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sholl A Eegt Btele] X] B3+ icosahedral head®} 71
flexible tailS 7}FA™, 1 genome 49 kbp2] linear double
stranded DNAZ. 7= o] UTh(1). E3 Y= &gk 771 o]
o] 3tz vhiiA g 7R E Ao R IR jloH, 1 F M B
< copys 7HAE AL 33KDa®] major capsid THHAo|tt,
E3= E. coliZ specificdtAl infections}H, THE0R|= plaque®]
A7 I AEo] & Lem AEE th@d] 23 Age] wach
whEhx], E3ule] oj® strong promoter’} EAE A= FAHH
o} B APA = ©]H3L strong promoters 37 $3F Z7]
AR )83 promotere] 93] 2E g 7hgAo] AHF &
major capsid Y AS FH3l= FHAE genomed] oM
mapping 5}9Jt}. 123t strong promoter?] dlE THE BHHE]
HA(e.g. T7, T3, SPe)A = Folad 5= h7.8,9). T79 7
$ host?l E. coli®] RNA polymeraseo] &|3jA Z&H o=
early promoter(A)9} T7 AF419] 3153 RNA polymerased] 2]
3t 24 HHE late promoter(gene 10 promoteryE 7}A]IL 9}
th3). ©]#3F promoterE ] FHA L& systems ©|-8-F
i, Ale] Aele f-dx @Eo] constitutived Al DojuiAl H
22 O 3e 24s7F 5} yHl, gene 10 promoter
o] A%, 22 hostthollX] T7 RNA polymerase’} L&A= =] ¢
o9 FAAE dojubA] @) Wie] - 75 system @ E
o] 2ol At} B A7 = o]# 3t late promoterS 23l
o] promoters ZZ3}= RNA polymerase?} E. coli®] ZALA|
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antibiotic?! rifampicing- ©]-&3}a] AAlFIT}
ME ¥ 2y

Bacterial strains and plasmids

B AP AH-E 755 E. coli HB1017 IM109°]t}. T79
AEE A= E. coli Bl strain®] 22 FHT}. Cloningol] A&
¥ plasmide high copy numberE 7}X= pKF39} pBlue-
ScriptSK, midium copy numberZ 7}Al= pBR322, 22]3l low
copy numberE 7} pHSG575, pHSG5760]Tt}h. E32] %z
i standard phage technique(4)©] 2%t}

Media and buffers

Luria-Bertani(LB) medium(10 g tryptone, 5 g Yeast extract,
10 g NaCl/L)# top agar(0.8%)5 AM8-3} 1, phage buffer®
& TM buffer(50 mM Tris-Cl, pH 7.4)7} 223t

Phage particle?] £2|

Standard phage isolation technique(4)°] 2T} %39l E
coli IM1095 ¥4} v Fst 5 500 mi®] Al LB brothol] %53}
3 early exponential phase®l m.oi”} 57} HEE E3Z
infection AlZTF. Complete lysis7} Yo%t Foll centrifugation
(ss34 rotor, 10,000 rpm, 10 min, 4°C)2. & supernatantsS |3t
% polyethylene glycol(PEG) precipitation®. 2 phage particle®
S B33, T bufferdll resuspensionA ZTh 0.75 mg/imi<]
cesium chloride gradient® ©]-&3}% Beckman Tla 100.3 rotor
Z o}83te] 42,000 rpmoll A 24 AlZk F<l ultracentrifugation
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% & phage bandE F2]5}ed dialysisE CsCHe: A A3 I

SDS-PAGE®} protein transfer

SDS-PAGE® Laemmli®] ¥ 2)& °]-&3tRt} 8% poly-
acrylamide gel'S: o) &38te] clectrophoresis 81 F staining solu-
tion(0.125% coomasie brilliant blue R-25002.2 A3},
destaining solution(50% methanol, 10% acetic acid)>.& &3}
At Protein®] N-terminal amino acid sequencinge $3H
SDS-PAGE%-9) gel} 9l protein bandE PVDF membrane®]
electrophoretic transfer8h1, major capsid protein®l] 3Bz
bandE EEatd 71x#H8 AY AFAKBS [ Milligen
6600B)oIA] amino acid sequenceE HA3}F T, 19l dFE=
degenerate oligonucleotide probe= KOMA Biotecholl A &/d&}
At

E32| genomic library®] M=

E39] genomic DNAE ¥&|8to] 242t EcoRl, EcoR1+Bglll,
EcoRI+EcoRVE  digstion3t Th3-¢l plasmid vector! pKF3,
pBlueScriptSK, pHSGS5769 ligation 171 & CaCl, W& ©]
83} E coliol transformation A]Z T

Southern hybridization

439 oligonucleotideZ  terminal transferase®  ©]-§-3t
DIG-ddUTP(Boehringer Mannheim Co.)Z laleling3F3th. ol
A BrEo]Zl genomic DNA2| libraryE agarose gelol electro-
phoresis*] 7|31 alkaline denaturation, neutralization 732 #*
capillary {22 HyBond nylon membrane(Amersham)|
transferdted fixationdF %, £19] probe= Wil 65°CoA] 16AI3H
%o incubation FHTh 1% oS membraned] anti-DIG-
alkaline phosphatase conjugate® ¥ ©] color developing sub-
strate= T3t bande HRE QAT

DNA sequencing

Probe®} ¥h8-3F bandell s1@sh= DNAS Eeidto] Sangerd|
dideoxynucleotide termination *}H(6) 2.2 A7|ME-E AG3Y
o

Rifampicin test
Bt 2] @ 2] E3E hostQ] E. colioll infectionA]Z] 30 mi2]

Ala-Ser-Asp—Met-Gly-Ile-Trp-Thr-Ala-Gln

GAT ATG GGT ATT TGG AC
c c C
A
-)
G -
Fig. 1. N-terminal amino acid sequence of the major capsid protein
and the design of degenerate oligonucleotide probe.
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Fig. 2. Southemn hybridization of the genomic DNA fragments using
degenerate oligonucleotide probe. Lane 1; EcoRI+Bg/II fragment, lane
2; Bglll fragment, lane 3; EcoRI+EcoRV fragment, lane 4; EcoRV
fragment, lane 5; EcoRI fragment, lane 6; molecular weight marker.
Arrows at the left indicate probe-bound fragments.

culture®] Z+Z} 0, 5, 10 min p.i.o rifampicinS 200 ug/mi©]
H=E sttt 7 culureol A 5ol WA 1 miE 22
3l 5 el chloroform& o] lysisAlZl 3ol plateA] titerS
=g

a3 % 0

E32] major capsid ¥ A bandE #ldl] I N-terminal
amino acid A]8& FAE A= Fig. 19 YeRiCE o] 1074
9] amino acid Aol 7123t Fig. 1o Uehd A 2L 17
mer2] degenerate oligonucleotide probeS |2}t T} o 7] A
E0)3t L o] protein®] A HA codon®] methionine®] ¢}
alanine®)2F= o)t} o]AL olwl% o] protein®] THEH X1
WA postiranslational cleavage® E3t%) TH2 minor capsid T
Wi Aol N-terminusoA] proteolytic cleavagedl]l 2JsjA H-2)=
7] qEolgty FZ=H) o|#dt T FL size?] genomed
ZEAE virusoll Al 21 BEElE AR oth4). o] probed o]
stal, 22} EcoRl, EcoRV, EcoRl ¥ EcoRV, EcoRIF BglllZ
digestiond+ E32] genomic DNA THH-E hybridizationA] 7] H2},
Ztzy 7.0, 7.2, 2.2, 1.4, 1.9 kbpe] ©@Hel| band7} A H At
(Fig. 2). ©] 27)9] @HES E39 physical map(1)ellA] ERIgH
A}, 49 kbp2] HA| genomeZ 72%°1 major capsid THAS
wdste {347 A o S AT

o] # 1.4 kbp9 EcoRIZH} EcoRV THHS low copy number
plasmid vectord] pHSG5769) cloning3t ¥ pSL1C.2 HHa}%
t} o] 1.4 kbp fragment®] nucleotide sequence®] Y& Fig.
39 UERNITE. 3 1,400 bp Foll 720 bp F-EolA iAo
N-terminal amino acid A8l i@l W7IMEE 28 4
At 232 bpollAl R AR methionine 2 2 FFEF T start
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AGG ATA TTC CAT CGT ATA AAG ATC CIG TTT 10
TTG TTA AAG TCA ATG GCT CTA TAT GAC CAA 20
GTG ATT TCC TAC CAG TTG GTT TTT TAC TGG 30
CGA ATA CGT AAG ATA TTC ACG CGG ATA TAT 40
TTT ACT ATC AGT TCA GTT GTA GCG TGC TAA 50
CAC AAA ARA CAC TTG AAC GIT TAA CAA AAA6O
ATG CTA TAT TAA AGC GCT TAT TGT GAC GGC 70
TTT TCT ATG AGG GGA AAT ATT ATG TGT AAA 80
GAA ATT AAA TAT GAT GAA TTT GAA GCA AAC 90
GTG ATC GCC AAC CAT ATG GAG TTA CGC GGC 100
A S D M 6 I
GCT AAA RAC GAC GCA TCT GAT ATG GGT AIT 110
W T A E
TGG ACG GCT CAA GAG GTT CAT AAA ATT AAG 120
GCT CAA GCC TAT GAA AAA GAA TAT CCG GCA 130
GGT TCC GGA GIG CGT GTA TTIC CCT ATA TCG 140

TCC GAG CTT TCC GAT ACA GAT AAA ACC TIT 150
Fig. 3. DNA sequence of the control region of the gene encoding major
capsid protein. N-terminal amino acid sequence is indicated above the
corresponding nucleotide sequence. Putative —10 and —35 regions are
indicated with bold letters. Putative Shine-Dalgamo sequence is
indicated with italic letters. Putative 1st methionine codon is
underlined.

codonS HAY = 9JUal, T upstreamCE —THA | Shine-
Dalgarno sequenceZ FAH T AGGGGAE &N T4= A
w2}A, major capsid protein®] N-terminal amino acid”}
methionine®] °Fd AL, B bacteriad A HAA= A EY
translation ©]%o] A WA methionine®] AAE Ho] oz,
27782] amino acid® ©]FZ Zh& peptide’t HAHE HAOE
Bt

Rifampicin® &7 sl E37} A7l 43S de=xg 4
A% 435 Fig. 49 JERAATE E39l infection® 5% T =
rifampicing A g A7 ool A3 AFIME vlole]
UxFe] 77 B A gt olE early transcription®l] 2.8
3} host?] RNA polymerase”} &g w97 W&d Aeolgln
FAED s8R 1029 MM tterd] F7PF BFHUTH
w2 bacteriophage E3% T73 H-AFSHAl late transcription®]
SF7F obd APl {3 RNA polymerasedl] 2J3) 23 =
AL #53T & Udv a2y}, dfampicin®] 2] Fof <kzhe)
A7 27t B304 RoJZT), o] AL o] phage?] major capsid
wldS gles {327 AH1e] RNA polymerase®} <59
RNA polymeraseo 23le] 5% 2&#HE= dual promoter
systems 7HA 4 98-S IA8Th AAIZ DNA sequence 2
= promoter -l host®] -1034 -35 region®l| 3Z3E
sequence® H QIth(Fig. 3).
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Fig. 4. The effect of rifampicin on the growth of E3. Rifampicin was
added to the culture medium at the indicated times and the phage titer
was measured every 5 minutes.

A2l 353 RNA polymeraseo] &3t Q4% & strong
promoterS 71A| I A0 H, o= oll%E major capsid B ES
TEske A7 AT 72% 29 upstreamol] S8 3
oz oAy 2O 2 primer extension < F5t 9]
promoter®] X & &I}, o]|ZXE transcriptions Yo7
%= )= RNA polymeraseZ A 3h= FAAE mapping3Hcha,
T7 M9}t 28 Z3H 755t expression systemS 7HEre 5= 9}
€ o g B} 3 dual promoters ZFAT Ivpd 1
Hol o Agefjr] 74zt oA EXE YIe AT Fv2
£ Yol
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ABSTRACT : Genetic Mapping and Sequence Analysis of the Gene Encoding the Major Capsid Protein
of Bacteriophage E3

Soojin Bae and Heejoon Myung (Department of Bioscience and Biotechnology, Hankuk Uni-
versity of Foreign Studies, Yong-In, Kyung-Gi Do 449-850, Korea)

Bacteriophage E3 grows very rapidly and forms a large size plaque with a diameter of 1 cm. The promoter
controlling the expression of the gene encoding the major capsid protein is thought to be most efficient. To
find out this promoter, this gene was mapped in the genome according to the following procedure. The major
capsid protein was purified from phage particle and the N-terminal amino acid sequence was revealed. Based
on this sequence, a degenerate oligonucleotide probe was designed and used for screening of the genomic
DNA fragments. From the DNA sequence of the selected clone, the gene encoding the major capsid protein
was mapped at 72% of E3 genome. The expression of this gene was not sensitive to rifampicin which indi-
cated the presence of E3's own RNA polymerase.



