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Abstracts.——Sequential synthesis of T2 and T4 phage mRNA's was
analyzed quantitatively by the DNA-RNA hybridization competition tech-
nique and by the phenotypic reversion of amber mutants of T4 by 6-flu-
orouracil. The results obtained are summarized as follows;

1) Phage mRNA's can be divided into three groups, el-, ell- and I-RNA’s,
The synthesis of el-RNA starts at an early period of infection and ceases
after a certain while, whereas that of ellI-RNA begins early after infection
and continues through the late phase. The synthesis of 1-RNA occurs at
a later time than that of either the eI-RNA or the elI-RNA. These
results are compatible with the sequential synthesis of phage-directed
proteins reported by other workers.

2) For the early cessation of el-RNA synthesis and for the initiation of
1-RNA synthesis, each specific protein is required, respectively.

8) The mechanism which controls the I-RNA synthesis operates between
2 and 5 min after infection, and conditions for the dimunition of eI-RNA
synthesis are furnished between 5 and 15 min after infection. It is sug-
gested that these two processes are controled by different mechanisms.

4) In the presence of chloramphenicol, only a part of the early RNA was
synthesized. Finally, the regulatory mechanisms of mRNA synthesis been
discussed on the basis of these results.
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TE#H7r»—2 (T2, T4, T6) ®Es-
cherichia coli (E. coli L#3) wkiint3
BERCDH B 3BZRAABEHRORER,
BEEYoREDOEBrAIbA S LR EE, 4T
LHRAILBHeESwWTws Rt in
TERWICLTH, HIHEOHMRTER, Blic
77— VREPROSILE ST, REORPK
PEELTRELEX 5503 THHS.

TEE7 7 —Y 0 BYPRBEETH 3 E. coli
OffifasEc T 3 RBE X L E 9, DNA o

ABEnHE. BREL CERNRCEEOR

AFAREG kL, 77— DNA k¥
EIhT, #vy+&v¥Y+—RNA (mRNA) A&
BREERT, 77r—JKkiERMR 27, DN
A BAK3Ih3. thbD5b, DNA &4
BrBRT s G2 s 0i2AL, FTr—
IUHRERL, BEHEXZAELLDTRHM S,
1EQRKREY 4 7 VIR T T34, 0 Ry
BRSO BEHFISE, BB Lks

> THEERETTS. Hlreiidvilsi,
BEERCAREBRINS 2 V7 0KEH

=4
=

w, 77— VR DNA ARCHST5 b
DT, WPBRWILHT D, TOLBRREILEL,
WAL v 707 L XITh 3319, —F, §4H¥E
LBl 57 7 —Y DNA ARicBR T, &
BOBRIA L, BAEMNE CREETB2V %7 (8
WMavry) vABD, F7r—Y05eH
R s e cEy, FRBEFHO
BHECSLER )V F—Ld OIS Vv—TIAR
BIh3B®, LED220 7 v—FIBEIRWH
HD 1 DA 42,92 (internal protein)
T, XTORABERMMCEET bbb b
T, BRIfick > THHEILFIE S nt®, [
HROBREIRBEERORERE, Fvy_r—1©}

T r—=YOAN I5rBBYY 4 LR

EOBPECHLHEINTEY, Y4 VARE
BECERNABEKEBbRE. c0X5KT
BE7 7 —VBRIFZE AV /RO VRLT
Ran&y, FHR IUNEO 280 0RGE
WA BT 5. fi5, mRNA AR oW
%, ¥3 Hershey®, 45Uk, Volkin &
Astrachan® 337 » — Sic #s R/ RNA AR
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Fig. 1 Sequential synthesis of T-even bacteriophage specific proteins and DNA.
SBP stands for serum blocking power.
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I L TSk, £ oMELABEW TITRb
hizc, MArOMEZFHRBRLEODN R L TR
A 3N 5 mRNA nEMICRAR 5 L4255
%LtZZ,iS). I.Iauznbn’ &m(15_19ﬁ)mu
i (0—543) wAKSIhs RNA (71 R
NA) trilfio RNA (% IRNA) 4K X
3z L2WRAL, FRALBEERORBEN
#xE (transcription) L R FhbhTn
BT iriEAL, ®A% vocs L ONIEEFRR
HELRB S 2k, 2 CHESAHRRDOLS
CEHEIhD, ,

1) DlEoBEOMic, $1iis Y <7 8K0E
lbextis3 5818 RNA SR0#IERS 55
Tk,

2) COXSRBRIIGEXET 5 &K & @
W, B-HF IV E—EARO WP F R
k—t 77—V OBERILBETS 2L
22603, Vv y—LEBDOLOEEE
LB372563 M5,

3) MR XIU®RMRNA X, £heh, @i
BIVBRBE Y 7HELTWB3DH, BW
rzhid, BEFREXNEEL SV TThbh
TWw3H, BIER (translation) L R CiThdb
htwson.

PDED X5 hBEORALDIL, sv/87
AR LKL TRNA SO EH BT TR
7.

RBHMES S URBRFE

1 SEERbIEL
1) »¢2 5 Y 7 : Escherichia coli Hig, H
FYPE T EREE (Iry-), Busoa,
FTuFr=r, MP)FE 7 vERE U-arg-
try-) , 3k CR63%:, fitry-#g&x, H
% L U'BU-arg- . v N-methyl-N’-nitro~-N-ni
trosoguanidine MFIC & % ERERFLHES,
V) A > THELE D TH 5.
2) 7,—Y:T2H, TADWFhdH
"%, T4 amberZS#k, N82 (GRAGHRIET),
N122 (42847 F), BI17 (E23#zF), Nl
(B3Tz=TF) & Edgar % bhkdoT
b5,
3) i
a. M9AJEEH : Na,HPO,- 12H,0 18.2
g, KH;PO, 8g, NHCI 1 g#% 44 >Kk1l
CERLELORBEREL ek, %o 100ml
e hlic M Lz 40% 7 FofEs 0.6ml, 1M
MgSO, 0.1ml, 0.1M CaCl, 0.1ml %fix 3.
b. M9 AAK:H: : E5BIc.0.0269% h# 3/
Brinz s
c. FPYRFFuE (TG) iE#®: 1M
b Y 2 —HClI&# (pH7.4) 100ml, NaCl 6.
4g, NH(CI 1.1g, KCl 3g, CaCl; 150mg,
MgCl; 2 g, Na,SO, 40mg, KH,PO, 87mg ic

#EHKkEz 11ic Licd D% 100°C T30,
Bl 40% 7 FofEky 100ml 520
0. 5ml nxdo.

B vERBE TG B _tsa@TGi%»
:lﬂxo Y ¥ BiBEE0.64mMA0. ImM & L.

e. Py« TP (PG) ¥ih: £
~7} v 10g, NaCl 3g, 1M MgSO, 1ml,
Truilg e B4k 1l cesl, IN
NaOH < pH #7.4c&beRBEBET 5.

f. PG EXERIEHM : Lo PG X 1140
10g O¥RER CEHESR) 2N RER,
95~30ml %% 9cm O ¥ + — LI TER
Lk. ' ‘

g PV PVERRERE®K:FY V10
g, NaCl 5g, srofEleg, ¥kEXRGg
A4+ vk1licenl, 1N NaOHc pH
* T4 CALREEEREL:.

4) ®P—z b ) VB 2 BARSHER AT
FEhe L DAL,

5) Y KX 7L 7—+¥ (RNase) B U
FA %Y YKX 7L T7—+ (DNase) : Worth-
ingtonk o b O R FEA L.

6) VWF~n v S=Hodb0o R FERL
z.

7) HEH
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a /7p5a7==a—n (CM) :=3k3
mtobORERL L.

b 7T—7¥tryFb77y (AT) :v7
20 bOFHERL .

8) F4KIEDNA : v /=D b D%
L.

9) I YRFTT 4 vx—: HA4G, F.7E0.46.

M,
2 ERAH

1) 77=YR by 70ORW : HFERT 7 —
S, M9 212 TGIEHI % Fivy, 37°C cHeg
L7 E. coli HicZ$ & ¥, @KHERL, 70
07 s VAMBTEREREELX N1 7O R —0%
—eVEREB I, MEMAREERELR
%, DEELZIE oz LTHELE.
amber ZERfki, PGt d HW30°C cif
L7z E. coli CRE3IC & X ¥, k & F#kic %
L. 77— YR TFHROBERREXERLEY
(B T

2) DNA®ER % L UMEH:: E. coli DNA
i, E.coli Hix b Marmur @527 CX
> THMLE, 77— YDNARKRLE 77
~ZRbw IET =2/ —NVPEL®, T—~FN
T7=/—=nEB&, NgpF R T —F e
Lkt /—nThEe LEELE.

3) 77 —VEY E. coli 5 0%2P EHR
NA (#P-RNA) 0 iH : TG #ih c—RIEEHEL
e HiR o R %20 B O R Ui ic B L ,37°
C 2.5 @R T 5 L ¥ 6 x 108/ml OEH %
B, @l (6000rpmx1043) THEEL, 1/2
BOREY) vEBEETGEMCERL, SbKH
KRO Y VBREBE 2T 3253053 &K T
5 coEYVBEETGEEZAVWTH7 7
— Y ORFRGBERE, FIZEWCETTS. Al
i, OIg VoD 1 OCEHEBFAFRYVFY
VY74 RT 52—+ (dCTPase) 04K &
ik TGHEMPb L EUKMcET 5. ¥k
Meryr20) /F—ablHEo TG EHIIC X
B LABDRL LH0D F TRAKREL. &
o) vEREETGEIYRAWsC & kb,
B it iEdE % o #P-RNA 2183 & &%
Ak ins.

05 BLE 0%, E. coli 154y 10KFO
T7r—V%EGse (CORMEIZETS),
B ORI 2P-A N b Y v Ed 602C/ml & i
3k 5ikcinz RNA #8835, SEmSHRT
#®icl/6A010mM + Y 2-HCI (pH7.4),10m
M MgCl;, 60mM NaN; % & & Bl b R 3
WwicXko LicEE, BoTFERERBacE
bR U» 3, EixA R (10000rpm X 6 43)
T, HDOREON/FOED RO EKC
BEE L, 5sg/ml DNasel200ug/ml 1) /%
—~a¥wMz 3. FFATAR—T &t ViBH®E
L UBTCCEIhT, Wik, EEz3EL DA
2L, 0.4% v ) VEiERF b ) v (SLS)
ML CHREL, BRT2RH7 =/ —viLE%
Fwggves L, RNA 2T 5. 2B EHO
KB 2 fEAOB T 4 /) —Ekine RNA »ik
BRes. hE%20mM KCl, 10mM MgCl,
4ty 20mMEES B (PH5.2) AL,
B#77 % DNA » DNase /42 L (10#g/ml,
37° C164), = & /—n thi< DNA 2484
¥BEL, 7=/ —miEt DNase 2R\
#%, 20mM KCl %4t 20mM ErEg 48 & i iz —
WBHIL, 3bRIS5—FETF/ —ViL¥t2iT
5. RNA®A&00.5M KClx4%:0.01M
) 2-HCl (pHT7.4) wiEiL, IVRT74
NE—E2EA XL, —20°0CCRET 5.

4) REHRNAQHG : FREBRNARES
O IVERT T 42— EZEBE BT,
#P-RNA XA Uik CHRE L.

5) DNA-RNAJ 047 ) F4¥— & a
Y iAATYFL4¥—y 31k Nygaard b O
Hik@xw v, o hic RNase Sfg% 20,
NATY) y FRFRIVET7 40— Lk
bie. RISEOMR B & RIS EMH A R5H
(- 8

6) DNA, RNAos & : DNA% & URNA
k& DI HIICER CEIEK D260ma; Fic 38
FAEEELZNEL CEHLEZ. 1mgORNA.
128 YE iy, DNA20 BT & Uiz,
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1. BANATVFAE—Y avEREXET > ELE, cof#Fcr, *®EH RNA LD

— YmRNAA K O BRI OB

mRNA ABOBEMRBH 2T 5 kdic 2
DOhHERHA Wk, 811 DNA-RNA ofEd
NATNVZEA B~y avERTHED, Ho2k7
7—Y @ amber ZEHD 6-7uo v 530
(FU) & & "% 5 OEE*" 2 RE 33
HETH 5., ETHIEC X 2R,

1) %3 RNA AkiconT

ROBEZRTOA VR CE-E L 2 1A
DNA % RNA liR¥, 60°—70°C CHIRI
E< &, MBEOHCHMNRERRENSS 55
ANAT Yy FRTFHREREN, BYUREFET
7 ) —iRiE® RNA & 5, flZT& 5. RNA
SERIAITH (%P, *H, “Chr &) TiEH
LTEFEBREeNAT )y FAFORLER
THCENRTES, ¥, TOLSERLE
RNA » DNA Ofio "4 7)) #£4¥—> a
VO, KEOREOKXE#HR RNA 2Nz 5
&, DNA Lo#A#rz» <> T, i RNA
MNEAL, B# RNA A 17 Yy F ST
bEBINB., —F, B RNA tiEo-k
{ REOXEH RNA 2AvWk HAREAS
<, LhkdioTRER RNA RiwFae
FIE® Bl RNA B4 7Y » ¥ 3F%ER
+3%. £z RNA »Ez RNA o—fofE
Hos»aUHARSIEEALRL, BD
Bokt# RNA #inxs ceickd, 20
MR LT, N4 7Y v F3 58 RNA &
F—E DMK T 5.

BANATY)FAE~Y a VieEw TREZE
#:17% DNA 1 3L, #P-RNA 60, kL0,
WAWATBOFKEHE RNA »0.0IM Y=
HCl1 (pH7.4)—0.56M KCI (XCl-buffer) rp¢
BAL, 67°CT2—5BMERWE. +0%I10
#g/ml ® RNase iz T4 7Y v FOBF
Ko RNA ZIkaEL, IUVRTT 4
WE—cL > THEBL, "7V FOFL4E
¥, Xbk60ml © KCl-buffer 2L T -
5%, HIBLT, G-M Y chdttesil

BERAWEEH L7 7—Y mRNA 04—
8BWNAT Yy FHTFERERL, DNA &L
Davbo—VERTCROIISEE T &R
W 2 xFEE O PE#e X Uk EH RNA

hybridized (£)

32p.pna

unlabeled RNA/37P-gua

Fig. 2 Hpybridization competition between
32P-T2-RNA and unlabeled T2 or E. coli RNA.
Hybridization mixture contains, in 0.5ml of
0.01M Tris-HCI(pH7.4)-0.5M KCI(KCl-buffer),
denatured T2 DNA, 0.54g; 32P-RNA, 25ug; and
varied amount of unlabeled RNA as competitor.
The mixture was incubated, in a. stop-cocked
tube, at 67°C for 2hr. After incubation, unhy-
bridized RNA was digested by pancreatic RNase
(10zg/ml) at 37°C for 80min. The DNA-RNA
complex was collected on a Millipore filter, and
washed with 60ml of KCl-buffer. The filter
was dried and the radicactivity was determined
in a G-M counter. The radioactivities above the
background value (no DNA added) are expre-
ssed in relative to the value obtained without
unlabeled competitor RNA taken as 100. (Q)
32P-RNA. Iabeled between 0.5 and 10min after
phage infection (4100cpm/xzg) versus unlabeled
RNA prepared at 10min from T2 infected E.
coli H; (-+----) theoretical curve of hybridization
competition between 32P-RNA and unlabeled
RNA containing identical components; (@)
32P_.RNA labeled 0.5 and 19min after T2 infec-
tion (8670cpm/ug) versus unlabeled E. coli R-
NA. ’

BOBANATYFA¥~Y a VO R %R
3. +hbb, ¥P-RNA nT2 7> — YRy
#0.6—103DRIEH L, FE#H RNA 21053
CHEMLEZbDTH 5. ¥P-RNA &, KED
FE#H RNA 2 nxsciicdd, ~47Y
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Table 1. Hybridization between T2 32P-RNA and DNA’s

cpm in hybrid above the

*P-RNA DNA background value (no DNA) % of input DNA
10xg T2 2048 1976 19.8
10 T4 20 1867 - 18.7
10 E. coli 20 40 0.40
10 calf thymus 20 9 0.09

Reaction mixture containing $2P-RNA (labeled between 0.5 and 10min after T2 phage
infection, 1000cpm/xg) and DNA. in 0.5ml of KCl-buffer, incubated at 37°C for 2hr.
Following procedures are the same as those given in the legend of Fig. 2.

vy FAFrbRAeKCHRINS., LORFRE
RERFEAMRE X< —FKT5. LrL, BE
OFHE# E. coli RNA %\ 147

) v FEERT5%P-RNA Binize 4 LEE
2Z0 7w (R2). ¥k, =0 "P-RNA
E. coli DNA ¥ L UfF4Mfalk DNA &g
Ty FRFRERLEW(EL). cozeh
b7y —YREE TR, bk E. coli RNA
BAREhThizho & Bbhrb.

T 27y —VRHBBOMLLHRMET THh
H50.6—1950 R L &= 2P-RNA & 4 4
IR & RERTH RNA :O#AR 185
HTHY, moROXEH RNA 2nx €,
FRBEWHEADHI0% D 2P-RNA (i 47
Yy FSFELTES (M3). zolL~ig
16—193 15 L & 2P-RNA # WS e iz
ZEHELW (K38). LaLixp 2P-RNA &
LCO0.6—150#MLEbO2AWSEL, D
LRURK0% LD (K8). coXE, T
TEBELCRAIX®R IV, CORXOKKD
ABRB LS, TSRS EShE RNA
O—WOERBEETHC LichRTHC L8
HEHINTW3, &bk, ZOERIGHHG19
SO $FL v RNA FoAms eI
DT\ RIS BB L ki RNA #3
15—1953 8 L= P-RNA 2534k T
Vo FRFROHMTS (R3) ceicko<T
AR5, cht OfRE Hall 205 ofife
BIU <, BEEEEcr, HcEELRb -k
FHoO RNA Ak ahsc er kT3,

oo RNA £ RNA » kifh, %
2vrey70 mRNA ¢ZExbh3,. —7%, B
YAk ah s RNA ¥ RNA & &k
iEh s, % RNA A Bs I h 5 B
6—THLHEShY, FRBKRTERC X
S>THLOHRVETTBRS., 6—THR,
¥h, Bz 0s AEEv%T) DERS

32p.RNA hybridized ($)

unlabelod RNA/IZP-FNA'

Fig. 8 Evidence for the synthesis of late RNA.
Hybridization competition between late 32P-RN-
A’s and unlabeled early or late RNA’s were
carried out in 0.3ml of mixture containing de-
natured T2 DNA, 0.2u4g; 2P-RNA, 10ug; and .
varied amount of unlabeled RNA. Procedures
and conditions are the same as those given in
the legend of Fig. 2. (A) 3%2P-RNA (labeled
between 15 and 19min, 19500cpm/ug) versus
unlabeled early RNA prepared at 4min (4min-

- RNA); (@) 2P-RNA (0.5-19min, 5300 cpm/
£g) versus unlabeled 4min-RNA; ((O)%2P-RNA

(0.5-15min, 8670cpm/xg) versus 4min-RNA;
(A) *#¥P-RNA (15-19min, 19500cpm/xg) versus
late RNA prepared at 15min; all RNA’s were
prepared from T2 infected E. coli H.
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PR BRI 3 —FK T 5.

2) -0l RNA ApkoEIE

£ V80 AROEIET MIET 5 81 R
NA SR OEILNES B 0Bh M5 B, IR
DEER BT - 7. MRNA RAMEERRE N
ceBEbhs® o, LY RNA o—
WOARS, SHRMCHIETHE, »ik0HE
PHrPRINBDLTFHEIRS, 55FHO m-
RNA 2k L, 382 5 cHR
T5 &ﬁﬁ‘i’%k‘lo‘iﬁrcm, o mRNA &
mmﬁml(;2—£?§)bmﬁﬁbhhc
2Ll s, COEXCEINT, FlRT 7~
TREO%, BHELH ¢ dl0F LS E
BT 2. RBYY U285 5603 R 4EEH: RNA
(60SRNA) #BMWL%. =d RNA £0.5
— 4 3L T YP-RNA & ORI CHAN

dized (£) =
3 g 8

ybri

'
o

[N)
o

32p-RHA b

)

0 10 20 30
unlabeled RNA/2P-RNA

Fig. 4 Hybridization competitions between
early or late ¥2P-RNA's and unlabeled late
RNA, showing [partial cessation of early RNA
synthesis.  Experiments wereperformed as
described in the Igeend for Fig. 3. Unlabeled

" ‘late RNA (60min RNA) was prepared from E
coli H which had been infected at 0 min
and superinfected at 10 min with T2 phage at
a multiplicity of 10 respectively. (@) ¥¥P-RNA
(0.5-4min, 1770cpm/ng), (O) ¥P-RNA
(15-19min, 19000cpm/xg). :

47Y) FA €= a v &[T - iERERLE
OnE4ThHB., BERPINTHD, 605
RNA b8 RNA O—# KT
B iabmb, LisLksibc @605 RNA
BEMICER Lz #P-RNA (15—195580)
el chEerEAYRT (K4) o, 60
4 RNA 1215—19% offfic &lRINBTRT
® RNA iz @A T3, Wadhzhid, —

L,

Homil RNA - SGROF Lk I53LIE i
S>TW3 LRI, ¥eilicARsES
L7z RNA o—Hx#ifis ciTscin,
MO Ev,00 (RE2IZRPE Y7225
190 ARSI O IFER ¥ TH< © & TRE
IhTw3H, H3kabhdkSeiikE
B RNA p:4 “P-RNA (15— 1953415)
LA HEAT X - TIPS,
BlE 1), 2) RRLEFRE®S 77—
mRNA @ 20AKOBRIC & - T8 oD HiRE
CHRbhac e ifgmIhs. Thbbth
br, 1) PPl BE LISSLEIo—E
Ok ELLT 530 (el-RNA & X3), 2)
AWH L BB E CARNRET 50 (ell-
RNA) , 8IT, 3) BRk—THc, 3L»
TABR BT 5% RNA (I-RNA) —T&
0, 77— BV 0ARKRK BT 3BERKE
OHF L Rt Lo—FK &R B

2. T4 amber £HfR¥E (amETERFE) ©6-70
oSy kd “RavoBiE (FURK)”
*FIH L7 mRNA AR0OEHT

T4 am ER#D FU @A~z L
X v, mRNA koW TR EER TR W,
BEF LR LIOVEEMNCEEL LLERRERE
BBRT B EHNTE 5. CORBROKER,
Champe & Benzer'®ic t hREI h i b ®
T, REEHNTS. b5BEFLCERSBEC
b, cheiEELx mRNA EoEHENRY b
vy (C) wbwusvw (U) ~NeEMHL, £
DREBR 2V I BRAREINEL R k#
YHEET S, coBoEMT e FUX AN %
L, zhrUorbbic mRNA ~AHbH AZE
n, theafRoOBCeHEEhI Z L0 d
D, TORBLLT, LELEFEHIB LV
7 REREh, Ryt EERLUCRENEET
3. Thbbt, FURBEHRFUELET T, £R
LoBIEFO mRNA AR IhTwao e %
ekt 5, TdamBRBR S 53 FyitF e
v 2a ¥y (UAG) kZEftLie b T, E. coli
_B#:% H#: (nonpermissive host) Tz ®
BHTE Y7 ARBEIET 55, WERET
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sulll % > K12 CR63 (permissive host)
ik UAG BFuvvi @ihbhksd g%
I BRBAHESTFT 7 — VB BT bh B,
T4 am ZEKOS 50, FU LT B
BERRHETH7 7 —VEERTEI L 5K
kb, FURBIH%E T3 embh s, |
PIERE e am R4S 5N82, N122
B XUBMETFRS 5, B1T, N9, oFU
B2 REHCIEL iEEY B6 /R T,

or—
N91

B17

N82

N122

-log (phage yielder/infected cell)

N122 (-FU)

6 5 10 15 25
time (win)

Fig. 5 Phenotypic reversion of T4 amber
mutants by 5-fluorouracil. Cells of E. coli H
(a nonpermissive host) grown in MSAA were
infected with one of the mutants at
multiplicity of 0.1 in the presence of 2x10-2M
KCN, and unadsorbed phage  particles
were removed by addition of anti T4-serum
followed by centrifugation in the cold. Pellet
was suspended in chilled MOAA, added 204g/ml
of 5-fluoro uracil (FU) and 1004g/ml of thy-
midine, and incubated at 37°C (time 0). The
incubated cells were sampled at intervals, mixed
with CR63 cells (a permissive host) in small
tube containing soft agar, 100xg/ml of uracil
after appropriate dilution, and poured on plates.

FU icxd3 3 BRI S 525, Bl = &
FU 2 AhRE#H»SHWEE CHEL, §5—
104 o BE»RILEE 5. —7, %% CcE
FAHRHBC L BRTERTH b bR, EERRE
BTs. o lrpREFeRET 5 m-
RNA 28ic AR L, *o%Ebns 3
T, ¥, RHBETFO mRNA »—ERKE
RepimTsc 2R RETHI0TH 5.

3. /o347 2=a3—n (CM) k5 I-
RNA&RBIH; OHLY

I-RNA AR OB 2 ¥ 27 AL EH
L CMEMnwCfli~k. CMT&y¥74
REHEELY, 4K&h s mRNA 7 I-RNA
AL » M, 7 7 — I RYLRT 6 i
50rg/ml ©® CM #/nx%T 2/&Y: E. coli H
POIZAEH RNA XA LL, cofH
T Y 7 ool (TCA) REHSE ~0
85O, DR VAZZEELNT, 2734
BERTWwis\, 2P-RNA iAo (K3)
KWL BIL0.5—193EHL b 0% Alv,
BANATYIEFA¥—Vvavifihsak (W
6). HARPAWTcCMEALAT ¢z T2 mR-
NA o> B5—-8LMrAREhkWwe L &RT.

1ce

@
=3

)
(=]

32P-RUA hybridized (%)

40

unlabeled RNA/32P-RNA

Fig. 6 Hpybridization competition between CM-

RNA’s. and normal RNA’s. Experiments
were performed as described in Fig. 8. ()
32P-RNA  labeled between 0.5 and 19min
(5300cpm/ug) wversus unlabeled CM-RNA
which was extracted from T2-infected H cells
at 19min, to which 50xg/ml of CM was added
at 5min prior to infecteion. (@) 32P-CM-RNA
labeled between 0.5 and 19min (2960cpm/ug)
prepared from T2-infected cells to which 50xg
/ml of CM was added at —5min versus unla-
beled 4min-RNA.
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Fig. 7 Effect of CM on phenotypic reversion of T4 amber mutants by FU. Experimental
procedure was similar to that described in the legend for Fig. 5, besides that CM (25ug/
ml) was added to one part on infected cell suspension when FU and thymidine was added.
(O) no CM was added, and (@) CM was added.
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Fig. 8 Inhibition of shutt off of el-RNA
synthesis by CM. Experiments were performed
as described in Fig. 3. %P-RNA labeled 15
and 19min (13700cpm/ug) prepared from T2
infected H cells to which 50uzg/ml of CM
wes added at 0.5min versus unlabeled 60min-
RNA (see Fig. 4).

fitkbhTwaz e i3bas, el-RNA A
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6. T—TH¥ VT 77V (AT) OEE

Wi ¥ ¢AHRCMREZHORIEE, £2v2%7
AREELZORBN, ThoBlics 2074
RES (ke x2BREhk 2y nE LD
ikl Td) & FhiEd, k& EBREEE
FRBEDOA VF 2 —¥—, FRUPBEETFR
Bo) vy —0 k> hEYraEErdo
2V DARTH BrEERT LTS
v, ¥ THY T b7 7 (try 2HE) ©
7+ a4/ ¢H5ATORNA AROZRKIGIC
WTHEEY ik, AT i try oW
T E. coli ® try BRED & /87 hicth
Axh, xOz2vsaFElErdlehne en
b T 58,

T27»—YVREY L%k E. coli B U-arg~
ry-exid s AT OREr AL ERLY %2
CEe s, Wik v 5 v (10#g/ml), L-
TF=r (20ug/ml), L-+ Y7+ 77 ¥ (20
ag/ml) %% = TG Hith TG S &, Bl CH

Table 2. Effect of 7-azatryptophan on the synthesis of macromolecules
in T2 infected E. coli B U-arg-try-

TG medium supplemented with 10x/ml of uracil,
20ug/ml of L-arg and

20xg/ml of L-AT and

macromolecules 20#g/ml of L-try 20ug/ml of L-AT 204g/ml of Letry after 10min
RNA* + + e *2
protein¥! + + e
DNA* + - 43
dCTPase + —_ e
Jysozyme + - %8
mature phage + - 4-*3

(+) indicates the presence of detectable synthesis and (—) indicates the absence.

*1, Synthesis of RNA, protein and DNA was measured by incorporation of %H-uridine,
83803~ or 3H-thymidine into TCA insoluble fraction, respectively. For measurement of
DNA synthesis 250xg/ml of deoxyadenosine was added to minimize breakdown of SH-

thymidine.
*2, not be measured.

#3, Delayed synthesis (about 10min) was observed.
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0 5 ‘10 20
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Fig. 9 Hpybridization competition between
2P_AT-RNA and 4min-RNA. Inhibition of
late RNA synthesis by 7-azatryptophan (AT).
2P-AT-RNA was hybridized with DNA in
the presence of various amounts of unlabeled
4min-RNA as described in the legends for
Fig. 3. Tryptophan auxotrophic mutant cells
were grown in medium supplemented with
amino acid, collected, suspended in medium
supplemented no try, AT (20xg/ml) was added
5min before infection. The culture was labeled
with 32P between 0.5 and 15min (B U-argt-ry—;
@) or between 15 and 19miu (H #ry- ; Q)
and RNA was extracted at termination of lab-
eling. Specific activity was 5860 cpm/sg and
4000cpm /g, respectively.
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Fig. 10 Effect of AT on the phenotypic reversion of T4 amber mutants by FU.
H #ry-—cells were grown in M9 supplemented with 20ug/ml of DL-tryptophan, collected and

washed twice. Washed cells were infected as shown in the legend for Fig. 5 and divided
into two aliquots, one was incubated in the presnece of 20xg/ml of try+10xg/ml of FU+
50xg/ml of thymidine, and another in 20ug/ml of AT instead of try. Samples from incu-
bated cultures were mixed with cells of CR63 in soft agar medium containing 100xg/ml of
uracil and 40zg/ml of try after dilution, and poured on hard agar plates. (O) try was
added, and (@) AT was added.
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ATV EA¥—Y a VTR LK. 77—Y
B$0.6—165, B LUI—193 kK EhER
B U7z #“P-RNA 2HBL, 4 DBl L
KE#HDH RNA Lg% Bok. RICR
TL5k¥P-RNA nfi# L bZBLALPOLE
o, #18 RNA Lislo RNA %4 Ehnwc &
B3 hiz. -RNA ApioBithicir, =i
BB52V) DRBHPBLETH 5L SR
Bohiz, cof@mn, bk AT H#ETT
E. coli H try- i3 T4l am(B17,
N91) @ FU [ e ot ic ko
THXFIh 3 (K10).

Ftkic el-RNA Aok xt3 o %
Aobr., EREBMUSEHTIO—205 EH L &
ZP.RNA #HBWL, 40FcHBL &= R &
RNA ¢ Ol CHAZITE - iR ERIIICR
+. HARESHT 2P-RNA ric el-RNA

60

32p-RHA hybridized (£)

~n

0 0 20 20 40

unlateled RNA/I2P-RNA

Fig. 11 Hybridization competitons showing in-
hibition of shutt off of eI-RNA synthesis by
AT. Experiments were performed as described
in Fig. 3. Late unlabeled RNA was prepared at
40min from T4 infected H cells in the same
manner as given in the legend for Fig. 4 in
the presence of try or AT instead of try.
(@) #P-AT-RNA (labeled between 15 and 19
min, 4300cpm/xg) from T4 infected H fry-
supplemented AT as shown in Fig.- 9 versus 40
mintry-RNA, and (Q) 32P-4min-RNA (labeled
0.5 and 4min, 4800cpm/xg) from T4 infected
H #ry- supplemented 20ug/ml of try versus
unlabeled 40min-AT-RNA.
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Fig. 12 Effect of time of CM addition on the

late RNA synthesis. 32P-RNA’s labeled between
0.5 and 15min were prepared from T2
infected H cells to which 50zg/ml of CM
at—5, 2, 3, 4, 5 and 7min after infection,
respectively. Hybridization competition
between each 3%2P-CM-RNA and excess 4
min-RNA (more than 20 times the amounts of
2P-RNA), was performed as described in Fig.
3. (O) the average value of uncompeted lev-
eles from two experiments in relative to that
of input 3¥P-RNA plotted against the time of
CM addition, and (—-—) the uncompeted lebe!
without CM (see Fig. 8).
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Fig. 13 Effect of time of CM addition on ph-
enotypic reversion of T4 late amber mutants
by FU. Washed cells of H, grown in MYAA,
were infected in the presence of KCN and
unadsorbed phage particles were removed in the
presence of anti T4 serum as described in the
legend for Fig. 5. Infected cells were divided in
six aliquots, and added 10xg/ml of FU nd 20ag/
ml of thymidine, and incubated at 37°C (time
0).CM (25xg/ml) wes added at time 0, 2, 4, 6
and 8 min to separate culture. {At time 15min
all culture were sampled, diluted and plated as
described in the legend for Fig. 7. Upper lines
in the figure indicate rescured particles when
CM was not added.
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Fig. 14 Hybridization competition between
unlabeled  60min-RNA and 32P-CM-RNA
that prepared as described in Fig. 8 except
that CM was added at 5min (19000cpm/ug).
Experiments were performed as described in
Fig. 8.
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Fig. 15 (a) Hybridization competition between

32P4min- or 3P-AT-RNA’s and CM-RNA of
T4. Experiment were performed as desccribed in
Fig. 3. (O) %®P-4min-RNA (labeled between
0.5 and 4min, 4800cpm/xg) versus CM-RNA
prepared at 20min, and (@) 3P-AT-RNA (la-
beled between 15 and 19min, 4000cpm /ug) ver-
sus CM-RNA.
(b) Hybridization competition between 4min-
RNA and AT-RNA. (O) #P-4min-RNA versus
AT-RNA preparedat 20min, and (@) %P-AT-
RNA (labeled bet-ween 15 and 19min, 4000
cpm/ug) versus 4min-RNA.

&

UHIBEF O am RO FU @ific X 35
ERCob3ERX R, I-RNA Lz v, el-
RNA @i v L Oxind FHEIES,
Thbd ORI 2 o0 Rk XE T % Bz
FrrETI I LY, b3
ETHHS5, HPBETORBLXET 5 R
HEFELT, 2 77— 0 Q WEFHOR
HR&EXh, fiGk Bolle 5% X v T 4 0 5555:8%
ZT-2 % RNA St v EThdT L
BEERR, T4 77— reiifyl DNA K
# RNA ) x5—¥0 BHELHE ShTw
5590, FEEMETFL OBE TR ShaLE
BE55. LarlLhrsd, OEETFRIAOE
Wi BE T 5 W{WHETEoOWTRELAIDR
TWwigh,
IR ERERNA D, TRTC TR W
PHLRAEWHRTERY » — Y 0BIETRED
BMREEDO VRV TITlabRTHn3EbLWE



64 ¥

¥

BErbhs, Loal, TRIBESTHELE
rrRAsc L REELMETS5. T475—
S OWEFHE e k5L, ThELT L
5+ % DNA {SoPmAgiEI L diET 3
ERE xRV, BRILEETFOBSI 1O
~NTEW., ¥P-RNA ot RIAL TR D 25
¥H—<, RNA @FoKHET 1T Y v FEF
2R T 3 BEAMIET 5B ETOR I kLT
3ERETRIY, 47% Cie, 60—80%0D%n
FHREEIhTwa3z il d, x¥ikd 0.6
—1653 X ¥20.5—1943 @ fi0E: Lk 2P-RNA
LADIHTBL A E#H RNA roaT
NAT Yy FAFELTES 2P-RNA ;oi20
— Xl ohbTHD, O LRBEROV
SN THAMINTWB L2 THIRIDHO
Lz B2, ILEBRFHOERSSS.
O¥RBEELC 2k, RNA r{HEFLoN
BEEErmsETHESHS. tOHMRETA4
77—V OH42® am ZERkrHAWTRITT
Bz, WrTHEAE mRNA LB T3
FOh EREHETH 55, invivo XV in
vitro CHEIZTFREN FMCHEIh o053
boLLT, b, 2 77—, 37F—2
ARV EOFRRED, WThb YLy
—pHEEXh, R DNA #hd T3¢
ERTMFZRTW B, X5 in vitro ©
B~HZ by &—H FERRUY, F7b—2R
Ao R mRNA AKZ® tnw,
YAV =B 4 ORKREIPHIT s L bA
bhtws, THR¥7 »—YTd in vitro ¢
B FOEEYOEMic & » THIY RNA
ARBRIIL i OREV S B 5032 D RIKIC
DNTRABL A Tha., BHEEA TR, Thbo
&, DNA Lo RNA AkBEiEE (AL
— =X TSoe—23=) 2dLB3Y) Loy

X

1) Adams, M. H.:Bacteriophages, (1959), Inter-
science, New York.

2) Stent, G. C. : Molecular Biology of Bacterial
Viruses, (1963), Freeman, San Francisco.

— L DNA {%7 RNA £ x5 - OEfL
Wi AREHIh TR, BERE oM
OB E L T 350,

oS R\nT, CM HET T, ¥l
RNA o—-fLrAR I kWi, AT OFFE
TerRETHAR EhBC LRI N, AT
BEREMBE LAV CM 1iiET 507,
ZORRRL oY RNA BREKIhBk
dictk, MROETHELETHIC LuiRiTe
Bxshdblhin, dLES LD, ZORE
RIEE: BROLBCOELELYBM ST 530,
Bbh3., L»L, CM i E. coli ® RCstr
WTT I /ERER LS RNA Aok
EH X3 ERARD 5D T LIRS Ll
RiZhbiwv., CM-RNA :zhx B< 91
RNA, #x7, el- & ell-RNA » oxisH
FRLERD 2 A TH 5. CM-RNA #5jf e-R
NA 2, 202 TTRAVE, LT ERRD
HEC L THBZTEBTES, P CEHL
7%z CM-RNA »6053 i L 7cskis RNA
(eI-RNA #&Fhv) LOEAR SO T
brrWwSEERTHD (M6). L CM-R-
NA 23 el-RNA OHMBEE - TWB & & D
A4 <{k{, ell-RNA oakhbRehEs
PRTTHEDS.

Firdkrdswedich, &I WHEWREN
R IRBREREREYFEREF HEEHRR &
NE—B#HZEZRUD, BHET I -HEBO
BACESHEERLET. &7, AB2ER
T, BEFOWREW k& ER4BEL
b, BHLET.

s, ARELED DD IPATTL
# X ¢ Jane Coffine Child Memorial Fund
(fo T.Minagawa) O#2B)% 7,

ik

3) Melechen, N. E. : Genetics, 40, 585 (1955).
4) Burton, K. : Biochem. J., 81, 473 (1955).
5) Tomizawa, J. and Sunagawa, 8. : J. Gen.

Physiol., 39, 553 (1956).



TEKD7 7 —SOmRNA 65

6) Hershey, A. D::and Melechen,:N. E; : Vi,

rogy, 3, 207.:(1957).

7) Kornberg, A., Zimmerman, S. B;, Korn-
berg, S. R. and Josse, J. : Proc. Natl. Acad.
Sci., 46, 722 (1959).

8) Dirksen, M. L., Wiberg, J. S., Keerner,
J. F. and Buchanan, J. M. : Proc. Natl.
Acad. Sci., 4§, 1425 (1960).

9) Delihas, N.: Virology, 13, 242 (1961).

10) Wiberg, J. S., Dirksen, M. L., Epstein,
R. H,, Luria, S. E. and Buchanan, J. M. :
Proc. Natl. Acad. Sci., 48, 293 (1962).

11) De Mars, R. 1. : Virology, 1, 83 (1955).

12) Koch, G. and Hershey, A. D. : J. Mol
Biol., 1, 260 (1959).

13) Hershey, A. D., Burgi, E., Coccito, C., In-
graham, L., Simon, E. H. and Minagawa,
T. : Carnegie Inst. Wash. Year Book, 59,
421 (1960).

14) Murakami, W. T., Van Vunakis, H. and
Levine, L. : Virology, §, 624 (1959).

15) Minagawa, T. : Virology, 13, 515 (1961).

16) Bode, V. C. and Kaiser, A. D. : Virology,
25, 111 (1965).

17) Dove, W. F. : J. Mol. Biol., 19, 187 (1966).

18) Damafly, C., Cauturier, M. and Thomas,
R. : ]J. Mol. Biol,, 32, 67 (1968).

19) A EEA—BB ¢+ TEEEERYR, 13, 613 (1968).

20) Hershey, A. D. : J. Gen. Physiol, 37, 1
(1953).

21) Volkin, E. and Astrachan, L. : Virology,
9, 149 (1956).

22) Kano-Sueoka, T. and Spiegelman, S. : Pr-
oc. Natl. Acad. Sci., 48, 1942 (1962).

23) Minagawa, T., Okamoto, T., Aono, H., U-
chida, A. and Mizuno, N. : Biochim. Biophys.
Acta, 91, 158 (1964).

24) Hall, B. D., Nygaard, A. P. and Green
M. H. : J. Mol. Biol., §, 143 (1964).

25) Adelberg, E. A.,, Mandel, M. and Ching
Chen : Biochem. Biophys. Res. Comm., 18,
783 (1965).

26) Matsukage, A. and Minagawa, T. : Bio-
chem. Biophys. Res. Comm., 29, 39 (1967).

27) Marmur, J. : J. Mol. Biol., 3, 208 (1961).

28) Mandell, J..D, and. Hershey, A..D..: Anal.
Biol,, 3,.277 (1960),

29) Nygaard, A. P. and Hall; B..D: : Biochem.
Biophys. Res. Comm., {2, 624 (1959).

30) Champe, S. P. and Benzer, S. : Proc. Natl.
Acad. Sci., 48, 532 (1962).

31) Edlin, G. : J. Mol. Biol., 12, 363 (1965).

32) Bose, S. K. and Warren, R. J. : Proc, Natl.
Acad. Sci., 58, 2408 (1967).

33) Doerman, A. H. : ]. Bacteriol., 5§, 257
(1948).

34) Stretton, A. O. W., Kaplan, S. and Bren-
ner, S. : Cold Spring Harbor Symp. Quant.
Biol., 31, 173 (1966).

35) Woodruff, B. and Miller, I. M. : Metabolic
Inhibitors, Vol.2 edited by Hochster, R. M.
and Quastel, J. H., Academic Press, New
York and London.

36) Pardee, A. B. arnd Prestidge, L. S. : Bio-
chim. Biophys. Acta, 27, 330 (1958).

387) Bolle, A., Epstein, R. H., Salser, W. and
Geiduschek, E. P. : J. Mol. Biol.,, 33, 339
(1968).

38) Walter, G., Scifert, W. and Zillig, W. :
Biohem. Biophysic. Res. Comm., 30, 240
(1%8).

39) Edgar, R. S. and Wood, W. B. : Proc. Natl.
Acad. Sci., 55, 498 (1966).

40) Ptashne, M. : Proc. Natl. Acad. Sci., 57,
309 (1967).

41) Ptashne, M. : Nature, 214, 232 (1967).

42) Gilbert, W. and Muller-Hill, B. : Proc.
Natl, Acad. Sci., 58, 1891 (1966).

43) Gilbert, W. and Muller-Hill, B, : Proc.
Natl, Acad. Sci., §8, 2415 (1967).

44) Zubay, G., Lederman, M. and De Vries,
J. K. : Proc. Natl. Acad. Sci., 58, 1669
(1967).

45) Fukuda, R. : Ann. Rep. Cancer Inst. Kana-
zawa, 3, 14 (1969).

46) KBWHETOM = FIE.

47) Snyder, L. and Geiduschek, E. P. : Proc.
Natl. Acad. Sci., 59, 459 (1968).

48) Stent, G. S. : Science, 144, 816 (1964).

49) Fraenkel, D. G. and Neidhardt, F. C. :



66 e

Biochim. Biophys.- Acta, 53,96 (1961).
50) Bautz, E. K. F.; Kasai, T., Reilly, E. and

Bautz, F. A, ¢ Proc. Natl, Acad.- Sci., 55,

1081 (1966).

51) Matsukage, A., Murakami, S. and' Kame-
yama, T. : Biochim. Biophys. Acta, 179, 145
(1969). -



