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tetracyclin resistance marker &7 P4 STH| HE Z2|A0|E =4
2127
NErfstn SRMSTS SRETMSSIHE

wpolE & 2] A 713 ATE A F2 A2 v e 9)olR] P2-P4 A|Ad o] o] 48 HE] EAn| =
Ndsl7] 981, P ash8 sid71S 8 BRAZ Aol A 22 P4 54 HEE 24 s1g ot FAA AR 7| H S
WA 47 AY 7153 tetracydin WA A2 eR)E £ 31T FehAv]) & P42] 27) 8 24 3¢t} o] & E3)
Aol %l P4 ash8(sid71) tetR-2 12.09 kbe] 27|15 7}A] 0], & 8 3 o] P22 inductiond}d A5 AL 7HA=
uhe| 2] eu}ol x| 2 A % 753l o A 2R sholX] <] burst sizeS B33, CsCl R A FUE AAAP L 5
Yadd. 754 x AY BEXA P2 =7] dopA] ¥2]9) packaging A& FAT 4 Ak
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HHeE] QsfolR] Pa= &AM oA Zefav|= AlelR
2gke Z, deg] uolA] P29} 2L helper phageZ} 8
helper phage] W&o} mg] TS o8-8l vl Qwolx]
2 ZHele 553 AYS B2Au3). ol FF2 volx]
2 4 TlolR|(satellite phage)Ztal F-20, 0|52 vije} mElS
encodingdh=s FAAIEL 2k UA] 7] WlEl helper phageS
o= sh= zlojt}h. AA|2 v g 2 gtolA] P4E welo} mElE
A% AT A A a1, Peel HE A gEs A
A] 2H419] genomic DNATHE packaging & = A 22 =17
o] HEE ZHIEE F}= sid(size determination) F+AAE 7}
ZTH11).

P49] helper phageS! 2|2 Q30 ] P2 Escherichia colis
A ER SR= coliphageZ, cos-cleavage 7130l )&l &3]
33.5kb Z7]9] genome Aol A AAR (icosahedron) & <ol
packaging 3t S-413t}h 254} lambda AFe] folx|dl] &3}
A9}, lambdash= €] $3 DNA S4WHO 2 genomed E-A|
sHH, 24 ZANUV irradiation)ol] 2138 8-%4(lysogen) el
oA -F-= (induction)=] X E=TH3).

gle)) 2] @ wlo}x] P29} PAE helpers} satellite phagee] #AIE
ArdAll EAB P4e] EA] ool wle} p2 o]z} AJAgF
2o O AFEE F77 e vy 2YPEHEE, nfo]#g]
capsid ZHIAAE A3l ol £2 A7 A8/ Ho FH32e
AT A, P4 sid FHAR] AAPEO] capsid ZHIAA F 9
RR) A delA (outer-scaffolding protein)] Ao 2 8F& H (7).
SHA 2HF capsid A2 A YAIQ prohead”} HoFA] genome
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°] packaging== Al FEFS wRitke A A7) Al
AlEIL JATKS). olEg A9 AEER] FAHE st {3
o2 44 3 F 5 e ®HA HmarkenZ Fidhe FolA]
A1 o] HEAS sk Aol Hasith

£ AollAe, deE]ufolr] p2-p4 Al2FlS] AE S
HEA p49l Zebam = Aehe] P4 ash8(sid7]) tetRE in vitro
o AL o]F PAETA o R AEEH 84S 2
oA 2 dojdl the- o] g AETHY ATE AL
olgA X HEA pae= B2 3to}R] P2-P4 A]2ELS o]
23} packaging 7ol #8235 A FHOE £ Ao},

Hibd

al
=3 = |

Nz o
oF, UH 2| ulotX|, E2tADIE

SN = P49] SN EZE Escherichia coli Cla(type strain
of E. coli C strain)7} 22R31(10), 2Hel2])Q 5}o}A] p4e] <54
X 2E P28 prophage® ZEI T C strain?l C2959} €3539]
AREETHI2, 13). 38 E. coli €8S B Q. olx] p2 AZ
S 4% A|EFAE 2 transduction AF ol AME-EHTH2).

MEF HE ZEpens Es 9% 24 EZ P4 ashs,
P4 ash8 sid71°] 22FTH11). P2 virl & P4 o[z wlo}x]eg]
induction = $J8] 224 HTh?3).

pBR322 ZE&}~0| =7} tetracyclin resistance F3418] FFHo)
2 oni(14), puctoe] YurASl cloning A3 93t e Zg)
2reg AREATH(1S).

DNA ZZ} A|9F & recombinant DNA technique
o3 7Y ATES, Klenow fragment, T4 DNA ligases-S
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Gibco-BRL, NEBA} A|F-& F4&ted Aakxlz} Aarshs 240
Do} AESIETH B A%e] AT Al fAA AZG
712 Sambrook 5°) A&T AGAdl wet B ch9).

P4 ash8(sid71) tetR2| =M 1A

PudllZ AE Z2UEZ P4 osh8(sid71yS P4 DNAL] &7)H)
EZ 22000 Y= EcoRl H-2oll M7t 2t=7) 8l EcoRIS] ¥
kS (partial digestion)2 A13§313c}, whg-AlZkel g2 <
g8t HhS-AIZ) AHE-S agarose gel AollA A5k Y45
10.67 kb, 0.96 kb F 7}&] @¥o| vehls 272 ol Ul
.21 &8 1ug P4 DNA B 04 units?] EcoRl E4E 7}3}
3L 37°ColA] 45E2E RESAIT | AR, o]E B3l ks R
AdS dich

Tetracyclin WA 5925 47 915l pBR322E 94 Aval
o2 ddste HAEsle ¥, Klenow fragmentS *e]ste] & T
L blunt-endZ THERUTE o] AL EcRICE 2+A A thslo
1.42 kbS] retR(tetracyclin resistance) F+3AAE £] 3f5ict. o8
A AR terR T+ THL EcoRI BT} blunt-end TEHS 7}
AA =31, o]F P4 ash8 sid71X QoI puull®} EcoRIC Z
HE A" 10.67kb B} ligation 3MJTh. Ligation EFHE-S
E. coli Cla®] ¥& ABAIA tetracyclinol] WS 71xe F4
AgA S A

£ odr o qe

Hte[2| 2TlotX] stock Z=H|

P4 ash8(sid71) teiRe ETtn|= JHE FF3tn e E
coli Cla®] lawnS THET, P2 virl Fo}x] §HE 1 9o Hoj
= F st 832 ysis area) S BATh LA Q2
agar plugE T E SLF 200 F | mlg] LB Hjdedel &7
I 5% 7F WSt agar plugdt A LA geolx)y 855
=& 3ict o] §EdE P4 AASGFMEA platingste] ©d
E42E A

o E2t = (single plaque)E 25 ml A widklo 2 2
T 37°Coll M Al ARk FREE SAIAC SR=)
s AlFOlA HEE=7F 005 M A EDTAS 718t o
ol TolA7t SFA| ol BA] E3HA stk S8 #avt
Z uj7lA] uieFet § vl S U Haldle] #AE A A
ot ZolA7t HAE FE NS HEt BeckmanAte] L340 &
< YAEB7]E 47,000 gltype 35 rotor ARYE 2417F 94
gJ3le] dolx] AHES AUt o] FHE 0.075M MeCl,

[ml 7}eE & 4ocollq 2l Ax wx|5le] wjolx|7p A3
F-8- Aol BalE =S k).

2 i

U A

Transduction & &

e g @ ol ZEAu|EE Ztal QR FE E coli Cladd
lawn< tetracyclin T8 Fou)=]o) et} Adslmat =
P4 Rl HolRgA L & g Yol 37°CellA uigshd,
tetR FAZE 7H P4 WolA7L 7+4E wheEjg]ols tetracyclinell
WAL vehle] 2 B9olliM colonyE A4S transductant2

dlee) Qujo}A] p2-p4 Al2Ele] WE Y 119
Ao] R},

15HA| A=A 2{(One-step growth experiments)

wrele] 2 ol burst sizeE Z2A3E] 3t 1dA] A
g 3Tt SFAEE 2x10° cells/ml2] HE74A] w3 &
o] AR st} Zhgo] 5mM T LB iAol Fich
M.OL (multiplicity of infection) %t°] 3% HE=E A¥sIAt
e deE] e utebA|E HolA] stock 2 ZHE 7ElFa 78I &
Fsl=2 slach LB wijklo s 1008 3Aske] 37°ColA uj
s, el wjtkde] FT S48 Tl folxj ot o
3|7+ dold wi7h=] wikS A3t ¢ Sa)E vk o)
plaque assayS B3l L& F& ol g, e gEd
SN F 2 LT burst sizeE YT
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CsCl 5 FS2z HXAE(CsCl buoyant equilibrium
density gradient)

el @ Flo}lA] P4 stockd] HE] A7) BEE Folrr] 93|
golA] stock?] YF(0.1ml ©|3HE, HiF L=7) 1.38gml =
2oz CsCl &Ho] g AaEe FHd 7T o) F
HE Beckman L3-40 &21<& YAIEZ7]1E ARESHA] 4°Col A
55,000 g(SW41.1 rotor AHHE 60A17F B¢ GAEE 3l &
A EEl & Feo W 1L ol s 3F EH(fraction)
S 2 slof Bttt Zb 89 uheiej ool 97tE P4 AXSE
FAZE HNE plaque assayS T3 AAstd A5 W3l w}
£ JolA] BX % (density gradient profile)E T-5FH T}

Ay o o3

P4 ash8(sid71) tetR ZS2tAD|E =M

B ST FeparEE EAT 5 U= P4 ash8S
Al EAR o, A Ul fRAE 2Ysia =Y F AE
gheoz e HolA7E YHHES HA| P4 genome o] Z7]
& 243l P4 Fekav|E FEAE 2AASIET o83 R 5A
© EFehar= AR fAE 384 WY e mgeR
A AdE = Ae olde] Ak P4 F719] W] (small head)
oigt B0l = U P4 ash8T P2 A719) W (large head)ol
Sold = & P4 ash8 sid71o0x Zt 2+ o whio = A|E
& Eg2U=E 2, T 7 g2 2719 Felx] vg] ]
o packaging H+= P4 FEAE AT B, sid71S S
Qholl 2715t F 71R] TR 24 E ¥ESo] dojdt RS
2R iA=

Pzt ShobAZ FASHE Hlol 9B 71NN o Aoz &
#HZ] P4 genome®] WOl YRS FAL gop bera(Fig. 1)
BAE tetracyclin WA S3AZ 288172 519k A5 2
Holl A&t 34 AA tetracyclin W3S 7HA= 2 AEA)
E ¥1 Fd [AEA Zeku|s DNAY AStEL O BAS
Tl AYdE 249 P4 Eekn= FEAIQ] P4 ashS(sid7])
terRS 1A}
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cos 1
EcoRl 220

Pwill 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 (sid7 1) tcr
12089 bp

EcoRl 3623

EcoRl 4098

Fig. 2. Circular genetic map of P4 ash8(sid71) tetR. The fragment
from EcoRI at 220 to Pvull at 1180 of P4 DNA sequence (refer to Fig. 1)
was swapped with zefR 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 sid7] mutation is the point
mutation in sid gene (A at the position of 9682 of P4 DNA changed to
C), the size of P4 ash8(sid71) tetR is as same as that of P4 ash8 tetR.

o} HEAQ A AL BETY ATE Fig. 200 VERIL
o}, P4 ash8(sid71) tetR®] AA genomed] H7|=, oW &3
= P4 2 tetracyclin WA +3A Tf THe FAV|EEH
12.080 kb2 AlXtE o}, o] A ELEAR] P4 ash8 sid719)
11.624 kb BT oF 460bp AE & Ro)3lt). ZEf0|= P4
ash8(sid7]) 1etRE F5ate $FAET 50ug/mie) tetracyclin
- x|l A Ao g zped = AT

HtE| 2| @ THO}X| P4 ash8(sid71) tetR 22| X SH
24949 pa Tekan|E FEAE vHEH 2 QolR] Pa] EA| Al
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Table 1. Burst size of P4 and P4 derivatives

Phage Burst size”
P4 ash8 11144
P4 ash8 terR 74+4
P4 ash8 sid71 41+2
P4 ash8(sid71) tetR 63+3

YAl Burst size data is the meanzstandard deviation of more than two
independent experiments.

A S (origin of replication)& il o v, EFuo}x|
(helper phage)?) P2 genome®] EAIEMH HlE|2] ujolx]|2 g
o) 7Vs81t}. P4 ash8(sid71) retRe] vrE|2] L. ujolx] HEfE F2
g 5 R AXE Holy] s, STV E P4 ash8(sid7])
tetRS B8 E. coli Cla®) lawnoll =8 SolAQ] P2 virls
ZAAA TlolR|L-A-S At} Lozl Hopr]Ed-S p2ot PAE
TEE 5 Qe XA EFA| E(indicator strain)oll 242} platingZk
A7}, sjolR]GA L P4 ZA)EFEAEAMT plaqueE FHEHAL
o2 g25o] U He|2l ool 7t P4 ash8(sid71) tetR {1
Ao 2 FRIFATHAR B AA).

Transduction A H-& 351 ol5 Y= HEH, 4 oA
LML E coli Cla lawndll spotdt] tetracyclin®ll W38 Hol=
transductants L1 A7)oA ©A] Fepan|eg FE3H Ag
B ARAEE AA, ZeAUE7} PA ash8(sid7]) telR VS
agarose gel 23O A B & 5 DATHAR WA,

9 Z a2 RE D& P4 ash8(sid71) tetRS] TOFA] stock S
A 1A LSS 383t burst sizeS TSIATHTable 1).
Table 194 B50), 42 AZF HHE S Bzl P49 &
w4 go}xQl P4 ash8(sid71) tetRE QB P4 ash8(sid71)3}
7o) @3] el LgolNRE 2439t O 2R (etracyclin
WA 532 34 a8y wdkso] AAE pae] 784 gopt
beta= P47} HElE] S3lo}x] HEiZ S8k ol M8 FEE 7
A gtk Aol A&l HAJrhE). P4 ash8 rerR®] burst size
7} 2EE) P4 ash8 Btk Al Lo ZL, P4 ash8 BTt
460 bp = P4 ash8 tetRS) genome®] P4 F7)8] TolA] wzjo)
Bl 9 F8% 0% packagings 7] WEN Ao FAHC p4
ash8(sid71) tetRS) 73%-, P4 ash8 sid7]1 BT} A& 02 P2 2
719] so}A] Wa]ell packaging®lE AOZ YERSTh ol g
BEAL CCl ¥ T52E ALY Ao} o] FaE ook

Tz oldiolA =9 It

HlE||2| @ TO}OFX| P4 ash8(sid71) tetR2| packaging

P4 Z7)9] 242 v WAL A FAAR] sidoll Helrt
A7 P4 ash8 sid71F 1 SEAES P2 =79 W 2
T 3719 gepomed packagingsi P4 whejglQslolg AE
oKL, 11). P4 ash8 teRS] 7% tetracyclin WA 344 &%
THe] Ao Z oF 460 bp AE genome 7|7} EolUA HL,
P4 ash8(sid71) tetR2) 739l 27 B 3709 genome©] A
p2 @7 Tolx] weo] EeirlAl HE=E ZHZ 920bp,
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Fig. 3. CsCl buoyant equilibrium density gradient profiles of P4 ash§
sid71 (panel A) and P4 ash8(sid71) tetR (panel B).

1,380 bp A genomeo] S7F1Al BTk P4 ash8(sid71) retR ot
2] CsCl 5% TEUE HAAF L 53 ©|243F genomed] F
717} /@A packaging®ll &S 7IA=AE AHEIUT

P4 ash8 sid71% BA18te] A& BRI T Fig 3-A0lH, F 7|
9] Ae] & EolE 7 BHE B 4 Utk 1Y P4 ash8
(sid7]) tetRS B-A31 A BITQ) Fig. 3-BolXE 23 3t
v}o] AAvke] VERGTh BHL P4 ashs sid719) B3R F 2789
P4 genome©] Sl Fotx| wigle] Wxof Fshe &
(Fig. 3-A Z2)R0t 27} 25 Z YA UelRThFg. 3-A
9] 11" B33} Fig. 3-BY] 100 £8& Hlw F=x). o] P4
ash8(sid71) tetR®] 7%, F 719) genome®) Fo}A] wEdl| £
7V DNA o] P4 ash8 sid712] 7% BT} 920bp SOl
2 357t /M8 A0 E A%E 4= vk §HEe) 3749 genome
o] 3hte] & TolA] Helo] Eol7HA HW 1,380 bp7t Sl
31, o]# 3 genome?] T Q3] o|v] P2 oA w9
packaging SHAIS 233H HEZ 1A g8k Aol L
UR) e Aew AL F 2(@2 7)) HobA HEle
33.5kb2] P2 genomeS packaging 3I=F A4 HIJLEE(2),
A2 P4 3712} genome Z71¢) 349kb A= FEF 5
Aot TAKTE 138kb £ P4 ash8(sid7l) tetRe] 371€]
genomeS-S T o)A packaging HA ¥E Zolth P4 B}
300bp A= A ZAE P4 ash8(sid71) kmre] 74-F, CsCl T&
Sy BY ARG 309 genomed TR BH 274Y
genomeS -3 AHHET} oF 1008 e Tolx] H7EE THA
Ak YEh e R0 B =Tk,

CsCl HEUT BF APS 53l P4 ashS(sid7]) tetRS 2N
genome®) P2 =719} sholx] wE}e] packaging® L, P4 ash8

ulg|a] @ slobA] P2-P4 Al2le] e} A 121

sid718 270 T 37019] genome©] P2 =719} FolA] wE]d]
packaging®E S A HLh P2 A7)} sopA] mof
= 27§¢] P4 genome 7] DNA(23.25kb)F-El P4 =A<
P4 ash8(sid71) kmre] 370¢] genome 7] DNA(35.7 kby7}HA]
packaging® & 91ou}, 36.25kb%] P4 ash8(sid71) tetRS] 3742
genome packaging® A %Stttk o4& B £ uj, p2 =7
sjobx| MalQ] packaging B ¢F 35.7kb & Holeta FHEY
& 3ot

Burst size B34 Aol 3 wlo}A](progeny)e] FEE CsCl
FEUT BY Ao dojd Exeol FUT AO0E FHHE
Z, P4 ash8(sid7]) tetR] burst sizev P4 ash8(sid71) tetR 270
9] genome(24.2 kb)o] P2 =7] vto}x] HEJoll packaging® o}
2 50| Z=2A5o] Polz zolth T P4 ash sid71°] burst
size= P4 ash8 sid7] genome 270(23.2kb) H 370 (34.9kb)7}
p2 Z7] stobx] MeJol packaging® 2%F9 TobAEo] FITH
Hg2 =256 Aol Aolth P4 ashS(sid7]) tetRe] burst
size’} P4 ash8 sid719] burst size Bt ZA S E =T (Table
| Zx), 012 Zaf 19 P4 EE P4 A9 genome©] P2
=719) vj@)ell packaging® W 3719] P4 genome ®T} U] A&
Ao 2 packaging ¥ A& & 4 AT
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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 ashS8 sid71. With
recombinant DNA technology, a portion of P4 genome was deleted and tetracyclin resistance gene (tetR) was
introduced into P4 genome to give P4 selectivity. Resulting P4 ash8(sid71) 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 CsCl buoyant equilibrium density gradient experiment of new P4 derivative
suggested the upper limit of packaging capacity in P2-size head.



