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1. Introduction

The demonstration of a template specific initiation
reaction, by which ribosomes could recognize selective-
ly the proper cistrons of messenger RNA to be trans-
lated, would provide a mechanism of gene expression
control at the level of translation. Hsu and Weiss [1]
and recently Dube and Rudland [2] showed that
after infection by phage T4, a protein factor directs
E. coli ribosomes to select T4 mRNA from host or
phage f2 RNA. In our previous work [3, 4], analysis
of the function of the three initiation factors in mRNA-
ribosomal interaction indicated that the ribosome will
recognize specifically natural mRNA from other poly-
nucleotide templates only if initiation factor B (F3)
is present. This suggested that initiation factor B (F3)
might be responsible for a messenger selection process.
In E. coli, factor B (F3), indeed, appears to be heter-
ogeneous and we recently fractionated this factor into
several species characterized by their difference in ac-
tivity with T4 and MS2 RNA templates [5]. In the
present report, we show that the modification in
template specificity after T4 infection, which leads to
preferential initiation of late T4 mRNA translation,
can also be accounted for by a change in initiation
factor B (F3) activity.

2. Methods

Crude extract (S 30), ribosomes, crude initiation
factor and supernatant fractions from E. coli MRE
600 were prepared as before {3] . Initiation factor
C (F2) was purified as reported [3] and factor A (F1)
according to Hershey et al. [6] . Purification ard frac-
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tionation of initiation factor B (F3) was detailed else-
where [5]. Late T4 mRNA, extracted [7] from an
infected E. coli culture after 15 min at 37° C, T4
DNA and E. coli RNA polymerase [3] and RNA from
phage MS2 were obtained and used as before [3, 5].
Conditions for 35S-fMet-tRNA binding to ribosomes
[3] under which the reaction is dependent on the
presence of each of the three initiation factors were
obtained by using non-saturating amounts of the fac-
tors. In addition, binding was performed with
GMPPCP which reduces markedly the factor dependent
fMet-tRNA binding observed in the absence of
mRNAs [8].

E. coli MRE 600 was infected with T4 em 74
(lysozyme~) [9], at a multiplicity of 8. Cells were
harvested after 13 min at 37°; 14 | of culture yielded
21 g of fresh cells. The crude initiation factor fraction
from infected cells was prepared as for uninfected
E.coli [3].

3. Results and discussion

3.1. Translation activity of T4 infected E. coli extracts
for MS2, T4 early and T4 late mRNA s

Extracts from E. coli infected with T4 for 13 min
at 37°, translate MS2 RNA much less efficiently than
late T4 mRNA (purified from culture late after infec-
tion) (table 1) in agreement with the observation of
Hsu and Weiss [1] . In addition, we also detected a
marked decrease in the translation of a class of T4
mRNAs, namely, the transcription product of T4 DNA
by E. coli polymerase, which consists mainly of early
T4 mRNA sequences [12] . Table 1 shows that the
translation ratio between late and early T4 mRNA is
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Table 1
Translation activity of normal and T4 infected E. coli extracts for T4 early, T4 late and MS2 RNA.

Source of S 30 extract
Template used

Uninfected E. coli T4 infected E. coli

(13 min)

T4 DNA transcription product 372 10.0
(early T4 mRNA) valine (pmoles) : :
Late T4 mRNA, valine (pmoles) 485 65.2
T4 lysozyme mRNA (units) 41.0 35.0
MS2 RNA, valine (pmoles) 25.0 5.5
Late T4 mRNA, MS2 RNA 1.9 11.9
Late T4 mRNA, early T4 mRNA 1.3 6.5
T4 lysozyme, late T4 mRNA 0.84 0.56

Measure of valine-1*C (83 uCi/umole) incorporation in the non-preincubated crude extracts (E. coli S 30, 550 ug protein; T4 in-
fected S 30, 950 ug protein) was carried out in 0.125 ml reaction mixture {3} with 120 pg late T4 mRNA {7] or with 2.5 ug T4
DNA and 4 ug RNA polymerase (MgCl, 14 mM, plus 0.8 mM CTP and UTP), or with 40 ug of MS2 RNA (MgCl, 10 mM, NH4Cl,
80 mM). Endogenous incorporation in the absence of template has been subtracted (£. coli S 30; 15, 20 and 6 pmoles for early
T4; late T4; and MS2 RNA respectively. T4 infected S 30: 25, 9 and 8 pmoles respectively). Lysozyme units as Salser et al. [7].

£ +imm

5 times greater nfantad call fraa cuctem than

sxcatCL in the infected cell free Sysiem than in
uninfected extracts. Furthermore, the data indicate
that not all the mRNAs cistrons present in late T4
mRNA are preferentially translated after infection:
thus, the translation of the T4 lysozyme cistron is
even relatively decreased in the infected extracts, al-
though much less than the true early mRNAs. These
euanges were not apparent in extracts of cultures 3
min after T4 infection. The modification in translation
specificity observed late after infection might indicate
that the “turn off”” of early enzymes synthesis, late
after infection, [10] results from a decreased trans-
lation of early genes messengers.
3.2. Modification of template specific
initiation factor B (F3) activity

Although some modification of the ribosome frac-
tion after T4 infection cannot be excluded, the change
in template specificity can clearly be ascribed to the
initiation factor fraction [1, 2]. To determine which
of the three initiation factor activities is responsible
for the messenger selection process, we compared the
effect of each of the £. coli factors with that of the
T4 infected factors on T4 and MS2 RNA dependent
fMet-tRNA binding to ribosomes.

P ~
is aue to

T4 infected cells was used to replace in turn each one
of the three purified factors. If template specificity is
determined by one of the three initiation factors, the
change in specificity should be most apparent when
the T4 infected fraction is used as the only source of
this factor. Table 2 shows that the change in ratio
T4/l‘V{Sz I[{l\‘Tﬂ d&LlVlly UCPClldb VCly 1uuuh Oon Whl\yh
of the initiation factors is replaced by the T4 infected
factors. When the T4 infected fraction replaces factor
B (line 9) it produces a large stimulation in T4 mRNA
dependent fMet-tRNA binding but none in the MS2
RNA dependent reaction. In all combinations when
T4 infected factors replace initiator protein A (F1)
or C (F2), stimuiation is observed with both, ai-
though a small increase in T4/MS2 RNA ratio is seen.
As a control, addition of a crude fraction from unin-
fected E. coli cells (line 4,7,10), gives in all combina-
tions a T4/MS2 RNA ratio similar to that observed
with the purified proteins.

The data in table 2 thus indicate that the T4 in-
fected factors do exhibit factor C (F2) and A (F1)
activity for both MS2 and T4 mRNA, but factor
B (F3) activity only for T4 mRNA and not for the

MS2 template. The absence of activity toward the
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Table 2
Effect of the three initiation factors on template specificity.
F-Met-tRNA binding to ribosomes
. Initiation
Line o PP Lo A TN AIQA DRI A T4 ATT_
factor aadeda Late T4 mRNA MOZ RINA = ADUPU
dependent (pmoles) dependent (pmoles) MS2 dependent (pmoles)
1 A (F1)+ B (F3) +C (F2) 6.70 2.65 2.5 9.05
2 A+B 0.28 0
3 A +B+crude T4 7.08 1.43 4.9
4 A + B + crude Ec 4.92 1.94 2.5
5 B+C 3.55 1.4
6 B+ C + crude T4 8.02 2.23 35
7 B+ C + crude Ec 6.12 291 2.1
8 A+C 1. . 8.54
9 A+C+crude T4 4.50 0.31 14.5 8.91
10 A +C +crude Ec 3 2.2 9.62
ii A+ B+C+crudeT4 7.24 i.56 4.6
12 A+ B+C+crudeEc 5.48 3.02 1.8

355 F-Met-tRNA (24,000 cpm; 2000 cpm/pmole; free of unformylated species) was incubated at 32° for 10 min in a 0.05 ml re-
action mixture containing tris-HCl, pH 7.5, 110 mM, NH4Cl 90 mM, MgCl, 7.0 mM, GMP PCP (Miles) 1 mM, DTT 8 mM, glycerol
2.5% with 100 ug E. coli ribosomes, 10 ug MS2 RNA, 14 ug late T4 mRNA or 3 ug ApUpG; factor A (F1) after phosphocellulose
{61 5 ug, factor B (F3) step IV [5] 2 ug and factor C (F2) step IV [3] 1.6 ug were used in combinations with crude E. coli factor*
39 ug or crude T4 infected factor*, 45 ug. Binding measured on Selectron (Schleicher and Schull) filter membranes. Values in the

1 ta 12 racnectivaly:
1 10 12l IESpCCilvaLy.

ahsence of mMRNA were aihtractad fline
a0sCnNee O MivA WEIC suoiracied uine

pmoles).

* Crude Ec and crude T4, respecuvely, are the protems obtained from the 2

T4 infected E. coli.

MS2 RNA can be reversed by adding purified factor
from uninfected E. coli (line 11). The ratio T4/MS2

chtainad i otill highar than tha walen carue o
Uvuwaliivu 3 St 11151151 than the yaiuc UUbCI ch ul uie

uninfected system and probably results from the
combined effects of normal and infected factor B.
Competition between the factor activities is seen also
in all other cases where E. coli and T4 infected frac-
tions are added together (line 3 and 6 compared to
line 9).

The n]’\(‘aﬂlﬂt;{\

n that nuri
A4l1lvw UuUovilvauiwv i

stimulates MS2 RNA activity in the presence of the
T4 infected fraction shows that the decreased activity
of the T4 infected fraction for MS2 RNA results from
some change in factor B activity. This change could
result from either of two mechanisms: (1) the normal
factor B activity for MS2 is destroyed after T4 in-

foction 111409 a naw fartar R antivity ha ving affinite,
1I0CU0N 11 j ;14 a new IaClor O aclivily naving affinit Yy

only for T4 mRNA appears and determines the ribo-
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2 0.1:1.18:0.956:0.69:0.70;

;/ Vedy

01:0.71:1.24: n'n 1.35: 14658
A0 UT0, VDT, :v;u; f151.35, 0. 1.2235 1.0

M NH 4Ci wash of the ribosomes from uninfected and

some to recognize seiectively T4 mRNA and not MS2
RNA. We cannot yet distinguish unambiguously be-

tween these two possibilities*. Both mechanisms
tween these two possioniies™, Botn mecnanisms,

however, imply that factor B activities for T4 and
MS2 RNA are due to different proteins. Factor B
from uninfected E. coli can indeed be fractionated
into several species with different specificities for T4
and MS2 RNAs [5]. As shown in table 3, one of the
fractlons (factor B4) has a higher T4/MS2 translation

n the crude F rali factor while a
& iulv O, (Ui 1alivi, wiluv ain

* Tha dacreace in tranclation activity aftar T4 infaction ic nat
1 1 GECITAsST Il wanhiailCil aCuvily alill 14 INiSCiivnl i§ noy

restricted to MS2 RNA but is seen also with bulk E. coli
mRNA [2], with early T4 mRNAs and to a certain extent
even in the iysozyme cistron. if aii these changes were due
to inactivation of the host factor B, heterogeneity in the
factor B would require that this inactivation affects several
proteins. We therefore favor the hypothesis that the effect
observed is due to the synthesis after T4 infection of some
new species of factor B.
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Table 3
Effect of initiation factor on the T4/MS2 RNA translation ratio.
Late T4 mRNA translation MS2 RNA T4 T4
translation (total)** lysozyme
Factor added Valine Lysozyme Valine ysozy
incorporation synthesis incorporation
(pmoles) (units) (pmoles) MS2 MS2
Crude T4 58.4 31.5 7.1 8.2 4.4
Crude Ec 324 34 10 3.2 34
Fraction B* 49.5 63 5.9 8.4 10.6
Fraction BH1* 37.7 24.4 149 2.5 1.6
Crude T4 + BH1 51.6 30.8 11.1 4.6 2.7
Crude T4 + B4 74.0 78 9.6 7.7 8.0
Crude Ec + BH1 28.3 14.4 12.0 2.3 1.2
Crude Ec + B4 56 47.6 13.2 4.2 3.6

* These fractions were purified from crude E. coli factor (see [5]). Fraction B4 is obtained from DEAE cellulose column, fraction
BH1 after purification through hydroxylapatite.
** T4 (total) refers to the overall valine incorporation observed with T4 mRNA.

Valine-14C (83 uCi/umoies) incorporation was measured in 0.125 ml reaction mixture [3] containing 200 ug E. coli ribosomes,

60 ug late T4 mRNA, 15 ug MS2 RNA; high speed supernatant 300 ug; when factor B4 [5], 140 ug, or BH1 [S] 0.5 ug, were

used purified factor A (F1) 10 ug and factor C (F2) 14 ug were added; crude E. coli factor (crude Ec) 80 ug and T4 infected factor
(crude T4) 90 ug were used in combination with factor B fractions. Endogenous incorporation (3.5 pmoles) was subtracted.

tor BH1) is characterized by a ratio lower than that of References
the crude factor. Existence of different factor B

species for T4 mRNA and MS2 RNA would explain
how changes in relative activity of factor B for different
templates are possible. As an example, in line with
hypothesis 2 above, the template specificity of the T4

infected crude factor could be understood by assuming

[1] W.T.Hsu and S.B.Weiss, Proc. Natl. Acad. Sci. U.S. 64
(1969) 345.

[2] S.K.Dube and P.S.Rudland, Nature 226 (1970) 820.

[3] M.Revel, H.Greenshpan and M.Herzberg, Cold Spring
Harbor Symp. Quant. Biol. 34 (1969) 261.

[4] M.Revel, H.Greenshpan and M.Herzberg, European J.

than after infection the extract is enriched for a new
factor B species specific for late T4 mRNA. Thus, as
illustrated by table 3, the translation activity of the

Biochem. in press.
[5] M.Revel, H.Aviv (Greenshpan), Y .Groner and Y.Pollack,
FEBS Letters 9 (1970) 213.

cell free system for different templates varies according (6] 'HZ;;H ;;sghey’ KF.Dewey and R.E.Thach, Nature 222

to which factor B is added, suggesting that, in vivo, [7] W.Salser, R.Gesteland and A.Bolle, Nature 215 (1967)

variations in the amount of the different factor B (F3) 588.

species could control the relative translation of differ- (8] Y.Groner and M.Revel, unpublished data.

ent messenger RNAs. [91 R.Gesteland, W.Salser and A.Bolle, Proc. Natl. Acad.
Sci. U.S. 58 (1967) 2036.

{10] S.Champe, Ann. Rev. Microbiol. 17 (1963) 87.

{11] R.Schedl, R.Singer and T.Conway, Biochem. Biophys.
Res. Commun. 38 (1970) 631.

[12} E.Geiduschek, L.Snyder, A.J.Colvill and M .Sarnat, J.
Mol. Biol. 19 (1966) 541.

Acknowledgements

The expert technical assistance of Mrs. P.Federman
is gratefully acknowledged. Work supported in part
by a grant from Service d’Aide 4 la Recherche et au
Development Frangais.

221



