
Volume 4 Number 11 November 1977 Nucleic Acids Research

In vitro transcription of E. coli tRNA genes

Jacob I. Grimberg and Violet Daniel

Department of Biochemistry, Weizmann Institute of Science, Rehovot, Israel

Received 20 July 1977

ABSTRACT

Transcription of tRNA aenes carried by transducing bacteriophages 080psu3+
(tRNAjIYr) and Xh8OT (tRNA Yr, tRNA203Ysu36, tRNA3Th9 was studied in vitro in
a system consisting of whole bacteriophage DNA and purified RNA polymerase. In contrast
to unusual requirements for tRNA Tyr gene transcription from DNA fragments, the trans-
cription on whole bacteriophage DNA was found to be relatively not salt sensitive, did
not require glycerol and rifampicin-resistant complexes with RNA polymerase were formed
in the absence of nucleoside triphosphates. Termination factor P stimulated the trans-
cription of the tRNA genes as-well as that of a 4S RNA on Xh8OT DNA template. The
stimulatory. effect of P was abolished by rifampicin and seems to be due to the release of
RNA polymerase and reinitiation of transcription.

INTRODUCTION
The tRNA genes carried by the DNA of bacteriophages 080psu3+ (tRNAJTyr) and

Xh8OT (tRNA2 tR 2 su3S +, tRNATh) have been efficiently transcribed in vitro by

purified E. coli RNA polymerase to produce high molecular weight tRNA precursors (1, 2).
The tRNA precursors were processed by S-100 E. coli extracts to mature size tRNA

molecules (3) and the ability of the synthesized tRNA to undergo base modifications and

aminoacylations was demonstrated (4). These studies have shown that the in vitro system

is appropriate for the study of various aspects of tRNA biosynthesis. The properties of

te Tyrthe tRNA 1 gene promoter have been studied in vitro using as a template the whole

080psu3+ DNA (5), or restriction endonuclease-derived DNA fragments (6). Kupper et

al. (6) have studied the transcription of the tRNATyr gene on isolated DNA fragments.
They found the promoter of the tRNAl gene to have rather unusual properties, being
inhibited by low salt concentrations, requiring glycerol for efficient transcription and

being unable to form any rifampicin resistant complexes with RNA polymerase. In the

present study we have examined the properties of tRNA gene transcription from whole

transducing bacteriophage DNA templates. We find that the promoter-dependent
transcription is relatively not salt sensitive, does not require glycerol and rifampicin-
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resistant complexes with RNA polymerase can be formed in the absence of initiation of

RNA synthesis. These findings suggest that the transcriptional properties of a promoter may

vary according to whether it is located on isolated DNA fragments or complex DNA

structures.

MATERIALS AND METHODS

DNA from 080psu3+ (7) and Xh8OT (8) was transcribed in vitro by E. coli RNA

polymerase in reaction mixtures containing 50 mM Tris-HCI buffer pH 7.9, 10 mM MgC12,
50 mM KCI, 1 mM dithiothreitol, and 0.5 mM each of ATP, CTP, GTP, UTP, one of

which was [a-32PI labeled (Amersham, England) as previously described (3). The RNA

polymerase was used in limiting amounts as determined by transcription of 080psu3+ DNA

with increasing amounts of enzyme (Fig. 1), and Pfactor was in excess. The synthesized

RNA was processed by S-100 extracts (3) and fractionated by acrylamide gel electropho-

resis on 40 x 20 cm 5% gels (20:1 acrylamide-bis-acrylamide) containing 7 M urea in

Tris-borate buffer (9) at 175 V for 16-19 h. DNA dependent RNA polymerase, termination

factor P and S-100 extracts were prepared from E. coli MRE-600 cells (3). Restriction

enzymes Hind 11+111 were obtained from New England Biolabs (Beverley Ma.) and 90Opsu3+
DNA d;gest was prepared as described by Landy et al. (12).

RE SULTS

Influence of P factor, glycerol and salt

As seen in Fig. 2, transcription in vitro of 080psu3+ DNA by E. coli polymerase

'O ~~I I I
Fig. 1: Transcription of 080psu3+
DNA by increasing amounts of RNA

_ / polymerase.
i 6 _ / _ Reaction mixtures(50 0l) as described
o / in Materials and Methods containing
o 2.8 lAg 080psu3+ DNA and increasing
0.o4_ y _ ~~~~~~~amounts of RNA polymerase were
_c preincubated for 10 min at 370. RNA
aX /synthesis was initiated by addition of
E 2 nucleoside triphosphates together with

rifampicin (12 lAg/ml). After incuba-
Z r I I I I tion for 10 min at 370 the incorpora-
rn>5 10 15 20 ted radioactivity was measured by

Units enzyme /,ag DNA trichloroacetic acid precipitation.
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in the absence or presence of P factor yields an RNA product of about 9S (band A) which

was identified as the precursor to tRNATyr (3). Rho appears to stimulate the synthesis of

the tRNA,yr precursor without affecting its size (Fig. 2). The stimulation of tRNA synthe-
sis by P can also be seen after digestion of the primary transcription products of 080psu3+
and Xh8OT DNA by S-100 E. coli extracts to form mature size tRNA molecules (Fig. 3A and

3B gel 2). This suggests that the increase in tRNA synthesis reflects an increase in the

number of initiations at the tRNA gene promoters and not a P-mediated suppression of

read-through transcription. The possibility of an effect of glycerol, which is present in

our P preparation, was ruled out since glycerol at concentrations as high as 20% has no

effect on tRNA gene transcription (Fig. 3A and 3B, gels 3 and 4).
Rifampicin (12 ,jg/ml) was added along with the four nucleoside triphosphates to

a preincubated reaction mixture containing the respective DNAs and RNA polymerase in

the absence or presence of P factor. Fig. 3A and 3B (gels 5 and 6) show that the stimulating

effect of P on tRNA synthesis was abolished by rifampicin indicating that the effect is. due to

an enhanced reinitiation of tRNA gene transcription. It should be observed that the presence

of P either in the preincubation mixture before addition of rifampicin and nucleoside tri-

Fig. 2: Effect of P on tRNATyr precursor
synthesis

-Origin 2.8j,g 080psu3f DNA in 50 pl reaction mixtures
(Material and Methods) were transcribed by 14
units RNA polymerase in the absence or presence
of P factor for 30 min at 370. The RNA products
were extracted by phenol, ethanol precipitated

9S- ^ -A and fractionated by electrophoresis on a 3% poly-
acrylamide gel containing 7 M urea. RNA
markers: E. coli 5 S RNA and rabbit 9 S globin
mRNA

-5S

-P +P
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Fig. 3: Effect of P factor, glycerol and
rifampicin on tRNA gene transcription.
Reaction mixtures (90 Al) as described
in Materials and Methods contained,
7 Ilg 080psu3+ (A) or 10 g.g )h8OT
(B) DNA, 120 units E. coli RNA poly-
merase(8000 u/mg)and 7.5,uCi [a32p]
UTP (30 MM). Reaction mixtures 2 and
6 contained also 8 MlA P factor and
reaction mixtures 3 and 4 contained 5
and 20% glycerol respectively. After
10 min at 370 transcription was initia-
ted by the addition of the nucleoside
triphosphates. To reaction mixtures
5, 6 and 7 rifampicin (to 12 IAg/ml)
was added together with the nucleoside
triphosphates, which contained 12.5
,uCi (a-32p) UTP (30,uM). To reaction
mixture 7, rho factor was added
immediately after rifampicin and
nucleoside triphosphates. Reaction
mixtures were incubated for 30 min,
followed by a 10 min incubation in the
presence of 1.5 MAg DNase and 3 Mg
actinomycin D and a 90 min incuba-
tion with 600 Mg S-100 extract. RNA
extraction and acrylamide gel electro-
phoresis were as described in Materials
and Methods.
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- tRNATYr

-- tRNA +

tR NAGIY

1 2 3 4 5 6 7
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phosphates (Fig. 3A and 3B, gel 6) or immediately after (Fig. 3A and 3B gel 7) results

actually in a reduced production of both tRNA yr and tRNAT>r and has no effect on tRNA

and tRNAThr synthesis. Further evidence that P factor may affect transcription by making
available the RNA polymerase molecules for reinitiation was obtained by comparing the

effect of P on the transcription of 080psu3+ DNA with that on ry-32P3GTP incorporation.

Fig. 4A shows that the addition of increasing amounts of P. while reducing the amount of

9

CL~~~~~~~~~~~~
5000< 5
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aI-

0 3~~~~~~
Y L ~ ~ ~ ~~~~~~I, ,

0 1 2 3
p factor (pI1)

I -IB

a.8

0 2 3

p factor (,&1)

Fig. 4: Effect of rho factor on total RNA synthesis and RNA chain initiati'on.
Reaction mixtures (50,ul) as described in Materials and Methods contained 3,Ag
,080psu3+ DNA, 60 units RNA polymerase, [3H] UTP (10 Ci/mmol), [y-32p]
GTP (0.8 Ci/mmol) and increasing amounts of P factor. After 10 min preincubation
at 370 transcription was initiated by the addition of the four nucleoside triphosphates
alone (Fig. 2A) or together with 0.2 jig rifampicin (Fig. 2B) followed by 30 min
incubation at 37°. The reaction was stopped by 5% trichloroacetic acid, the RNA
was collected on millipore f'ilters washed and the incorporated radioactivity counted
in a scintillation spectrophotometer.

3747



Nucleic Acids Research

RNA synthesis, brings about an increased RNA chain initiation.The enhanced [y-32P JGTP

incorporation observed in the presence of P was abolished when rifampicin was added along
with the nucleoside triphosphates (Fig. 4B).

The transcription of tRNAI genes on isolated DNA fragments was reported to be

unusually salt sensitive (6). Fig. 5A shows that the transcription of the tRNATyr, genes on

whole phage 080psu3+ DNA does not seem to be inhibited by salt and takes place within
a broad range of salt concentrations (0 to 0.15 M KCI). A shift to a lower optimal salt
concentration (0.05 M KCI) is observed when P is present during the transcription of tRNATyr

A B

s*%. _m or _ __g*
' S F _
~_46.4**vo w

"ma s '. o . - tRNATYr

1 2 3 4 5 6

.:...%::.VI....

*.:C

Se5S

M.,' tRNAY

Tfhr*44 4-fR-tRNA +

tRNAGIY

1 2 34 5 6

2 3 4 5 6

Fig. 5: Effect of salt on tRNA gene
transcription.
080psu3+ DNA was transcribed in the
absence (A) and presence (B) of P factor
and Xh8OT DNA was transcribed in the
presence of P factor (C) at the following
KCI concentrations: 1 (no salt), 2 (0.05 M)
3 (0.075 M), 4 (0.10 M), 5 (0.15 M),
6 (0.2 M).
[cE-32PJUTP (5 Ci/mmol), [a-32PJCTP,
(6 Ci/mmol) and (6.7 Ci/mmol) were used
in experiments A, B and C respectively.
RNA' processing, isolation and fractionation
were as described in Materials and Methods.
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(Fig. 5B) and tRNA TYr tRNAThr, tRNAGIy (fig. 5C) genes2'1
Stability of tRNA gene promoter-RNA polymerase complexes

The experiments presented in Fig. 3A and 3B (gels 5 to 7) show the formation of

rifampicin resistant complexes between the promoters to the tRNA genes and RNA polyme-
rase. Preincubation of 080psu3+ or Xh8OT DNA and RNA polymerase in the presence of

GTP, the initiating nucleotide for tRNATyr, did not enhance the amount of the synthesized

RATyradRATyrItRNA1I and tRNA2 while a preincubation with both GTP and CTP resulted in a 2 to 4

fold increased synthesis (Fig. 6A and 6B). The resistance to rifampicin of the complex
between RNA polymerase and the promoter tRNAGly, tRNAThr genes seems to be less

affected by the presence of GTP and CTP (Fig. 6B).
Transcription of restriction DNA fragments

08Opsu3+ DNA was digested with Hind 11+111 enzymes and the mixture of fragments
was used as a template for in vitro tRNA gene transcription. Fig. 7 shows that using this

template the tRNATyr synthesis becomes stimulated by 20% glycerol and inhibited by 0. 1 M
1

A B

Tyr
-tRNA

-tRNAGY IRNATh

1 23 12 3

Fig. 6: Stability of tRNA gene promoter - RNA polymerase complex to rifampicin
9)80psu3,-' (A) and Xh8OT (B) DNA were preincubated with RNA polymerase for
10 min at 370 in a reaction mixture containing 50 mM KCI in the absence of nucleo-
side triphosphates (1) in the presence of 500 giM GTP (2) or 500 jAM GTP+20 1AM CTP
(3). RNA synthesis was initiated by the addition of the missing nucleoside triphosphates
(one a-.32P-labeled)and rifampicin (16 lAg/ml final concentration)followed by 20 min
incubation at 370. RNA processing, isolation and fractionation were as described in
Materials and Methods.
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Fig. 7: Transcription of tRNATYr gene on restriction fragments of 080psu3+ DNA.
20 ,Ig 080psu3+ DNA were digested in 100 jil reaction mixture (60 mM NaCI, 6 mM
MgCI2, 6 mM Tris buffer pH 7.9, 6 mM mercaptoethanol) with 10 units Hind 11+111 for
12 hours at 370. The mixture was extracted by phenol and the DNA precipitated by
ethanol. The restriction 080psu3+ DNA fragments were transcribed in reaction mixtures
of 50,Il containing 2 MAg DNA and 10 units RNA polymerase. Reaction mixtures 1 to 3
contained 0.05 M KCI and were (1) -P (2) +P (3) +20% glycerol (4) contained 0.1 M
KCI.

KCI (gels 3 and 4). The presence of P stimulates tRNATyr synthesis also on the unfractiona-

ted 080psu3± DNA digest (Fig. 7, gel 2).

DISCUSSION
In the present study the transcription in vitro of tRNA genes was carried out using

whole transducing bacteriophage DNA (080psu3+, and Xh8OT) and limiting amounts of RNA

polymerase. In such a system, we have previously observed that the addition of an excess

of P factor (titrated against RNA polymerase) resulted in an increase in the amounts of tRNA

(4, 5) as well as tRNA precursor (10) produced. Fig. 2 shows that the increase in the amount

of the synthesized tRNA precursor is not accompanied by a change in its size. These

observations have led us to assume that P factor may not have a termination effect on tRNA
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gene transcription and that the stimulation of tRNA synthesis is due to a release of RNA

polymerase and reinitiation of transcription. This interpratation is supported by the present

finding that rifampicin abolishes the P-stimulation of tRNA genetranscription (fig. 3A and

3B). The lack of effect of P after rifampicin addition, even when P was preincubated with

RNA polymerase and DNA, rules out an effect of P to enhance the affinity of RNA poly-

merase for tRNA gene promoters.

Fig. 3B gel 2 shows that the presence of P in Xh8OT DNA transcription stimulated the

synthesis of a 4 S RNA molecule smaller than tRNAThr and tRNAG'Y. This finding is similar
to that reported by Rosenberg et al. (11) who observed the P-stimulated production of a 4S
RNA upon in vitro transcription of XDNA. It should be observed that, unlike Rosenberg et

at. (I1), we have processed the Xh8OT DNA transcription products by S-100 extracts and

4 S RNA appears to be resistant to nuclease attack. Were the 4S RNA synthesized in the

absence of P part of a large size RNA molecule, it would have been detected by the diges-

tion with S-100 extract. The increased formation of 4S RNA by P seemns therefore to be due

not to an enhanced termination of this molecule, but rather to a reinitiation of transcription

similar to that observed for the tRNA genes. This interpretation is supported by the abolish-
ing effect of rifampicin on the P-stimulated synthesis of 4S RNA (Fig. 3B, gels 6, 7).
Recently, Howard et al. (13) came also to the conclusion that P factor stimulates the synthe-

sis of 4S RNA on XDNA by facilitating the release of RNA polymerase from the termination
site.

Our findings on the effect of salt and glycerol on tRNA gene transcription and the

stability to rifampicin of the promoter-RNA polymerase complexes indicate that these

promoters are not as "weak" a s previously claimed (6). The transcription takes place at

a broad range of salt concentrations, does not require glycerol, and the promoter-RNA
polymerase complexes formed by preincubation in the absence of nucleoside triphosphates
are relatively resistant to rifampicin. The discrepancy between our results and those

reported by Kupper et al. (6) seems to reside in the DNA template used. The promoter to

the tRNA yr gene appears to be "weak" only when studied on unfractionated (Fig. 7) or

isolated (6) Hind 11+111 restriction-DNA fragments. The transcription of small DNA fragments
obtained by digestion of 080psu3+ DNA with Hind 11+111 enzymes and consequently contain-

ing 5' single stranded ends is complicated by the competition of the terminal ends with the

true promoter for binding of RNA polymerase. We do not know how this affects the proper-

ties of the promoter but it seems that the transcription of the tRNATyr gene on the restriction

fragments is not efficient. Only 0.04 pmole tyrosine accepting tRNA is synthesized on
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0.4 pmole single gene containing DNA fragment (6) as compared with the synthesis of 5.6 and

19.6 pmole tRNATYr on 1.4 pmoles tRNATYr gene-DNA on a whole phage DNA template (4).

It can always be argued that the transcription of tRNA genes on whole phage DNA

and on restriction fragments does not start from the same promoters. This possibility seems

irnprobable in view of the fact that a mixture of GTP and CTP is found to increase the

resistance of the complex tRNATYr promoter-RNA polymerase to rifampicin on both 080psu3+
and Xh8OT DNA (Fig. 6A and 6B) as it does for the tRNATyr1 gene on the restriction DNA

fragments (6). More studies are necessary to understand the interaction of RNA polymerase

with tRNA gene promoter on multipromoter-containing DNA structures and the factors which

control the transcription of tRNA genes.

ACKNOWLEDGEME NT

We thank Mr. Y. Tichauer for competent technical assistance.

REFERENCES

1. Daniel, V., Sarid, S., Beckmann, J.S. and Littauer, U.Z. (1970) Proc. Nati. Acad.

Sci. U.S.A. 66, 1260-1266.

2. Grimberg, J. . and Daniel, V. (1974) Nature 250, 320-323.

3. Daniel, V., Grimberg, J. l. and Zeevi, M. (1975) Nature 257, 193-197.

4. Zeevi, M., and Daniel, V. (1976) Nature 260, 72-74.

5. Beckmann, J.S. and Daniel, V. (1974) Biochemistry 13, 4058-4062.

6. Kupper, H., Contreras, R., Landy, A. and Khorana, H.G. (1975) Proc. Natl. Acad.

Sci. U.S.A. 72, 4754-4758.

7. Andoh, T. and Ozeki, H. (1968) Proc. Natl. Acad. Sci. U.S.A. 59, 792-799.

8. Squires, C., Konrad, B., Kirshbaum, J. and Carbon, J. (1973) Proc. NatI. Acad. Sci.

U.S.A. 70, 438-441.

9. Peacock, A.C. and Dingman, C.W. (1968) Biochemistry 7, 668-674.

10. Daniel, V., Beckmann, J.S., Grimberg, J.l. and Zeevi, M. (1976) in 9th Alfred Benzon

Symp. Control Ribosome Synthesis (Munksgaard, Copenhagen) p. 286-277.

11. Rosenberg, M., Weissman, S. and Crombrugghe, B. de (1975) J. Biol. Chem. 250,
4755-4764.

12. Landy, A., Foeller, C. and Ross, W. (1974) Nature 249, 738-742.

13. Howard, B. H., Crombrugghe, B. de, and Rosenberg, M. (1977) Nucleic Acid Res. 4,
827-842.

3752


