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ABSTRACT

ABC14.5 (Rpb8) is a eukaryotic subunit common to all
three nuclear RNA polymerases. In  Saccharomyces
cerevisiae , ABC14.5 (Rpb8) is essential for cell viability,
however its function remains unknown. We have
cloned and characterised the  Schizosaccharomyces
pombe rpb8 * cDNA. We found that S.pombe rpb8,
unlike the similarly diverged human orthologue, cannot
substitute for S.cerevisiae ABC14.5 in vivo . To obtain
information on the function of this RNA polymerase
shared subunit we have used S.pombe rpbh8 as a
naturally altered molecule in heterologous expression
assaysin S.cerevisiae . Amino acid residue differences
within the 67 N-terminal residues contribute to the
functional distinction of the two yeast orthologues in
S.cerevisiae . Overexpression of the  S.cerevisiae
largest subunit of RNA polymerase Ill C160 (Rpcl)
allows S.pombe rpb8 to functionally replace ABC14.5in
S.cerevisiae , suggesting a specific genetic interaction
between the S.cerevisiae ABC14.5 (Rpb8) and C160
subunits. We provide further molecular and biochemical
evidence showing that the heterologously expressed
S.pombe rph8 molecule selectively affects RNA
polymerase Il but not RNA polymerase | complex
assembly. We also report the identification of a
S.cerevisiae ABC14.5-G120D mutant which affects
RNA polymerase lII.

INTRODUCTION

DDBJ/EMBL/GenBank accession nos Y07643 and Y07644

Biochemical and genetic analyses have shown that all purified
eukaryotic nuclear RNA polymerases are composed of a
homologous core of four subunits, share another five subunits and
are associated with several enzyme-specific subuhits The

four core subunits comprise two large polypeptides that are
homologous to the two largest suburfgsdp’) of the bacterial
core enzymeo(of3") and form the catalytic centre of the enzyme
(6-8) and two smaller polypeptides that are related to the bacterial
o subunit and are required for RNA polymerase complex
assembly ¢-11). The five common subunits ABC27 (Rpbb5),
ABC23 (Rpb6), ABC14.5 (Rpb8), ABChO0 (Rpb1l@®) and
ABC10B (Rpb1@) have no bacterial counterparts while three of
them (ABC27, ABC23 and ABCJ) are related tdona fide
subunits of the archaeal RNA polymerasd ((Nomenclature of
RNA polymerase subunits varies5; Tablel.)

Table 1.RNA polymerase gene and subunit nomenclature

Organism Gene Subunit

Saccharomyceserevisiae RPA190 A190 or Rpal
RPB1 B220 or Rpb1l
RPC160 C160 or Rpcl
RPB5 ABC27 or Rpb5
RPB6 ABC23 or Rpb6
RPC10 ABC10a or Rpbl@
RPB10 ABC10B or Rpb1(®
RPB8 ABC14.5 or Rpb8

Schizosaccharomyces pombe rpb8 rpb8

Homo sapiens POL2RH hRPB17 or hsRpb8

Yeast nuclei contain three DNA-dependent RNA polymerasegmenclature according to various biochemical (4) and genetic (5) definitions
responsible for the synthesis of rRNAs (RNA pol 1), mRNAgor the RNA polymerase subunits and genes mentioned in this paper.

(RNA pol II), tRNAs (RNA pol Ill) and small nuclear RNAs (RNA

pol Il and RNA pol Ill). The three enzymes differ in their nuclear In Saccharomyces cerevisjathe five shared subunits are
location, chromatographic behaviour and inhibitor sensitivity anéncoded by single copy genes that are essential for cell viability
they interact with distinct sets of transcription factors in order t¢13,14). However, so far their role in transcription remains
locate appropriate promoters and initiate transcriptind).( elusive and itis not known whether they mediate similar functions
However, they have structural and functional similarities thaih all three RNA polymerases. ABC23 is necessary for RNA
reflect their common origin and their shared functioBs ( polymerase | and Il complex assembly, for the stability of the
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largest subunits of these enzym#S) @nd for the structural and  pDBSc8(ABC14,5) (Tabl@) DNA wasin vitro mutagenised
functional integrity of RNA polymerasel). ABC23, ABC1@&  with hydroxylamine and used to transform #en2\ leu2-2
and ABC1@ can be replaceid vivoby both theiHomo sapiens ura3-52 GCN4-lacZstrain. Plasmids that conferred 3IAT
and Schizosaccharomyces pombeunterparts I(/—19) while  phenotypes were selected.
ABC14.5 (Rpb8) can be replaced byHtsapiensorthologue at A YEP13S.cerevisiaggenomic DNA library, constructed by
30°C but not at 37C (19). The ABC14.5 (Rpb8) subunit is of K.Nasmyth, was used for the suppression of lethality of the
special interest because it is one of the two (ABC14.5 andSL171 strain containing only th&.pomberpb8 subunit
ABC10a) common subunits that have no homologue detectabfellowing plasmid shuffling complementation.
in archaeal RNA polymeraseX)j. Recently, it has been reported
that the human orthologue of ABC14.5 interacts with the large
subunit of RNA polymerase Il and with ABC23 (RpbB}))(

We have isolated th§.pombe&DNA encoding the ABC14.5 Cells were grown in minimal medium supplemented with

(Rpb8) orthologue protein. We found that tSgpomberpb8 .35 mM adenine, at 3C, to an ORsg of 0.3-0.4. Thaura3
protein, unlike the similarly diverged human Rpb8, could nomutation was complemented by th&A3expressing plasmid
replace theS.cerevisiaeorthologue subunit in arpb8A strain.  pDB20. An aliquot of 0.5 mCi of [5,8H]uracil (Amersham) was
Considering that th8.pombepb8 sequence contains alterationsadded to a 20 ml culture; following labelling for 30 min, a
significant for the function of this subunit B.cerevisiagwe  1000-fold excess (final concentration 200 mM) of unlabelled
further investigated its specific effects by heterologous expressigacil was added and incubation continued for a further 30 min.

(in S.cerevisiae Our data are the first indication that sequenc@NA was extracted and analysed by polyacrylamide gel electro-
alterations in a common subunit specifically affect one class @horesis as previously describ&d)(

RNA polymerasén vivo. We additionally report the isolation of
a S.cerevisialABC14.5-G120D mutant that also affects RNA

i vivo labelling

RNA polymerase | and llI purification and analysis

polymerase Il
Cells were grown in minimal medium with the required
supplements, at 3C, to an OBspof 0.8—-1.0. RNA polymerases
MATERIALS AND METHODS Il (31) and | B2) were purified as previously described from
) ) 10-20 g of cells.
Strains and media Purified RNA polymerases | and Ill were analysed by

electrophoresis in a 13% SDS—polyacrylamide3@ldnd silver
Saccharomyces cerevisiggains used for the plasmid shuffling staining g4). Alternatively, following electrophoresis, samples
complementation assays are derivatives of YSL171 BMATwere transferred onto a PVDF membrane (Millipore) for western
his3-A200 lys2A201 leu2-3,112 ura3-52 ade2-1 rgdB:LYS2  pjot analysis, incubated with the anti-HA-epitope or anti-RNA
(pSL103:CEN URA3 RPBg (14). Rich and minimal growth polymerase subunit8%) and visualised by chemiluminescence
media were as previously describet?)( The plasmids used (ECL; Amersham). RNA polymerase Ill activity was assayed in
(Table 2) are derivatives of pBluescript, Yep351, pRS315a non-specific [poly(dA-dT) template] or a specifitb(snRNA

(Stratagene), pDB202¢), pYeF1H @4), pNOY16 @5 and  gene template vitro transcription assay).
pJA483b 6).

RESULTS

Genetic screens The S.pombepb8 subunit is unable to functionally

) ) ) substitute for its S.cerevisiaeounterpart
Schizosaccharomyces pomip&8 cDNAs were isolated in the

course of a genetic screen, independent of this work, fawo S.pombe rpb8DNAs were isolated in our laboratory in a
functional complementation of ti&cerevisiagicn2A mutation  genetic screen, independent of this work (Materials and
(27). The reason why rpb8 was identified in this screen i8lethods). The two cDNAs, of 0.8 and 1.0 kb, respectively,
probably because it interferes with the function of RNAcorrespond to two mRNAs transcribed from a single copy gene
polymerases resulting in an overall protein synthesis decrea@ata not shown). Nucleotide sequence analysis revealed that the
which consequently favours Gen4 expression that overcomes tiweo cDNAs differed in the length of theit-8ntranslated regions
gcn2mutation. Our selection fgecn2A-complementing cONAs — and contained an open reading frame (ORF) of 125 amino acid
relied on the inability of thgcn2A strain to grow under amino residues (EMBL accession nos Y07643 and Y07644). Sequence
acid starvation conditions [i.e on minimal medium containinganalysis indicated th& pombepb8 does not contain any known
3-aminotriazole (3-AT) that causes histidine starvatidg).(The  consensus sequence. Multiple alignment Sopomberpb8,

gcn2A leu2-2 ura3-52 GCN4-lac&rain was transformed with a S.cerevisiaeABC14.5 and the human orthologue hRPB17
S.pombe&DNA library, provided by J. D. Fikes and L. Guarentesequences showed that similarities among the three proteins are
(23), carried in the pDB20 expression vector. A screen of 60 0Gpread out over their entire sequences (fiABC14.5 and rpb8

Ura* transformants yielded two plasmids, pG3 and pB3, thatisplay in total 44% identity and 63% similarity (BESTFIT
conferred a 3-AR phenotype on minimal medium containing alignment of the GCG package software) whereas ABC14.5 and
10 mM 3-amino-1,2,4-triazole2) and blue colour on X-gal its human orthologue are 38% identical and 66% similar. A region
(5-bromo-4-chloro-3-indolyB-p-galactoside) indicator plates. of 21 amino acids (residues 68—88) of ABC14.5 is not present in
The cDNA inserts from pG3 and pB3 were subcloned into thi,s S.pombecounterpart. According to our multiple alignment
Notl site of pBluescript and sequencéd))( only six of those residues are missing from the human sequence.
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Table 2.Plasmids used in this study

Plasmid

Description

pDB20+, pDB20-
pB3

pG3
pDBSp8(rpb8)
pDB1+/—

pDBScp81(rpb8)

pYeF1HA

pYSp8(HA-rph8)
pDBSC8(ABC14.5)
pDBSC81(ABC14.5)

pDBSCca\21(ABC14.7\68-88)

pDBSC8N21(ABC14.9\68-88)

pDBScSp(ScSp)

pDBSpSc(SpSc)

pDBSc8M(ABC14.5-G120D)
pDBSCc81M(ABC14.5-G120D)

pYeC(C160)
pYeA(A190)

pYeB(B220)

Modified versions of pDB20URA3 2u) created by inserting a linker sequence containindtioRl, Xhd, Xba andNotl
sites into theHindlll site in both orientations
pDB20 URA3 2u ori pADCI) containing thé11000 bp insentpb8 cDNA

pDB20 containing theBOO bp insertpb8 cDNA

pDB20+ containing al50 bp PCR fragment of tf&pombeph8 ORF withEcadRI ends, ligated in the correct orientation
relative to the promoter to thecoRl site

pDB20+/- containing tHel800 bpBanHI fragment including théllS3 gene (42) filled in using Klenow DNA polymerase
and blunt end ligated to the filled kcd site

pDBSp8 containing thi800 bpBarHI fragment including théllS3 gene filled in using Klenow DNA polymerase and
blunt end ligated to the filled iNcd site

Modified version of pYeF1H(B (7). The(B00 bpApa—Clal fragment, containing the promotéAL10-CYC1
was replaced by tHel500 bpBanHI-Xba fragment from pDB20+, containing the promafddCl. The latter
fragment was filled in using Klenow DNA polymerase and blunt end ligated to the filkgabinClal sites of pYeF1H
pYeF1HA containing the N-terminus of Bipombe rpb®RF fused to the HA epitope. AB50 bp PCR fragment
containing thepb8 ORF of S.pombewvith EcoR| ends was ligated (in-frame) to tRedRl site

pDB20+ containing &400 bp PCR fragment including tRPB8ORF ofS.cerevisiagwith Notl ends, ligated (in the
correct orientation relative to promoter DNA) to tietl site

pDBSc8 containing the800 bpBanH| fragment including théllS3 gene, filled in using Klenow DNA polymerase and
blunt end ligated to the filled iNcd site
pDB20+ containing two PCR fragments, Sc1-67 and Sc89-146, corresponding to amino acids 1-67 and 89-146 of the
RPB8coding region, respectively, generated from pDBS8. Sc1-67 contalfcoRhsite in front of the ATG codon and a
blunt 3-end. Sc89-146 contains a blutvehd and &bal site following the stop codon. The two PCR fragments were
simultaneously ligated to thiecoR| andXbal sites of pDB20+
pDBSc&\21 containing th€11800 bpBanH! fragment including théllS3gene, filled in using Klenow DNA polymerase
and blund end ligated to the filled Ntd site

pDB1- containing two PCR fragments, Sc1-88 and Sp68-125, corresponding to amino aci@scer8&naeABC14.5
and 68-12508.pombeph8, were generated from pDBSc8 and pDBSp8, respectively. The Sc1-88 DNA fragment was amplified
using 3- ATAAGAAAGCGGCCGCAGCAATGTCTAACACTC-3 and 5-GCTCTAGATCTGTCACCAGCCTGTGG-3primers
introducing aNot site in front of the ATG codon andXbd site at the 3end (by replacing the S88 codon TCC by TCT).
The r68-126 fragment was amplified withGCTCTAGAAAGGAAGCTGCTGATTAT-3 and
5'-GGAATTCCCACGATCATTATTTACC-3 primers introducing Xbd site at the 5end (by replacing L68 by R) and an
EcdRl site following the stop codon. The two PCR fragments were simultaneously ligatedNtl thied EcaRI sites of pDB20—

pDB1+ containing two PCR fragments, Sp1-67 and Sc88-146, corresponding to amino aci@sbr6Bayb8 and
87-146 ofS.cervisailABC14.5, generated from pDBSp8 and pDBSc8, respectively. The Sp1-67 fragment was amplified
with 5- GGAATTCCATGTCGGAATCCGTAC-3and 5-GAAGATCTATCAGGGCTATTCAAATT-3 primers introducing
anEcadRl site in front the ATG and Bglll site following D67. Sc87-146 was amplified with
5'-GAAAGATCTCTTGCAGATGATTATGAT-3 and 5 ATAGTTTAGCGGCCGCGCTGCTAACGACGAATC-3primers
introducing aBglll site at the 5end (by replacing S88 codon TCC by TCT) arldad site following the stop codon.
The two PCR fragments were simultaneously ligated t&toRl andNotl sites of pDB20+
Derived from pDBP8WYRA3 2u) by hydroxylamine mutagenesis.
pDBSc8m containing thell800 bpBanHI fragment including théllS3 gene, filled in using Klenow DNA polymerase and
blund-end ligated to the filled iNcd site

Yep351YRA3 2u) containing arib.5 kbRPC166including PCR fragment witBma ends ligated to th8ma site

Yep351 YRA3 2u) containing thé 5.9 kbPvul-Xba RPABO0-including fragment of pNOY16 filled in using Klenow
DNA polymerase and blunt end ligated to 8red site

Yep351YRA3 2u) containing thé' 5.7 kbEcaRI-Hindlll RPBZincluding fragment of pJA483b filled in using Klenow
DNA polymerase and blunt end ligated to 8red site

In spite of the sequence similarities between the two yeasbding region was fused downstream of $heerevisiae RPB8
orthologues and in spite of the fact that the slightly more divergegene promoter and-&ntranslated region and tA®C1 terminator
human sequence can functionally complemenphBA strain, was added. A similar construct (to ensure comparable levels of
we found that theS.pomberpb8 cannot substitute for the expressed protein) containing tiSecerevisiae RPB&oding
S.cerevisiaddBC14.5 subunit. Ampb8A strain expressing both region was used as a positive control. In that assay, only cells
the S.cerevisiaeand theS.pombesubunit proteins from two expressing th&.cerevisiaddBC14.5 protein were able to grow
different plasmids was tested for viability by a plasmid shufflingdata not shown), suggesting that $ipombeorotein could not
complementation assagd). To express th&.pombeprotein in  functionally substitute for itS.cerevisiaeounterparin vivo. The
a similar context to the endogenous ABC14.53mombe rpb8 same result was observed whempombe rpb8vas expressed
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Figure 1. Amino acid sequence comparison of Rpb8 orthologues. Multiple alignmentpthabgrpb8) (EMBL accession nos Y07643 and YO7684)erevisiae
(ABC14.5) (EMBL accession no. X53289) addsapienghRPB17) (GenBank accession no. U37689) amino acid sequences using PILEUP of the GCG program
and BOXSHADE 3.21 (K.Hofmann and M.Baron, http://ulrec3.unil.ch/software/BOX_form.html ). Identical residues are indictateki dhyating. Conservative

amino acid substitutions are indicated by grey shading. Asterisks in the consensus line indicate identical residues sealiethces and dots indicate residue
similarities. The arrow indicates the replacement of L68 by R in the ScSp hybrid protein (Table 2) which had no pherabtyliiie effess indicates the lethal mutation
G120D in ABC14.5.

37°C (data not shown). Therefore, residues 68-88 are not

ABC14.5 = essential for ABC14.5 protein function and consequently their
rpb8 === absence from th8.pombepb8 subunit does not account for the
o functional distinction between the two orthologues. To roughly
ScSp D < map the domain on th8.pombeprotein responsible for the

observed functional difference B.cerevisiaghybrid proteins

g — generated by interchanging the N- and C-termini oStherevisiae
ABC14.5-G120D [— and S.pombesubunits were examined by plasmid shuffling
complementation assay. High copy expression of the hybrid ScSp
ABCI4.5A68-88 —— —— bearing the N-terminus &.cerevisiaeABC14.5 (amino acids
vector 1-88) and the C-terminus 8fpombepb8 (amino acids 68—125)

rescued the lethal phenotype 8fcerevisiaerpb8A (Fig. 2),

suggesting that the C-terminal regions of the two proteins are
Figure 2. Ability of Rpb8 orthologues and derivative proteins to complement funct_lonally equwa_llent. A similar _result was obtained W!th the
S.cerevisiagpb8A. Patches of transformed cells grown to confluence on hybrid SpSc bearing the N-terminus $fpomberpb8 (amino
minimal medium plates, replica plated on minimal medium supplemented withacids 1-67) and the C-terminusSterevisiaddBC14.5 (amino
5-FOA and incubated at 3G for 7 daysS.cerevisiae rphBcontaining &EN acids 89—146) (Fi@) but, in that case, a slightly slow growth

URA3 RPB®lasmid (strain YSL171; Materials and Methods) was transformed
with HIS3 21 plasmids (Table 2) overexpressigrombepb8 (pDBSPSL), phenotype at 3T (data not shown) and a more severe defect at

S.cerevisiae ABC14.5 (pDBSc81), its derivaives ABC1a@-88 3/ C (lanes vector and row SpSc in FR3§) were observed. We
(pDBSc8121) and ABC14.5-G120D (pDBSc81m) and cross-species hybrid conclude that the functional distinction between the two yeast
proteins (pDBScSp and pDBSpSc) or transformed with control vector (pDB1).subunits was partly due to their N-terminal divergent regions
(The CEN URA3 RPBEplasmid was lost by growth in 5-FOA.) The (yagidues 1-67 iS.cerevisiasABC14.5). However, since both
corresponding inserts are shown sc_hematlcaSlyaereVlsme_empty b_ars, hvbrid . f . | i - 300
S.pombeblack bars; amino acid substitution, cross; nucleotide deletion, gap. yori PrOte'nS were unctlon_a ! '_Cerev's"_"‘eat ; a
cumulative effect of several amino acid substitutions throughout
the entire length oS.pomberpb8 must be responsible for its
from theADC1promoter on a high copy number plasmid (B)g. inability to substitute for th8.cerevisiadBC14.5 subunit. Since
Thus, we conclude that the heterologously expreSseaimbe H.sapienshRPB17 is able to substitute for tlisecerevisiae
rpb8 subunit contains residue differences that render it una¥3C14.5 subunit17,19), we suggest that important functional
either to be assembled into the RNA polymerase complexes ordifferences ofS.pomberpb8 reside within residues 1-67 at
carry out all the essential functions of the endogeSaesevisiae positions where th&.cerevisiaeand H.sapienssequences are

ABC14.5 subunit. identical and distinct from th8.pombesequence.
Differences in the 67 N-terminal residues of the two Overexpression of theS.cerevisia€C160 subunit protein
orthologues contribute to the functional distinction of the allows the S.pombepb8 subunit to functionally replace
S.pombeapb8 expressed inS.cerevisiae ABC14.5 in S.cerevisiae

In order to test whether the 21 residue region present in ABC14The results obtained from the N- and C-terminal exchange
and absent in rpb8 was responsible for the non-heteexperiments between ABC14.5 and rpb8 suggeste8 ihatnbe
complementation of ABC14.5, we constructed a deletion expressingb8 might be competent in carrying out some but not all of the
ABC14.5A68-88 protein and examined the functionality of thisfunctions of ABC14.5. To further analyse these defects, we used a
mutant by plasmid shuffling complementation assay. High copgiasmid shuffle complementation assay to select plasmids from a
expression of ABC14/%68-88 in cells lacking the endogenous high copyS.cerevisiaggenomic library that could rescue the lethal
ABC14.5 subunit supported normal growth at 30 (Bigl6 and  phenotype ofS.pomberpb8-containingS.cerevisiae rph8 Two
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Figure 4. Substitution of the endogenoBscerevisiaeABC14.5 subunit by
S.pombepb8 (in the presence of high copy C160) affects tRNA synthesis. An
autoradiogram of radiolabelled RNAs is shown on the right side. Pulse-chase
in vivo radiolabelling of RNAs in th&.cerevisiae rph8 strain containing a
Figure 3. Ability of Rpb8 orthologues and derivative proteins to complement complementing allele db.cerevisiae RPB8n a single copy plasmid (strain
S.cerevisiae rplB in the presence of high copy C160 protein. Patches of YSL171) additionally transformed with two high copy plasmids expressing
transformed cells grown to confluence on minimal medium, replica plated on either @) the endogenous.cerevisiaeABC14.5 (pDBSc81) and C160
minimal medium supplemented with 5-FOA and incubated &€36r 7 days subunits (pYeC) (used as wild-type control) d@) (the S.pomberpb8

(A) and at 37C for 4 daysB). Saccharomyces cerevisiae rgb8ontaining a (pDBSp81) ands.cerevisiagC160 subunits (pYeC) (ThHEEN URA3 RPB8
CEN URA3 RPB®lasmid (strain YSL171) co-transformed with one of the plasmid was lost following growth in 5-FOA.) RNAs were labelled as described
HIS3 2u plasmids (Table 2) expressing eiti®pombepb8 (pDBSp81) or in Materials and Methods by a 30 min pulse (1) followed by a 30 min chase (2).
S.cerevisiagABC14.5 (pDBSc81) or ABC14.5-G120D (pDBSc81m) or the  Each lane containeds0 000 c.p.m. of total RNA sample. Ethidium bromide
SpSc hybrid subunit proteins and one of Iti#J)2, 2u plasmids expressing staining of the same RNA samples is shown on the left side. Each lane contained
eitherS.cerevisiagd190, B220 or C160 subunit proteins, as indicated. pDB1 [B ug of total RNA.

and Yep351 were used as control vectors, respectivelyGENEURA3 RPB8

plasmid was lost by growth in 5-FOA.)

subunits, as well as in an isogenic control strain overexpressing

C160 and ABC14.5 protein, liy vivo labelling with PH]uracil
groups of clones were isolated from this screen. As expected, fgsd min pulse, 30 min chase). While both cultures, for the same
growing transformants harboured plasmids &EPB8containing  amount of cells, yielded similar quantities of RNA, the incorporation
inserts. A second category of transformants had a slow growgh [3H]uracil was 3-fold less in the RNA isolated from the
rate at 30C (doubling time 8 h) and harboured plasmids withchimeric strain in agreement with its slow growth rate (doubling
overlapping insert sequences. Restricted nucleotide sequencifigie 8 h). 5S rRNA accumulated at equimolar ratios and it was
analysis of these inserts identified RlRC160gene, which encodes synthesised at similar rates, relative to the 5.8S rRNA, in both
the largest subunit of RNA polymerase Ill, C1686)( High copy  strains, whereas the accumulation and the rate of synthesis of
expression oRPC160rescued the lethal phenotype Sibombe tRNAs was reduced by 2-fold (estimated by the NIH Image
rpb8-containing S.cerevisiae rpli8 (Fig. 3A). Additionally, it  1.60/68K program following scanning of the autoradiogram) in
suppressed the temperature-sensitive phenotype of the Spfé chimeric strain (Fig4). These results indicate that RNA
hybrid (Fig. 3B). The RPA190(37) and RPB1 (38) genes, polymerase Ill transcription is impaired whBmpombepb8 is
encoding the largest subunits of RNA polymerase | (A190) anglibstituted for the endogenous ABC14.5 subunit. However, it
Il (B220), respectively, were not identified in the above screefas not possible to determine whether the cross-species subunit
and did not rescue the lethal phenotype of Stgpomberpb8  substitution resulted in lower amounts of assembled RNA
subunit when tested individually (FigA). These findings polymerase Il or whether it affected RNA polymerase I
indicate an essential genetic interaction betwee8 t@evisiae activity. Additionally, since the3H]RNA in a 30 min pulse
C160 and ABC14.5 subunits and point to a defect of thessentially reflected the synthesis of rRNAs, the reduced
heterologously expresse&ipombepb8 subunit specifically in incorporation of $H]Juracil into RNA in the chimeric strain

RNA polymerase Ill complex assembly. suggested thaS.pomberpb8 might also have affected RNA
polymerase | transcription, possibly via its action on the RNA
Schizosaccharomyces pomieh8 causes an RNA polymerase Il complex3().

polymerase Il deficiency inS.cerevisiae
The S.pombeapb8 subunit is poorly assembled

Since overexpression of C160 rescued the lethal phenotype; b the RNA polymerase Ill complex inS.cerevisiae

S.pomberph8-containingS.cerevisiae rp§ we were able 10 4n4 gyerexpression of the C160 subunit protein favours

investigate the effect on RNA polymerase Il function Ofiiq incornoration even in the presence of the endogenous
substituting theS.pomberpb8 subunit for its endogenous ABC14.2 subunit P 9

S.cerevisia¢ ABC14.5) counterpart. For this, we have examined
the de novosynthesis of both tRNAs and rRNAs in g@b8A  To investigate to what extent ttf&pomberpb8 subunit was
strain overexpressing.cerevisiaeC160 andS.pomberpb8 incorporated in the RNA polymerase Ill complex and the activity
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of the chimeric enzyme, we purified and analysed RNA

polymerase Ill from the san&cerevisia@pb8A strains that we ok S
used for the genetic aimdvivolabelling analyses: (i) expressing P N - T
ABC14.5 from a single copy plasmid a8cgombepb8 from a

high copy plasmid; (ii) expressing bo®.pomberpb8 and C160

S.cerevisia€160 from high copy plasmids; and (iii) expressing
only ABC14.5 from a single copy plasmid as a wild-type control.
The RNA polymerase Il purified from all three strains exhibited
similar chromatographic behaviour, although we consistently C82
obtained 10-fold less enzyme from the strain containing only the
S.pombepb8 protein (ii). The subunit composition of the purified
enzymes was analysed by SDS-PAGE andStipemberpb8
subunit was identified by parallel electrophoretic analysis of the
S.pombeRNA polymerases | and 1139) that were available
(Fig.5). (TheS.pombepb8 subunit had an apparent molecular

C128

mass of 12.8 kDa whereas Beerevisiad\BC14.5 subunit had “f‘%‘wl
an apparent molecular mass of 14.5 kDa.)

While in RNA polymerase lll purified from the strain lacking C34
the endogenous ABC14.5 subunit (ii) (Fig.lane 3)S.pombe C3l
rpb8 was detectable, in the enzyme purified from the strain
containing both subunit counterparts (i) (F&g.lane 2) the AB(C%;

endogenous ABC14.5 subunit was preferentially incorporated

((P5%) andS.pombepb8 (although overexpressed) represented SRl

<5% of the incorporated ABC14.5 protein. This result indicated —
that theS.pombepb8 subunit was not efficiently assembled in ACLY — [

RNA polymerase Il and accounted for the low yields of the enzyme C17 — —
recovered from the strain expressing daigombepb8. However, S—
the possibility that the low yield of rpb8-containing enzyme was due ABCLES — S 4

to enzyme instability during purification cannot be excluded. rph8 128 — <
Western blot analysis of the chimeric and wild-type enzymes eluted -
from the first chromatography column (heparin-hyper D), using cl — -
antibodies directed against entire RNA polymeraseljpgmbe

rpb8 was not detected), showed a similar subunit composition but ABCI0 —

again a lower amount of the chimeric enzyme (data not shown).
We have also compared the activity of the 8/pombeaphb8-
containing enzymes with that of wild-type RNA polymerase Ill in
both specific and non-specifiic vitro transcription assays. The
three purified enzymes (i, ii and iii) had equivalent specificgigure 5. !ncgtlporatitorj thhs-trt)ombipgﬁ /iubulnit in RNA Pglymterasellllogb
it H i i He .cerevisiaesiliver stainin attern olymerase subunits analyse:
activities in non-specific and specific transcription assays ( g5E T A= polymgrgselllwgs purifigd Yom (1) Sheerevisiae rpgs Y
using poly(dA-dT) or the gene _encod_ltig san_\lA as template strain containing a complementing alleleSterevisiae RPB8n the single
(data not shown). These findings, in combination with thoSeopy plasmidCEN URA3 RPBSstrain YSL171) or (2) the same strain
obtained from thdn vivo labelling experiment, suggest that additionally transformed with a high copy plasmid expressing fembepb8
substitution of S.pomberpb8 for the endogenous ABC14.5 protein (pDBSp81) or (3) co-transformed with two high copy plasmids

. . expressing th&.pombeapb8 (pDBSP81) and th®.cerevisiagC160 (pYeC)
subunit resulted in a lower amount of RNA polymerase Il subunit proteins, respectively, after growth in 5-FOA (to los€CtBY URA3

assembledn vivo, while it did not affect the transcription Rrpggplasmid). RNA polymerases | (4) and Il (5) were purified from wild-type

properties of the chimeric RNA polymerase Il S.pombeThe positions of different RNA polymerase 1l subunits are indicated
We further examined the incorporation®pombepb8 into the ~ ©on the left side. Th&.pombepb8 subunit is indicated by arrowheads.

RNA polymerase Ill complex in the presence of both the high copy

S.cerevisiae C160 protein and the endogenoscerevisiae

ABC14.5 subunit. We analysed the subunit composition of thRBC14.5. The strain overexpressing C160 yielded 10-fold less

enzyme purified from: (i) thepb8A strain expressing ABC14.5 enzyme and contained mainly ®gombeiA-rpb8 subunit (RNA

from a single copy plasmid and overexpressing $iigombe pol |Il, lane 4). In contrast, in the absence of overexpressed C160,

HA-rpb8 protein (the substitution of HA-rpb8 for rpb8 did not alterthe RNA polymerase Il contained mainly endogenous ABC14.5

the growth rate; data not shown); and (ii) the above straifRNA pol Ill, lane 3).

additionally overexpressing.cerevisiaéC160 protein. The two

enzyme preparations exhibited the same chromatographig,e 5 nombepb8 subunit is efficiently assembled into the

behaviour and had the same vitro specific activity on  gnA polymerase | complex inS.cerevisiae

poly(dA-dT) as wild-type enzyme (data not shown). The western

blot analysis shown in Figugprovides biochemical evidence The data presented above led us to the conclusion that the inability

that overexpression of the C160 protein favours the incorporatiaf S.pombepb8 to substitute for the endogen@iserevisiae

of the S.pombeapb8 subunit even in the presence of endogenowgibunit was essentially due to its defective assembly into RNA
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protein sequencesly, also Fig.1). Therefore, the G120D

RNA pol | RNA pol III : 5 A .
e T T 12 i mutation disrupted an essential highly conserved function of
5 ABC14.5.
This highly conserved region is also probably involved in the
ABC2T —  cmm— & e A interaction of ABC14.5 with C160 since we found that the

lethality of the ABC14.5-G120D mutant was rescued by high
copy co-expression of tHiRPC160gene but not thRPA1900r
5 — B e e
e abelle s and r s obtained from strain
ABLLES — —— co-overexpressing the ABC14.5-G120D and C160 subunits
showed specifically reduced accumulation of tRNAs (data not
shown), indicating that RNA polymerase Il transcription was

impaired by the ABC14.5-G120D mutation.
Figure 6. Comparative incorporation of tf&pombepb8 subunit in RNA
polymerases | and lll @.cerevisiaeWestern blot analysis of RNA polymerase
I and Ill subunits. Aliquots of 1.0 (1) and Qu§ (2) of enzymes purified from DISCUSSION
wild-type S.cerevisia@re shown as controls of enzyme quantitation. Enzymes

were purified from thé&.cerevisiae rph8 strain containing a complementin : : :
allele pof S.cerevisiae RPB8n a sir?gle copy pIasmi(I:%EN URR3 RPBSg One of the open queStlons C(.)ncemmg the function .Of .the RNA
plasmid) (strain YSL171) and transformed with a high copy plasmid expressing?0lymerase shared subunits is whether they have similar and/or
theS.pombepb8 protein (pDBSp81) (3) or co-transformed with two high copy distinct functions in each RNA polymerase class. In this paper we
plasmids expressing ttipombepb8 (pDBSp81) and th.cerevisiaec160 present the first genetic and biochemical evidence showing that
(pYeC) subunit proteins, respectively (4). Specific anti-HA and anti-ABC14.5 geqence alterations in a shared subunit (Rpb8) primarily affect
antibodies were used for immunodetectiorsgfombepb8 andS.cerevisiae . g
ABC14.5, respectively. Anti-ABC27(Rpb5) antibody was used as an intermal RNA polymerase lIl. We have identified tt&pomberpb8
quantitative control. protein, homologous to tHe.cerevisiagABC14.5 (Rpb8) subunit,
which in contrast to the human orthologue cannot functionally
replace ABC14.5 irs.cerevisiaeWe found this intriguing and
polymerase Il and suggested tBapombepb8 was efficiently assumed that th8.pombesubunit contains divergent residues,
assembled into RNA polymerase |. To test this hypothesis, vaslapted to the structure and function of BigombeRNA
performed subunit composition analysis (as described for RNpolymerases, in regions of unique importance for its heterologous
polymerase lIl) of RNA polymerase | purified from two strains:function inS.cerevisiaeTo delimit these important regions, we
(i) the rpb8A strain expressing ABC14.5 from a single copyexamined molecularly and biochemically the effects of heterologous
plasmid and overexpressing tBgpombeHA-rpb8 subunit; and  expression ofS.pomberpb8 in S.cerevisiaeWe found that a
(i) the same strain as in (i) additionally overexpressing the C16@gion of 21 amino acids (68—88) of ABC14.5 which is absent in
subunit protein. The amounts and activites of the RNAS.pomberpb8 does not account for the functional distinction
polymerase | enzyme purified from each strain assayed dretween the two homologues. In fact, a recently published
poly(dA-dT) were found to be comparable with those of astructural description of ABC14.5 revealed that this 21 amino
wild-type control strain. Western blot analysis showed thaacid sequence is included in a large 24 amino acid unstructured
ABC14.5 and HA-rpb8 were similarly represented in the RNAw-loop (39). We have shown by domain exchange experiments
polymerase | of strain (i) (Fig, RNA pol |, lane 3). Moreover, as that differences within the N-terminal 1-67 residueS.pbmbe
revealed by silver staining of the RNA polymerase | subunits, th@b8 contribute to its functional distinctionSncerevisiaewhile
amount of overexpress&dpombepb8 was even higher than the the C-terminal regions of the two counterparts are functionally
amount of the endogenous ABC14.5 subunit (data not showrquivalent. Regional comparison of the two yeast amino acid
Curiously enough, over-expression of C160 promoted thgequences showed that the N-terminal halves are somewhat less
assembly 08.pombepb8 into RNA polymerase I, as in the RNA similar (40% identity) than the C-terminal portions (48% identity).
polymerase Il complex (Fig, RNA pol 1, lane 4). In fact we can see some important residue differences in the
N-terminal half ofS.pombepb8 that are conserved in both the
S.cerevisiagABC14.5 and human hRPB17 sequences (ig.
For example, significant structural consequences might result
from the ABC14.5-P17, HRPB17-P17 to rpb8-K18 (at the end of
Our results that sequence alteratiorfS.ppmbepb8 cause RNA the B-strand 1;39) and the ABC14.5-E66, HRPB17-D67 to
polymerase lll-specific defects when expresse8.aerevisiae rpb8-P66 (at the end of tikehelix B; 39) changes. In agreement
led us to look for ABC14.5 mutants that would show similamwith these observations, the C-terminal half of ABC14.5 appears
effects. A single point mutant 8t cerevisiadBC14.5 unable to  significantly more structured (and therefore less prone to residue
substitute for the wild-type ABC14.5 subunit was isolated by thehanges) than the N-terminal hato). In fact, the only lethal
same genetic screen used for the isolation oSthembe rpb8 single point mutant of.cerevisiaeABC14.5 that we isolated is
cDNAs (Materials and Methods; Fig). The single nucleotide G120D, contained in a seven residue sequence of the C-terminal half
mutation in the ORF at position 419 resulted in a G120DYXS(F/Y)GGLL], conserved in all known Rpb8 sequences).
substitution. ABC14.5-G120D did not substitute for the wild- Considering that the N-terminal half 8fpombepb8 contains
type ABC14.5 either when expressed in a similar context to thimportant residue alterations affecting its functio8 icerevisiag
endogenous ABC14.5 subunit or when expressed on a high copg further investigated its defect in complementing the lethality
number plasmid (Fig®). G120 is present in a seven amino acidof S.cerevisiae rph8 We have genetically identified the largest
stretch [YXS(F/Y)GGLL] conserved among all known Rpb8subunit (C160) of RNA polymerase Il as a high copy suppressor

A S.cerevisiadABC14.5-G120D lethal mutant is rescued by
overexpression of theS.cerevisiadC160 subunit protein
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of the lethal phenotype. Overexpression of the largest subunits®jpombe rpb&ubunit also in the RNA polymerase | complex.
RNA polymerases | and Il had no effect. These data suggest @ne explanation, based on relative amounts and binding constants
interaction between the C160 and ABC14.5 subunits and tleé the various subunits, would be that, assuming that the
involvement of the largest subunit in the assembly of ABC14.5.cerevisia€160 subunit interacts more tightly wilcerevisiae

(or rpb8) in the RNA polymerase Il complex. They additionallyABC14.5 (Rpb8) than witfS.pomberpb8 (and presumably
indicate that wheS.pombepb8 is heterologously expressed inABC14.5 interacts more tightly with C160 than with A190),
S.cerevisiagit causes a specific defect in RNA polymerase lllexcess C160 protein would sequester the pool of ABC14.5
This conclusion was verified by the demonstration of a relativigaving rpb8 (also in excess) in polymerase 1. However, if this

decrease in tRNA synthesis, similar to that seen in several RNgxplanation was true, in a wild-type strain overexpressing only
po|ymerase 1] mutant330)_ Biochemical ana|ysis of RNA the C160 subunit, sequestration of the ABC14.5 subunit would
po|ymerases 1 and 1l puriﬁed frorB.cerevisiasstrains over- also occur and that would resultin pOlymerase I and/or 11l defects.

expressing S.pomberpb8, in the presence of endogenousThis has not been observed in our strains. An alternative
ABC14.5, showed directly thaS.pomberpb8 was poorly €xplanation is that the overexpressed C160 subunit interacts
incorporated into RNA polymerase Ill, whereas it was incorporate§Versibly withS.pombepb8 and is able to deliver it to an RNA

at a much higher frequency into the RNA polymerase | Comp|egglymerase | _subcomplex. This interpretation (totally hypothetical)
The concomitant overexpression of C160 promoted preferenti&iSeS questions as to the mode of assembly and nuclear
assembly of th&.pombesubunit into RNA polymerase 11l even addressing of multisubunit RNA polymerases, which are entirely
in the presence of the endogenous ABC14.5 subunit. Since \H%aswered.

found that the chimeric RNA polymerase IlI (containBigombe n conclusion,. the RNA polymerase common subqnits may
rpb8) was similarly active to the wild-type enzyinevitro, we have a very basic role in the assembly or in the catalytic function

conclude that the inability of tH& pombeubunit to functionally of all RNA polymerase classes and/or they may have distinct

replace the endogenou cerevisiaesubunit was due to its [UNctions in each class providing structural platforms for other
interacting molecules. The data presented in this paper show that

defective assembly in RNA polymerase Il and that overexpressi%% . .
. o quence alterations of an RNA polymerase shared subunit affect
of C160 rescued the lethal phenotype because it facilitated Re class of enzyme. This differential behaviour may be related

mtgrpt()jre;tlon. that lterati : b ta slightly different interaction interfaces and/or to a different
ur data argue that sequence alterations in a common SUbURti-onment of these subunits in the three RNA polymerases.

such aslsequence divefrgencs.immlbepb& resultinaspecf:ific_ Consistently, limited proteolysis of ABC23 (Rpb6) in RNA

RNA polymerase Iil defect. RNA polymerase | was not defective v merases |1, 11 and Il indicates a very different accessibility of
in our assays and we have preliminary evidence that RNfyis' sypunit in the three complexes (M.Riva and C.Carles,
polymerase Il function was also not affected (by examination Qfersonal communication). Identification of mutants in common

the levels of several RNA polymerase Il transcripts in the samg,j, nits specifically affecting each form of enzyme will facilitate
strains that we have tested for RNA polymerase | and Il deficiencigpe investigation of the function of these subunits and their

AMoutsina and D.Alexandraki, unpublished observations). Why igssembly in RNA polymerases I, Il and Il

only RNA polymerase Il affected by sequence alterations in a

shared subunit? We could assume thaStpembepb8 subunit

contains sequences particularly diverged in RNA polymerase ]

interacting regions. This hypothesis is corroborated by oth&CKNOWLEDGEMENTS

reports pointing to a certain degree of species specificity of RNA
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proof that this mutant affects only RNA polymerase Il awaits

efficient purification of the mutant enzyme.) Finally, an increased
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