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In this study, we analyzed the horizontal gene transfer in the environment,
using the model of phage transduction of phage S6 in MRSA. First, analyzing phylogeny of phage based
on the whole genome, phage S6 was related to the other ﬁhage infecting Gram-positive bacteria and
that infecting Gram-negative bacteria, which suggested that there may be specific phage group with

transducing ability. Second, phage S6 has ability to adsorb the Staphylococcus aureus cells via
beta-glycosilation of wall teichoic acids on the cell wall. Third, phage S6 was considered to
package the host DNA, transfer it to the new recipient cells, and the gene acquisition occurred by
homologous recombination.



MRSA
MRSA
MRSA
MRSA
Saphylococcus spp.
MRSA
mecA
MRSA
MRSA
Clin

Infect Dis. 57, 704-710, 2013; J Infect
Chemother. 20, 593-601, 2014

EhEE
BEREIFIHE

Bk
TRIRE

=N
27—
HEBEEA

1. 3MAXIFIBENMSERTFIRE~D
27—V N LI ERF K ER(EEREEAN),
Bk siBLEIF2EE L, TKICERET
B FAKPTI7—IUDEEFDKEERBEFITL.
MRSAD L HMEHEL TLBATHEEAEZ SRS,

1

mecA
Clin Infect Dis. 57, 704-710,
2013; J Infect Chemother. 20, 593-601, 2014

MRSA

DNA
MRSA
2 S6
DNA

DNA T U

ISME J. 8, 1949-1952, 2014 S6
MRSA
S6
mecA

ISME J. 8, 1949-1952, 2014

E2. (A)S677— =R ETEMES, 71
LANERNICHFHEOBEMRIH77—DT
H5, EHERE #4120 nm, EEES #5240 nm,
(B) 77— S6DNAY 1 X, KENIZS6DNAY 1

X, 270kbp,

MRSA
MRSA S6



(@ve

0.001 0005 001 005 01 05

& 100 sequences

—

19,372 nt]
Yersinia phage phiR1 £ (NC_¢ nmas; pa 391 nt]
Bacills phiage AR (NC_031039) (251,042 nq

closmdmm phlzec st (NC_007581) [185,633 nt]

phiS-36 (NC_009760) [218,948 nt]

Bacillus virus G (NC_023719) [497.513 ut]

15 (NC_031245) [221,908 n]
Ralstonia phage phiRSL1 (NC_010511) 3125w
Psesdomonas phage PABG (NC_022006) (255130 nt]
Pocadomonas phage Lull ONC D172 230,538 u
Caulobacter phage CerColoss (279,967 nt]
Caulobacter virus Rogue (NC. 010405) pz: 20 nt]
Caulobacter virus Swift (NC_019411) [219,2
Caulobacter virus phiCbK (NC_019405) [215,710 nt]
Caulobacter virus Magneto (NC_019407) [218,920 nt]
Caulobacter virus Karma (NC_019410) [221,828 nt]
‘Pseadomonas phage OBP (NC_016571) [284,757 nf]

phage EL (NC_007623) [211,215 nt]
Erwinia phage PhiEaHl (NC_023610) [218,339 nt]
Ervinka hagsEASST0QIC 123887 (71084 ]
Ralstonia phage RSL2 (NC_025¢ 23,932
Ralstonia phage RSFI (NC 028599) 222585 ni]
‘Pseadomonas phage 201phi2-1 (NC_010821) [llssunt]
Pseadomonas virus phiKZ (NC_004629) [280,334 n]
Paeudomonss phage PUPAS (NC (25909 [m 08 nt]
Erwinia phage vB_EamM_Phobos (NC_031043) [229,501 nt]
Erwinia phage vB_Eam M | E'|rlPhuI|pl\ NC nsmom 3,935 nt]
Cronobacter phage CRS (NC_021531) [223959 n
Erwinia phagevB_Eam)M Kwan (NC_031010) [.Auw nf]
Husley (NC_031127) (240,761 nt]
risDB (244,840 nt]

C. nt]

Erwinia phage vB_EamM_Asesno (NC_031107) [246,291 nt]

Erwiata phage phiESH? (NC 019629) [345.050 )
irus CP220 (NC_U21997) (177534 w1

(R 7/ L4

sszrij-f
El@iﬁ@ﬁ*

BT E QR

1
MRSA#E 1L
DERE

v -

(B) & DIEHT

- === =

N S677—

#EHEIFY

= EIMRSA EEL-BET S BES /L

RSP - I

(0) B=mTi HEA D fE4T

3. HEHME

SA27

K
DNA
S6 DNA  ¢29 DNA polymerase
Roche 454 GS
Jr.

Roche  GS Assembler software

in silico molecular
in silico biology
MiGAP

cloning genomic edition

VipTree

Camp\‘lnh:ner“rus CP21 0507) (182,833 nt]
Croachacte phagov CaM ¢ Garn C 019401 [358,663 8
Klebsiella phage K64-1 (NC_027399) [34¢
Entarciactaria ph.gus KieM Rnl\_(\( " 019526) (345,309 nt]
phage PBECO 4 (NC_027364) {348,113 nt]
Exberihia Phage 121Q (NC. 025447) (348,532 at]

Vibrio phagent-1 (NC_021539) (247,511 nt

phi-pp2 (IN849462) [246,421 nt]
rio phage KVP40 (NC_00S083) [vusu nt]
Vibrio phage VH7D (NC_023568) [246.964 nt]

Vibrlophage VaIKIC (NC_028829) |.4&nss nf

[uz Frvy nl]
Auumonnsphagepanc \).3633) 222,00
C_o

nt]
28683) [177, o nt]
Cronobacter phage vB_¢ csa\x Sarlsl (N o1o3ss) rm 193 nt]
Citrobacter phage Marga. D
Exchecichia virus RBAS (NC 007023) (180,500 nt]
Citrobacter phage IVE-CF2 (NC_029013) [177,688
Citrobacter phage \s CirM_CIPI (NC_031057) [lm 219 0]
Citrobacter phage Miller (NC_025414) {178,171 nt]
i 028945) [206,713 nt]

r

phage [
Sinorhizobium phage phiM12 (N 94,701 nt]
y RMO1

C_015569) [17

C-20L4l ONC 106927 (228145 )

KS1 51) [208,007 nt]
Prochlorococcus phage P-SSMS mqws«) 252,013 nt]
Prochlorococcus phage P-SSM2 3) [252,401 0]
232,878 nt]

Left line: Virus family

Myoviridae (38)
I Siphoviridae (9)

Right line: Host group
Gammaproteobacteria (42)
Cyanobacteria (38)
Alphaproteobacteria (9)
Firmicutes (5)

Others (5)

15

SA27

B-2

JEOL JEM220FS

Cyanophage S-SSM6a (HQ31 7391) 232,883 nt]
Synechococcus phage S-SM2 (NC_015279) [190,789 nt]
Prochlorococcus phage P-TIM6S 28055) [197,361 nt]
Synechococcus phage S-CAMI (NC_020837) [198,013 nt]
Synechococcus phage S-PM2 (NC_006820) (196,280 nt]
Prochlarococcusplisge Syl (NC_015285) 191155 ]
Cyanopha C 0.

S\ne\'hocncmsph age ACG-2014e (\c 026925) (159,418 nt]
rochlorococcus phage P-HM2 (NC_015284) 183,806 nt]
Plnrhlu{m‘mmsphlg!? -HMI (NC_015280) [181,044 nt]
Prochlorococcus phage MED4-213 (NC_020845) (130,977 nt]
Cyanophage P-TIMA40 (NC_028663) (158,632 nt]
Symechococausphage SWAMI (NC_031044 (155,102 1]
Cyanophage P-RSM6 (NC_02085
Synechococcus phage S-SHM2 (NC _( 0]<.S]) [l79,363 ut]
Cyanophage S-SSM2 (JF974292) [179,950 nt]
Synechococcus phage ACG-2014d (NC_026923) [179,110 nt]
Synechococcus phage S-SSM4 (NC_020875) [182,801 nt]
Cyanophage S-SSM6b (HQ316603) [182.368 nt]
Cranophiage Syns0 (NC_021072 (176,507
Synechococcus phage sy 96) 177,300 nt]
Cyanophage Syn10 (Hoﬁuwl) rm 103 nt]
Prochlorococcus phage P-SSM7 (NC_015290) [12,180 nf]
CranophageP-REMI NC 2107 (177211 .u]

E

63 nf]
nom4) [m wnq
Cyanophage P-RSMS (HQG34176) (178,750 nt]

H4. KBI7—SDEY5 /LERICL
=R #HEW. S6 77—
Txlrl=,

1F. FRD Kk EN

26



C
S6
MRSA COL
DNase 1 RNase A 50
pg/mL
RN4220 MOI, multiplicity of

infection 1 370 40

5 pg/mL  brain
heart infusion

370 24
PCR
S6 267,055 bp GC
25.1% 271
200 kbp
S6
S6 Bacillus phage
AR9 Yersinia phage phiR1-37
DNA T U
dsDNA
Bacillus phage AR9
g 120
g I
5 60 1 I
g, L
8., 11 | i
< Hh. Ho 00 oo Hw wn.Miil
Loe““)é:if;@é» Y @qo}(@ @%«‘9«& &:‘ix@ @@;\‘1‘\\’& ﬁ\’9¢&@x§i¢°‘:‘§,€@%@
« @ﬁd@"\
®5. WEME
o B
S6
B S

S6

150 nm

6. S677—>M
ETFIEMES

S6
MRSA
MRSA
1.1 x 109 84 x
transductants/tested bacteria
s.d.;n=10 10

10-9
mean *
MRSA

MRSA

MRSA smal

RN4220
mecA
COL
mecA

mecA
SCCmec

SCCmec
COL
MRSA
SCCmec
S6 S6
RN4220

—~
[
~

~
o)

<

Lambda ladder
RN4220RIF
RN4220
Lambda ladder
RN4220RIF

RN4220

7. PFGEEmecABIEFEIZMEL Tz 2T Oy (a) PFGEIZ
KBINURINE—2 DL : mecATEILF D DonorE T3 AHCOLEK
TlE, /AR /8—2h, Recipient B T#H HRN4A220RIFEED 1\
R/8—2 bR S, ATMRSAKTD/NUR/8—U1F
RN4220RIFEREFELIL TLV =2 EM D A TMRSAKIZRN4A220RIF
HEHETHHEERTET, (b)YHFoTOYME: PFGE.
mecABIEFEEMELTH YL T OYMENZTo-ETA. A
T MRSARKIZCOLKRERBRD B CmecABIZFEH T HIEM
hhot=,

S6




S6

In this study, we analyzed the horizontal gene
transfer in the environment, using the model of
phage transduction of phage S6 in MRSA. First,
analyzing phylogeny of phage based on the
whole genome, phage S6 was related to the other
phage infecting Gram-positive bacteria and that

infecting

Gram-negative  bacteria, = which

suggested that there may be specific phage group
with transducing ability. Second, phage S6 has
ability to adsorb the Staphylococcus aureus cells
via beta-glycosilation of wall teichoic acids on
the cell wall. Third, phage S6 was considered to
package the host DNA, transfer it to the new
recipient cells, and the gene acquisition occurred
by homologous recombination.
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