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Prp43p is a putative helicase of the DEAH family which is required for the release of the lariat intron from
the spliceosome. Prp43p could also play a role in ribosome synthesis, since it accumulates in the nucleolus.
Consistent with this hypothesis, we find that depletion of Prp43p leads to accumulation of 35S pre-rRNA and
strongly reduces levels of all downstream pre-rRNA processing intermediates. As a result, the steady-state
levels of mature rRNAs are greatly diminished following Prp43p depletion. We present data arguing that such
effects are unlikely to be solely due to splicing defects. Moreover, we demonstrate by a combination of a
comprehensive two-hybrid screen, tandem-affinity purification followed by mass spectrometry, and Northern
analyses that Prp43p is associated with 90S, pre-60S, and pre-40S ribosomal particles. Prp43p seems prefer-
entially associated with Pfalp, a novel specific component of pre-40S ribosomal particles. In addition, Prp43p
interacts with components of the RNA polymerase I (Pol I) transcription machinery and with mature 18S and
25S rRNAs. Hence, Prp43p might be delivered to nascent 90S ribosomal particles during pre-rRNA transcrip-
tion and remain associated with preribosomal particles until their final maturation steps in the cytoplasm. Our
data also suggest that the ATPase activity of Prp43p is required for early steps of pre-rRNA processing and

normal accumulation of mature rRNAs.

Synthesis of eukaryotic ribosomes is an intricate process that
is initiated by the synthesis of a precursor to 5S rRNA by RNA
polymerase III and of a common precursor to 18S, 5.8S, and
25S rRNAs by RNA polymerase I (70, 93). Some nucleotides
present in the sequences retained in the mature rRNAs are
modified by site-specific enzymes or more generally by small
nucleolar ribonucleoprotein particles (snoRNPs) during or im-
mediately following synthesis of the primary pre-rRNA tran-
scripts (50). These are then processed by a complex series of
endonucleolytic and exonucleolytic digestion steps that remove
so-called spacer regions to yield the mature rRNAs. These
pre-TRNA processing events do not occur on naked pre-rR-
NAs but within preribosomal particles (96). These particles
result from the association of pre-rRNAs at various stages of
maturation with ribosomal proteins, which remain in the cyto-
plasmic ribosomes, as well as scores of nonribosomal proteins
that only transiently interact with pre-rRNAs (25, 28). As they
mature, preribosomal particles transit from the nucleolus to
the nucleoplasm and are then transported to the cytoplasm
where final maturation steps take place (88). With advancing
maturation, the number of nonribosomal proteins present in
preribosomal particles declines (2, 36, 63). Well over 170 non-
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ribosomal proteins linked to ribosome biogenesis have been
described previously, and the list is probably far from complete
(28).

Apart from the enzymes shown to modify rRNA nucleotides
or to catalyze endo- or exonucleolytic digestion steps, the pre-
cise molecular functions of most nonribosomal proteins re-
main a matter of speculation. For a subset of these nonribo-
somal proteins, potential roles can be envisaged because they
belong to well-defined protein families of kinases (34, 53, 54,
90, 91), GTPases (2, 3, 35, 40, 49, 75, 76, 79, 99), ATPases (29,
30, 64), and helicases. The latter group is by far the largest.
Indeed, no fewer than 18 potential helicases have been linked
to ribosome biogenesis (13, 74, 85). Of these, 11 are required
for the production of the large ribosomal subunit, namely,
Dbp2p (4), Dbp3p (98), Dbp6p (16, 51), Dbp7p (12), Dbp9p
(10), Dbp10p (7), Doblp (15), Drslp (72), Haslp (21, 73),
MakS5p (67), and Spb4p (14), and 8 are required for the pro-
duction of the small ribosomal subunit, namely, Dbp4p (56),
Dbp8p (11), Dhrlp (9), Dhr2p (9), Fallp (52), Haslp (21, 73),
Roklp (92), and Rrp3p (65). Related potential or bona fide
helicases intervene in all aspects of RNA metabolism, such as
RNA processing, transport, degradation, or during translation
(74, 85). These enzymes are thought to drive conformational
rearrangements involving RNA-RNA or RNA-protein inter-
actions using NTP (generally ATP) hydrolysis. Potential heli-
cases involved in ribosome biogenesis could conceivably mod-
ulate the folding of pre-rRNAs, facilitate preribosomal particle
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transport, assist exonucleases in the degradation of pre-rRNA
spacer regions, regulate the association of small nucleolar
RNAs (snoRNAs) or proteins with pre-rRNAs or their disso-
ciation, etc. For example, the potential helicase Doblp could
assist the exosome during degradation of the 3’ end of 7S
pre-TRNAs, since lack of Doblp leads to the same 7S pre-
rRNA processing defect as inactivation of the exosome (15).
Dbp4p could be involved in modulating the interactions of the
U14 snoRNA with pre-rRNAs, since the DBP4 gene was iden-
tified as a multicopy suppressor of a mutated allele of the gene
encoding U14 (56). These ideas remain speculation, however,
and in no cases have direct molecular substrates for helicases
involved in ribosome synthesis been rigorously identified by
experimentation. To attain a detailed understanding of ribo-
some biogenesis in eukaryotes, it is crucial to identify all po-
tential helicases involved and to discover their substrates.

Recently, we have reported the characterization of the pro-
tein content of very early pre-60S preribosomal particles (17).
These particles contain seven of the potential helicases listed
above as well as Prp43p, a member of the family of “DEAH”
potential helicases (1). This was surprising, because Prp43p
had previously been shown to be involved in late steps of
pre-mRNA splicing, more specifically in the release of the
intron lariat from the spliceosome (1, 61). However, human
Prp43p is detected both in nuclear speckles and in the nucle-
olus (26) whereas yeast Prp43p is mostly found at steady state
in the nucleolus (45). These data suggested that Prp43p also
has a direct role in ribosome biogenesis. In this paper, we show
that Prp43p is a component of almost all preribosomal parti-
cles and that depletion of Prp43p strongly inhibits the synthesis
of both small and large ribosomal subunits. Prp43p is thus one
of the few nonribosomal proteins known to be required for the
production of both ribosomal subunits and, to our knowledge,
the only potential helicase required for pre-mRNA splicing
and ribosome biogenesis identified so far.

MATERIALS AND METHODS

Strains, media, and plasmids. A GAL::prp43-ZZ strain was obtained as fol-
lows. The PRP43 open reading frame flanked by BglII restriction sites was PCR
amplified from plasmid pYCG_YGL120c (EUROSCAREF collection) by use of
oligonucleotides Prp43/5'pHA113 (5-GGGGGAGATCTAATGGGTTCCAAA
AGAAGATT-3") and Prp43/3'pHA113 (5'-GGGGGAGATCTATTTTCTTGG
AGTGCTTACTCT-3"). The resulting PCR fragment was digested with BglII
and inserted into the BamHI site of plasmid pHA114 between the hybrid GALI-
10/CYCI promoter and the ZZ gene cassette (41), creating plasmid pSL1. An
Hpal/Psil fragment from pSL1 containing the PRP43 open reading frame
flanked by the GALI-10/CYCI promoter on the 5 side and the ZZ gene and
PGK terminator on the 3’ side was inserted into centromeric vector pFL39 (5)
cut with Hincll, creating pSL9. This plasmid was transformed into diploid strain
CBS1009 (HE) [CEN.PK MATa/a ura3-52/ura3-52 his3A1/his3A1 leu2-3,112/
leu2-3,112 trp1-289/trp1-289 YGL120c(338, 2275)::kanMX4/YGL120c]. Sporula-
tion of the transformed diploid strain was induced, tetrads were dissected, and a
haploid strain [CEN.PK wura3-52 his3AI leu2-3,112 trpl-289 YGL120c(338,
2275)::kanMX4 pSL9] was selected.

Strains expressing Pfalp-tandem affinity purification tag (TAP), Rpal90p-
TAP, and Net1p-TAP were purchased from Open Biosystems. Strains expressing
Prp43p-TAP and Prp22p-TAP were produced as follows. Two gene cassettes
flanked on the 5’ side by the last 48 or 56 nucleotides of the PRP43 or PRP22
open reading frames and on the 3’ side by a segment of the PRP43 or PRP22
terminator and containing the TAP-tag sequence followed by a URA3 marker
gene from Kluyveromyces lactis were PCR amplified using plasmid pBS1539 (71)
and oligonucleotides Prp43pTAPTAGS' (5'-GAGTTGAAACAAGGTAAA
AACAAAAAGAAGAGTAAGCACTCCAAGAAATCCATGGAAAAGAG
AAG-3") and Prp43pTAPTAG3’ (5'TGAATTTTCTCTCTATGAAATAGT
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CCTATAAATTTATATAAATCTATTTACGACTCACTATAGGG-3") or
oligonucleotides Prp22pTAPTAGS' (5'-CATGGAGACTAAGCTCAATAA
GGCAGTCAAGGGAAAGGGCATTAGGTATCAAGAGGTCCATGGAA
AAGAGAAG-3") and Prp22pTAPTAG3’ (5'GTTAAAAAATTAAATATA
GGTCTATAAAACTCGATAATTATAATGCATAAAAATACGACTCAC
TATAGGG-3’). These cassettes were integrated into strain Y0341 (pral-1
prbl-1 prcl-1 cpsl-3 Ahis3 leu2-3,112 Aura3 Atrpl::LEU2), creating strains
expressing Prp43pTAP or Prp22pTAP.

Strains overexpressing a ZZ-tagged wild-type or dominant-negative version of
Prp43p when grown on galactose-containing medium were obtained by trans-
forming strain BY4741 (MATa his3A1 leu2A0 met15A0 ura3A0) or FY1679-03A
(MAT« ura3-52 trplA63) with plasmids pFH141 or pFH142. Control strains
expressing normal levels of wild-type Prp43p were obtained by transforming
BY4741 or FY1679-03A with plasmid pFH140. To produce pFH140, a cassette
containing the GAL1-10/CYC1 promoter, the ZZ gene, and the PGK terminator
was excised from pHA114 by Hpal-Psil double digestion and inserted into
pCH32 cut with EcoRlI, filled in with Klenow polymerase, and digested again
with EcoRV. pCH32 is a centromeric vector conferring resistance to G418.
pCH32 was constructed by inserting into the EcoRV site of pHA113 (41) the
KanMX cassette, obtained from pUGH (38) digested with Notl, the ends of which
were filled in with Klenow polymerase. To produce pFH141, a cassette contain-
ing the PRP43 open reading frame flanked by the GALI-10/CYCI promoter on
the 5’ side and the ZZ gene and the PGK terminator on the 3’ side was excised
from pSL1 by Hpal-Psil double digestion and inserted into pCH32 cut with
EcoRlI, filled in with Klenow polymerase, and digested again with EcoRV.
pFH142 was constructed in several steps as follows. The PRP43 open reading
frame flanked by BglII restriction sites was PCR amplified from plasmid
pYCG_YGLI120c by use of oligonucleotides Prp43/5'pHA113 and Prp43/
3'pHA113. The resulting PCR fragment was digested with BglII and inserted
into the BglII site of pSP72 (Promega), creating pSP72-PRP43. A mutagenized
subfragment of the PRP43 open reading frame leading to the R430-to-A430
substitution was produced by PCR using pYCG_YGL120c and oligonucleotides
5'-GGGGGGAGGAGACCTGATTTGAAGATAATTATTATG-3" and 5'-GG
GGGGAATGCCTCTTCAGTGTATAATCTGAAACATTTACCAGGCC
TTGTAGCACCAGCACGACCAGCTCTTTGTTGGG-3'. This fragment was
digested with BseRI and Stul and used to replace the corresponding wild-type
fragment in BseRI/Stul-cut pSP72-PRP43, creating pSP72-PRP43R430A. The
mutant prp43 open reading frame was excised from pSP72-PRP43R430A by
BglIl digestion and inserted into Bglll-cut pHA114, generating pHA114-
PRP43R430A. Finally, a cassette containing the mutant prp43 open reading
frame flanked by the GALI-10/CYCI promoter on the 5’ side and the ZZ gene
and PGK terminator on the 3’ side was excised from pHA114-PRP43R430A by
Hpal-Psil double digestion and inserted into pCH32 cut with EcoRlI, filled in
with Klenow polymerase, and digested again with EcoRV, generating pFH142.

Saccharomyces cerevisiae strains were grown either in YP medium (1% yeast
extract, 1% peptone) supplemented with 2% galactose, 2% raffinose, 2% su-
crose, or 2% glucose as the carbon source or in YNB medium [0.17% yeast
nitrogen base, 0.5% (NH,),SO,] supplemented with 2% galactose, 2% raffinose,
2% sucrose, and the required amino acids. G418 was added when required at a
0.2 mg/ml final concentration.

Immunoprecipitations. Cells frozen in liquid nitrogen were broken with dry
ice in a kitchen blender (Osterizer). Aliquots of broken cell powder correspond-
ing to 2 X 10'° cells were resuspended in 2 ml of 20 mM Tris-HCI (pH 8.0)-5
mM MgAc-0.2% Triton X-100-200 mM potassium acetate (KAc)-1 mM dithio-
threitol (DTT)-0.5 unit/nl RNasin (Promega) containing protease inhibitors
(Roche). Extracts were clarified by centrifuging 10 min at 16,000 X g in a
microcentrifuge (Eppendorf 5415D). Aliquots of clarified extracts corresponding
to 12 mg of proteins were added to 50 pl of immunoglobulin G (IgG)-Sepharose
beads (Amersham Pharmacia Biotech) in a 1 ml final volume of a buffer con-
taining 20 mM Tris-HCI (pH 8.0), 5 mM MgAc, 0.2% Triton X-100, 200 mM
KAc, 1 mM DTT, 0.5 unit/pl RNasin (Promega), and protease inhibitors. Im-
munoprecipitation was performed at 4°C for 1 h 30 min on a shaking table. Beads
were then washed seven times with 1 ml of the buffer used for the immunopre-
cipitation (ice cold). A 160-ul volume of 4 M guanidinium isothiocyanate solu-
tion, 4 ul of glycogen, 80 pl of a 100 mM NaAc (pH 5)-10 mM Tris-HCI (pH
8.0)-1 mM EDTA solution, 120 wl of phenol, and 120 wl of chloroform were
added to the beads. The samples were thoroughly mixed, incubated 5 min at
65°C, and centrifuged 5 min at 4°C and 16,000 X g in a microcentrifuge (Ep-
pendorf 5415D). The aqueous phases were recovered and mixed with 120 pl of
phenol-120 pl of chloroform, and the samples were centrifuged 5 min at 4°C and
16,000 X g in a microcentrifuge (Eppendorf 5415D). RNAs from the aqueous
phases were then precipitated with ethanol.
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Tandem affinity purification. Prp43p-TAP purification was performed as in-
dicated below, while analytical Pfalp-TAP, Netlp-TAP, and Rpal90p-TAP pu-
rifications were performed using a procedure scaled down threefold. Cells frozen
in liquid nitrogen were broken with dry ice in a kitchen blender (Osterizer).
Aliquots of broken cell powder corresponding to 2 X 10'! cells were resuspended
in 30 ml of 20 mM Tris-HCI (pH 8.0)-5 mM MgAc-0.2% Triton X-100-200 mM
KAc-1 mM DTT-0.5 unit/ul RNasin (Promega) containing protease (Roche)
and phosphatase (Sigma) inhibitors. Extracts were clarified by centrifuging 15
min at 25,000 rpm in a Ti 50.2 rotor (Beckman). Aliquots of clarified extracts
corresponding to 1.8 g of proteins were added to 800 wl of IgG-Sepharose beads
(Amersham Pharmacia Biotech). Ilnmunoprecipitation was performed at 4°C for
1 h 30 min on a shaking table. Beads were then washed with 320 ml of the buffer
used for the immunoprecipitation without RNasin, protease, and phosphatase
inhibitors (ice cold) and then with 120 ml of TEV cleavage buffer (10 mM Tris-Cl
[pH 8.0], 150 mM NaCl, 0.1% NP-40, 0.5 mM EDTA, 1 mM DTT) and incubated
2 h at 16°C with 400 units of ActTEV enzyme (Invitrogen) in 4 ml of TEV
cleavage buffer. Eluted samples were then mixed with 12 ml of calmodulin
binding buffer (10 mM Tris-Cl [pH 8.0], 150 mM NaCl, 1 mM Mg-acetate, 1 mM
imidazole, 2 mM CaCl,, 0.1% NP-40, 10 mM B-mercaptoethanol) to which 12 pl
of 1 M CaCl, was added and incubated with 400 pl of calmodulin beads (Strat-
agene) at 4°C for 1 h on a shaking table. Beads were washed with 80 ml of
calmodulin binding buffer. Proteins were finally eluted by addition of 6 X 400 .l
of calmodulin elution buffer (10 mM Tris-Cl [pH 8.0], 150 mM NaCl, 1 mM Mg
acetate, 1 mM imidazole, 2 mM EGTA, 0.1% NP-40, 10 mM B-mercaptoetha-
nol). Eluted proteins were precipitated with trichloroacetic acid, separated on
8% or 12% polyacrylamide-sodium dodecyl sulfate (SDS) gels, and identified by
Western analysis or mass spectrometry (MS).

Mass spectrometry. Polypeptides stained with Coomassie blue (Brilliant Blue
G, B 0770; Sigma) obtained after Prp43p-TAP purification were subjected to
in-gel tryptic digestion using modified porcine trypsin (Promega, Lyon, France).
The tryptic digest was analyzed by on-line capillary high-pressure liquid chro-
matography (LC Packings) coupled to a nanospray Qq-Tof mass spectrometer
(QSTAR Pulsar; Applied Biosystems, Foster City, Calif.). Peptides were sepa-
rated on a 75-um inside diameter by 15-cm C18 PepMap column after loading
onto a 300-pm inside diameter by 5-mm PepMap C18 precolumn (LC Packings;
Dionex). The flow rate was set at 150 nl/min. Peptides were eluted using a 0 to
50% linear gradient of solvent B in 100 min (solvent A was 0.2% formic acid in
5% acetonitrile, and solvent B was 0.2% formic acid in 90% acetonitrile). The
mass spectrometer was operated in positive ion mode at a 2.1 kV needle voltage.
MS and MS/MS data were continuously acquired in an information-dependent
acquisition mode consisting of a 10-s cycle time. Within each cycle, an MS
spectrum was accumulated for 1 s over the m/z range 40 to 2,000 followed by
three MS/MS acquisitions of 3 s each on the three most abundant ions in the MS
spectrum. A 60-s dynamic exclusion duration was employed to prevent repetitive
selection of the same ions within a preset time. MS/MS data were acquired using
a 3-m/z-unit ion isolation window. Collision energies were automatically adjusted
according to the charge state and mass value of the precursor ions, and the
collision gas was N,. The MASCOT search engine (Matrix Science, London,
United Kingdom) was used for protein identification by searching against non-
redundant SwissProt and Trembl databases with MS/MS spectra.

Western analysis. Proteins from total extracts (produced as described in ref-
erence 19) or present in fractions collected from calmodulin columns at the end
of TAP were separated on 8% or 12% polyacrylamide—SDS gels and transferred
to Hybond-C extra membranes (Amersham Pharmacia Biotech). ZZ- or TAP-
tagged proteins and Noplp were detected as described in reference 19. Endog-
enous Prp43p was detected using purified antibodies diluted 4 x 10-fold which
had been raised in rabbits by Eurogentec against the following Prp43p peptides:
H2N-GSKRRFSSEHPDPVEC-CONH2 and H2N-SNFQKGDVKLSLERIC-C
ONH2.

RNA extractions, Northern hybridizations, and primer extensions. RNA ex-
tractions were performed as described by Tollervey and Mattaj (86). RNA
fractionations by agarose or polyacrylamide gel electrophoresis were performed
as described by Henras et al. (42). Primer extensions were performed as de-
scribed by Bousquet-Antonelli et al. (6).

Pre-rRNA precursors, mature rRNAs, mRNAs, and various small RNAs were
analyzed by Northern hybridization or primer extensions by use of 3?P-labeled
oligodeoxynucleotide probes. Sequences of antisense oligonucleotides used to
detect these RNAs have been reported in references 17, 18, 19, 42, and 69 except
those of oligonucleotides to detect U2 (snRNA) (5'-GTTACACTGAAAAGA
ACAGATACTAC-3'), tRNA-trp (5'-CATTACGAGTGCGATGCCTTAC-3"),
actin mRNA (5'-GGTTCATTGGAGCTTCAGTC-3’" and 5'-GAAGATTGAG
CAGCGGTTTGC-3'), cytoplasmic light chain dynein mRNA (5'-CTTTACTG
ATGGTTAAAATATCC-3" and 5'-CAATCACATGCCAGGTATTGCCG-3"),
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Rps13p mRNA (5'-CTCAACAAGACACCAATTTG-3' and 5'-CAGAGACA
GCCTTCTTAATC-3"), Rps15p mRNA (5'-GAAATCTTCAGTGGACATTTC
C-3" and 5'-GTGACCCAACATTTCTGGTC-3"), Rpl25p mRNA (5'-CCGTTT
GGTCTAACCAAAGTG-3" and 5'-CTGTTGTAATGTGGAACAGCC-3'),
and Rpl32p mRNA (5'-CTTCTTGGTGTGCTTCTTGAC-3' and 5'-GACTAA
GAAAGTCTTGTGACC-3"). Blots were hybridized with 5" end-labeled oligo-
nucleotide probes and washed as described by Henras et al. (42).

Pulse-chase analyses. FY1679-03A/pFH141 or FY1679-03A/pFH142 cells
were grown at 30°C in YP-glucose medium supplemented with G418 to an
optical density of ~0.4. Cells were washed twice with YP-galactose medium
supplemented with G418, diluted in the same medium, and allowed to resume
growth for 20 h. Cells were then washed twice with minimal YNB-galactose
medium supplemented with G418 and grown for 4 h in the same medium,
typically reaching an optical density of ~0.4. To 9-ml culture samples, 450 w.Ci
[*H]methylmethionine was added. After 3 min of labeling, 0.9 ml of 0.1 M
methionine was added and 1-ml samples were collected at 1, 2, 5, 10, 20, 40, 60,
90, and 120 min following cold methionine addition.

Yeast two-hybrid screening. The Prp43p two-hybrid screen was performed
using a mating strategy as described previously by Fromont-Racine et al. (27).
The CG1945 strain transformed with the pAS2AA-PRP43 bait plasmid was
mated with strain Y187 transformed with a Saccharomyces cerevisiae genomic
DNA library cloned into the pACTIIst plasmid. A total of 30 million diploids
were screened, and 65 His™ LacZ™ colonies were selected. The genomic inserts
cloned into the pACTIIst plasmids present in these colonies were identified by
sequence. A total of 48 candidates were eliminated because they correspond to
two antisense regions. The remaining 17 clones correspond to four different open
reading frames. The complete set of genes selected in the screen is summarized
in Table 1.

RESULTS

Depletion of Prp43p leads to a drastic reduction in the
steady-state levels of pre-rRNA processing intermediates and
mature rRNAs. Since Prp43p has been reported to be a nucle-
olar protein (26, 45) and was detected among the proteins
interacting with Npalp (17), a specific component of early
pre-60S preribosomal particles, we reasoned that it might be
involved in ribosome biogenesis. To assess the consequences of
lack of Prp43p on RNA metabolism, we constructed a yeast
strain that contains a PRP43 gene transcribed from the GAL1-
10-CYCI hybrid promoter. This promoter is induced in the
presence of galactose in the growth medium and is repressed
when glucose is added, leading to progressive depletion of the
Prp43p protein. In addition, in order to follow Prp43p deple-
tion, a gene cassette (ZZ) encoding two IgG-binding domains
derived from Staphylococcus aureus protein A was inserted in
frame downstream from the PRP43 open reading frame.
GAL::prp43-zz cells were grown in galactose-containing me-
dium and transferred to glucose-containing medium for 6 to
36 h. A very severe decrease in Prp43p levels was observed
after 24 h of incubation in glucose-containing medium (Fig.
1A, lane 4). Longer incubation in glucose-containing medium
did not result in total disappearance of Prp43p (Fig. 1A, lane
5), presumably due to residual transcription from the GALI-
10-CYCI promoter. As a result, even though their growth was
strongly impaired, GAL:prp43-zz cells never completely
ceased to divide.

Prp43p depletion is accompanied by a transient accumula-
tion of the 35S and 23S pre-rRNAs and a strong decrease in
the steady-state levels of the 27SA2, 27SB, 20S, and 7S pre-
rRNAs and of all mature rRNAs, while levels of Scrl RNA or
tRNA-trp were little affected (Fig. 1B and 1C). This suggests
that Prp43p depletion does not block pre-rRNA transcription
but inhibits to some extent cleavages at the Al and A2 sites,
resulting in decreased levels of the 20S and 27SA2 pre-rRNAs.
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The decrease in the levels of all pre-rRNAs tested present in
pre-60S particles suggests that processing steps that take place
in these particles are inhibited and/or that these particles are
turned over. The levels of the intronic U24 snoRNA were
decreased by half after 24 h of growth in glucose. This is
consistent with the findings that U24 maturation requires de-
branching of the intron lariat (68) and that Prp43p activity, at
least in vitro, is needed to allow access of the debranching
enzyme to the branch point (61). Levels of independently tran-
scribed unspliced snoRNAs, snR30 and snR10, are only mildly
decreased after 24 h of growth in glucose. Levels of mature U3
snoRNAs, which are produced following splicing of pre-U3
transcripts by the spliceosome (62), are only decreased to the
same extent as those of snR10 or snR30. Strikingly, levels of
mature actin or cytoplasmic light chain dynein mRNAs, pro-
duced by splicing, are not diminished following Prp43p deple-
tion. These data suggest that splicing defects due to Prp43p
depletion do not lead to strong decreases in the steady-state
levels of spliced RNAs. Hence we propose that the major
pre-TRNA and rRNA accumulation defects seen upon Prp43p
depletion result from a direct involvement of Prp43p in ribo-
some biogenesis and are not the indirect consequence of re-
duced synthesis, due to mRNA shortage, of trans-acting factors
required for the production of ribosomes. We also assessed the
steady-state levels of ribosomal protein mRNAs following
Prp43p depletion. Levels of all ribosomal protein mRNAs
tested were strongly diminished. However, levels of ribosomal
protein mRNAs generated from spliced (Rpl25, Rps13) or
unspliced (Rpl32, Rpsl5) primary transcripts were affected
equally. Hence we feel that this reduction is the result of a
feedback mechanism of unknown nature, but unrelated to
splicing, that shuts down ribosomal protein expression when
the process of ribosome biogenesis is strongly impaired.
Prp43p is a component of multiple preribosomal particles.
If Prp43p is directly involved in the synthesis of both small and
large ribosomal subunits, we expect it to be a component of
early 90S preribosomal particles and/or of both pre-60S and
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pre-40S preribosomal particles. With the view of identifying
the RNPs which contain Prp43p, we first constructed a yeast
strain expressing from the normal genomic locus Prp43p
tagged with the tandem affinity tag (71), Prp43p-TAP. A con-
trol strain was also constructed that expresses tagged Prp22p,
Prp22p-TAP. Prp22p is a potential helicase of the DEAH
family that is required for the release of the spliced exons from
the spliceosome (78, 95). Prp43p-TAP and Prp22p-TAP were
precipitated from total cellular extracts using IgG-Sepharose,
and the RNAs retained in the pellet were extracted and ana-
lyzed by primer extension or by the Northern blot technique
(Fig. 2). Consistent with the fact that both Prp22p and Prp43p
are involved in late stages of the splicing process, we find that
the U2, U5, and U6 snRNAs are precipitated with both
Prp22p-TAP and Prp43p-TAP (Fig. 2). In addition, several
pre-TRNAs are precipitated with Prp43p-TAP but not with
Prp22p-TAP. The 35S, 27SA2, and 20S pre-rRNAs are precip-
itated with Prp43p-TAP with efficiencies at least fourfold
above background levels, while 27SB and 7S pre-rRNAs are
precipitated with efficiencies about twofold above background
levels. These data therefore indicate that Prp43p is a compo-
nent of 90S and pre-40S as well as early pre-60S particles. They
also suggest that Prp43p is a component of intermediate pre-
60S particles. All snoRNAs tested were precipitated with
Prp43p-TAP, most likely as a consequence of the presence of
Prp43p-TAP within 90S preribosomal particles. To our sur-
prise, mature 18S rRNA was also convincingly precipitated
with Prp43p-TAP. Since the conversion of 20S pre-RNA to 18S
rRNA occurs in the cytoplasm in yeast, this finding indicates
that Prp43p is also present in mature or nearly mature cyto-
plasmic 40S ribosomal particles. Trace amounts of 25S rRNAs
were also precipitated with Prp43p-TAP, while almost no back-
ground 25S rRNA precipitation was detected. Thus, Prp43p-
TAP may be present in mature or nearly mature 60S particles,
although we could not detect an association between Prp43p-
TAP and 5.8S or 55 rRNAs (however, see below). To confirm
the association of Prp43p with 90S, pre-40S, and pre-60S par-

FIG. 1. Prp43p depletion inhibits accumulation of mature rRNAs. A GAL::prp43-zz strain was grown in galactose-containing medium (GAL;
lanes 1) and then shifted to a glucose-containing medium (Glu; lanes 2 to 5). Culture samples corresponding to the same number of cells were
collected before the transfer (lanes 1) and at 6 (lanes 2), 12 (lanes 3), 24 (lanes 4), or 36 (lanes 5) h after transfer to glucose-containing medium.
From these samples, total proteins (A) or RNAs (B) were extracted and subjected to Western blot (A) or Northern blot (B) analysis. In panel A,
total proteins were subjected to SDS-polyacrylamide gel electrophoresis (PAGE), transferred to a cellulose membrane, and detected by enhanced
chemiluminescence using either Dakko rabbit PAP or a polyclonal anti-Noplp serum. Two different exposures of the film are shown for better
appreciation of both the sharp decrease in Prp43p levels and the remaining quantities of that protein after 36 h of growth in glucose-containing
medium. In panel B, total RNAs were separated by denaturing agarose or acrylamide gel electrophoresis and transferred to nylon membranes.
Specific RNAs were detected by hybridization with antisense oligonucleotide probes. Signal intensities were measured by phosphorimager
scanning. Values (indicated below each lane) are expressed as percentages of the intensities obtained in the case of galactose-grown samples.
(C) Pre-rRNA processing scheme in S. cerevisiae. The primary pre-rRNA transcript is first cleaved, maybe cotranscriptionally, by the Rntlp
endonuclease in the 3’ external transcribed spacer at site B0, producing the 35S pre-rRNA. 35S is cleaved at site A0, producing 33S, which is then
cleaved at site Al corresponding to the 5’ end of mature 18S rRNA, producing 32S. Cleavage of 32S at site A2 in internal transcribed spacer 1
generates 20S, precursor to 18S rRNA, and 27SA2, precursor to 25S and 5.8S rRNAs. 20S is exported to the cytoplasm, where it undergoes
endonucleolytic cleavage at site D, generating mature 18S rRNA. 27SA2 can be processed by one of two parallel pathways. A total of 90% of 27SA2
molecules are cut at site A3 by the mitochondrial RNA processing endonuclease, producing 27SA3, the 5" end of which is digested by the Ratlp
and Xrnlp exonucleases up to B1S, producing 27SBS. A total of 10% of 27SA2 molecules are processed by an as-yet-unknown mechanism at site
BI1L, releasing 27SBL. 27SBS and 27SBL are then processed identically. C2 cleavage releases the 26S and 7SS or 7SL molecules. The 5" end of
26S is digested by the Ratlp and Xrnlp exonucleases up to the 5’ end of mature 25S rRNA. The ITS2 fragment remaining on 7SS or 7SL molecules
is removed in successive steps by several exonucleases. The core exosome intervenes first to produce 5.8S plus 30S or 5.8S plus 30L, followed by
the Rrp6p exosome component generating 6SS or 6SL molecules. The remaining ITS2 nucleotides are removed by the Rex1p, Rex2p, and Ngl2p
exonucleases. The endonucleases acting at sites A0, Al, A2, and C2 are unknown. Also indicated are the names of the preribosomal particles in
which these pre-rRNA intermediates are embedded.
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FIG. 2. Prp43p is associated with several spliceosomal snRNAs and
pre-TRNAs and with mature 18S and 25S rRNAs. Immunoprecipita-
tion experiments were carried out using IgG-Sepharose and total cel-
lular extracts from the parental strain lacking a tagged protein (No
TAP-TAG; lanes 1 and 2), or from strains expressing Prp43p-TAP
(lanes 3 and 4) or Prp22p-TAP (lanes 5 and 6). RNAs were extracted
from the pellets obtained following precipitation (Ip) or from an
amount of input extract corresponding to 1/150 of that used for the
precipitation (Tot) and analyzed by the Northern blot technique or the
primer-extension procedure (to detect 35S, 27SA2, and 27SB pre-
rRNAs). cDNA products obtained by primer extensions were sepa-
rated on a 6% sequencing gel, and RNAs were separated and detected
as described in the legend of Fig. 1B. Signal intensities were measured
by phosphorimager scanning to derive the percentage of input RNAs
precipitated (indicated below each Ip lane). bg, background value.
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FIG. 3. Tandem affinity purification of Prp43p-TAP. Total extracts
from strains expressing Prp43p-TAP (lane 3) or devoid of tagged
protein (lane 1) were subjected to the tandem affinity purification
procedure. Polypeptides eluted from the calmodulin columns follow-
ing EGTA addition were resolved by SDS-PAGE and stained with
Coomassie blue. Stained proteins were excised, digested by trypsin,
and identified by coupling liquid chromatography and mass spectrom-
etry. Lane 2: molecular mass markers (in kilodaltons).

ticles, we performed a tandem affinity purification (71) of
Prp43p-TAP followed by mass spectrometry (Fig. 3 and Table
2) as well as a genome-wide double-hybrid screen using Prp43p
as bait (Table 1). Consistent with our previous RNA analyses,
Prp43p was found associated with splicing factors and with
protein components of 90S, pre-40S, and early, intermediate,
and late pre-60S preribosomal particles. The two approaches
led to partially overlapping results, as both identified the pu-
tative splicing factor Spp382p and the pre-rRNA processing
factor Gnolp (37) as partners of Prp43p.

Prp43p is associated with Pfalp, a novel component of pre-
40S particles. Among the proteins purified with Prp43p-TAP,
the as-yet-uncharacterized polypeptide encoded by the
Ynl224c open reading frame may be the most abundant, judg-
ing from the intensity of the corresponding band (Fig. 3, lane
3), the proportion of the protein covered by the tryptic pep-
tides retrieved (sequence coverage of 61%), and the detection
of numerous degradation products of this protein in several
other bands. We named this polypeptide Pfalp (Prp Forty-
three Associated). To confirm the association between Pfalp
and Prp43p, we purified Pfalp-TAP by the tandem affinity
procedure and assessed the copurification of Prp43p-TAP by
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TABLE 1. ORFs selected in Prp43p two-hybrid screen and corresponding genes

No. of different

Start domain End domain OREF size

Prey ORF Corresponding prey gene No. of clones fusions (nt)” (nt)” (nt) Gene function
YLR424W SPP382 11 4 135 1450 2,127 Splicing
YGR280C GNO1 3 1 117 End 816 rRNA maturation
YKL042W SPC42 1 1¢ =75 675 1,092 Spindle pole body
YJLO76W NETI 1 1¢ -56 1100 3,570 RNA Pol I

“The 5' position of the smallest overlapping fragment was accurately determined by sequencing.
® The 3’ end of the smallest overlapping fragment was roughly determined according to PCR fragment size.

¢ Out-of-frame fusion.

Western analysis using affinity-purified anti-Prp43p antibodies
(Fig. 4). Prp43p could easily be detected, even in small aliquots
of the final fractions eluted from the calmodulin column, both
by Western analysis (Fig. 4, lane 2) and after Coomassie stain-
ing of the gel (not shown). The efficient copurification of Pfalp
with Prp43p-TAP (and vice versa) prompted us to investigate
whether Pfalp is present in all RNPs that contain Prp43p or in
only a subset. Pfalp-TAP was therefore precipitated with IgG-
Sepharose from total extracts, and the RNAs retained in the
pellet were extracted and analyzed by primer extension or by
the Northern blot technique (Fig. 5). Only the 20S pre-rRNAs
and 18S rRNAs were precipitated with efficiencies above back-
ground levels. Hence we conclude that Pfalp is present to-
gether with Prp43p only in pre-40S preribosomal particles and
in mature or nearly mature 40S small ribosomal subunits but is
absent from all other preribosomal particles and from spliceo-
somal complexes.

Prp43p is associated with the RNA polymerase I machinery.
We were surprised to discover that the two-hybrid screen con-
ducted with the PRP43 gene as bait selected a fragment of the
NETI open reading frame as a prey. Netlp is associated with
the RNA polymerase I machinery and stimulates its activity in
vivo and in vitro (80). These data suggested that Prp43p inter-
acts with the RNA polymerase I machinery. This idea is
strongly supported by the detection of five subunits of RNA
polymerase I among factors purified with Prp43p-TAP (Table
2). To further confirm that Prp43p interacts with the RNA
polymerase I machinery, TAP-tagged Netlp and Rpal90p (the
largest subunit of RNA polymerase I) were purified by the
TAP procedure and the presence of Prp43p in the fractions
eluting from the calmodulin column was assessed by Western
analysis using anti-Prp43p antibodies (Fig. 4). These experi-

ments confirmed that a small fraction of Prp43p is indeed
associated with both Netlp and Rpal90p.

A dominant-negative form of Prp43p stalls in preribosomal
particles and causes a severe reduction in the steady-state
levels of mature rRNAs. Several potential helicases, including
Prp43p, display ATPase activity in vitro, and it has been pro-
posed that conserved motif VI of these enzymes participates in
ATP binding (74). Consistent with this view, Schwer and col-
leagues have shown that modified Prp43p proteins bearing
amino acid substitutions within motif VI display severely re-
duced ATPase activity in vitro, cannot restore the viability of
cells lacking wild-type Prp43p, and inhibit growth when over-
expressed in a wild-type strain (61). We were interested in
determining when and to what extent the ATPase activity of
Prp43p is needed during ribosome biogenesis. Thus, we de-
cided to analyze the phenotype induced by overexpression of a
modified form of Prp43p, Prp43pR430A, containing an alanine
instead of arginine at position 430 within motif VI. We con-
firmed that overexpression of Prp43pR430A, but not that of
the wild-type protein, strongly inhibits growth (data not
shown). Northern analysis demonstrates that overexpression of
Prp43pR430A causes a mild decrease in the steady-state levels
of 27SA2, 27SB, 208, and 7S pre-rRNAs and a substantial drop
in the amounts of all mature rRNAs (Fig. 6A). Pulse-chase
analysis shows that no single pre-rRNA processing step is com-
pletely blocked by overexpression of Prp43pR430A (Fig. 6B).
Nevertheless, the 35S pre-rRNA is still detected 10 min after
addition of cold methionine, indicating that maturation of
some 90S preribosomal particles is substantially slowed. The
35S, 27SA2, 27SB, 23S, and 20S pre-rRNAs and 18S rRNA are
precipitated substantially more efficiently with Prp43pR430A
than with the wild-type protein (Fig. 6C), strongly suggesting

Pfalp-TAP Net1p-TAP Rpa190p-TAP No TAP-TAG
Tot Ip Tot Ip Tot Ip Tot Ip
Pfalp-TAP —) Net1p-TAP — ) s RPA190p-TAP—)
-
Prpdsp —) S "= proigp) — Proasp— D - P43 —) s

1 2 3 4 5 6 7 8

FIG. 4. Prp43p is associated with Pfalp and with the RNA polymerase I machinery. Total extracts from cells expressing Pfalp-TAP (lanes 1
and 2), Netlp-TAP (lanes 3 and 4), or Rpal90p-TAP (lanes 5 and 6) or devoid of tagged protein (lanes 7 and 8) were subjected to the tandem
affinity purification procedure. In the case of the Pfalp-TAP purification, 1/40th of the second fraction eluted from the calmodulin column was
loaded in the immunoprecipitation (Ip) lane while in the case of the Netlp-TAP, Rpal90p-TAP, and control (No TAP-TAG) purifications,
fractions eluted from the calmodulin column were pooled and all proteins present were precipitated using trichloroacetic acid and loaded in the
Ip lanes. Tot: aliquot of the input extract. Proteins were subjected to SDS-PAGE, transferred to a cellulose membrane, and detected by enhanced
chemiluminescence using affinity-purified anti-Prp43p polyclonal antibodies.
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FIG. 5. Pfalp is associated with 20S pre-rRNA and 18S rRNA.
Immunoprecipitations (Ip) were carried out from total extracts of cells
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(lanes 1 and 2). Immunoprecipitations and analysis of precipitated
RNAs were performed as described in the legend of Fig. 2.
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that Prp43pR430A has a reduced ability to dissociate from the
ribosomal particles in which it is engaged. The increase in
precipitation efficiency is most dramatic in the case of the 35S
pre-TRNA (strikingly, the 35S pre-rRNA can be detected after
precipitation by ethidium bromide staining of the gel) (data
not shown). This latter observation is fully consistent with the
slowed 35S maturation detected by pulse-chase analysis. Alto-
gether, these data suggest that the ATPase activity of Prp43p is
required already during maturation of 90S preribosomal par-
ticles and for correct production of mature ribosomes.

DISCUSSION

The yeast ATPase Prp43p has been shown to be required, at
least in vitro, for the last step of splicing, that is, the dissocia-
tion of the late postsplicing complex from the spliced-out in-
tron in the lariat form (1, 61). Consistent with this, we find that
the U2, US, and U6 spliceosomal snRNAs are precipitated
with yeast Prp43p. Interestingly, we find that yeast Prp43p
interacts with several components of the Prpl9p-associated
complex (nineteen complex or NTC) that is required for spli-
ceosome activation (8), suggesting that yeast Prp43p may have
additional, earlier roles in splicing. This seems at any rate to be
the case in humans, since the likely human orthologue of yeast
Prp43p, hPrp43, was detected in affinity-purified pre-spliceo-
some complex A (39), spliceosome complex B prior to activa-
tion (BAU1) (60), activated B* spliceosome poised for splicing
(59), and spliceosome complex C (48) that has undergone the
first trans-esterification reaction. Yeast Prp43p may even asso-
ciate cotranscriptionally with nascent pre-mRNAs, because
tandem affinity purification of Prp43p-TAP associated with
mass spectrometry analysis revealed an interaction of this pro-
tein with a surprising large number of chromatin remodeling—
RNA polymerase II-associated factors (Table 2). In addition to
its involvement in splicing, we propose that Prp43p also plays
major, direct roles in eukaryotic ribosome biogenesis. We show
in the present report that Prp43p depletion leads to a dramatic
drop in the steady-state levels of all pre-rRNAs, except the 35S
pre-rRNA, resulting in greatly diminished levels of all mature
rRNAs.

While we cannot formally exclude the possibility that this
inhibition of ribosome biogenesis is solely the indirect conse-
quence of splicing defects, we deem it unlikely for the follow-
ing reasons. In the case of both yeast and human cells, Prp43p
is detected in the nucleolus (26, 45), the nuclear locale devoted
primarily to early steps of ribosome biogenesis. We demon-
strated by a very thorough study combining immunoprecipita-
tions, TAP coupled to mass spectrometry, and double-hybrid
analysis that yeast Prp43p is a component of almost all preri-
bosomal particles, namely, 90S, pre-40S, and pre-60S particles.
Our results extend those obtained during earlier affinity puri-
fications (33, 43) and a double-hybrid study (46) that found
Prp43p associated with a few components of 90S and pre-60S
preribosomal particles. The highly significant link between
Prp43p and some components of these particles has also been
underscored by a recent bioinformatic analysis (55). Crucially,
we note that under the experimental conditions we used, the
depletion of Prp43p has little effect on the steady-state accu-
mulation of some mature mRNAs that are produced by splic-
ing, such as the mRNAs encoding actin or cytoplasmic light
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TABLE 2. Proteins specifically associated with Prp43p®

Category and protein

Accession no.”

Category and protein

Accession no.”

RNA Pol I machinery
Rpal90p
Rpal35p
Rpa49p
Rpa34p
Rpcl9p

90S/Pol 1
Utpl0p
Utpl5p

90S

Utp9p
Utpl4p
Utp20p
Utp22p
Bmslp
Kre33p
Krrlp
Nsrlp

90S/60S
Haslp
Nop13p
Rrp5p
Rrp12p

60S
Arxlp
Brxlp
Dbp10p
Ebp2p
Erblp
Fpr3p
Fprdp
Lsglp
Mrt4p
Noclp
Noglp
Nog2p
Nop12p
Nop53p
Npalp
Nsa2p
Nsa3p
Nuglp
Rpflp
Rrplp
Rrpldp
Spblp
Ssf2p
Xrnlp
YCRO72cp

408
Pfalp
Riolp

H/ACA snoRNP
CbfSp
Garlp
Nhp2p

P10964
P22138
Q01080
P47006
P28000

P42945
Q04305

P38882
Q04500
P35194
P53254
Q08965
P53914
P25586
P27476

Q03532
P53883
Q05022
Q12754

Q03862
Q08235
Q12389
P36049

Q04660
P38911

Q06205
P53145

P33201

Q12176
Q02892
P53742

Q08208
Q12080
P34241

P40078
P38779
P40010
P38805

P35178
P36080
P25582
Q12153
P22147
P25382

P53866
Q12196

P33322
P28007
P32495

C/D snoRNP
Noplp
Nop56p
Nop58p
Snul3p

snoRNP
Srp40p

Other ribosome biogenesis components

Arblp
Dbp2p
Gnolp
YCRO16wp

Chromatin remodeling/RNA Pol II-

associated factors
Arp9p
Snf2p
SnfSp
Spt2p
Spt7p
Ssllp
Swilp
Swi3p
Taf6p
Histones

Histone H2A.1
Histone H2A.2

Htzlp (histone H2A variant)

Histone H2B.1
Histone H2B.2
Histone H4

Splicing factors
Brr2p
Bud31p
Clflp
Cwce2p
Cwc23p
Lealp
Lsm12p
Ntc20p
Prp19p
Prp45p
Prp46p
Prp8p
SmBp
SmD2p
SmD3p
Snulldp
Spp382p
Syf2p
YKRO022cp

Transport
Gsplp
Gsp2p
Srplp
Sxmlp

Unknown
YGR130cp
YJL122wp
YOR252wp

P15646
Q12460
Q12499
P39990

P32583

P40024
P24783
P53335
P25617

Q05123
P22082
P18480
P06843
P35177
Q04673
P09547
P32591
P53040

P04911
P04912
Q12692
P02293
P02294
P02309

P32639
P25337
Q12309
Q12046
Q6B1S2
Q08963
P38828
P38302
Q8NJV2
P28004
Q12417
P33334
P40018
Q06217
P43321
P36048
Q06411
P53277
P36118

P32835
P32836
Q02821
Q04175

P53278
P47019
Q08687

“ Ribosomal proteins have been omitted from this table. The proteins listed were not detected in the mock purification (Fig. 3, lane 1).

b Swiss Prot database.
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FIG. 6. Phenotype induced by overexpression of Prp43pR430A. (A) Northern analysis. A wild-type yeast strain was transformed with a
centromeric vector lacking an insert (V) or containing either the wild-type PRP43 gene (Wt) or a mutated prp43 allele encoding Prp43pR430A
(DN) positioned downstream of the GAL1-10-CYCI promoter and upstream of the ZZ gene cassette encoding two IgG-binding domains derived
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chain dynein. Thus, we think it rather unlikely that a defect in
the splicing process per se did cause such a substantial drop in
the steady-state levels of mRNAs for ribosome biogenesis fac-
tors, and hence a significant reduction of their de novo syn-
thesis, that it would indirectly have led to the major perturba-
tion of ribosome synthesis we observe. We did check the
steady-state levels of ribosomal protein mRNAs and found
that they declined sharply during Prp43p depletion. However,
this drop is not due to splicing inhibition because levels of
ribosomal protein mRNAs that are produced by splicing and of
those that are not were diminished equally. This phenomenon
may reflect a feedback mechanism, transcriptional and/or post-
transcriptional, that shuts down ribosomal protein expression
when synthesis of both small and large ribosomal subunits is
severely compromised.

Prp43p is one of the few known ribosome biogenesis factors
required for the synthesis of both small and large ribosomal
subunits and present within pre-40S and pre-60S particles.
Other examples include Rrp5p, required for the synthesis of
18S rRNA and the short form of 5.8S rRNA (22, 23, 87, 94),
Rrp12p, which intervenes in the export of both small and large
preribosomal subunits from nucleus to cytoplasm (66), and the
DEAD-box ATPase Haslp, which is needed for 18S rRNA
synthesis but is also found within pre-60S preribosomal parti-
cles (21, 73). Prp43p is also one of the rare examples of factors
implicated in both splicing and ribosome biogenesis and is to
our knowledge the only helicase determined as such so far. The
most thoroughly studied factor shared between the splicing
and ribosome biogenesis processes is Snul3p, a protein com-
ponent of U4 snRNP and of all box C/D snoRNPs (97).
Whether the use by the cell of Prp43p in both splicing and
ribosome biogenesis contributes to a hypothetical coordination
between these two processes remains to be determined.

The finding that Prp43p is associated with components of
the RNA polymerase I machinery suggests that Prp43p assem-
bles with nascent 90S preribosomal particles during pre-rRNA
transcription. However, contrary to the findings with respect to
the tUTP components of the U3 processome that are required
for RNA polymerase I transcription (20, 31), Prp43p does not
play a fundamental role in that process because the 35S pre-
rRNA accumulates in Prp43p-depleted cells while it disap-
pears in tUTP-depleted ones. We also observe a clear associ-
ation of Prp43p with cytoplasmic 18S rRNA. The precipitation
efficiency of 25S rRNA with tagged Prp43p is low but is nev-
ertheless clearly above background levels. We also detect an
association between Prp43p and 5.8S and 5S rRNAs when the
protein is overexpressed. Moreover, Prp43p-TAP interacts
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with Lsglp, a cytoplasmic GTPase required for a remodeling
step of 60S ribosomal particles in the cytoplasm (40), arguing
that Prp43p is associated with mature or nearly mature 60S
ribosomal particles in the cytoplasm. Thus, it seems that
Prp43p remains part of the ribosome biogenesis process from
start (pre-rRNA transcription) to finish (production of mature
40S and 60S ribosomal particles in the cytoplasm). The pro-
longed association of Prp43p with preribosomal particles may
seem counterintuitive for an enzyme proposed to drive tran-
sient conformational rearrangements. It is, however, a phe-
nomenon already well documented in the case of the potential
helicases Sub2p (32, 47, 57, 58, 83, 84, 101) and Dbp5p (24, 44,
77, 81, 82, 89, 100, 102), which are probably recruited to nas-
cent pre-mRNA during transcription and remain linked to the
transcript throughout splicing. Strikingly, in similarity to what
we find in the case of Prp43p and preribosomal particles,
Dbp5p accompanies mRNAs during export through the nu-
clear pore into the cytoplasm, where it drives mRNP rear-
rangements. The prolonged presence of Prp43p within preri-
bosomal particles may reflect a structural role for this protein.
It is also possible that Prp43p drives a succession of confor-
mational rearrangements through several rounds of ATP hy-
drolysis and several association-dissociation cycles. In that re-
spect, it is interesting that the dominant-negative forms of
Prp43p, although predominantly stalled in 90S preribosomal
particles, are also found in more downstream particles, sug-
gesting that Prp43p may “enter” at several points along the
pathway. The precise functions and molecular substrates of
Prp43p remain to be identified. Our data suggest that the
ATPase activity of this protein is required early, already within
90S preribosomal particles, to allow efficient processing of the
35S pre-rRNA. Since Prp43p associates with both pre-40S and
pre-60S preribosomal particles, it must have several partners
and substrates. Within pre-40S and mature or nearly mature
40S particles, and only there, Prp43p may be more closely
linked to the Pfalp protein. This link is, however, not a crucial
one, because the growth disadvantage caused by lack of Pfalp
can only be detected under mixed-culture conditions. Clearly,
identifying the direct partners and substrates of Prp43p con-
stitutes a challenge for future research.
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