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1. Intreduction

Some stable RNAs in £, ¢oli apprar 10 be tran-
scribed as lomger units which are subsequently cleaved
to give the functional species {1, 2] . This phenome-
non may cccur with all stable RNA molecules. In this
study an E. coli mutant {AA-157), which is itempera-
iure sensitive with respect to RNA synthesis, was in-
vestipated and several new precursor species were
found. The technigue described might offer a useful
method for stndying precursors of other siable RINA
species.

2. Maierials and methods

E. coli mutant AA-137 (isolated and characterised
by A.G. Atherly) was grown in 70 ml low phosphate
media at permissive temperature {30°C) to A g5 of
0.30. The culture was shifted to the restrictive tem-
perature {(42°C) for 1 hr, then rapidly collected by
centrifugation at room temperature. The cells, after
being washed once with a modified TPG2A media [3]
containing ne phosphate, were resuspended in 5 mlof
this media {pre-warmed to 30°C) to which 5 mCi of
[32P]phosphate were added: The culture was then in-
cobated with vigorous aeration for 1 hr at 30°C. ‘The
entire spspension 'was sxtracted with hot {65 °C) phe-
nol, and the RNA precipitated frorm the agueous laysr

‘at —20°C by the addition of 2.5 vol of ethanol. In '1he
experiment, 1—2% of ﬂ‘lE 1abel was mcorp orateﬁ m’ro
RNA
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The products were separated on a 10% scrylamide—
0.5% bis-acrylamide slab gel at pH 8.3, as described
by Dinginan and Peacock [41. The results of 2 radio-
autograph are shown in fig. 1. The seven bands, la-
belled A—F (fig. 1) were cut out ané a portion of
each bangd homogenised in M NaCl tc recover the
RNA, Bands which-did 1ol prove 10 be-homogeneous;
on the basis of initial fingerprint evidence, were fur-
ther purified by washing the gel band at 4°C first
with water, then with 7 M urea, and re-running th =
band on a 12.5% zorylamide stacking slab gel, as de-
seribed by Vigne and Jordan {5]. BandsE and F
were each separated into two major compnents {des-
ignated B', B”, F' and F”', respectively, in fig. 1) us-
ing this procedure.

2.1. 53 -Tesmini of RNAs

A To-ribonuclease hydrolysate of RNA from each
band was applied to a polyethyleneimine {PET) thin
layer chromatography plate (20 X 20 cm. Schleicher
and Schiill, F14480 PEI, Dassel, W. Germany). This
was developed with 1.5 M KH,PO,, as described by
Cashel and Kalbazher [6], together with a reference
sample of pppGp {a genercus gift «f G. Rubin), and
the plates subsequently radmau‘mgmphea to reveai
5’ termmz. nuclentides..

2.2. Fingerprints of Ty-ribonuciease digests of RNA
The RMA s frumrappropriate acrylamide gelbands
were digested with T -ribonuclease and examined by

 atwo-dimensionsl fingerprinting technigue on PEI-

cellulose essentiaily as described by Griffin [7].- The -
thin layer plates (20 X 40 cm, Schieicher and Schitll)
were washed before use [8Y. For the second dlmen-
sional separation, they were developed with 1.5 M .

. pyridinium formate up to 10 ¢m, and then with

273



Yohume 34, number 2

Mmoo oy

Fig. 1. Separation of the RWNA from E. coli mutant AA-157
by acrylamide gel electrophoresis nsing 10% acrylamide—0.5%
bis-acrylamide [4]. The origin 5 labelied O,

either 2.0 M or 2.2M pyridininm formate, as indi-
cated on the fingerprints {fig. 2, 3, and 4).

After elution with 30% triethylammonium carbon- '

ate (pH 10), information abont partial sequences and
base composition of the large ongonbonur’lem:des
‘was obtained by pancreatic mbonuclease or alkalme
‘digestion. [9]

Tne base composmon of the pmduct m1gmtmg in
the posxtmn ‘expected foor U2‘CG m ihe Tl -nboml-
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clease fingerprints of bands C, D, and E’, was deter-
mined by chromatography of a Ty-ribonuciease hy-
drolysate on a thin Jayer cellulose plate {20 X 20 cm,
E. Merck, Darmstadt, W. Germany). The plate was
developed with propan-2-ol (68 ml)—conec. HC1{18
ml)—H,0 {14 ml). Reference samp}es Were rin as

markers,

3. Results and discussion

The mutant AA-157 used in this study shows a com-
plete shut-off of stable RNA production within min-
utes after the shift up from 30°C—427C, whereas some
(if not all) messenger RNA production, as assayed by
B-galacinsidase induction, is unimpaired at the resiric-
tive temperature [10]. This mutant is defective in
fructose-1, 6-diphosphate aldolase and behaves in a
manner snnﬂa:r e a mutant previously deseribed by .
Bbck and Neidhardt [11). We have used this muotant
of E. coli as a tool to block stable RNA production,
prior to addition of [32P]phosphate, so that the cells
might become depleted of their stable RNA comple-
ment. In order to obtain sufficient material for study,
and be able to isolate it under conditions which wonld
minimise the maturation of any precursors present
12] , we nsed the high-density cellular technique de-
seribed in the previous section. We expected that when
stable RINA synthesis was restarted (at the time of
shift down to permissive temperature), the cells
would transiently accumulate precursors of various
RNA species. Moreovsr, as the mutant has a doubling
time of approximately 90 min under the conditions
used, we hoped that by harvesting cells at times less
than this, to be able 10 obtain and study such precnr-
S07TS. '

Separations of the total RNA, from cells grown
for 1 hr at permissive temperature, on acrylamide
gels (fig. 1) seemed to confirm our predictions. Bands

-A;C, and D are not normaily seen in preparations of

E. coli RNA, and bands E and F, which normally con-
tain 5 S and 4.5 S RNA respectively, were found by
subsequent purification to contain more than one
species. Thai some of these bands contain untleaveﬂ

- wr partial precursor species of stable RNA’s was dem-

onstrated by obiaininga T 1 -nbennclease fingerprint

“of matena]s from each m the bands ]abeﬂed in ﬁg. .



Velume 34, number 2 FEBS LETTERS - Angust 1973

- 1'= AGACAUUCACCLIG
2= LAY JCAUACCACAQKJ
S C(Adu_:cAc)Auscucuej
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Fig. 2. A mo—ﬂ:mensronal separation of the T;-ribonuclease products of band A R¥/A, The sevenieen long cligonuclestide pecn-
Yiar to 6 S precnrsor is labelled 3. All other oligonucleotides are common to both precursor {band A) and mature (band B) RMA.
The position of the normal 5-end of mature é 8 RNA (pAU;CUCUG) is shown by a dotted circle. The exient of ¢lestrophoresis
mecessary to separate spots 1,2, and 3 {first dimension) wonld resnlt in the loss of pppGp; it wonld appear 25 the fastest spol in th:

first dimension and the slowest in the second.

Bands B and 5" showed fingerprints identical with
those expected for the stable 6 8 [12] and 4.5 8 [7]
RNA’s of E. coli, respectively. Band E” was identified
as the 5 8§ RNA precursor described by Forget and
J ordan [13]:
7 . RNA fromband A gave the Tl-—nbﬂfmlclea;e finger-
- print shown in fig. 2. In addition 1o the expected

yor ducts of 6 8 RNA [12] , an oligonucleotide 17
residu 23 long (fig. 2, spot 37 was found whick con-
taind the 9 residues from the normal 5’end of 6 8
RNA aswell as C, A, U and AC. A Ty-ribonuclease

" dipest of band A material showed it to contain

pppGp, together with some an"' ai its 5 -end. Pre-
Timinary expemnems mdma‘ted that the 3"-end also

P 2
A
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—>CELLULOSE ACETATE gpH 35

Fig. 3. A two-dimensional separation of the Ty-ribonnclease products of band E' RNA. The 5’-end product, pAUsG, and the 3'-
eni product, CAUA».-5 A—OH, are peculiar to precursor 5 8 RNA. The 5'-end products of the partially matured 5 8 RNA from

band E’" are indicated by dotted circles.

contained a few mor2 nuclectides than normally
found in 6 S RNA; its sequence, based on a quantita-
tion of the products obiained by alkali or ribonu-
clease digestion, and the 3’-end products reported by
Brownlee [12], is tentatively proposed to be—
AUUCAUX—-OH. '
From this evidence, it seems likely that RNA from
band A represenis a direct precursor of matare 6 8

RNA. Since we have found no evidence of heterogen-

276

ity in the new 5°-oligomer, it would appear that cleav-
age to the mature form occurs vid an endonucleolytic
split, similar 1o that previously reported for the con-
version of precursor to mature tyrosine tRNA [14].
The other precursor species studied in detail was
that found in band E. When band E {fig. 1) was sepa-
rated into two components using a stacking gel pro-
cedure, E” RNA was shown by fingerprinting tech-
niques to be the partizlly matured 5 3 RNA [13];it



Volume 34, number 2 FEBS LETTERS August 1973

e - -cna

e - I

vy os e

. BRT)E

_M o PEI CELLULOSE 1:3M{iocm.), 200 BYRIDINIUNM FORMATE.

CELLULOSE ACETAYE pH 35

Fig. 4. A two-dim-msional suparation of the Tj-ribonuclease products of band F* RNA. The simplicity of the fingerpriit indicates

that it is probably a single species, and the 5’-end prodnet, pppGp., suggests that it is a primary transcription product. 14 is posse: Iy
a precurser of a transfer RMA.

contained the heterogeneous 5'-ends pAULG, pUaG, creatic ribonuclease, and the products separated by
pU,G and pUG. Band E’, on the other hand, had as a ionophoresis on DEAE paper {(pH 3.5), adenylyl-37
5'-end only the larger oligomer, pAU5;G. No pppGp 5’.uridine-3’ phosphate { ApUp) was found; in mature
or other tri- or tetra-phosphate species was found in 5 8 RMA of £ cofi the 3"-end is CAU-OH [15],

this material. The resnlis are suminarised in fig. 3. A which would give rise to AplU—-0OH nnder these condi-
more interesting feature of band E'RNA was the ap- tions. Moreover, treaiment of the 3’-end fragment
parent presence of additional nucleotides at the 3'- " with verom phosphodiesterase gave a ratic of mon :-
end. When the 3'-end fragment was treated with pan- mucleotides equal to 435 A:1 U in one experiment,
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Fig. 5. The separation by thin layer chromatography of
mengonucleotides from spots with the expected composition
U»CG obtained frem Ty-ribonuclease digest of RNA% from
{1) band C {3) band D and {4) band F'. {2), (5) and (£) are
reference materials.

Abbreviations:
¢ . T=thymineriboside; U = uridine; _\P ps&udouﬁ&lne' ;
C = cytidine and G = geanosine. ~ i

‘and 6—7 A:1in another. These experiments seg- '
gest a short Tun of olige-A at the 3 '-end of precursor‘ o

.5 SRNA. They confirm dn earlier observation of

‘Pieczenik k {1 6] that the 'end of 5 5 RNA obiamed

,:2;;'8 S
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by puise labelling a phagérinfe'ci‘ed E. coli in-the pres-

ence of chloramphenicol, contained exira nucleotides,
The structure therefore proposed for the termini of
precursor 5 S RNA is: -

—G-U-U-U—-Ap {57
AU Ag-s A—OH {3%)

This would appear to be the first RNA species found
in prokaryotic cells which contains sequences of ade-
nosines at its 3"-end. The significance of this is not
clear; certainly very liitle exira stability would be giv-
en to the molecule itself by the presence of these ax-
tra residues.

Stizdies on RNA’s from bands C, D, and F’ (fig. 1)
suggested that these three species might be precursors
of transfer RNA®s. From their positions on the asryl-
amide gel, RNA from bands € and D should be simi-
lar in size io the tyrosine precursor tRNA described
by Aliman and Smith [17], whereas band F RNA
by analogy with 4.5 8 RNA should contain approxi-
mately 110 nucleotides [18] . All three species were
found to contain pppGp as a 3'-terminal nucleotide.
Fingerprints of T, -ribonuclease digests showed them
to have an oligonucleotide in the position expected
for U, CG (T¥CG). The band € product contained
only 10, C_and G, whereas the similarly migrating
product from bands D and F’ showed partial modifi-
cation to thymineriboside and pseudouridine, as
shown in fig. 5. Unfortunately, only small yields of

- the materials from bands C and D were obtained, 50

it was not possible to purify them to a forther state
of purity., or make any structural assignments. With
the material from F’, some information was obtained,
however, as shown in fig, 4. Aitempts to corzelate
this data with any of thé known structures of E. coli
tRNA have not yet been snceessfnl. Preliminary evi-
dence suggested that the RNA’s from bands C, D and
F’ were not rélated to each other. In a separate ex-

~_ periment {not previously decscribed) where a 15 min

pulse of [32P]phosphate was used, several larger

- RNA speécies, migrating just slightly ghead of the ori- -

ginon a 10% acrylamide gel, wers chserved. One of

these contained all the Tl-nbonuc}ease products
found in band C,in addition to many other oligomers.
Itis iherefo:e possible’ to suggest ‘that band C RNA

_mightbea parnal maturanon pmduci of an even
l]mge;r specxes L L
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We feel ihat ihe meﬂmﬂt ﬁesen’bad in this paper
should be useful for studying precursors of stable .
coli RNA molecules, and may lead to the discovery of

yet more species of RNA. Moreover, we are optimistic’

that they may also allow a study Df the maturation
kinetics of these species.
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