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ABSTRACT

RNase MRP is a ribonucleoprotein particle involved in
the processing of pre-rRNA. The RNase MRP particle
is structurally highly related to the RNase P particle,
which is involved in pre-tRNA processing. Their RNA
components fold into a similar secondary structure
and they share several protein subunits. We have
identified and characterised human and mouse
cDNAs that encode proteins homologous to yPop4p,
a protein subunit of both the yeast RNase MRP and
RNase P complexes. The human Pop4 cDNA encodes
a highly basic protein of 220 amino acids. Transfec-
tion experiments with epitope-tagged hPop4 protein
indicated that hPop4 is localised in the nucleus and
accumulates in the nucleolus. Immunoprecipitation
assays using extracts from transfected cells express-
ing epitope-tagged hPop4 revealed that this protein is
associated with both the human RNase MRP and
RNase P patrticles. Polyclonal rabbit antibodies raised
against recombinant hPop4 recognised a 30 kDa
protein in total HelLa cell extracts and specifically co-
immunoprecipitated the RNA components of the
RNase MRP and RNase P complexes. Finally we
showed that anti-hPop4 immunoprecipitates possess
RNase P enzymatic activity. Taken together, these
data show that we have identified a protein that
represents the human counterpart of the yeast Pop4p
protein.

INTRODUCTION

rRNAs (4), RNase MRP and RNase P function as endo-
nucleases (5,6).

Originally the RNase MRP has been identified as an endo-
ribonuclease able to cleavig, vitro, mitochondrial RNA that
functions as a primer for mitochondrial DNA replication (7).
Most of the RNase MRP is, however, not localised in the mito-
chondria but is found in the nucleolus of cells (8,9). Genetic
and biochemical experiments iBaccharomyces cerevisiae
have shown that the RNase MRP is involved in the formation
of the short form of the 5.8S rRNA [5.8S(S)], by catalysing
cleavage at site A3 in the Internal Transcribed Spacer 1 (ITS1)
of pre-rRNA (10-13). An involvement of RNase MRP in
mitochondrial DNA replicatiorin vivo has not been demon-
strated yet

The sensitivity of RNase MRP function to both ribo-
nucleases and proteases demonstrates a requirement for both
RNA and protein subunits for catalytic activity (8). The RNA
subunit of the RNase MRP has been cloned from several
species, including human (14), mouse (15), rat (16), cow (17),
toad (18), yeast (19Arabidopsisand tobacco (20). The RNA
subunit of RNase MRP is related to the RNA subunit of RNase
P, an endoribonuclease involved in the processing of the 5'-end
of precursor tRNAs (21,22) and also suggested to be involved
in processing of the precursor rRNA in Internal Transcribed
Spacer 2 (ITS2) (5). Both RNA components have similar
secondary structure elements, in particular the so-called cage-
shaped domain (23,24) which contains many conserved
nucleotides, supporting the idea that the RNase MRP and
RNase P RNAs have evolved from a common ancestor
(25,26). The identification of these RNAs via anti-Th/anti-To
sera from patients suffering from the connective tissue diseases
systemic lupus erythematosus (SLE) and scleroderma, which
immunoprecipitate both RNA components, has led to alterna-
tive names for these RNA components: RNase MRP is also

In eukaryotes the 5.8S, 18S and the 255/28S rRNAs are tranwferred to as Th or 7-2 RNA and RNase P RNA as H1 or 8-2
cribed as one long precursor by RNA polymerase |. The maturRNA (27-31).

ation of this precursor not only involves endo- and The close relationship between RNase MRP and RNase P is
exonucleolytic cleavages, but also methylation and pseud@lso supported by the fact that both particles contain similar
uridinylation (1). Proper processing of the precursor rRNAprotein subunits. Recently, purification of the RNase P particle
requires a group of small nucleolar ribonucleoprotein particle$rom S.cerevisiagled to the identification of nine protein
(snoRNPs). These snoRNPs contain snoRNAs, which areubunits co-purifying with the RNase P RNA (32). All these
heterogeneous in size, structural elements and protein asgmoteins are encoded by genes essential for RNase P activity
ciation. Based on their structural elements the shoRNAs can and for cell viability. Four of these protein subunits, Poplp
divided into three groups: Box C/D snoRNAs, Box H/ACA (12), Pop3p (33), Pop4p (34) and Rpplp (35), had been identi-
snoRNAs and RNase MRP/RNase P (2). While most Box C/bied before and all four appeared to be components of both the
snoRNAs have been demonstrated to function in ribos®Nase P and RNase MRP particle. Other subunits shared by
methylation (3) and Box H/ACA in pseudouridinylation of the both particles are Pop5p, Pop6p, Pop7p/Rpp2p and Pop8p.
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Yeast RNase MRP and RNase P also contain at least on¢hd/Xbd-digested VSV-55k or 55k-VSV constructs. The

protein subunit specifically associated with each of theséntegrity of the resulting constructs was checked by DNA

particles, which are designated Snmlp (36) and Rpr2p (32%equencing. The pCl-neo plasmid (Promega), which has been

respectively. used previously to prepare VSV-55k and 55k-VSV, was used as
The human RNase P particle has also been purified frora control in the transfection experiments.

Hela cells, which resulted in the cDNA cloning of four RNase . .

P protein subunits (37,38). Rpp20, Rpp30, Rpp38 and Rpp4-5""ms"ent transfection of HeLa cells

have been characterised and sequence comparisons revedtsla monolayer cells were grown to 80% confluency by

that Rpp20 is the human homologue of Pop7p/Rpp2p whilstandard tissue culture techniques and subsequently 3

Rpp30 is the human homologue of Rpplp (32,35,38,39). Th&® cells were transfected with 3@y plasmid DNAs in a total

first human protein subunit characterised was the hPoptolume of 400ul of Dulbecco’s modified Eagle’'s medium

protein (40), the homologue of yeast Poplp. For hPopl, Rpp3@ntaining 10% fetal calf serum. Electroporation was

and Rpp38 it has been established that they are subunits of bgirrformed at 276 V and a capacity of 9p& with a Gene

RNase MRP and RNase P (40,41) and this is likely to be th&ulser Il (Bio-Rad). After electroporation, cells were resus-

case for Rpp20 as well. pended in 10 ml of Dulbecco’'s modified Eagle’s medium
In this report we describe the identification of the human andontaining 10% fetal calf serum and grown overnight either on

mouse homologues of yeast Pop4p. A complete cDNA encasoverslips or in flasks.

ding the human homologue of yPop4 was cloned and charac- Cells grown on coverslips were washed twice with phosphate-

terised. This cDNA encodes a novel nucleolar 30 kDa proteifpuffered saline (PBS), fixed with methanol (5 min at 22pand

that is associated with both RNase MRP and RNase P. Polysed for immunofluorescence assays.

clonal rabbit antibodies were raised against hPop4 and used toCells grown in flasks were harvested, washed once with PBS

confirm the association of hPop4 with these two ribonucleo-and used to prepare extracts for immunoprecipitation assays.

protein complexes.

Immunofluorescence

Indirect immunofluorescence assays were performed on hPop4-

VSV-transfected HelLa cells. Fixed cells were incubated with

affinity-purified rabbit anti-hPopl antibodies (diluted 1:100 in

. o _ PBS) (40) and affinity-purified mouse anti-VSV tag antibodies

The hPop4 cDNA described in this report has been depositegiluted 1:50 in PBS; Boehringer) for 1 h at room temperature,

in the EMBL database under accession no. Y18863. washed with PBS and subsequently incubated with swine anti-

rabbit antibody coupled to FITC (diluted 1:50 in PBS) and rabbit-

anti-mouse antibody coupled to TRITC (diluted 1:50 in PBS) for

Database searches were done using the BLASTN 2.0.5 pro-h at room temperature. Cells were mounted with PBS/glycerol

gram (42). The accession nos of the overlapping humasontaining Mowiol and bound antibodies were visualised by

Expressed Sequence Tags (ESTs) are N40691, AA13486&pnfocal microscopy.

W74573, AA308539, AA132996 and AA576911. The acces- .

sion nos of the overlapping mouse ESTs are W668537reparation of HelLa cell extracts

W46039, AA1990967, AA929907 and W15729. Extracts of HelLa cells were prepared by resuspending cell
Oligonucleotides were designed based on the human ESJellets in buffer A [25 mM Tris—HCI pH 7.5, 100 mM KClI,

sequences to amplify the open reading frame (ORF) of hPop4:mM dithioerythritol (DTE), 2 mM EDTA, 0.5 mM phenyl-

pop4l, 5-GCG-GAT-CCC-TCG-AGA-TGA-AGA-GTG-TGA- methylsulphonyl fluoride, 0.05% NP-40] and lysis by sonifi-

TCT-ACC-ATG-CAT-TG-3'; pop42, 5-GCG-GAT-CCC-CCG- cation using a Branson microtip (three times for 20 s).

GGT-CAT-CTA-GAC-AGG-TCA-ATC-GTT-CCC-TTC-GC-3".  Insoluble material was removed by centrifugation (12 @00

PCR was performed on 200 ng denatured DNA fdgtll human 15 min) and supernatants were used directly for immuno-

placenta (Clontech) and teratocarcinoma cDNA libraries (43). Thprecipitations.

amplified fragments were ligated in the PCR-II-TOPO vector .

(Invitrogen) and sequenced using the dideoxynucleotide chaf\nti-hPop4 antiserum

termination method. To raise a polyclonal anti-hPop4 antiserum, the hPop4 protein

was expressed as a fusion protein with gluthati&teans-

ferase (GST) inEscherichia coliand purified as described

Vesicular stomatitis virus G epitope (44) (VSV-G)-tagged (herepreviously (46). Rabbits were immunised with this material

after referred to as VSV-tagged) cDNAs were constructed agccording to standard procedures (47). For each immunisation

follows. The VSV-55k and 55k-VSV cDNA constructs, as200ug of GST-hPop4 was used.

described (45), contain Xhd and aXbd site, respectively, .

between the 55k ORF and the VSV tag sequence, which i&/estern blotanalysis

positioned either at the N-terminal or at the C-terminal side of th&or western blot analysis the anti-hPop4 and pre-immune sera

ORF. Digestion by eitheiXhd/Sma or Xhd/Xbd results in  were used in a 500-fold dilution in the presence of 1% normal

release of the 55k cDNA from these plasmids. The VSV-taggedoat serum. Detection was performed using horseradish

constructs of hPop4 were constructed by isolation of the hPopderoxidase-conjugated goat anti-rabbit IgG (Dako Immuno-

ORF from the hPop4/PCR-II-TOPO construct by eitidrd/  globulins) as secondary antibody and visualisation by chemilu-

Sma or Xhd/Xbd digestion and ligation intoxhd/Smd- or  minescence.

MATERIALS AND METHODS

Accession number

cDNA cloning and sequence analysis

Transfection constructs
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Immunoprecipitation and pre-tRNA processing assay to as mPop4, since its amino acid sequence is highly homo-

Monoclonal anti-VSV tag (Boehringer) and anti-fibrillarin 1090US t0 that of hPop4 (see below). _
ASWU1 (a kind gift of Dr M. Monestier) antibodies, patient . NO in-frame stop codon was found upstream of the first ATG
anti-Th/To serum and rabbit anti-hPop4, anti-hPop1, antiln the human cDNA sequence, which might implicate that the
Ro52 and pre-immune serum from the rabbit immunised witffPNA did not represent the complete mRNA. However, since
hPop4 protein were coupled to protein A—agarose beadi@!ch an in-frame stop codon is present upstream of the first
(Biozym) in IPP500 (500 mM NacCl, 10 mM Tris—HCI pH 8.0, ATG in the qup4 cDNA sequence and since the amino acid
0.05% NP-40) by incubation for 2 h at room temperaturesequences derived from the hPop4 and mPop4 cDNA are
Beads were washed twice with IPP500 and once with IPP150ighly homologous, it is reasonable to assume that the first
(150 mM NaCl, 10 mM Tris—HCI pH 8.0, 0.05% NP-40). For ATG in the human cDNA sequence represents the start codon
each immunoprecipitation cell extract was incubated with th@f the hPop4 mRNA.
antibody-coupled beads for 2 h at@ Subsequently, beads .
were Wz)i/shedpthree times with IPP150. | Y Cloning of hPop4 cDNA

To analyse co-precipitating RNAs, the RNA was isolated byTo clone a cDNA encoding the complete ORF of hPop4, two
phenol/chloroform extraction and ethanol precipitation. RNAsoligonucleotides were designed based on the cDNA sequence
were resolved on a denaturing polyacrylamide gel and blottederived from the human ESTs. These oligonucleotides were
to a Hybond-N membrane (Amersham). Northern blot hybrid-used as PCR primers to amplify the hPop4 ORF using DNA
isations with riboprobes specific for human RNase P, RNas&rom both human placenta and teratocarcinoma cDNA libraries
MRP, U3 RNA and Ul RNA were performed as previouslyas template. Sequencing of several clones resulting from this
described (48). procedure revealed that clones derived from both cDNA librar-

To assay for RNase P enzymatic activity in the immunodies were completely identical, thereby ruling out the intro-
precipitates, an internally¥?P-labelled pre-tRNA substrate duction of PCR artifacts. Nevertheless, in these cDNA clones
(Schizosaccharomyces pomtBNASe" SupS1; 49), a kind gift minor differences were found in comparison to the sequence
of Dr B. Séraphin, was transcribeéd vitro and gel purified. derived from the human ESTs. Nucleotides 100-104 of the
This 110 nt long substrate contains a 5'-end extension of 28 ’DNA sequence (numbering according to EMBL/Genbank
in comparison with the mature tRNA. The immunoprecipitatesaccession no. Y18863) are 5-GCGGG-3', while the EST
were incubated with equal amounts of substrate in assay buffeequence contains an additional nucleotide in this segment, 5'-
(20 mM Tris—HCI pH 8.0, 10 mM MgGl 1 mM DTE, 50 MM GCGGGG-3'. The resulting frameshift is restored by the
KCI, 50 mg/ml BSA, 60 U/ml RNasin) for 10 min at 3¢  presence of an additional C residue at position 139 in the
under constant agitation. RNA was subsequently isolated byDNA. Finally, a C residue was found at position 162 of the
phenol/chloroform extraction and ethanol precipitation anctDNA rather than a G at this position in the EST sequence,
analysed by denaturing polyacrylamide gel electrophoresis andsulting in an alanine codon instead of a glycine at position 46

autoradiography. in the amino acid sequence. Although we cannot exclude the
possibility that these differences represent genetic poly-
RESULTS morphisms, it is more likely that they are due to sequencing
errors, which are known to occur relatively frequently in EST
Identification of putative human and mouse Pop4p sequences. In the complete hPop4 cDNA sequence the coding
homologues sequence corresponds to the sequence determined in this study

Recently, the cDNA cloning and characterisation of P0p4|5Nh'|.e. the UTRs are derived from the EST sequences. At
from S.cerevisiachas been described (34). This protein wagP0sition =20 relative to the start of the poly(A) tail a putative
shown to be a subunit of both the yeast RNase MRP and RNag@!yadenylation signal can be found. In conclusion, the
P particles and to be essential for 5.8S rRNA and pre-tRNAOMbined cDNA is 1133 nt long and encodes a protein of
processing. The ORF of the yeast Pop4 cDNA encodes a prg20 amino acids, with a predicted molecular weight of
tein comprised of 279 codons with a predicted molecula?®-4 kDa and a predicted pl of 10.9. _
weight of 33 kDa. To investigate whether the size of the hPop4 cDNA was in
The amino acid sequence of yeast P0p4p, hereafter desigccordance with the Slze Of the mRNA, the latter was analysed
nated yPop4, was compared with protein and ‘translate8Y northern blot hybridization using total RNA extracted from
nucleic acid’ sequence databases to |dent|fy homo|ogou@ human melanoma cell line. A prObe _de.rived from nucleotides
sequences that might represent mammalian homologues 4§0-590 of the cDNA sequence hybridised to a single mMRNA
yPop4. Six overlapping nucleic acid sequence entries, corre§pecies of ~1.3 kb, which is in good agreement with the length
ponding to human ESTs, were retrieved. Using these ESTs@ the cDNA (data not shown).
cDNA sequence could be constructed of 1133 nt, containing anIn Figure 1 an alignment is shown of the amino acid
ORF encoding a protein of 220 amino acids. For reasons docgequences derived from the human, mouse and yeast Pop4
mented below this protein will be referred to as hPop4. cDNAs. The homology between human and mouse Pop4
Besides the human ESTs retrieved from the sequence dataroteins is high (83% identity, 90% similarity), while the
bases using the yPop4 amino acid sequence, five mouse ESf@mology between human and yeast Pop4 is much lower, but
were selected. The combination of these five ESTs alsetill significant (29% identity, 49% similarity). The amino acid
allowed the derivation of a cDNA sequence, which in this caseonservation between mammalian and yeast Pop4 proteins is
was comprised of 1433 nt, containing an ORF encoding anost extensive in three blocks in the C-terminal half of the
protein of 221 amino acids. The latter protein will be referredPop4 protein.
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Figure 1. Alignment of amino acid sequences derived from human, mouse and yeast Pop4 cDNAs. Amino acids that are identical in at least two of three protei
are marked by a black box, while amino acids with a conserved character are marked with a grey box. Dashes indicate the absence of corresponidisg amino ac

In the hPop4 protein sequence a clustering of basic amino acidg
is evident between residues 53 and 85, which may contain &
functional bipartite nuclear localisation sequence (NLS), as in this
region three partly overlapping elements matching the bipartite
NLS consensus sequence can be discerned.

hPop4 accumulates in the nucleoli A B c

To investigate the subcellular localisation of hPop4, a VSV-G
tag sequence (44) was fused to either the 5'- or the 3'-end of th&ure 2. Subcellular localisation of hPop4. Double immunofluorescence and
onfocal microscopy was performed on HelLa cells, which were transiently

hPop4 cDNA and cloned in the mammalian expression VethCFansfected with hPop4-VSV. Cells were fixed with methanol and stained with

pCl-neo. The resulting constructs (VSV-hPop4 and hPop4kxffinity-purified anti-hPop1 (40)4) and anti-VSV B) antibodies. €) super-
VSV) were used to transfect HelLa cells and after overnightmposition of (A) and (B).
culturing the localisation of the VSV-tagged hPop4 protein
was determined via indirect fluorescence confocal microscopy, s : :
using a monoclonal anti-VSV tag antibody. The results, whicmmunoprecipitation - experiments were performed  with
were identical for both constructs, showed a strong nucleolaﬁp'tOpe'tagged hPop4 protein. Hela cells were transfec'ged
and a weak, homogeneous nucleoplasmic staining pattem'th both VSV-tagged hPop4 constructs and the corresponding
(Fig. 2B). Since the anti-VSV tag antibody in non-transfectecEMPt vector (pCl-neo) as a control. Cell extracts prepared
cells generated no signal above background, the observ&@m these cells were used for immunoprecipitation with anti-
staining appeared to be specific for the hPop4—-VSV proteiNSV antibodies, ant[—flbr!llarln (a protein associated with Box
expressed in transfected cells. To confirm that the nucleds/D SNORNPs) antibodies and a patient serum known to
regions most intensely stained by the anti-VSV tag antibodie§nmunoprecipitate both RNase MRP and RNase P complexes
represented nucleoli and to investigate whether hPop4 cdanti-Th/To). RNAs were extracted from immunoprecipitates
localised with hPop1, double immunostaining with affinity- and from total cell extracts, fractionated by gel electrophoresis
purified anti-hPop1 antibodies (40) was performed (Fig. 2A-and analysed by northern blot hybridisation using probes
C). Note that hPop1 is also an RNase MRP and RNase P subpecific for RNase MRP, RNase P, U3 RNA (a Box C/D
unit and therefore co-localisation of hPopl, which hasSnoRNA) and U1 RNA. As is shown in Figure 3 (lane 3), the
previously been shown to accumulate in the nucleolus, anBNase MRP and RNase P RNAs are both precipitated by the
hPop4-VSV would be consistent with an association ofnti-VSV tag antibody from a cell extract containing VSV-
hPop4-VSV with these ribonucleoprotein complexes. Indeed tagged hPop4 protein. Identical results were obtained for both
full co-localisation of hPop4-VSV and hPopl was observed/SV-tagged hPop4 constructs. The specificity of this result
(Fig. 2C). In conclusion, transiently expressed hPop4—VSWvas established by the lack of co-precipitation of U1 and U3
localises to the nucleus and strongly accumulates in thRNA and by the inability of the anti-VSV tag antibody to co-
nucleolar compartment. precipitate RNase MRP and RNase P RNA from extracts of
. . . control cells (transfection with pCl-neo vector; Fig. 3, lane 7).
hPop4 is associated with both the RNase MRP and As expected, the anti-Th/To patient serum immunoprecipitated
RNase P particles both the RNase MRP and RNase P RNAs from both types of
To determine whether the hPop4 protein is indeed a subunit @fell extracts (lanes 2 and 6). The specific immunoprecipitation
the human RNase MRP and the related RNase P particlef U3 RNA by the anti-fibrillarin antibodies (lanes 4 and 8)
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Figure 4. Western blot analysis of rabbit antiserum raised against GST-hPop4.
Rabbit antisera were raised against recombinant GST—-hPop4 fusion protein
expressed irE.coli. GST-hPop4 protein (lane 1 shows the recombinant protein
preparation stained with Coomassie Brilliant Blue) was separated by 13%
e -1 SDS-PAGE and transferred to nitrocellulose filters. After incubation with anti-
’ hPop4 antiserum (lane 3) or pre-immune serum (lane 2), bound antibodies
were visualised with horseradish peroxidase-conjugated goat anti-rabbit anti-
bodies and chemiluminescence. The reactivity of the antiserum with proteins
from a total HeLa extract was analysed also by western blotting: anti-hPop4
(lane 5) and pre-immune serum (lane 4). On the left, the molecular weifjhts o
protein markers are indicated. The full-length GST-hPop4 protein band is
Figure 3. VSV-tagged hPop4 associates with RNase MRP and RNase P. Heliadicated with an asterisk, while the arrow points to the HeLa hPop4 protein.
cells were transfected with hPop4—VSV cDNA construct and the empty vector
as a negative control. After overnight culturing, cell extracts were used for
immunoprecipitation with anti-Th/Toa¢-Th/To), anti-VSV tag ¢-VSV) and

anti-fibrillarin (a-Fib) antibodies. RNAs were isolated from the immuno- tain some faster migrating bands in the recombinant material

precipitates (lanes-2 and 6-8) and from the total cell extracts (lanes 1 and 5) ised by th ti-hPop4 ti . Th
and analysed by northern blot hybridisation using specific probes for RNase M’ere recognise y the anti-nFop4 antisera as well. ese

RNase MRP, U3 RNA and U1 RNA, as indicated on the right. Lanes 1-4Pands are most probably due to proteolytic degradation of the
material from cells expressing hPop4—VSV; lanes 5-8, material from controGST—hPop4 protein during the purification and may in part be
cells transfected with pCl-neo. The amounts of the RNAs analysed in lanes dtained due to anti-GST activity in the sera. Note that the

and 5 corresponds to 10% of the amounts of extracts used for immunos ; ; _
precipitations (10% input). The faint U1 snRNA band observed in lane 3 is du?eendOgenous hPOp4 protein of Hela cells mlgrated at~30 kDa

to some non-specific co-precipitation with the anti-VSV antibody. in SDS-PAGE gels. _ )
To investigate whether hPop4 is a subunit of both the endog-

enous RNase MRP and RNase P particles, immunoprecipi-

tations were performed with this anti-hPop4 antiserum using
and the lack of immunoprecipitation of U1 RNA (lanes 2—4total HeLa cell extracts. The co-precipitating RNAs were iso-
and 6-8) further substantiated the specificity of the assayated and analysed by northern blot hybridisation using probes
Taken together, these results indicate that the VSV-taggegpecific for RNase MRP, RNase P and U3 RNA. As depicted
hPop4 protein associates with both the RNase MRP and RNa# Figure 5 (lane 4), the anti-hPop4 antiserum efficiently

P particles. immunoprecipitated both the RNase MRP and RNase P RNA

components, while the pre-immune serum did not immuno-
Anti-hPop4 antibodies immunoprecipitate both RNase precipitate any of the RNAs analysed (Fig. 5, lane 5). The
MRP and RNase P particles specificity of the antiserum was substantiated by the obser-

To exclude the possibility that association of hPop4—VSV Withvations that a control polyclonal rabbit antiserum (lane 3) did

) not detectably precipitate RNAs, while a patient anti-Th/To
the RNase MRP and RNase P particles was due to OVereXPreitiserum asy vfl)ell gs rabbit anti-hPopl Fz:mtiserum did co-

sion of the protein in the transiently transfected HelLa cells, %munoprecipitate the RNase MRP/RNase P RNAs (lanes 2
polyclonal antiserum was raised against recombinant hPop4 ig 6).

study the endogenous non-tagged hPop4 protein. The hPop4, conciusion, these results fully support previous findings

protein was expressed as a fusion protein with GSE.Boli,  that hPop4 is a component of both RNase MRP and RNase P.
designated GST-hPop4. After purification using gluthathione—

Sepharose 4B beads, GST-hPop4 (Fig. 4, lane 1) was usedA#ti-hPop4 antibodies immunoprecipitate RNase P

immunise rabbits. Western blot analysis showed that th@€nhzymatic activity

resulting rabbit antisera, in contrast to the corresponding pré4aving demonstrated that the anti-hPop4 antibodies specifically
immune sera, recognised not only the recombinant GST#nmunoprecipitate the RNase MRP and RNase P RNAs from
hPop4, but also the hPop4 protein expressed in HelLa celtstal HeLa cell extracts, we analysed whether the immuno-
(Fig. 4). Besides the band representing the GST-hPop4 prorecipitates contained any RNase P enzymatic activity.
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Figure 5. Anti-hPop4 antiserum co-immunoprecipitates the RNA components

of RNase MRP and RNase P. RNPs were immunoprecipitated from a total HeLa el - 5'-leader
cell extract using anti-Th/To (lane 2), anti-Ro52 (lane 3), anti-hPop4 (lane 4),

pre-immune (lane 5) and anti-hPopl (lane 6) antisera. Co-precipitating RNAs

and RNA from total extract were isolated, resolved by denaturing polyacryl-

amide gel electrophoresis and analysed by northern blotting using riboprobes

specific for human RNase P, RNase MRP and U3 RNA, as indicated on the right. 1 2 3 4

The signals marked with an asterisk are due to incomplete removal of the RNase

P probe prior to the incubation with the U3 RNA probe.

Figure 6. Anti-hPop4 antibodies immunoprecipitate enzymatically active
RNase P. Anti-hPopl (lane 1), pre-immune (lane 2), anti-hPop4 (lane 3) and
anti-Ro52 (lane 4) sera were used for immunoprecipitations from total HeLa
Immunoprecipitates were incubated with34-labelled pre- cel! extract. Imrr_lunoprecipitates were assayed for RNase P enzymatic activity
tRNA. The products of this reaction were resolved on a dené)_y lnc_ubatlng with #2P-labelled pre-tRN_A substrate. Suk_)sequently, the RNAs_
turing polvacryvlamide gel and visualised using autoradiograoh were _|so|a_ted and resolvgd by denaturing polyacrylamlﬂd‘e gel electrophoresis
g poly _ry ! g . g h g_ PMYind visualised by autoradiography. On the right, the positions of the pre-tRNA,
The results in Figure 6 show that the anti-hPop4 antibodies akge mature tRNA and the 5-leader sequence are indicated.
indeed able to immunoprecipitate enzymatically active RNase P
complexes, as the pre-tRNA is specifically cleaved into mature
tRNA and the 5'-leader. The capability to immunoprecipitate
this activity was indistinguishable from that of the anti-hPop1 . . . .

. . o 0 - 0 -
antiserum, which was used as a positive control. In contrast, tHg®P1 (22% |dent|(}y, 40), Rpp30/Rpp1 (23% identity; 35) and
pre-tRNA incubated with the immunoprecipitate of either theRPP20/Rpp2 (14% identity; 39). Sequence analysis did not
pre-immune serum or a control antiserum was not processé§veal the presence of known protein sequence motifs in the

(lanes 2 and 4). We conclude that the hPop4 protein is associatBgmmalian Pop4 polypeptides, apart from putative NLSs. The
with a catalytically active form of RNase P. most conserved regions are found in the C-terminal half of the

protein. Within this region an evolutionarily conserved cluster
of basic amino acids is found near the C-terminus. Recently,
DISCUSSION Chamberlairet al.(32) identified an element consisting of two

We have identified and cloned a new subunit of the humaf&ontiguous Lys residues preceded or followed by an additional
RNase MRP particle, which is also associated with the evdlys at a distance of three to eight intervening residues, which
lutionarily related RNase P particle. The new subunit exhibitdS found in all known RNase P proteins, except Rpp1p (32,35).
homology to the yeast Pop4 protein and was therefore desigeeveral sequences corresponding to this element are present in
nated hPop4. We showed that the subcellular localisation gfPop4 and mPop4 and a few such elements are found at an
hPop4 is primarily nucleolar and that this protein is associate@quivalent position in yeast. This element s also found in some

with catalytically active RNase P particles. ribosomal proteins and might be involved in protein—RNA
) _ association or protein—protein interactions.
Amino acid sequence of hPop4 Interestingly, Phe207 of yPop4, which has been demon-

While a high degree of amino acid sequence conservation watrated to be mutated in the yeast strain that led to the identi-
observed between the human and putative mouse Pofli¢ation of this protein (34), is not conserved in the human and
polypeptides, the human and yeast Pop4 sequences are ontpuse Pop4 proteins. The substitution of the Phe by either a
moderately homologous (29% identity), which is, however,Leu or a Ser in yPop4 enabled the protein to suppress the rrp2-
slightly higher than the degree of sequence conservatiod phenotype, which is due to a mutation in the RNA com-
observed for other RNase MRP/RNase P proteins, like hPoppbnent of the RNase MRP. The authors suggested that this
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amino acid substitution somehow compensated for the funa subunit of both RNase MRP and RNase P and is associated
tional defect of the base substitution in the RNA component ofvith catalytically active RNase P. Also, the Rpp29 protein,
RNase MRP. The proposed direct interaction between thehich is most likely identical to hPop4, has recently been
yPop4 protein and the RNase MRP RNA may not be found foreported to be associated with (catalytically active) RNase P
the human RNase MRP RNA and hPop4, as the region of thg0). The capability to immunoprecipitate enzymatically active
RNase MRP RNA that is mutated in the rrp2-2 strain is noRNase P has been reported before for antibodies directed
present in the human RNase MRP RNA (10). against the hPopl, Rpp20, Rpp30, Rpp38 and Rpp40 protein
The hPop4 sequence described in the present study is furthgubunits of RNase P (37,38,40).
supported by a recent paper, in which the cDNA sequence of a The hPop4 protein is probably not directly bound to the
protein called Rpp29 has been described. Rpp29 has be&Nase MRP and RNase P RNA components, since recent
isolated as a protein subunit of the human RNase P particlanmunoprecipitation experiments using the anti-hPop4 anti-
which is homologous to yeast Pop4p (50). Sequence conserum failed to detect a radiolabelled polypeptide co-migrating
parison revealed that Rpp29 is almost identical to hPop4, azn SDS—-PAGE with hPop4 after UV crosslinking of RNase
might be anticipated by their mutual homology with yPop4.MRP particles reconstituted with radiolabelled RNase MRP
Only two differences were observed between the hPop4 arlNA (unpublished observations). With the latter type of
Rpp29 protein sequences. Human Pop4 contains a Ser38 andxeriments we recently identified three human proteins with
Leu76, while in the sequence of Rpp29 these amino acids aspparent molecular weights of 20, 25 and 40 kDa that directly
substituted by a Thr and a Phe, respectively. The presence iofteract with the RNase MRP RNA (41). These data suggest
the Ser and the Leu at these positions in hPop4 is supported liyat the association of the hPop4 protein with these ribonucleo-
the identity of the equivalent amino acids in the predictedprotein particles might be mediated by protein—protein inter-
sequence for mPop4, which are also a Ser and a Leu (Fig. 1jctions. Further studies will be required to elucidate the
Based upon both their sequences (the hPop4 and Rpp2%olecular interactions that determine RNase MRP architec-
cDNAs differ only by 6 nt) and biochemical characteristics it isture.
highly likely that hPop4 and Rpp29 represent the same protein.
At present, it is unclear whether the small sequence difference
between hPop4 and Rpp29 are due to imperfect cDN CKNOWLEDGEMENTS
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