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Preface

Recent works on genetic transcription have been shown the main

outline of themechanism by which primary step of gene expression is

regulated, though some 
.facets 

of it such as transcriptional termination

are relatively not so clear. In contrast, the mechanisms which regulate

template activity of the messenger RNA are much less understood.

Clarification of the mechanism of post-transcriptional control in the

pathway by which genetic information is translated into the amino

acids sequence of proteins is obviously one of the most important

problems in understanding the genetic regulation.

I will report here some aspects of regulation of the transcriptional

termination and messenger RNA decay in Escherichia coli with particular

regards to the tryptophan operon.
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Part l.

Diversity of Regulation of Genetic Transcription i Differential

Chain Termination in Transcripts Originating at the trp Promoter

and P, Promoter of trtrp Phage,
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)umrTrary

The trp operon translocated in the early region'of phage,\ can

be transcribed under the control of two promoters, the authentic ParO

I promoter and the P" promoter of the Ngene (Inamoto & Tani , Lg72;

Ihara & Imamoto, L976a). To determine trp nRNA from ltrg, approp.riate

080!rp DNAs were used as a DNA complement in DNA-RNA hybridization

assays.

In the absence of N function, transcription of the trp operon from

the P, promoter in ltrg terminates at a specific site in trp leader

gene. The effect can be observed in the experiuent employing ltrp

phage retaining an amber mutation in the N gene or a host strain

groNTB5 or nusA-827-l infected with normal lgry phages. Result obtaineci

, through base sequence analysis by t!v-c diurensional thin layer chrountographyI
lead rae to a conclusion that the termination signal is the DNA sequence

which is rich in AT base pairs. In ltrp phagd employed, the t, terminator

has been deleted (Fiandt et al. , Lg74). The protein product of tne tot

gene has no connection r^rith this effect.

In contrast to this observation, trp UrRNA synthesis originated at

the P--- promoter is not sensitive to this termination signal even intrp
absence of functional N gene product. Possible mechanisms for these

a
findings are discussed.
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1. Introduction

when the bacterial trp or gal operons are.translocated into X

phage, transcription can occur starting either at the bacterial

operon promoter or at a proximal P, promoter of the N gene andL'

continuing through the operor, 
""q.r...es 

(Franklin, r97L; rmamoto

& Tani, L972; De Crombrugghe et al_. , 1973; Tani & Imamoto , L975;

rhara & rmamoto, r976a). Transcription from the p. promoter shor,rs
L'

at least four major differences from transcription originated at

the authenti-c promoter of the operon; 1) the transcription is not

deleteriously affected by blockage of translarion by antibiotics

(rrramoto & Tani, L972; rhara & rmarnoto, 1976b) or by inactivation

of temperature-sensitive ribosomal elongation factors G, Ts or Tu

(Kuwano & Imamoto, unpublished results); 2) the translational

termination at nonsense mutation siteq of p.r-promoted transcript
.-

fails to produce polarity (Segawa & rmamoto, Lg14; Frankrin, 1974;

Adhya et al. , r974); 3) the signals for terminating transcriprion

at the end of lrp operon (Segawa & Imamoto, Lg76; Franklin,

personal communication), at t.x (Franklin , Lg74), and at rhe end

of the bioA gene (Adhya et al. , Lg74) are ignored in read-through

transcription from the P, pronoter; 4) the trp rnR\A (yarnamoto &

Imamoto , Lg75) and gal mRNA (Courr et aI., 1975) formed as a

part of \-lrornoted transcri.pt are chemically stable.

Many of these phenomena are concerned rvj-th general insensj-Eivity

of the \-lromoted transcription to events of translational arrest.

Here I report, in contrast to these changes, a fi_fth difference,

in the opposite direction: transcription of the trp operon in,\trp

phage from the P, promoter terminates at a specific site in rrp leader sene
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effected most possibly by rho factor in

while the transcription initiated at the

insensj-tive to this termination signal.

the absence of N function;

authentic trp promoter is

J
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2. Materials and Melhods

(a) Bacterial and plrage strains

The following strains of E. coli K12 were used for infection

experiments; W3110 _!_tpB* trpAEl, a Large deletion mutant covering the

wh01e trp operon W3110 tr2R+ tipAEl £型嘔:, 色roN785 (CeorgOpou■ os, 1971)

aid W31C2 ntsA― B27-■ and the parental w3102 K37 (Friedman & Baron,

1975; Friedman, personal communication).  The mutOtiOns of grON785

and nusA― B27-■ block λ development at the stage of tt gene function.

The following phages were used for infection experiments; non―

dё lとctite transducittg ぅhage, λttr2(hλ att8ot1260-3immλ QSRλ ), whicい  replaces

the λ genes to the left of 昼:with the whole trp operOn Of ュ。 coli, and

itP derivatives λtr2N53 and λtrpN7 
当 2 Whi9h Were obtained by crosses

with λ墾:7 N53 °r λto二.2 (Takeda et al。 , 1975).  The genetic map of the

λtr2 phage ■s shown ■n Figure l。            、

The following phages were used as sources of DNA for DNA― RNA

hybri4ュ zatiOn assays; o80, the non― transducing parental phage, non―

defectivё ltransduc■■倉 phageS φ8otrpED and 989trpC― A.  The trp operon

segments こarried by the 08otrp phages arё Shown ■n Figure l.

(b) Prё parationi of)↓ rp phages

λtt PhagestweFe prePared by lytic infection of sensitive bacteria

E。  こoli K12 w1485stIII Oi ager platё O (lQg bact6-tryptone, 2.58‐ NaCl,

12g agar and On, 11tё r H20)°   Aft,r ёXtraction w■ th l dilution fluid

li x 10-2,l Tを islHと l tufiと, (p五  7・ |) ,,d‐ 1 1 10~:単 M8C12]' phages were
‐        l            '  1五

d h=||lspeed 99ntrlflg,ti9n ,nd
,°|'ei11'.:11,Wi.:h 9'91'y'letiP「  19:「

1‐   ‐  ,
susbenと ed‐ iA 卜.diluti6n f16ェ a lontailェⅢ3 2o .g/Ⅲ l lbO'ine ,eruⅢ  albumin.
|         |‐     '                        1    :

`
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(c) Preparation of phage DNA

Lysates of IBO and d80!.p's were prepared by 1ytic growrh on

sensitive bacteria E.coli K12 I.i1485. After low- and high-speed

centrifugation, phage particles were suspended in T1 dilution
-L--L-?buffer [6 x lO--M MgSoO, 5 x 10-*M CaCIr, 1 X LO-' % gelarin and

6 X 10-3 M Tris-HCl buffer (pH 7.3) I and treared wirh DNase

(3 pS/mf). After DNase treatment, phages were purified by a

combination of one cycle of low- and high-speed centrifugation

and CsCl density centrifugation. Phages vrere suspended at a

1t
concentration of 2 X LO"/ml in 0:f M sodium phosphate buffer

(ptt 7.1) containing 0.1 M NaCl after dialysis against the buffer.

Phage DNA's were extracted by phenol treatment (Kaiser and

Hogness, 1960) and dissolved in a saline-citrate solution C, 
"

SSC: 0.15 M NaCl-0.015 M sodium citrate) after dialysis against

the solution.

(d)Prelaration of pt■ se二■abe■ed RNA

Bacteria were grovin with aeration to 6 X 108 cells/ml in an

enriched rnedium (L-broth) (Lennox, 1955) supplemented r^'ith L-

tryptophan (5Opg/url). The cells were collected by centrifugation,
t\t].ce

washed^rvith cold Tl-dilution buffer and resuspended in the same/\

buffer to give a final density of about 6 X 1010 cells/m1.
o

About 6 X 10' cells of bacteria were infected with each of the

\tqp phages at a multiplicity of about 5 in 1.5 rn1 Tl=dilution

buf.fer eontaining 1 X ,10-3M KCN by incubating for 10 minutes at

30"C or in 1.5 ml of 0.02M MgSOr, by incubating for l0 minutes at- . .r+

. : ..:. :

30oC in the experirsents of Figs. 2,a and 6.. Fmplo)'ment of the
:

`
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latteF COditi01 19`scled :,||卜 1lti ?F ,ぃe raFl,, ?f mRN→
 |ドlthё

S‐11   
‐

,t Opp°
Site ёnd6.9f the trp opさ F6n (ImamOto, 1969)1

The CellS Were c。 1lected by centrlfugation and ζもspended in O.1

m1 0f C01d hinimal .editm (,。 ge■ & Bonner, 1956)and stored at o° c

less than an hour untill laも とling. The cell suspensiOn was trans―

ferrcd to 2.8 m1 0f prewarmed (30° C)minimal mediun sulplemented

iith 19 ,li五
1魚

CidS (each bl, mM) とヽ91udilg tryも t61han, al, thё  cell

slspens10, Was shakё n vigOrously in , water bath at 30° C. L‐ tfyp10-

Pha, ('0'蒼 /ml)WaS ttdded in さxpこrimen,s tO dcmOnstratd uniquel, PL~

PrO■Oted synthOsIS 9f trp_mRNA,‐ At a suitOble time during ■ncubatiOn

thO Celちやuspenslon ias pulse-labelё o as ・ndicale: w.ti l。 0 1: 30`

μCi Of tritiated ■ridin, (19.O Ci/m■ ol),

Labe■ ing was stopped by rap■ d■y pouring the suspension onto

35 m■  of crulhod f± 62ё n iё dit面 こ0五 tainittЁ l x lo~2立 T1lis_Hci bifFとを

at う早 7.3, , 1 lo~'M Mgむ .2' l X 10・ 7立 aヽN3 a,d 250 νg of ch101am_

Ohenico1/ml. RNA ias prё parea by the procedure reported previous■ ,

(Imam9to三 二・: 1965)。  The RNA obtained was filtered through a

卜111lipOre filter, oreCipitated by eせ Ll。 l and resolved in l x ■0=2)1

Tris― HC■ buFfer containing O`5M Kgュ
 ,nd ■ X 10~3M Na2EDTA or in H2° `

P遭■ζe‥  ■1391inLIliti '2` 薔五sl:こ士f。 .1lled‐  1五 
‐
tiと  :五le‐ wLy tts ■1`liェ五g

iit, [3Hivlidi五 : こ19Lit ltiat lcと 1.s terと Lrown ・n try:ton-l mLttium,

washel wil,| 16■ d‐ buffOri flce from phosphatl (see Materials and lllthodS

of part lIEE)and labolё d in the sa■e bЧ ffeF COntalning 20 ami,9 aCicS

Wlth  ab6こ t lo .ci of i34ゴ ||五 6。 phate。                     ‐    |

(e)pNA― mA hybrJi2atiO● ‐    |  ‐   |

The hybridizatiOn procedvreiwas asif。 110WS;:DNA Of,80 0r,80trp

:會

五ζ dii通しとal to a c6iceitilti3五 :3「 ‐166,Lィ 1l i五  1 長 ssc attd heated~   ・  ・

`‐

ュi`薔:よもIla:id c8。11lL lin icと
‐

1l b01ling water fof ■0‐ mI,uteS f

rTI卜 Pギ,rrT∵■サT‐IⅢⅢ…
Ⅲn」 ,仰 :

・
 1 1  1ヽ | | ,. :|

111111子11,'9■「lγ
ё
 lサl:IF',ず 11,IW今 ||||・ |  ■|

“
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solution ruas f iltered through a Millipore f ilter (t.vpe H, 0.i5 _rn pore

size) of 25 mm ciiameter. The f ilter ru,as washed with 40 ml of 3 x ssc .

cut into B pieces and dried at 80oC for 2 hours. Assay of trq mRi'iA

was earrled out by i-mmersing one of these filter bits in 100 ;1 of
? -,,['it]rnmlA solution in 1 x 10-"M Tris-HCl buffer, pH 7.3, conraining

0.5 M KC1 and 1 x 10-3t"t Na"-EDTA, and incubating at 66"C for 18 hours.z-
Afterwards, the f ilters \^rere treated with RNase (5 ug/url) in 1 x SSC

at 37oC for 30 mj-nutes, washed with 1 x SSC, dried and counted in

toluene-based scintillation fluid. Total radioactivity of ffi]uriaine

incorporated into RNA (totat IJg]nxa) was measured as the rnaterial

precipitable by cold trichloroacetic acid.

(f) Sucrose densitv-gradient analvsis

RNA preparatj-ons were sedimented in 5 to 30 7" \ineat sucrose

gradients containing 2 x t0-21,t Tris-HC1 buf fer (pH 7.3), 0.1 M NaC1,

0,5 Z sodium dodecvl sulfate and 5 x 10-31,t EDTA for 120 rninures ar
J

63'000 revlmin in a SW65 rotor or 240 minutes at 45.000 rev/rein in a

SW65 rotor at l50C. After centrifugation the bottom of the tube,.ras

punctured and appropriate fractions r^7ere co11ected.

(g)                  .

The iso■ ated RNA (containing 20 口
, 9「 ,911 CaFiieF ttNA)w,s dI19,t,d i‐

Wi,I Til RNAttse lム || 五
PP■ Iこと'tO lhe tiinTl互yat Pietes.  Chiomat98raづ hi

was‐ cattriё d 6ut on PEI― こellこ■Ose ib,l the leC卜 niquel ,s dOscriレ ec ly 卜〔irzabekOv

ana‐ G:ェ ffi五  (1977): . Thさ  9oAdit161 0f ii RNAale い

'lF1lγ

Pig iF ‐
ais3 ‐iさ     ‐

ャ|と 11S,?||1島と41■ F11とⅢ I‐ |  ‐| ‐ |
|      :  .                   :

:

.(、)●Reagents        ・    1   1  1   1 1  1  ‐   1
|

_ 1:.Trェ ,19199 ‐ rl,11, W,, pvr,い |。
e,ifrOm.the Daiichi Chen■ cal company,

||■ 1轟 ■準串11Ⅲll■■|二
=||■

||:■ :il亮 轟ふ
,■ fOⅢl',11',「 |。

FO,や eS,i

もヽ1ことlanil良薇Lζき,tere1 3も tliIさ dl

'■

||ド‐||IⅢIIIず ||"F,守・ g

|,11:

●
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at B0oc for 20 min in 0.15 M Nacl to inactivate any contaminating

DNase.

.                    3.  Results

The trp mRNA gynthedized specificaltty.from the translocated trp

operon of λtrp phages was aSsayこ d after infacting a de■ et10n host

trpAEl, which lacks the whO■eltrp operono  lt has been direct■ y demOnst―

rated that trp mRNA synthesiζ 01 λtr2 WhiCh pOssesses an intact trb

°PeF°n is contF01■ ed by twO pを 。■Oters, the authentic trp (Ptrp)and

the PL proiOter, an, by tW0 0perators, the tr2 and t,e oL °perator

(Imamot。  & Tani, 1972; Segawa & I五 五mOtO, 1974; Tanェ  & ImamotO, 1075;

Ihara & ImamotO, ■976a).  In order tO de■ olstra'e 
‐
niqvely PL~pr6mOted

S,nthes■ s Of trp mRNA, stra■ n ttEl w,ich reta■ns , tryptophan

r,gulator (trpR)gene 16cated nと ar tthr on, the ChrO平 6some of 二。 cOli,

far removed from the clustered tryptOphan structural genes (cOhen &

」acOb, 1959), waS ttnfoCted With λtrp phage in the prelence of L―

tryPtOphan.  I, a■ l the expё rime五 t。 , pNA 9f phage φ8otrps caFryin色

various _trp gёne segmentO was used as a DNA cOmp■ enent in DNA― RNA

hybridizatiOn as,ays tO de■onstrate trp‐ mRNA fOr tぃ e lranslocated t■ 2 ‐
Op,rOn.  Ev■ denCe has been presented establishing that the hvbridiza―

,101 reactiOn effectiVely distinguiさぃes between differe,t genさ tiC and

physio10gi9al states of regu■atiO, 。f th, tFans10Cated tiE Opelon in

′`trp phale(legawa & .maiOt6, 19'4; Yama■ otO & IIrta■ol。 , 1975)。

(a)IDecrease in trp mRNA lroduction upon N1 1■ utation

‐
   IAFter ェnfcCtiOr cf trpAEl witぃ  ネtrp phagё

L― tryptOphan at 130°C, the Synthё sis 6f t.2 mRNA

in the presence of

reaches a sharp maximurn

●
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during the first three to seven minutes after i-nfection, and then

declines until it reaches a steady state (yanauroto & rmamoto , rgTs),

The rate of synthesis remains nearly constant during the period from

L2 to at least 20 minutes after infection. This is shorirn in Fieure

2(a). The decline in the rate of synthesis seen after several minutes

of infection is believed to be caused by the function of the tof gene,

whose product acts at the operator of the \ gene and substantially reduces

transcription with the l-strand of the early region of ). soon after

the initiation of the phage development (szybalski et a1., 1970).

The appearance of trp rnRNA after infection is sequential in the order

of trpE to trpA, thus supporting a notion that the trp rnRNA is asymmetri-

cally synthesized from the l-strand of rtrg DNA as is predicted by rhe

genetic evidence (see Fig. 1).

In Figure 2(b), 1 show changes in thb .rate of Pr-promoted

synthesis of trp urRNA in ltrg phage which retains rrr--r*O"r (53) muta:ion

of the N gene. Seemingly, the rates are much lower than those of norrnal

rttL phage during i-ncubation for about 23 minutes after infection.

Yet significant production of trp urRNA ,from only the operaEor-proxi-nal

portion of the trp operon (nRNA hybridized to g8OtrpED DNA) ruas observed.

Besides the above observation, further evidence has been available

supporting the notion that, in ltrp phage employg.{. here, the t"

terminator has been deleted: (f) location of the right endpoint of rhe

bacterial substitution in the phage falls well within the imm21 region,

most probably to the right of the r, sire (Fiandt et a1. , Ig74); (2)

the Pr -promoted transcription is peruritted to extend frorn the i genome.L

inlo the $P. oPeron, even when synthesrs of the N product is blocked by

antibiotics (lmamoto & Tani, L972); and (3) under.condicions in which

0

●

●

LL



●

the product of the N gene loses its activity in the E. coli K95 nus

host at non-permissive temperature (Friedman et al., rg73), the steady-

state 1eve1 of the synthesis of rnRNA for the e, s and R genes from the

P* Promoter in l-Fp phage is severely suppressed, while Jr!. mRNA

synthesis from the P, pronoter is not so affected (data not shown).

unlike .t..rg"" 
"taracteristic of the initiar trp nRNA synthesis

originating at the PL promorer by ltrp x!3 nhas., rhe synrhesis of the

trp uRNA by ltrp N, fg!,, phage exhibited an alleviation of the turn-

off phenomenon and continued at nearly a constant rate for at least 25

minutes after infection (Fig. 2rc). Yet the level of trp nRNA synthesis

f rom the operator-distal -!-5!c, B and A genes was considerably lower

throughout the incubation than that of the synthesis from the operator-

proximal portion of the operon. Reduction in the overall rate of trp

urRNA production frour both the operator-proxifral and distal region of the

operon was partially relieved when an amber'uutation of the N gene in

IttP. N; !_g4, phage lras suppressed by introducrion of suI inro hosc

bacteria (Fig. 2,d).

(b) Premature arrest of :L~promoted trp mRNA synthesis in the absence

of N function

From the fOregOing experimehts it wOuld be expeこ ted that trp mRNA

m°1,Cules prOluced iFei the P二
‐PTol°

ter by λtr2 phageO rё taining an

ambor mutat19n Of t,eュ gele shOu■d be smal■ er in size than thOse of

trp mRNA 血o19cules fr6i the nOrmど ■ ^trp phage.  This possibi■ ity tvas

examined in sedimentatiOn studies with trp mRNネ
 fro■  C■ ltures lu■ ser

ittbと led with ['H]tridl五 L at h stea`ylStatё  Of transcriptiOn Of the trp

Qperon,

|1111■
111■

●
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In Fig. 3(a) sedimentation profiles are presented for pr-promoted
. -__=

trp mRNA from trpAEl infected with ).trp N53 nhae". when compared r,,ith

the profile of Pr-promoted trp nRNA by normal ltrp plage (Segawa &

rmamoto , 7974), the trp urRNA molecules produced when the activity of

the N gene product is 1ow are found to be extraordinarily small in size,

sedimenting at a positi.on of about l2s. A sedimentation profile

essentj-ally sinilar to this was observed when the experiment was carried

out with the trP nRNA synthesized by a host strain groN785 (Georgopoulos,

L97I) infected with normal -ftrg phage [in which rhe N anriterminaring

function is not expressed (Fig. 3rb) l. Though loss of function of the

N gene product might be somehow leaky in the strain ,,u"f,rr-,

(Friedman三 二 。, 1975)infected ttith nOrmal λtrp phage, productiOn of

the truncated tt mRNA■ olecu■es dte to transcr■ ptional b10ckage at a

s■ te aro,Pd the trp leader gene was 。■S0 0bv■ous ■n this host, when

compared the profi■ e of trp mRNA from the mutant (Fig。 4,a)with that

of the mRINA from lhe parental strain infected with the phage (Fig。  4,b)。

The reason why mRNA hybr■ dizable w■ th 980● rptt DNA  sedimented at 12s

is obscure, however it may reflect  sOme functiOn of these mutations

for mRNA metabolism。

AlthOugh suppressed leve1 0f tr2 mRNA sy,th'PiS by ムtrp 墜二3 phage  l
iS l'SS,19d in λ二三二N7 ■°f■ 2 1hatte (rig。

 2,c), the effect is hot

attriblted tO alllヤ iation of ,relnature arrest of the mRNA synthesis  l

b■ t to increas9 in frequency:of transctiption at initiation step:

the majorily Of thelt■ 2 mRNA m6■ ecules‐ゎr?dことed b= ネtrp N, tOflっ

pha89 iS Slill as smal■  in s■ ze as those from 11翠 り:翠も3 phagさ , thtts

in4iCating thlt arreSl of tranζ こtiltion isieffectively occurring  at tlhe

b,ginli,3 ?fユ 6p,F6■Ti七 . 」,a)。   むpOn ζμllをさsLion・。f thさ  a■ bef

ll,ati:n 9「  :Fl, 単 ,'1, byl in,I?41Cli61 9「  』翌二 i,t91卜 OSt bacteF■ a, the

IPIP'°
'14 PyttleSiF°

f中,響 呼`今i,lgF,atllyl,,い anced cig。 2,o)。

0
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This seeming encancement of the trp nRNA syntiresis results from

production of the Latger nRNA molecules (Fig.5,b); i.o., a block

of transcription at the beginning of trp operon is at least in

part alleviaLed by function of the suppressed N gene.

The fact Lirat the effect couples with loss of function of

the N gene prod.uct lead me to consider the posibility tirat in the

absence of N gene product, rho factor functions at a site located

near the beginning of Lhe trpE gene and blocks the transcription.

(c) uence analysis of truncated P. t rnRNA produced under

●

N-deficient condition.

Figure 6 shows fingerprints of ti'," 32f-rtg 
mRNA segment isolate<l

by hybridizatLor- with QS0rgED DNA from a strain trpAEI infected wi-th

),trpt{ftofl2 phage. Ihe nRNA was digested completely with T, RNAase.

----The oligonucleotides obtained range from.one to about 1$ nucleotides iu

length and are adequately separated from each other. Results sirow that

spots for large nucleotides 2,3,41 5,8,91 11' 13 and 15 can

correspond to the nucleotides sequence of the trp leader region which

has been determined by Bertrand eg al (f975). Further analysis of the

oligonucleotides eluted from a spot 15 by Lwo-dimensional thinlayer

chromatography followJ-ng to pancreatic RNAase A reavealed that the spot

corresponded to 5rpUpUpUpUpUpUpUpUOli3t (data u-ot silown). Thus it can

be concluded that trp nRNA syntiresis initiated at the PrPromoter in

trpAEI infected with ),g5p\]go:p2. frequently ternr-inates at tire site

where AT nucleoties pairs cluster in the trp leader regeon.

(d)                                          iS frOm the terminator

An experiment was carried out to investigate if trp nRNA synthesis

originating ar the Ptrp ?ro1oter is also blocked by tire signal for

●

●
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terminating tranSCr■ ptiOn created upon a ■osζ of N functiono  ln a

non-lySOgenic host irpAE■  infected with、
卜摯 ユ7 phage in the abSence

Of lryptophen, both Ptrp prOmoter and PL promOter fu`:ll塁 38A  ・
malrLot O, 1976a)

The Sedimentation profェ ■e of Fig。  7 ,hows that the majOrity of

the trp mRNA■ o■ecules synthes■ zed Or■ g■nating at the Ptrp promoter

aFe much larger than those from PL Pr9■ oter.  A small peak in the

profi■e of trp mRNA hybridizable with φ80trpED DNA mny sulgest that

sma■ l trp mRNA ■o■ecu■9s are stil■  produced fF° m tho PL promoter in

卜摯 亘; phage ., the absence Of tryplophan.

4. Discuss■ on

lly major interence is that when funct10na■
tt gene product is

deficleit, the PL promOted trp mRNA PyntheSiS is freqvently b10Cked

‐eader
at a 。手te of trp:入 gene, whereas trp ttA synthes■ s Originated at the

Ptrp promoter ■n the same condition is hot sensitive to this terminatio■
signal.

In PL~mRNA mo■
ecules synthesized by λtrp N七

3 (abOlt ・
2S Or 800

■uc■e6tides ■ength), trp mRNA ェs cova■ent■y ■inked distal tO the N mRNA

lequence (Tani & ェmamoto, 1975).  In the λtrp (60-3)phage emp10yed here,

the Fight ter■inu, 。f thё trp60-3 Substitut101 1S Wilhi, the imm21 region

λ
」uSt tO the ■eft Of gene N at 71,8 Z λ units3 1・

2・ , theA rp60T3 ёn4point

is preceded i■ λ duplett DNA by l.8 Z λ units br abbut 770 五ucle6tide

Pair。  19 the left of the PL promoler at 73.6 Z λ units (Fiandt £二 al.,

■974).  since at ■east the filst abOut 170 五ucleotides of the N mRNA

Synt卜
,Pized fr。, PL prOmoF,F are prob。 1ly Cut Off in v■ vO by process■ ng

(Lozerol et a10, ■97,), ithe bacterial mRNA seque,ce in the distal

POrlion 9f the ■01ecule isieStinated to bO abOut 200 nucleotides ■ength.

The initiation c9dOn fOr the p01ypeptide specified by the trpE gene is

pr''7'「 | ln PL コRNA by a llleader" S,quence of about ■6o nucleOtides in

lell11111'1:‐1,111景|・ 1 1111キ  「ldll11,aplyl::l「 |・

五
it '「

 PiCler.al RN今

seque,ceS ahead Of the leader mRNA 10rtiOn.  Thus, the signal for

●

●
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transcription seems to be located r,rithin the trp leader regi-,on, r,'hich ls

supported by the more direct, evidence from the two dimensional thin t-"tut

chromatographic analysis (3ig' 6)' rn Fig' 6a radioactivity in spot 10

which represent iuu)36ri is smaller than rhe other spots. rt would be

attributable to some nuclease activity ii'r vivo, wiricil degrades mRl{A

from 3r to 5t.
Recently, new regulatory elements for the g operc:: have been

suggested. One rnight r,ronder whether, rvhen N gene product is def icient'

transcription is somehow arrested in the leader region at the

'bttenuatorr" wh6re the level of extended transcription is believed to

be liuited (Bertrand ec jrl., Ig75). Such events.fliSht' occur, but it

can be pointed out that more than one signal for transcription ternl-

nation is created in vivo in the trpD gene transl-ocated into )'trg46

phage(Frankl-inrLg74)whentheNfunctionislost(Nakamura&

Imamoto, unpublished results). It has also been demonstrated that

there are several sites in the trp (shirnizu & Hayashi, L974) and gal

(De Crombrugghe et al., 1973) operons where rho factor can function

in vitro.

N gene products has been shom to function by inhibiting rho-

mediated terminations in tr phage, thus alloving transcription of the.

distal genes downstream from the rho-binding sites (Roberts, 1970) '

This would suggest that a deficiency of activity of the N gene product

r"rould not decrease the rate of DRNA synthesis for the \ gene' An

alternatepossibilityhasbeeninferredfromtheobservationthata

loss of activity of N protein results in a co-ordinate decrease in

the amount of urRNA uade coutplementary to the \ gene and of mRNA

complementarytothedistalgenesoftheoperon'thiscouldinhibit

initiatj-on of tu\A synLhesis at the nrorooter (t'Iood & Konrad, 1974) '

Present observations 'that the action of the N protein is as an anti-
'.

terminator favor the former interpretation' n fact' r+hen N aRNA

svnthesis.ltas measured by ernplo

●

●
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(Fig. l) as a DNA complement in DNA-RNA hybridizat-ion assay of rnRNA

specific for N gene of trtrp phage, the rate of the synthesis was almost

comparable (86 % in lrrp.Nl nhaee of the normal) to that in the control

Itrp phage (data not shor,m) .

Consideringtheterninationoftranscription,Ptrp-promoted

transcription is markedly different from Pr-Promoted transcription:

tn. Pof"tIY ef fected bY generalonly the former is sensitive to the polarl-Ey err

translational blockage, and to the natural terminators for transcrip-

sitive to the terminations ' probablytion; but onlY the latter is sen

rho-mediated, reported here' Recently' it has been reported that rho

factor. is the product of the suA gene (Richardson et aL., !975a

Ratner, 1975), which mutation can part.ially relieve the polarity

effect of nonsense mutations of the operon of E. coli without suPpres-

sing the mutant phenotype itself (Beckwith' 1963). Relief of polarity

by suA is associated with partial detectability of nRNA for genes

distal to the mutated gene (Morse & Primakoff, l-970). It has there-

fore been suggested that the suA strain suppresses polarity because

it lacks normal activity of rho factor, the product of the wild-type

suA allele.

However, this statement is in apparent conflict with the present

finding of the insusceptibility of Ptrp-promoted transcription to rho-

mediated termination. This paradox is difficult to resolve by the

simplest prevailing nodels for the termination of transcription. One

might argue that rho factor can have two different modes of action -

DNA(Roberts, 19691 Beckman et al. , lgTI) or on RNAone on siEes in

polymerase (Schlifer & Zillig, L973), and the other on sites in urRNA

exposed in the absence of translating ribosomes (Richar<ison et al., I975;

Galltrppr et aI. , L975). The frrst mechanism would then apply to 1-

.111`

‐  1,'
■1'単1■lrrl
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directed trp transcription, and the second to Ptrp-transcription.

Hovrever, since the expression of trp genes is normal and seemingly

very similar in both \-trp and Par'-trp transcripts (Yamamoto &

Imamoto, L975), the second mechanism should hold as much for one

species of lranscript as the other!

Ttrerefore, one must consider other alternatives. As one

speculative possibility, one night assume that free-running RNA

polymerase can be prograrnsled Lo at least two classes of termination

signals, one independent of rho factor, and the other rho-mediated.

Rho-independent transcription stops could then occur with ta.n-

transcripts - at attenuator sites, or at the end of the operon, for

example. Instead, under certain cond.itions (e.g., blocked ribosomes),

the RNA polymerase woul-d be reprograuuned to respond to rho-specifie

stops. The reprograrming would be transient, because it would be

reversed by a resumption.of translation (as in the case of gradients

of polarity). N gene or other I'positive factors" could differentially

change the susceptibility of RNA polymerase to one or another type of

attenuation or t.ermination signal. Alternative l-ike this have the

advantage of consistency r^rith all-. the data; but they assume that rho

factor, contrary to many current discussions, i-s not involved at all

in normal RNA chain termination by RNA polyurerase.
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. L"gends to Figure

Figure 1.

Siurplified molecular maps of coliphages.

The relative size of each trp gene carried by gg0trg and ),!s2
phages is estimated from the uorecurar weight of the corresponding
polypeptides (rmanoto & yanofsky, Lg67). The genetic nap of the
transducing phage Ep., l!Soi:ga0-3iq*1, is based on rhe dara of
Nishirnune (1973) and Fiandt er al. (Lg74>. Locarion of rhe right
endpoint of the trp substitution in the phage is represented aligning
on a relative scale for ), chromosome rength (Davidson & szybalski,
L97L) ' 

. 
For rhe markers describing the maps see szybalski (1970).

Dotted, so1id, zrgzag and double r-ines indicate the region of gg0-

gemone, ). genome, 434 genome and bacteriar- chromosome including trp
genes, respectively.

Figure 2.

Tiil couFSと
 '「  t`五五scri5ti6n‐。F th9 1te,S10cltё 4 聾 6perOn .n

ネtrp.phages.              /‐

Str,in trpAEl was infeと ted with ネtrp(a), 、二三2笙53(b)° r λtrpN7二♀fi2
phatte。 (c) 。r stiain trpAEl並 waζ  infeatこ

, 
■ith λt12N7t° f■

2 Pia亭ls`d).
Th, infected cells were resuspended in lli五

 五inihal iediu.l(↓ :」 el ふ
BOnnOF, 1956) lo give a final concentiatiOA 6f l.2 x loll cel■

s/mi.

A‐ poFti6n (o。 2 ■1) Of the ce■ ■ suLiension was tran3ferrea to pFとWarmed

(10° C)minim。 l medium (3 ml) supplemented with 19 alllino acids (each

O。 5 mM)with L― lrypt9phan (501口 g/mェ ), and the cell suslensiott was

shak,n vig6rOt,ly in watと r .ath at 30'9。   The cultures iera pulse_

●

●
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labeled wirh 100 uci to 200 uci of [3tt]uridine for 1 min ar rhe times

indicated, 7.5 ro 19.0 pg of [3u]nne (spec. acr.5.0 x 104 ro 3.4 x 104

per ug) were used for each hybrid assay. Trp rnRNA corresponding to

the tlgg and trpD. genes or trpc, trpB and trpA genes was assayed by
1hybridizarion of ['H]RNA with DNA fron dg0rrgED. or dg0rrpc-A,

respectively. The values with OBODNA background were subtracted from

each hybrid value. The values represented are the percentage of

hybridized RNA relative to the total labeled RNA and the averages of

duplieale determinations. Data are pLotted in the middle of each

period of pulse-labeling. The other conditions are as described

in Materials and Methods. (o) trp nRNA hybridized specifically with

QB0-trpED DNA; (o) trp nRNA hybridized specifically wirh 080!5p10-4 DNA.

Figure 3.

sedimentation profiles of !ry 'RNA "yr*t."ired originating at the

P, promoter in trpAEl infecred with ),lrr \53 rh"e"s (a) , BroNTgs

cts /min

●

●

infected with Atr2 p五 五gesl(b)OF trpAEI infelteO with λtrp phagёs,    |

TFitialeO RNAs sё dimentёO■lre puigettilbeled witi 156 1C1 0f [3五 ]二

url五 i19 「81 1 .|五  111ti1 1011‐ m11 (よ ): |‐ 1。 tA ll五  そ1)::[hllll111とも,.

“

Ⅲ 166 18 8f i3HIⅢ
[ξpeと :,ctl:7.4 1 103it: 2.姜・o4‐ cts,min

lこ
r i亭 ]11,Fe c9sldェ ientel 會|:|1lol口 B [1'こ ]RNA (2 x 194 1t。 /miniper u8)

pF9pared f10i the をifiampiと 二五一ζeisitivl stiain, as leSCribed l士 e↓iovLly

(Imamolo, 1973),i Cと五trifuttation i五

`|larried out fOr 240 

五ii at 45:ooo

lpm (」) :r 120 1ln it :|:0661111 (gttd (°
)

After centrifugatiOn, abOut 30

frac11611 verさ -9。 1■ected, lndli0 11‐ 5。 rtions irOm each fraction were

こ|::161:111::[:|五五‐11:1:1[14ci鼠1:111:lelょ:::in:2 1ra:titts

23
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'(:
were combined and diluted to a volume of about 0.6 rnl (a) or 0.4 mf (U)

at concentration' of 3 x SSC' containing 1 x 10-31,t Na"EDTA. I0O ul of
z

each combined fraction was hybridi.zed with DNA fron O8O, gBOtrpED. or

Os0!rpc-a. phages. The other conditions are as in Fig. 2 and Materiils

and Methods. (o) trp nRNA hybridized specifically wirh gB0rrpED DNA;

(o) trp rnRNA hybridized speeifically wirh {80!:gC-A DNA; (-----) roral
?

["H]RNA. Arrows in,the Figure indicate positions of 23SrRNA, l6SrRNA

and 4STRNA

r r_gure 4.

Sedimentation profiLes of trg nRNA synthesized originating at the

PL nronoter in nusA-B27-1 (a) or the parental strain K37 (b)

infected with Itrg phages

Tritiated RNAs sedinented were pulse-labeled with 150 pCi of
?r

[-H]uridine for 2 min at the 20th nin (a) or for 1 min at 14th nin

(b) of incubation. The conditions and representations rdere the same

as described in the legend to Fig. 3, except that the centrifugation
at 63,000rPm ?

was carried out for 120 ninn The amount of [-U]nNe sedimented was

of 6.0 x 104 cts/urin

per ug (b).

●

●

Figure 5.

Sedimentation profiles of

P, promoter in trpAEl (a)
lJ

!€12 Phages

Tritiated RNAs sedimented

trp mRNA synthesired Origineting at the

or tttpAEl suI (b) infeCted ttith trpN7~

were pulse-labeled rrrith 100 uCi of

F■
■‐tt鷺漱ず it

24



a
["H]uridine for I min at the 23th

and representations \^/ere the same

3, except that the centrifugation

amount of IJH]RNA sedimented waS

ox 46 ug of 7.3 x l0- cts/roin per

min of incubation. 
" 
The ccnditions

as descrfbed in the legend to Fig,

was carried out for 110 min at 63,000 rpm. The

23 vg of 2.0 x 104 cts/min per pg (a)

us (b).

●

●

Figere 6

Autoradiogram of 32r-olrgonucleotide 
chromatographed on

PEI-cel1u1ose

of L-trptophan' PL!rP-N r"" prepared by hybridrzatLon wirh Q8or:g!q

DNA . NnRt{A which is covalently associated witir Pf!-e_mRNA but not

hybridize with Q8Ogggp! DNA was broken down by RliAase treatment From the

hybrid trp nRNA was eluted by ireating. After aig""tlhEn#ItA t, RlrlAase

oligonucleotides are applied on two-dinentioual thin layer chromatography.

PEl-cellulose was kept contact witir X-ray filur to visualize tire radioactivity.

a, Autoradiogram. b, Schematic drawing of spots in a.

crDiagrams illustrating the relationship between nucleotide composition

and position of spots. For instance spot.B means (AC2U3)G, altirougi-r it

night be confused witir (A.CU")G or (A-U.)G.

Figure 7.

Sedimentation profile of lrg InRNA synthesized originating at the

Ptrp and P, promoters in trpAEl infected with irg phages in the
L

absence of L-tryptophan.

TritiaEed RNA sedimented was prepared and assayed as describeci in

the legend to Figure 3, a, except that the incubation was carried-out

in the absence of tryptophan. RepresentaEions rvere the same as in

Fig. 3. The amount of [3tl]RNA sediuented was.about 100 tg of 3.0 x 103

cts/min per ug.

Cells infected with            were pu■ se.labeled with 32P in presence
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●

・■lilli■

●



Fig。  ■

T~~~~~=~=二 ~φ 80trpEp

r― ――=― ――,一‐'~~― ~φ 80trpcBA

●

N

●

--- lh80i434

ABCD■ ‐ N
λtrpE―All l l l l

一ｏ
ｏ
ｏ
ｏ
〓
ｏ
・
”
Ｏ
ｈ
Ｐ
Ｎ

Ｚ
”
〓
ｕ
ω

ｏ
●
一
Ｏ
ｏ
・
ｏ
Ｚ
ｐ
ヨ
『

●

。
一
ヽ

，・



Fig. 2

●

oNO

∽
引
り
Ｏ
〓
ψ
口
沐
∽
　
く
Ｚ
“
■
一
Ｑ
】
ψ
　
Ч
Ｏ
　
Ｏ
■
ｏ
“

●

●

■0.  i ■5   20

1iiiさ   afltさ士 :

25  ■ 5

ユ111CtiO● :.

25

27

10 ■5 20



Fig. 3

０１
（

銀
‐
〇
出
Ｘ
　
Ｃ
召
〓
＼
∽
ψ
Ｏ
）

５

く
Ｚ
“
日
　
Ｑ
】
ψ
　
Ч
Ｏ
　
や
口
づ
Ｏ
曰
く

20

Fraction

●● ●

Number



Fi9. 4

５■

（α
‐Ｏ
Ｈ
＝
　
　
‘
「Ｅ
＼
∽
ψ
。
）

い
倒

・ ０

　

　

一
　

　

　

５

　

　

　

　

　

・

く
Ｚ
“
日
　
Ｑ
】
ψ
　
Ч
Ｏ
　
ψ
口
”
Ｏ
曰
く

Number

●● ●



cn

Fig. 5

７

　

　

　

　

　

６

　

　

　

　

　

５

（̈
卜ＯＨ
Ｘ
　“
引日
＼「ゃ
０
）

４

　

　

　

　

　

３

　
　
　
　
　
２

く
Ｚ
“
目
　
Ｑ
掏
ψ
　
哨
Ｏ
　
ｐ
Ｃ
●
０
曰
く

20

Fraction Number

●0● ●



●

６

６
９

０
０

ｏ
し

◇́

Ｐ
い
。り

蛉

ｏ６

“
Φ

％
ゞ
超
σ

ご

ｏ
ｇ
Ｏ

ｏ
つ

ワ
　
０

０
い

0

1 _●

●



●

Fis. 7

５

■
（

ヽ
・
〇
「
Ｘ
　
　
■
月
日
＼
∽
ψ
Ｏ
）
　

く
Ｚ
“
Ｅ
　
Ｑ
】
ｐ
　
Ч
Ｏ
　
ｐ
●
っ
Ｏ
曰
く

●

●

10

Fraction

20

Number

1.,

●



●
Part 工工.                :                    :                :    :

Function of the tOf Gene Product in M● difying Chemical Stability

of trp Messenger RNA Synthesized frOm lhe PLPromoter of λtrp P卜age.

●
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Surnmary

The trp operon translocated int.o the early region of phage i can be
the authentic trp promoter

transcribed under the control of t\,no promoters, 
^ 

(P trp mRNA) and the P,
n ' lI-p-- L

promoter of the N gene (PLIIg rRryA) (Imamoto & Tani, 7972; Ihara & Imamoto,

1976a) 
:fig 

rnRNA has tr N message at the S'-terminal (Tani & Imamoto,

L975) and is chemically stabilized gteatly (Yaroamoto & Imamoto, 1975), as

judged by slow decay to non-hybridizable fragments, of labeled trp nRNA in

cultures treated with rifarnpicin. This stabilization occurs specifically

with the P, trp mRNA species, but noc r"r-ith P- trp mRllA or bulk mithA species* trD

produced by the host bacterial chromosome.

. P, trp nRNA becarue more stable with tine after infection: at early. L+

tiues after infection chemical degradation of P, trp mRNA was two-fold slower-L

than for P----trp nRNA, while at later times the stabilization of P, trp rnRNAEfD- j-

was almostT-taf . Stabilization of Pf-5p- nRNA was markedly reduce<i when

the activity of the tof gene product; low in trlgg carrying a missense (12)

mutation of the tof gene. In contrast there'is no significant reduction

in scabilization when N function is lost in lggg bearing an amber (53 or 7)

mutation of the N gene. The very great difference in stabilization of

P, trp nRNA produced by norrnal trtrg and i.l-rptof 12_ phages was specif ic f or rhis
-RNA species: bulk mRNA fron the bacterial chromosome deeayed at a normal rate

in either host cells infected with ltrp and Erpto,Il2 phages

On the basis of these and other -experiments with ).trpsusNTtof 12

phage, it is inferred that stabilization of the PL!ry. mR"i\A is caused by a

modification of the decay machinery, most possibly by the protein producr of

the tof gene. -;Tl're modifieci decay machinery could specifically block the signal

for initiating nrRNA degradation at the 5r.end of the PLgp nRNA, thereby compet.ing

witjr the nornal active decay'trigger to the mmle rnotec,rle. :Other possible

mecirairisrns are al-so discusseC.
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I. Introduction

Very l-j.ttle is knovrn about the rate-limiting step for chemical. degrada-

tion of messenger RNA. It is generally accepted that the majority of

prokaryotic mRNA is unstable, degraded with an average half-life of a few

minutes. However, recent evidence has shown that some species cf messenger

RNA are rather stable. These may include the messenger species for membrane

proteins of E. coli (Hirashirna et al. , Lg73; Lee & Inouye , Ig74; Levy , Ig75).

In fact, at least LOZ amount of the RNA molecules that are produced in

growing E. coli cel1s, associate with ribosomes, and are not synthesized under

the control of the rel gene product, have been found to be very stable

chernically (Silengo et a1., to be published). In cells infected r,'ith

bacteriophages such as T7 (Summers , IITO; Marrs & Yanofsky, LITL), T4

(Craig et a]. , Lg72), 0X174 (Hayashi & Hayashi, 1970), M13 (Janish er al.,

1970), R17 (Hattman & Hofschneider, 1970) and i (Gupta & Schlessinger , 1975;

Takeda & Kuwano , 1975) phage messengers show greater chernical stabllity than

host mRNA. The differential stability of .r..ro,r" nRNA species in a single

cell has been directly shown by the demonstration that, in cel1s infected

with trtrp phages, lrilmRNA synthesized as a result of read-through fron the
./r

P, promoter is chemically stable, in contrast to the norual instability ofL'

trp nRNA prod.uced originating at the authentic Ptrp.prornoter (Yarnanoto ,!

Imamoto, 1975). In those experiments, it was also found that stabilitv of

ihe trp urRNA from the P, Promoter produced. at 15 minutes after infection is
-:

greater ttran that produced at ftrinutes after infection.

Here 1 show that stabilization of the PT!-ry- mRNA r:olecule is attributaDie

to a modification caused by a;phage-coded protein, the prociuct of che tof

gene. By comparison, the N gene product, like the tof gene product ir:iportait

in the control of tr mRNA production appears to play litcle if any role in the

stabilization of the llp nRNA. Possible mechanisms of nR\A stabilizatior: bv

., .:.) ,

tof,. gene product are discussed.r
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2.  Materia■ s and MethOds

(a) Bacterial and phage strains

The following strains of二。 coli K■ 2 were used for infectiOn experimёnts;

W3110 trpR+trpAEl, a laFge deletion mutant coveri,g the wh01e trp operon

(Yanofsky & Itg, ■966) 五nd W31■O trpR+trp AElsul.

The f。1lowing phages were used for infection experiments; nOn―

transducing phage, λtrp(塾
Lλ
att80trp60-3immλ QSRλ ), whiCh replaces the λgenes

to the left of N with the who■ ё trp operon of ュ。 C01i and in which the trp

operon ■s controlled by twO promoters, the t■ 2 and the PL promoter, and by

two operators, the trp and the OL °peratof (ImamOto & Tani, 1972; Ihara &

Imamo,9, 1971を
 S,gaW, & Imamoto, 

■
?71), lnd itS derivatiVes, 

λtrpsusN53,

λtrpt6f■ 2 and λtr2susN7tof12, WhiCh werё  obtained by crosses with λsusN7susN53

or λtof12 (Takeda tt al。 , 1975).  The genetic map of the λtrp phage is shown

in Figure l.

The fol■ ow■ng phages were used as DNA sources for DNA― RNA hybr■ dizatiOn

assays: the non― transducing parental phage φ80; non― defective transducing

pいageS φ80trpED and φ80trpC―A.  The trp 9perOn segm9,tS Carried by the

080trp phages are shown in Figure ■.

(b) PreparatiOn of λtrp phages

λtrp phages were prepared by ■ytic infection Of sensitive bacteria

C600S (Sato et al。 , 1968) in the mёdium containing 10g bacto― lryptOne, 2.58

NaCl and one ■itrO water.  PhagOs iere c‐ 9ncentrated With 9ne Cycle of 10w―

and high一 speed centrifЧgation and suSpelことd il λll.ution fluid [ltiO-2、 1

TristtHcl biffer (pH 7.3) ani lx16=2M MgC12]C° ntainェ ig 29tg/1■  bOVine serttm

albumi五 .

")|:        
‐ |

11.          .           :

‐1 lyS,F,PI?「  ''01,11‐
φ
,91三ユ |卜

,予,P'IeF?|つ |'P':Fe,IPy ly,iC 81?Wth on se,S■
■]Ve

bacteria Eo coli K12 W1485。   After lo"二  lnd high二sp9e9 CentrlfugatiOn, phage

●
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particlles iere suspended in ll dllution f.uid [6x10~4M 卜lgS04' 5奮 10~41l Caこ■
2:

lx16-3% ge■ atin and 6x10~3M TristtHCl buFfer (pH 7.3)]and treated with DNAnse

(5口 g/ml)。   After DNAase treatment, phages were puriflё d by a cOmbi,a'iOn Of

one cycle of 10W―  ano high― Speed Centrifugation and CsCl density Centrifり =

gation。   lhagさs were suspended at a cOnceitratiOn Of about '1lo12/11 ェn

O.■M sodium phosphate buffer (pH 7.1)containing O.■ M NaCl after dialySiS

against the buffero  Phage DNAs were exlraCted by phenol treatttent (Kaiser &

Hogness, ■960) and diSS01ved in a saline―citrate so■ utiOn (lXSSC: 0。 15M

NaC1/0。 015M sOdium ctttrate)afler dialysis against the solution.

(d)  Preparation of pulse-labeled RNA

Bacteria were grOWn with 4eratiOn to 6x108 cel■ S/ml in att enriched medium

(L―broth) (Len■ ox, 1955)supp■ eIIleited with L― tryptoplan (5011g/ml).  Th,

ce■ ls were collected by centrifugation and Washed twiCe with CO■ d・Tl― dilution

f■uid.  Cells were suspended in the Tl dilutiOn fluid containing 2x10 '卜
l KCN

to give a lina■ densiti Of 2,5i109 CellS/■■and Were infected With each of

the λtrp phages at a multiplicity of about 5。  After inCubatiOn for ■5 min

at 30'9, unadsOrbed phages weFe r,■oV91 by Centrifuga,ion and infected Cells

wこre resuslended ェn dold minimal medium (VOgel & Bonner, 1956) tO giVe c

fina. tonと entration of:6x1619 cど 1ls/ml:  lhこ  9と 1■ suspenslon WaS di■ uted by

30 fold With prewarmed (30° C)minimll medium supple■ ented with ■9 amino

acids (eaとh o.5dM)|■ ilh L― tryptopha, (50 μ色/ml) and アヽas shaken Vig?rOusly in

watel bath at 30° C.  At a suitable tim9 during incubation, the Cell suspension

was pu■se二 :lbele古 1lth l,H]‐ 1・4i五9 ,s lndiCated ii the legends tO the Fi3ureS。

A l。 ltiO五  (6長 10' cel1lζ )`「  cell Suoも
eAsion was アヽithdrawn and povred Ont0 3:3■ 11

:i crusieLi fr:」 ei mことiti coitLi■ in3 ェ去162M tュ lis_icl buffer (pH '.3), 5x■ CT'卜 1

半
LCil, 

・ 110「 :さI Na下 3 'nd 259‐
ug′

11 9f cllloramphenico]_.  RNA was prepared

l illillil.ili[‐ l:[::ii[idli:llili:il:::[:I:Ii:i:1.:il]lii:i3:i:i:lililiさ

li::l::

・
 1 : ・ 111‐   1       1          _
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KCl and lX10 3,l Na2EPTA.

(e) DNA― RNA hソbridiZatiOn
q80 or

The hybridization procedure was as follows: DNA ornosolgP phages was

diluted ro a concentration of 100 ug/ml in I x SSC and heated in boiling

water for 10 rnin followed by rapid cooling in ice water. The RNA was

furrher diluted to a concentration of B ug/rnl in 3 x SSC. Five milliliters

of the DNA solution was filtered through a Millipore filter (type HA' 0'45 uut

pore size) of.25 mm diameter. The filter was washed with 40 rnl of 3 x sSC'

gut lnto B pieces and dried at 80"C for 2 hours. AssaY of trP nRNA was

carried out by immersing one of these filter bits in 100 ul of 13n1-nNt

solurion in I x to-2u rris-HCl buffer (pH 7.3) containing o.5M Kcl and

-?1x10 -M Na^EDTA and incubated at 66oC for 18 hours. Afterwards ' the filters

were treated with RNAase (5 Ug/mf) in I x SSC for 30 urin at 37"C' washed with

I x SSC, dried and counte.d in toluene-based scintillation fluid' Total

radioacrivity of [3tt]uriaine incorporated into RNA (total JJfflnfU)was measured

as the material precipitable by cold trichloroacetic acid

,         (f) Reagents

Tr■ tiated ur■dine was purchased from the NeW England Nuclear COmpany

and was used W■thOut the aadition of Carr■ er.  Millipore filters were

purchased flo, the Mil■ ipOre Fi■ter COmpeny, B9dfOrd, MOSS・   9'10ramPhenicol

was from Pム 士k Dav■ s.  D｀Aase and RNAase were obta■ned from the WOrt,lngtOn

B■ochemica■ COmpany.  RNAaSe was used after hё ttting at 80° C fOr 20 mi■ in
●

O。 15M NaCl to inaこ tivatei any contaminating DNAase.    |

●
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3. Results

rn order to demonstrate uniquery p"-prouroted synthesis of trp 
'RNA,

strain trpAEl, a strai-n with the 35g "n"t"n deleted but which retains
tryPtoPhan regulator (trpR) gene located near thr on the chromosome of E. coli
(cohen & Jacob, 1959), was infected with trtrp phage in the presence cf
tryptophan. The trp urRNA synthesized fronn {:g was assayed by enpJ_oying DNA

of Q8Otrp phages carrying various trp gene segments as a DNA complement in
DNA-RNA hybridization reaction.

The notion thatrin ),trp phages eurployed here, the tL terminator has

been deleted is supported by the f ollowing lines of evid.ence: (1) location of th,:
right endpoint of the bacterial substitution in the phage fa11s well virhin

?1the irnm-* region, most probably to the right to the !, site (Fiandt er al.,
1974)i (2) the PL promoted transcription is permitted to extend from the i
genome into the trp operon' even when synthesis of the N product is blocke4

by antibiotics (rmamoto & Tani, 1972; rhara & rmamoto , Lg76b) or rhe prod.uct

of the N gene loses activity in trtrp phage r:ir, rn arnber routation in the )i

gene (Yamamoto er al., to be published); (3) under conditions in ruhich N

gene activity dirninishes in the E. coli K95 nus host at non-perni-ssr-ve

temperature (Friedman et al., Lg73), the steady-state level of the synrnesis
of urRNA for the Q, S and R genes for the P* promoter in:.trp phage is severel-r,

suppressed, while trp nRNA synthesis from the P, promoter is not affected
drastically (data not shown).

(a) Proeres:i..- l rt"bi1ir"ti"" 
"f

To confirm tire possibility that stability of the trp nRNA prociuced

frorn the P, promoter increases with time after i.nfection (yamamoto &

rmamoto, Lg75) tire decay kinetics of stabilization of the p, promoted

trp rnRNA is analyzed in furtirer detail . The result is sirourn in Figure 2
'suggesting tilat the stabilization night require a modification of decay

●
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macilinery, possibly by some phage-specific prorei-n. Ar rhe 5th (Fj_g. 2(a)),

15th (b) or 20th (c) minute of incubation after infecting trpAEl with ),trp

phage in the presence of tryptophan, cells were pulse-labeled wittr [3tt]-

uridine for 1 min and then chased by the addition of rifampicin and an

excess amounL of unlabeled uridine to inhibit further incorporation of t3H]-

uridine into DRNA. Samples were removed to measure the amount of trp nRNA

remaining at subsequent times.

The pattern seen in the Fig. 2(a) is consistent with previous observa-

tion that, upon addition of rifaurpicin, initiation of transcription is -:

blocked aluost inst.antaneously and both P; trpED mRNA and P, trpCBA nrI,.NA
,D

decayed chemically at a half-life of 5 to 6 minutes, which was ttro times

slower than for trp uRNA synthesized originating at the Paro promoter

(Yamamoto & Imamoto , 1975). In contrast to the mode of d; at this earlv
nstage of phage infection, Pltrp_ roRNA synthesized at a lver stage was

markedly stabilized. Fifteen mj-nutes after phage infection begins,

a Part 9f the tr2二 D mRN, (end sOnetimes of trpCョ A mRNA ag wel■ )sti■ 1 1deCaved,

blt mё

't Of tい

。壺 lmRNA remained detect,ble ly hybFidi4'tiOn 、ァith 。80trp

Pヽヽ
f?r‐ at‐ least ,5 mliuleS aft,F rifampICin additiOn (Fig。  2(b)).  Stabili―

Zet10n of F.t■2 RINA w,s alm。

't 

こOmplele if the .。 lecules ■7ere ■abeled with `

[3童 ]_triainさ  五t tie ,Oth iinttと  aftさr ittfection and fo■ lowed one hinute

later by rifamPIこ in (Fig。  2(c))。    |

The pOSsibility haζ  bё en excluded t,al the ltObiliZation ?「
 Fμ  mRNA

9bserlёd :n the ex10r.ment above .さ Ou■ dlbe attr■butable to some phys■ ologica■

change re191ё ditO‐ phagさ grOwth: 五t the 20th minute after infection of trDAEl

Witl the λtrp pぃ aglS inithさ  presehle10f tryptOphan, bulk mRNA fr9m the bacterial
i   ■  :1  ‐

:・ : |‐   |:       ‐            .   ‐

こhromosomё de,ayed at ,inormal ttate, 青ith a half-life of 3 to 4 minutes  at
| ●|  :    | :'     1      1

●          30° C, as ttas seen with the mRNA from uniifectedl cells (date not shown; cf.
`           : 

■  ||     :        .        :
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Yamamoto & Imamoto , 1975 and Fig. 6). Thereby it is also substantiated that

rifampicin shuEs off transcription initiation in the later stage oi phage

infection as rapidly as it does in uninfected bacteria.

As Andidates for phage-specific protein factor(s) required possibly
V

for a rnodification of the decay trigger, I examined the protein products of

the tof and N genes of ltrp phage, as deseribed in the following sections.

(b) Effect of tof- and N- mutations on trp transcription of ).trp phace

Before investj-gat.ing the effect of these mutations on the chemical

stability of P,^ trp mRNA, I tested their effects on Pr-promoted Lranscription. Lv_

of the tr"r,"to-""ted trp operon in trtrp to ensure that the products produced
in

by these mutated genes werelactive. When trpAEl was infected with trtrp phage

in the presence of tryptophan at 30oC, the rate of synthesis of Pr" trp mR.r\A

reaches a sharp maximum during the first three to seven minutes *'a"t infection

and then declines until it reaches a steady state. The rate of synthesis

remains nearly constant during the period frgir L2 to at least 20 ninut,es

after infection (Yamamoto & Imamoto, L975; Ihara & Imamoto, I976a), The

decline in the rate of synthesis seen after several minutes of infection is

believed to be caused by the function of the tof gene, whose product acts at

the operator of the N gene and acts to reduce transcription from the

1-strand of the "ear1y" region of tr soon after phage development begins

(Szybalski et a1., 1970).

In Figure 3(a), I shoW ChanleS in the rate Of PLTpromoted sy,Fhesis

of trp mRNA in )、 trp phage which has a missense (12)mutatiOn in the tof gene.

he oソnthesis of the tt mRNA ,y ,λ trptOf12 phage, as ettpected, nOw conti■ ued

et a high, nearly constant rateifor at least 24 minuteS after infection.

In λtrp phages rё taining an amber (53)mutatiOn in the ュ gene, the

rates 6f trpl血RNA 13ynl,9Siё  are seemingly much loヽ e゙r than th6se of nOrmal
:          :          1         1         ::        ‐

。   |       三 ら■
.|い

,geldlFl'色  1111b五 li6n‐ foF aも。こt 23,■inutes after infectiOn (Fig, 3(b))
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[Significant production of trp nRNA occurs in this case from only the operatcr-

proximal portlon of the trp operon, due to premature arrest of transcription

at a specific site in the tr2E g".t", effected upon a loss of N function,

( Sle part tt Of tliS WOrk ] However, even in the absence of function

of the N gene product, reduction in the overall rate of trp rnRNA synthesis

caused by the tof- gene product was also observed.

The synthesis of the trp urRNA by fgrps"stlZtoffZ_ phage exhibited an

alleviation of the phenomenon of transcription shutdown, and continued at

nearly constant, though lower than normal, rate for at leasE 24 minutes after

infection. Reduction in the overall rate of trp uiRNA synthesis from both i:

the operator-proximal and distal region of the operon was partially relieved

when an amber mutation in the N gene in ltrpsusNTtofl2 prhage was suppressed

by introduction of sul into host bacteria ( see Fig.2 of part I in this worh).

(c) Effect of tof- and N mutations on stabiuzation of trp nRNA

Since the chemical stability of the P, tip mRNA becoln€s €Verr greater as
:

infection progresses, it seems likely that the rate-limiting step Lo initiaEe

pRNA degradation is somehow rnodified by phage-specific protein(s). Accorciingly,

I exami-ned whether the stabilization of the P.r trp nRNA was altered in itrp

phages,retaining an amber (53 or 7) mutation in the N gene, or a rnissense

(12) mutation in the tof gene or both.

In Figure 4, degradation of Prtrp nRNA in ).trptofl2 after inhibit.ion of

-the synthesis by the addition of rifampicin at the 6th (a), 16th (b) and

21st (c) urinute aft.er the phage infection is shown. There is an gbvious great

delay in stabilization of the:!_!Jp mRNA in the mutant phage, rvhen cor:rpareC

rvith the profiles of Prtrp urRNA by normal ltrp phage (Fig. 2): t-he pattern

seen in Fig. 4(b) is essentially similar to that of Pr P- nRNA producec b1'

itrp at the 5th ninute after infection,(Fig. 2(a));; even at the 21st
.I

nr.nuie af.cer infection qi i.-+-j]a, a con:]cierable fraccion (more rhan 60i'i

●
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anount) of the 
:!!Ip 

mRr\A remained unstable (Fig.  (c)).

fne PrlJp nRNA molecules produced when the activity of the I gene

product j-s lost in i!:leusN53 phage are found to be stabilized in essentially

normal fashion, as seen in Fig. 5(a), However, stabilization of Prtrp nRNA
.--:

r^ras apparently prevented or abrogated for ltjpsusNT phage beari.ng the tofl2

mutation (Ffg. 5(b)). [Under these conditions, the trp nRNA sequences assayed

corresponded to only the beginning portion of the trpE gene, since the PL-

promoted transcription was frequently blocked at a site of trpE gene when

functional N gene product was deficient (Yamamoto et al., to be published). ]

The loss of the eapacity to stabilize Pr-trp. roRNA in ltrp phage retaining

the susNT and tof12 mutations was not significantly relieved even when an ambe::

(7)muration of the tt gene Was s,ppressed by inlrodu,tiOn Of sul into host

bacteria (Fig. 5(c)).  Upon suppression of the amber mutation in tぃ eュ gOne,

the PL pFOmOled trp mRN今  ,vnthesis ,OW extended from tle trpE r98■ On to the

operator― diStal trp genes (Yamamoto 三 二 。, tO be pub■ ished), lhts al10Wing

detection of the mRINA for trpC, trpB and trpA genes。

When the prOfileS fOi Stabi■ity o「
 Pi二三♀

mRNA fr?m )ヽ t=2SuSN7tof12

inl trpAEl (Fig: 5(ち ))and 111AEllこ 11(Fig。  ,(C))Were compared with those

for stability of the mRNA from λtrp10f12 (Fig。  4(b)ald (C)), PL二 三ユ mRNA

appears to be 30mewhat ■ore unstable when bOth theユ and tOf gene

products are inaCtive in λtrpsusN71of12 than when on■ y the tof12  1esion

is presento  HoweVer, thi, seeming differё nce in the ёxtent of stabilization

could be duё  t6 a variation of physiologica■ conditiOns of the hOst cells,

thereby permitting s9■ e accumulation; at Varied levels, of the protein product

of a mutated tOf gene, perぃ aps With ,Ome 五,tiVity (Takё da et al。 , 1975).

In any event,lhoweVer, it can bO こon01udと d that the stabilization of PL壼

mRNA is markedly inhibited when the activity of the tof gene product is low,

bul iS not significant■ y lchanged in absence pF thё  二 8ene prOducti
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The remarkable difference in stability of PrlJp rnRNA produceci 1-.,- nornal

"trp and ).trptof 12 phages was specif ic f or this RNA species. Thus bull.r pRNA

from che bacterial chromosome decayed at a itormal rate in either host bacteria

infected \.Iith itrp and ).lsP!c!l! phages, with a half-life of approximately

3 minutes under boEh sets of conditions for tof* and tof- (Fig. 6). Therefore,

the possibility can be ruled out that the modification of srability of pltrg

mRNA observed in the experiment presented above might be attributable to 
"omu

general physiological feature related to phage growth.

●
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(4) Discussion

The exoer:iments presented here show that mutation in the tof gene seemsLrreL uru

to negate or prevent stabilization of trp rnRNA produced from the P, promoter.

In normal A!:g phages, stabilization of Prl-rp, nRNA increases rittr time after

phage infection; at the fifth minute after infection, the majority of prlrp

mRNA still decays chemically, though at an overall rate of two times "*"t
than does the trp nRNA synthesized originating at the authentic trp promoter;

while at the 15th minute after phage infection at least half the P, trp mRNA

is completely stable (Fig. 2). The tirne course of progressive stabilization

of P"IEP- mRNA appears consistent with the onset of the lowered rate of

synthesis of P, trp mRNA caused by the function of the tof gene product: thet-

leve1 of tof [oa"rn becomes high enough to repress the trp nRNA synthesis

to a steady-state rate only about 12 minutes of infection (Yamamoto & Imamoto.

r97s)
●

Both functional inactivation

twofold slower at early stages of

and chemical degradation of Pr!_rp. nRNA are

the phage development (Yarnamoto & Imamoto,

●

1975)。  ‐ 1lξf°3こ.‰讐讐習
=¬

恐ざ』radation m.8ht SOmehow be related to the lower

Tn rha nraconl

frequency of initiation of trans■ation at the 5'一 end Of the mRNA chains.

So血ё phage specific protein(s)other than the tt and tt geneS ,ight,also p■ ay

a r?le in partially stabtt■ izing the Ptt mRNA:produced at early times after

the λtrp infectiOn.   Or, alternatively, differences in the nuc■ eotide se―
the

qVenC' at ,le 5' 9nd of‐
 Ⅲ

e PL二三2 1RNA 90uld make.A m01ecule less accessible

to decay machinёry n9, yet m9dified by the phage product.

In read― through tranSCr■ption of th,単
 ?Peron fr?m the phage's PL

pr9■Oter in cells lysogenic for λ, which is caused upon induction of

prophages, ■t haS bee, suggested that the stabilizatio, of the transcripts may

be Fё lated to thさ  fanction ёf phage p:16tei五 (S)prOdЧ Ced fron gene(s) 1。 cated

:1:TI帯 Terin`ll'羊 ]1干 |■1 lfT,:1]111'T111'「 :lTI
●
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case, however, these factor(s) Co not seem Eo,participate in the

mechanism for stabil-izi,ng the PrFp nRNA, since the region of the N operon

betr,seen the cIIl and att t"s ue.r, deleted in lr.5g phage employed: they are

replaced with E. coli DNA including the trp operon. lloreover, p, trp mRllA

can still be stabilized even in the absence of the N function (Fig. 5a),
trom

under conditions in whi-ch the phage genes located c,ovmstreamnthe N gene or
/l

the tof gene are not expressed.

In any case' experimental evidence reported here (Fig. 4 & 5) show ti-rat

tire tof gene product is critical for the srabilizati-on of plgp rnRNA.

extent of stabilization of prlrp- rnRNA sti1l observed

:idered to be due to "or. *iness of the missense

gene product (Takeda er a1., Lg75).

Many species of phage messenger RNA in infeited cells are relativel-v

stable. In these cases, at least, stabilization of the nRl{A might generall_v

be attribut-able to some modification of the decay machinery of the host

Lacteria. In addition, degradation of urRNA is believed to be coupled r^,1th

the translational Processes (Schlessinger, L97I; Imamoto & Schlessinger, I914)

Modification by a phage product coulC therefore occur at the 1evel of tire

enzymatic machinery associated with ribosomes. Perhaps decay machinerl- ls

modified !o have a specifically strong affinity for the 5'structure of tl.re

:!-!-{P 
mRNA, conpeti-ti-vely blocking the accessibility of rhe :rur*A molecule ro

r:ormally active decay machinery. Alternatively, modification might occur

at sensitive siEes on the ), portion of the mRNA at rvhich decaf is triggered.

iire structure at the 5' end of P, trp mRNA kras been so modified bv a mechani*ci-,
'v

invotving;lhe function of the tof gene product that the molecule is no longer.
A

accessible to active decay machincry.
:

. The smal1

can reasonably be con-

(12) mutation in itre tof
●

●

●
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It has recently been reported that trp mRNA synthesis starting from the

PL. promorer in il_gp phage does not express polarity in vivo (Imamoto & Tani,

1972; Segawa & Imamoto , L974; Franklin, 1974; Ihara & Imamoto, 1976b).

The mechanism of relaxation of polarity rnay involve a modification of trans-

criptional machinery by the action of phage protein(s) (Franklin & Yanofsky,

L976; Adhya et al., L976; Yamamoto & Imamotorto be published; Nakamura &

Imamoto, to be published) , thereby leading to a failure in a

normal coupling of transcriptional machinery with translation.

Is the relief of polarity in trp transcripts frorn P, promoter somehow related

to the change in function of the rRNA decay machinery as reported here?

Though there is no logical necessity for any connection, in fact, a loss of

thetof function, which renders nRNA

nature of P, promoted transeription.
L

*unstable (Fig.4 ) also alters

In particular, on infecting bY

-in

/ rhnrroh

absence

●

λ
ltrp↑

t6f12 , trp transcr10tiOn frOm the Pt prom° ter becomes partially

sensitive to blockage of transcription in presence of chlorarnphenicol

contrast ro insensitivity of transcription in the normal ).lgP phage

inhibition of Eranscription by the antibiotic is more severe in the

of the N producE; i{akamura et al., to be published).

A11 such effect occur subsequent to trtriggering" events at

O the 5'-end of the nRNA, vrhere some indispensable factor(s) requireci for

coupling of RNA poll'merase function to translational machinery might also pla1'

a role in deEermining the rate-limiting step of mRNA decay. Both tof and '\

gene products rnight first function Ehere.

The metabolisrn of PL1JP_ mRi\A cannot f it .in a simptre, prevailing

' 
nf ,'rl nrotein on RNA polymerase counteract this effect.' uI r\ P!
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Legends to Figures

Figure 1.

Simplified molecular maps of coliphages。

The relative size of each tr2 gene carried by φ80trp and )ttrp phages
●

is estimated frOm the molecular we■ ght of the cё rrёsponding polypeptides

(ImamOtO & Yanofsky, 1967).  The genetic map of the translucing phoge tttrp,

is based on the data of Nishimune (1973)and Fiandt et al。 (1974)。   Location

of the right endpoint of the n Substilution in the phage is representOd

aligning on a relative sca■ e for λ chromosome length (Davidson & Szybalski,

1971).  For the lnarkers describing the maps see Sttybalski (1970)。   Dotted,

sO■id and double lines ■ndicate the Fegion of φ80 ge,Ome, λ genome and

bacterial chrOmOsome including the trp genes, respectively.  There are

probab■ y still some bacterial genes adjascent to the t=2E and trpA.

●

Figure 2.

of stabilization of trp mRNA synthesized by PT promoter inTime process

IlrP-.

Cells of trpAEl were infected with lErp and incubated in the presence o:

L-tryptophan (50 ug/url). Pulse faUf.Ung was carried out with 33;Ci of
?

["H]uridine/rn1 of the culture for 1 min at the 5th (a), 15th (b) or 20th (c)

minute after infection, and followed by addition of rifaupicin (300 :-g,/n1),

unlabeled uridine (1 mg/ml) and nalidixic acid (f0 uglml). A portion of the
q

culture (6x10v cel1s) \^las removed at indicated times during incubaticn aiter:

addition of rifampicin and RNA rvas extracted. The trp niR\A values are
a RNA

expressed as ['u]nXa hybridized/us and normalized to 1002 for che

?- 
maximum va1ue. ["H]RNA hybridized specif ically rvith DNA from gB0gg!!. or

080!_rpcne was designated trpED mRNA or rrpCBA nRNA, .respectivel-v. The
''

values \,/ith 380 DNA backeround were subtracted f.rom'each hvbrid value.

●

●
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Values represented are the average of duplicate determinations. 6.2 '.c,

'1, 1r Ir
72.2 ug of [-H]RNA (spec. act. 0.7x10- to 3.9x10- cts/min per rg) \.rere

used for each hybrid assay. The other conditions are as described in

Materials and }lethods. (o) trpnl mRNA ; (o) trpCBA mRt{A

Figure 3.

Ti-me course of transcription of the t,ranslocated g operon in ).trp

in the absence of phage tof or N gene functi-on.

Cel1s of trpAEl were infected with ltrptofl2 (a) or ).trpsusN53 (b)

phages and incubated in the presence of L-tryptophan. The cultures \./ere

?4.
pulse-labeled with 100uCi (a) or 200uci (b) of ["HJ.ruridine for 1 min at the

1.4
tj-mes indicated. After infection 7.5 to 19.0 ug of ["H]./RNA (spec. act.

/, 1

3.4x10- to 5.0x10- cts/rnin per ug) were used for each hybrid assa-v. Values

represented are the percentage of hybrid RNA relative to the total labeled

RNA and the averages of duplicate determinations. Data are plotted in the

middle of each period of pulse-labeling. The other conditions are as

described in the legend of Fig. 2 and Materials and Methods. (o) trpED rRNA ;

(o) trpCBA trRNA

Figure 4.

Time process of stabilization of trp roRNA synthesized by P', -pronoter

. 
tr an._ absence of cof gene function.

Cells of trpAEl were infected rvith itrptofl2 phages and incubatei in

the presence of L-tryptophan. The cultures r.rere pulse:1aceled with

l'tt]uridine for 1 min at the 5th (a), 15th (b) or 20th (c) ninute after the

phage infection. Decay -of P, 1:p TnRNA was assayed in the conciition desc.ribei

in the legend of Fig. 2 and Materials and Methods. 8.8:c l-7.6:g of 1'U1RXf.'
'r 'L : /!

ispec. act. 0.5x10- to 2,7x10-. cts,/min per ug) yere used :cr each hvbrid. assar'.

●

●

●

(o) trつ ED ttRNA ;  (0) trpCBA mR、 A

51



●

Figure 5.

Effect of N and tof gene function on chemical stability of Pr-trp niRNA.

n (a) and (b), cells of trpAEl were infected with itrpsuqN53 ancl

- itrpsusNTtofl2, respectively, and, in (c), ce1ls of trpAElsul were infected
o with ),trpsusN7tof12. After infection cells were cultured in the presence of

L-tryptophan and pulse-labeled wit,h [3tt]uriaine for 1 min at the l5th (a and

b) and 20th minute (c) after infection. Decay of Pltrp- roRNA vras assayed

in the condition descr{bed in the legend of Fig. ZZaMaterials and Methods.

8.0 to 31.0 pg of [3u]nm (spec. act. 1.4x104 ro 4.3x104 crs/min per ug)

were used for each hybrid assay. (o) trp.nD nRNA ; (o) trpCBA nRNA

Figure 6.

Comparison of chemical stability of bulk urRNA under Pr-promoted

conditions.
i ;.;

Ce1ls of trpAEl were infecLed with Itrp.(a) and itrptofl2nand then incubarecl

at 30oC at a concentration of 2x108 cells/ml in the presence of L-tryptophan
1(50 ug/nl). Cells were pulse-labeled with 3 uCi of IJH]uridine for 30 seconis

at the 15.5th minute of incubation, and followed by the addition of rifampic:-r

(300 ugln1), nalidixic acid (10 ug/nl) and unlabeled uriciine (1 mg/ml).

A portion (0.2m1) of the culture rras removed at the indicated -imes during

incubation after addition of rifampicin and poured onto 2 m1 of 52 ice-cold

trichloroacetic acid. After at least 30 min on ice, each sample roas fllterei

onto a glass fiber filter, washed twice with 5Z trichlorlacetic acid in 502

ethanol, once with 5 m1 of 952 ethanol and once with 0.1 \ HC1 (Silengo

et al. , L974). Dried filters i.rere then counted with a toluene-based

scintillator. 'The total count of RNA unstable during a 20 rnin'incubation
:.

, . ,.,..:, .

of the cultures was set equal'to 1002. ;. The.'fraction of rhe unstable RliA.'.'
remaining at each time is plotted against time. . The 1002 point reDreserlrs

●

●
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about 3. axf O3 (a) and 3.3x103 (b) cts/min. The other cond j tions arc ir desc:::l-- --

in Materials & Ilethods.
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Fig. 5
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Fig. 6
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●        Part Ⅲ ・

DOtection and analysis of stab■ e MessengeF RNA in

Escher■ chia coli

●

●

●
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Sumrnary

Quantitative analysi-s of hybridization of E. coli bulk mRNA with

E. coli DNA or Vibrio DNA (which hybridizes specifically with E. coli

rRliA but not with E. coli mRNA) in presence of exess cold rRNA anci IRNA

showed ti-rat abouE 20:Z fraction of pulse-labeled E. coli urRNA whicir can

be associated with ribosomes is very stable r^rith a half-life of more

than 60 minutes at 30", whereas the remainder decays exponentially witi-r
l-

a half-life of about 4.5 minutes. E. coli strain 1086 (rel') was examined

after being pulse-labeled with [3H]uridine and chased at 43" in order to

clarify tire point that synthesis of these stable mRNA molecular speci:ies

is not under control of rel gene product.

To examine tire possibility of existence of a unique structure at

their 5 | end of the stable nRNA rnolecules, E. coli strain trpAEl was

labeled with [-H]methyl-methionine and nRNA was extracted followed by

digestionwithRNAaseT2.Chromatographicang1ysisofthedigested

fragments revealed existence of urethylated bases at internal sequences

of the stable RNA, but did not demonstrate existence of the unique
-t-

structure such as m'GpppNp at the 5f end of the molecule. However,
., 1)

from a siurilar type of analysis of "P labeled m RNA it was found

that at least a part of the stable nRNA molecular species possesses

either pppcp or pppAp at their 5r end of the RNA structure. Possible

mechanisms of degradation and stabilization of nRNA are discussed.

●

●

●

61



●

IntroductiOn

lt has been genera■ ■y DelieVed that many Species Of eukaryOtic mRNA

are stab19, While ma」 ority of prokaryotic mRNA is labi■ e degrading

exponentially with a half.life of a few 
■■nuteSo  Recent studues have

revealed the existence Of stab■ e mRNA molecu■ar species in 
二. CO■i System:

the mRNA specェe, f6r me口brane prOteins Of二。 C011 (Lee & I五 oりye, ■974;

Levy, 1975)and Phage mRNAs, fOr examp■ e, T4(craig三
二 ., 1972), ox■ 74

(Httashi&llayⅢ ■,■970),M■ 3(JttcniSh三
二 。,1970),T7(Summerrs,19703

Maレrs & Yanofsky: 197■ )R■ 7 mRNA(Ⅱ att■lan & 耳Ofschneider, 1967), shOw 8reatと r

chem己 cal stabi■ ity than the bu■ k mRlsA of 二。 cO■ i・  The greater stabi■ity

of mRNA Elay rOflect SOIne intrェ nsiこ feature of the structure of these mRNA '

moleこ ules.  using λtrp phage l nave shOwn llat the trp mRNA fOrmed by read―

through from a λ prOmoter are far IIlore stab■e than are the sa面 e trp transcr■pts

promoted by the usua■  trp starting sequence.  This suggests that covalent

fus■ o■ Of the 5'end Of trp mRNA to the tt mRNA tequenCe 
■eads tO 

→etaD■lizatiOn

Of a trp mRNA pequence (YamamotO & IInamotO, 
■975).  This result tOgether

Wilh the prev10us finding that mRNA is broken down from 5' end of the lnOlecu■
e

(Morikawa & IIllamoto, 19693 MOrse et ail。
, ■969) fa101`the noti9n tilttt the

rate■■im■ tin3 Step to ihitiate mRNA degradati6n is detと
F■■ned by a sequence

loこated al or nё ar the‐ 5' end 6i tllと  messeigさ芸 RNA.

It has been reportec that mRNA in ュ。 c01J〔 an be stati■ ized under tlle

condition of‐ 3tarvatiOA fO姜 患racil or aコ直n,IaCidS (Forl,,」 Lm脂‐「
1lgraad.967;

Linda■1 & Fordhlammer, 1969)and b■ 6ckttge of fib。 きohe ltranS10CatiOn (craig,

19723 cremer三 二。, 1974). :variation of translaliOn yie■ d of segments a■ 0■8

a sing■ e mRN, chain resu■ t in a change 6f chlhiと al liFetimさ  Of the sequeices.

The Chemical lifetime 9an be greatly pFO10五
:ld if mRNAfllλ

ti°nis b■
ocked.

Th手
| |lp・

ies i111t mRNA 五さ」11と atl。11111jie, vェth function■ ■ prOCesses of

●

●

●
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translati.on.

Iiere I sirow that a fraction of rnRNA species is relatively stable
in normally growing E- coli cells. These RirlA molecules form polyribosornes

o and are produced under stringent-control. r also present results of experiment

in which the structure of the.5r end of stable urRNA molecules is determined.

The regulatory mechanisms of mRi{A degradation will be dj-scussed.

●

●
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2. l{aterjals and Methods

(a) Bacterial strains

The following strains of E. coli K12 were used for mtrii\A preparation;

1086 rel+, a temperature sensitive mutant fe1 valyl tRNA synthetase and

W31■ 10            , a ■arge de■etion m口itant covering the whole trp 9peron

( Yanofsky  & Ito, ■966)。 ュ。 cO■ i K■2 W3■ 10

-一 ―

 nd VibriO metschnikov■ ■

were used as DNA sources for DNA― RNA hybridiZation exper■ men ts.

(b)PrOparation oflbacterial DlqA

E. co■i and Vibrio DNA were prepared according tO the method of

Saito and Miura (■ 963)。

(C) Pu■ Se-labe■ ing二 坐 饉  3H.uridinと

Bacter■ a were grown with aeration to 6X■ 08 ce■ ls′■l  in an enr■ched

medium (Len■ ox, ■955). The Ce■ ls were collected by centrifugation and

washed twice with co■ d minimal IIledium (VOge■ &  Bonner, 1956), and Sus―

pended in the same mediun to give a fina■  denSit' 3 X ■010 こe■■s/111■ .

Th9 9e■ l Suspens■ on was di■ uted ■5-fo■ d w■th prewarmed (30° or 43°  )

minI硼暉l lnediu壼.svpllemented with 20 amino acids (each O.5 mM)and the

pu'Pttnsl。■ WttS Shaken V180rous■ y in a wate.―  bath at 30° ,  or 43° |. At a

suittable tilne during ■ncubation:   cellS Were pul,e labeled With 100-300

11ti/mと 。 Of [つH]uridine as indicated in the ■egends to the figureS,

fO■ユOWed by additiOn‐ Of rifampicin (300 11g/m■), nalidェ xic aCid

(10 ,g/■ 1。 ) and un■abelld uridine ( l mg/ml。 )。  A portion (6 X109 こe■■3)

。f oell suspens■ on was  w■ thdrawn and poured onto 30 ml of crushed frozen

medium conta■n■ng O101 M Tris― HC■ buffer (pH 7.3), 0:005 M M89■
2' 

°・0・ M

ド洲3 and 150 μ
g/ml oF ch10ramhenicol.  :

(d)Long labёling 6f 並 並 IL― [meth,1 31i.iё tiionitte or 32P

BaCterial wera grown with aeration t6 61Xl168 c91ls/ml:in an enriched
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medium (L broth) (Lennox, 1955) supplemented with L-tryptophan (50 irgiml)

and L-cystein (50 FB/ml). The cetrls were collected by centri-fugation, washed

twice with cold minimal medium or cold buffer free from phosphate [ 5 X tO-2ll

Tris-HCl buf fer (pH 7.3), 0.1 Z (I.IH,)^SO, , O.O5"l C,H.O-i{a^.2 H^O and 0.012t+.2+o)t'z
o 

Mgsor..7 Hro], for labeling with L-[uretrryt-3ti1-methionin. o. 32r, respectively.4Z
After washing, cells were suspended in the respective medium to give a

final density of about 5 X 1010 cells/ml. About 1010 cells of bacteria were

transferred to 3 nl of prewarmed (30"') minimal medium supplemented lrlth

19 anino acids (each 0.5 nM) excluding L-tryptophan or of prewarmed casamino-

acids-broEh [L% vitamine-free casamino acids, the phosphorous content of

which was reduced to 2l mg/mL by precipitating phosphate as NHOMePOO.

0,257" Nac1, lmg/l of vitamine 81, 0.04 nM KIt2Po4 and 1 nM Mgsool(ogawa &

Tomizawa, Lg67), for labeling with L-[nethyl-3H]-nethionine or 32P, r""p."-

tively. The cel1 suspensi.on was shaken vigorously in a r^rater bath at 30o

Bacteria were labeled for 20 ninutes vrith 0.8'nCi of L-[nerhyl-3H]-nethio-

nine or 1 nCi of carrier free t32p] phosphate, added at the 5th minute of

incubation. Labeling was stopped by rapidly pouring the suspension onto

35 nl of crushed frozen nediun mentioned above.

(e) Preparation of polysoues

Bacterial cultures ( 1 X 1010 cells in 6 ml) were pulse-labeled with
I

300-350 pCi [rtt]uridine at appropriate time of incubarion at 30 " or 43o

Cells were harvested and mixed with 2 X 108 ce1ls prelabeled with I pCi
11.

[-*C]uridine (50 yci-/23}yil for 3 hrs in minimal medium at 30o and lysed

according to the procedure of Godson (L967). The lysate was centrifuged

on 5 ml of 10 to 30% linear sucrose density gradient containing 10mM Tris-

HCl buffer (pH 7.2),10nM MgSO, and 60 mM KCI for 60 rnin. ar 40,0C0 rev./min
+

in a SW69 rot,or at 40 . A portion of each fraction was puE on a filter
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diSk and cOunted after dry■ngo P01yribOsOmal fractiOns were cOmbined into

6 fractions and [3H]RNAs were extricted。

(f) PreparatiOn 二 理

RNA was prepared by the procedure repoFted previOusly (IiamOtO,■
969)。

The RNA obta■ned was filtered through a Mil■ iporO filter, precェ pitated by

ethanol and reso■ ved in H2° °

(3)DNA― RNA hybridization

The hybr■ dization procedure was as fO■ 19ws: DNA of Eo co■ l or vibr■ 0

was diluted tO a cOncentratio■  Of ■oO μg/ml in lxSSC and heated in bOiling

WaleF fOr lo mino fo■ ■Owed by rap■ d c001ing ■n iこ e water. The DNA was

ftrther diluted to a FconCさntratiOn of 16 μg/ml in 3XSSC。  lo m■  of the DNA

SOlt,10n waS filtered through  tt Millipore fl■ ter (type HA, 0。 45 11m pore

SiZё)of 25 mm dia■eter. The fi■ ter was washed with 40 m1 0f 3xSSC and

Cut into 8 pieces. DNA fi■ ter was dried at 80°   fOr 2ho Assay Of Eo coli

mRNA was carried Oul by inmersing One of these pieces Of fi■
ter in loo ul

6f [3H]RNA in '.3xssb in tha plさ sence of excess amount Of rRINA and tRNA,

and incubating ax 66", for 18 hrs.

: Vibrio DNA was used for the assay of E. coli rRNA
d

Kiqlngaard, L972). Afterwards, the filters r^rere treated

in LxSSC at 37o for 30 min., washed with lxSSC, dried

tgluene scintillation fluid.

(h) Sucrose density-gradient analysis of [3nl rota

Ri{A preparations were sedimented in 5% to 30z rinear sucrose gradient

containing 2 x ro-2 u rris-HCl buffer (pH 7.3), 0.1 M Nacl , 0.5"1sodium

dodecyl sulfate and 5 x to-3t'r EDTA for 110 rnin. at 64,000 revs./min. at

15o in a SW 65 rotor- After centrifugation the bottom of the tube was

punctured and appropri,ate fractions,were collected. ,

●
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With RNAase (511g/ml)

and counted in
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(i) Analysis of 5'-structure of Ri{A

Procedures of treatment of the. labeled RNA with ribonuclease and of

colunur chromatography of the RirIA digests were carried out as described

by Shimotohno and Miura (Lg76>.

(j ) Reagents

A11 reagents and chemicals were purchased and used as described in

Part II. Only the reagents used'for base analysis were the same as

described by Shimotohno and Miura (L976).

●
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3. Results

(a) Degradation of mRNA in normallv growing cells.

Tne kinetics of degradation of bulk nRNA (termed here as RNA speci-es

other than those of tRNA and rRNA)was analized in ■ormally JrowinJ(el・ S

of E. coli, carrying the temperature-sensitive valyl-IRUA synthetase (

Edlin & Stent,1969). This sLrain was used to investigate the effect of

stringent phenotype at a high temperature because of an inefficient suPply

of va■yl‐tRNA (   Neidhardt , L966) on overall rate of degradation

of ce■lu■ ar bulk mPaA.  The tryptophan aさ rebressed culture of 10B6 」

was と挙pOSea to tt one minutes pu■ se of [3H]tridinё  dtri■ 8 steady― stat。     ,1

tran,cri,tiln at 30° .  Further in99rpOratlo五  |:f [3H]u=idine intl mRNtttas

pFevented by the addition of rifamp■ cin and by di■uting the ■abel w■ th

an eる0'S Of unllbeled ur■ dineo  A‐ typica■ resu■t of these e立しёr■ments ■s

represこnted in rig。 1.  consiste,t with the prevlous reports (lmamOtO, 1973;

Yamalnoto & Imnmoto, ■975), it waS fOund that trpED mRNA decayel exPOnentia■ ■y

with a ha■ f ■ife of ′ toス5 minutes subsequent to instantaneous block of

initiati6n of the sy.nthesis by the additi6n of rifamp■ cin and trpCBA mRNA

dilllleared at a sl■
1,F・7 S191el r,ヽ

こP ttitll a half―■ife of abou1 2 111inttes

after rifamp■ dinradditiono  The oegradatェ。n 6f bulk mRNA lybridiZable with

Eo co■i DNA in presこnce of ettcess un■ abeled rRNA and tRIJA was found t。

exhibit the diphasic pattem of tle deこ ay curves.  The observation that the

puise二■abeiod ,こ■ヽ mRNA dё cay9d wilh ah app五 leit ha■ f二■ife of abOut 3、 5

milutes, wn■ ch waS about half the rate of trp mRNA degradatiOn, su8gest

tie ettiStence of a relatitely s,able mRNA ffactibno   A shal10w  Changes

in the rate curves oflmRNA decay Were ObServed with bulk mmTA COmpared to

tl■at Of trp 硼醸NAl  .Thェ , ittdiCatと , that re■atively stab■ e mRINA ,pecieS

●
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which degrade with a half-life of more than 40 minutes at 30" exist together

with unstable rRNA species, such as trp mRNA. Essentially si"milar obser-

vation was also obtained with the experiment in which E. coli strain :

trpCq94l was ernployed.

ut with E. eoli 1086 rel*.
-{

at 43o under the condition of which transcriptionlof rRNA and tRNA genes was

repressed by a stringent control. The result obtained showed that general

behavior of synthesis and degradation of bulk nRNA \tere essentially the same.

1.his suggests that the most of stable rnRNA molecules detected under tire present

conclitions are not those species of RNA prociuced f rom rRNA and tRitlA genes.

(b) Sedimentation analvsis of stable bulk mRi{A.

I have previously shown that trp nRNA synthesized originating at the

P. promoter of N gene (P, trp xnRNA) in ltrg phage in which the trp operon
L-

-is translocated into the early region of I phSge is greatly stabiLLzed

(yarnamoto & Inamoto, L975). In these experiments, sedimentation analysis

showed that a considerable fraction of the nRNA was conserved as large

molecules during a period of 18.5 minutes after inhibition of RNA synthesis
':,

by rifarnpicin, though some fragmentation occured on a part of Pllig trtRNA

fraction, resultin$ in accumulation of small fragments of the molecules

(about 4s).

Essentially similar changes to those in the sedimentation profiles

were observed with the stable bulk nRNA. Fig.2 represents the result3 of

experimdnts with a strain 1086 rel* growing at a permissive temperature

(30"). It can be seen in the Figure that a considerable part of the nRNA

fraction (about L)l of. pulse-labeled pRNA) was conserved as ethanol-

●
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precipitable and ュ: こoli DNA hybFidIZlb■ e nlaterials dtFing incubati9n f6r

at leaSt 30 minutes after additipn of rifamp■ cino  A considerable fraCtiOn

of stab■ e iRNA was still large moleCu■eS after the incubat=on) th91gh

some of these mo■ ecu■es seemed to be endonucleolytically cleavedo  Bulk

stable mRNA waO ■ot hybridized with Vibrio DNA containing the rRNA genes

hOmO■ 080us t6 th6Se Of ュ。 C01il(PederζOn & Kj eldgaard, 1972), thuS Verifing

that these stab■e RNA species were not those of RNA from rRNA genes, such

as spacer RNバ鳥pec・ es etc。

Figure 2b presents the sedimentation profiles of pulse― ■abe■ ed RNA

in the process of degradation ■n a stra■ n ■6二

` relす

 cu■tured lat a nOn―

lDer■■SSiVe temperature,whete synthesis oflrRNA and tRNA was repressed.

Genera■ behavior of stab■ e bulk mRNA molectles in the sedimentation pr9file

was essential■ y simi■ ar to that seen ■n ce■■s grow■ng at a permissive

temperature (Fig。  2a), thOugh the rate of disappearance of large mo■ ecules

was somehow faster at a high temperature。

(c) Stable nRNA recovered in inaqtrve polyiibosq

. Since any significant protein synthesis determined by incorporation of
'tL

['*C]leucine into host-trichloloacetic acid insoluble protein fraction

was not observed 'n E. coli ce1ls after incubation for more than 30 minutes

at 30o in the presence of rifampicin (data not shown), I have examined

as unloaded molecules free from ribosomeswhether stable nRNA rnight exist

or still be associated with ribosomes. Results rePresented in Figure 3

show profiles of polyribosomes prepared from the strain 1086 t"l* pulse-

labeled with [3H]urialne for one minutes at 30o at a steady-state of tran-

scription and ctrased rhe label for 60 minutes at 30" (Fig. 3a) or 30

●
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minttes at 43°  (Fig. 5b) after OdditiOn of rifampicin.  After incubatiOn

for these periodS at permissive and nonpermi,siVe condition sma■ l but

discernible amount Of ■arge polyribosomes  was still found in faster―

●         sedimenting  reg■ on in the profi■ es.  Sedimented materials were then divided

into six subfractions and, after とxtraction o士  [3H]RNA from each fttaction,

bulk mRNA were assayed by DNA― RNう3ybr・dization w■ ti ュ. c。 li bNA or Vibr■ o

DNA in presence oF eJ卜 ss of IIlature rRNA and tRNA.

' Reoults of these experiments are shom ■n Figure 6.  Significant

amount of bu■k mRNA (abott 30% Of ['童 ]RNA remained after incubation with

rf fttmpici● ), whiCh hybridized with Eo coli DNA but ■Ot with VibriO DNA,  was

′ deleCted in ■argё p61yribosomal fractions (A; B and C fractiOn in the

Figure 3): ThiS indicates that at ■east a fractiOn Of stab■ e hRNA molecu■ es

●         eXiSt as inactive polyribOSOmes even after the 10ng 
■ncubation of the

ce■■s at e■ ther 30° (αL 43° 。

The size of [3H]bulk mRNA which was recovered from large poly二

riboSOIIlal fractions (A, B and C fraction of Fェ gure 3) and nOn二 pO■yri10SOjal

(p, E and F fttactions of Figure ,)Was a■ a1/zed °n a ll鸞 ar suCr9seこ

de■Sity gradェ 9.t CenttiflgatiOn i(Fi3, 4)。   lulk mRNA plこ parations exhibited

五,つ01ydiSpersed patlein ェn the sedimeitatlonl prOfI■ es, tthus verifying a

■OtiOn that stable mRNA were conserved as ■arge mo■ とcules ■, po■ yribOSoma■

●         ,
fraction after overal■  activ■ ty of protei, Synthes■ s ■n the cellS had

disappeardd during iicubation in presencё  Of rifampicin。

(d)

I the foregoing sections show existenceThe experirnents Presented. ir

●
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of stable nRNA whose synthesis is not controlled by stringent factors.

This suggests that the mechanisn[t degradation of nRNA molecules are

diverse. There has been .rria.rri available to support a notion that the

rate-limiting step to initiate rnRNA degradation is determined by a

sequence located at or near the 5t end of the urRNA molecule (Imamoto &

$chlessinger, L974; Yamamoto & Imamoto, 1975). It would, therefore, be

an obvious expectation that stable rnRNA rnight possess the unique structure

at its 5t end of the molecules. It has been reported that many species of

eukaryotic RNA possess a unique structure of *TGpppNp at their 5' end of
vthe molecules ( for example, Miura e.t al., L975), though l[.siological

significance of this structure has still been obscure.

This expectation was examined and the results obtained are presented

in Figure 6. Bul-k mRNA prepared from E. coli strain trpAEl labeled with
? ??

IjH..rnethyl]methionine (Fig. 6a) or "P 1Fig. 6b) was digested with

RNAaseT2 and analy zed by DEAE-cellulose :chrombtography in presence of

7M urea. In the profile of Figure 6a, any significant radioactivity
1

with net char-ges of -t+..5 to ::5.5 should bq-:found if rn'GpppNp exists.

Any_ other unlque bases'rnrere not detecEedn but considerable radioactivj-ty

of Nmp was found, which seemed to be derived from internal sequences of
a)

RNA.rnoLecules.. In analysis of "-P-labeled RNA, the radioactivity peaked

at a position of net charge of -5. Fractions of the peak region were

pooLed and :reanaLyzed. by chrornatography on a Bio-Rad AG1 column after

treatment with Penicillium nuclease P1. The elusion profile represented

in Figure 7 shor^rs that the radioactivities peak in the posotions of ATP,

GTP and Pi. The distribution of radioactivities for ATP and GTP shows

that at least a part of'stable mRNA molecules possesses a structure of

●
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pppAp or pppcp at thei-r 5' end of the molecule.
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4。  Discuss■ on.

It haS been Feported that in ュ。 C01i Starved for urac■ l approx■matel,

one二half of the messenger activity of RNA is relatively short-lived,

whereas the remaining half shows a much slower decay (Forchhammer &

Kj eldgaard, 1967).  Later it was pointed Out that semi― stab■e mRNA is

only present during starvatiOn Of cel■ s for uracil (Lindahl & Forchhammer,

■969).  In exponentia■ ly Ёrowing cells this mRNA fraction is turned over

with the ha■ f…■ife cIlacteF■ Sti9 0f the short-lived mRNA present in the l

starvrd ce■ 11.  Therefore it can be assumed that s■ ow decay of the lnRNA

cou■d be due tO s10w translation which was an indirect result of b■ ocked

transcription caused by stOrVation for uraci■ .  Thi, premise, however,

would be ■napplicab■ e to the ■nterpretation of results reported here, s■ nce

the pulse―■abeling was followed by di■ution of the radioactive precursor

w■th exess un■ abe■ ed ur■dine.  The bropOrtion of the fraction of stab■ e

mRNA and unstable mRNA was about ■ : 4 in the present condition, but

this ratio might be vatiab■ e according to the physiological conditions

of the cel■ so  Recently, mRNA in Eo coli foF the membrane proleI■  'a,

been reported tO be re■ atively stable both functionally (Lこ e & In6tye,

1974)and chё平手ca■ly l(Tttkeishi tt al.: 1976).  SinCe such spocies 9f

mRNA iS considerab■ y small in size (about 5 to 6s),  findings reported

heFe slggeSt tha, veri9ty Of S'able mRNA spOcieS are obvious■ y present in

g10會ing二。 cOli Cells.              :  |

The 」udgement thatithe most Of the Stab■ e RNA species presented herё

are neithcr RNA produced frOm rRNA genes nor RNA from tRNA genes is

supported by the fol■ 6wing ob10rvatiohs: these stab■ e mRNA molecu■ es

are still synthesized undOr tle stF■ ngen, cOntr01 0f rel gene pFOduct

●
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andmajorpartsofthestablenRNAsedimentfasterthanIRNAinSucrose

densitygradientanalysis(Fig.2).ExperimentalresultsofDNA-RNA]

hybridization using Vibrio DNA also show that stable nRNA fraction dose

not possess the spacer sequence of the precursor RNA produced from rRNA

genes.

In spite of the greater chemical stability' Pltr!' nRNA loses the

capacity to serve as template for enzymes syrrttesr rapidly as does

o & Imamot-o, 1975). It would be diffj-cult

Eab]-ebulknRNAmoleculescontinuetoserveastemplateto assume that sj

forproteinsynthesisforalongperiodafterthernRNASynthesishas

been inhibited by rifampicin, since overall rate of 14c-1"""ine inio

proteins becomes undetactable after incubation of the ce1ls for more than

3df;rinutes in presence of rifampicin. By contraries, functional stability

of nRNA for the membrane proteins seems to be greater than that of the aany

other nRNA species. FactoG) controlling functional stability of the rnRNA

template is (are) currently under investigation'

tTherehas'beenampleSupportsforapremisethatdegradatic

is controlled by the event occuring at the 5t proximal sequence of the

''

molecule(Morikawa&Inamoto,Lg6g;MorseeE.al.,7969lYamamoto&

Imamoto , Lg75). It would be a possibility that the unaque Structure of

-7

m'GpppNp might play a role in stabilizing the nRNA' though the function

sent conditions' however'
of the cap structure is obscure' Under the prer

this unique structure was not found with the E' coli stab'1e nRNA'

AtleastapartofthestablenRNAfractioninvolvesthosemolecules

possessingeitherpppcporpppApattheir5ttermini,Itcanbereasonobly

●
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speculated that any of activities to degrade nRNA could be.restricted

at the 5' end of the molecules.

●

●

●

●

76



References

Craig,IE。 (1972). GeneticS 70, 33■ -336.

i  Craig,E。 ,Creier,K.&SChlessinger,D。 (1972)。 二。 M01・ Bibl.弓 ,701-7■ 5。

●      Cremer,K。 ,Si■ engo,L。 &Schlessingё r,D。 (■974)。 二.BaCteriol.■ 19,

Ed■in,G.&Stent,Go S。 (1969).PrOC・ Nato Acad。 整 。 UoS・ A.競 ,475-482.

Forchhammer,」 .&芍 eldgaard,N・ 0。 (■967)。 二。MOl・ B10■・んt,459-470。

Godson, Go N。  (■967)・  Metho En2ymo■ . ■2A, 503-5■ 6.

HattIIlan,S.&HOfSChneider,P`H。 (1967)。 二.MO■・ Biol:久2,173-■
90。

Hayatthi, Y。  & Hayashi, M。  (■970). COld Spring Harbor Symp. Quant. B101.

35, 171-■77◆
―                 ‐

■mamot9, F。  (1969)。 」I 型⊇1・  Bi。■・ 43, 5■…69.
―  _

●    IIIlaIIloto,F。 (1973)。 二.些 ■,BiO■ .疇 ,■■3-1,6.

Imamot%L&Sch■ esⅢ ger,Do C970。 墜 。堕 ・ GeneL鷲 ,29‐3&

」anish, R。 , Jacob, E. & HOfschnOider, P. H。 (■970)。 Nature (London)

解 ,59T,∝  |  ● :

Lこe,N。 .o lnluye;M。 '(■974).FoEoBoS。 単

Len■ o■ , Eo S, (■ 955). Vir010gy.■ , ■90-206.

.駕,1671■ 70.

‐  tetyハ ト (197つ :撃 。整 。Aとaと 望 。US■。み 2900T2?04

L五da■1,1.I Forch,ammer,」 。 (■969)。 二。 MO■ ,Biol。 輩 ,593-606.

●                       :
Marrs,B.L。 &Yanofsky,C。 (197■ )。 Nature ttW 3161.2■ ,■68-170,

Miura, K。 , Furuichi; Y。 , shimOtOhn63 K。 , Urushibara, T. & Sug■ ura, M.

(1975). PrOC・  10th FoE.BoS.IMeeting     9oす 108。

MOrlkawa, N. ● ImamOt9; F。 (1969)。 Nature (London)  223, 37■ 40。

Morse, Do E,,:Moslel■ er, R。 , BakeF, R. F. & Yanofskyメ Ć。 (1969)。 Nature
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Legends to Figures

Figure.

Decay kinetics of E. coli bulk nRNA.

?
Bact.eria were pulse-labeled with -H-uridine at a sEeady state of transcription.

One minutes after 3H-uridine addition (O tirne), rifampicj-n, nalidixic acid

and cold uridine were added to a final eoncentration of 300, 10 and 10OO

ug/rnl, respectively. A portion of the culture was removed at indicated

times during incubation after addition of rifarnpicin and RNA was extracted.

The trp nRNA and bulk raRNA values are expressed as 3r-*o hybridized/ug

RNA and normalized to 1002 for the maximum value. 3"-*o hybridized

specifically with DNA from $BO!rpEP., QBOtrpCBA or E. coli DNA was designated

trpEDmRNA, tTpCBAnRNA or E.c.oli bulk rnRNA, respectively. Values represented

are the average of duplicate determinations.

(o) trpEDmRNA; (o) ITpCBAnRNA; (r) E. coli bulk nRNA

Fi-gure 2

Sucrose density gradj-ent anal-ysis of bulk stable nRNA.

Butk nRNA;?lTr"red from cultures of J0B6 rel+ at 3Oo^(a, b,"l4t it
?

at 43" (e."-f...^ ). The cultures r^rere pulse-labeled r^rith "H-uridine for 1
' 'tl

rninute at a steady state of transcription and followed with the addtion of'

O rifarnpicin, nalidixic acid and cold uridine as described in Fig. 1.

t from the cultures at 0 (a &e ), 7.5 (f), 15 (b i, g.),Samples rvere ',rithdrawn from the cultur
(c & h) ana bo (a)

30 minutes after addition of rifannpicin. RNA extracted r,.ras cosedi-mented
n 1t' /,

rvith 10ug of'*C-RNA (2X10'cts/rnin per ug prepared from the rifampicin-

sensitive strain as described previously (Imamoto, 1973). Centrifugation

vras carried out as described in Materials and }Iethods. AfEer centrifugation
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about 30 fractiOns were collected.  Tota■  3五 and l'c as iell as EI coli

DNA hybridizable and Yl!5:.g DNA hybridizable radioactivity were determined

in each fraction.
o (o) RNA hybridizable wirh E. coli DNA; (p) RNA hybridizable with yibrio

DNA

Figure 3

Polysomal profiles rernaining durng incubation after addition of

rifampicin

Cultures of strain 1O86 rel+ was pulse-labeled and chased. as described

in Fig. l and Materials and Methods. After 60 rninutes (30"ra) or 30 minnt'es

(43o,b) of incubation after addition of rifampicin,3u-mlA was prepared.

a Cells are lysed and cenfrifuged to remove debris. 10u1 of each fraction

was put on a filter disk and counted after drying. Arrow in the Figures

indicates position of 70S monosome fraction. The other condition is as

described in Materials and Methods.

(.) 3u-mla; (o) 14c-*a

, in thこ ligtreJ sh6w sibilactions fr6m which 3._Di,ided portions, A to F

RNAs,9re etttrl,tё

` fOr the exper■

ments of Flg。  4.

Figure 4

Polyribosomal distribution of ,bulk stable mRNA

Polyribosomal fractions designated as'A-F in Fig. 3 rvere pooled respecEively
j

and -H-RNAs were extracted from each subfraction of A-F. Tritiated RNA from

respective subfraction was hybridized with 9. coli and Vibrio DNA. Arrows

in the Fig. indicate the position,of a subfraction which contains 70S
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monosome. The other condition and representation are as described in

Fig. 3 and MatOrials and Methods.

(o ) 3"-*r'to hybridized with E.coli D-NA; (o ) 3tt-p.tlA hybridized with Vibrio

・     DNA

Figure 5

Sedimentation profile of undegraded rnRNA in pol-yribosomal fraction

The culture$ of 1086 rel* wer,z labeled trith 3H-uridine and incubated in

presence of rifampicin as desvribed in Fig, 3. After 39 minutes of chase

periods at 43b, ce1ls were lysed and divided into two fractions by

centrifugation: polyribosomal fraction (a) and supernatant fraction (b) ,

corresponding to the fractiorsArBrC,D and fractions E,F of Fig. 3,

a respectively. From each fractions RNAs were extracted and analyzed by

sucrose density gradient centrifugation. The other conditions or

represetations are as described in Fig. 2 anil Materials and Methods.

(。 ) 3H_RNA hybridI´ ab■e with E. co■i DNA;

(c)Total-3"-u,oo

Figure

DEAE-cellulose chromatography of long-labeled g. goli mRNA-

?
The cultures of trpAEl- were labeled with 5rnCi of lrnetl"ryl-"Hl (a) or

?,)
lOmCi op "P (b) f.or 20 minutes during steady state of transcription.

Labeled RNA rvas extracted and the nRNA fraction was applied to DEAE-

cellulose chromatography in 7M urea after digestion by RNAaseT2.

The other conditions are as described elsewhere (Shimotohno & I'Iiura,
.-1

L976). Arrow in each figure indieates the elution position of rn'GpppNp.

●

●

81



●

Negative numbers represent the net charge of the nucleotides of the
position.

(iF-o) [rnethyl-3tt] radioacriviry; (-) Absorbance ar 260 nm.

Figure 7

Chronatography on a Bio-Rad AGI column of the Penicilliurn nuclease p,

digest of oligonucleotides in Fig. 6

The oligonucleotides of fraction 80*90 in Fig. 6b were pooled and digested
ty Pt nuclease . The digest were applied to the Bio-Rad coruu'r.

The other conditions are as described else where (Silirnotohno & Miura ,

Ls7 6)

(oC) 32p-t^d.ioactivity; (*) Absorbance at 260 nm.
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