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ABSTRACT

During the splicing process, spliceosomal snRNAs
undergo numerous conformational rearrangements
that appear to be catalyzed by proteins belonging to
the DEAD/H-box superfamily of RNA helicases. We
have cloned a new RNA helicase gene, designated
DBP2 (DEAH-box protein), homologous to the
Schizosaccaromyces pombe cdc28*/prp8*  gene
involved in  pre-mRNA splicing and cell cycle
progression. The full-length DBP2 contains 3400 nucleo-
tides and codes for a protein of 1041 amino acids with a
calculated mol. wt of 119 037 Da. Transfection
experiments demonstrated that the GFP-DBP2 gene
product, transiently expressed in HelLa cells, was local-
ized in the nucleus. The DBP2 gene was mapped by FISH
to the MHC region on human chromosome 6p21.3, a
region where many malignant, genetic and autoimmune
disease genes are linked. Because the expression of
DBP2 gene in S.pombe prp8 mutant cells partially
rescued the temperature-sensitive phenotype, we
conclude that DBP2 is a functional human homolog of
the fission yeast Cdc28/Prp8 protein.

INTRODUCTION

DDBJ/EMBL/GenBank accession no. ABO01601

factors of the budding yeaSaccharomyces cerevisia€hese
proteins are Prp5 and Prp2810), Prp2 and Prpl61(,12),
Prp22 (3) and Prp4314), which are involved in the spliceosome
assembly (Prp5, Prp28), the catalytic reactions (Prp2, Prp16), the
MRNA release from the spliceosome (Prp22), and the last
disassembly process of the spliceosome (Prp43), respectively.

Recently, &dc28/prp8* gene encoding a DEAH-box protein
was identified in the fission yeaSthizosaccharomyces pombe
(15). Thecdc28 gene was initially identified in a screen for
temperature-sensitive mutants that exhibit a cell-division cycle
arrest and was found to be required for mitodi).(The
cdc28/prp8* gene product is most similar to the Prp2, Prp16,
Prp22, Prp43 proteins &.cerevisiagwhich are members of the
DEAH-box protein family of putative RNA helicases. All these
results suggest that DEAH-box proteins may be involved in both
RNA splicing and cell cycle progressiothy.

We have previously identified two new genes, the members of
the DEAH-box helicase gene family, designated DBPEAD
H-box protein; 17) and DBP2. They were cloned by PCR using
several degenerated oligonucleotide corresponding to box | and
box V of the DEAH-box helicase family as primers. In this study,
we describe one of these putative human RNA helicase genes.
The possible role of this putative RNA helicase in pre-mRNA
splicing and progression through the cell cycle is discussed.

The excision of introns from nuclear precursors to messengMATERIALS AND METHODS

RNAs (pre-mRNASs) by a splicing reaction requires two distinc
transesterification reactions. In the first step, thepice site is
cleaved to form a branched intron—exon 2 lariat. In the secorithe sequences of the degenerated primers used for gene cloning
step, cleavage of thé 8plice site and ligation of the two exons were: the sense primet-6AGACXGGXTCXGGXAARAC-
occur. This splicing reaction is catalyzed by a macromoleculAC-3' and the antisense primer'-GAXGTYTCXGC-
complex called a spliceosome that consists of five small nucleXATRTTXGTTG-3' (where X represents any base, Y represents
RNAs (snRNAs), U1, U2, U4/U6, U5, and a large but undeterminea pyrimidine, R represents a purine), which were designed from
number of proteinslE3). the conserved amino acid sequences proximal to the DEAH-box
Helicases catalyze the unwinding of double-stranded DNA armbrresponding to ETGSGKTT (box 1) and TNIAETS (box V),
RNA sequences by disrupting the hydrogen bonds between trespectively {6). One g of human testis poly(A)RNA was
two strands4). They are thought to be involved in both DNA andused for reverse transcription (SuperSéNpit RT, BRL) primed
RNA metabolisms, including RNA splicing. Helicases areby oligo d(T}2-18 and random hexamers as described by
structually characterized by several consensus amino acid sequeinecamuraet al (17). The DEAH-box containing the sequences
motifs in the molecule that delimit specific superfamilies8).  was subsequently amplified from the mixture of cDNAs by the
Previously, several putative RNA helicase proteins containing @olymerase chain reaction (PCR) using the above primers. The
typical superfamily Il DEAD/H box were identified as splicing PCR conditions were: initial denaturation at’@4for 5 min,

bligonucleotide primers and reverse transcription PCR
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followed by 35 cycles of denaturation af@4for 30 s, annealing was confirmed by direct sequencing. HeLa cells were seeded onto
at 50°C for 30 s, elongation at 7€ for 1 min, and a final a poly+-lysine-coated cover glass (lwaki Co., Tokyo), were cultured
elongation at 72C for 5 min. The amplified products, including overnight and then were transfected witly®f expression plasmid

a DNA fragment (800 bp), were separated by electrophoresis DNA mixed with 10ug lipofectin (Gibco-BRL, NY) according to
1-2% agarose gels, were visualized by staining with ethidiuthe manufacturer’s instructions. Twenty-four hours after

bromide, and were isolated by electrophoresis. transfection, the cells were fixed with 4% paraformaldehyde and
were mounted under a cover glass withy@anl DAPI (Sigma,
cDNA library screening St Louis, MO) in antifade solution (Wako, Tokyo). The EGFP

fusion proteins and nuclei were visualized by fluorescence
Atotal of 1x 1(Pclones of a human pancreas cDNA librafkdtll  microscopy with a Nikon Optiphot-2 microscope fitted with a
(Clontech Palo Alto, CA) were screened by using the DBP80x Nikon PlanApo oil immersion objective and a double-pass
(800 bp) PCR fragment as a probe. Screening was made unglggr set for fluorescein/DAPI. Fluorescentimages were collected
stringent conditions with hybridization in 50% formamide, 5 using a high performance CCD camera and were processed by
SSPE, & Denhardt's, 0.1% SDS and 109/ml sheared salmon MacProbe (Perceptive Scientific instruments, League City, TX).
sperm DNA at 42C overnight. The filters were rinsed ix 2
SSC-0.1% SDS at room temperature and twice i 0.25oation of P1 phage clones
SSC-0.1% SDS at 6C for 15 min, and then were subjected to
autoradiography. P1-#14162 and #14163 clones containing 80 and 100 kb fragments
of genomic DNA encoding the human DBP2 gene were obtained by
screening a P1 phage library by PCR using two specific primers
(Genome Systems, St Louis, MO). The forward primer AG170
The DNA sequence was determined by cycle sequencing usingaGGCACGAAAGGTGGTTGTGGCAACGAAT-3 and the
Prism Sequencing Kit (Perkin Elmer) and an automated DNAeverse primer AG197 8 TAAGCTCTTGAGCAGCAACA-3
sequencer (Model ABI 373, Applied Biosystems, Inc.). Thavere designed from the human DBP2 encoding sequence
nucleotide sequences reported in this paper were submitted to tfesscribed in this paper. The following amplification cycles were
GenBank/EMBL Data Bank with accession number AB001601used: 30 cycles of 94, 50 and°@2for 30 s each and one cycle
The sequence homologies with known genes were analyzed bgfa72°C for 7 min. These conditions yielded one specific PCR
program from Intelligenetics, and by FASTA and TFASTAproduct of(606 bp from human placental genomic DNA. The
available from a GCG database search program packdge ( P1-#14162 DNA was used for further investigation.

DNA sequence analysis

Northern blot analysis Fluorescencein situ hybridization (FISH)

The tissue-specific expression of DBP2 was studied using a serig® regional choromosomal localization was determined by FISH
of human multiple-tissue northern (MTN) blots | and Ilusing fragments of P1-#14162 DNA containing the human DBP2
(Clontech, Palo Alto, CA), which containedug of poly(A)*  gene as a prob&@,21). Two different methods were used. In the
RNA from various tissues and organs. The filters were hybridizeiitst method, DNA was labeled with digoxigenin-dUTP by
with 2 x 10° c.p.m./ml 32P-radiolabeled C-terminal region nick-translation, and the labeled probe was combined with sheared
(752 bp fragment, nucleotide number 2468-3220) of DBPg8almon sperm DNA and was hybridized to normal metaphase
cDNA, which was used as a probe. Hybridization and washinghromosomes derived from phytohemagglutinin-stimulated
were as suggested by the manufacturer and then the filter waesipheral blood lymphocytes. Specific hybridization signals were
exposed to X-ray film with intensifying screens at 2Z0 detected by incubating the hybridized slides with fluoresceinated
Rehybridization of the same filters b@-actin probe showed that anti-digoxigenin antibodies followed by counterstaining wit 4

a comparable amount of RNA was loaded in each lane. diamidino-2-phenylindole. In the second method, the labeled
P1-#14162 DNA was cohybridized with a biotin-labeled probe
Zoo blot analysis specific for the centromere of chromosome 6. This second method

results in the specific labeling of the centromeric region of

The presence of DBP2 gene homologs in other organisms weasomosome 6 after incubation with Texas red-labeled avidin. Of a
examined by Southern blot analysis with a series of Zoo bladtal of 80 metaphase cells analyzed, 71 showed specific labeling.
filters (Clontech, Palo Alto, CA) containing 4g of genomic
DNAs from nine eukaryotic species. The DNAs were digestegomplementation test
with EcdRl, run on a 0.7% agarose gel, transferred to a charged-
modified nylon membrane, and were fixed by UV irradiation. Thef0 construct a plasmid expressing DBP3.jpombgthe end of the
32p-labeled full-length DBP2 cDNA was used as a probe. Sal fragment containing the full-length DBP2 cDNA (C11) was

Hybridization and washing were as suggested by thelunted by treatment with the Klenow fragment of DNA polymerase

manufacturer and the filters were subjected to autoradiographlyand was inserted into tfgall site of the pREP3 expression vector
(22) consisting of the induciblemt1 promoterarsland thd EU2

gene as a selectable marker. The resultant plasmid was then
introduced into theS.pombepre-mRNA splicing mutanprp8

The coding region of full-length DBP2 was placed downstream dh~ leu1-32 prp8-1 (15) by the method of Okazakit al (23).

the enhanced green fluorescent protein (EGHAP) (n the  Transformants were selected in the synthetic minimum medium
pPEGFP-C3 (Clontech, Palo Alto, CA) according to theMM) containing 1Qug/ml of thiamine. Isolatetu* transformants
manufacturer’s instructions. The structure of the plasmid construgere then streaked on the MM plates without thiamine to induce

Transfection and fluorescence microscopy
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the expression of DBP2 from the nmtl promoter, and wertom the information of the conserved motif sequences of a
incubated at 26 or 3€ to assess the complementing activity ofputative RNA helicaself). The RT-PCR was made usingd.
DBP2 for the temperature-sensitive phenotyperjo8. poly(A)* RNA of human testis to make a cDNA template. Only
the primer pair set used to obtain the longer PCR fragments
RESULTS AND DISCUSSION (800 bp), among the successfu'l combinations, are described in
Materials and Methods. Cloning and sequencing of these

Identification of the putative human DEAH-box RNA fragments revealed that the 800 bp fragments contained two
helicase different kinds of cDNA sequences. Because the two DNA

sequences showed a high homology to the conserved motifs of the
To isolate human RNA helicase genes of the DEAH-box proteiRNA helicase gene of the DEAH-box protein family, they were
family that may be required to splice mRNA precursors, varioudesignated DBP11{7) and DBP2. The DBP2 gene had a high
combinations of primers were tested for RT—-PCR amplificationsomology (>72%) to the fission yeaStpombecdc28/prp8*

A DBP2 MATPAGLERWVQDELHSVLGLSERHVAQFLIGTAQRCTSAEEFVQRLRDTDTLDLSGPARDFALRLWNKVPRKAVVEKPARAAEREARALLEKNRSYRLL 100
Cdc28/Prp8 MVM-—-ILR-———- LKNLL-——————— IRFMLEYPEK-—-AQD-——-— RKKTTMQ----ER————————| KKKEQGILOM-———— ER-———- L--NSSYDLL 53

DBP2 EDSEESBE!TVSRAGSSLQKKRKKRKHLRKKR!EEEEI:LA&LK(:KK](1(,(,5KQQ1LKPLsEDm __________________________________ 166
Cdc28/Prp8 IEPQ--SHET---PGKPLKKKSRSKTP---KREBI-——————————————— RRQRD----EDEWESDEYEEVVDGSASHPIEEDSVSTDFQNHDYEKSSD 125

DBP2 TERERLODLEERDAFAERVRORD-KDRTRNVLER-SDKKAYEE-AQKRLKMAEEDRKAMVPELRKKSRREYLAKREREKLEDLEAELADEEFLFGDVELS 263
Cdc28/Prp8 PETERLNDLREREEFEERLRRKDLEAATNEFVEDYSSKFSSEELALRKLADDPESWRKLASELRKKSROQYLKPRAQQOQOLE ILRREIRDEEQLPAGEKLT 225

DBP2 RH!RQELKYKRRVRDLARE---YnAAGlQFKL:ATNRYHMPKFTRCQPARAVDIVFquCAPCEFQRnwzz-__A _____________ LGAR-—————— 337
Cdc28/Prp8 QAE-———————— TRELEKKKELLRIAEERQRLE - — —————— KQA-TEYQMPEDYFTEQGKL - - -DRKRKEEVLYQRYKDSNEGEQNEVTMGAAEQQRWEA 304

I
DBP2 ————- SLKFPGARD-AASQEPKYQLVLEEEETIEPVRATQLOGDBEPSAPPTSTQAQQKESIQAVRRSLPVFPFREELLAAIANHQVLIIEGETGSGKTTQ 431
Cdc28/Prp8 QQINKALLFDONEWLPPGEKQFDFVFDESQQIDFLLDTKL-SAENPVDTDKMTDVKVEKSLESSRKSLPVYQYKDDLLKAINEYQVLLIVAETGSGKTTQ 403
Ia 11

DBP2 IPQYLFEEGYTNKGMKIACTQPRRVAAMSVAARVAREMGVKLGNEVGYSIRFEDCTSERTVLRYMTDGMLLREFLSEPDLASYSVVMVDEAHERTLHTDI 531
Cdc28/Prp8 LPQFLHEAGYTKGNKKICCTQPRRVAAMSVAARVAKEMDVRLGOEVGYSIRFENATSEKTVIKYLTDGMLLREFLTEPDLASYSVIIIDEAHERTLHTDI 503

11 v
DBP2 LFGLIKDVARPRPELKVLVASATMDTARFSTFFDDAPVPRIPGRRFPVDIFYTKAPEADYLEACVVSVLQIHVTQPPGDILVFLTGQEEIEAACEMLQDP 631
Cdc28/Prp8 LFGLVKDIARFRPDLKVLISSATIDAEKFPSAYFDEAPVFYVPGRRYPVDIYYTPQPEANYIQAAITTILQIHTTQPAGDILVPLTGQDEIELMSENMQEL 603
\% V1
DBP2 CRRLGSKIRELLVLPIYANLPSDMQARIFQPTPPGARKVVVATNIAETSPTIEGIIYVLDPGFCKQKSYNPRTGMESLTVTPCSKASANQRAGRAGRVAA 7
Cdc28/Prp8 CRILGKRIPEIILCPIYANLPSELQAKIFDPTPPGARKVVLATNIAETSITIDGVNFVIDSGFVKQNMYNPRTGMESLVSVPCSRASADQRAGRAGRVGP 7

DBP2 GKCFRLYTAWAYQHELEETTVPEIQRTSLGNVVLLLKSLGIHDLMHFDFLDPPPYETLL TLEQLYALGALNHLGELTTSGRKMAELPVDPMLSKMILAS 83
Cdc28/Prp8 GKCPRLYTRWIYNNELDMVTSPEIQRTNLTNIVLLLKSLGINNLLDFDFMDAPPPETLMRSLELLYALGALNNRGELTKLGROMAEFPTDPMLSKSLIAS 80

DBP2 EKYSCSEEILTVAAMLSVNNSIFYRPKDKVVHADNARVNFFLPGGDHLVLLNVYTQWAESGYSSQWCCENFVQFRSMRRARDVREQLEGLL.ERVEVGL-S 930
Cdc28/Prp8 SKYGCVEEVLSITVSMLGEASSLFYRPKDKIMEADKARANFTOPGGDHLTLLH IWNEWVDTDFSYNWARENFIL.QYKSL.CRARDVRDQLANLCERVETELVT 903

DBP2 SCQGDYIRVRKAITAGWYHTARLTRSG-—YRTVI(QOQTVFIHPNSSLFBQQPRWLLYHBLVLTTKEPMRQVLEIESSWLLEVAPHYYKAKELEDPHAKK 1028
Cdc28/Prp8 NSSESLDPIKKAITAGYFPNAARLDRSGDSYRTVKSNQTVYIHPSSSVAEKKPKVIIYFEL-————— GP— - —m——m o mm e DN————— 968
DBP2 MPKKIGKTREELG 1041

Cdc28/Prp8 —-——————m——— 0.161 968

Prp43 (S.cerevisiae)
0.094
B 0.161
0.060 DBP1/hPrp43 (Human)
0.256
0.053 Prh1 (S.pombe)
0.315 R
0.081 Prp2 (8. !
0.286
Cdc26/Prp8 (S.pombe)
0.104 0.083
0.286
DBP2 (Human)
0.440
Prp16 (S.cerevisiae)
0.405
Prp22 (S.cerevisiae)
0.148
0.405

HRH1 (Human)

Figure 1.Homology of DBP2 to other DEAH-box protein familj)(Alignment of the amino acid sequences of DBP2 and Cdc28/Prp8. Boldface characters indicate
identical positions. Roman numerals indicate the position of the motifs found in the DEAH-box RNA hd@icBbgldgenetic tree derived from the alignment of
the DEAH-box RNA helicase familfthe tree was computed using the unweighted pair group method with an arithmetic mean (UPGMA; Geneworks, IntelliGenetics Inc.)
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gene, which is involved in the cellular processes of pre-mRNA abcdefagh i jkIlmnoop

splicing and cell cycle progressiol¢y. ~ —~T-TT-——7&/— T—o/To/TT/T o
a7 — i

Cloning and characterization of DBP2 cDNA 75 — =

To examine if the homology between Cdc28/Prp8 and DBP2 ~ ““ ~

extends outside the DEAH-box region, an attempt was made to .,
isolate a full-length cDNA of DBPZ2The full-length cDNA

clones C2, C4, C5 and C11 containing the pol¥(&)l region 135 —
were obtained from thagtll library by screening ¥ 10°
recombinant phage plaques of the original human pancreas
cDNA library using a32P-labeled DBP2 PCR fragment as a

probe. Of the positive clones, the C11 clone containingalong

insert (3.4 kb) was further analyzed. Sequence analysis revealed , H m

that the C11 clone contained an open reading frame of 3.1 kb that

encoded a polypeptide of 1041 amino acids with a predicted

molecular mass of 119 037 Da, GenBank/EMBL Data Bank with

B e i o f o W G0 o and
140-142is likely to be the transl_atlon initiation coo!on_because th&lomech’ P%IO Alto. CA). The origms%f the poly{ZBNA were: a, heart: b,
nucleotide sequence surrounding ,the first methionine codon ain; ¢, placenta; d, lung; e, liver; f, skeletal muscle; g, kidney; h, pancreas; i,
GCCAT(S% Wthhka(%r‘/ee)S well Wl(th th;) COSSGHSUS Sequencgleen; j, thymus; k, prostate; |, testis; m, ovary; n, small intestine; o, colon; and
proposed by Koza G)CCATG (24,25) and contains two  p. peripheral blood lymphocyte.

in-frame stop codons at 44—-46 and 131-133. A polyadenylation

signal AATAAA (nucleotides 3349-3354) is 84 nucleotides

downstream of the stop codon TAA (nucleotides 3263—-3265), abcdefghi
and a poly(A) tail is 23 nucleotides downstream of the AAUAAA

sequence, indicating that the cDNA codes for the complete 231 — '_ -
C-terminus of the protein. A comparison of this amino acid 9.4 — v -'—'
sequence with those in the database by the BLAST program R -
revealed a similarity to a group of putative RNA-dependent 44 — o
ATPases or RNA helicases. Alignment of their sequences showed -

that these proteins contain seven consecutive motifs, 1, Ia, I, 11, @

IV, V and VI (26), conserved in the superfamilies of RNA 23 —

helicases. Figur&A shows the protein sequence alignments of SHES ®

the DBP2 and fission yeast Cdc28/Prp8 RNA helicases. The

central domain of the DBP2 product (residues 422—728), which

is conserved in many RNA helicases, shows a 72% identity with

Cdc28/Prp8. In addition, an extensive homology (48% identity) 06 —

is found in the C-terminal region (residues 729-1041), but no B

significant homology was found in the N-terminal region of the

coding sequence. Figutd3 shows a phylogenetic tree showing Figure 3. Zoo blot analysis. Gene homologies to DBP2 in other species was

these relationships. We assume that the DBP2 is a homolog of Prpgmined by a Zoo bt filter (Clontech, Palo Alto, CA). The origins of the

of S.cerevisiaand Prp8 08.pombebased on sequence similarities 9€NoMic DNA were: a, human; b, monkey; ¢, rat; d, mouse; e, dog; f, cow; g,
. . rabbit; h, chicken; and i, yeast.

and a functional complementation for Prp8 shown later.

ubiquitous expression of DBP2 in many tissues and organs

Northern and Southern blot analysis suggests that the protein encoded by the DBP2 has an important

o ) . function in these tissues and organs. Rehybridization of the same
The multiple tissue northern blot analysis was made to determine ifjgsrs by ap-actin probe assured that a comparable amount of
size and tissue distribution of DBP2 mRNA in humans. NorthergNA was loaded in each lane.
blot analysis was made usn%@llapeled 752 bp fragment as a g evaluate the evolutionary conservation of the DBP2 sequence,
probe, which encodes the C-terminal region of DBP2. Figure e full-length cDNA was hybridized to genomic DNA blots,
shows the expression proﬂ_les of the DBP2. ngh expression levels zoo-Blot, prepared from a variety of eukaryotic species
of DBP2 mRNA, with a major band correspondingBo4 kb, was  (Fig, 3). Signals were obtained in humans, monkey, rat, mouse, dog,
detected in many tissues and organs. The DBP2 is expres , rabbit and yeast, but no homologous DNA to DBP2 was
strongly in heart, skeletal muscle and testis. The size of transcripfsiected in chicken, suggesting that the DBP2 gene seems to be

detected in the majority of organs was 3.4 kb,. but two additionébnserved in the genomes of most eukaryotes, except birds.
bands longer than 3.4 kb were also seen in many organs in

addition to the major 3.4 kb band. The DBP2 is also express%q<
strongly in several tumor cell lines (data not shown). From this
result, the DBP2 appears to be ubiquitously transcribed, althouglecause DBP2 is a candidate of ATP-dependent RNA helicase
the levels of expression were different from each other. Thiavolved in mMRNA splicing and/or cell cycle progression, its

pression of DBP2 in HelLa cells
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Figure 4.Nuclear localization of EGFP-DBP2 in HeLa Cells. The EGFP-DBP2 fusion praaamsd EGFPd) were visualized by fluorescence microscopyarfd
d) The same cells as in (a) and (c), respectively, but are double stained with DAPI.

A

6

Figure 5. Location of DBP2 defined by FISHAJ The location of the DBP2 gene was identified using a digoxigenin-dUTP-labeled P1-#14162 fragment containing
the DBP2 gene. Co-localization on chromosome 6 was determined by cohybridization with a biotinylated probe specifictfortbeeaginchromosome 6. Only
the staining for DBP2 is showrB) The idiogram indicates the DBP2 maps to band 6p21.3. The arrow indicates the interval within which the hybridization signal

was detected on a sample of 80 chromosome.

location in the cell is of interest. The specific antibody agains€hromosomal location of DBP2

DBP2 is unavailable, so we used the EGFP-tagged system. The

full-length DBP2 cDNA was placed downstream of the EGFFThe chromosomal location was determined by FISH using P1
sequence in the pEGFP-C3 DNA as described in Materials aptiage DNA that contains human DBP2 gene as a probe.
Methods, and the subcellular distribution in the transfected HelR1-#14162 DNA was labeled with digoxigenin and was hybridized
cells was analyzed by fluorescence microscopy. The result cleatty the metaphase chromosomes derived from PHA-stimulated
shows that the EGFP-tagged DBP2 gene product is exclusivédduman peripheral blood lymphocytes. The results of this analysis
in the nuclei when expressed in HelLa cells (B&). The EGFP  indicated that DBP2 gene is located on human chromosome 6
itself does not contain the nuclear localization signal, and wgEig. 5A). A more detailed determination of the DBP2 location
dispersed in the cdlFig. 4c). A control plasmid encoding DBP2 was made by analysing the fractional chromosome length;
without a EGFP tag gave no fluorescence (data not shown). 10 specifically hybridized chromosomes were measured. These
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prpé{ REP ‘ prpé { REP-DBP2

prpd{ REP ‘ prp8 / REP-DBP2

S.pombeand that human DBP2 is a functional homolog of
Cdc28/Prp8 ofs.pombe
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