0 1996 Oxford University Press

The Schizosaccharomyces pombe plal

Nucleic Acids Research, 1996, Vol. 24, No.2685-2591

gene

encodes a poly(A) polymerase and can functionally
replace its Saccharomyces cerevisiae homologue

Martin Ohn acker, Lionel Min vielle-Sebastia and Walter K eller*

Department of Cell Biology, Biozentrum, University of Basel, Klingelbergstrasse 70, CH-4056 Basel, Switzerland

Received March 7, 1996; Revised and Accepted May 15, 1996

ABSTRACT

We have isolated the poly(A) polymerase (PAP)
encoding gene plal [for poly(A) polymerase] from the
fission yeast Schizosaccharomyces pombe . Protein
sequence alignments with other poly(A) polymerases
reveal that plal is more closely related to  Saccharo-
myces cerevisiae PAP than to bovine PAP. The two
yeast poly(A) polymerases share significant sequence
homology not only in the generally conserved
N-terminal part but also in the C-terminus. Furthermore,
plal rescues a S.cerevisiae PAPI1 disruption mutant.
An extract from the complemented strain is active in
the specific in vitro polyadenylation assay. In contrast,
recombinant PLA1 protein can not replace bovine PAP

in the mammalian in vitro polyadenylation assay.
These results indicate a high degree of conservation of
the polyadenylation machinery among the evolutionary
diverged budding and fission yeasts.

INTRODUCTION

EMBL accession no. X79705

domain within the conserved N-terminal pétD). The high
conservation of this domain suggests the same function also in
other poly(A) polymerases. The C-terminal regions are not
conserved on the primary sequence level. Nevertheless, recent
results show that both C-termini contain an RNA-binding domain.
In both cases a nuclear localization signal (NLS) was found to be
essential also for RNA-binding (10,11).

In spite of these similarities, bovine PAP is not able to rescue
aPAP1deletion mutantl2) andS.cerevisia®AP can not replace
the bovine enzyme in the mammalianvitro polyadenylation
system. The reason for this might be the inability of both
polymerases to interact with the specificity factors of the respective
other speciesS.cerevisiaePAP has been shown to directly
interact with the FIP1 protein, a subunit of PE3). Bovine PAP
forms a complex with the mammalian cleavage and polyadenylation
specificity factor CPSF on the substrate RNA (14). Other
differences between mammalian &derevisiagolyadenylation
are the poly(A) tail length and the signals on the RNA directing
3'-processing (15,16). I8.cerevisiaepoly(A) tails consist of
60-70 A residues whereas mammalian poly(A) tails reach a length
of (250 A residues.

In summary, many similarities, but also several differences,

The 3-ends of almost all eukaryotic mMRNAs are generated biyave been found between pre-mRNA®cessing in mammals
endonucleolytic cleavage of a primary transcript and subsequemid inS.cerevisiadt is not known whether or n8tcerevisiaés
polyadenylation of the upstream cleavage product [for review, saetypical representative of the lower eukaryotes with regard to
(1,2)]. Both steps are accplished by a multiprotein complex. 3'-processing. Some evidence for a strong conservatiorenti3

In the budding yeastaccharomyces cerevisifmir 3-processing

formation among lower eukaryotes comes from a study dealing

activities have been separated: cleavage factor | (CFl), cleavagigh the 3-processing signals &.cerevisiaeand the distantly
factor 1l (CFIl), polyadenylation factor | (PFI) and poly(A) related fission yeasichizosaccharomyces pomhevas found

polymerase (PAP). Cleavage can be reconstiintedro with

thatin vitro, theS.pombéJRA4transcript is correctly processed

CFI and CFII, whereas polyadenylation requires PAP, PFI and aS.cerevisiaextract and the®.pombean efficiently process

CFI (3). Polyadenylation is specific in the presence ct'\agd

the S.cerevisia€€YCltranscriptin vivo (17). This inding was

only RNAs containing specific'-processing signals can be surprising becaus8.pombeandS.cerevisiaare evolutionarily
polyadenylated. In the absence of the specificity factors PFI adistant. In fact, sever&.pombegenes show about the same
CFI, PAP can polyadenylate an RNA only very inefficiently andlegree of homology with their counterpartsSieerevisiaeand
without substrate specificity. This unspecific activity is enhancedith those in higher eukaryotés3). On the other hand, the fact

when Mg™ is replaced by Mét (4).

that the 3end formation signals can be exchanged between the

Poly(A) polymerase has been cloned fircerevisia¢s) and  two highly diverged yeast species does not mean that the

from various vertebrates including human (6), boyi8) and

transacting factors are conserved as well. For example, the

Xenopug9). The vertebrate PAPs are highly homologous to eaadonservation could be limited to the RNA-binding sites of the

other throughout their entire sequen&ecerevisiaePAP is

specificity factors. The cloning of tisepombepoly(A) polymerase

encoded by the essential gé#dP1 PAPXencoded protein and appeared to be a reasonable starting point to find out whether the
its bovine counterpart are 47% identical within the first 395 aming-processing factors & pombeare more closely related to those
acids. Mutational analysis of bovine PAP revealed a catalytmf mammals or those &.cerevisiae
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Figure 1. Multiple peptide sequence alignment of three poly(A) polymerBA€4:(S.cerevisiag plal (S.pombeand bovine PAPBos taurug Sequence identities

are displayed as blue boxes, similarities are depicted as purple boxes. The sequence of bovine PAP (total length 739 amino acids) is only shown partially. The alig
of PAP1, plal and amino acids 1-417 of bovine PAP was done with the program PILEUP. The remaining part of bovine PAP was aligned manually to the other
sequences. The following features are shown in black frames: the three aspartate residues relevant for catalysis in bovine PAP (10) and the corresponding as
of PAP1landplal, the NLS1 of bovine PAP and the putative NLS of the two yeast enzymes, and the conserved LPDEVF(D/E) sequence motif (see text for furtl
details). The peptide sequence®APland bovine PAP are accessible in the SWISSPROT database under the numbers P29468 and P25500 respectively.

Here we report the cloning @lal, a poly(A) polymerase primers: 5>CCGTCGACGGIAARATHTTYAC-3(R=AorG,

encoding gene from the fission ye&gpombeWe find that the Y =C or T, H= A or C or T) from the peptide sequence GKIFT

protein sequence pfalis more similar to th&.cerevisiad’AP

(in Fig. 1: amino acids 82—86 RAP]) and 5CCGGATCCA-

than to bovine PAP. Furthermore, we show fHal rescues a CIARCATNGCCCA-3 from the peptide sequence WAMLV
S.cerevisiaePAP1 disruption mutant, whereas recombinant(amino acids 236-240 iRPAPJ]). The 50pul PCR mixture
PLA1 protein can not replace bovine PAP in the mammadian contained: 10 mM Tris—HCI (pH 8.0), 50 mM KCI, 2.5 mM

vitro polyadenylation system.

METHODS AND METHODS
PCR on genomicS.pombeDNA

MgCl,, 0.01% Triton X-100, 0.2 mM deoxynucleoside triphos-
phates, 250 pmol PCR primers, 4 ng gen@rmpomb@®NA and

1 U Tag DNA polymerase (Perkin Elmer). Twenty-five cycles
were carried out, with annealing at’@8for 30 s and extension
at 72C for 2 min. A PCR product of the expected size (476 bp)
was reamplified and subcloned into e—BanH| site of the

The amino acid sequences of two conserved pepti@esenfvisiae  Bluescript KS vector (Stratagene) and sequenced with Sequenase
PAP and bovine PAP were used to design two degenerate P@®nersham Life Science Inc.).
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Isolation of cDNA clones instead of pHCp50 is called JL17PLA, the one carrying pHCBS3

_ _ is called JL17PAP.
A random-primer labelled probe was synthesized from the

subcloned PCR fragment. The probe was used to scéspombe ) ) o _
cDNA plasmid library (vector: pFL61, see Table 1). The cDNABacterial expression of histidine-tagged recombinant
library was a gift from Dr Frangois Lacroute (Gif-sur-Yvette,proteins

France). 2.5 10* colonies were screened on nitrocellulose filter:

according to standard proceduf&s). sI'he open reading frame pifal was amplified by PCR with two

primers: 5-CGGGATCCATGACTACCAAGCAATGG-3 and
5-CGGGATCCTTATGCCGTTGAAACTTT-3 The reaction

Table 1. Yeast plasmids was carried out witlPfu DNA polymerase (Stratagene) according
to the manufacturer’s instructions. The PCR product was
Name Description subcloned into th®&arHI site of the histidine-tag expression

vector pQE9 (Qiagen)Escherichia coliM15 was used to

pFLGL 2u-based vector with HRA3marker (34) overexpress pQE9-plal. The expression was induced by adding
pFL61-plal pFL61 containinglalin itsNotl site under the control of 0.4 mM isopropyIB-D-thiogalactopyranoside (IPTG) to a 500 ml
the PGK promoter LB culture. The induced culture was grown overnight. After
pFLT-plal  Derivative of pFL61-plal in which tigglll URA3cassette harvesting by centrifugation, the cells were resuspended in 50 ml
has been replaced by tBglll TRP1cassette TK buffer [50 mM Tris—HCI (pH 8.0) , 100 mM KCI] and frozen
PHCP50  ContaintJRA3and the genomislindill fragment ofPAP1 at —80C. The cells were thawed after addition of 100 ml lysis
rescues a chromosonfAP1disruption (26) buffer [50 mM Tris—HCI (pH 8.0), 100 mM KClI, 15% glycerol,

1.5 mM phenylmethylsulfonyl fluoride (PMSF), 0.6 mg/ml
lysozyme, 15ug/ml DNase |, 3ug/ml leupeptin, 3ug/ml
pepstatin]. After sonication and centrifugation the supernatant
was filtered and batch absorbed to 2 ml of a 50% slurry of
nickel—-nitrilotriacetic acid agarose (Ni-NTA, Qiagen), which had
Sequence analysis been equilibrated with GTK buffer [50 mM Tris—HCI (pH 8.0),

100 mM KCI, 10% glycerol]. After 30 min the suspension was
Protein sequences were analyzed with GCG software prograrpsured into a column. The column was washed with 10 ml GTK
Sequence databases were searched with the programs FASTAuriter containing 10 mM imidazole. The recombinant protein
TFASTA (20). For sequencdignments the program PILEUP was eluted with 1 ml GTK buffer containing 100 mM
was used. The program BESTFIT was used to calculate tiraidazole. The pool of recombinant protein was loaded ona 1 ml
percentages of identity. The nucleotide sequeng@bhas been DEAE-Sepharose column. The column was washed withd
deposited in the EMBL database under the accession numi@&TK buffer containing 150 mM KCI and withx2l ml GTK
X79705. The email server at the EMBL was used for thbuffer containing 500 mM KCI. Recombinant PLAL protein
secondary structure predicti¢2i,22). eluted in the 150 mM step.

pHCBS3 ContainsTRP1and the genomiklindlll fragment ofPAPL
rescues a chromosonf@\P1disruption (26)

Western blots In vitro polyadenylation assays

Proteins were separated on 9% polyacrylamide gels (23) ahbhspecific polyadenylation was done as described previously (28).
blotted to nitrocellulose membranes. The blots were blocked Bpecific polyadenylation of tha vitro transcript pG4-CYC1 pre

TN Tween [10 mM Tris—HCI (pH 8.0), 150 mM NacCl, 0.05% (13) was performed as described vimasly (29). Specific
Tween 20] containing 5% non-fat milk. The same buffer was algmwlyadenylation of the L3 precleaved RN20) was done as
used for the antibody incubations. Peroxidase-conjugated swidescribed (14). Thesaction products were analyzed on denaturing
anti-rabbit immunoglobulins were used as secondary antibodigmlyacrylamide gels. Purified CPSF was a gift from Silvia
Chemiluminescence (ECL kit, Amersham) was used for detectidBarabino and Andreas Jenny. Recombinant bovine PAP and
Affinity-purified antibodies directed againStcerevisiadPAP  S.cerevisiad®’AP were gifts from Georges Martin.

were a gift from Pascal Preker.

Yeast extract preparation

Yeast strains, media and genetic methods ) . ]
Yeast extracts were prepared as described previ@iiywith

Yeast media were prepared as described elsewhere (24). Yahstmodifications described below. Cells were harvested at OD
transformations were carried out following the lithium acetat®.5-4. Spheroplasts were homogenized in the presence of the
procedure (25). The strain used in this study @aerevisiae protease inhibitors PMSF (1 mM), pepstatin (@g/ml) and
JL17-3A Mata, ade2-1 his3-11,15leu2-3,112trp1-1 ura3 leupeptin (0.41g/ml). Potassium acetate was used instead of KCI.
canl-100papl::LEU2 pHCp50)(26). Whole cell extracts were brought to 45% ammonium sulphate
In the plasmid shuffling experiment, JL17-3A was transformedaturation. The same protease inhibitors (at the same concentrations
either with pFLT-plal, pHCBS3 (positive control, see Table 1) cas described above were also used in the dialysis buffer.
pFLT (negative control). Transformants were transferred to Alternatively, yeast extracts fon vitro 3'-processing were
SD-Leu plates containing 5-fluoroorotic acid (5-FOA) to selecprepared by freezing the cells in liquid nitrogen and homogenizing
for cells having lost pHCp5@7). The strain caying pFLT-plal  them with a mortar and pestle as described previ¢d8)y The
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Figure 2. Schematic sequence organization of three poly(A) polymerases: bovine PAP (BosRaBd(S).cerevisiaeandplal (S.pombg The scale on top shows

the position in number of amino acids. The locations of the catalytic core and the RNA-binding region in bovine PAP are indicated with double arrows. The follow
features are shown as dark red boxes: the catalytic core and the corresponding fRir@ndplal, the nuclear localization signals of bovine PAP and the putative
NLS of PAPlandplal, the LPDEVF(D/E) sequence motif. Regions with a similarity >40% are indicated as light red boxes. The boxes below the bars show a second
structure prediction of the alignment of all three sequences. Black boxes corresptetides, white boxes indicgbestrands.

ammonium sulphate precipitation and the dialysis were done tsbovine poly(A) polymerase. The alignment in Figure 1 shows

described above. blocks of complete conservation in all three sequences in the
N-terminal part but also stretches that are highly conserved only
RESULTS among the two yeast enzymes, for example in residues 308-316
(the numbers refer to th@al sequence). The region recently
Isolation of aS.pombecDNA clone with significant identified as the catalytic core of bovine RAB; see Figs 1 and
homology to poly(A) polymerases of other species 2, residues 59-179) is quite well conserveaiat and within this

part the three aspartates involved in catalysis in the mammalian

In order to clone the poly(A) polymerase Sfpombetwo enzyme (10) are conserved (see Fig. though the C-termini

degenerate primers were derived from the peptide sequen i
GKIFT and WAMLY, which are conserved SicerevisiadAP 48 less conserved, there is significant homology among the two

o ;
and bovine PAP. The primers were used for PCR on genonﬁeaSt Poly(A) polymerases (35% identity). One of the most

S.pombéDNA. A band corresponding to the expected size w Fnkmg common C-terminal features plal and PAPLIs a

beloned and d Th tati tid edominantly acidic stretch (amino acids 528-538) which is
subcloned and sequenced. 1he putatlive peplide sequence Ol by a predominantly basic region, containing the putative

PCR product was found to be 70% identic& irerevisiadAP ;

: ; g . LS. The sequence LPDEVF(D/E) is conserved amtaigand
and 58% identical to bovine PAP. The amplified DNA couldoypq it is qabsent in the C(—terr%inus of the bovine poly(A)
therefore be used as a probe for screeniGgpambecDNA olymerase (Figs 1 and 2). The C-terminal portionslaif and
library. Three positive clones with a 2.1 kb insert and 'dent'C%ovine PAP are 23% identical. The overall identitplafl and

restriction pattern were obtained. The insert of one of thiai) ( ‘o ; 0 ;
was subcloned into thdot site of the Bluescript KS vector and gégzr?géﬂ?gﬁpgrsofnsﬁ]’egg %rgmleaggnlz:cl)t;/ér;epmﬁsaﬁo?g|y

sequenced on both strands. Sequencinglaf revealed a o : :
putative ORF of 566 amino acids corresponding to a 64 chIousrc]atlgrpgerltated toS.cerevisiaePAP than to its mammalian
protein. As there are stop codons in front of the start ATG wé '
conclude thatplal is a full length clone. Thelal protein
sequence contains a putative bipartite nuclear localization signal ,

(33) at its C-terimus (amino acids 545-562). Bacterial expression oplal

The ORF oplalwas expressed with a histidine-tagtinoliand

the recombinant protein was purified as described in Materials
Database searches witlal yielded high scores with poly(A) and Methods. On a SDS—polyacrylamide gel the recombinant
polymerases but not with any other protein sequence (data pobdtein appears as a bandb¥ kDa which is in good agreement
shown) suggesting thptal encodes a poly(A) polymerase. An with the calculated molecular mass (64 and 1.4 kDa for the
alignment of theplal amino acid sequence with that of histidine tag).

S.cerevisiaePAP and bovine PAP reveals a high degree of In an unspecific polyadenylation assay a specific activity of
identity, especially in the N-terminal part. In the first 400 amin® x 10° U/mg was measured. The activity of PLA1 protein is in
acidsplalis 62% identical t&.cerevisia®AP and 47% identical the same range as thatSterevisiadAP (1.3x 1(f U/mg).

Sequence comparisons
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Figure 3. Immunoblot analysis of an extract from tBecerevisiadPAP1 180

deletion mutant rescued by t8epombeoly(A) polymerase (JL17PLA). The

blot was probed with an antibody directed agateerevisiad’AP (1:1000 160

dilution). Lane 1, 30 ng recombinant PAP1 protein; lane 2, 30 ng recombinant

PLA1 protein; lanes 3, 4 and 5: 10, 30 and i§®rotein of an extract from M1 2 3 4 5 87 8 8

JL17PAP; lanes 6, 7 and 8: 10, 30 and fi§0Oprotein of an extract from

JL17PLA. Abbreviations: rPAP1, recombinant PAP1 protein; rPLA1, recombi-

nant PLA1 protein. The molecular mass (in kilodalton) and migration position Figure 4. Polyadenylation of the CYC1 precleaved RMAvitro. Lane 1, no

of protein size markers are indicated on the left. protein was added to the assay. Lanes 2, 3, 4 and 5: 12, 24, 48.gnof 32
extract from JL17PAP were used. Lanes 6, 7, 8 and 9: 12, 24, 48 pg®f72
an extract from JL17PLA were used. The migration position and size of
markers (in number of nucleotides) are indicated on the left. The migration
position of the substrate (CYCL1 pre) and polyadenylated RNA are indicated on
the right.

Complementation of aS. cerevisiad’AP1 deletion mutant 9

By complementation of th8.cerevisiad”’AP1 deletion mutant
JL17-3A we addressed the question whattarcan functionally

substitute foPAP1 In JL17-3A the chromosomal copyRAP1 3 17p| A and tested it in a specific polyadenylation assay. The
is replaced byEU2(26). The strain is rescued by pHCpS0 whichgpsirate for this reaction was the CYC1 precleaved RNA which
contains PAP1 and URA3 JL17-3A was transformed with gnqq at its natural polyadenylation site and can be polyadenylated
pFLT-plal. Transformants were transferred on a SD-LEU platg, 5 S.cerevisiaewild-type extract(13). Agure 4 shows a
containing 5-FOA. 5-FOA Kkills c_ells that contain a W'Id'typepolyadenylation assay, in which extracts from JL17PAP and
copy ofURA3(27). Therefore, suival depends on the loss of j) 17p| A'were titrated. The extract from JL17PLA (lanes 6-9)
pHCpS0 and on the ability gilal to take over the essential hoqyces essentially the same reaction products as the wild-type
funct|_on ofPAPl Viable colonies were obtaln_ed in the plasm|d(|anes 2-5). The polyadenylation reaction seems to be slightly
shuffling with pFLT-plal. These cells grew slightly slower thaness efficient with the extract from JL17PLA than with the
those rescued by pHCBS3 (160 min doubling time versus Id-type extract, but in both cases the poly(A) tails reach

min). To exclude the possibility that the growing colonies hady,gximately the same length (compare lanes 5 and 9). The long
maintained pHCpS0 (for example by mutating ®WRA3  y(A) tails in lanes 2—4 are probably due to inefficient poly(A)
marker), we prepared an extract from Bieerevisiaestrain  jengih control in reactions with low amounts of wild-type extract.
expressing thes.pombepoly(A) polymerase (JL17PLA) and s effect is less pronounced for JL17PLA (lanes 6-8). In the
probed it on a western blot with a polyclonal antiserum directed 5 ctions with the extract from JL17PLA a band of intermediate
against.cerevisia®AP. Figure 3 shows that the extract does Nqkngih can be seen. This band represents oligoadenylated precurso
containS.cerevisiad’AP (lanes 6-8) whereas PAP can easily by A, as confirmed by binding to poly(U)-Sepharose (results not
detected in a control extract from JL17PAP (lanes 3-5). &nown). The intermediate band may be caused by decreased
significant amount (30 ng) of recombinant PLAL protein (lane 235ty of the polyadenylation complex in the presence of PLAL,
is only visible as a very faint band due to a crossreaction WifBaging to a premature release of the polyadenylation product. In
anti-PAP antibodies. It is thus not surprising that PLA1 prote|any case, we conclude that PLAL can replaceStberevisiae

could not be detecteq in the extract from JLl?PLA_ceIIs._ poly(A) polymerase in a specific polyadenylation assay.
The complementation of tf&cerevisia®®AP1deletion with ™ 14 tast whether PLA1 protein can also act in concert with the

the S.pombeplal gene shows that PLAL protein can fulfil the n3mmalian cleavage and polyadenylation factor CPSF, we
essential function of a poly(A) polymerase $cerevisiae eyamined the ability of PLAL protein to polyadenylate the

Similar results were obtained when a temperature sensitive aII«i noviral L3 precleaved RNA in the presence of CPSF. Figure 5
of PAP1was complemented by pFL61-plal (results not showny, s that bovine poly(A) polymerase can polyadenylate L3

precleaved RNA in the presence of CPSF (lane 2), but not when
In vitro complementation CPSF is absent (lane 3). In contr&igerevisiadPAP is not

stimulated by CPSF (compare lanes 4 and 5). The same is also
In order to test whether PLAL protein can also have a specifibserved for recombinant PLAL protein (compare lanes 6 and 7).
poly(A) polymerase activityn vitro we made an extract from This result shows that PLA1 is not able to replace bovine PAP and
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boving PAP RNA and the products are comparable to those obtained with a
PLA1 protein e g wild-type S.cerevisia@xtract. Extracts from mutants affected in
essential polyadenylation factors are inactive in specific poly-

]
&
-
L]
1
1
1

2::;’““'“ Sar adenylationin vitro (13,29), #hough they contain a functional
R _SERape sy PAP. The reason for this might be the very inefficient manner by
which poly(A) polymerases elongate RNA substrates in the
absence of specificity factors (28). Therefore, in ordemdyme
e normal poly(A) tails, PLA1 protein has to interact with the
2423 S.cerevisiag@olyadenylation specificity factors (PFI, CFI or yet
201 paly[A) unidentified additional components). This suggests that similar
factors exist inS.pombeand argues for a conservation of the
]Eg 3 polyadenylation machinery in the two yeast species.
In contrast tplal bovine PAP can not rescueSacerevisiae
125 PAP1null allele (12) and none of the yeastypnerases is able
18 to replace bovine PAR vitro in the mammalian polyadenylation
system. Consequently, there must be an important difference
between the two yeast polymerases and bovine PAP. Because the
a0 S.cerevisiapoly(A) polymerase and its bovine homologue differ
mostly in their C-terminal parts, the C-termini have been
78 suggested to contain domains involved in species specific
- L3 pr fur_lc_tions such as interactions with specificity fa(_:(BrS). One
&7 striking feature common to both yeast PAPs is the sequence

LPDEVF(D/E) which is located upstream of the putative NLS.
This sequence is absent in the mammalian poly(A) polymerase,
which suggests that LPDEVF(D/E) may have a function that is
specific for yeast PAPs. Interestingly, a recent study showed that
a truncated version &AP1lending at amino acid 525 could still
rescue &AP1deletion mutant whereas deletion of additional 12
Figure 5. Polyadenylation of the L3 precleaved RAvitro. Proteins were amino acids, mC|Udmg LPDE.VFD’ was I.Ethal (.11)' These a.UthorS
added as indicated on the top. One ng of a recombinant poly(A) polymerase w&SO showed that a predominantly basic region overlapping the
used per reaction. The size (in number of nucleotides) and migration positioPNLS is involved in RNA-binding. A similar basic region is also
of the markers are indicated on the left. The migration position of the substratpresent irplal and is aligned with the RNA-binding domain of
(L3 pre) and polyadenylated RNA are indicated on the right. PAP1in Figure 1 (amino acids 537-547ptal). The NLS1 of
bovine PAP (amino acids 489-507) was also found to be essential

suggests that tH®.pombepoly(A) polymerase does not interact for RNA-binding(10). This hdicates that the involvement of a

M1 2 3 4 5 B 7

specifically with CPSE. NLS in RNA-binding is a general feature of poly(A) polymerases.
P y It is surprising that the 525 amino acid truncatioPAP1is
DISCUSSION able to complement the null allele, although it is severely affected

in RNA-binding (11). A possible explanation for this is the

In this paper we report the cloning of ygombgeneplalwhich  interaction of PAP with the specificity factors, which might still
is highly homologous to th®.cerevisiagoly(A) polymerase gene allow the mutant polymerase to establish the contact to its RNA
PAP1land is capable of complementing.eerevisiae PARdeletion ~ substrate. This would require that also the truncated PAP forms
mutant. a stable complex with the specificity factors. Further deletion of

Recombinant PLA1 protein is active in unspecific polyadenyl2 amino acids (position 514-525 RAP]) may destroy the
lation. Thus,plal encodes a poly(A) polymerase. Sequenceesidual activity of the enzyme by affecting the complex stability.
comparisons with other poly(A) polymerases show ttatis It is tempting to speculate that the conserved LPDEVFD
more closely related 18AP1(62% identity within the first 400 sequence motif could be involved in the formation of the
amino acids) than to bovine PAP (47% identity in the N-terminaiolyadenylation multiprotein complex.
part). The two yeast poly(A) polymerases differ approximately The region comprising the first 18 amino acid$*AP1has
equally from their bovine homologue on the primary sequendgeen implicated in the interaction with polyadenylation specificity
level. The same tendencies can also be seen in an alignment oféators (11). Because PLAL1 must be able to interact with the
C-termini. Whereas it was not possible so far to find a significa®.cerevisiagpolyadenylation specificity factors, a strong
sequence homology between the C-terminuBAGtl and any conservation of the extreme N-termini would be expected. Thus,
other poly(A) polymerase, the C-terminighl andPAPlare it is surprising that the extreme N-terminus is not completely
35% identical. This identity is significant because alignments @onserved among the two yeast polymerases. Irplattand
randomized versions of the two C-termini always yieldedbovine PAP show about the same degree of identiBAfRL
identities below 25%. within this stretch. On the other hand, the similarity of this region

A high similarity of the two yeast PAPs is not only observed ois clearly higher than random. This may serve as an argument for
the sequence level but also with regard to the abilipladfto  a functional conservation of this part. However, all N-terminal
rescue th&.cerevisiaAP 1deletion mutant. An extract prepared truncations of bovine PAP tested so far were found to be inactive
from JL17PLA efficiently polyadenylates the CYC1 precleavecdven in unspecific polyadenylatidi0). It is therefore tal



unclear whether or not the involvement of the extreme N-termind§
in specific protein—protein interactions is a general characteristié

of poly(A) polymerases. This and other questions concerning the

functions of specific domains of poly(A) polymerases can bgs

answered by further mutational analysis and by the determination

of the crystal structure of these enzymes.

ACKNOWLEDGEMENTS

We are grateful to Dr Frangois Lacroute for providing theg
S.pombe&DNA library. We thank Georges Martin for discussions

on multiple sequence alignments and for help with secondary
structure predictions. We also thank Andreas Jenny, Pascal Prelé&rSambrook,J., Fritsch,E.F. and Maniatis, T. (1888lpcular Cloning: A
and all other members of our laboratory for helpful and

constructive suggestions. L.M-S. was supported by a ‘Hum
Capital and Mobility ' postdoctoral fellowship from the EU. This
work was supported by the Kantons of Basel and a grant from tae

Schweizerischer Nationalfonds.

REFERENCES

AWM

[e2é)]

Keller,W. (1995 ell, 81, 829-832.

Wabhle,E. (1995Biochim. Biophys. Actd 261, 183-194.

Chen,J. and Moore,C. (1994pl. Cell. Biol, 12, 3470-3481.

Lingner,J., Radtke,l., Wahle,E. and Keller,W. (120Biol. Chem.266
8741-8746.

Lingner,J., Kellermann,J. and Keller,W. (198tBure 354 496-498.
Thuresson,A.-C., Astrom,J., Astrom,A., Gronvik,K.-O. and Virtanen,A.
(1994)Proc. Natl. Acad. Sci. USA1, 979-983.

Raabe,T., Bollum,F. and Manley,J.L. (198tBture 353 229-234.
Wahle,E., Martin,G., Schiltz,E. and Keller,W. (198MBO J, 10, 4251—
4257.

Ballantyne,S., Bilger,A., Astrém,J., Virtanen,A. and Wickens,M. (1995)
RNA 1, 64-78.

22
23
24

25

26
27

28
29

30
31

32
33
34

Nucleic Acids Research, 1996, Vol. 24, No. 13591

Martin,G. and Keller,W. (199&MBO J, in press.

Zhelkovsky,A.M., Kessler,M.M. and Moore,C.L. (1995Biol. Chem.
270 26715-26720.

Hotz,H.-R. (1992) Diploma Thesis, University of Basel.

Preker,P.J., Lingner,J., Minvielle-Sebastia,L. and Keller,W. (128581,
379-389.

Bienroth,S., Keller,W. and Wahle,E. (19€8)BO J, 12 585-594.
Proudfoot,N. J. (199Dell, 64, 671-674.

Guo,Z. and Sherman,F. (1998)l. Cell. Biol, 15 5983-5990.
Humphrey,T., Sadhale,P., Platt,T. and Proudfoot,N. (B0 J, 10,
3503-3511.

Sipiczki,M. (1989) In Nasim,A., Young,P. and Johnson,B.F. (eds),
Molecular Biology of the Fission Yeaéicademic Press, San Diego, pp.
437-448.

Laboratory Manual Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY.

Pearson,W.R. and Lipman,D.J. (1988)c. Natl. Acad. Sci. USA5,
2444-2448.

Rost,B., Sander,C. and Schneider,R. (189810S 10, 53-60.
Rost,B. and Sander,C. (19%pteins 19, 55-72.

Laemmli,U.K. (1970Nature 227, 680—685.

Guthrie,C. and Fink,G.R. (199G)ide to Yeast Genetics and Molecular
Biology Academic Press, San Diego, CA.

Gietz,D., Jean,A.S., Woods,R.A. and Schiestl,R.H. (199&2ic Acids
Res, 20, 1425.

Lingner,J. (1992) Doctoral Thesis, University of Basel.

Boeke,J.D., Trueheart,J., Natsoulis,G. and Fink,G.R. (M&Wpds
Enzymol. 154 164-175.

Wahle,E. (1991). Biol. Chem.266 3131-3139.
Minvielle-Sebastia,L., Preker,P.J. and Keller, . (1$2#nce266
1702-1705.

Christofori,G. and Keller,W. (1988ll, 54, 875-889.

Butler,J.S., Sadhale,P.P. and Platt,T. (188%) Cell. Biol, 10,
2599-2605.

Ansari,A. and Schwer,B. (1996MBO J, 14, 4001-4009.

Dingwall,C. and Laskey,R.A. (199I)ends Biochem. Scil6, 478-481.
Minet,M., Dufour,M.-E. and Lacroute,F. (19%2ant J, 2, 417-422.



