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EYDIREEIG - ZHREEERICHEFST S
Vector Particle (VP) &3 ! ?

1. FIZHZT

2011 EBIAE C O EEBRBE AT 12 & % #ER Lo
AWpREREIL, BYY, REWD, WO GE 870 JiTE
CHEET B0, b nE KL, —J,
K ISR T A E AL, 415~615 x 10*
PEEREE SN DY, R oA O R 7 3t
WAL CH D00, YAV AZEWEE
NGWEDEZNH LN, TA VRTINS v
HEWFENFEAETH D, 19894, /v — - N
W2 REFEOWFZE T N — T3 #E7K O % m R E 158
MRS, ~10/mL D ED w7 A v A Kk T
(VLP : BEACEBIC YA NV ADRIZAZ AT /)
ODHEEZHE L, ZRETRAIT SN Ty
ANVABOERE - ZHREEZEHHOTIZH L7,
COWIE R IS, MR VLP OB RN L %
BEMEANER S, YA VASHEROSREIZ S
AADMF R CTHED HNTEz, BEERORELR
T A NVAFHHUIESD Tld e \was, #EREICIERT
T F == HEDT A VA (VLP) »°
AT 5 L ENTWwaY, VLP & idsseatkiaic
BEHEBEICL VAV ADORKICRZ S, BHE20
~750 nm ORLF DA T, BRI E w125
%A L, ZofE, BIEY A VAR - ¥

B, & oy BENST LM NG ETHBT,
NS VLP DL L 3EMBENIT LK+ THD,

HARTOBEET 7=V Th Y, BEEh o
B EENOF TP LRIEH S NS, YA IVAD
B AR T ARSE L 72 F AR T,
A VA - i ERFRIII R 2 BIRA S 1), 1 FliH
DI ANV AHEG - BEIET & HHFH () 13

T A EN

SO E TEYRBICHRO A LD 1B B
HHI R, HICHRZC COMEMEBER S b
O (RfEEMRE VD) 1d&7 A )V ABERH T 05%
KiiTHc. £72, BEREHENS KD 2B
Tlx, @WEHE (Lysogen) 287 A )V AKEIHE O F K
Tdhb. Lysogen DEBERTORENL 1. BIER
67 AV AFHEFE & 2 WEIEBRA~OMEMIES © 2.
BAE A T O EE AR 12 & 5 @Y E
I, LR ENTWA, Lo LEMm T mEICEL
TiE, BEEAN I RERY:, HiL, L
HBAKRD D ORFHEETES 20O T, BARR
TOBGBIEREIRICE DS agent & LTHOT A )
A (bacteriophages) D253 & T X727,
LA, T ARMEEOMERICHE G, A ORE
Wr ) A OHFIZES  OTLEEADFT bR
DR SN, EE AR T OBEE P TOFGA
WRIFEHZEDD X)o7

2. KIEEEFIBE LIRIE VLP: Horizontal

Gene Transfer (HGT) in the environment?
T LT ORERIIEY ) LS S S
CEEWREE L, FICBEMHE T ) A7 05 R
TRV LV TR ZTREICL, THlZ &
M BB B BEEER (i situ) CTOKF-EEToE
OHETFM AWML L2AT, FAALY
(FIEAMHw, dofii, BEZEY) 2B -8R
LEIZED L) ITATONTE 7200 ? HEROER
FlrEOBE, Wb EEER e BEIEA
Tlx, HIL RSN 5 HGTY 2T 2 DI
+43 T\, JT4E Gene transfer agent (GTA)®,

THUR TR RAANT B A e RE - e BB ZE B
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) 22, 29) 21)

Membrane vesicle (MV , Micro-nanotube
% EHESRIBEOWmE A D 5 0%, GTA ILFHR
N D BT OIEYE, MiE HGT IR T H
5.

—MRIZEY OB/IEFEIEL, B SFI120h)
ELfETH L. L, Ao AR T
DBIZF DR &0 2KV EEF 58 (HGT)
L) WS RRIEDER AT R R FRITER
DEFTH B0, Hix b MEREROERKIZTT
X, BEOZHMEOEREZHFTCE 2w, B,
WL L ZAREERICRECHF LG L TE 0
HGT £ & 2 TL . Il _7AR IR B
ﬁ%¢f®HGﬂN@WﬁT%@W%AJt
WINTWD, Lal, HEREIEGRINLL
AT O HEALBEFE CTEWIZ V22 LT HGT % 3ER L
TWeniEss) . TLERFIZIEIROTIAIN

SFFEL v, il :E%T?@%ﬂ%ﬁk%%"r‘“(ibé LTYH
TS v, FFILEFEREE LToBEsh

% Lysogen D HZ, FEHIO D O & X MER 2 R
5 HGT RO % RIKFIZH S 7 Ai§ 5
VLP #EEF A E FIGEE T () mER T
(vector particle: VP) % R LY, #HHEEA L
LCREL, ZomERNDEHEFEIEL C&LY
(Fig. 1).

3. VP ZEARDPSED D
J& 9 B — T D Y 4 e TR

a-Proteobacteria (2

RFREEET S &, R DIEIC I ZE RS ©
‘m%#é%éﬂ%%&’iﬁtﬂmﬁzw
VLPs i, i#{z%% A% v-Proteobacteria |2 &4 5

ZHERKEHEOTPREZ % 6-96% & 3 5 IR R
iR L7z, T OHKT % Coliphage T4 @ KEHH %
FERNZEDY T order $HHfl] & L5 SRAVERIGE (A TRLEE L
T, TEWBILRIRIIIE &S, BIERR
DIFEBINEE O 7 A v AAFEIFED CBER & I3E
e LHEIREEINT. F70, THEEOFRKEMEHE
ﬁ%%ﬁktf?”ﬁk%ﬁ%ttk:a,yw

0" cfu/ K7 OME T EBEEARRIZ LS

CEGE AR U7z, WE O EE AR T LRk
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Transformation

S (0=0=(0

Free DNA (¢DNA) ~ Uptake forergin DNA

Conjugation
~eh=030=60

conjugative transfer of plasmid
Recipient cell (F)
Transduction ™
s (O~ 7O T
/@ e
S e o O
4 ) valms("@ m‘ \
\ Celllysls o) state 10310 !'lerf,‘ﬂ,' NOVEI \
) o/(-.:mtn 4 HG e =
A i e 5 (@) 50" ey
R Induction
‘ Celllysis \ Pmlr;um 1o @
é ce
\e&qg ::\wm : O ) @ -
M‘\Q CD,
Conventional Transduction  Serial Transduction
Noprogeny production Continuous progeny
from thetransductant production from
the transductant
Fig. 1 A schematic representation of “ordinary” and

“serial transduction”. The left panel shows the
life cycle of lysogens and the production of
transducing particles. Note that transducing
particles would not be capable of producing
progeny from the transductant. The right panel
shows the serial transduction with the aid of
the broad-host-range vector particle (VP)
discussed in this article. Transductants
generated with the VP acquire VP production
without accompanying cell lysis, whose
reproduced VP can carry out successive
transduction as the serial transducing particle.

D, ZTHHD VLPs 12X D155 N EE AL
WFAERZES L, JTTORT L RFOZEREK
FERPR & BIRFRERR R L7z, BIEE TIT,
PRI o & v Proteobacteria @ 22 T8, IHEWR E BRAL
B Aquifex - 1FE, B S EGEHE Thermococcus -
L HEA S HSEMREIC X DR T A E A R L 720
(Fig. 2).

SEOKE D 5 OEAEREM S
o T EA K M LT L,
42°50' N, 141°02' E
i - Fodng, 36'12'N, 137°36' E
i JEE BAOK M AL KR, APSKS. 28734
N, 140°38' E -1382 m
A boring core, APSKO06, 28°34'N, 140°39'E,
-1386 m

=550 m level
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Transduction Protocol

Lethality and gene transfer capavility on
auxotrophic recipients were examined.

Y -proteobacteria: Escherichia coli AB1157
Firmicutes: Bacillus subtilisPS9

Eukarya: Saccharomg/ces cerevisiae SEY6210
Archaea: Sulforobus acidocaldarius MR87
Example: E. coli
VLPs STy,
(4 J
® = —
*Se F — =
s v | & &>

'I'.B ager: EOP

Fig. 2 Transkingdom gene transfer of VP with a specific reference to VPEM images and transduction protocol.

A boring core, APSK06, 28°34'N, 140°39'E,
-1386 m Temp. ca. 250°C

W SR O 7% phyla % B3 2 A

ZHWME L THET 5 L, FIERIRIIMERTE
Fe AL FARERIMER T E e odz. 22T, &
) RN AT DR RAE BT 2 M A H A
ENTFRTF ORI A L7 (Fig. 2, 3). lndt
i ¥ 2T AR T N LREHE R 7 Aquafex 13,
i 3% 05 7 7K HR L A R R o kL LR L 7z
VLPs (ST-VLP) %&EjET %I L& w72 L7
(Fig. 2). ST-VLP & phyla % 22§ 2 & KM
WK L CREEBE 2 5 4 1 order T1F % E3EX)
Frrd i, #5107 cfu/ BT OEETEE
BAMEELZ. ZOREEAM (STEtrans)
LR O A & FER, kT AREERE 7 MBS
L7:. STEtrans 2347 L 72 STEVP” 1%, A%
NGB TENRET, MERAOFHEE SN
KT b Ao E R L (Fig 28", &5
\ZSTEVP &, %AW E LTE. coli, B. subtilis
DIAMZ, BERES. cerevisiae, HHlE S. acidocaldarius
WZxF LS ARSI & dlfn T rEfg e R L, %
5 NIZTEE AR & D[RR DKL A FE SRR
7z (Fig. 2). STEtrans ® 30~37C TOEHFIK
NEZHWTHAE. coli LT 5L, wmAFH
EMILE S ZERO T BT, #40% 12
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WS ", HEBBCEESNL NS O
FORE L, WHEHBAFERZ VPR % 57tk
LR —b L THW TS, kIO EE
ARRD S FAE SN DR FEIZE—Tidk <,
STEtrans O35 & 124 & 7z STEVP 13 5 T %H
DRI o 7R T REANO A B S 7z HR IS
FEAREEN LR INED L ) IR R ER
FARIRBES R BIETE T, HELOZRRILE
FEPAENDEFGOFITH 5. BT HHERAE Y
ANV AZ, NERBIZE 5 EBEF ORI O 2 AR
WL L CHEfL L, 2GR, HEE o fg T 3812 il
RSN R S 5 .

[(TEEEAL &, R BARESE TOME R
Mt D A=Wy 5 B O &R RS T IL & #ALITR & %
Brb 2727259, BEREPIIRESIRTYS [IA
e BB F2ER T - VP 13, W Lo
SRR CHRIZEIE ORI & UEM R~ O F L&
LA OB E ) FEREE R LIZEERD
NEHHMED [EEFEEEE] ORETH 5.

4. VP 3 ZI5ET S D

VP 3R BOR M 22 RS Btk & TR R 1 1221
SHTD, BIZTHMHEDP IR L 202072
¥ 5 %5 B 12 deletion mutant (E. coli DH5a: F,
#80dlacZAMI15, AlacZYA-argF)U169, deoR,
recAl, endAl, hsdR17(ry, my), phoA, supE44, ),



Ve

C .

Aquifex sp (70°C)
produced STVUP infected
to recipient auxotrophic

E. coli AB1157 (/euB6

proA2 hisG4 argEs) to
generate entirely reverted
prototrophic STEtrans
that produced STEVP

'E. coli gz

DHse) @

argre 0 o '
Infected to E. coli DH5a.

STEVP
(AlacZYA-argF recA relA)
selected arg prototroph &
lactose utilisation.
DH/actrans

X

e L
- ®
‘0 O )
100nm — X
Transductant:
DHlactrans &
DHlacVP
4L

Gene transfer
molecular evidence check

b 2800 ‘ 3100 ‘ 3400

310.0kb

3 | |
Lol
genome Deletion frame JucZ-argF, 77.164 kb)
JogFargf yogk
X a

locZ mhpB
ab

mhpB NSty
T R No

JubF
D

lacZ argk
T R No T R No

c My
kbp

template ~+ -+
Kbp aw
=

d  MSty lacZ argF yahF yagX yagF mhpB NSty
= st e T

0.93>
0.42).

Fig. 3 Generation of transductant using deletion
mutant, . coli DHb5a, to examine the molecular
evidence of gene transfer and PCR amplification
of target genes in DH/actrans.
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thi-1, gyrA96, relAl; E. coli JM109: recAl,
endAl, gyrA96, thi-1, hsdRI17(ry, my), eld
(mcrA), supE44, relAl, Alac-proAB)/F (traD36,
proAB’, lac I', lacZAM15)) %8 A THET L 72,
¥72, VPIZLB 7T A3 FaEoWhet%, 7
T AI FREWD?S 77 A I FEFFZZVEAD
—HOBEEABETT T A I FOMB ATV
L7, 79 A3 FRAREMKE LT, pBR322 &
E. coli DH5a [A(lacZYA-argF), relAl, recAl]

DI G gz fakk E. coli DHAmp 2 E.coli DH-lac-
trans HH & © VP % J& 4 & &, 1% 72 E. coli
DHAmp -lactrans = & 5 7 UL OAVER L H W 72,
E. coli DHAmp -lac-trans (&5 7 b — AE5# T
DT o~ — AT L0 EINUAE U2 R~
RIEBETHERE LT 70— AESIKEE & L CHE
L7 (Fig. 3,5). LIA75, EWtkET v ¥
U CIINLB ¥ CIIER I a0 = — B 21T
bOD, 77 F—ARWTIIEBTREDVEL, #E
EENZZVPHOT T AI P & Z i
AEBIZE ST I A3 FOBAMBIZITIES &
Moz,

CIE TITHEE - WEEEUKE K - # FIE O
HFBOK - BRIk - HEPREZ &5 VLP & 20
AR BRI, AW REZ R - KBE -
R % EICHOWOREEA 21T, EAEEE
I % R AR 7O B AR OB 2E I SR -4
FEA TR LAERY, SN g Tl VP IR HE
ABEE LT 3RS L 72N, 201942 A
\Z5EF L 72 SRR L7,

IR B B E 2 TS A I B B ER AL A
(Aquifex sp) M VP % 7 5 AW E E. coli
ABIIS7 AW E L TGS 5 L VP HENE
B3 ARE (STEtrans) 234 U A FHFEIL, MEi@
2 7B E A O TH 5. STEtrans A%
HJE L7z STEVP (112+174 nm; 373.3+23.2 kbp)
& 7T LB AR Bacillus subtilis PS9 SHRAFEEERK
PEZEIRZAZ FARIC MOL 0.1~1.0 TREH S, met,
trp, lys, leu, his D7 I J BRERIEAEIF % 81212
g L, 25419 x 10° CFU/VP 03# A5
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THIFHE ARR STEBtrans % #5721,
KAERZLRMEIEICE T 20 BO#ET L) K#
Bi7e AR T IEEADT DN TV B IREEE S
MPITT 72012, HE - S HEERO VP % Hin
HZHERNEEEANL, £ LB EEAKROEE
IR DG - MBI OER 2 faffE & LT
L7z BARBYITIE, oF B 8 BRALA A Aquifex
LB E B MW Thermococcus kodakaraensis H
VP CHRUE L 72 KB RIIEHE AR (STEtrans,
DHlactrans; KDEtrans) (Fig. 4 a), & &
Polaribacter filamentus H ¥ VP THAE L 72 Kb
HILEE AL (PfEtrans) (Fig 4 b) i¥2hZih
i B i 14 (STEtrans, DHlactrans; KDEtrans (&
50C T colony L F] fiE T 70TC T & B4 5l 1 fE ;
PfEtrans [ A KGR IC AR #EIREA 7C |, A&

Aguifex sp (70°C) T. kodakaraensis B41 (70°C)

HHPHIL0C L TIRT) 2B TSI LERL
7z (Fig.4). ZHU2L by, Theh&Einkitd s
WIEH ARG T & W HEIC 9 2 M Ak
KASEA SN MkE 1572 & Il L 722

# 10C OUFEHEESE P, filamentus % HE0E
HH T K% #b ZoBell TH: %23 % & PIVP (~150
kbp) KiF & HIFEEL, ZOKTFE MOI5T
53 WK M E. coli AB1157 [F; leuB6 proA2
his—4 argE3] \Z&G S & 5 & A MRSt =
RS, ETORBIORMEEMEE#RDER L VP
A 2 R IEEE AR 38k (PfEtrans) %L 7-.
& 5 |2 PfEtrans &, KB W 28 T & 2w
ZoBell ® 10C TH#E$ 5 &, Bl S /-5l ~2
x 10" cells/mL # 7~ L, H£HE@HE 30C, £
B A E#E 0~37TC &R L7z, L7z - T,

auxotrophic E. coli

P filamentus (10°C)
produced STVP infected  produced TkBVP infected wte 4 | ‘produced PFVP
to recipient auxotrophic to recipient auxotrophic b e " infected to recipient

E. coli RB1157 (/euB6 E, coli RB1157(/enB6 proA2 m

proA2 hisG4 argE) 0 hisG4 argFE3) to generate womm—.  AB1157 (lenB6
generate entirely reverted entirely reverted proA2 hisG4
prototrophic STEtrans prototrophic TkBEtrans argF3) to generate
that produced STEVP that produced entirely reverted
TKBEVP prototrophic Hﬁrans
. that produced PfEVP
. . 200nm —  — 200nm

STEVP O

E}“’” @ E.\golf
eu
arghs leup r@

arg his

[ )
() [ ]
AR ,
STEtrans TkBEtrans_
High temperature

tolerance check

200 2

4
To 705C

50°C 56°C

00— -
t Y

1 '~ 4

3

‘<

Psychrotolerance check

e T 1E49 g
R
{11710 /t \\ 1E+8
o1 \
A Growth! i
/ optimum

r=LNERT

lowered 1E+7

Cells per mL

il

Survival Rate of Initial Inoculum, fold

0.1
o' ! L

I —
-
-]
i
57 |

0.01 - 0.03 0.03

0 4 8 12 0 4 8 12 0 4 8 12
Period, h Period, h Period, h

o~ TKBEWaNS  .aw TYEans _e_ STEWans .o E.cONAB1157

37
3 0.01 e I
TLower growth R N
fimit widen TE+6 o
_o- PIEtrans _,_E coli AB1157 AA —o— PfEtrans
1/2 ZoBell supplemented MM —s— Recipient E. coli AB1157
0,001 -+ T 1E+5
0 5 10 15 20 25 30 35 40 45 50 0 100 200 300 400

Temp.°C Period, h

Fig. 4 Restricted growth temperature tolerance acquisition with VPs originating
thermophilic and psychrophilic microorganisms.
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KGHEAEE OFFEHEP (7~42C) & E#EiRE
(37C) & P. filamentus HFD VP ILEEAFZIZ
BB~ 7 b L, KEBEIE PIVP &G CERR

FEH P A [V iR B i1 % 4845 L 72" (Fig. 4b).

T AR PfEtrans 7/ A4 4 XL ZE
KFEWEIE T/ LR EOWHITIZ LD,
453760 bp & & V), =4 E. coli ABLIS7#E L D)
b 0.74% (34,415 bp) ¥Ehn L 7225 VP it 5-#k P.

Silamentus & OMFE B TEHNL R B RHo72.

F72, A NVRIRE LRETHESE OB EREET
Hotims, 1)KV —ARNA#EET () &
Z OFREHIR T 1 LT (SNP) L3RI AR
& (InDels) 2SE#HEECTH U7, 10T 3 B
OHACKRH (T = 134 h) 12D CHR T, = 29,
356, 454, 6681 ¥5#E C genomic B D iR A5 Z -
72 (Chiura 2023 unpublished data).

FARETHE LD T L7z VP A REHEE I
X, CP4-6 integrase X° Inovirus Gp2 resolvase
SRER T8 87 A AR L7

AR FARED 7T HIMERR I L 72 lac S AKRD
B-galactosidase i % D0 5 X<, T —K"7
A MNAZ ) ==Y T RAT o 72RER, WA OFEERT

YFUP
Emnmy/m B WO WO
/\ %ﬂ,w e t £
2™ g o
2 = o
sy °o
J (X6
Stul. -
targeting soquencs (Mito) |
BamH I & Not | 30°C,147 h
[\ 2 culture
EYFP o
Moleeulali Oogo O
msc JMIactrans
0O

Transduction
lrecbuencﬂ
= 10° CFU/VP
=
YFPJMtrans
Transformation — E. coli JM109

<-X-gal, IPTG, Ampr selection
Transformant : White colony (yfp::ampr)

Transduction
towrds

YFVP budding E. coliDH5
, ' - Jl:‘;clrans 1
// (o) ) - A
\( ) o)
\\__“o0
o Ampicillin resistant
00
O\ooo
o

0.0
00 -
YFPDHtrans

STEVP
transduction
MOI = 3.0
EOP = 82%

X 77% oan——pFaEEEA L), oo
== LHEfTo - FEBR TR FL I = — (3R
b, INo DR, laciE A K
B-galactosidase {ETED BRI T L TWbH b D&
LT, ¥/, BULRBESNE. coli JM109 [relAl,
recAl] ZZHEWME LRI D2HELD lacE
AERDEEFEAEOBEIL, relAl BT & A1
e VP HRBEETF L OMTTFEIELSL L) 12
RRTE 5.

5. VP EEEIEF (B) BECICHHDD
VP B A % 515 1213 VP EERIE T O
RIS IHTd B, VP RLFAREICE D 2 #EI5 T
(PPRG: Particle Production Responsible Gene)
13 VP AR 2 SRS L 70T B AR O Ge R 1
EZFOEIPIIHLHIETTHS. VPIRHEF,
recA” DZFEHE T, VP HEOEIE T 13 L A
PRI DEET ) ANOFFAD TONL DL
R B, VP HROBIZF 1318 RO OfE
FEREA AT AD R S NE DL ) . ZDIR
H a2 MERL L PPRG L2 IS 212 5 728, VP
HFEVED & % A A 2 BURI  (Hir) %

YFVP
DAPI YFP

JM109
DAPI YFP

DAPI- - YEP: 7»

2<
ES

Mark
S/ Hindil
Mark
AJHindil

t
i

Fig. 5 Construction of yfp:ampr plasmid for examining VP capability to transfer
plasmid and cytoplasmic materials other than chromosomal nucleic acids.
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ED, BEBORBEIRME L REFT 2 2EHRITES
L. HREIRMEDOB)G/NY — 55 PPRG HEfL
AWET LA HESELEEZ . 22T, T
VP E S AR ARG R (HEC) 21557
% STEVP® % E. coli W2252 #% (HfrC; metBr
Sm') &GS, VP R AERET SRR A Hir
met trans *VEEL L 72,

KT, Hir met trans (65 %) & 2H KK
AB1157 (F; leuB proA hisG argE Sm’) %
&R, hisG argE OFESRAERSEE X
VP e HirC & F & OFAMIRICIEH L 72

D leuB L A MK TN L, prod I3 TE L h o7z,

S5
T, F 72 pro LIV D lew arg his BEFE 128

I2, e LT B A RO AR T A AT
5

LaANT. ZOREEAED D ORTEREHSIE
Hfr met trans 4«4k F12 PPRG 258H3A 7z
WThs.

HirC #4612 & 2 @z FE A, KR ESHE
13 BH 76 s & RO EFELIC HE 4T L, proA
(16.6010°) leuB (12.7966') %, argE (0.5391")
VRN AW IZHHE S 5 O C, Hir met trans O
ZERANOEE T, pro UL ORI HEH 3 B %2
SN D, proA-leuB 13 hisG (559803)

EmiER (13) [CHIEL 2 53 PPRG I proA-
leuB BT TEICHA TN EE 2 S,

CHZ kLY VP O Hfr ~NO %G T o PPRG B
DZHEENOMAE, AR TIE % < FRRRES

B AR ONFEPE SN, TNE TOHIR
B FE 2 YettAR O pro-lew FEIT G IZ SRS A

P22 phage (attP22: 17.0365") 1754 (12.7966
~16.6010) WIZEZ T EHET S &HEwE L7
BAET ) ARHIBT 2 EPOZHERKEH E.
coli AB1157 - W15 P. filamentus % VP 1A
KWW E & Ak (PlEtrans) (220 < &,
PPRG #f 5 7 12 1 cryptic prophage CP4-6 @
IS5 ¥ integrase %5 &5 B9~ % F i A 0 A & 1% C,
HfrC (w2252) #RDF%L4ERS T b IR O E % i
HTcx/. (Fig 6)

R VP HRE R T2 recA DFAEICTD 5T
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Genetic marker Observed number

7 (HirC e Senelic marker Observed number
ﬂ?ﬁ'. leu arg his ~ Hfr-met- E, coli

‘STEVP N\ SO trans __ W225.

44+

!
a}"?ﬁ,?

ranstuehie

O “\‘\‘&‘?net- R O
\ m\\\s +or - é 1%%

T
: ol
Total 39 300
con gat on 2 Triple recombinant was not examined.

leupro \O

Coefficient of coincidence
arghls
louB6 1.7 pm‘z 5.6°

Hfr-met-trans  E.coliW2252
It."

2.09 < 3.74
None of transconjugant obtained

7
PPRG !?

by proA2 recombination.
Conjugation of other markers
successfully gave transconjugant
with particle production, but not all!

Transcp;;ugant
his*

“1\ / \

40%* —  60%:* '40% —
Particle production

=P P originating genes would
probably be specifically inserted

to around the proA2 locus.

his4 45.0°

PPRG: Particle Production Responsible Gene(s)

Fig. 6 Prediction of the VP particle production
responsible gene locus in the E. coli
chromosome utilising conjugative transfer.

MERFRGEAITONL L LR, 77 -9 T
RoND L) i ABRTHOB I HEBEPSE
WA U A2 S 5. VP HEREE T WA
T LRAEVE LG, FEICHAIN
72 lac BIZFWLEHEMEINL . 2 OB R
ELTlac 7uE—¥% — %G ALELRTORESR
BN, lac AT ORY T4 7ay ba—)
DIHE DX 22T, B-galactosidase D35 =
ORI T 251 R 2RI L ToH%
TEEIZT 5.

T8 EOEFIREANDBIS, VP A RE & —ik
RIEEE A OB EERFRE 25 2123 xL<
7o 72, PfEtrans, P. filamentus ATCC 700397,
E. coli AB1157, Acholeplasma laidlawii &
pleomorphic virus @ It ¥ 7 A B 1
PfEtrans 735% %% E. coli AB1157 & 987%, VP #a
VB P. filamentus & 35.6% O 7 3 7 FEECHFH [ 14
L, 10C COMi - Ttk & SRR OES
X, AN LA SEAH B E R O R IR L
HEF ISR IE Y X7 BId 7 AV AETIE %L
MfEEFECTH L Z & 2R L7z



6. $EHEBE

VP&, Ptufkilifny, 79 AN, Mgt
B % )R s G R — d R — BAEY)
DMK T 55, VP EEBRET (3
= PPRG L F CRIE S LTV 72\,

VP D458

D FF o UVALBEIZBEARZ <, VPG X
% ML O B KL LT 10%.

2) fEFE gt R (dsDNA, #9400 kb) %,
K 1.2 x 10% CFU/VP &\ ) EHEE O —
MR A & PR, RIS R HE P 0 52

AR T 5.
3) HWHLEE A LIS, VP I E A

76 DOTF VP EAY,

4) VPIX, fEMlazE@d o2 e EE

DEFIN A EZ G T 5.

5) WKL I3TE 4 OBERCT A X554 2R T
6) VP ZH 5 223 HME— DT VP AT

BEABROEFHEMEIIC L5 HIFBIZET,

VP AERERIL, Milad 720 3£2 K1 & kA

ICHHl ST,

N

VP OEEIZER SO 7 NV—TH R THIO T
RIEL72 DT, BRICHEABET 2L AFL
T&7. INFEToHGT & TIHRMAIITIE
HIHOBEL 2 T ICHITE R d o 7275,
ZTNEWRICT AL LT A IVANIESE,
Y EREFE O OER /R TCE&Z. L, £0
BT, T bE PPRGAH R W 212,
T A ST WA, 4 VP TR
DBIZFREEHAL S22 Y, Z2OEEEASFEH S
AU, SRFEAIE < BEN 72 AR CHRIR T O
ACPAZHEZ AL Fr72 e A= AL E LT, JEL#E

BHEICEHEINEREAL X7 P 2ESTHA .

FRIC XY, EWAEROMAERE L ZREB X O
FEORIE B ORI 4 F L WIHEHRE Rz 5
2HLDOEMMEBENS. 7 AENEROER X

HES L, s, sk, mEs,

120

TR, RERY, RARFELZEPHRETD
B 7 A A EA R O e B 12 B RE L T
. ARWZEIC &Y, L #HIPH 2 B n AR,
JLEL R A BWTHE L TWD 2 EIFEEDH
FNTH 5205, NANREREEREEHICLY, £
DHENEELZ T2 L b FHESN, Bk
YR, AEEERE B RIS T & DI
T &S, VP O il R4 5 BY 3 18 {5 - o i
B % fkfe i T B A%, VP IZMBMEE )L < 4
T 8T, EMOREHEILB L 0L HMER
A5 BRI 123 5 LERSEE (Ecotype) TEHL%
THEICT 5.

References

1) Albritton WL, Setlow JK, Slaney L. (1982)
Transfer of Haemophilus influenzae
chromosomal genes by cell-to-cell contact. J.
Bacteriol. 152: 1066-1070.

2) Amy PS, Schulke W, Fraizer LM, Seidler R].
(1985) Characterization of aquatic bacteria
and cloning of genes specifying partial
degradation of 2 4-dichrolophenoxyacetic
acid. Appl. Environ. Microbiol. 49: 1237-1245.

3) Bergh @, Bérsheim KY, Bratbak G, Heldal M.
(1989) High abundance of virus found in
aquatic environments. Nature 340: 467-468.

4) Bertram ], Stratz M, Durre P. (1991) Natural
transfer of conjugative transposon Tn916
between gram-positive and gram-negative
bacteria. J. Bacteriol. 173: 443-448.

5) Bopp LH, Chakrabarty AM, Ehrlich HL.
(1983) Chromosome resistance plasmid in
Pseudomonas fluorescens. J. Bacterol. 155:
1105-1109.

6) Bérsheim KY. Bratbak G, Heldal M. (1990)
Enumeration and biomass estimation of
planktonic bacteria and viruses by
transmission electron microscopy. Appl.

Environ. Microbiol. 56: 352-356.

WAL H3TES 27 A6 4R 11 /]



10)

11)

12)

13)

14)

15)

Bérsheim KY. (1993) Native marine
bacteriophages. FEMS Microbiol. Ecol. 102:
141-159.

Brisson-Noel A, Arthur M, Couvalin P. (1988)
Evidence for natural gene transfer from
gram-posotive coccl to Escherichia coli. J.
Bacteriol. 170: 1739-1745.

Brown M]J, Lund PA, Nibhriain N. (1989)
Mercury resistance in bacteria. in “Genetics
ed. by D. A.
Hapwwod and K. E. Chater. Academic
Press, Inc. New York. pp. 121-139.

Chiura HX. (1997) Generalized gene transfer

of Bacterial Diversity”,

by virus-like particles from marine bacteria.
Aquat Microb Ecol 13: 75-83.

Chiura HX, Belimirov B, Korure K. (2000)
Virus-Like particles in microbial population
control and horizontal gene transfer in
aquatic environments. In: Microbial
Biosystems: New Frontiers. Bell, et al. (eds)
Atlantic Canada Society for Microbial
Ecology, Halifax, Canada, pp. 167-173.
Chiura HX, Umitsu M. (2000) Isolation and
characterisation of broad-host range gene
transporter particles from geo-thermal vent
of Toyoha Mine. Microbes Environ 19: 20-
30. https://dol.org/10.1264/jsme2.19.20
Chiura HX, Yamamoto, D Koketsu, H Naito,
K Kato. (2002) Virus-like particle derived
from a bacterium belonging to the oldest
lineage of the domain bacteria. Microbes
Environ 17: 48-52.

Chiura HX. (2002) Broad host range
xenotrophic gene transfer by virus-like
particles from a hot spring. Microbes
Environ 17: 53-58.

Chiura HX, M Umitsu. (2004) Isolation and
characterisation of broad-host range gene

transporter particles from geo-thermal vent

Transactions of The Research Institute of
Oceanochemistry Vol. 37 No. 2, Nov., 2024

16)

17)

18)

19)

20)

21)

22)

23)

24)

of Toyoha Mine. Microbes Environ 19: 20-
30.

Chiura HX. (2004) Novel broad-host range
gene transfer particles in Nature. Microbes
Environ 19: 249-264.

Chiura HX. (2006) Novel gene mediator
originating from thermophiles in the
environment, ] Jpn Soc Extremophiles. 5:
75-9.

Chiura HX, Uchiyama N, Kogure K. (2009)
Broad-host range gene transfer particle
produced by Alitvibrio fischeri. Microbes
Environ 24: 322-329.

Chiura HX, Kogure K, Hagemann S, Ellinger
A, Velimirov B (2011) Evidence for particle-
induced horizontal gene transfer and serial
transduction between bacteria, FEMS
Microbiol Ecol 76: 576-591 https://doi.
org/10.1111/j.1574-6941.2011.01077 x, 2011.
Chiura HX (2019) Overlooked “broad-host
range vector particles” (VPs) in the
environment. In: DNA Traffic in the
Environment. Oshima T, Nishida H. (eds)
Springer-Nature, Heidelberg, pp. 135-196.
Dubey G, Ben-Yehuda S. (2011) Intercellular
nanotubes mediate bacterial communication.
Cell. 144(4): 590-600. https://doi.org/10.1016/
j.cell2011.01.015.

Haurat MF, Elhenawy W, Feldman Mario F.
(2015) Prokaryotic membrane vesicles: new
insights on biogenesis and biological roles.
Biol Chem. 396: 95. https://doi.org/10.1515/
hsz-2014-0183.

RIS G EWELEEZE 25, GlkH#HE
ISBN: 9784004300199, 1998.

McDaniel L., Young E, Delaney J, Ruhnau F,
Ritchie K, Paul J. (2010). High frequency of
horizontal gene transfer in the oceans.

Science, 330(6000): 50-50 https://doi.org/



25)

26)

27)

10.1126/science.1192243

o ER 2 A B D e A W AR AR L httpsy//
typeset.lo/questions/what-is-the-current-
estimate-of-the-number-of-microorganisms-
5e0dhudOhi

HGT in bacteria http://biobabel.wordpress.
com/2012/01/24/novel-modes-of-lateral-
gene-transfer-in-bacteria/

H W) FE 4 BT https://tenbounies.go.jp/news/

fnews/detail.php?1 = https://www.unep.org/

122

28)

29)

Suttle CA. (2007) Marine viruses— Major
players in the global ecosystem. Nat Rev
Microbiol 5: 801-812.

Yaron S, Kolling G, Simon L, Matthews K.
(2000) Vesicle-mediated transfer of virulence
genes from Escherichia coli O157:H7 to
other enteric bacteria. Appl Environ
Microbiol. 66: 4414-20. https://doi.org/10.
1128/ AEM.66.10.4414-4420.2000.

WAL H3TES 27 A6 4R 11 /]



