Volume 32, number 2

FEES LETTERS

Jume 1972

ADENYLIC ACID-RICH SEQUENCES IN MESSENGER RNA FROM YEAST POLYSOMES

Jennifer REED and Erhard WINTERSBERGER

Physivlogisch-Chemisches Instizes, Universiitt Wiirzbiog, Koelitkerstrasse 2, D-B7 Wirzburg, Germany

Received 18 Apri 1973

1. Introduction

SBequences, 150- 250 nucleosiides long, which con-
tain over 90% adenylic acid (poly{A)) have been found
in the messenger RNA {mRMNA) and the heteroganzous
nnclesr RMNA of marrmalion cells as well as in viral
RNA and virs-specitic mRNA [1—2]. The funciion
of thess post-transcriptionsliy added seguences s al
present unknown. Similar segments of poly(A) aopear
to be absent from the mRNA of bacterial peiyscmes
1101, In this context it is interesting to note, hovsever,
that according io a recent report poly{A) sequences
are present in the mRNA of a comparatively simpie
organism, the cellular slime mold Dictyostelium
discoidenm [11]. Going still further down the com-
plexizy of snkarvotic cells, we wish to report here that
poly{A) sequences, 4D—060 nuecleotidss long, can also
e found in polysomal mRNA from the most primitive
unicelivlar eukaryotic, Szecharomyces cerevisize. This
ingdicates thel whatever the role of poly{A) sequences,
it mmnst have to do with some specific property com-
mon to all enkaryoiic mRNA’. A preliminary account
of this wetk was presented ai the 8th. FEBS Meeting,
Amsterdam, 1972 [12].

2. Methods and materials

2.1. Prepgration and labelling oFf yenst spheropiasts

Yeast cells (strain D273-10B, @, p*) were grown at
28°C 1o a density of 2 X107 cells/ml in 2 medium
coniaining 0.3% veast extraci, 0.5% peptone and 1%
ghicose. Celis were then harvested and spheroplasts
prepared according io the methed of Hutchison and
Hartwell [13]. Washed spheroplasis werr suspended
(2 % 108/mY) in a medivm containing 1 M sorbitcl,
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0.1% weast exisact, (.2% peptone and 1% glucose and
conditioned for 1 hr at 28°C, Label {eiiler 5 nCifmi
[3Hadenine or [PH]uridine, or 0.23 uCi/mi {"4C}-
adenine) was added and incubation continued for

5 min at 28°C. At the end of the pulse Iabelling period,
cycloheximide was added io a finei cone. of 200 pgiml
and spheroplasis repildy cooled and harvested by cen-
trifugation.

2.2. Prepaoration of polysomael RNA

0.5 to 1.0 X 101¥ labelled spheroplasts were sus-
pended in 10 el of 0.0315 M KL1-0.07 M Tris-HCH
{pH 7.5)—0.01 M MgCl, containing 50 pg/mi poly-
vinylsuifate and completely lysed by the addition of
decxycholate Ic a final conc. of .5%. After 3 min a1
0°C, Brij 58 was added again to a final cone. of 0.5%.
Afer another 5 min at §°C, the lysate was cenirifuged
for 15 min 1o remove most of the chromatin material
an€ debris. The mrbid and slighily yellow supernatant
was layered cnio 25 mi gradients of 10—40% sucrcse
made up in the same buffer and cenirifuged for 4 br
at 25 00D rpm in the SW 25.1 rotor of the Spinco
centrifoge. After centrifugation, gradients were pumpsed
throagh the flow zell of a Gilford specizophotometer
10 record antomaticakbly the optical deasity at 260 am
and collected in abowt 235 fractions. Acid inspluble
radivactivity was determined on 50 g4 aliquots of each
fraction.

Alternatively, polvsomes were isolated from the
lysate by a simplified procedure involving centrifuga-

tion for 0 min at 105 YO0 ¥ through a cushion of

208 =pcrose. Polysormes were dissociared in a buffer
consisting of 0.015 M iZCi—0.01 M Tris-HClH{pH 7.5)-
003 M EL TA and 3D pgiml polyvinylsulfate, and tne
ribonwclevproteins separated by centrifisgation for

18 hir at 21 000 rpm in 25 mi gradients of 10—-40%
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sucrose (in 0.015 M K.C1-0.01 M Tris-HCL {pH 7.5)
containing 50 ug/ml polyvinylsulfate).

Polysomal RNA was extracted either directly from
polysomal suspensions or from fractions of the ribo-
nucleoprotein separated by sucrose gradients. Depro-
teinization was carried out using the method described
by Adesnik snd Darnell {14], which involves extrac-
tron with chloroform/isoamylalcohol 1in the presence
of sodium dodecy] sulfate. Separation of the isolated
polysomal RNA 1n sucrose gradients was done by
layering approx. 1 mg of RNA dissolved in 1 mti of
0,1 M NaCl--0.01 M Tris-HCl (pH 7.5)—1 mM EDTA-
0.05% SDS onto 25 ml of a 10-30% sucrose gradient,
{rmade up 1n the same buffer), and centnfuging for
16 hr at 20°C and 25 000 rpm m the SW 25.1 rotor.
After centnifugation, the optical density of the gradients
was recorded automatically and acid precipitable radio-
activity determuned on 5O ul aliquots of the ca. 25
fractions collected.

2.3, fsolatron and characterization of poly(A)

The presence of poly(A) in the sample was assayed
by digesting the RNA dissolved 1n 0.3 M NaCl-0.03 M
sodium citrate (pH 7.0) with a mixture of pancreatic
(2=5 pgfml) and T1 (2--5 U/ml) nbonucleases and
determiniung the acid precipitable radioactivity re-
maining after the process had reached completion.
Digested or non-digested samples were analyzed by
electrophoresis in 10% polyacrylamide gels prepaied
accordmng to the method of Loening [15], using
diacrylate as the cross-inking agent, After electro-
phoresis the gels were scanned at 260 nm, frozen,
shiced and the shices dissolved in 10% piperidine at 60°
for 1 hr. 10 ml Bray's semnillator were then added and
the samples counted m a Nuclear Chicage Mark 1 sem-
tillation counter

2.4 Materials

All mdiochemicals were obtained from Radiochem.-
cal Centre, Amershan:. The speclﬁc activities were:
[3I-Iladenme' 17 Oymmol; PHlundine: 5 Ci/mmol;
['4Cladenine: ZR7 mCy/mirol. Glusulase, the snail gut
enzyme used for ihe preparation of yeast spheroplasts,
was from Endo Laboratories, Garden City, N.Y.; pan-
creatic ribonuclesse was obtained from Boehringer,

5 -Mannheim and nibonucleaso T1 from Worthington
. Biochemical Corp. All other chemicals and Teagents
: used were of analytmal grade quality M
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3. Results

Table 1 shows the acid precipitable counts remain-
ing in total polysomal RNA after short-term and long-
term labelling. Digestion resistant sequences are present
only in the pulse-labelled RNA, and are essentially
absent from RNA labelled under long-term condations.
Thus the polyadenylic acid containing sequences present
1n yeast polysomes are associated only with the rapidly
labelled RNA fraction, presumably messenger. Two
conirol experiments provide good evidence that the
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Fig. 1. Sucrose gradient sedimentation of veast polysames
after dusociation with EDTA, About 10*° spheroplusts were
pulse labelicd for 5§ min with 250 uCi [*H}adenine as described
by Hutchivon and Hartwell [13). Polysomes were {solated,
treated with EDT A and centrifuged through a 10-40% suciose
gsndiant as outlined in Methods and materials. After centrifuga.
tion the contents of the centrifugs tube were pumped through
the flow ccll of a Gilford Spectrophotometer to record auto-
matically the absorbance at 260 nm (———-) and then collected
in fractions of about’'l mleach. A 50 ‘ul aliquot of each frac-
tion was nsed to determine avid intoluble rdioactivity
{(#—+—+), Fracilons corresponding io the four arbitrarlly
chosen sies classes, (1: 5—20 5;1%: 20-40.58; 111: 40—60 3;

IV: > 60 §); were pooled’ pﬂ.or to the isolation of RNA sccord-
ing to the procedure of Adosnik and Damell (14}, C‘nmpieta
digestion Wwith a mixture of pancrenticiand T1 ribonucieaes

. yielded the Tollowing' petccnugo of tenistance for the foursize
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Table 1
Ribonuclease resistance of short and long term labelied polysomal RNA.. - - ‘ -
A min 2 min 5 min 10 min 20 mun 40 min + 70 min
Short term 7238 1588 74 470 3718 238 269
Long term 7801 34 18 18 3 -

Polysomal RNA was prepared from yeast spheroplasts pulse labelled for S min ot steady state labelled throughout the growmng

period of the cells and digested as deseribed in Methods and materials. The numbers given are opnm of acid precipitable radicactivity
n 100 pl aliquots taken from the digestion mixture at the times indrcated.

nbonuclease resistant material obtaned from poly-
somal RNA consists of polyadenylic acid: first, expo-
sure of the short-term digestate to 0.1 M KOH at 30°C
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Fig 2. Sucrose gradient redimentation of deproteinlzed yeast
polysomal RNA. Polysomes were exttacted with chloroform/
tsoamylalcohol as deseribed in Methods and materials and the
purified RNA centrifiged on a 10=30% suciuie gradient. The
conients of the contrifuge tube wire then pumped through

the flow <ell of a Gl\ford Specirophotomete: to record the op-
tical density at 260 nm {(—) and then collected In fractions of
sbout I mleach. 50 ul siquots of each (raction were uted to
determine the acid procipitable tadioactivity (o-=0—0),
Ancther 50 pd aliquet of each fraction was dilnted $-fold with
0.3 M NaC1--0,03 M sodjum citrate (pH 7.0) and a mixture of
pancreatic and T1 ribonucleases added to a Onal cone. of
10 ug/mland 10 U/m, tespectively, Digestion was cartled out
for 30 min at 35° C after which the remaining acid precipitable
rdicactivity was determined (#~——9——9),

for 24 hr results in the total loss of acid precipitable
material, which shows that the nibonuclease-resistant
fraction 1s a polynbonucleotide; second, when RNA

nlice number

Fig. 3. Polyacrylamide gel electrophoresis of the ribonuclease
restatant fraction of the [H)adenine pulse-labolled mRNA.
The four fractiors (I—~IV) of mRNA obrained from the experi-
ment of fig. 1 wore digested with ribonuclense as described in
the text, Electrophoresis of the digests was in 10% diacrylate
cross-linked polyactylarmide gels (0.4 X 8.5 cm) at 3 mA/gel
for 1 hr, After electrophoresls, gels wero sliced, the slices dis-
solved in 0.5 ml 10% piperidine aind treatod for 1 hr at 60°C,
Adver addition of 10 ml Bray's solution, the samples were
counted, (om0 1; a—t—a |}; o—0-=0 1]]; ¢4 1V
Yenst IRNA served as the 4 S marker; its position In the gel
was delermined by scanning the gel at 260 nm. Migration Was
fromy tight to left. o -
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Fie. 4. Polyavrylamide ge? elestrophoresis of the ribonuclease
resisaant fraction of long-izrm and short-term labelled weast
polysomal Risa, Cultvres wers Inbelled and disestion carried
ol as deseribed in the 1exl, The ribonuslease resisiant facrions
wiere placed on 10% polvacrylamide gils and glectrophoresed

at 5 mAgel for 1 br. RadioacBvity was assayed as described

for Hg. 3. Yeast tENA was used a5 marker. Migration was from
might 1o leTt, (»—we—) long-1crm labelled; {v—=—=) shoti-
1etm Inbellsd.

labelled witk [*H]uridine was digested, little or no
counts were detectable in the acid precipitable materka,
which therefore must be composed primarily of
adenylic acid. :

I ribommcleoprotein is relzased from short-temm
Iabelled polysomes and separated on a sucroze gradient
{fig. 1, polyadenylie acid sequences are found 1o be
assocjated with the high specific activity RNA fhrough-
out the range from 5—60 S. The per cent of the resistant
material decreases ronghly with increasing size, which
suggesis that {he actual length of the poly(A) seguences
remains roughly constant regardiess of the size . the
messenger with which 31 3s associated. if short-term
tzvelled total polysomai RINA s deproteinized before
‘separation on a sucrose gradient the distribution of
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digestion resistant material is as shown in fig. 2. Again,
the poly{A) is asseciated with messenger throughont
a wide range of zizes, and the possibility ihat this asso-
ciaticm is mmediated through bound protein is ehminated.

The size of the polyl A3 sequences was delermined
by electrovhoresis in 10% polvacrylamide gels, using
yeast transfer RWNA {ca. 80 nucleotidss} as a markes.
Fig. 3 shows the results for digestion resstant maderial
from: the four size clesses of fig, 1. The size o the
poly{A) segnents is seen 10 be independent of that of
ihs messenger with which it is associzred. The raie of
migration r+lative 16 the marker yields a size esthmate
of about 55—60 nucleetides. Discrepancics between
the size of o poly(A) segment and iis expeered mobility
on polyacrylamde gels and suciose gradients have
beer noted, however {6], and were also observed in onr
woik, as poly{A) from veast was found o sediment
on sucrose gradients considerably slower than 4 5 RNA
{not shown). The actual size of the segment can by the
metheds applisd therefore merely be bracketed as being
betweean 40 and 50 nucleolides.

iz srder 1o getl a rough estimate of the homogeneily
of poly{A), a doubfe label experment was carried ount,
£2lls were lahelled with boik 3B luridine and [14C]-
adenine, polysomal RMA prepared and the nibonuclease
resistant fragment analyzed on polyacrylamide gels,
Az judged from the extent of contamination of uridine
counte in the poly{A) rezion, the Jatter consists of
over YO adenyiic acid.

1f long-term labelled RNA is digested (table 1) and
analysed on 1% polyacrylamide geis the resulis aie as
shown in fig. 4. The long-term digest is compared
with 2 iotal polysmnal digest from short-term labelled
material, Cleasly there is essentially no poly{A)
associated with ribosomal RNA; the very low peak
which zppears on the gl is probably due to 2 small
percentage of label incorporated in messenger under
these conditions. In agreement with ikis observaticn,
it is found that where 70% of pulse-labellad RNA is
bound to millipore filtsts and 60% to poly(U)-Sepharose
columns, steady-state labelled material, in condrasi, is
retained very poorly, (18% and 209, respectively).
Further, digestion with RNAasé of the portions of the
pulse-labelied RNA retained and sxcluded on poly{U)-
Sepharose and analysis of the digestion products on
acrylamide gels showed that only that part of the
RNA which is retained on the column contains the
typicai poly(A) material, which is absent from RNA
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which is excindsd. These lindings, apart from providing
further evidence for the presence of poly{A)seguences
in yeast mRNA, will be useful for siudiss involving the
isplation and characierization of this mRMA_

To show thet the poly(A) present in yeast polysomes
is an integral par? of the messenger, the RNA released
from polysomes by EDTA ireatment was separaied
according to size on suerose gradients both before and
after removal of proiein, 28 shown in figs. 1 and 2. As
snbsequen: digestion of the separaied fractions in both
cases Teveals the presence of poly(A) in ribonucles-
protein sedirenting throughout the sangs from 560 5,
and in purifisd RNA sediimenting up 1o ai Jeast 17 8
{ihat from heavier messenger is not presen? in large
enough songentrations 1o be obscrved undor these
sumpling conditions), it iz vlear thai the vast majority
of poly{A) associaled with veest polysomal RNA is
wleased from the messene:T only «fer enzymailc
hydrolysis.

4. Conclus:ons

These experimments indicate that polyadenylic acid
sepments are associated with the rapidly-labelled RINA
of yeast. The segments seem o be covalently linked wo
the messenger, and approx. 4060 nucleotides in length.

his size is significantly lower than the 150--250
nueleotides reported for animal cells. It is of interest,
though, thai the poiy{A) sequences found in the
mRMA of D discoidewm are alsp shorter than those
oF andumeat vons 11 1] and this mav be of significance
with regard to the function of poly{A).

While this paper was in pigparation, results essen-
tially identical to ours were reperted by Mcl.anghlin
et ai. [16].
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