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Escherichia colifl Z+E3h= temperate Jo}#|Q1 1| 2] S50}
2| p2s} 719] 14 TolRIR] BlE| 2] afolA] Pae S5 At
(life cycleyS 7FAAL At} & wh|2] S.ujolx] p4 BlelE] .3}
o}x] P27} §& W A2 Eejan =g EXEARL HH e Q.
olx] p2 £4) st AT P25 g3 olA (helper phage)E ©]-&
3lo] lytic A4 ATHR, 4). BHE|E]QAoLA] PAE capsid 473
2 9% FAZ 22 YA o], £g vl Helzl e sjo}
A Pt s Plels 1elE o18Ed oz FAT 4
ot e e Qujolx] p2o} p4e] W9} nElE HiT
YT GA p2o] FH} A4 B (gene productsyE . ©]F0]
A 93, @A 21 ) 27160 9lo] Aol e ol vlele)
A7) Aole L gl packaging® 2t obA] F-H A (genome)S]
7] Moz AZbEn p2o] 739 33 kbe] HRAV} 217
triangulation number7} 7 91 ®Me7} AAE 1, P49 o=
11.6 kb2 477} E)2 triangulation numberZ} 4 1 #&]7}
AARETHS). P49 BE 2o)E p2 #E] Ry 113 A% HE
Ro g Fddrt.

ule) 2] @ sjo}x] P47}t P22 Eg oA R dlo] S ) e}
W= F<¢=vlobR] (progeny phage)= 2H2 W& 71X P47k tl R
Eoltt. Shore & AR SAY v G p2 279 2 o
& sk dlelg]ujolA] P4 HoAE AAEEIAT(14). &
AA AFE T3l 11 WHole Pt HoAE FAE o o
g A7|E FAsE Al EAlske 2= wezlt) o] &
HARE sid (size determination)® BYH S 1T, Shore To| M@
3 P4 sid HolAlE I Z vElE 7R FEgeiAlg A4S
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buoyant equilibrium density gradientyS- 53} &) BHelg] 2
sfo}r] P49 sid FAARE P29) F3AAL AR ES o838t el
P2 W Rg9] 13 He HEE ZHIA e dlds
coding@the AL EAl HATHI4). Marviks-2 Sid T2 o]
He] 2 FgolA] 2]F-AX] A (outer scaffolding protein)&]
odghs sl p4 @Y HErE 2REA s AL cryo-
electron-microscopic image constructiond 53 FHAFATH1D).
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vitro packaging A 8ol4 F 7 T Al 712 monomeric P4 f-
AA7Y P2 2719 wEol| packaging He Aol B HAARH
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Escherichia coli C strain®] C2959} C353¢] AR&-S ATH(1S, 16).
vhef| 2] Q. Lo} ] P4 ash8 sid712- £ 2419 stock=s plating
3l single plaqueE U2 F MZ-E stocke FHIStA Ao

AREBFHRTH12).

BE2| 2OHX| stock F=H|

P4 ash8 sid71 €] NP4 stockS E. coli C353 lawn®l plating
3l @l ZT}Asingle plaque)E AT BY EBFE 55
HE E. coli C295 ¥lF} 25ml o] &7 F 37°ClA Ald A
gl $REE 49tk FR=oF 2Ase AlHelA
HZ%¥ %7} 005 M HA EGIA E 718k o o4 slolxz} <
FAE 22 ZapA Gk FEEY AL BE WA H
O3E 5wk s Y4 Rt dAE AASHT. FHolR|7}
e AEAL 3l Beckman A2} Optima LE-80K Z14;
A4EE]7)Z 47,000 g (70Ti rotor ARE), 2 A1ZF P4 )31
opx] AAEE AUk ©] AHE] 0075 M MgCLE 1 ml
7¥et & a°collA 2 A WREte Tlol|7} AT gl
o 3= =E FATHD).

CsCl 5 #S4UT HAREH(CsCl buoyant equilibrium
density gradient)

v 2] @ slo}R] P4 ash8 sid71 stocke] Hg] 27 EXE o}
B7] 93 CsCl 3% 75U Axpdge ojn| dRd Ho|
ofated FPIATHT). ©1F 8ok, 4 TobA] stockd] YF
(02ml ©J3hE BF Y57} 1.38 g/ml 2 2307 CsCl 8-4o)
S8 YAlEe] FBd 7)stal o] FEES Beckman Optima
LE-80K 21l ANEL7|E A3l 4°Cel|A] 55,000 g (SW
41.1 rotor AR, 60 AIZFE<F YARE sk 94 By ¥
289 Wo| 7S o] 04 mlE § EF(fraction)O 2 )]
Zogth ZF B8] ueeuA] 9UtE P4 AN STAHEY
C353& AN Z plaque assayE F3 231 £8of w2 X
BEy¥=g 7ot
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CsCl B F5UE AxpEFHoN Ao Ay IS 7 7}
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Holl 3l 4ocolA] wnkshy T4t 3 ol AA MEF
0075 M MgCl, $H-8-8& vty S0 B¢ £, globr]
LN 2L tubeol] ST}

Tolx] DNAE £2|3}7] 98l golx] 3 §AS 23l A
HE F&3lu AE/FE2YE Ao 13 FEIIYT
Ethanol A0 2 so}x] DNAS] FHES Ao ol& A3EY
A S50l I, 2241 lobA] DNA g0 & Fnlsick

TIOLX] DNAS| 24

Zt A BFe g8 vlobx] DNAY FelE ¢7] 913} 04
% agarose gelol A 719958 ¥, BBr G418 slo] B30
}o}A] DNATE cos- site?] 21E 93] 75°Coll A 10 #3F G

vlg2) oo} P4 ashs sid7] 63

2] 3 & loading 33Tl W B9 geld AMESH] wjFo
gocolA] H7195-E sk

A719E & AT agarose gelS digital camera (Olympus
C-3020 mode)E #93}31, Imagel software (NIH A|-F freeware;
http://rsb.info.nih.gov/ij/index.htmlyS AM8-8}] ZF band®] density
5 434t Geloll Al standard® AHE-3} lambda HindIIl
marker(BioneerAl, Korea)?] 23.1 kb Z7] bandE 7IFELE
calibration3} A|E band®] B H8E A Z3HTH

27t o nE

BHe| ] @ o] p2-P4 A|ZRlol A, ] 278 ARk 13
AL sid ARl Wol7} A7 el 2] LulobA] P4 ash8 sid71>-
o2 FAg wjo] p2 A719] HElE A F | e
A AN FAAES 2 W] ol packagingdl= ALE LHA
skh14). o] WolA dolA|7t ZEAIL SlE ash8 (adapted to a
second helper phage P3) ] repressor gene ©.2 oA =
el 522 point mutation®] Yot Ao, vlE|g] e.utolA] P3
£ ERTolAR 0]83le] plaques FAshs A& 71X ®lo]
A2 BHEAE o3& ashs WHolS 7IA= dhe gl 3o}
P4, ES TR} & A SFAE Yol A St E A
2 gHoE fAEHE A oldole AF(wild type)H FA
3lth9). ©] A wiZe] EEF A7 Helgh dhele] ujol]
P4 ash8& LI o] sl B AP A ARESla 9l
t}.

Bl 2] @ 9o}X] lambda®} 2] cos-cleavage packaging 71342
X e o iolx]e} B¢, F-H3 DNA EA oA A
ol multimerS A4S} packaging I 5 terminaseo]] 23|
cos-site’} AerEo] Bg] ¢tz Zo7kAl "rh5). ©] W dimer
L= trimer FENS] DNA”} packaging® 7FsAjo] A1t 1
Zu} Bleg] 9}olx] P4 cos-cleavage packaging 712kl ]3]
packaging®| A5k, 1 f-HAS] EA| 42 lambdadts €8]
o] covalent closed circle DNA7} B %= plasmid® £4]7]
g ZEETHe). 1Y BER AR Yo EX13ks #telA] DNA
poololl multimeric DNA Fel7} $-M3kx] 2A =1, A8k
multimeric DNAE plasmid®d E4E A3 DNAE©] resolve™ A]
o3l dol Qi Aol @ Zelth. p2 719 Wal ol trimer &
+ dimer FE)9 P4 FRA 7} packaging® o] &A= Zo]
HA7A] FFE 2 e DA<l Asjolch HIE A E U9
o}A] DNA poolol|l €vh} B2 multimeric P4 3% DNA”L
EAseEA ol g AT A=A AT B dTeliae A
A P4 ash8 sid71 TtotR] YA packaging® o] = DNA ¥
& #45t o]o tigt sfieS A} gt

A2o] AL P4 ash8 sid 71 stock 0.2 ml (F 2.0x10' oA
A CsCl B F5 Y= HAAFH(CsCl buoyant equilibrium
density gradientys E3l L= 2o 93] B2l 04 mle] 38
& 2 GEE 27 B3, 7 B39 plaque assays AR Fig.
17 22 BYX=E A} o]7) Shore F(14)0] URF EIT
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o} o] ] AHo] Yehedl, A5 vehs A< s
B3 p2 27)9) Bl Al 7§e) slolx] ps FHA DNAY &
e ot 22 QAEola Folo] Uit A7 sHA
LEe P2 A7)9] vi2ld] F JiY 1tolx] P4 F-XA DNAT &
e 2w ¥ Wro dAEelth P2 &7 HEd dhie
monomer Zo}x] P4 F-ZA] DNAZF E0130E dAEL A
BhiA] skt

7} Bl Sgdle R, 8 2I)S 7 7L BAlsle], £
goll Eol3le CsCrE AASIAT. H=ldE #8225 E DNAZ
Helsle, glolx] Aol DNA FHE 2317 A3 04%
agarose geldll 7195 3t 1 AAE Fig. 20 JEPARATH
Fig. 29| lane 29} 394 2% 11.6 kboll 3]33H= monomer =L
719l P4 DNAZ} Ul o] A2 AA7HA] 5748 A= g,
P2 =7]9] dolx] Mzl <ol trimer T dimer FE]2] DNA ©]
jell monomer FE|S] DNA7Z} EAISIE A8 BT o)
t}. P4 oA YAl terminase’} A& EA|slx] gtov g i
otA] M 25 DNAE Zeldhs oA multimer FEl <)
DNAZ} monomer® UFol& 714 A9l gldx Azdoh
Lane 314 Uehie 9% 5712 bande trimer?} dimer® B
ojr, HHA lane 20 ME $1Z0l] dimerE H.ol= 3 7<) band
gro] Uelkttt. o|ite] ARNZRE, P4 ash8 sid71¢] BEI} 7}
& hotA] YAHEF sHyEL P2 Zv]e] HEle dhe
trimer, =¥ 31} dimer?} 349 monomer, = A 7Y
monomer”} packaging® YAE©] Bl Aolv] 11E52] DNA ¥
gl B2y 97} Stoll packaging Fo13lE A DNA % 5
st 22 WEE zHA @ ozt e 4 ok 1R |
57t 22 gfobA] PAEE SHES P2 2719 el shte
dimer, %5 T 7}¢] monomer”} packaging® YAFEo] B! A
o2 A YU g zHA 9 Flolgt v & 4= Utk

Fig. 2 ol YElt bandE2HH FF £ AT E0]E ARE-
st 2z} P4 A e band®] HFHSLE WA} Size
MarkerZ AMS-3F T}0}A] lambda 9] HindIll % Al Z.(Fig. 29]
lane 1) % 23.1 kb 37]9] band& 71O R 3l £3 57 8
H DNA AlEo|A vebd FolR] P4 trimer, dimer, monomer
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Fig. 1. CsCl buoyant equilibrium density gradient profile of P4 ash8
sid71.
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Fig. 2. Identification of the P4 ash8 sid71 DNA isolated from each
peak on 0.4 % agarose gel. Lane 1: lambda HindIll-digested fragments
(size marker). Lane 2: DNA from the fraction #8. Lane 3: DNA from
the fraction #5.

bandE A% 448l 1 Z3-E Table 19 JYERARIcE £9) 5
el A9 trimer 8|2} DNAY} 7F ®o] UEltT, dimer,
monomer?] 0|}, & 719 dimerst 3 71 monomer’} P2
7] gel packagingH 7] W, 081 femto moles(1.93
femto moles - 1.12 femto moles)®] monomer?Fo] BA HiL o]
o] Al 712 oA migle] Eo|7tE R olF FIShE s &
glollA P2 Z7] Mol packaging® 17 FE|e] DNA ZFe]
Bl 3.39 : 193 : 0.27 (trimer : dimer + monomer : 3 monomer)
2 A A 227} A E P4 ash8 sid719) QA+ F oF
61%7} twimer HENS] P4 FAAZ ANHA 3, FA 5%
E= Al 719] monomeric P4 A7 YA e A Yek
Wit

BE g ALE F A p4 SAAI P2 2] Blgo

Table 1. Analysis of each bands with Imag]J program

Band intensity ~ Calculated amounts

Lambda Hindlll marker

23.1 kb band (control)” 2,038 6.35 f moles
Fraction

trimer band (34.8 kb) 1,637 3.39 f moles
dimer band (23.2 kb) 621 1.93 f moles
monomer band (11.6 kb) 180 1.12 f moles
Fraction

dimer band (23.2 kb) 1,583 491 f moles
monomer band (11.6 kb) 2,422 15.03 f moles

a) 200 ng of lamda HindlIll digested DNA was applied to lane 1 of Fig.
1. According to manufacturer, the amount of 23.1 kb band in this con-
dition was estimated to be equivalent to 95.4 ng.
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packaging® WZol| 3F3l= A=A, dimeric P4 FAA}
= F 789 monomeric P4 FHA7F A4 4 Sicth. Table 1
of AAIg Aol = gyl &4 P2 Z7] #2jell packag-
ing® DNA Z%9] Bl 491 : 7.52 (dimer : 2 monomer)E 7|
AR DEIF 2 P4 ash8 sid719] WA F 40% THo)
dimer FEe] P4 FAAZ YA U= o2 el £8
swiel Aot vlsabd, 2R WE 7k P4 ash8 sid7] YA
78-F- monomerZXF AL 1AL HIFo] 3T o]e & U=
£ 714 AR Al 782] monomeric P4 A7 AR 79
o]0 2 A W cos-cleavage’} Lofrfot sA|vk 71 W} 2}
2 AR E 71 YAlE F w¥le] cos-cleavagetre 2 F 719
monomeric P4 FZAE A& 4 JouF Hrt AHE 714
o] =T Ao AW shesi,

2 A7 dike, TN #4329 P4 ashs sid719] o}
A A7} wimer F= dimer FElS] P4 -FAA|RME: ShF-ska 3l
A gom, 7 5= Al 7§ monomer FE P4 FHA 5}
1}9) dimer®} 3h-2] monomer FE| P4 F-AA7 @A P2 =7)
ol packaging He AES B F3 Q) Trimert} dimer?
735, T 70 == Ml N9} coscleavage site & 311TH] packaging
ol A A= packaging®=lE AT d#A Uok3). 18]
v F ) Ee Al 02 monomertt 2+ 2 3}ute] dimered
monomerZ} E7| P2 Z17] ME]o]| packaging H& HH-E FA7}
A @A cos-cleavage®t packaging 7R 2E oldislr] jE
t}. ool packaging I £ proheadoll AT U= terminase
EA7F & W9 cos-cleavage site AT ¥ "Hoix|x] ¢k& x|
A dol F WA A2 monomeric == dimeric P4 52414
o] ArS FP3PAL, e terminase B3R} prohead ZHE]
#2]E ¥ prohead®] BE7}F A FF ol AOE A H o]
vpolA] 2 the @AR) 8] BAE I THA] terminase &
dA 7 Agete] Eetan= e P4 FAAE © AN
prohead®] #A WEE FXF Reoltt olHF FHLE cos
cleavage packaging ZH8- 71218 w2 d¥bA<Q] dobx]g} g,
o] P2-P4 AlzElol A P2 27) wEel] A= F ) ol
2] monomer ¥#2] DNAE A% UF2 headful packaging
Zh-g 714o] A Aolgte d&-E 3HA §k. o]H g FHE- 7]
Zre] EAIE FHsla, o Bose 8AES Y 5
Zlo| ko2 eof A Aot
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ABSTRACT : Analysis of DNA Conformation in the Particles of Bacteriophage P4 Mutant, P4 ash8
sid71
Jaeho Song and Kyoung-Jin Kim* (Department of Life Science, College of Natural Science,
Sunmoon University, Asan 336-708, Korea) )

To study the packaging mechanism of the bacteriophage P2-P4 system which is a useful experimental tool for
the study of viral capsid assembly, we analyzed the DNA contents of P4 sid™ mutant, P4 ash8 sid71’s phage par-
ticles. Two kind of particles having different density were separated by the CsCl buoyant equilibrium density
gradient experiment with fresh made stock of P4 ashS sid71. The DNA from each particles was prepared and its
conformations was analyzed by electrophoresis. Unexpectedly, both particles contain not only dimeric and tri-
meric but also monomeric P4 DNA.



