SIGNIFICANCE OF BROAD-HOST RANGE GENE TRANSFER PARTICLES IN THE ECOSYSTEM
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As whole-genome sequencing projects advance, it is becoming clear that gene exchange among organisms of
the microbial consortia is constitutive. On average, 2.6 prophages per specie have been found in free-living
bacteria, and between 3% and 10% of various bacterial genomes’ DNA are composed of prophages. Based upon
data, it has been suggested that Escherichia coliand Salmonella separated ca 100 million years ago. Although the
rRNA operon is highly conserved, E. coli has an extremely variable genome size ranging from 4.5 to 5.5 Mb, of
which ca 10% consists of acquired genes as the result of horizontal gene transfer. The genome of the E. coli
strain O157 Sakai has a large amount of strain-specific DNA (1.44 Mb), and contains 18 prophages or prophage
remnants accounting for ca 50% of the strain-specific sequences. Moreover, six large chromosome segments,
which seem to represent prophage-like genetic elements, are found in O157. Thus, phage genes are an integral
part of O157 genome, indicating that virus-mediated high frequency horizontal gene transfer played a
predominant role in the emergence of this strain. Direct evidence of such horizontal gene transfer is provided by
prophages or prophage remnant sequences in O157 as well as in other strains.

The case of E. coliis an example of how viruses might have influenced evolutionary diversification and
speciation. Therefore, it is clear that virus-mediated horizontal gene transfer would have had much more impact
in the environment than previously considered. The discovery of non-specific gene transfer mediators,
especially in thermal environments, is evidence that such particles might be widespread, contributing to
evolutionary diversification and speciation. Viruses may have evolved to sustain ‘selfish’ genes for their coats,
and consequently underwent restriction of specific host range. “Transduction” may have major effects on the
genetic structure and evolution of the global population of bacteria and other organisms in the natural
environment. “Broad-host range gene transporters” conserved in the environment could be descendants of an
ancestral “gene transfer apparatus” that likely provided the main role of conserving genetic resources and

distributing novel genes to microbial communities in early evolutionary history.
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FERERIT BT 2 IR 1E BB R TRER T OB
T (ERBRAERBORE)
IR BOR 2 B A BR2ERL AR B
181-8585 H AR =& i AR 3-10-2

HER ETOEMAEN S S H O YEHEST E
T, £ 30 BEFEOREHAREBL, ZOHND 30
(EEITMPE N EY L S SR DIERDOF|E T
HolEBEZLNTVWS (REE, LA : M4k
AR OMELERE 28 . EURESHREES
DFERED, BRAMEEOERTHSD Z EITEL
HoNTWD., H5EWER (EEE) & [—
DOMED ZFo LBIENEROETD ) HIb,
LR HEE TOEIET 7 — )l (gene pool)sk i
TEETREEEZLS. AROHEIZ, AW
IC L P RE 7R M AR D AE MR D FF DB IR T DR
BEEWRL, ZOFANCEZE, @7
ZIAE 2 RSN P D AZRIC K - T
TREKRITEMEICRS N, MEMOHEIC
3, BEEEODDOLAMRITES WA, Ml
HO7R MR 5 BE R B AR TP AR S > XV BB IR
TFICEHT2ZET, MEWDIRSELRT T
—IERESEMERTH D EEAGED.
EYOERE DT THLEEMEIT DY
A1IVA (RNA TA1)VA) ZFRE DNA TH5.
9 40 AR A DIAE L, FIEFRICE
LEthOZEBEZDLONEZLTEAS. £ LT
MRS T 2 BIE, TORNSBAETTEY
BETYEAERESTERIES DNA ©F 287
HEWRT2BMTHOBITTERL. /5T,
WMEMNIEL BIET T —IVIE TEYOELD
B R LRSS T 7 — V) EERSE
5. BIETRIDZEAFITEDINWT, URY —
s RNA ORI 2 Hikd 25 2 & T, EYDOHR
MR AT IS N TS (KL, 1
A MAEMAEREROELIBE B2 .

RS HIE DB RIZFERN, LR
DHEMTH D I EIFHENZNWELT, b
REREROZERHEZTTIE, BEOLHIEDE
BEHRERRW. EITNE, KEEEFER
EINEY DL ESHRIEERITRESHFELELT
ELEZOND. LTAT, HRARTOER
BREIRICED D agent ELTOTAIA ON
UFUF Ty =) OFGRREEHRINTE
W, BEZONIEHZRD S X DI Tz,

KNG@w T, NTUFT7 =20, HERE
il KOS TR RS, (REHE, SO
BEEBRLIBERIIDOVWTOHRNE, INETH
W ENTERE EHE B T RER T, &
BFIEO AR, M ERRITE T 5%k
TOBBEMINT 5.

L HRATOBBTRHBERIOEYEL,
ZTOEBRNDEHFE

LTI, ERMFREL THAEMSNT
WOBRBETTOBRETFERELZMO TAHX
D

D EBRICIE, b
LEMBR (BEGH) D SFRITH, kR
SN/ZDNAZ, DR (REHEK) THEATLE
&, TODNAMNZERITEUA £, ZEARDDNA
O TEERWMEBA ZEIL, AN ->
TWERENEBRT 2 EE 610, BEMIZTHR
WEALGNTOSBERZF, 19284F1C Griffith,
Avery HIZXK > TEETOXRAEKNDNATH % Z
EERREMICIEH L R OERR /x> 7.

i. BE s #t (Transformation)
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ZOBRZILTOEMTHREWICASND Z &
V72N, KRR T ORI A < W 51,
Bz, kDT RICED, YIAIREHNWT
D HHLHL Z DNALA 2SR B RE % & AW &
LTRIRAfEIC RS 722 &5, BiETTH¥O
FEIRIZKRELAFH L. HlEst ODNA AL
ICEASNDIHAAITIEMIC K> TR S

W, REEDNAORKRDOITHEHEHLZT 7 -2

DNA Z 1 % & [Al Bk O 18 TRl PIZHUA 4,

FERIRBEDN AL T 5. T D% % transfection &
Wno (k) . INS5OBRNEZ SHITE, M
R 235 KM DDNA Z BUA A 5 S8 & el
B5T, TORFEEICETCALEF N, W
AABD HREITIR> Ml Z a2 ET > bl
EIES[1.2].

7 ) O (R N )2
TORE, WA —DBEZES I, MAEY
BRSO S 3R (REE, Ean) 7
FJAIRN (ERT) 2RFIT2H HEEE) »
SHERFEFLARWVE (AR I8 LEEYEZIR
ET2HREFS. RETIAI RIEIBEAICK
DHCEEREZFF OERME T, BIR -AH
DNATH D, RENZ F 7' A3 RESMTEH
fitER+FTdhHs R 7T AI RS Col 7TAI R
D—EWRENHFEND. INSERTITHEME
BRERRE E R AR ITHAE N2 REEERD S 5
RefI RO (1],

ii. % (Conjugation)

iii. Transduction (JEEEA) : #iEY1ILA ON
JTUIUFT 7 =) 1Ko THEGME O REARK
OB ZAMEIEAEN, FEREL TH
HBHEOBERENZARTHRETSBLE2E5.
W, 77— P UHEMAETE 2GR AR
FoKRESZ, MW7/ LO1%LTT, fHx
DIEAR T DWHMIEE AT, 2D DR OH

HUEOHEROMEFICAENBEFETHD. 2K
BRI NA £ N7 (518 O Je ik b i3, et
XD ZAREBERICHA TN TLELL,
ZREOBLBTREDODEEZ DD, ZHRE
RERICHAEN S FRMERICHEES T,
ZREEL D HEER (merozygote) DIRREIC L
THELIDNDMNNTH 5. BEDOEGEITIERS
AENWH EOBETFIE, oW ZREDOM
fa i TIIE A B ATRE 20, WMHEHIN TR
BEEBGERL, MR ERDRTEET
ZHREROAREOMTREZ ZE L THIAS
PITONIENRD, L8R TN TERN
SWHKRT S, MEETEEA, BEEAREA
EEWVWEFHBIBEEOLRIINL  10THS. B
EEARRER DY 7 - DA BEE T 7 -
ThoM, ZOBRIEEET 7 — ON2HE
EETHRELTLED ZEICXDDT, WHlE
Ty - THEICEL TORERZELT >
YU ARBRERKERNT, HMIESHIRERESE T
BRIENEWEEAZITVAS. ZOHRIZ
KBET1I7 7 —YhRETHISN, £/, AART
FIEEME T 7 — OV, BRERE DK TIC
FOMBEF THREICESAVWEEREINDH
R IR Pseudomonas & THIGN 5. BEHEAIZIK
BEBEAT 7 —JICELDIZDICENEINS. &
O—FZEE (—8) BEHEALTEIN, 5
E7 /) ADMNOEET NN DOEZEAT
7y -V TRAHEEINESHOT, YILE
X IHEDP2 KIFEDOP1 SN MAIR 726 & LT
oM., REOBLRTICEHLESEORE
BAKEIXT 7 — DR THZ010"~ 10" E T
o, MAHE, FHREEEALTEIN, 77—
ONEATHBETHPEEE S ) LD T —
MOREEMICRE S NS, T OMABFIIKE
WOATy = (HF7 b — ZAFEEENMEEE R
TH#) ©e807 7 —2 (MUT b7 7 o ApkBEE

Koo
)

x
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BETEH) T, TS50 T7y =2 7 ) AHIC
IfE RS L BRI Y il
TR K2 UEFTAEL, BRI L BT Z 0N
MTOMEERICEDEBEEILTS. ZN5D7
7V OBREHEOEEFAETD, TEEAT 7
— PRk, BROICKOMES / L% —HEA A
27y — DR FMMEBETERT 50, BUAE
NDME S/ L5 N AL RS O A B AR F B AL
BBICRESINS 2 ENS, FUABMBRERLT
HORESIN, MRELLUTHKEEEABS %
TS BEOT 7 — DHEBIRTIE, BEOE
R ICBE 2 B AR T O H B E1E 107~
10°RETHD. £, BkOT7y -0 /) L%
—WHEWIFKBHIREL, RMWHT 77—
(defective phage) THODIEHRT 7 —T&EL T
DFEINARE T H B [1].

LA EMMEBRICH SN TS ERKEE R TR
EHERXTHDD, icdbaRomsntssd,
£/, BREOSWVERXDEET 5.

iv. bJ 2 A7+ —</— /L (Transformasome) :
A2 ET 2 ARBETIE, MM RS
EHmEABIA2ZIENASENTWVS.
Haemophilus influenza, H. parainfluenza ® 1 > &
T 2 AFBIRFIC, MR AN ER 1T 35nm Ak L
20nmg DERIRZEREAY, HIAL 24 72 D 10~ 1216 ¥ Bk
SINDHTENBHNICBEINTHS. HHIC
R DNADGFES 5 &, KRBTGS T
NZEHEL, —EHDNAZNITICEIAD. 20
K3 E it SN, £z, Zok1n
5 —HEHDNAZ M ERICBOA T Z &N IR
[13].

v. JE/NE (membrane-derived vesicles (blebs))

DUWRTRE I K B im0 T EDNARGH R LS O

MO GEEB M SN TNS., SHETIT, 14
DT I ABREMEDSREERSCTIZAI RO
DNA % N L 72 membrane-derived vesicles 73\
HENTNS. HARRTIEI DX S 72membrane-
ICKDBIETREDHEREND 2 5

derived vesicle

L [14,5].

e A
kW 2N
U722 i 5B D7Md 5. Gene transfer
agent (GTA) EIEEIND Z DK FIcHNEINS
DNAI#4.5kbpTH 0, [FlJE R OME I3 L
BETEBETDENNDS. FEHROBSRIEA
% A PER Methanococcus voltae D4 FES % Voltae

vi. &% 7' ¥ 772 3 > (Capsiduction) :
WD —Ff# Rohdobacter 1213,

transfer agent (VTA) TH A 511 T 5[6-13].

20 AR DK 20 FRiC, ARRTOBEETE
EBRICONWTRE O ENERS N, HE
RITHKA U 7= Ml BB AR E R FIEIC K B AR O
FHNE S NN[14,15], BRREHR TOEK
TIREDOERE L, TOEMRIKIZOVTIEIRE
Tl s Mz N TITW RN, REFOME
VHEMTO, BEFLREOEENHIH TSR
WERH D% <1, REMED DIZF A DENER
5, PR 2 RAIUE<1% D BEE L A TR il
TOEENRAIRRFEEN)THD, ANLEE
ICHIEZ B W2 /XN A b w — )L LISk O M 2 HY F7
FEOAHTELS 2lfFTERn. Ihsitfo
THFEWMFN G EROTRMICRD, FHREE
HRIZWEZ < D TR 2381 5 M S [17,18],
L INSOHRICKOEEFEMICONWTH ]
thogENMTONTE/Z. i, TROERZE
B A % #E {5 T I # : Trans-kingdom Gene
Transfer] NI 5 Z ENHESINTIEN SN
NZW IR BEEZ MATITERTEZD
13 Ti plasmid PAZMZIZH] 5 TR [22].

[19-21],
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SHETHRRTOMEY DBEETFREDRE
EE, ZOHEAITHT 21 >/ MTDNWTIE,

WL Z TR ng, BEEPTIEIEENRDIA
HEICEZI > TWA2RERATHL L3N,

BFEH (gene flux)ICKESHFEL TWVWDESE
AGNTERL [1,23]. 2O BEMRTFIC, &£
FOIT > TERBEY AV AR T O eI
EHRNRERTFREEORRTIIEZDHRNE
SNTEFHEL2A4NIIH L TO, BEZRTH
HTH>72[25-32]. TNHITDNWTHHT Sl
2, HRRTOUA I ADHMHIZDONTIRREK

J.

2. UAIVADRRTOHT

MWHETORE 1 REFERREOB I ZEEITM

EOEIHIC K 2 DT, MEEITEML T T4
RTH DN, MW TOMEE IR —ITHE
FaInTws., TOoEEBELT, YA1ILR
(bacteriophage) DZF 503, EJEREMN T OF X

R EEFARICEERERTHZ I LN
1990 £ 5 DAFFEIC K > THI 5 NI
1989 4F, Bergen KO HEIL, HAKEIC
BLWEOTAIVA (TA IV AR T) DTFELE
LTWDHEEZERL B3], £ORKRET, &
BHRIZZEANBRIZEZERDOIAINANES EIEE A
SHTWisholz. BEFOT AL AT EITH
EYEIETH O, MAEMREOMEAEBISERE D
FEIRBICKESKEL TS, KBETOME
D2 AR EIT 10%ells/ml T, w1 )L A1
KIEZ DK 10~100 fERREXTHED, REOT
J— L DORF7s E1XHIT 11 [34,35).

AN AZHCEHLD DB ERTRTO
BmzeE0, BNOEYENHETHS. Ml
MHRADTRTOEYITIE, ZoMazEEE
THTAINANGFEIET B EZEZLNTWS[].

Bz

X7z, dsDNA 7 7 — VI3BIE QMM EIC X 2
DERROHEAELD 3 RAL OHRELRTIC
FELTHYLZEZEZENTWVS[36]. U1
NWAFRIC R 5EEYE (—EHEELIXEHH
@ DNA £7/21FRNA) &, ZhaaOEAYE (F
HEzGAhTVWDZEHHD) OBRMNOHRD, B
£ 20 — 300 nm OWUNZKLTFTHD. NI T UF
77— (bacteriophage, phage) |IHllEd 2178 &
TDUAINAT, % <IFRITHTRE L 7=
FHEEDORTEMEZR > TS, Y1 ILAH
B IRBNE M E 72 <, fE BRI E L 72 H
MEEEOMEAREED. ZOUALIA-EE
BIfRICIZE B 7 IR (16 R M) 232 &%
ABLNTNVWS. 1| OTA IV ADVERE - HE5ET
ELMEEOHM (HEE) I, BEAEOHA
1 AYREICRESINS. EHROEZIEETE
L2H/ETH, FBRICRSNLGGENKRELET
H5. TANZOHIZIT 1 BLRXI)VEBZDIE
F (REEER) ZRIHE ALNLN,
DEIBEHDIFILETAINAHEDHT 05 % £
WThHDHEINTND[34,35]. AKD “Virus”

DI 1E, 58T & 518 F & QBRI IR
ZOXOIBRTEEMEIIOAGZ5N5. B
I C® ET AHKEICE, BN RNT T UF
Ty —TEERRD, BEITR<ERROEE

RETAINADKDITHRA DR THVE T B
TERBEINS. UM ADEIITHASZ
NS OK 127 A )V AR (virus-like particle,
VLP) &EFATWS. KES1E20 - 750 nm T,

60-80nm DB DN DL < BE I 5[1,34,37].

A )V A DEFEIITFHARIZ
53N TW5A[1,34,35] :

3 DA

1. WHEMEY (Lytic infection) : -1 )L A
I3 EMEICRE L, T OKERZMENIZHEA
U, MR DOIRTAINAZEET DHXKDIT
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HIEDF 5., EESNZRT AL AR, MO
BOERIEMIC K D SN, FHEE EMEIck
o BROEA (R 20T,

2. 1BIERYEY: (Chronic infection) : f&F#l
fellZHAZB A TIRT AN AZ, BHH D NIE
HEICX BT 5. ZOBREIREIZEEICK
FERIER 2 5l S 2 & 720,

3. WBIEMESE (Lysogeny) : -1 )V AMWNE
FHICHKAE L, TOEZMBNICEAT S
EIAETIHBEWWERERUZEDN, HEICK
STYUAINADYT ) L3fE EREEO—EICH
HIAFEN (ZDOREDT A )V A% prophage
(& provirus EFER) , ML OBEFEICHE S THEAR
Z 2 CIRMIIE I Z Tk 5. MR Y BILER s
EXEDEELLBWERITLEES &, £H
DT AINAEEETHEDITHMDITSAA
Y FINAD, EEIEREFAROREEZES.

ZDEDIT, TA )V ARG I A B DT
BERELTHEALGNTNS., WHEZITICDKE
WCEDBREDTAIIA (HBWIE VLP) NEE
TH2OMOHEL T, EFENINETITREL
Ik Bt —# &, MR BB D 100 KRS
FRTOH %55 T Table 1 TR L7=[28,31]. %
MOEBPSNRR DT, Mg (Calvi) R
(Pacific), FE7K (Alte Donau) D A7% 5 3 Va5 5
7K (Nakanoyu), i FZL/KAR (Toyoha: Hi T 550 m),
WIS K IS T (Suiyo; 7K £ 1400 m) D
FTNDKEEHN S © Ml E R & [F U2
Z LRSIV AR FRABE SN, B
ARz K DI, — A 72 HEEE T Ol 18 A 4%
& 10%ells/ml T, A )L AEEEILZ DEALEH
5 100 fERRE X THENH S TN S[34,35].
AR O B AR EUIR B O R BIRRBIC K E <IKTFEL

TZALL, A1)V A DR S IIE FE M 0% 1%
KT 23812 &M 5, TA IV AEEREKITER
iR BIRIBICIKF T 5 2 &1T72 5. Table 1 128
\F % BRI U 72 BRI N L B, A 2 R
BERUOKEHENSH SO TH DN, KHEKR
T OB D EH RKE DD DITHART
#1000 512725 TWB[2731]. 2O ENL D,
HAKETORBHEGRITIEFICHETNTY
5 ENHEBHRS.
Suiyo 72 515 N7 A )V AREKL T O FE T RS
H.HE% Fig. 1 \ITRLTZ

Calvi, Toyoha 725 TNIC

* ¢
r El
X
Qﬁ" .
(. [
“':6 - : .
% L0 "% e
ol ]
e ® - . .
- e @ 1
55 PR
% s
g.' e ®
A L

I 100 nm

Fig. 1. Electron micrographic images of VLPs
collected from natural water columns [31]. VLPs
were examined with electron microscopy according
to Bgrsheim et al [39]. Following staining for 30 sec
with 2 % uranyl acetate, grids were examined at X
75,000 at an accelerating voltage of 80 kV with a
JEM-1200EX electron microscope (JEOL Inc.,
Japan)[27-32]. A: West Mediterranean Sea near by
Calvi, Corsica; B: Geothermal vent in the drift way
of Toyoha Mine (-550 m from the ground level),
Hokkaido; C: APSKO7 hydrothermal fluid at Suiyo
Seamount (1386 m from the surface) in Izu-
Ogasawara arch.
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Table 1. Abundance of Virus-Like Particle and Cell in Various Water Columns [31]

Sample, Date

Temp 2, °C

n

VLP + SD/ml

Cell £ SD/ml

FVIC, %*

Agrobacterium kieliense '

Flavobacterium sp 11604 '
Alc 233!

Alc 252!

25

25
25

25

7.10 £ 4.34 x 10°

1.60 + 0.86 x 10°
4.51 £3.60 x 10°

5.88 +3.34 x 10°

1.29 £0.62 x 10" 9.0 £ 2.3 (n = 800)

2.32+£0.86 x 10°
2.39+0.62 x 10°

4.67 +0.62 x 10°

6.4 2.6 (n = 1000)

Calvi '950620-28

Calvi '961015-19*
Pacific '970518

Pacific '970519

Pacific '970519

Pacific '970521

Pacific '970522

Toyoha A '001220°
Toyoha B '001220
Toyoha C '001220
Suiyo APSK04 '010802
Suiyo APSKO05 '010808
Suiyo APSK07 '010803¢
Alte Donau '970302
Alte Donau '970808
Alte Donau '970826
Nakanoyu '930301
Nakanoyu '930623
Nakanoyu '950520
Nakanoyu '970613’

17.6-19.8
16.4-17.6

24.5
21.0
19.6
15.6
18.3
63.5
71.0
48.3

21.0 £6.25

304.7 £6.70

250.5 £6.25
7.5
17.5
18.0
65.3
63.8
60.4
79.8

(o) Wie)Wie) Ne ) Nie) e e e NNoN

6

5.89 +2.75 x 10°
1.17 £0.11 x 108
1.28 +1.70 x 10°
3.20+7.12 x 10°
6.26 +1.93 x 10°
7.82 +1.43 x 10°
1.56 £2.32 x 10°
9.60 +=0.29 x 10°
6.50 £0.28 x 10®
1.98 +0.07 x 10’
6.03 +4.32 x 10°
2.52+1.05x 10*
1.85 + 1.64 x 10*
1.89 +0.88 x 10°
5.62 +3.59 x 10’
5.11+3.29 x 10’
6.77 £4.34 x 10°
3.41+1.70 x 10°
1.18 £0.73 x 10°
1.41 +1.70 x 10’

1.94 +0.11 x 10°
1.07 £0.11 x 10°
8.81 +£2.13x10°
3.77 £ 1.02 x 10°
1.17 £0.14 x 10°
7.11 +0.13 x 10°
2.26+0.71 x 10°
3.61 £0.14 x 10°
2.40 £0.12 x 10°
3.61 +0.26 x 10°
8.26 + 6.43 x 10°
5.33 +2.19 x 10*
3.23+2.32x10*
2.85+1.27 x 10°
8.00 + 1.21 x 10°
1.01 £2.07 x 10’
6.50 +4.78 x 10°
2.70 = 1.73 x 10°
224+123x10°
1.70 £2.73 x 10°

3.1 +2.2 (n = 620)
5.3 +2.8 (n=485)

7.0 + 3.6 (n = 530)
6.7 + 3.8 (n = 895)
7.5+3.9 (n=720)
6.5+ 4.4 (n=341)

1, 100 h incubated culture broth of marine isolates. Electron microscopic images of particles are given in Fig. 3 C.
2, temperature of culture and sampling site.

3, Frequency of visibly infected cell: Proportion of particle bearing cells to total cell population.

4, electron microscopic image of particles is given in Fig. 1 panel A
5, electron microscopic image of particles is given in Fig. 1 panel B
6, electron microscopic image of particles is given in Fig. 1 panel C

7, electron microscopic images of particles are given in Fig. 4
Sampling from Toyoha & Suiyo were supported by “Archaean Park Project”.

3. UANRITK DS L OB HIHE

RABKRHPUZHEETIELWEOTA IV
(VLP) BEDREIF, MIHMEETHD &R
WINTVNB[3435]. A )L AT K DMl B
OE AL, S VS EERER & LT
DA G OREZFMT 272DI121E, %9 VLP &
AR LATNERSRRN. NZ2ULFTTy—20
AHRIAERTE 2 E EME Z R RE & L TRE
IZ& > TirbNn
HIRR7ZZLDITTA I

BEHIE % (plaque forming assay)
TWwiz[1]. LaL, %#ic

ADEEBIIHEITHESNTHB O, KHIRIC

KB HE TITERBISILE HRZ .

SR 1
[391ic & D,

1990 FEAH)

O C B T M A A S DR
KRKBTDOTA I ZADHAHICD

WT, AIRNFEENSXKDITRD, 51T,
iz DR B FOL A RIT K D RO & HOCHMEE O

HATHEITXKD[34],
WroE=

ENAGE L T o 7=,

EbRsZ &R, B
—

W FEfh T DERK B2
iR ETokk
WZHOC R IR E T

SHYEE I K 2 T IRITHERE) 30% 82 i W B R

EHABN, &

SHMBEIC K D RREREIEN S T

1IVA & imuy)fciﬁ\ﬁ th?%#@a’&ﬁ&)@ﬁ
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HEETIFEHRE NS Z LITERT 5[34,35].
DXL THENLKBETOYA I AEE
W&, FEEEITHED DAV AEFEDE ) FE R
L 1.2 x10° - 1.5 x 10° particles/ml &#55 X411 TW
5[34,3537,40]. A )V A ORI 0L S VAT
DFER, DNA Z & O EMAKE ST OMIEI DI
HNEZ 5. T, 71 )b ARG M B i R
DD A2 5T, BREANDES TR DNA 4
JHELUCHEHERERTHS. £/, YMIVAH
HOEFEMNRER O &7 F & DNA pool DEE
TRER Y 2 TERS 5(2,17,35].

AR ORI ERTH 57 1 IV A DIEH
ELT, BTHDICEZSNDOITIEEE RS
ZED2bDTHS. LRI, EIFRYBESIC
DNTH, TN TH 2 EHEET HH0E
NH5. REL R 2ETHEEEN IR
&, Fig. 2 IR LXK ICMilamichi 7N R 2 %
MENADOMNBZEND 5. W TILET, M
WEEED 0.8 - 4.3 %I A )V AHEFEH Z /R
JARN DAV ARRRLF N LI S NS [37]. 8,
MR T 2 & OEEE D 10 EFVERE 20T
TWBHEEZSHN, 843 OMEITKHL TYA
VAW ERE L THFEL TS EEINS
[35,40.41,42].

4. HARRTOBWKE (Lysogen) BBE

RETTOBREEBENEDOHRETDH 5 DM
ZDOWT, 2 TZ2aAFET2HMENERL Tldn
RN, BUEN AR S TS KBEREIZ DN T
ODHIEE, WO BNENEHmBEN TN S
[34,35,43]. 1@, BB EEME S E TH 2
MENZFRDITIE, BRE U KT EED
A IV A#HEFEHK (inducing reagents : mitomycine C 7%
—BICHWSEND) ZMATD UV B 2T
D, INS UKD, HEEAL L 2/ SOS

I 400 nm

Fig. 2. Cells under virus induction [31].
inclusion bodies found in the cells are viruses.

Dense

I 2 1TU0[1,34,35], © DEX, prophage O repressor
MBS NS ET, BRI NFEIN
Ty —VHEENEEDS. FRLIEE, BT HEM
FTHMET 2L, MIBNICKFRRASEDIC
2% (Fig. 2 28) . ZOMEEEHE & LR
HICHLTEDRETHLINEREL, BHE
HEEZENT 2. il REGRYEIEZZO
L6, HRRTOFFHA LD ENHSNT
W5([343544]. INETIKHEINEZT—HIC
Kd&, WEMEMBET D Lysogen #E L
0%-121% [44-46] L TORENH 5. LML,
fer)7efEm & LT, REESERDRET TIRAEE
P A VAN VERBESBEEL 5%LNREN, &
AT DHEMAMNHE < 72 DM < ISRV, IR
JFREBEE OB MMN A SN 0.1-74% R ETH D &

t

INTWVWB[4T]. BERAKBTORBEREL T
BREOFEBICEDEIE, HRIZKD : 0%-

222% (P9 : 88%) ; RIBIGRMELR EDF
FHNT LD :0.6-36.3% DHIPH THEIIE 15.4%F
EORKERICE> TS EINS. IN6%E
RETDETAIN AT K DMBEREE DR ER
DI, WEETAINAICLDHDIE, 3% BE
T 97% VW FREET A I ADTFHICL D EHEE S
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N5[34,35].
HARKBTD DA )V A DFHEFEBEIT Table 1 O

BT HR LD, BEORRIEEBIS NS
UL, Z<OWFEHRENDH S A phage NEH

LU 72 RIGwD 5 O BRFEFAERIL 05%2TH O[],

%7z phage Mu DHEITIE 0.01% T, mitomycine
THEFEINB VA4S, HAKBETOFERELEE
Bd 5L, REBREEENR SN, WHETD
Salmonella 57 BERRIE 90% L N —M B2 & A
BT 2 E DB > I BRI WG T N1,
Lysogen VAKMED 1)V 2 O HAR TOHEEIX
EDETHINETOEMRD, KELELFEEHE
S5NTVn%. BHARARTORBKRERELTOD
Lysogen D&FGNEDERED HNITDNVTIE,
SR -TEOMAOERMNLETH DN, TNk
TO TH# ZHOLRIEZRLE N,

5. HRARTOKEBETEEIHT 2#
HEADOHE

MM DSL BN 5FE A THEIT, BIRTA
VAR T BT % 3R OB D 1 T B 7 &
ST A SN L M ZFFD & FEKIC, #
B X BB TESITERFICHERRES 2 E5
THHEBRDSENS. HIZ, WEAML A
UKD RLSEISZ /AL T DB T OESE,
MR &L THEIL E SR EHED D EEZEZA T
WEAS. BLb, BETEENEI SRV
BT, TEETHETORD] NEMT ST
LZEZAD L, BETREIHELEICET
% NEETEEEM] CLTHEALTVS L
EZ25N5(5]. FH, MEEKETHIEOUIEN
5%, ITDOELHERE TKEER TRENE
ZORHTTNDZ LIS N TH S[2,50,51].
BRTIE, BRRT MH<EERTI) OMERES
Ba A THi#D7/ 1y (promiscuous) | &

MEFLEMICHEINTNDDIE, TTAI R
KDEESINDZHDODAEF > TRN[2,20,52].
BEEADOKEBETFEEICHT 55513, ¥
EmHEINTEZ., —DIZE, Y1IVADEE
B THIETH D EZEZENTELI &P,
AR 3 A0 SR AR T O BGA & HH 3 % WA &
FioTHD, HIREMROEFEMLETHZRICTS
M T DG T OB IERRENEDS, JEw
DT EEZEND T EICKB[24]. F
7z, IR XD ITIRE EBITER TRk S D
AIWVADEEE, TAIALBHED 0.5%AKH T
hdrEINTNVWD. BHIZ, BEEATEBLETOD
Gk L7 D MIMAA, WEEAK T 24T 5
ML CHW T 2 EW iR (reductive
process) TH B[53]. TOXDITHEEADE
BFERECHTZHGICONTIE, SEMNRA
MERTHo 2. L, HifE»SbEEEL %
WIREEIC B D71 AL, 71V A EERHERRIC
Mz RENEE LZWEETHD, HDOREH
MOHIINBICIVFREINTNEOT, BT
DRFM RN & F D AN S I EZAMN
HARAY 75 515 T B B [35]. Bergh 51K D Fn
FEINEREIVAINADEEBFMEILB3], M
EYHE AR E O U A )V A EGE () 2
FEARBOHEREEZRETSDH5T, BHE
BACKREE LBETOREKIMELETO
FRIIMAEYREICE S TOBEETHRIEELT
HWRET 2 &5 O A ORE 22 L 72[33-35,43].

20 fALERED 10 FRICRERER Z XK T2
WA /7 L DNA SEEBECSIRIT O KR,
FEHT R RERBNE D3z N TS - 2 A B
THHBE KRR TFERENMT b it %
feR L, EYHTOKFEEETEZITEREN
TOHRLAWRFERTIIRLS, HAEMIRT
DR ERZTHH I EZHEIET HITH -7
IKETOFERERED S ) LTIEEE 2.6 O
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FALT ANV AMWEEL, KL< OMEYT /LD
3-10% 707 7 — DNA DNHRERINTND
EED[5455]. RBEEEYIERTHEIIA 1 &
FRIICEEILTHELZEZE AN TWVWS.
RNA EBETFIEINGS 2 ETHO TISRES
NTWDN, KIGWHT ) LOKE I3 4.5-55Mb
DHIPFITELLTHBD, TONDK 10%I13FE 5
LD Z D 1 BEOMITKEE R TREDOR R
ELTERINTEREEZASNB[55]. £,

RAEH A L TN, REZED D HEEKR
JFEE O-157 BRIE 1.44 Mb 1T M SRR AR B 7
ZDOBD 50%IZHMT 5
MITa Ty —TERIITOT y — DERARRLS]
MO I NTWE[56]. HIZ, O-157 %7/ A
iZ7n 7y —OHREZERTFERS NS KE R
6 EDOREEKMF AHEIAENTH D[56], &Ek
DRI T A IV A DT K 2 KR T8
2 IS EG AN ®BEE H DR EREE 2
CleeBZBZ6NTNS[57]. TDLDIT, HA
RTOREEABEILX, INETOTHEZIES
MCHEETHRETHLEEATRN.

DNA %Z&EDN,

6. HRRTOEBEESERTRERMT

WHEARBE L THESN5ME (Lysogen)
OHIZ, TNETHLENTWSHD EFEHE
BERIZTDHONND I EEEHESNREHL
72[25-32,58].

b HREOUWES BB Z 100 RFRILL LRE#& L
BTz & T A, BRI A L ARRKLT 25
HERFEREED 1/10~1/1 BEOEGTEMT S Z
xR U, R AT A E ® A S
EHOHHEMICHB S NAZRS]. ZOkiT &k
ML, MEOERKERNE L THINED Z B
L7z, BDia< &b 2Ok T ORI E & AR %
L T% plaque [FECRW. RFAEENFEIN

TWARHIC M DR 8% & T M TR L
7= & T A, IR T ORI TR PE & R 72 [29].
AR & U TIRMERY R (chronic infection)
WHEBT S EHM L. BELEATZ2, B
RN superfamily level TH722 KI5 & 2R H
ELTRRIEAEET S, KIBEOFERZHEMN
6%-96 % WA L7z, I SICHEBKREN &I, &
W77 — Y OREKTH D T4 OKGEBICENHR
M7 F—F =M X N D5 TR T & 8RR
BLEGEICH, ZOZREBGENRITIRESE
fbLiamo7. > T, ZOKTFICKSZAEN
B RBBEE AN ADENEITRZ ST
W5BEEZS5NB[27-29]. £, LITHBXNE
DICTAINAN 1 BNV EBA SHEEEZE
RYGEZIAEEHEMRD, ZORTFIXEL
EDORNERICH L THRIRERL, JRMHEE
Y 2 A BER 2 R R LTz
BIRETANAD—FEZEZSND NS
FEMIE IR, JRTE EHADBIEFIRED
AR ERNT 22010, BIEHREBRE RIS
DNA O RHANTIIRL T2V R T 2w bk & D7z
< &% Superfamily level TH72 % KiGE DR
R E ZREIEY, ERORBETRMEE K
THER E A WERIE O E IR 2 FE R IO EE A K
Batrok &
OHEIPH (OF : 10*cfu/particle) DENR THEH
AMEZEC. HORLU M FMEEIC K D IBE
BABEIZIZESDENH DN, —DOHEMNS
HoNZR T TOEEFHIIDNWTOREHMER
Rig—ET, —REBEEANMTONTNS &
EZHN5[27,2830]. TDXDIT, WEEESEEM
BIC & D AEPE S N RT3 ATE R O MEA% &R
L7z, TO#HMERET DAL LT, ME
HANDOIER ZE LTz & AR NK 65%
&R0, HEERHOEEEZRLEDR, BEEA
VSRR HISk 7270 5 7= (Chiura unpublished data) .

Z A 107cfu/particle-10cfu/particle
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SHETREPFTOREEA LTI A-1EE
HAERROM A O ENE, FiREMEREICD
WTHESNZH D T[53,59-62], @MBUKRZRTDOY
AV AR T DR ZN S O R B RENC
DNWTOHIRIIFR EHFSN TR, BUKEH
O 5 OB HIZK IR IR DNA 2EEL T
e & DML D HH[63], RIRCWIEEKTED
KOBMRERE T TOUA IV A-EEMRIT, £
SHEEINTHKRAN 72, @EBEEFOMEY
3, EEMEORENKNETHL LTI
AEEICHETHREANENC &R EOREEFICTH
N, SMEICERET L2 =0T IV AID0n
TOME[CANDHZHDHTHS. T0CLL LD
RIS, (R 50 HE THBREREE DU T d % [65].
FHSIIRFES ) BIRRG612N, 137°36E)IC
BRI H2MAEMT Y N TH D2 (Sulphur-
urf) IZEBEL, KRR SHEEHERO T 1))
ZRRRL T 2 ERE L 72[29]. Table 1. IZ/RL 72380,
1997 - DERER; D Ak SKIRE DN 80CH D,
FIREIZ T A )V 2R T OBEBEIIZTNETO
BRERF &L TR 100 572072, MEZEE
Y5 EEMENTHDENVEEIZ, WEER
ANTHEARRETHSM, IIASIZED 16S rDNA
WHRRFOMENS, ME AT TORBE
W I ZRRICIR T D Aquificales \[ZJE L TW5 2
NSNS NTZ[66]. 1997 4EDERERFITIZ
Aquificales \ZJ& 3 % Ml & 73 4 B AE W BEER O
974%I\ZELTHBD, HEZHEALTNDELEER
TRWRET, RELLZY 1)L XA T 13
Aquificales #LJR T d % & L T[RRI FE L
NEsNTz. EmoRFEII&EBERERITRD 5N
% (KRR, IIA  MAEMAEREROELRE &
) OT, KVRBEEEERT YA IV AR T
2 P BV SR D15 2 ATREME 2 S D S HIT L, %2
AW E L TRBEICHER S MA TREZ1T-
7z, KLU 72k (ST-VLP: p®, 1.2892 + 0.0188;

amount, 2.23 x 10'; particle size, 104.4 + 9.2 nm in
diameter; proportion, 40.1%; protein/nucleic acid
ratio, 23.93)7MRH7 9 S %L DNase (Z/&s2 Mk
T, dsDNA & L T#406.4 kb D5y FETH - 72
#% VLPs OZAWBICRNRIT, WM EHED
RiF AR, KT OERIMRALER O AN T 1T #) 5
TROSN. iz, FBIRMEEE ZEES
L 7= ARDY 10°-107 transductants/particle
OHETELELB. ZOoHMAICED, &b h
WRHHICET SMEZEEEL TWeT1ILA
FRRLTFIE, REMICHR BFTH M IC LTl
BFEEEZITWE I ENFEIES N, HIT,
KIGE B E AL (ST-E-trans) 70 5 FHAEIC X
DU A IV ARKL T (STEVP) ZHiFHIC
BRI E LA, IR DI H 5
1 30% D EMEREBIERRZRL, Bia TR
B E L T 2 x 100 - 1 x 107
transductants/particle 735 541 (Chiura er al, Abstr.
Marine Biotech. Conf. 2003) , J'E# A#HE I
ST-VLP [ZNEF DK FRNRBD 5N, Ln
L, =i/ I LREEOBETIEZ, ABWNR
BUEERLIZT I A ROBIANL ST > AR
V2 Toole K5 NIE, BEORRS T 5
LGHERETIIREBA MR NEZEZ SN TNS[2].
TN OMAE, BRRTO [BEEADMY
FEIREE O SRR PRI, M TR E kB &
BT BIEMATRENEZ, EFEL 2D TOH
THB[30]. £z, ZAEEOHMZILT, &l
B & U T Sulfolobus acidocaldarius, BEF¥i4EY) &
U CHZEEERE Saccharomyces cerevisiae & 5275
ELTHRFLAESEICS, FREOZAEREKIE
BhEIT I A T 10°-107 transductants/particle O J&
B8 A B )35 5 72 (Chiura et al, Abstr. Marine
Biotech. Conf. 2003). ZDXDIZ, RFEMITHE
B VRN I % R D i BV B IR O ™ 1 )L Rk
RLT71E, RAAERICT HZBMEMITHL
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KB TAREEERT D ENHENERRD,
S HODD A ZER[67] T IR A #Efn F 5k
MRENZ. SHETOMETIE, YA1IVLAE
BHEAK TIC K DB E PRI RERD 1T,
BB TOKREBEEFLRENOFEIZERL T
HAEXABRNWERERZ EHMMINTEM6]. &
IAMERDESIT, WEME SRR, 515
SNTZRTICKDEEADRRECERE
BARTRTAFEREZ BB L, BAEEINZHL
T OO T E Rk, ZAEWEICH UBFERR &
BIE T RERZ R Uz, WESBMEIC L D&
PE S N7 R VTR IR S 5 S BERSL L
AN AR TFIC K D, ZEEBICRNE - &
R BARHE L ERPE & OBRE R T DH
& & HIC Fig. 3 125R797[27-30]

ZIT, ZOMBRTREBZRF DRI T2 Vector
Particle (VP) EIERZ &109° 5.

CNETEMLIZATOREE, FEED VP kL
THEEZEZMBHORZ D OIF, #BEME
Proteobacteria o & y subdivision : 20 ¥k, #fZuf 8
B AL & Aquificales : 1 Kk, 8 /@ B M S
Thermococcus : 1 ¥RIN S TdH > 72[27-32]. bF E4hic
HERALME Aquificales D5 DRI FAEFE DT %
Fig. 4 TR L7z, B5NIBETIRERBROMER
TR O LD T Fig. 5 IR L

ZDOEDITL THSNMTHR IR IR FHE
1%, Levin & Lenski ICKDiEHENAE T
2, WEEEVWIRENICEKD, BRICHT S
gene pool DEEIZR-LDODHHENLT H] &0
IR EHHEL TWBI68]. EWoAHNMEZ
BABHEHVEDIRILETHAS.
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Fig. 3. Lethal effect expressed as efficiency of

plating (EOP) and transduction frequencies under
different multiplicity of infection (MOI) [27-31].

A: EOP of Virus-Like Particles (VLPs) on
Escherichia coli at various MOI (Source: <
coliphage T4 as control; B Agrobacterium kieliense;
® A. kieliense derived VLP mediated E. coli
transductant produced VLP; A Alc 096; 4 Alc 233;
O Ale 252; O Flavobacterium sp 11604; A West
Mediterranean Sea; ¢ Aquificales sp derived VLP
mediated E. coli transductant produced VLP).
Closed diamond symbol with “UV” letter inside
represents UV irradiated coliphage T4 (15 W UV
sterilising tube from 15 cm distance for 15 min).

B: Transduction frequency on an auxotrophic E. coli
at various MOI (Source VLPs: B Agrobacterium
kieliense; @ A. kieliense derived VLP mediated E.
coli transductant produced VLP; A Alc 096; 4 Alc
233; O Alc 252; O Flavobacterium sp 11604; A
West Mediterranean Sea; ¢ Aquificales sp derived
VLP mediated E. coli transductant produced VLP).

C: Electron micrographic images of VLPs [31].
VLPs in culture were examined with electron
microscopy, using the methods given in Fig. 1.
VLPs produced from marine isolates.
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C Agrobacterium kieliense

Flavobacterium sp
11604

Alc 252 . -
100 Nnm

Fig.3 - Continued

100 nm 100 nm

Fig. 4. Electron microscopic images of virus-like particles production from the cell [28-31]. A: Ultrathin section of
Agquificales cell under particle induction taken from the sulphur-turf. An inclusion body is able to observe on the left end of
the cell. B: “Budding-like” particle production of the Aquificales cell. Procedure of the particle production was observed in
the end of cell from the left to the right panel. C: “Budding-like” particle production from an E. coli transductant cell, which
was generated by the reproduced particle from an Aquificales derived particle-mediated E. coli transductant. D: “Budding-
like” particle production from a Bacillus subtilis transductant cell, which was generated by the reproduced particle from an
Agquificales derived particle-mediated E. coli transductant.
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Archaea

Eukarya

Animals

Entoamoeba

Euryarchaeota Slime molds | Saccharomyces .
Methanosarcina Chytridium Fungl
Methnobacterium Halophiles Pl ants
Crenarchaeota Ciliates
Methanococcus
Thermoproteus
Sulforobus Th
mococcus Flagellates
Trichomonads
Pyrodictium
Microspordia
Diplomonads

Gene Flux with the Aid of VPs m the Universal Phylogeneic Tree of the Living World

Arrows indicate the demonstrated results using ST- and STEEVP

Fig. 5. Universal phylogenetic tree and gene flux with the aid of sulphur-turf bacterium originating “ST-VLP” and

vector particles produced by “ST-VLP”-mediated E. coli transductant (STE-trans).

Arrows show the gene flow mediated by “ST-VLP” from sulphur-turf bacterium to recipient B. subtilis and E. coli.
Reproduced particles from STE-trans (STEVP) were further transferred genes towards variety of recipients. Gene flow

back towards E. coli was also found.

7. KEERRETFEBE T O LERRX

108D TR N PR O 2 78 0 &M ELAE A &2 R g
BBRERALIIE Aquificales %R &3 BRI T13,
FEREICHR L THIFH OB Z R 0 (Fig. 4 Z) |
FEPE R IR 72 0 SEESHG 3 18 (1-5 E o #ipH)
THB[27-32]. ZOEEITEL TOREI, B
CLAAFEMIT AR PE S UATE B2 7R L 72 il D kL T
WZOWTHESNZ. ST-VLP O AR KD fHE
Aquifex sp DT J LEHREFNIRZHS NS
ncwizng, BLices J ARSI S NI
> TWW5 Aquifex aeolicus [69] E[FFLED T J I
A X (155 Mb) THHETHUL, 1 #4720
D ST-VLP %KL FINERICHGA 8 % 16 3 G iR W
FOERSWEK 114 7 LA X ERS. ER
DHIRZHETEZAS L, ZOKTOARDH
FNTE iR T D backup & L TORERE TR
A2, MEORME L TROENWIEZFF

DIEEIL, ZOXDBMEKORT NG HE TR
HFINTWDHEHEIL, MENRBFRERITHZ
LR AREET ORFEEEDN ™ 1 )L Z DR
Eolzlfifg a2l < 3E 5.

4 H, HEFEEOERE S XERD T 1V A,
DA )L AF D enveloped virus 1252 < A
5N 270,711, META IV AL L TIIENC
Pseudomonas @ dsRNA virus TdH 5 ¢6 &ZD/»
BoOBERICOARNINS([72,73]. HZFEHEREIC
KODEEINDTA )V AT S EEET 2 B
Ml OmIEE DT, £z, MIICBATS
BRITHIII S a2 2 &N 5N 5(71]. B
£, ST-VLP < [R£k D14 Z ¢ DKL 23404 12
ULTZARICAD, £/, EOKDITUTERE
ENZONITDONTORTHERZESMHE TH
RNDS, BT AL X EEBIL AR A R DR
A &2 i &9 % A )V AR T ORI,
ke T LRI,

- 131 -


エトウヒロコ
Viva origino 32 (2004) 118 - 137 

エトウヒロコ
- 131 -


Viva origino 32 (2004) 118 - 137

MERMEE 2VEET DR DS B Agrobacterium
kieliense DKL F13 envelope DHIZEENK 120
nm QR FZ 1~5 HDOEH, envelope DKES
(& 200~500 nm (239 D A3(27], fDFRER
KEMREY—DEETEDFEEEEZGAS.
—7, WERMS KBEICEEEAL THESN
7z STEVP KiFld, BEDOHKEEAICKEL TR T
BB LUAI LI —LL THWTS, HAE
FEINDRTRNE 2R 6T, BlEEED R
755 7= subpopulation 2315 5 $15[32].

HHEHOSNTNWDSIAILADHRT, REZD
B2 % virion ZEFETDHOEIEY I AILAD
55 (@ Paramyxovirus D& T&H 1, nucleocapsid
1213 ssRNA N5 £415[70,74]. STEVP KL FIZE
ENDEMMEILX DNA T, BERBEDO—ED

ESOWHRMNZEOREEZEDTNDEEZ LN
ZM[32], RLFAEEMRRCERESNDRTF RN
H—TiRhrnwz el EREMYAIVAICH
SNHMMEEHEULEREBEHRA TVDS Z &1
BIREWN. SHETO RN RICLDBE
WA & EFEREREIC K D TSerial-transduction] O
B X % Fig. 6 IZR L 7=
INEDHRZMELTEATAHD L, BHE
DKBEICEEFICREND DA )V AR T REE T
I, JRWTE BN UB R T 2 KPR 5 1%
ROMRTE S T WS ATREVEIZ IR IS BIE R & 4
N TWa. it LU TEAE EBE R T IEER
T OHFT, FRITHRHEIT TN b2 2 A
KRDOEEET 2D, BIEOTA I ADIE
WEMHEEZSHETREL TVWAINICRAS.

Transduction & VP-mediated Gene Transfer

.Adsogption : DNA Injection

- @**é,.@ C—(_ D
- .'r‘
é%ﬂﬁﬁ * Curing +
& cell Lysis 0
. ¥ i)
688lay o 2
KOy Fas Provirus
State | .
nduction
Lysogenisation
Propagation

Induction

\ ¢, o))
) Quf? @ -.-_.@‘ L
ot aaC TR B B R

Cell Lysis ' QQ | O

Transduction

No progeny virus production from the transductant

Fig. 6. A schematic representation of ordinary transduction and “serial transduction”

VP-mediated Gene Transfer

Adsorption &
DNA Injection?.-
Induction
"P irus State" )
'O rovirus State L
Particle
~ Production
without
4 Cell Lysis
L
~ o
Particle Release & o
Y Adsorption to
| Another Recipient

\ @5 v

Continuous Particle Propagation without Cell Lysis

. Left half panel shows a life cycle of

lysogens, and production of transducing particle. Note transducing particle would not be capable of producing progeny

virus from the transductant.
particles” discussed in this article.
accompanying cell lysis.

Right half shows the serial transduction with the aid of “broad-host range gene transfer
Transductants generated with the “particles” acquire particle production without
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GHOTA AN T8> Th E6ERAED
ZRTICHOA A, BHEHEAZEL TEIGT DK
REICE D HEFEE, TA I ABTEAEY I
FIET D2URMNB TN, FITIEA DKL
DTIEBEMNA DN ?

EEDOEEOWIRIL, SCHREEE - HAZN

12 B E B Bk & No.10490012
No0.14208063 , No.14405016 ,
No.16310031, SCHRFLFAAE TR B B #4500t
JEARAE TS BUK RSB B4 - HUE M A E
M OIS 2 ERRILFEHTE) (O —F7 2 -
IN— 27 GHH) [THT 5 TBUKIEER RO R &k
BHETIVOME] WITHMFERE T 24k
R FEFM S OXEEZT, TR AFALK
% (2003-2007 FRE EERAEBERT) Fih 7O
ST THEEEOP TEEHTHS.

No.12490009 ,
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