4078-4083 Nucleic Acids Research, 1996, Vol. 24, No. 20

Regulated nuclear polyadenylation of

aloumin pre-mRNA

0 1996 Oxford University Press

Xenopus

Manjunath N. Rao *, Elena Cherno kalskaya ! and Daniel R. Schoenberg 1.*

Department of Pharmacology, Uniformed Services University of the Health Sciences, Bethesda, MD 20814-4799,
USA and Department of Pharmacology, The Ohio State University College of Medicine, 333 West 10th Avenue,

Columbus, OH 43210-1239, USA

Received May 6, 1996; Revised and Accepted September 4, 1996

ABSTRACT

Cytoplasmic regulation of the length of poly(A) on
MRNA is a well-characterized process involved in
translational control during development. In contrast,
there is no direct in vivo evidence for regulation of the
length of poly(A) added during nuclear pre-mRNA
processing in somatic cells. We previously reported
that Xenopus serum albumin [Schoenberg et al. (1989)
Mol. Endocrinol. 3, 805-815] and transferrin [Pastori
etal. (1992) J. Steroid Biochem. Mol. Biol. 42, 649-657],
MRNA have exceptionally short poly(A) tails ranging
from 12 to 17 residues, whereas vitellogenin mRNA has
long poly(A). An RT-PCR protocol was adapted to
determine the length of poly(A) added onto pre-mRNA,
defined here as that species bearing the terminal
intron. Using this assay we show that vitellogenin
pre-mRNA has the same long poly(A) tail as mature
vitellogenin mRNA. In contrast, albumin pre-mRNA has
the same short poly(A) as found on fully-processed
albumin mRNA. These results indicate that the short
poly(A) tail on albumin mRNA results from regulation
of poly(A) addition during nuclear 3 ' processing.

INTRODUCTION

Poly(A) is added to the cleaved mRNA in two steps: a slow
distributive addition of 10 nucleotides (nt) followed by the rapid
processive addition @250 nt Q). The first reaction requires only
CPSF plus poly(A) polymerasé)( whereas the second step is
potentiated by the nuclear poly(A)-binding protein 1l (PAB 1)
(10). A number of studies have demonstrated a limi06f250
residues for nuclear polyadenylation. This upper limit is an inherent
feature of the process of nuclear polyadenylation, resulting from the
termination of processive poly(A) addition by poly(A) polymer-
ase. In this process the complex of poly(A) with PAB Il serves as
a molecular ruler to determine the ultimate end of poly(A)
addition (L1).

The major focus of research in our laboratory is the estrogen
regulation of serum albumin mRNA stabilityXienopudiver. In
male liver albumin mRNA is quite stable, exhibiting a half-life of
8 h (12). Albumin and the other major serum protein-coding
MRNAs are destabilized following estrogen administrafiGi ¢)
through a pathway that involves the induction of a sequence
selective RNaselb,16). In the course of our studies on the
regulation of MRNA stability we observed that albumin and several
other serum protein-coding mMRNAs (transfengfibrinogen) had
very short poly(A), ranging from 12 to 17 residuez4,17). In
the case of albumin, poly(A) length was determined by the most
rigorous method available: RNase A + T1 digestion of purified
mRNA that had been end labeled witfP[pCp. There was no
effect of estrogen on the length of albumin poly(A), hence
destabilization was not coupled to deadenylation as observed

Nuclear polyadenylation is a complex process involving the orderedth mRNAs like cfos (18,19). We reasoned that the short
assembly of a number of macromolecular complexes (review@aly(A) present on albumin and other unstable mMRNAs serves to
in 1-4). The highly-conserved polyadenylation signal AAUAAA mark these mRNAs for destabilization through the pathway
is the binding site for cleavage and polyadenylation specificityvolving the estrogen-induced endonuclease.

factor, or CPSF, a multisubunit complex consisting of proteins of The short poly(A) on albumin mRNA could result from two

160, 100, 73 and (according to one report) 30 kR8).(

possible mechanisms. The first is cytoplasmic deadenylation, for

Sequences in the 8anking portion of the pre-mRNA form a which there are a number of precedeh#sZ2). The 17 residues
complex with cleavage stimulation factor (CstF), another multief poly(A) on albumin mRNA is similar to the minimal size limit
subunit protein consisting of peptides of 50, 77 and 64 KPa ( for poly(A) interaction with the cytoplasmic poly(A)-binding
The latter peptide binds the U-rich sequence element found in thiotein PAB | £3), which is distinct from the nuclear PAB I

3 flanking region of many mRNAS). The association of several involved in 3 processing. Thus, it seemed likely that albumin
cleavage factors and poly(A) polymerase complete the knownRNA was made with a long poly(A) and was deadenylated to
constituents involved in'3end formation. Cleavage of the a limit size dictated by binding of (and protection by) PAB I.
pre-mRNA by an as yet unidentified nuclease generates tAdternatively, albumin pre-mRNA might only receive a short

substrate for polyadenylation.

poly(A) during nuclear processing. While definitive proof for
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regulation of poly(A) tail length during nuclear pre-mRNA PORIPORR ot
processing is lacking, there are a sufficient number of observations L

that correlate with this type of mechanism (reviewed4nto
suggest its feasibility.

The experiments presented here demonstrate that indeed the
latter process is responsible for the short poly(A) tail found on
albumin mRNA. Our data indicate that albumin pre-mRNA, defined
as the species that has both poly(A) and the terminal intron, has
the same short poly(A) as the fully processed mature mRNA. To
the best of our knowledge this is the first definitive example of
regulation of the length of poly(A) added onto nuclear pre-mRNA.

41T

MATERIALS AND METHODS
RT—PCR assay for poly(A) 311 —

For analysis of albumin and vitellogenin poly(A) in Figuresd

4A first strand cDNA synthesis was performed as described 4~ ko

previously £5) on 5ug of total liver RNA using a 31 nt oligo(dT) -

primer/adapter ((GCGAGCTCCGCGGCCGGC@G)) as primer. i

In Figures2 and 4B a 24 nt primer/adapte-EGGGATCCGC- 300

GGTyp) was used. One tenth of the product was used for each

subsequent analysis. Amplification was performed in @l50

reaction containing 100 ng each 6¥2B-end-labeled oligo(dT)

primer/adapter and unlabeled vitellogenin exon 35 primer, 2 mM

dATP, dCTP, dGTP and TTP, 2.5 U Vent DNA polymerase in | ot

buffer containing 20 mM Tris—HCI, pH 8.8 (at°Z%), 10 mM =

KCI, 10 mM (NH,)2SOy, 2 mM MgSQ and 0.1% Triton X-100

as described by the supplier (New England Bioloabs). The

reaction mixture was processed through 35 cycles’@/@4min,

60°C/1 min, 72C/2min, 5 s. The reaction mixture was extracted

with an equal volume of phenol:HGG$oamyl alcohol 25:24:1

and the products were precipitated with ethanol. The resultant

pellets were dissolved in water followed by an equal volume 0lf:i ure 1.Poly(A) analysis of vitellogenin mMRNA by RT-PCR. cDNA prepared

a solution containing 95% formamide, 20 mM EDTA, pH 8'O’togRNA fro)r/n femaI)éXenopuinv%r was prepgred using the oﬁgorsz)

0.1% xylene cyanole and 0.1% bromophenol blue. They Wergiimer/adapter as primer. Amplification of vitellogenih Ssquence and

then denatured by heating for 5 min at@&nd electrophoresed poly(A) was performed with a primer 221 it the site of poly(A) addition

on a 6% acrylamide—8 M urea gel. The dried gel was autoradi@nd32P-labeled oligo(dT) primer/adapter. Half of the product was purified on

graphed on Kodak X-Omat XAR-S o Blomax im. Analysis of § % 20 9o e emeri paer wos nsbees lscl (e )

V'Fe”()gen'n,pOIy(A) in Figurel was _performed with the 31 nt wgs reamplified uging thegsame p)r/imers. The produ?:t o?this reactionF\)Nas either

oligo(dT) primer/adapter and the prim&GACCGCTTGTTC-  analyzed directly (lane 3) or digested vtinfl prior to gel analysis (lane 4).

ATGTGAGA located 221 nt'8o the site of poly(A) addition in  The open arrow at 252 bp represents the minimal size product expected (221 bp

O O e A o e O I e e o pl Ay . The osad v i e

?nd 48 used ,p“mers. BGTAACCTATAA.CCAACAATAAC pch)duct expected follor\jvinyglinﬂ digestion. The gel was over-run to afford

ocated 110 nt'3o the site of poly(A) addition in exon 35 of the 1ayimal separation of the reaction products.

A2 gene, or 5SCCAGGCTATAACACATACAG located 360 nt

5' to the poly(A) addition site in intron 34 of the A2 gene.

Analysis of poly(A) in the total population of albumin RNA

molecules in Figur@ was performed with the 24 nt oligo(dT) with Hinfl prior to gel analysis (lane 2). The gel-purified material

primer/adapter and the primerGACTGAGGAACACCTTC- was re-amplified as above. Half of this sample was digested with

CATCTCT located 118 nt %o the site of poly(A) addition in the Hinfl (lane 4) and the other half was not (lane 3). For the

74 kDa albumin mRNA and 109 nt t the site of poly(A) experimentin FiguréA albumin pre-mRNA was amplified with

addition in the 68 kDa albumin mRNAf). Analysis of poly(A)  oligo(dT) primer/adapter (lane 2) and albumin intron 14 primer

in albumin pre-mRNA was performed with the 31 nt oligo(dT)lane 8). The products of these reactions were separated on a 2%

primer/adapter and the primérGCCACTGATTCGTATCGA- agarose gel, visualized by ethidium bromide staining, and excised

CAGACC located within intron 14, 405 ritt6 the site of poly(A)  from the gel. The resultant purified DNA was used for a second

addition. round of amplification using the oligo(dT) primer/adapter and
For the experiment in Figutiethe product from RT—PCR of albumin exon 15 primer; the former was radiolabeled in the

vitellogenin mMRNA was divided in half. One half was purified orsample in lane 3 and the latter was radiolabeled for the sample in

a 2% agarose gel and the other half was divided into two sampliesie 9. These products were extracted with phenol4i&s2imyl

one of which was analyzed directly (lane 1) and the other digestaldohol, and ethanol precipitated. One third of each reaction was
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Hl applisd os 12 vitellogenin mMRNA has poly(A) of 50-200 rit74), similar to
albarrin ™ - - most eukaryotic mMRNAs.
vitnlloganin . - . To determine whether the short poly(A) on albumin mRNA

resulted from cytoplasmic deadenylation we sought first to
determine the length of poly(A) added onto this RNA during 3
processing in the nucleus. Albumin nuclear pre-mRNA is not
413,417 g abundant enough for direct poly(A) determination byersd
\ labeling, and for RNase H analysis one would have to hybridize
the digestion product with a probe for the last intron. The size of
311 - the RNase H digestion product needed for this determination
would be sufficiently large that it would preclude analysis of very
short poly(A) by Northern blot. We therefore chose to employ a
method developed to study cytoplasmic polyadenylation of
MRNA in mouse oocyte{). This assay utilizes an RT-PCR
protocol in which reverse transcription is primed with an
oligo(dT) primer/adapter (see Materials and Methods), followed
by amplification with this primer and a gene-specific primer
located upstream within the body of the mRNA under study.
Those authors proposed that the primer/adapter anneals randomly
on the poly(A) tail and the GC-rich portion of the adapter prevents
slipping of the primer on poly(A) during subsequent rounds of
L 86 kD= amplification.
Since poly(A) lengths of cytoplasmic albumin and vitellogenin
— 74 kDa mRNA were known from our previous work, these mMRNAs were
used to qualify the RT-PCR assay for subsequent analysis of
z albumin pre-mRNA polyadenylation. The experiment shown in

i 2 a4 4 B B T Figure 1 used a primer located 221 nt upstream of the site of

poly(A) addition of the A2 vitellogenin mRNA (encoded by the
_ _ _ terminal exon) in conjunction with th&P-labeled oligo(dT)

Figure 2.Comparison of RT-PCR assay result_s_ for mRNAs with long or shortprimer adapter. RT-PCR with these primers produced a smear of
poly(A). cDNA prepared as above was amplified using eiti#@Pdabeled Lo
vitellogenin A2 exon 35 primer 110 bp upstream of the poly(A) addition site pr_O(,jUCtS 'fangmg in size from 253 to almost 350 nt (le,me 1)' The
(lanes 3, 5 and 7), or a primer to albumin exon 15 located 118 or 109 ngninimal size expected was 252 (221 bp of vitellogenin exon 35
respectively, upstream of the site of poly(A) addition of the 68 and 74 kDaplus the 31 bp primer/adapter). Resolution of species differing by

ag’“g“”mehNAsz('a“e”S 2,4and6). The mzi”bim?' Siﬁe %‘g’ﬁ“m ﬁ)"pecwd argingle adenosine residues was obtained by digesting the product
134 bp for the A2 vitellogenin mRNA, 142 bp for the Da albumin and T - -
133 bp for the 74 kDa albumin mRNAs. Increasing amounts of each RT—PCF&r| lane 1 wittHinfl, which cleaves 130 bp t the site of p0|y(A)

product as indicated were loaded in adjacent lanes. Lane 1 contains markers@fldition to yield a minimal product of 162 bp (lane 2). Overall this
Hinfl digestedpX174 DNA. analysis yielded a preponderance of product adjacent to the site

of poly(A) addition that tailed off over a range of 50-60 bp,

] . . ] considerably shorter than the length of vitellogenin poly(A)

either analyzed directly (lanes 3 and 9), digestedAditlanes 4 determined previouslyL{). Nevertheless this was adequate for

500

245—

200—

151 —

140—

18—

and 10), or digested wifvul (lanes 5 and 11). the type of analysis needed for the present study. The experiment
to determine poly(A) length of albumin pre-mRNA (Fgsee
RESULTS below) necessitated a second round of PCR on a gel-purified

product. To insure that subsequent rounds of PCR using the
oligo(dT) primer/adapter did not yield artifactually shorter
poly(A) as a result of internal priming, a portion of the mixture
We previously used two different methods to determine poly(Ajgmaining from the products shown in Figlirtanes 1 and 2 was
length. The first consisted of hybrid selection of a single mRNAactionated on a 2% agarose gel and re-amplified (lane 3). The
species from liver poly(A) mRNA, labeling thé-eéhd with  resultant product was identical to that seen in lane 1. As above,
[32P]pCp and digestion with RNases A and T1 followed byligestion withHinfl allowed resolution of individual products
resolution of the remaining labeled poly(A) on urea/acrylamiddiffering by single adenosine residues (lane 4).

gels (L2). The second consisted of digestion of the target MRNA Having demonstrated that the RT-PCR protocol was capable of
in a mixture of total or poly(A) RNA with RNase H in a cocktail measuring poly(A)>50 residues in length we next sought to
containing an oligonucleotide complementary to a sequence 16Qdetermine its utility in detecting the short 17 residue poly(A) tail

5' to the site of poly(A) addition plus or minus oligo(dT). Thispresent on albumin mRNA. Kenopus laevigenome duplication
resulted in the generation of a fragment of 160 nt with or withouwesulted in four genes for vitellogenin and two for albumin. Based
poly(A) which could then be readily resolved on agarose gels fon their degree of sequence relatedness, the vitellogenins are
accurate determination of poly(A) length. These approachefassified Al, A2, B1 and B2. The albumins are classified as 68
demonstrated that albumih?), transferrin {7) andy-fibrinogen  and 74 kDa. This latter classification derives from the fact that one
mMRNAs (L4) in Xenopudiver all have short poly(A), ranging in of the genes has a single base change introducing a site for
length from 17 to 20 nt. In contrast, the estrogen-induced-linked glycosylationZ6), which causes the protein product to

Validation of the RT-PCR assay for determination of
poly(A) length
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migrate more slowly on SDS—PAGE. More relevantto the present PGH analysis of polyA) in infran 14-containing pra-mFMA
study, the divergence of these genes over time has also produce
differences in the length of their@TR. For analysis of albumin

poly(A) an upstream primer was selected in the terminal exon —

(exon 15) that hybridizes to both mRNAs, yielding RT-PCR  |ESEEI  inon 4 SRR~ oosianssins
products differing in size by 9 bp. The 68 kDa albumin mRNA < T, {5C)
should yield a limit product of 142 bp (118 BPBR + 24 bp RT-PCR ", S

primer/adapter) and the 74 kDa albumin mRNA should yield a

limit product of 133 bp (109 bg BITR + 24 bp primer/adapter). ==

Since the primer/adapter used in this experiment has 12436bp+pavitl | imon 14 RIS AAAAAAARAAAGE]
thymidine residues and albumin has a 17 residue poly(A) tail the e T, (BC),
expected result was a defined series of products rather than a lon

smear. Figure2 shows a polyacrylamide/urea gel on which PCR t

increasing amounts of RT-PCR products for albumin or vitellogenin

were loaded. For this experiment a primer was selected for A2 48 b (55 kD) + prady[A) BRI AN AAAAAAYC
vitellogenin mRNA that would yield a product approximately the 140 b (74 RO ¢ pohiA) !
same size as those anticipated for albumin, so as to enable

side-by-side comparison of the effectiveness of the poly(A)

RT-PCR assay on mRNAs with long versus short poly(A). The ‘ A, P

data in lanes 2, 4 and 6 show that, regardless of the amount o

product loaded, RT-PCR of albumin mRNA vyields a pair of szoe

bands corresponding to the sizes of the products predicted for 9+ pO(AI 2 KOO A A AAAARAAARALGC]
mMRNAs with short poly(A) tails. This contrasted with poly(A) for 55 b+ poly(A) [74 kD) "
vitellogenin mRNA (lanes 3, 5 and 7). Like the data in Figure
the lowest amount of vitellogenin product shows a strong band at
the anticipated size for primer binding adjacent to the site ofigure 3. Strategy for RT-PCR analysis of poly(A) on albumin pre-mRNA.
poly(A) addition, and smearing toward larger species, indicativél_?#m_intpre-ﬂFTNAthlS4 ggst tagrigﬁed_tby ][?T—IP(;R lésdi!lg a pri;ntﬁr Igiat?d
of long poly(A). As one ml_gh'[ ar_1t|C|pate for mRN.AS with Iong_ V\lllig(;r(](il'?)r%?imergfjaalgter. Th?s will ;laieslldeaolir?”l(i)tyrgrczdictIcl)?rllgg [402 bpnof
Versus _Short poly(A), t_he |nten§|ty of the smear increased WItﬁlbumin + 31 bp of oligo(dT) primer/adapter]. The product of this reaction was
increasing amount of vitellogenin product loaded (lanes 5 and 7gel purified and split into two portions. The first portion was amplified with the
whereas the albumin products retained their discrete characteame albumin exon 15 primer as used in Figure Z#nthbeled oligo(dT)

We conclude from these data that the RT-PCR assay is usefulRgieriadapter ITbhe second fg“i‘?” was almg"lﬁzd Jith the same primers,
ot ; ; xcept that the albumin exon 15 primer ##slabeled. Digestion with either
a qua“tatlve tool to differentiate between short poly(A) and Ior"ilul or Pvul will separate the 5and 3 portions of the amplified product; size

po'Y(A)- heterogeneity is expected for tHep8rtion [detected with the labeled oligo(dT)
primer/adapter], whereas no size heterogeneity is expected fdrpgbeién
. . (detected with the labeled albumin exon 15 primer).
Albumin pre-mRNA has a short poly(A) tail

Since the amplification performed in FigWaused total liver
RNA and a primer in albumin exon 15, the products bearing shantRNAs respectively. The size products generated here will be 7 bp
poly(A) were derived from both unprocessed nuclear pre-mRNnger than in Figure2 because of the use of a shorter
and fully processed cytoplasmic mMRNA. Several reports examinipgimer/adapter in that experiment (see Materials and Methods).
the relationship between splicing and polyadenylation of mMRNRestriction digestion of the RT—PCR product with eifkal or
precursors 48,29) showed that pre-mRNA’ Drocessing and Pvdl (which cleave at the same site) should yield a discrete 52 bp
polyadenylation precede removal of the last intron. Therefore, fragment from the 'Soortion of the amplified products and 88 bp
the present study albumin pre-mRNA was operationally-defingd@4 kDa albumin) and 97 bp (68 kDa albumin) products plus
as that population of polyadenylated (or oligoadenylated) moleculadded poly(A) from the’ $ortion. Reactions were performed with
that contain the terminal intron (intron 14). each primer labeled separately to allow unambiguous determination
The experimental scheme employed to measure poly(A) lengtfithe length of poly(A) added onto either pre-mRNA.
in intron 14-containing albumin pre-mRNA is shown in Figlire  The results of this approach are shown in Figike As
Total liver RNA was first reverse transcribed using oligo(dTexpected, RT-PCR using eith&P-labeled oligo(dT) primer/
primer/adapter as primer. This was followed by amplificatiormdapter or32P-labeled albumin intron 14 primer produced a
with an upstream primer corresponding to a sequence in albundiiffuse band of 450 bp (compare lanes 2 and 8). Reamplification
intron 14 that should yield a product of 436 bp plus any poly(A)f the gel-purified product in lanes 2 and 8 wither32P-labeled
greater than the 31 residues in the primer/adapter. The producbligo(dT) primer/adapter (lane 3) ##P-labeled albumin exon 15
this reaction was gel purified and a portion was processed throuygtimer (lane 9) yielded two somewhat diffuse bands at 149 and
another round of amplification using the 31 nt oligo(dT)140 bp (open arrows). This was identical to the result obtained in
primer/adapter and the exon 15 primer. The second round Eijure 2. Digestion of the product from amplification with
amplification was performed with either radiolabeled oligo(dT$2P-labeled exon 15 primer with eith&iul (lane 10) oPvul
primer/adapter (3primer) or radiolabeled albumin exon 15 (lane 11) yielded the expected 52 bp fragment. In contrast,
primer labeled (Sprimer). This should yield two products with digestion of the product from amplification with ##@-labeled
a minimal size of 140 or 149 bp for the 74 and 68 kDa albumioligo(dT) primer/adapter witilul (lane 4) orPvul (lane 5)
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il F prima iababod & prirmer labalad B. DISCUSSION
!g;ﬁﬁ f,\‘a,,“;}ri;e~ “F_':-“
g T Changes in the length of poly(A) in response to extracellular
“_'ﬁ'ﬁ“ﬁ"f’ 'f'_éﬁ#ﬁﬁﬁg n & stimuli have been reported for a number of MRNAs. Examples of

this include transferrinl({?), vasopressin3(,31) and epidermal

P = ; - growth factor 82). However, to date no direct evidence has been
50g o -' *n ﬂ 1 reported that alterations in the length of poly(A) on a given
s Sy §23 =] mMRNA result from regulation of nuclear polyadenylation. In
e = -1 [ - fr— general, most MRNAS receive a long poly(A) tail in what may be
-t 240 - a = considered a constitutive pathway of@ocessing. Albumin
MRNA, with its very short poly(A) tail stands in contrast to this.
sl B = - - wr= B Clearly, albumin mRNA is transcribed and processed like any
other eukaryotic mRNA up to the point of poly(A) addition. Since
= . e - &= acis-acting element responsible for regulating the length of added
a iiia = i poly(A) remains to be identified we can only speculate at present
=t 164 how a sequence upstream of therBcessing site can regulate the
20 - length of added poly(A). The limited size of albumin poly(A) is
- =™ - ] similar to the oligoadenylate added in the first step of polyadenyl-
— -..-.:.. ation @), hence one tempting model is that a sequence in albumin
160— pre-mRNA alters the interaction of polyadenylation factors to
cradll effectively prevent the PAB II-stimulated processive addition of
e - poly(A) by poly(A) polymerasel(). While one might dismiss
the regulation of poly(A) length as uniguekenopusepatocytes,
preliminary results indicate that we can replicate regulated
48 s o e polyadenylation in transfected LM{)kand COS-1 cells using an
I bl albumin minigene construct (unpublished).

1 2aas8 LR RURIEER 12 The present study employed an RT-PCR assay that was
previously used to study changes in polyadenylation of maternal

. . . MRNAs during mouse oocyte developmeti)(In that earlier
Figure 4. Albumin pre-mRNA has only a short poly(A) taik)(Poly(A) on : . 1
albumin pre-mRNA was analyzed by RT-PCR as described in Figure 3. Théeport the ollgo(dT) p_rlmer/adapter appeare(_j to ,hyb”dlzed
products of amplification with eithé?P-labeled oligo(dT) primer/adapter or ~ fandomly on poly(A) prior to reverse transcription, since those
32p-Jabeled albumin intron 14 primer are shown in lanes 2 and 8, respectivelyauthors observed a random distribution of poly(A) lengths

The products of the second round of amplification using either the labele¢cgnsistent with that sedn vivo. Before using this assay to
oligo(dT) primer/adapter or radiolabeled albumin exon 15 primer are shown irb

lanes 3 and 9. The open arrows indicate the amplified products from the 68 andxar.nme. p0|y(A) °'f‘ albumin pre-mRNA we first sotht to

74 kDa albumin pre-mRNAs obtained from this reaction. The results ofdualify this assay using as controls mMRNAs whose poly(A) length
cleavage of each product from the reactions shown in lanes 3 or/Slubitin we had determined previously using methods generally accepted
Pvul are shown in lanes 4, 5, 11 and 12. The filled arrows indicate the resultantp yield accurate poly(A) measuremeritg, 1_7) Poly(A) ana_lysis
product of theh reﬁtrictionI digestions. A smalll ?egree dof size helt;:-rodgeneri]t)bf vitellogenin mMRNA by RT—-PCR (Figl) gave a size
consistent with short poly(A) was seen only for products amplified with . _ . . : .

[32P]oligo(dT) primer/a(?ap){((er)(lanes 5and 6). 'the siz?e markers Mlp(lanes 1 angls'{rlbutIon _Of 12-60 res_ldues’ considerably shorter tha.m .the
7) are a 100 bp ladder, and markers M2 (|anes 6 and ]_E])nﬂfg:“gested 50-200 reSIdueS fOLInd W|th the RNase H assa.y These flndlngS
@X174 DNA. B) RT-PCR for poly(A) on vitellogenin pre-mRNA was stand in contrast to the originally published poly(A) RT-PCR
performed as described in the legend to Figure 2 except th#Ptabeled assay 27)' a|th0ugh subsequent improvements by those authors

upstream primer corresponded to a site 360 nt upstream of the poly(A) additio ; ;
site within the terminal intron (intron 34, lane 2). The minimal size product (33)’ and the use of a shorter prlmer/adapter Q:WB) have

expected from this reaction was 384 bp. Lane 1 contains a marker oPVercome this problem. o _
Mspl-digested pBR322. Lastly, poly(A) has been shown to participate in a number of

aspects of mMRNA metabolism, and it has been generally accepted
that mRNAs with long poly(A) are inherently more stable than
yielded two small groups of bands (filled arrows) correspondingiRNAs with short poly(A). In cultured hepatocytes or normal
to the 3UTR + poly(A) of the 68 and 74 kDa albumin mRNAs. maleXenopusalbumin mRNA has a half-life of 8 h. How then,
A small group of bands differing in size by a single base pair ad®es one account for the stability of this mMRNA with such a short
visible in each product, indicating that intron 14-containingoly(A) tail? In yeast the major mRNA decay pathway begins
albumin pre-mRNA has the same short poly(A) tail as found iwith deadenylation, followed by decapping akeBsdegradation
the mature mRNA in the cytoplasm. We conclude from this thdity the XRN1exonuclease3@). Here, the rate of deadenylation
the short poly(A) tail on albumin mRNA results from regulatiorappears to correlate best with relative stability as opposed to the
of the length of poly(A) added during nucleapBcessing and absolute length of the poly(A) tail. There is ample evidence that
not from cytoplasmic deadenylation. As a final control, RT-PCReadenylation also precedes the degradation of a number of
analysis was done to evaluate the length of poly(A) omRNAs in higher eukaryotes. A well-studied example of this is
vitellogenin A2 pre-mRNA using a primer to intron 34. The data-fos (19,35 from which poly(A) is rapidly removed to
in FiguredB show that vitellogenin pre-mRNA has the same longligoadenylate prior to degradation of the body of the mRNA.
poly(A) tail as seen in Figur2 using a primer to the terminal While we know that the primary turnover pathwayKgnopus
exon. liver involves induction by estrogen of an RNase selective for
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albumin mRNA (5,16), alboumin mRNA is likely to also be 11 Wahle E. (1995). Biol. Chem27Q 2800-2808. _

subject to the constitutive turnover pathways for most mRNAK Schoenberg,D.R., Moskaitis,J.E., Smith,J.H.,Jr and Pastori,R L. (1989)
This raises the interesting question whether short poly(A) itself js g%g?:??&ﬂiff&?:ﬁd Schoenberg,D.R. (1996}, Cel.

not a feature of instability, but rather for some mRNAs, such as gngocrinol 44, 201-209.

c-fos, it may be the process of deadenylation that is ultimatehu pastori,R.L., Moskaitis,J.E., Buzek,S.W. and Schoenberg,D.R. (#881)
important for their decay. Experiments coupling the albumin Endocrinol 5, 461-468.

poly(A) regulatory element with the elements dbsinvolved 15 Pastori,R.L., Moskaitis,J.E. and Schoenberg,D.R. (Bigthemistry30,

in deadenylation and destabilization should begin to address ttﬂés Eo:rgg;gé?% E.. Gamepudi\V.R. and Schoenberg,D.R. (1985

point. Chem 270, 6108-6118.

In summary, we report here the first direct evidence for7 PastoriR.L., Moskaitis,J.E., Buzek,S.W. and Schoenberg,D.R. (1992)
regulation of the length of poly(A) added onto pre-mRNA.  Steroid Biochem. Mol. Biod2, 649-657.
Experiments are in progress to determine whether this elementgs Wilson,T. and Treisman,R. (1988ature336 396-399.

located within the albumin coding sequence or one of the introég S;neunnlzesrgMM':ﬁas\/szrrh/?hzi::iﬁB(elng%%ii'D(?;?fé%gé_lgz'

of albumin pre-mRNA. 21 Wormington,M., Searfoss,A.M. and Hurney,C.A. (1996)BO J.15,
900-909.
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