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RNA Processing Generates the Mature 3" End
of Yeast CYC1 Messenger RNA in Vitro

J. Scort BUTLER AND TERRY PLATT

In whole cell extracts of Saccharomyces cerevisiae, incuba-
tion of precursor mRNA transcripts encoding the se-
quences essential in vivo for forming the 3’ end of the iso-
1-cytochrome ¢ mRNA (CYC1) revealed an endonuclease
activity with the characteristics required for producing
the mature mRNA 3’ end. The observed cleavage in vitro
is (i) accurate, occurring at or near the polyadenylation
site of CYC1 RNA, (ii) 30 to 50 percent efficient, (iii)
adenosine triphosphate dependent, (iv) specific for the 3’
ends of at least two yeast pre-mRNA’s, and (v) absent
with related pre-mRNA’s carrying mutations that abolish
correct 3’ end formation in vivo. In addition, a second
activity in the extract polyadenylates the product under
appropriate conditions. Thus, the mature 3’ ends of yeast
mRNA’s may be generated by endonucleolytic cleavage
and polyadenylation rather than by transcription termina-
tion.

transcriptional modification before export from the nucleus to

the cytoplasm. These modifications include capping of the 5'
terminus, methylation of some internal adenosines, and RNA
splicing to remove internal noncoding introns and then join the
separated exons into a contiguous mRNA. In higher eukaryotes, the
formation of the mature 3’ end of mRNA’s also requires RNA
processing which entails (except for most of the histone transcripts)
endonucleolytic cleavage and polyadenylation of a primary tran-
script, or pre-mRNA, that extends some distance beyond the mature
3" end of the message (). The extent of gene expression depends on
(i) efficient polyadenylation of mRNA’s to enhance the stability of
the message (2) and (ii) selection of the correct polyadenylation site
to produce the desired protein product. For example, some human
thalassemias result from mutations in the conserved AAUAAA
polyadenylation signal that abolish correct 3’ end formation and
thus reduce globin gene expression in the affected individuals (3, 4).

IN EUKARYOTIC CELLS, MESSENGER RNA’S REQUIRE POST-

The authors are at the Department of Biochemistry, University of Rochester Medical
Center, 601 Elmwood Avenue, Rochester, NY 14642.
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Where alternative polyadenylation signals exist, selection among
them provides a mechanism to control gene expression. In develop-
ing B cells, the shift from one polyadenylation signal to another
causes a change in the production of immunoglobulin M heavy
chain from the membrane bound to the secreted form (5), and
selection of polyadenylation sites affects the relative amounts of
adenovirus mRNA’s during infection (6, 7). These examples reveal
the widespread involvement of mechanisms determining mRNA 3’
end formation in the regulation of gene expression.

In higher eukaryotes, cleavage and polyadenylation require the
nucleotide signal AAUAAA, which is about 20 nucleotides 5 to the
cleavage site (8, 9), as well as some less conserved GU- or U-rich
sequences just distal to the polyadenylation site (10~13). In Saccharo-
myces cerevisiae, however, all known RNA polymerase II transcripts
(including the histone mRNA’s as well as aberrant mRNA’s)
become polyadenylated after synthesis, yet known sequences of yeast
mRNA’s do not share an AAUAAA signal or any other highly
conserved sequence identified as responsible for 3’ end formation.
Zaret and Sherman discovered that a mutation (cyc1-512) deleting
38 base pairs 3' to the coding sequence of the iso-1-cytochrome ¢
gene (CYCT) causes a 90 percent decrease in the amount of CYC1
mRNA (14). The residual mRNA’s produced are all longer than
normal and they are all polyadenylated, suggesting that some crucial
elements of the normal 3' end formation signal are deleted. Compar-
ison of sequences from the cyc1-512 deletion with those from other
DNA fragments that apparently direct mRNA 3’ end formation in
yeast (15-18) shows similarities, but none of the proposed consensus
sequences fit all of the known 3’ end regions. This lack of strong
sequence similarity and the fact that all RNA polymerase II tran-
scripts are polyadenylated led to the suggestion that polyadenylation
might be coupled to transcription termination (14) and that a
protein factor analogous to Escherichia coli transcription termination
factor rho might be involved in mRNA 3’ end formation in yeast
(16).

These considerations and the recent discovery that E. coli rtho
factor catalyzes the unwinding of RNA-DNA helices (19) led us to
search for a rho-type helicase activity in yeast whole cell extracts. In
the course of this search we discovered that CYC? pre-mRNA
sequences are accurately cleaved and polyadenylated in vitro. The
formation of 3’ ends of yeast mRNA’s may thus be independent of
transcription termination, and our results suggest that yeast process
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the 3’ ends of their RNA polymerase II transcripts in a manner
analogous to that in higher eukaryotes.

Endonucleolytic cleavage at the CYC1 polyadenylation site in
vitro. We incubated a helicase substrate, analogous to that of
Brennan et al. (19), in a yeast whole cell extract and observed
extensive hydrolysis of the duplexed portion by ribonuclease
(RNase) H. We also detected small amounts of two RNA products
whose lengths indicated cleavage of the RNA substrate by an
endonuclease (Fig. 1A). With improved reaction conditions (20) we
increased the extent of cleavage to 30 to 50 percent (Fig. 1B).
Incubation of 5’ capped, *?P-labeled pre-mRNA spanning the 3’
end formation signal of CYC1 (Fig. 1A) results in time-dependent
cleavage of the RNA into two fragments whose lengths are consist-
ent with cleavage close to the CYC1 polyadenylation site. The larger
fragment (I), which we show below is the 5’ portion, accumulates
for up to 60 minutes and remains relatively stable in the extract for at
least 3 hours. The smaller RNA fragment (II), however, reaches
maximal levels by 15 minutes and appears unstable thereafter. This
pattern of endonucleolytic cleavage and the relative stabilities of the
products agree with similar results from mammalian systems in
which the 5’ cleaved fragment accumulates and the 3’ fragment
disappears as a result of exonucleolytic hydrolysis (21, 22).

We isolated the two endonuclease cleavage products and analyzed
them by one-dimensional T1 RNase fingerprinting. The existence of
the normal CYC1 polyadenylation site within a T1 RNase product

Fig. 1. Endonucleolytic cleav-
age of a CYC1 pre-mRNA in
vitro. (A) Map of pGYCl, a

150 nt —Oi

A ’4—200 nt —-|<—
P ‘ Pv

poly (A)

ses iz v R pomerase i
promoter SP6 RNA polymerase initia-
s > tion site to the Pvu II (Pv)

site; P indicates the Pst I site.
The shaded portion of the

CYC1 pre-mRNA

B B s et e rectangle represents the 237-
bp Taq I fragment derived

450+ from the untranslated 3’ end
350. @@ remmmn of CYCI [positions 351 to
At : 588, UAA stop codon is at

position 330 (35)] with the
site of polyadenylation [posi-
tions 503 to 505 (23)] in vivo
indicated by the arrow above.
The CYC1 pre-mRNA thus
contains 149 nt of CYCT se-
quence 5’ to and 88 nt 3’ to
the CYC1 polyadenylation site. (B) Synthetic, capped precursor CYC1
RNA synthesized from Pvu II restricted pGYC1 labeled with [a-32P]GTP
was incubated in a whole cell yeast extract prepared as described by Lin et al.
(26) at 30°C for the indicated amounts of time. The final concentrations of
the reaction components (including those contributed by the extract) in the
10-p reactions were 4.6 mM Hepes (pH 7.0), 0.05 mM EDTA, 2 mM ATP,
1 mM magnesium acetate, 11 mM potassium chloride, 75 mM potassium
acetate, 2 percent polyethylene glycol (PEG) 8000, 0.1 mM dithiothreitol
(DTT), 4 percent glycerol, 23 percent extract (v/v), and 10 nM RNA
(28,000 cpm/pl). The reactions were stopped by the addition of 2 pl of
proteinase K (2 mg/ml), 130 mM EDTA, 2.5 percent SDS, with incubation
at 37°C for 15 minutes. The reaction mixtures were then extracted twice with
an equal volume of a mixrure of phenol, chloroform, isoamyl alcohol
(50:49:1) and precipitated with ethanol. The precipitated RNA’s were dried
and resuspended in water, and one-tenth of the total was suspended in 80

ent formamide, 0.1 percent xylene cyanole, and 0.1 percent bromo-
phenol blue and heated at 90°C for 3 minutes. The precipitated material was
then separated by electrophoresis (4 percent polyacrylamide, 0.08 percent
bisacrylamide, 8M urea gel in 50 mM tris-borate (pH 8.3), 1 mM EDTA).
The products were visualized by autoradiography (Kodak X Omat RP film).
Lane M shows RNA molecular size markers whose lengths are given in
nucleotides and whose positions are marked by the filled circles. The
remaining lanes are designated according to the incubation time in minutes.
The 5’ and 3’ cleavage products were about 200 nt and 150 nt and are
indicated by I and II, respectively.
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of 33 nucleotides (nt) (Fig. 2A) simplifies this analysis because
endonucleolytic cleavage at this site should eliminate the 33-nt
fragment from the T1 RNase products of the two RNA fragments,
while yielding new products whose lengths depend on the precise
point of the cleavage. As predicted, the 33-nt fragment does not
appear among the T1 RNase products of either of the endonuclease
cleavage products (Fig. 2B, lanes 3 and 4). The 200-nt RNA (I)
yields T1 RNase oligonucleotides 5’ to the 33-nt fragment (that is,
the 12-nt fragment, 17-nt fragment, and 21-nt fragment) while the
150-nt RNA (II) yields products 3’ to the cleavage site (that is, the
13-nt fragment and 11-nt fragment). Thus, the pattern of T1 RNase
digestion products is consistent with cleavage of the CYC1 pre-
mRNA at a site within the 33-nt fragment to give a 5’ product (200-
nt RNA) and a 3’ product (150-nt RNA). The precise point of

A
CYC1 pre-mRNA T1 RNase Oligomers

8
GpppG AAUACAAG CUUG G G CUG CAG G UCG AG CG CAG CUUG G CUG

8 7 12
CAG G TCG AUAUCAUG UAAUUAG UUAUG UCACG CUUACAUUCACG

17 9 8
CCCUCCCCCCACAUCCG CUCUAACCG AAAAG G AAG G AG UUAG ACAACCUG

21 7
AAG UCUAG G UCCCUAUUUAUUUUUUUAUAG UUAUG UUAG UAUUAAG AACG

33
UUAUUUAUAUUUCAAAUUUUUCUUUUUUUUCUG UACAG ACG CG UG UACG CAUG

13 9
UAACAUUAUACUG AAAACCUUG CUUG AG AAG G UUUUG G G ACG CUCG ACG

7 11
G AUCCCG G G CG AG CUCG AAUUCCG G UCUCCCUAUAG UG AG UCG

11
UAUUAAUUUCG AUAAG CCAG

Rl (e e S Py Fig. 2. RNasc T1 mapping of endonu-
clease cleavage products of CYC1 pre-
mRNA. (A) Nucleotide sequence of
CYC1 pre-mRNA divided into T1
RNase oligomers. The numbers above
the oligomers represent their length
and are included only for large oligo-
mers. The mapped site of polyadenyla-
tion in vivo (23) is underlined. The
vertical arrows delineate the bound-
aries of the 237-nt Taq I fragment
from CYC1 [positions 351 to 588
(35)]. (B) T1 RNase digests of endo-
nuclease products purified (36) and
hydrolyzed in a solution of 20 mM
sodium citrate (pH 5.0) and 1 mM
EDTA in the presence of carriecr RNA
at 1 mg/ml with T1 RNase (500 unit/
o12 ml) for 1 hour at 50°C. The products
were separated by gel (20 percent poly-
acrylamide, 1 percent bisacrylamide,
8M urea) electrophoresis in 50 mM
tris-borate (pH 8.3) and 1 mM EDTA,
and visualized by autoradiography

s
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and 6) trp ' RNA (prepared as de-

- .. ! - scribed in the legend to Fig. 3); (lanes

2 and 5) CYC1 pre-mRNA; (lane 3) 200-nt RNA product; (lane 4) 150-nt
product. Numbers on the left with filled circles indicate the length of the trp
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CYC1 pre-mRNA T1 RNase oligomers.
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cleavage should, in principle, be discernible from the length of the
new 17-nt fragment (Fig. 2B, lane 4) running with the 3’ T1 RNase
products. Production of this oligonucleotide by T1 RNase means
that its 3’ end coincides with the 3'G of the 33-nt fragment, thus
putting the endonuclease cleavage site at the third of the three A’s
(Fig. 2A) at the in vivo polyadenylation site (23). The fact that the 3’
endonuclease product is unstable (Fig. 1B) and that we observe faint
T1 RNase products at 18, 19, and 20 nt (Fig. 2B, lane 4) is
consistent with cleavage slightly earlier with subsequent degradation
by a 5',3'-exonuclease (22, 24). In any case, the above results
indicate that cleavage in vitro occurs at, or very close to, the site used
in vivo.

Substrate specificity and nucleotide cofactor requirement for
endonucleolytic cleavage. Most of the CYC! mRNA’s in a cyc1-512
mutant are longer than normal (up to 1000 nt) and all are
polyadenylated (14). Since this indicates some defect in mRNA 3’
end formation in vivo, we tested a synthetic cyc1-512 RNA in our
assay in vitro. While the endonuclease activity in the extracts cleaves
CYC1 RNA, no cleavage of cyc1-512 RNA occurs (Fig. 3). The
failure of the activity to cleave the cyc1-512 RNA does not result
from the shorter length of the RNA because we observe the same
result with a cyc1-512 substrate equal in length to the CYC1 RNA
(25). These results suggest that the defect of the cyc1-512 mutation in
vivo results from the inability of an endonuclease to cleave the
mRNA precursor at its normal site. As a negative control, Fig. 3
shows that the endonuclease activity in the extract does not cleave an
RNA derived from the E. coli trp ¢' transcriptional terminator. This
result, together with those described above, suggests that the
endonuclease activity requires RNA sequences known to direct 3’

CYC1 cycl512 UTR utr-512  trpt’ M

M 0 60 0 60° 0 60° 0 60 0 60 0 60
850. —
450.
350.
. - u"n pe"

.

155, M e

Flg. 3. Specificity of endonucleolytic cleavage in vitro. The CYC1 and UTR
precursor mRNA’s were synthesized from Pvu-II restricted pGYC1 with
SP6 RNA polymerase for CYC1 RNA or Hind III-restricted pGYCI with
T7 RNA polymerase for UTR RNA. The cyc1-512 and utr-512 precursor
RNA’s were synthesized from Hind III-restricted pG200R (36) with T7
RNA polymerase for cyc1-512 or Eco RI-restricted pG200R with SP6 RNA
polymerase for utr-512 RNA. The #rp t' RNA was synthesized from Bam HI-
restricted p65t’ (19) with SP6 RNA polymerase. The RNA’s were capped
and labeled with [a-*?P]GTP during synthesis. Each RNA (200 cpm/pl) was
incubated for 0 to 60 minutes and processed as described in the legend to

Fig. 1. The final concentration of each RNA was: CYC1, 1 nM; cyc1-512, 4

nM; UTR, 4 nM; utr-512, 1 nM; trp ¢', 4 nM. At these concentrations, the
rate of cleavage is proportional to the amount of added RNA (38). The last
two lanes show the effect of incubation (from none to 60 minutes) in the
extract of uncapped molecular size marker RNA’s.
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end formation in yeast.

The cyc1-512 mutation also causes a defect in 3’ end formation of
the adjacent, convergently transcribed UTR (unidentified transcript)
gene (14). We incubated a precursor RNA derived from the wild-
type UTR gene in the extract and found cleavage of the RNA into
two fragments of 80 nt and 230 nt (Fig. 3). Cleavage occurs with a
lower efficiency with an RNA (utr-512) derived from a template
carrying the cyc1-512 deletion (Fig. 3). The partial cleavage of utr-512
suggests that the cyc1-512 mutation deletes some, although not all, of
the information necessary for efficient processing of UTR mRNA
and supports previous indications that the signals for 3’ end
processing of CYC1 and UTR mRNA’s overlap (14).

Since RNA processing reactions often require adenosine triphos-
phate (ATP) for maximum efficiency (21, 26), we tested the
nucleotide requirements of the endonuclease activity by assaying for
cleavage in the presence or absence of various nucleotide cofactors.
Efficient cleavage requires a nucleoside triphosphate, and ATP
works best (Fig. 4). It appears that cytidine triphosphate (CTP)
substitutes equally well for ATP but, as we show below, partial
polyadenylation of the cleaved substrate (possibly only in the
presence of ATP) results in an underestimate of the amount of
cleavage in the ATP lanes. The nonhydrolyzable ATP analog
ADP(CH,)P does not substitute for ATP, suggesting a requirement
for hydrolysis of the B-y bond of ATP for endonucleolytic cleavage.
The nucleoside triphosphates guanosine triphosphate (GTP), uri-
dine 5'-triphosphate (UTP), and deoxyadenosine triphosphate
(dATP) work about half as well as ATP and 3'dATP does not work
at all. Surprisingly, adenosine 5'-O-(3-thio)triphosphate (ATP9S)
also works about half as well as ATP. Some enzymes slowly
hydrolyze ATP+S to adenosine diphosphate (ADP) (27), and such a
process coupled to conversion of ADP to ATP in the crude extract
might provide enough energy for cleavage during long incubations.

We also tested the requirement of RNA capping for cleavage by
assaying uncapped molecular size marker RNA’s, one of which (350

" nt) is the CYC1 pre-mRNA (Fig. 3). The loss of the uncapped

RNA’s, in contrast to the stability of the capped RNA’s in the other

Relative Efficiency of
Cleavage with Various Nucleotides

- A C 6 U ASS MM dA 3dA A

NTP %CLEAVED

NONE 6

ATP 35

CTP 30 ,

v eSeseTeee
uTP 12

ATPYS 15

ADP(CH2)P 6

-
dATP 16 ® - -

3'dATP 8

Fig. 4. Nucleotide requirement for endonucleolytic cleavage in vitro. CYC1
precursor RNA (2000 cpm/pl) was incubated (as described in the legend to
Fig. 1) at a final concentration of 1 nM for 60 minutes with the indicated
nucleotide (2 mM) substituted for ATP. After incubation, the products were
analyzed as described in the legend to Fig. 1. The percentage of cleaved
product was determined by excising the precursor and product bands and
then determining the amount of material in each by liquid scintillation
counting. The abbreviations above the figure are, A, ATP; C, CTP; G, GTP;
U, UTP; AyS, ATPyS; AYM, ADP(CH,)P; dA, dATP; and 3'dA, 3'dATP.
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lanes, suggests that optimal stability requires capping of the RNA’s.
The specific disappearance of the 350-nt CYC1 RNA results from
cleavage and instability (determined by overexposure of the autora-
diogram). These results show that, although capping increases RNA
stability in the extracts, it is not required for endonucleolytic
cleavage.

Polyadenylation follows endonucleolytic cleavage of CYC1
RNA. If endonucleolytic cleavage of CYC1 RNA is indeed a step in
the formation of the mature 3’ end of the RNA, then we expect
subsequent polyadenylation of the product in vitro. The time course
of cleavage (Fig. 1) shows the accumulation, beginning at about 7
minutes, of small amounts of RNA with a length of about 280 nt.
Chromatography of some of these cleavage products on poly(U)-
Sephadex separates the RNA into unbound, poly(A)~ RNA, and
bound, poly(A)* RNA whose approximate size (280 nt) indicates
the addition of about 80 adenosine residues to the 5’ cleaved
fragment (Fig. 5A) in agreement with previous estimates of the
length of poly(A) tails in yeast (28). The polyadenylated species we
observe is not the result of polyadenylation of the 3’ cleaved product
because decreasing the length of the substrate RNA at its 3’ end
does not change the length of the polyadenylated product (29). The
nucleotide 3' dATP (cordycepin) inhibits polyadenylation in vitro
(21), and therefore we included it in cleavage reactions and moni-
tored the profiles of total and poly(A)" RNA (Fig. 5B). The profile
of total RNA shows that 3’ dATP, in the presence of ATP, causes an
increase in the amount of the 5’ cleavage product and a correspond-
ing loss of the diffuse band of RNA at 280 nt. Since 3’ dATP does
not act as a cofactor for cleavage (Fig. 4), the increased accumula-
tion of the 5’ cleaved product results most likely from inhibition of
its polyadenylation. The poly(A)* profile (Fig. 5B) shows that the
diffuse 280-nt band of RNA is retained on a poly(U)-Sephadex
column and that its production is ATP dependent and inhibited by
3’ dATP. These results support the conclusion that the 5’ cleavage
product becomes preferentially polyadenylated after cleavage.

We have also observed, under conditions of high Mg?* (>2 mM)
or low RNA (1 nM) concentrations, apparent nonspecific polyaden-
ylation of the substrate RNA as well as RNA’s that are not cleaved in
the reaction (29). Since the rate of cleavage is low under such
conditions relative to those used in Fig. 5 (1 mM Mg?*, 10 nM
RNA) we suspect that the activity that polyadenylates RNA in the
extract is limiting, and therefore only efficient production of the 5’
cleaved product results in its preferential polyadenylation. We
estimate, by comparing lanes 2 and 5 in Fig. 5B, that at least 10
percent of the cleaved RNA is polyadenylated in these experiments;
efforts to improve the yield have failed thus far. This low efficiency
of polyadenylation may result from loss or inactivation of the
poly(A) polymerase during preparation of the extract, or 3’ end
processing of endogenous pre-mRNA’s may compete for polyaden-
ylation with added substrate. In any case, the specificity of endonu-
clease cleavage and the preferential polyadenylation of the 5’ cleaved
fragment, in the presence of equal or greater amounts of uncleaved
substrate, provide strong support for our conclusion that this system
correctly carries out mRNA 3’ end processing.

Messenger RNA 3’ end formation in yeast. Our results show
that endonucleolytic cleavage and polyadenylation produce the 3’
end of CYC1 pre-mRNA in vitro. Cleavage also occurs with the
second yeast RNA (UTR) whose signals for 3' end formation
appear to partially overlap those of CYC1. This suggests that
endonucleolytic cleavage and polyadenylation may form the mature
3’ ends of all yeast mRNA’s as it appears to do in other eukaryotes
(with the exception of most histone transcripts). Alternatively, the
system processing CYC1 and UTR mRNA’s could be confined to
certain classes of genes; whether other mRNA’s are cleaved in this
system remains to be determined.
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In other eukaryotes, the highly conserved AAUAAA signal, along
with downstream sequences, form the signal for mRNA 3’ end
processing (8, 9, 30). Similar signals have not been identified for
yeast mRNA’s; in one case, 3’ end formation occurs in yeast on a
Drosophila mRNA deleted for its AAUAAA signal (31), and the
tripartite sequence (14) is found in many but not all yeast mRNA 3’
ends (15-18). In the absence of a highly conserved signal sequence
we must entertain the possibility that RNA structure (or lack
thereof), formed by disparate sequence elements, specifies the site of
mRNA 3’ end formation in yeast, or that factors specific to certain
classes of mRNA’s, may direct cleavage and polyadenylation of
those messages.

If our results showing endonucleolytic cleavage and polyadenyla-
tion in vitro reflect the mechanism used in vivo, then transcription
by RNA polymerase II must extend beyond the mature mRNA 3’
end. However, in yeast, unlike higher eukaryotes, there is no
evidence that transcription goes beyond the polyadenylation site.
Indeed, recent experiments indicate that transcription stops fairly
soon as a consequence of passing through the CYC1 3’ region (32)
or the CAT1 and CAT2 3’ regions (33). Proof that RNA polymer-
ase transcribes past the mature 3’ end of a gene requires detection of
such RNA products in vitro or in vivo. Experiments addressing this
point have not been reported for yeast; detection of RNA products
downstream of the polyadenylation site may be technically difficult
if the polymerase continues only a short distance or the 3’ endonu-
clease cleavage product is unstable, as suggested by our experiments
in vitro (Fig. 1B). We propose a simple model to reconcile these
observations, in which RNA polymerase terminates transcription
cither in direct response to the mRNA processing reaction, or by the
action of trans-acting factors such as an RNA:DNA helicase (19), or
a 5'-3' exonuclease (34), which might first interact with the 3’
cleavage product and then move along the RNA until it catches the

3 Total POLY (A)+
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Fig. 5. Isolation of poly(A)" RNA by poly(U)-Sephadex chromatography.
(A) RNA prepared as described in the legend to Fig. 1 was resuspended in
20 pl of 10 mM tris - HCI (pH 7.5), 300 mM NaCl, 1 mM EDTA, and 0.2
percent SDS and mixed with 300 pl of a slurry of poly(U)-Sephadex
(Bethesda Research Labs) equilibrated in the same buffer. The mixture was
heated at 65°C for 10 minutes and cooled to 25°C (10 minutes), before
being transferred to a 1-ml syringe plugged with silanized glass wool. The
resin was washed with ten volumes of 10 mM tris - HCI (pH 7.5), 1 mM
EDTA, 0.2 percent SDS, 10 percent formamide (25°C) and the bound
poly(A)* RNA was eluted with 300 ul of 10 mM tris - HCI (pH 7.5), 1 mM
EDTA, 0.2 percent SDS, and 90 percent formamide. The eluted RNA was
adjusted to 0.1M potassium acetate, 20 g of carrier RNA was then added,
and the RNA was precipitated with two volumes of ethanol. After being
dried, the RNA was separated by electrophoresis as described in the legend
to Fig. 1. The length of RNA molecular size markers in nucleotides is
indicated at left and their position is indicated by the closed circles. The
incubation time in the extract in minutes is indicated above. (B) Cleavage
reactions were carried out for 60 minutes as described in Fig. 1. 3'dATP was
included at 2 mM where indicated. The products were precipitated with
ethanol and one-tenth of the total was separated by electrophoresis as
described in Fig. 1; the remainder was separated by poly(U)-Sephadex
chromatography and analyzed as described above.
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polymerase and causes termination.

We have presented evidence that components in a yeast whole cell
extract process a pre-mRNA spanning the 3’ end of the yeast CYC1
gene to produce a polyadenylated, mature 3’ end similar to that seen
in vivo. Our results imply that RNA processing, rather than
transcription termination, forms the 3’ ends of mRNA’s in Saccharo-
myces cerevisiae. Moreover, this discovery verifies that trans-acting
factors must participate in mRNA 3’ end formation, and comple-
ments our recent development of a genetic selection for such factors
(23). These combined approaches should lead to the identification
of molecular components responsible for nRNA 3’ end formation
in yeast and provide important insights into this process in all
cukaryotes.
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