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ulelgla 2] A 7]2 AF-E A% $2 A 5.4 v 2] 29 o1R] P2-P4 A|2Fl 9] o] §-° ¥ FElav| =S
Msl7] 91814, P4 ash8 sid718 &% EAZ Aol | 28 P4 =4 FE & A 3199 FAA A2 7| H S
A 4A A€ 7153 tetracyclin A FA R (terR)E =) 313 FhAv]| = p42] 27| & A H. o] & T3
A o] A P4 ash8(sid7]) tetR-2 12.09 kb2] 7|5 7}A v, ¥ & & w] P22 induction3}d A &3 AL 7R =49}
elg] e vel x| 2 A% 7Hedt Ao A FHE FholA] 9 burst sizeE ZA 313, CsCl F-YdTEE AXAH S 43
e #5EE AY EEXA P2 27] SolA] W9 packaging AdE FAY ¢ AN
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2| e 3lolR] P4E SFAE YollA Fehim|eE JEH=E F
Aehe F, vl atobx] P28k 2 helper phage”l A=W
helper phage®] ™E|e} 18] ThAS o83l vl|g] Q. ujolx]
2 FAske 553 AYFE HATK3). oldet FHe FolA|
£ Al TlolA|(satellite phage)etal F-2H, o] HEl9} m2lE
encodingdl= FAAES 281 A 27| wlF-oll helper phageE
4o 3h= otk AAR vhEe] QujolA] pas wE e} nElE
% FRAAES 2 QA A, P2 HEl A TlEs A
A AFAle] genomic DNAYHS: packaging & = A 2 =17]
9] W& ZHI=E Sl sid(size determination) F-4E 7}
k11,

P49] helper phageS! BlE|E] Q301X P2= Escherichia colis
SFAELZE 3= coliphage®, cos-cleavage 712l 2J3)] % &3]
33.5kb =719 genomeS o)W A (icosahedron) M| Zoll
packaging 3}o] F2)31t} BH5 lambda AlB 2] solx|dl] 43}
A%t lambda2t= @] 8 DNA S24HOZ genomes E-A)
3, &Fe)M ZAKUV irradiation)ol] 2J8) -84 (lysogen) el
oA %= (induction)¥] X L=TH(3).

v 2] Q. 3}o}x] P29} P4= helpers} satellite phage?] A=
ApAA ] EAsHH pae] EA| ool whe} p2 sfol| 7t Adg
2o vhiA Qg e =7)7) g2 vyl 2YEE g, blo]g 29
capsid ZHHF& AFele dl £ AF AT doh H2Y
AT A7, P49 sid AR AAEC] capsid ZHAH F 9
B2 A © A (outer-scaffolding protein)®] A2 88 FHTH7).
3bA HF capsid ZHAY A DA prohead”t 3H0}A] genome
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o] packaging™= el L wTh= A FA7} A
Al ITks). oleidt AT ALHQ FAE glste] iz
o A 8 2 5 e a5l o}

32 A (marker)E
FrA o] HPAE sk Ao] Basitt

2 dAFrallxe, vielg] Quolx] p2-P4 AlE Y] AFRE SgH
HEA 4Rl FThv= el P4 ashS(sid7]) tetRE in vitro
X AASIAL o] & mAYESH Whio s YESHE &84 2le
ol & dofll vk old gk AEEH AFE AT
o]ZA Aojzl WMEA| pa ulE|2] 2ujolx] p2-P4 Al2HlE 0]
83t packaging A7l 83 AT O E 2Y Fo|r}.

=11=5]
oH

=

o, UtH[2| 2uloHA|, E2tAD| =

ZTAP|E P49] SFM|ERE Escherichia coli Cla(type strain
of E. coli C strainy’} 22931(10), HEI|2] Q3}o}A] P4e] &4
¥ 2 P25 prophageE ZX3 Sl C strain®l C2959} C3539]
AREEIATH12, 13). A E coli €8S HHE|E|QujolA] P2 AS
S 93k AA<FA)E 2 transduction Aol AFEEATH?R).

AZg WY FEh2r= JPEs g 9 522 P4 ashs,
P4 ash8 sid71°] 2QATH11). P2 virlS P4 Wold vlo}x]9]
induction 2 ¢J3} 224§ FHT}3).

pBR322 Z2}2F] =7} tetracyclin resistance F+2A}] FF-<40]

oRx
Ao (14), pUCI9e] UXHARI cloning AAS 9ISt WE &

2r| =g ARREATH(15).

DNA =2} A2} U recombinant DNA technique

o] 79 AekEA, Klenow fragment, T4 DNA ligases <
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Gibco-BRL, NEBA} A|E-S 431 AR Aasl= Z49
greo] ARGSIATE £ A ARE gubEQl {-AA; A3
7192 Sambrook 5] A&3F AP Ao w}e} FSFHATHO).

P4 ash8(sid71) tetR2| =M 21

Poull2 At Z4EZ P4 ashS(sid71yS P4 DNAS] 71|
%‘ﬂi 22090 A= EcoRI F-9ol A9 xk27] 98 EcoR1S] H

E AdNkg(partial dlgestlon)—— Al EATh WA a4
S 225l ¥-SA1Z] AHES- agarose gel “goll A E4435)e] s}
£ 10.67kb, 0.96kb F 7o) ThAo] Y= 21S 2ol IRl
o} 11 78 1pug P4 DNA T 04 units®] EcoRl €425 713}
I 37°COlA] 4523t WESAITIE AR, oF F8l Yike P
s ATk

Tetracyclin WA FAAE A7) 91519 pBR322E 94 AvalS

2 Adsle] A83kst &, Klenow fragments 2| 3fe] oF et
< blunt-endZ TEUTE °|AS EcoRICE &3 ATHslo]
1.42 kb2] tetR(tetracyclin resistance) F-AAS 2] st o
Al AR tetR Hr ©HL EcoRl 3} blunt-end TS 7}
AAl F)aL, o5 P4 ash8 sid7114 DR Pvull®} EcoRICE
BE Adkd 10.67 kb ©HAI} ligation 3FSIT}. Ligation EFES
E. coli Cla® 83 HAZAA tetracyclindl]l WS 7IA= &
HBAE A

HHE|| 2| 2 T}OLX] stock F=H|

P4 ashS(sid71) tetRS Sefv|= JE|2 R3lL = E
coli Cla®] lawne YHEaL, P2 virl T}o}A] 888 1 9o Hoj
wy & ujksle] &8 A H(lysis area)S AU LA 9
agar plugE FrH FAE 290 F | ml9] LB wjdHe] %7
5% ZF RS agar plugst A &7 gjolA|7} 855
EZ2 9tt o] £29S P4 AAESFA X platingdte] &
E23E Aok

T Z2 = (single plaque)E 25 ml A v o2 &3]
$ 37°ColA Alg: AgE st 35S S8 3=}
Aadhs Al AT 0.05M HA EDTAS 71t Hf
17 stolA7) Al 4] B3l stk F8E9] At
HE W7bA] w3 ugAS A4 st i‘?ﬂ]%: Al At
Aok FobA7t Wl FFHE kel Beckmanihe] L3-40 &
T4 PAEE7IE 47,000 g(type 35 rotor AFE)E 2417 94
Hejate] golr] HAES AUt o] FHE 0.075M MgCl,
Iml 7Feh & 4oCollA 29 A% WX|ste] sfolx|7h AA3)
SHE-g-dlol| Bl =5 SFATH).
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Transduction & &

v g] e ufolA s FERAH|EE 2 QA @82 E coli Clad]
lawne tetracyclin S+ HoH|R|o] THEAT) AFstuA} dh=
P4 Ho A dfolA&Ng g W "ol 37°ColA] Bl gt
tetR XS 71 P4 Fo|A7F 4AE BHE|2]ol= tetracyclin®l]
AdS Yelo] 2 B2]9A colonyE FA3FAL transductant=

vle)|g] 9 lo}x] P2-P4 Al2Ele] WiE JfRF 119

o},

15HA| M2 Sl (One-step growth experiments)

B 2] Q.3 o}x] 9] burst sizeS A3 skl 194 A
FE YAtk SFHEE 2x10° cellymle] F=74A] vl Fet F

ol AL skl Lol smM FHE LB HiAel =Tk
M.O.L. (multiplicity of infection) #t°] 3% &5 AHstuA}
3= w2 L ujolx| S dolA] stock S EHE Jps|FaL 7RI &
2l s Skt LB W) o2 1008] 3]Ad3fe] 37°CellA] ul
b, Al wigFd ] FFE S4S B3l Folxlol] o5k ¢k
2371 ot wi7bA] vk A4ttt b S5 E ujokol o]
plaque assayE B9 €& T oY e, A gHE

SFA|F 22 Uro] burst sizeR ATk

CsCl 52 #SUE HXAEH(CsCl buoyant equilibrium
density gradient)

uhel| 2] @ 9jo}A] P4 stock®] M Z7] EEE dolrr] 98|
FolA] stock?] YH-(0.1ml °]3hHE, it U=7} 1.38g/ml &
giFolZl CsCl &oo] 3HE 4le] FEd| 7lstqint o] F
BE Beckman 13-40 2314 A4EE]715 ARE3le] 4°Col|l A
55,000 g(SW41.1 rotor AF)E 60A17F Bk P4 15Tt ¢
A B & FRO| d 1S o] gihe-S 3 -3 (fraction)
o2 ato] ®Boyrh 7+ 289 vle|g|euolx] Ve P4 AX s
FAELE JUZE plaque assayS T3 AA3I] U WH3lol| o}
£ vjo}x] B3 = (density gradient profile)E T+SIAT.
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Z7 @ g
P4 ash8(sid71) tetR ZCtA0|E =
G} A ENA ZeRn =2 EAE 4= U= P4 ashS8S
AF EAR o}, A A FAAE BN EY & AE
5}7—“19& st oA 7} *3’“Q‘:i ZA| P4 genome 37]
27331 P4 EERVIE REAE 2T ol2ld =4
‘j)r’\‘:’]‘: R R FAEY FAA A A EeE
I A= ool o}k P4 =7]9] HE](small head)
4 4= A= P4 ash8T} P2 Z719] W] (large head)oll
A= P4 ash8 sid71NA ZF ZF 3o o g A=
=224 0}04 T 7 g =2719] sjolA] Bz LH
o packag1 g ﬂ% AE=AS AT ALY, sid71S =
59 24 % Hkgo] ot AS Ur

P47} JMZ]E F2eke ol 9 71XA ¥ ReE o
7 P4 genome®] XREFOl| IX|Sh= FAL gop} beta(Fig. 1)
FAZE tetracyclin YA FHAZE X872 31¥Th Alg 2
Hol| A&dt 4 AR tetracyclin WS 71 2 234
& 4u 34 APA Fehev]= DNAS) AHES 9 24E
B3 AYE 2A4E P4 STHVE FEAR] P4 ashS(sid71)
tetRS BI85}
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cos 1
EcoRI 220

Pwull 1180

P4
11624 bp

EcoRI 3158

EcoRI 3633

Fig. 1. Circular genetic map of P4. The enzyme sites used in this study
are shown. The positions of restriction sites are given in bp according
to the P4 sequence (GenBank accession number X51522). Some
genes and ori of P4 are also shown.

cos 1

EcoRI 220

(Pvull) 1645

P4 ash8 (sid71) tcr

12089 bp
Miul 9089

EcoRI 3623

EcoRI 4098

Fig. 2. Circular genetic map of P4 ashS8(sid71) tetR. The fragment
from EcoRl at 220 to Pvull at 1180 of P4 DNA sequence (refer to Fig. 1)
was swapped with zerR of pBR322. The Pvull site was destroyed
during construction, so the position of ligation is shown as (Pvull) at
1645 of P4 ash8(sid71) tetR DNA. As the sid71 mutation is the point
mutation in sid gene (A at the position of 9682 of P4 DNA changed to
C), the size of P4 ashS8(sid71) tetR is as same as that of P4 ashS tetR.

olRe] HFHQ Agtai A A= Fig. 29 YRR
). P4 ashS(sid71) tetRS] A genomed] A7|=, ©|v] &Il Q)
£ P4 ¥ tetracyclin WA F3A - @H AV|ZHRH

11.624 kb BTR= 9F 460bp H= & Aot} ZE}2v|= P4
ash8(sid71) tetRe T3t SFMES 50 pg/mle] tetracyclin
Shr B A dEA o2 A 4= ATk

BEE)| 2| RIFOLK| P4 ash8(sid7]) tetR BE| & EH
2% P4 STV E Al HEE] ufol] pae] BA A

Kor. J. Microbiol

Table 1. Burst size of P4 and P4 derivatives

Phage Burst size”
P4 ash8 111+4
P4 ash8 tetR 7444
P4 ash8 sid71 41+2
P4 ash8(sid71) tetR 6343

YAll Burst size data is the meantstandard deviation of more than two
independent experiments.

2} S (origin of replication)yS ZE3l QOB R EFulolX]
(helper phage)?] P2 genome®] EX|51A HlE|g] e dfolx| 2 2%
o] 7F53It}. P4 ashS(sid71) tetRC] BE|Z] Q3jo}A] e Z F24]
G & 9HA) oG Hol7| Slstel, FekEv|= Pe ashS(sid7])
tetRE T3S E coli Cla®] lawnoll =5 FFoFAIR1 P2 virls
AN A FolAEAE AUt BoiR ol gA S P29} P4S
TEE F e AXESFAH E(indicator strain)oll ZFZF plating St
27}, 9o}A|-GN -2 P4 AA|&FA| A AR plaques Fd3FAS
o2, §Z%0o] U v S uolX| 7} P4 ashS(sid71) tetR
Ao FRASHITHALR HAA]).

Transduction A8& 33l o] YF3tAedl, T4 ol
LM E coli Cla lawnol| spotdle] tetracyclinol] A& Hol=
transductants LIl A7l A THA] SR =F F56t] A%
84 AGAHE AA, S| =T) P4 ashS(sid71) tetR D=
agarose gel Foll A g1 & = JYATHALE RAA).

& ZI 2R Ae P4 ashS(sid7]) tetRS) IOFA] stockS
7L 1A A E-E 5235317 burst sizeS T3FATH Table 1).
Table 1914 Bzo], F34F Axg HFE F3l Dol p4o] &
=) olA|Ql P4 ashS(sid71) tetR= AR P4 ashS(sid71)2F
o] gt 2| QufolA 2 F43IATE I ER tetracyclin
w2 $r Gt wdkE o] AAE Pao] HHAL gopt
beta= P47} BHH|E] Q. ulolA] HHIZ F28e ] A JEFE
NAA =t Aol AR EHATh4). P4 ashS tetRS] burst
sizeZ7t EHEAER] P4 ashs BT} AA] Qo7 AL, P4 ash8 K.
T} 460 bp = P4 ashS tetRS] genome®] P4 Z7]9] Tolx] wF]
o Bt} @ §8%OF packaging®”7] WFQ Aoz FAHT}
P4 ashS8(sid71) tetRS] 735, P4 ash8 sid7] Rt} 82X 02 P2
21719) o)) vlelol packagingEl= A2 Ve, olol o
3k B2 CsCl 7 5= XY Aol o] x| o

of sk ofZollA =2] st

BHE[2| QI}OLX| P4 ash8(sid71) tetR2| packaging

P4 2719 22 e S AAse AR sidell ®le)7t
A2 P4 ash8 sid717 1 FEAEL P2 A7|9] 9 270
T+ 3709 genomes packagingd}e] P4 HHEH|E] QufolX| & A=
SHCK(1, 11). P4 ash8 tetRS] 73-F tetracyclin WA FAA} $hf
Aol ARICE oF 460 bp % genome 7|7} EUA H a1,
P4 ash8(sid71) tetRS] 735-ol= 27 = 3709] genomeo] $H4
P2 ZL7]9] spolA] wEle] Eo7HA HEZ Z}ZF 920 bp,
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Fig. 3. CsCl buoyant equilibrium density gradient profiles of P4 ash8
sid71 (panel A) and P4 ash8(sid71) tetR (panel B).

1,380 bp & genome®] F7FekAl ATk P4 ash8(sid71) tetR 3o}
A9} CsCl F 58 E HAEFE T3l oS genomed]
717} oG A packaging®l DS 7I1AEAE AHE YT

P4 ash8 sid71& A8l L& EXEE Fig 3-AoH, F 7l
o] A & EolE 7K AHES B & Uk 28 P4 ashs
(sid71) tetRE HA51] A& E¥X Q) Fig. 3-BollM= 24 3}
o] vte] Uehgth. A P4 ash8 sid719] A T 2N
9] P4 genomeo] SO vtolA] W] Wkl e 2
(Fig. 3-A 2R}t W5rt 25 & 8ol YepsithFig. 3-A
o 114 83 Fig. 3-B] 108 £8& vlal 3F). o]AL P4
ash8(sid71) tetRS] 735, F 719] genomeo] To}x] HE]dl] Eof
784 DNA 0] P4 ashS sid719) 735 BT} 920 bp EU=
2 9457t S7Hd Ao dwE 4 ok whde) 3719] genome
o] alte] & molA] mEjel] o7kl =W 1.380 bp7t Ul
=31, o] 3t genome] FUIE QA3 on] p2 o}z HE]g]
packaging HAIE ZHsHA| H|Bg A sliEshs 84 o] Vet
UA e Aog FAHEY. 5 &2 27]) oA #Ege
33.5kb2] P2 genomes packaging SI=F A4 HIYLEZ(2),
AAA ) P4 3709 genome Z719) 349kb 7HAE 58
Aoy TARTE 138kb = P4 ashS(sid7]) RS 3749
genomes-S T O] packaging E/X] &&= AHeolth P4 RT}h
300bp BE A ZAE P4 ashS(sid71) kmrd) 3%, CsCl T%
U B AN 3709 genomeS I3 HFHo] 2749
genomes T AHRETH oF 1000 W& FlolR] GrHE 7HA
Ak vehds o] Bar HATK).

CsCl 5% BX HHS 53l P4 ashS(sid71) tetRe 2749
genome®] P2 =17]9] F}o}x] W] ol packaging® I, P4 ashS

vle)g] 9 3o}R] P2-P4 Al2-E]e] HE] ARk 121

sid712- 27 TE 3709] genome©] P2 =7]9] ulolx] g o
packaging® = A& ¢ HATh p2 2719 FfolA] wE]d
= 2709 P4 genome =71 DNA(23.25kb)FE P4 FE=A<1
P4 ashS(sid71) kmre] 3719] genome =7] DNA(35.7 kb)7+A]
packaging® 4= 21}, 36.25kb?] P4 ashS(sid71) tetRS] 372
genome- packaging®| A 23Ut} o]FS B3 E uf, p2 27
vlo}A] W] 9] packaging AFEH F 35.7kb ¥ Aolgta FHT
o Atk

Burst size 27dA] Loi7 F<= F}olA] (progeny)e] ¥+ CsCl
TeEE £X A dojd B9} YT AL FHH 2
=, P4 ashS(sid71) tetRS] burst size= P4 ash8(sid71) tetR 27}
9] genome(24.2 kb)] P2 =17] 1}o}x] wg]e|| packaging® I}o}
Ago] FAE doj7 RAolth. A P4 ashS sid719] burst
size= P4 ash8 sid7] genome 270(23.2kb) B== 37H(34.9 kb)7}
P2 7] gjo}x] W]l packaging®l 25572 TolA|Ee] FLS
H &2 FAE0] dojz Aot} P4 ashS(sid71) tetRe] burst
sizeZ} P4 ash8 sid712] burst size R0+ IA S5 A= (Table
1 %), o] 53 219 P4 = P4 F5=A42] genomeo] P2
Z719] #elol| packaging® W 3709] P4 genome RU T &&
O F packaging == AS & - AUTh
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ABSTRACT : Construction of New P4-Derived Vector Plasmid Containing Tetracyclin Resistance
Marker for the Bacteriophage P2-P4 System
Kyoung-Jin Kim (Department of Applied Molecular Biology, Division of Applied Biology,
Sunmoon University, Asan 336-708, Korea)

To develop vector plasmid for the bacteriophage P2-P4 system which is a useful experimental tool for the study
of viral capsid assembly, we constructed a new P4-derived vector plasmid starting from P4 ash8 sid71. With
recombinant DNA technology, a portion of P4 genome was deleted and tetracyclin resistance gene (fefR) was
introduced into P4 genome to give P4 selectivity. Resulting P4 ash8(sid7 1) tetR was 12.09 kb long and could be
converted to a viable bacteriophage with P2 infection. The burst size of induced bacteriophage form of P4 ash8
(sid71) tetR was determined. The CsCI buoyant equilibrium density gradient experiment of new P4 derivative
suggested the upper limit of packaging capacity in P2-size head.



