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EMITTF/IALR2BO/ O F o 2ERT 24 BHEOEAD 12, 1 EHDHIE
HO FECO2VT AN, BEEH o KB #ilgd Y oligo (dT) ELA—ZAHhF L4 0O
T MSFTT74—IC&VY poly (A*") mRNA % $%!L, rabbit reticulocyte lysate %
wheat germ extract OEMAT I /BBEARIC "S- AFF =, ‘H-TLF=LZ2HO
RIEZHM:. BONTCEBREAZD BHrd 1 ZAREEE, SFE#S, 000 Dalton
THYZYUT S mRNA BREELZFIS THo7=-. EOHEEEEE T4 LAD HE5 -
BRBOBENAOEXD L, T4 ILA7OTF O supersolenoid #EEDM &Ml T/
4 L AR FBIEKATHH 2 empty shell ~D DNA FHEDREETHB LEZTWS.

It has been established that p-protein is one of the four chromatin proteins
in human adenovirus type 2. I have examined the possible existence of pro—pu,
a precursor of wp-protein. Poly (A*) mRNA was purified by oligo (dT) cellulose
column chromatography from adenovirus-infected, late phase KB cells, and
translated by using L-**S-methionine and L-*H-arginine in a cell free amino acid
incorporation system with rabbit reticulocyte lysate, or wheat germ extract.
The labeled protein thus obtained was analyzed by gel electrophoresis. It was
found that the expected pro-p showed an approximate molecular weight of 8 000
daltons, and the corresponding subfraction of mRNA sedimented at approximately
10 S. The biological role of pro-p was speculated from the process of virus
multiplication and maturation. Pro-x is thought to participate in the formation of
supersolenoid structure of virion chromatin and in the DNA filling of the empty
shell, the precursor of the virion.
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7 F A A2 E 5 80nm o [F 20 {4
DEABEMNFE FOFALIAENL ST E
2.5x107 Dalton DE#2 L DNA & 4 ff
MHOELEE™ V, VI, p, TP (terminal pro-
tein) L ofER IS 27 (7 r<FV) b
cxT\5 (Fig. 1. LT RmtEomyge
MEREHER I A REE e Emb, Bu A
AL W OLDTERCHEIR TS, EFE
O VT T w4 L A12B T, AR
s — A R R 2 EE LIPS B 2 (D o
LD RERRER B D il = 7 v L LTHRZE S
hTwb., —F, EFEEDOe vll7 57 v A
A QIR 5 BT RETEIC B ic T, I - BB
BETHIEA T, 2 BB DNA Ol b
mRNA »#E4 52 L, Fic DNA Offiffiz
HRENCATH LD AR OEE TR
L DNA ##lof#e 71 e LTS T
H. FLTCe W7 57 o A4 A 2 MO14FEH
DREERABED 5 b, EEEE T OMER IO
FORBICBFRL TS 4EHO 2 7EAD 1
DOTHDH pEMAL, 19764 57 v F = v ik
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Fig. 1. A schematic illastration of internal organization of adenovirion.
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Mz 1077 FPKOK AT #E L, MifalE s (b e
MEL, 1,000 rpm 547 i L fKRE RS>
B LEELTEIN L. S0 FEIT -~ v,
SDS, Tris-HCl, pH 8.5 # Fh Fi i flips
200 pg/ml, 0.5 % (w/v), 0. 1M &7 BN
z2, EHITRIED7 =/ —A/7 makii/A
v7iAT7Aa—A (50 50: 1) o RAEKEY
Mz, ZERCTISHMEESLRL, 15,000 rpm 20
AELGEO L7, FOXKEXEIRL, BE 265
BEO7 -/ —Axzmbr Vi3I LiCX
5> T4 RNA #HhtH L7 (7 = 7 — v HiiHD.

(2) oligo (dT) vrm—A HFT A 7R~

[N A A

oligo (dT) 1 mr~— A type II (Sigma #f
) 2¢g % dd-H,O (4758 T THRHVE
¥ o [ X4 72 %% binding baffer (10 mM
Tris-HCI, pH 7.5, 0.5M KCl) 1= CTiE#:AL
L. —FH 7 =/ — 0 fiHET B I nic-4
RNA ¥ 1 mg/ml &7s A binding baffer
WML, 55°C 5 pfBVAERA 1Ty, EbHIT
BHLI- L0 »5 A4 FEL, 4ml/hr
O WHET 20 » T A% @I, poly (AY)
mRNA % oligo (dT) &/ v — 2 1C W35 X4
2. Fo#H H 7 +% 10mM Tris-HCI, pH
7.5, 0.1 M KCIl # % ¢¢ washing buffer Tpk
%1, dd-H;0 T poly (A*) mRNA # i L
7o, FhEBOEAML ~—H— tRNA &L
THWD D EIRL 72,

(3)  FERESEE QAL RO

5ml ©» Beckman SW 50.1 K m— & —
A 100 mM NaCl, 10 mM Tris-HCI,
pH 7.4, 0.2mM EDTA #41r10~30% D
WERE AR A FR L 7. %7 oligo (dT) +n
R—ANFTAIRTLITT 4 =L EBR
7z poly (A")mRNA (¥= %/ — L kB X -
THURL, &6 2 OB R Qi % (F
WL 7o & R AR R L 1 pg/pl &L dc.
Z i 55°C 5 4y fiE LI % £7\~, 21,000 rpm,
168 15°C Tl % {7\, poly (A7) mRNA
A ELTc. il ZhE FEfF LT 5pgd
TRNA Dsmla {740, 28S, 18S o —27#%

(1% 2515 1985)

R,

(4) M7 < 7 s AR 10D

BRL #- Rabbit reticulocyte lysate Ris
YOssma, hAR 27 VT —E0HE LT,
wheat germ extract o #EMlaFER %% Hu

BS-AFF=v, H-TAF=vTEAEY
b A
(a) Rabbit reticulocyte lysate

Rabbit reticulocyte lysate 10 ul = 3°S-
AFF=v 1ul (10 pCi) % hnz 7= master
mixture 2 e N 75 v A4 LR YL KB i
fas BRESHLL 72 mRNA o 0.125, 0.25, 0.50,
1.0pl (1 pg/pl) ZxhEhmz, feE 12pl
EL, 30°C, 40fEmmiE+ % = LT X » TEA
EHET-1c. 2D BHbhiEE&iRao—
A 75 A7 7 A =P (Whatman GF-C)
B gL, 10% (w/v) TCA JLBEZ {7\,
Witk v vav—o g v iHINC X »T 3S-—x 5
F = v P h A% E mRNA i i A4 1 E
L.
(b) Wheat germ extract

/B a3y HARI VT —ETHUE X i
in vitro translation system Kit & fj.»,
EED BIICHELNC DY AT ALY T AF =V,
AFF =V, EAFOVERELLLOXHH
Lz, WED Sk EAGRIE A 3 ul, 500
mM FEfigh Vv A, BEfR~ 2 v AR ERE
A 2pl, 0.9l FEHET I /O AFY YV,
AFA =V, BHDLEWL TAF =V i EmE
500uM 127 HERIC %, X HIZ wheat germ
extract 10 ul & L OVEH7 3 /o *H-7 1
F=v 2ul (10uCl) HBE PS-2FF4 =V
% Nz 7= master mixture |2 fnz 5 mRNA
DYEEAR 1, 2, 3, 4, 5pl (1 pg/pl) L&
¥, w30 pl T 25°C, 904 fEIniE L&
MERE THhE. JUGE 3 pl %2 GF-C it
REERRL, 10% (w/v) TCA TMHEL, K
fkrvFv—>a VEHIIC X 5T H-7 1 ¥
=V BHAEWL PS-AFA=vDOHHIAL L
mMRNA O % kb e,
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(5) SDS-EV 72794 73 Frr Bk
Ej‘i).lZ)

Rabbit reticulocyte lysate <2 Wheat germ
extract # fH\ 7z in vitro translation system
HEL BRI T < W, e b
B7 77 oA 2 WERAERMMAELL T
z, B RNase (v lgihH RNase I,
DNase & proteinase free) #yspnL, 37°C
104 L 7ot%, 7€ b YR iz bl e L
TEHT 77 oAV AEAREIRL 7. 2ol
WL fe & Ewe 50 mM Tris-HCI, pH 7.0, 2%
(w/v) SDS, 10% (v/v) 7 )+tm—n, 0.05
% (V/V) AnrHTb=r L BIO 1%
Bromophenolblue (BPB) # 4%y 30 pl o
SDS ZE Mg % pnz. 100°C 90FS [ i L
feb D% 2B © pre-tun A FEH/-12 %
SDS-RV 7279407 3 FA 5774 (12% 4
Wer v LIS 5 oMy AV EBEELI2L D) B
S Imm MG ERKB A -7, Fh, @
far v 15mA, it v 20mA CTEBEL, H
U7 TR MG 1 0.05M Tris-Glycin, pH
8.5TH 5. NI EARTEDICD &
MUTF o v ANA2MEEAEE TR~ —
7 — (Pharmacia #-84) % [EREC SkE)L 72,
TKEVEE 7 % (v/v) BEME, 25% (V/v) Az
- 0.1% (w/v) Coomassie brilliant blue
(CBB) % &isii¥EC oL OYeth & [EE A 70,
#tuC CBB % & F 70\ [ T Biguta 217 -
7.

(6) 7Atwr57 4 —

e o EED 52T Uiz #2100 % (w/v)
DMSO (dimethyl-sulfoxide) ¥ D HIC =R
TR EL, X OICTHEZ DE(EE2 TV
AD KA FHT TH. Ibic22% (w/v)
PPO (2, 5-diphenyloxazole) # 4 ¥ 100 %
DMSO ¥z 3 BfdiiizE L, £o# dd-H,0
) 1 RERTIRGEL, b & D7 v DR E X2
BLIch D&, AT 7w G iass Hu g s
Wiz, oL 7o i FUJL RXL 7 4
AEAFHL —70°C 2 ~14H DL ERRIET 5 2 &
X oT7Adn T nkidi.

(7)) MW 7F/v4r2 2WEAD M
@3).4)

) e =gy AL ARERE 0.1 %
(w/v) SDS-V v [EEEK THRL 260 nm D
WHHER WEL 7 A L AD BEEELY KD
(1A unit=0.05 mg DNA=0.28 mg &EH).
1ml o 4L ABREB¥C 0.5 ml » 3 MEEHS >
Fywak 0.0l M Tris-HCL, pH 7.9 %%,
X6z 10ml o7+ F va Hus 304500 0°C
T #AFL 724 10,000 rpm 15 4 w095 &
LI X 5Ty A AR 2R & L CEIRL
7o, FICZ OB RAGEE 2 mg/ml &g
HERIC dd-HyO % iz kSRR 4 20m 2L B < b
WL YAV ART 2B #EL .. £ LT
DT F 7 4L AEREEH @ DNase 1, ek
~ s xvwa, Tris=HCL pH 7.9 # Fh Fh
B 20 pg/ml, 0.003 M, 0.0l M k72 %
BRIz 1R 90 fHEHE L 7 1 + A DNA %
DIRL, RFEA RABE 6 MIC 72 HERIC iz
PHA 7 @B /- x e v 75/ o140
A2MEAD~—H—ELTHW.

#& £

5% NCS (new born calf serum) #&7r
Joklik modified MEM (minimum essential
medium) A KB fiila (e bHEIEEHE) %
IR R LS 2.5 x 10° cells/ml & 7c AHEIC
MR Ez22 1. MOI (multiplicity of infection)
10 7 A4 e VL7 57 o 4 v A 2 B Ry
AT orlc. BYlE o BEREK 8.6 4 2 b
3,000 rpm 3 4D JENT X > T RS hic
R KB Mk 9 8¢ ThH o7z, Zhux Iso-
hig—pH &K 1< X » MERS & R
DL, 7=/ =/ mBERILA/LYT I
7o — I X 5 T4 RNA - (I[L&: 60
mg) & 7. X5 oligo (dT) w/iL v —
AhT A Zmxb 257 4 —ECXh bR
fepoly (A*) mRNA (X # o WIEE o Jj F
(1A550unit=>50 pg) 7 H#600pug TH 7. =
N FEREE AR EOC L > TEhZh 9K,
NARCHBEL . ZOEAREL PS54 =



70 N BE 5 2 GE
a) Reticulocyte lysate ) Wheat germ extract

x10°

/lg“ 285S ‘x10‘
v
acl DPM
. 41186
30t =
. 3
m?
, ¢
20f - 2
/ [
d s
: 5 4
10} ¢ 4 [
123456789 12345678910l
o d)
. DPM DPM
10 10*
101 4 ’
» S
. 31 *
;‘ « E” !
s <
51 F21
. .
1-<
» 19 > g
05 1.0 12 3 4 3

Fig. 2. Cell free translation of poly (A*) mRNA
isolated from adenovirus-2 infected KB cells
in late phase.

a), b) Incorporation of #S-methionine with
size fractionated mRNA.

c), d) Dependenceof radioactive amino acid
incorporation to the amont of mRNA.

v I h Azt Figure 2 1@ /R3 580 TH 5
(Fig. 2a,b). X ZHICEFL GRLbE
177 TRNA D28S, 18S D Agg O WIGE
v — 7 % ISCO Density Gradient Frac-
tionator Model 185 = X b k7= (Fig. 2

a, b). T in vitro translation system |Z

(11 $1%5 1985)

Dalton S0BEHD 7 < / [ikh b
D, D5 BITERED T LF =V
R UREEERATH S Z LN
TR RI, EBICAFF = VI
ABIEH D DR ) <75 PV,
X 7¢ & o Hexon associated
protein & L CHIMAYER I
BRKENZELFRBELT LS.
PE->T  p ARARTERAD K A
BE 175 B CEAMRESD & RR
AHWT PS-xF4=v L H-7
X = VDA T T
(a) Rabbit reticulocyte lysate
12 pl o RIEFRD FHRA R %=
RNase #LH#% 15% TCA Tt
Bl L, 12% SDS-+£y 727
T 3RS AERIKE) AT o 7.
A1) 75+ KV (minor core
protein) (X 7 /A4 mr 77 A |,
FERHETH o 7ehd, o A1
A RERARMA VX FEARET H - 7
(data not shown)., Fo ¥k
L TEHAEME 7= € v mRNA &
BiG L TR mRNAC(T 77 v
AR PRRICERR S h
LD h, HDHWIE 7 e E VRN
7T oA ARADHLIEN
WCEahredbELbRD., 2HIC
FRRA A o phtc V%5 TCA
DWEH20%, 30% (w/v) &%

bXRTHRIzN15% DL D L BLE 7eh -7
(data not shown).
(b) Wheat germ extract

HNEMEEA GRERET S0l s 7 a2y,

oot mENA oL b reien TS A o e i e

locyte lysate ® % ik 0.5 pg, wheat germ : \ ~

extract dFRCIE 2 pg Th -7 (Fig. 2 ¢, d). amino acid ‘ v Lp—VH‘ p-p | VIII [{ X

M. T. Sung, iIJ1{5>® DNA Hi S (IARHT O Met. 5|4 5 a2
AT B 8,700 Arg. %l gl 1w 8| 7

Bk (),  p RARTERAAE
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AARZ VT —EHLHL /- wheat germ ex-
tract i L. 2pug D 75/ v 4 LA
mRNA % & 30 pl DKIERIC BT *H-7
A F =TIk mRNA % pz s SHIRED
475, BS-2 F A = vV CILRREOTER R L
72 (Fig. 2 b, d). #7- - DKIERCIEEET
/BRI TSR L 7o b O T
402 DIEMEDE T A 7x L 7= (data not shown).
DEDZ EmmE B3S- 254 =v i H-7T ¥ =
Vafv BET R I TRER A T,

BRINCT 77 ANV ABEHEAE T = F v
B T BN L 12% SDS-#Y 727 ) 7 3
F v BRIk A 17572, 11K il X i
mRNA & 4 mRNA % FiR#EM & LT %S
AFA = VEROEA Y G, R T 7w
ANALEA LTINS TR~ - —HFEED
DIz BRI A 1757 (Fig. 3). Z 0¥
“& RYVXFF NI (Hexon) (3714 r 235
A BB IR GAE Y =TT KV, pro-Vi,

Origin—s
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Fig. 3. Fluorogram of 3’S-methionine
labeled translation products directed
by size-fractionated mRNA of adeno-
virus infected KB cells.
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pro-VI ix X <& hiz. £L T pro VI <
v Fix RNA @i 4 No. 1, 2w Hbh, —F
pro-VI i% RNA &4 No. 3, 4 HEL T\ %
7 (Fig. 3), Z ik pro-VI ©» mRNA o f
75 pro-VI @ mRNA X b, kX 7-dTH
L., TLTHEYVXFF FVDO HTEiL 48,500
Dalton, pro-VI ™4 1&i% 21,000 Dalton ¢
HHZEnbyfE~—h— EFRERD O
EL HTFRICKVCTRE—HL TxH &
FFICERKI A T o727 7 7 VA L AL B A"
K& U TRENTL 7455, RNA 4 No. 7, 8
12518 8,000 Dalton ».3v F&a kB &
MNT X7 (Fig. 3 laneno. 7, 8). X Hic ¥S-
A F A = VIR A R A iR s LT PH-T
¥ = VO U e EER A i A 129 SDS-#
VT2 YAT I R VESKE TR L 7253,
AFA = VMY IAZR D TAF=v
G RS D AT KB EE DL L 1 RD SV K

RS A L c& e (Fig. 5). tophT
mRNA S-Met 3H_—AJ:'g
%
> -
> P -

Fig. 4. Polyacrylamide gel electro-
phoresis of cell-free translation
products directed by Ad-2 mRNA.

B340 8,000 Dalton %44 % mRNA 4
LB XZ210STH I, M. T. Sung Bk
RHRFER) L X {—FKL T\~%. Fic rabbit
reticulocyte lysate £» wheat germ extract
DY AT ATETHBS—2 F4 =D H AL
5, RNA % No. 1, 2 T%o RNA s
L €, Stk TRNA R AD f2x & 8
s (Fig. 2 a, b).
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z ES

7T A NA pRAL G BT
L7 A = g ERA L L C19765E41)1
Bt oTe V75 o4 LA SRICE LT
WX (i) MR (Tr¥=v54
%, eAFOVILY) THHZ LY (i) HF
E VN2 e, (i) v A AR Fho SR
DA (ViVl: p=1:6:1)% (F: fif
J: RKFEFE) & Ein &0 B oEkEE S IEFIC N
WMTHoTo. LLiehbA &2 —F 7 VESRIK
Be 7 A¥ = vERERAEOI R X b B
Zop BEEABETE, Zhbo SEx W,
e MRTF A AR NThLE T AF
= VIERBEAOFENHERIN T .Y F
12, Fo#Ho M. T. Sung, R, Roberts, K.
Hosokawa b ® 42 X huE o Eis 1
I3 EOREOEAEY = — V52 L
PR X R, Slol dEME T L 2 B EARE
W, FOFEDHRY AL, ¥TT7 T /794
N AL FAEE (KB fife, Hela fiifa) <
BB LG D AL U f- M R M oy 2 A 45 - L =2
DTHRET 5. 7 A L ARG 6 ~ 8T
4 A DNA oA kT 5.2 Zhim
BRI, $I mRNA &R thE b 15~16 B
RciL, difaEho mRNA o 90% L bk
AnAHFEED LDEILH N T, TANLA
DNA o & Bta+5 &, Mg+ o HmE
mRNA (AL, HEEDO EAGH I HELL
EFF5. 0108 g6 T, Ao EhRC Fuvie
mRNA %, v R 7F/vA R 2R EY
KB flifans & EGuH 36 A fE@ L 7o b D A
BHHLAcbDTH D, - TEDOKMHILRE
e v 4 A mRNA LEx 52 &0 T
&, &BIL, 2o mRNA ZHEREEME L TH
WAUE Y A L AR RS T A EAT MR T <
MEARTHERTHZ ENTE S, SllfT-Tc
SEERZ 8\ C wheat germ extract % Tik
AV RFF NIE, 2RI TWowD,
A Y275 P (Penton fiber) LI T Y
HTEOPNINLOE, FEIETH 7. &

(112 1% 1985)

Bz, £V X7F X p EAFBKAEE, £
Y RFF UV, V&L IR X SRR
T, —F, pEBALYTE, 73 /B4
WAOEML 72d Die, 4, = ADfRETHho 7
rRIVIHBNRTWA.Y ZOHICFr & 3
VIRERAIR L SEBMRFC RN, EHo
HELDOBEDOFT LRI THEEELD
N5, TFI/UALAD pEAL FrE IV
[FRE A T B W TRV EE A b D7edic
o R TH5H, wheat germ extract o F
HRACTL L CEFRR IR cDTikigw b Ex
bha. 'Y Eiz, p EARBKAEDOFERERCO
WCIESR B DA 7o\ 2%, @ A L A DK
B« BBGREND BEZ T 2b L p EARE K
CRUKRIET 7/ 9ANLAD 7 vn=F VEEED
WEICBS5-L, DNA & LRIBRED Y H T
% 4, O major core protein VI 2°3% 5. =
L A Az r=F V2 68K &L T HFTE
L, FOEBEFIL, EZEEHDO L A v 8EMKIC
XL, DNA @22 ez o<
+1T X » T supersolenoid f D FICE 5L
TwWaeEE2bhs., £LT, ZORKEDT
H% pro-VI OfFEEFIL DNA L OEHEHE
DA BEHCL, EBICY A L ARERMETH
%, empty shell J~ ©» DNA o FElE (DNA
filling) Z#WfEIC L T\ 5% &EL B 5. 20
£z, FfEH O FEh H B core packaging
D57 LTz young virion OEpHiTIL pro-VI
EX7rEA IRTWig\WZENGEHIRT W
%.20:20 young virion 25 matare virion
~NEBATT BB T Gly-Gly-Ala Oz a#%
A ANEME S T T — ED(ERARY 51, 21
DT 3 EBIENDRDH A Y T FRUM X
A pro-VIL 725 VI & 7g 020 JEYLRER & - 7o Bl
B A L A s 520 2 DFRIC pro-VILIL Y
ANLA I r=FVDHTEECHELBEELTE
D p EERTEMAD FHEERD A—D LOTH
HéEEZ bR, XHIC pro-VI 26 Ul X
iz FY =TT FiL v A2 HgEE TS
Hexon o pore #3810 7 A /v ARLTHF~ L
LTHTL & EXLbRD. p EEAREAE,
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HBOED 7 3 /LIS h, TrEAZh
5 ERBOED 7 3 VBETHERINL R Y RTF
Fuidisd, Fibb, 508D 7 2 /1%
N1 H5F0 pro—p HBLYMT S, [MbrDJE
TUAVARTFINCHE S S 2 LiCie b,

b Y [

77 A A p ARG O AFET GEY
T HIcDICEMET 3/ BEAREY H, D
e A AT,
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