T 5 BGUI120 K U fubA, clfA, ebpS % f-ET 5
BGU1428, fnbA, fubB, clfA, ebpS % 154 $ 5 BGU1426,
fabA AT B BGU1440 O 3 ¥k & L0l L WA 75 1
ZRL, ZERBEICBVTp <005 L2 ) AEETRD
72. BGU1433 OfRAG /8 Y — VIF ML SRR T 111 % % 5
BTz F 72, fubA, fubB, clfA % fRA T 5 BGU1427,

fubA, clfA % A 5 BGU1442, cna, fubA, clfA %A
% BGU1429 @ 3 #kix, BGUI20 & Mz L &\l fh 75 1
wRL, ZEIEFEIZBWTp <005 &4 ) HEEERD
72. BGU1428, BGU1426, BGU1440 ® 3 #k 1&, BGU120
EHB L mAIafE 2R L72hs, SEBEERICBWT
p>005 & )V HEREEIBRD NP o7,
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Fig. 2 Cell adherent in each retention genotype. *1: p <
0.05 when compared to BGU1428, BGU1426, BGU1440,
and BGU120. *2: p < 0.05 when compared to BGU1428
and BGU120. *3: p < 0.05 when compared to BGU1428,
BGU1426, and BGU120. Bars represent the mean+ SD for
each independent experiment.
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Fig. 1 Cell intracellular transferability in each
retention genotype. Bars represent mean + SD
(standard deviation) for each independent experiment.

ER

MR SR 7 B BRI RIC B 2 B FORE /8y —
AT T REEER SN, &L SV EE LR L EET
DG INY — 2 I1ZBGU1433 B3HED cna, fnbA, clfA, ebpS
Td o 72. T IIZHAEC A% collagen & fibronectin % i Az ¢
728 59 T By R OMA S S ES o7 L
b5,

AHENC BT, clfAd 13 b MR E %O RV BGU1433

2BV CHERE S 7275, BGU1440 & BGU1442 O LELIC B
W, FEZMEAEEORIIFED bk hr o7z ebpS
bIE L < e d ML OBV BGU1433 12 B\ THERR &
7275, BGUI1427 & BGU1426 O ILHLIZ B\ CTHIFL A5 1
DOWIMIFED SN hodz. F/z, 2FHBICE RS
%R L7z fmbA, fubB, clfATRE /Y — 2 LIEKL, fubA,
fubB, clfA, ebpSTRA /X5 — I GHITAFE 2 7R L,
ZEEBEICBWTHEEZROZ. BHRICB VT, Pea-
cock 5 IZMSCRAMM D 585 D712 & ) Mg fd 5 1%
LT 2REMEDH 5 LG L TED 9, KFEIZBWT
LEBROBEAHE U TR E 2 5N 5.

HAEC ~OMRENBATIEIC BV, #faTOFRE/38 —

VL AR BERETIROLN L 0o . BRI
MSCRAMM % I — F§ 5 #{n T ORA/ XY — » L13HIIZ,
HAEC |2 & % phagocytosis 55 O ML N~ O FEATHIZ B 55
LRFHPFAET DI REM A RIE L TV 5.

D E 7 BRI I X A MifeftERoMmE Tk, 12
D MSCRAMM (24} LAl IE R W B~ O 75 1 % G5 % 2
L% LA L, EEETOMSCRAMM (2 & 2 Ml ol %
PO FFA Tl 5L D MSCRAMM |2 & AR % Z &5
LIENEETHLEEZOLNS.

=R
AER

SR L L, BEFORERESHRR T L IZR 25 2
LEWSIZ L £72, HAECNOMIefdE BT,
cna KO, fnbA, clfA, ebps DBIETDRAGINY — 2 T FFD
HTlrmWiil AL RT I EEZHSNIL o T,
AMEHEE G 7 K7 ERRIC & 5 e b RBIIRN B~ OfF
BHDRXI) = XL FENTS B L TOREBENIEMEE 2 -7
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Examination of Adhesiveness of Staphylococcus Aureus to
Human Aortic Endothelial Cells

Genki Maruyama, Honoka Takakura, Yoko Mano, Nobuhiko Furuya

Graduate School of Health Care Science, Bunkyo Gakuin University

Abstract

Staphylococcus aureus expresses adhesin, microbial surface component recognizing adhesive matrix molecules (MSCRAMM)
and promotes adhesion to host cells. In infective endocarditis caused by S. aureus, attachment of the bacterium to the heart valve
is associated with MSCRAMM. In the present study, we investigated the association between cell attachment and MSCRAMM in
clinical isolates derived from blood, sputum, and urine. The distribution of MSCRAMM-encoding genes was assessed first. Hu-
man aortic endothelial cells were then exposed to strains selected based on the results of the distribution survey, and the effects of
MSCRAMM-encoding gene retention patterns on cell adhesiveness and intracellular transferability determined. Seven types of gene
retention pattern were confirmed in the clinical isolates; genotypes harboring cna, fnbA, clfA, and ebpS showed the highest levels of
cell adhesiveness. No significant difference in intracellular transferability was detected between the retention genotypes with and

without these genes. The results have identified the retention gene patterns for clinical isolates.

Key words Staphylococcus aureus, infective endocarditis, MSCRAMM-encoding genes
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