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Decapping Reaction of mRNA Requires Dcpl in Fission Yeast:
Its Characterization in Different Species from Yeast to Human
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Cleavage of the 5'-cap structure is involved in the major 5'-t0-3’ and nonsense-medi-
ated mRNA decay pathways, and the protein complex consisting of Dcpl and Dcp2
has been identified as the species responsible for the decapping reaction in Saccharo-
myces cerevisiae and human. Although in vitro studies indicate that Dcp2 is catalyti-
cally an active component, the role of Dcpl in the decapping reaction remains to be
explored in organisms other than budding yeast. To elucidate the Dcpl-dependent
decapping mechanisms, we identified the homologues of S. cerevisiae Dcpl (ScDcpl)
in higher eukaryotes and analyzed their functions in the different species. The phe-
notypes of slow growth and mRNA stabilization induced by ScdcpIl-gene disruption
in budding yeast could be suppressed by the Shizosaccharomyces pombe SpDcpl but
not by the human homologue hDcpl. In contrast, the same phenotypes caused by
Spdcpl-gene disruption in fission yeast were effectively complemented by hDcpl and
its partial sequence comparable to SpDcpl. These results indicate that not only Dcp2
but also Dcpl plays an indispensable role in mRNA-decay pathway and that the char-
acteristics of Dcpl-dependent decapping reaction in fission yeast hold an intermedi-
ate position in the evolution of mRNA-decay machinery from budding yeast to mam-
mals.

Key words: 5'-cap structure, decapping complex (Dcp1/2), fission yeast, mRNA decay.

Abbreviations: EMM, Edinburgh-minimal medium; EVH1, ena, Vasp and Homer-homology domain 1; 5FOA, 5-
fluororotic acid; NMD, nonsense-mediated decay; PCR, polymerase chain reaction; ts, temperature-sensitive; WT,

wild type.

Messenger RNA degradation is a key step in the proper
control of gene expression (I, 2). Work in budding yeast,
Saccharomyces cerevisiae, has demonstrated that mRNAs
are degraded via two general pathways. Both pathways
usually begin with deadenylation, the shortening of the
poly (A) tail at the 3’ end of mRNAs. After deadenylation,
the 5'-cap structure can be removed by decapping
enzymes, exposing the transcript to be digested by a 5'-
to-3’ exonuclease Xrnl. Alternatively, mRNAs can be
degraded in a 3'-to-5' direction by a cytoplasmic exosome
(3). The nonsense-mediated decay (NMD) pathway that
rapidly degrades mRNAs containing premature-termina-
tion codons also involves either deadenylation-independ-
ent decapping followed by 5'-to-3' decay or accelerated
deadenylation followed by 3'-to-5' exonucleolytic diges-
tion (4-7).

Decapping is a critical step in the 5'-to-3' decay path-
way, because it initiates the degradation of both normal
and aberrant mRNAs. Decapping enzymes cleave capped
mRNA to release 7-methyl GDP and yield 5-phosphor-
ylated products that serve as a substrate for the down-
stream Xrnl 5'-to-3' exonuclease (8). Recent studies have
indicated that the protein complex consisting of Dcpl and
Dcp2 is responsible for the decapping reaction in S.
cerevisiae and human. The Dcpl protein was initially
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thought to mediate the decapping activity. However,
Dcp2 was recently shown to catalyze this reaction (9—12).
The Dcp2 contains a MutT motif, which is a catalytic
domain found in a class of pyrophosphatases designated
as the Nudix hydrolases (13). In human cells, the down-
regulation of Dcp2 protein by RNA-interference methods
abrogates NMD (14). In addition to Dcpl and Dcp2,
another decapping activity was also identified in yeasts
and human (15, 16). The enzyme, named DcpS, has the
ability to hydrolyze the residual 7-methyl GpppN-cap
structure, which is a product of the decapping reaction
catalyzed by Dcpl and Dcp2 or the complete 3'-to-5'
degradation by the exosome. It thus appears that DcpS
acts as a downstream enzyme of Dcpl and Dcp2 or the
exosome.

In budding yeast, the gene disruption of not only DCP2
but also DCP1 leads to growth arrest and failure to
remove the 5'-cap structure, resulting in the stabilization
of numerous mRNAs that include aberrant mRNAs
degraded by the NMD pathway (8, 13). Although the pre-
vious in vitro studies suggest that Dcpl primarily acts to
enhance the catalytic activity of Dcp2, the role of Dcpl in
the mRNA-decay pathway remains to be explored in
organisms other than budding yeast. To elucidate the
Dcpl-dependent decapping mechanisms, we identified
the functional homologues of S. cerevisiae Dcpl (ScDcpl)
in higher eukaryotes and analyzed their complementary
actions in different species. We found that the pheno-
types of slow growth and mRNA stabilization induced by
Scdcep1-gene disruption in budding yeast could be sup-
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Table 1. Yeast strains used in this study.

T. Sakuno et al.

Name Relevant genotype

JY746 h*ura4-D18 leu1-32 ade6-M210

JY741 h ura4-D18 leul-32 ade6-M216

YSP006 h*/h-ura4-D18/ura4-D18 leul-32/leul-32 ade6-M210/ade6-M216

YSP058 h*depl-GFP<kan” ura4-D18 leul-32 ade6-M210

YSPO075 h*/h~-dcepl*/depl::hyg.Br ura4-D18/ura4-D18 leul-32/leul-32 ade6-M210/ade6-M216

YSP078 h*/h~dcpl*/depl::hyg. B pREP2(dcpl*) ura4-D18/ura4-D18 leul-32/leul-32 ade6-M210/ade6-M216
YSPO079 h*dcpl::hyg. B pREP2 (FLAG-dcp1*) ura4-D18 leul-32 ade6-M210, M216

YSP120 h*dcpl::hyg.B" pREP2 (FLAG-dcp1*) pREPI1(-) ura4-D18 leul-32 ade6-M210, M216

YSP121 h*dcpl::hyg.B" pREP2 (FLAG-dcp1*) pREP1(FLAG-dcp1*) ura4-D18 leul-32 ade6-M210, M216

YSP122 h*depl::hyg. B pREP2 (FLAG-dcpI*) pREPI(Sc DCPI) ura4-D18 leul-32 ade6-M210, M216

YSP123 h*dcpl::hyg.B" pREP2 (FLAG-dcp1*) pREP1(h DCP1) ura4-D18 leul-32 ade6-M210, M216

YSP124 h*dcpl::hyg.B" pREP2 (dep1*) pREP1(h DCP1AC) ura4-D18 leul-32 ade6-M210, M216

YSP086 h*/h-depl*/depl::hyg. B leul/leul::Padh1-FLAG-dcp1t<kan” ura4-D18/ura4-D18 ade6-M210/ade6-M216
YSP087 h*/h-depl*/depl::hyg. B leul/leul::Padh1-Sc DCP1<kan” ura4-D18/ura4-D18 ade6-M210/ade6-M216
YSP088 h*/h~depI*/depl::hyg. B leul/leul::Padhl-h DCP1<«kan” ura4-D18/ura4-D18 ade6-M210/ade6-M216
YSP089 h*/h-dcpl*/depl::hyg.B" leul/leul::Padhl-h DCPIAC<kan” ura4-D18/ura4-D18 ade6-M210/ade6-M216
YSP090 h*/h-depl*/depl::hyg.B" leul/leul::Padhl-FLAG-dcp1-P74S<<kan” ura4-D18/ura4-D18 ade6-M210/ade6-M216
YSP091 h*/h-depl*/depl::hyg. B leul/leul::Padh1-FLAG-dcp1-L69S<kan” ura4-D18/ura4-D18 ade6-M210/ade6-M216
YSP125 h~dcpl::hyg.B" leul::Padhl-FLAG-dcp1t<<kan” ura4-D18 leul-32 ade6-M210, M216

YSP126 h~dcpl::hyg. B leul::Padhl-Sc DCP1<«<kan” ura4-D18 leul-32 ade6-M210, M216

YSP127 h-dcpl::hyg.B" leul::Padh1-h DCP1<kan” ura4-D18 leul-32 ade6-M210, M216

YSP128 h~dcpl::hyg.B" leul::Padhl-h DCPIAC<kan” ura4-D18 leul-32 ade6-M210, M216

YSP129 h~dcpl::hyg.B" leul::Padh1-FLAG-dcp1-P74S<kan” ura4-D18 leul-32 ade6-M210, M216

YSP130 h~dcpl::hyg.B" leul::Padhl-FLAG-dcp1-L69S<kan” ura4-D18 leul-32 ade6-M210, M216

YSP131 h* dep2+-13 Myc<kan” pREP2 ura4-D18 leu1-32 ade6-M210

YSP132 h* dep2+-13 Myc<kan” pREP2 (FLAG-dcp1*) ura4-D18 leul-32 ade6-M210

YSP133 h* dcp2+-13 Myc<kan” pREP2 (FLAG-dcp1 L74S) ura4-D18 leul-32 ade6-M210

YSP134 h* dcp2+-13 Myc<kan” pREP2 (FLAG-dcp1 P69S) ura4-D18 leul-32 ade6-M210

W303-1A MATa ura3 leu2-3,112 ade2-1 lys2 his311,15 trp1-1 canl-100

YSC100 Adcepl::C.g. HIS3

YSC101 Adcp1::C.g. HIS3 YCp-URAS3 (GAL1p-FLAG-ScDCP1)

YSC102 Adcepl::C.g. HIS3 YCp-URA3 (GAL1p-FLAG-ScDCP1) YCp-TRP1(-)

YSC103 Adcpl::C.g. HIS3 YCp-URA3 (GAL1p-FLAG-ScDCP1) YCp-TRP1(GALIp-FLAG-DCPI1)

YSC104 Adcpl::C.g. HIS3 YCp-URA3 (GAL1p-FLAG-ScDCP1) YCp-TRP1(GAL1p-FLAG-Spdcp1*)

YSC105 Adcp1::C.g. HIS3 YCp-TRP1(GALIp-FLAG-Spdcpl*)

YSC106 Adep1::C.g. HIS3 YCp-URA3 (GAL1p-FLAG-DCP1) YCp-TRP1(GALIp-FLAG-h DCP1)

pressed by the Shizosaccharomyces pombe SpDcpl but
not by the human homologue hDcpl. In contrast, the
same phenotypes caused by SpdcpI-gene disruption or
mutation in fission yeast were effectively complemented
by hDcp1 and its partial sequence comparable to SpDcpl.
These results indicate that not only Dcp2 but also Depl
plays an indispensable role in the mRNA-decay pathway,
and that the characteristics of the Dcpl-dependent
decapping reaction in fission yeast are intermediate in
position in the evolution of mRNA-decay machinery from
budding yeast to mammals.

MATERIALS AND METHODS

Yeast Strains—All yeast strains used in this study are
listed in Table 1. The yeast cells were grown in standard
culture media and transformed with DNA by the lithium
acetate method. Disruption and epitope tagging of fission
yeast genes were performed by the one-step method (17,
18). They were confirmed by phenotypic analysis and/or
polymerase chain reaction (PCR) with primers specific
for the genes. Unless otherwise indicated, strains of fis-

sion yeast and budding yeast were derivatives of JY746
and W303-1A, respectively.

Temperature-sensitive mutants were prepared by slight
modification of the gap repair procedure (19). Briefly,
PTRPGALI-Hisg¢-FLAG-Spdcpl was used as a template
for PCR. A pair of oligonucleotide primers for GALI pro-
moter (at —300 to —320 bp position from the start codon)
and CMK1 terminator (at +300 to +320 bp position from
the stop codon) was used for mutagenic PCR. The
PTRPGALI-Hisg¢-FLAG plasmid was gapped between
Ndel and Sall. Transformants were replica-plated onto a
medium containing 5-fluororotic acid (5FOA) to remove
the wild-type URAS3 plasmid, then onto a warm plate at
37°C. Temperature-sensitive colonies were selected, and
the plasmid was recovered. Plasmids conferring a tem-
perature-sensitive phenotype were transferred to the
integration plasmid pKLA (a gift from Dr. M. Yoshida,
Riken, Saitama, Japan) and transformed into fission
yeast. The constructs were integrated into the genome at
the leu 1 locus, in which the mutant genes were expressed
from the leul locus under the control of the adhl* pro-
moter. Finally, the dcpI* of these strains was deleted.
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Fig. 1. Isolation of S. pombe Dcpl that com-
plements slow-growth and mRNA-stabili-
zation phenotypes observed in depIA bud-
ding yeast. (A) S. cerevisiace dcplA strain
carrying pURAGALI1-ScDCP1 was transformed
with pTRPGALI1 alone (+ vector; YSC102),
ScDcepl (+ SeDCP1, YSC103) or SpDcpl (+
SpDCP1, YSC104) and grown at 30°C for 3
days on plates either lacking uracil (—Ura, left

+ SpDCP1

| 332
1372

panel) or containing 5-FOA (5FOA, middle
panel). (B) Schematic representation of the
structure of Sc Dcpl and other eukaryotic
Dcpls. Se, S. cerevisiae; Sp, S. pombe
(SPBC3B9.21); Ce, Caernohabditis elegans;
Dm, Drosophila melanogaster; h, Homo sapi-
ence (hDcpla); At, Arabidopsis thaliana. The
asterisks show sequences that exist only in
ScDepl. (C) S. cerevisiae strains, which lack the
DCP1 gene but carry the MFA2pG reporter and
either the empty vector alone (ScdcplA,

/71582

YSC100) or the vector containing SpDCPI

gene (ScdepIA + SpDcepl, YSC105), were grown

1367 to mid-log phase in the galactose medium and

126 shifted to a glucose medium to repress tran-

C scription of the reporter mRNA. After incuba-
tion for the indicated times, Northern blot

S_Cde1A_ MFAZDG mRNA analysis was performed with the end-labeled

Scdep1A + SpDcp1
e B R

U SR s U B e e o e S «

0 2 4 6 10 15 20 30 45 60 (min)

Two temperature-sensitive alleles of Spdcp1 were referred
to as Spdep1-P74S and Spdep1-L69S, respectively.
Plasmid Construction—pREP1, pREP2, pURAGALI-
Hisg-FLAG, pTRPGALI-Hisg-FLAG and pKLA were used
for expressing the various proteins of Dcpl in yeast cells
(20, 21). The DNA fragments of the various Dcpl ver-
sions were inserted into the region between the Ndel and
Sall sites of all the above vectors. pPREP1-MFA2pG was
constructed by inserting MFA2pG into pREP1. MFA2pG
was isolated from pGALI-MFA2pG as a Ndel fragment
and inserted into pREP1 previously digested with Ndel.
RNA Analysis—Yeast cells were transformed with the
pREP1-MFA2pG plasmid encoding the MFA2pG reporter
mRNAs under the control of the nm¢1* promoter. Degra-
dation of these reporters was detected as follows. The
strains were grown at 28°C to mid-log phase (ODgy =
0.6-0.8) in Edinburgh-minimal medium (EMM) and fur-
ther incubated at 37°C. After 3 h, transcription of the
reporters was blocked by washing once and addition of
appropriate medium containing 10 pg/ml of thiamine;
then cells were further incubated at 37°C. At the indi-
cated times, cells were removed, pelleted down, and

Vol. 136, No. 6, 2004

o2

oligonucleotide specific for the MFA2pG
mRNA. Positions of the full-length and poly(G)
to 3’-end fragments of MFA2pG mRNA are
indicated at right.

immediately frozen in liquid nitrogen. RNA that had
been extracted by the hot-phenol procedure was sepa-
rated by either 1.25% agarose-gel or 4% polyacrylamide/
7.5 M urea-gel electrophoresis and transferred to Hybond
XL (Amersham Pharmacia). The reporters were detected
by Northern blotting using the oligonucleotide oRP121
(5’-AAT TCC CCC CCC CCC CCC CCC CA-3). The deg-
radation of pGAL-MFA2pG reporter in S. cerevisiae cells
was assayed as described previously (21).
Immunoprecipitation of Epitope-Tagged Proteins—Im-
munoprecipitation of FLAG-tagged proteins and subse-
quent detection of co-precipitated proteins were per-
formed as follows. The strains were first grown in
selective media at 28°C and further incubated at 37°C for
3 h. The cells were resuspended in 250 pl of a lysis buffer
consisting of 50 mM Tris-HCI (pH 7.4), 150 mM NacCl, 5
mM EDTA, 1 mM dithiothreitol, 0.1% NP-40, and pro-
tease inhibitors. The cells were mixed with glass beads (1
g) and disrupted by 10 cycles of vortexing for 30 s fol-
lowed by incubating on ice for 1 min. The cell extracts
were obtained by two consecutive runs of centrifugation
(14,000 x g for 10 min). After addition of anti-FLAG anti-
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Fig. 2. SpDepl is required for A
both cell viability and mRNA
decay in fission yeast. (A) S.
pombe strains, which lack the
SpDCP1 gene but carry pREP1
alone (vector; YSP120) or pREP1-
SpDCPI (SpDCP1;YSP121), were
grown at 30°C for 5 days on plates
either lacking uracil (—Ura, left
panel) or containing 5-FOA
(6FOA, middle panel). (B) The
SpDCP1 mutants, L69S and
P748S, generated in this study. B
The amino acid residues mutated

in SpDCP] are underlined and L69S
compared with the sequence of 1

ScDCPI. (C) Temperature-sensi-
tive growth defect in SpDCPI1
mutants. S. pombe dcpIA strains
carrying pKLA-SpDCP1 WT
(YSP125), P74S (YSP129), or

L69S (YSP130) were grown on SP VGYVILNRNSPENLYLFINHPSNVH
the complete plate at 26°C (top) Sc YGLIILNRINPDNFSMGIVPNSVVN

or 37°C (bottom) for 5 days. (D) S. * e kk kK Xoeke o
pombe dcp 1A strains, which carry : e
the MFA2pG transcript (pREP1-
MFA2pG) and pKLA-SpDCP1
WT (YSP125), P74S (YSP129) or
L69S1 (YSP130), were grown to
mid-log phase in EMM at 28°C.

P74S

D Spdep1a 28°C

T. Sakuno et al.

+ vector

127

* * kg

They were shifted to EMM con- t1/2 (mm) °C t1/2 (mm)
taining thiamine to repress tran- | P

scription of the reporter mRNA +WT ‘- & & X ‘ 32 i-“ o sienatan 31
and further incubated at 28°C | S ot S S S S S S—— |

(left panels) for the indicated

times. The same strains were cul- + P74S ‘,. - e e =

ERLl DT T T TR

tured at 37°C for 3 h, shifted to
the thiamine-containing medium,

and further incubated at 37°C ’ .
(right panels). Northern blot anal- +169S ‘. - - -

Ear T LIS

ysis was performed with the end-
labeled oligonucleotide specific
for the MFA2pG mRNA (upper
panels). The signals were quanti-

0 5 10 20 30 40 60 90 120 (min)

[ —— e — —— — ]
0 5 10 20 30 40 60 90 120 (min)

fied using a phosphor-imager and corrected for the loading amounts of 18S rRNA (lower panels). The half-lives of MFA2pG mRNA are shown

as the average values obtained from three independent experiments.

body-conjugated beads (M2-Agarose-Afinity, Sigma), the
extracts were incubated on a rotator at 4°C for 2 h. The
beads were sedimented and washed extensively with the
lysis buffer without protease inhibitors. Proteins binding
to the beads were eluted with an SDS-PAGE sample
buffer by boiling for 5 min. The cell extracts (5% of total
extracts) and one-half of the eluted fractions were sub-
jected to SDS-PAGE and immunoblotted with anti-Myc
(9E10) and anti-FLAG (M2) monoclonal antibodies.

RESULTS

Identification of S. pombe Dcpl That Complements Slow-
Growth and mRNA-Stabilization Phenotypes Observed in
deplA Budding Yeast—To identify a functional homo-
logue of S. cerevisiae DCP1 (ScDCPI) gene in fission
yeast, we searched through the genome database and
found several hypothetical gene products that have rele-
vant similarity to the open reading frame of ScDCP1. The
candidate genes were examined for the ability to comple-
ment the slow-growth phenotype observed in budding

yeast lacking DCP1 gene, S. cerevisiae dcplA strain (8).
As shown in Fig. 1A (middle panel), expression of the S.
pombe gene SPBC3B9.21 (Gene Bank accession No.
CAB69661.1) was effective in complementing the slow-
growth phenotype of depIA strain as had been observed
with ScDCPI1. The deduced 127—amino acid product of
SPBC3B9.21 cDNA clone has a sequence quite similar to
the homologues of other eukaryotic species (Fig. 1B).
Therefore, we designated SPBC3B9.21 gene as Spdcp1*.
S. cerevisiae dcplA strain has another phenotype,
which is characterized by slow degradation of various
mRNAs (8). To examine if SpDcpl also suppresses this
phenotype, we measured the decay of a MFA2 transcript,
MFA2pG, which contains a poly(G) tract in its 3'-
untranslated region in S. cerevisiae dcpIA strain. The
reporter mRNA was under the control of the GALI UAS,
and the de novo induction was repressed in a glucose
medium to allow measurement of the decay rate (21). As
shown in Fig. 1C (upper panel), there were no detectable
intermediates of MFA2pG mRNA in S. cerevisiae dcplA
strain, consistent with the previous results. On the other
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hand, the 3'-end decay intermediates were clearly
observed when SpDcpl had been introduced into the
dep1A strain (lower panel). The mRNA decay accelerated
by SpDcpl was comparable to that observed with ScDcpl
(data not shown), suggesting that SpDcp1l functions as a
decapping factor just like ScDcpl in S. cerevisiae.

SpDcpl Is Required for Both Cell Viability and mRNA
Degradation in Fission Yeast—To elucidate the function
of SpDcpl in fission yeast, the Spdepl gene was dis-
rupted in a wild-type diploid. A heterozygous diploid
strain (YSP075, see Table 1) was sporulated, and the
resulting tetrads were dissected. Tetrad analyses of the
asci reproducibly yielded two viable spores, both of which
were Spdpcl* (all of 7 tetrads tested, data not shown).
Furthermore, the SpdcplA-haploid strain into which
both pREP2-Spdcp1* (YSP079, see Table 1 and “MATERI-
ALS AND METHODS”) and vector pREP1 (YSP120, see
Table 1) were introduced could not grow on a plate con-
taining 5-fluororotic acid (5FOA) at 28°C, in contrast to
the SpdcplA-haploid strain containing both pREP2-
Spdpc1* and pREP1-Spdpcl* (Fig. 2A). These results
indicate that SpdcpI* is an essential gene for cell viabil-
ity in fission yeast.

To further explore the role of SpDcpl in the regulation
of mRNA degradation, we constructed two temperature-
sensitive alleles referred to as Spdepl L74S and P69S.
These mutations were C-G to T-A (L74S) and T-A to C-G
(P69S) transitions, resulting in the alteration of Leu74 to
Ser and Pro69 to Ser, respectively. Both Leu74 and Pro69
were conserved residues between ScDcpl and SpDecpl
(see Fig. 2B). At 28°C, Spdcpl L74S and P69S mutants
were indistinguishable from the wild-type strain in both
growth rate (Fig. 2C, upper panels) and cell morphology
(data not shown). Shifted to 37°C, however, the two
mutants showed almost no growth on a plate containing
complete medium (Fig. 2C, lower panels). To determine
whether SpDcp1 has a direct role in mRNA decay in fis-
sion yeast, the decay rate of a reporter was assayed in the
Spdcp1 temperature-sensitive mutants and the wild-type
strain. The reporter used was pREP1-MFA2pG. This con-
struct is derivative of the gene for budding yeast MFA2,
which contains a poly(G) tract in its 3’ UTR. The tran-
scription of MFA2pG mRNA under the control of nmt¢1
promoter is induced by EMM and repressed by adding
thiamine in fission yeast cells (20). In budding yeast,
MFA2pG mRNA was degraded by exonucleolytic diges-
tion in both 5'-to-3’ and 3'-to-5’ directions (22, 23). How-
ever, in fission yeast, MFA2pG mRNA derived from
pPREP1-MFA2pG appeared to be degraded mainly in the
5'-t0-3’ direction, and the contribution of the 3'-to-5' path-
way was negligible. This is because the 3’-end decay
intermediates of MFA2pG mRNA corresponding to frag-
ments from poly(G) to the 3’ end were scarcely degraded
(data not shown). Therefore, the decay rate of full-length
MFA2 mRNA after repressing transcription is indicative
of the contribution of mRNA degradation from the 5'-to-3’
pathway.

As shown in Fig. 2D, Spdep 1+ and the two Spdcep1 tem-
perature-sensitive (ts) mutants were equally efficient in
the degradation of full-length MFA2pG mRNA at permis-
sive temperature (28°C, left panels). This is consistent
with the growth phenotype observed in Fig. 2C. On the
other hand, the decay rates of MFA2pG mRNA in the two
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Fig. 3. Biochemical properties of temperature-sensitive
mutants of SpDepl. Cell extracts were prepared from S. pombe
strains that carry SpDcp2-Myc and pREP2 vector alone (lane 1;
YSP131), pREP2-FLAG-SpDCP1 WT (lane 2, YSP132), P74S (lane
3, YSP133), or P69S (lane 4, YSP134). The extracts were immuno-
precipitated (IP) with an anti-FLAG antibody. The precipitated pro-
teins (the third and fourth panels) and whole-cell extracts (the first
and second panels) were immunoblotted (IB) with anti-FLAG and
anti-Myc antibodies to detect SpDcpl and SpDcp2, respectively.

ts mutants were both exceedingly slow (¢;, > 120 min) at
restrictive temperature (37°C, right panels), compared
with the wild-type strain (¢;, = 18 min). These results
strongly suggest that SpDcpl regulates mRNA decay by
the 5'-to-3' pathway due to its decapping action in fission
yeast.

Biochemical Properties of Temperature-Sensitive Mutants
of SpDcpI—It has been reported that Dcpl and Dcp2
proteins physically interact with each other in S. cerevi-
siaze and human (9, 10, 13). Therefore, we examined
whether the two SpDcpl mutants exert any influence on
the interaction between Dcpl and Dcp2 in S. pombe. A
gene product encoded by SPACI19A8.12 was first identi-
fied as a Dcp2 homologue of S. pombe (Gene Bank acces-
sion No. NP 593780 and designated as Spdcp2), based on
the homology of the primary sequence, especially in the
conserved Nudix/MutT domain (13). We introduced plas-
mids expressing FLAG-tagged wild-type (WT) SpDcpl or
SpDcpl ts mutants into a strain whose chromosomal
copy of Spdcp2 was tagged with Myc at its C terminus.
There was no obvious difference in the amounts of
expressed proteins between the mutants and wild-type
SpDcpl in fission yeast cells (Fig. 3, upper two panels).
Immunoprecipitation assay demonstrated that approxi-
mately 15-20% of total Myc-SpDcp2 was detected in the
fraction precipitated with either FLAG-SpDcpl WT or
the mutants (Fig. 3, lower two panels). These findings
indicate that the interaction between Dcpl and Dep2 was
also conserved in S. pombe and that Leu74 and Pro69
residues of SpDcp1 are not required for the interaction.

Characteristics of Human Dcpl in a Comparison with
ScDepl and SpDepl—In human, two Decpl proteins,
hDcpla and hDcplb, have been isolated (9, 10). Human
Dcpla consisting of 582 amino acids has two domains,
the N-terminal region (1-128 amino acid sequence) simi-
lar to SpDecpl (Fig. 1B) and the C-terminal region that
does not exist in SpDcpl. SpDcepl (127 amino acids) and
the 128-amino acid N terminus of hDcpla share 31%
identity over their entire sequences. Human Dcp2 has
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Fig. 4. Characteristics of hDcpl:
Its differential ability to comple-
ment for SpDCP1 and ScDCP1. (A)
S. cerevisiae dcplA strains carrying
pURAGAL1-ScDCP1 and pTRPGALI
vector alone (YSC102), ScDCPI
(YSC103), SpDCP1 (YSC104), or
hDCPla (YSC106) were grown at
30°C for 5 days on plates either lack-

+ SpDCP1

+hDCP1a

+ ScDCP1

+ vector

ing uracil (—Ura, left panel) or con-
taining 5-FOA (5FOA, middle panel).
(B) The N-terminal domain of hDcpl
is sufficient to complement for
SpDecpl. S. pombe deplA strains car-
+ hDCP1a rying pREP2-SpDCPI and pREP1
\ vector alone (YSP120), SpDCPI

+SpDCP1

(YSP121), SeDCP1 (YSP122), hDCPla
(YSP123), or the N terminal domain
+hDCP1aAC  (1-127) of ADCPila (hDCPIlaAC;

C Spdep1a 37°C
+SpDCP1 AR

YSP124) were grown at 30°C for 5
days on plates either lacking uracil
(—Ura, left panel) or containing 5-
FOA (5FOA, left panel). (C) S. pombe
strains, which lack the DCP1 gene
38 but carry the MFA2pG reporter and
pKLA-SpDCP1 WT (YSP125), ScDCP1
(YSP126), hDCP1a (YSP127), the N-
terminal domain of ADcpla (hDCPI1aAC;
YSP128), or Spdepl P74S (YSP129),
were grown to mid-log phase in EMM
at 28°C and shifted at 37°C for 3 h.

They were then transferred to the
thiamine-containing EMM medium
and further incubated at 37°C for the
indicated times. Northern blot analy-

+ hDCP1aAC

sis was performed as described in Fig.

45 2D.

+ Spdcp1 P74S

114
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been established as an mRNA-decapping enzyme, based
on the recent reports showing that hDcp2 protein has
intrinsic decapping activity and is required for mRNA
decay in human cells (9, 10, 14). In contrast, it remains
unclear whether the hDcpls are involved in the regula-
tion of mRNA degradation in living cells, though the
hDcpls interact with hDep2 and localize in the cytoplasm
(9, 10, 24). To investigate if hDcpla functions as a regula-
tor of mRNA decay in living cells, we constructed S.
pombe and S. cerevisiae strains that carry hDcpla
instead of their native Dcpls and observed their growth
phenotypes. As shown in Fig. 4A, hDcpla failed to com-
plement the slow-growth phenotype observed in S. cerevi-
siae dcplA strain, in sharp contrast to the action of
ScDepl (see Fig. 1A). Thus, hDepla could not substitute
for ScDcpl in S. cerevisiae cells. In contrast, introducing
of either the full length (hDcpla) or the N-terminal
region (1-128, hDcplaAC) of hDcpla rescued the
lethality of S. pombe dcplA strain at the same level as
that observed with SpDcpl (Fig. 4B). Interestingly, the
lethality of S. pombe dcpIA strain was also rescued by
full-length hDcplb (data not shown), indicating func-
tional similarity between S. pombe and human Dcpls.

We next determined whether expression of hDcpla
could also complement the mRNA-stabilization pheno-
type of S. pombe dcplA strain. To measure mRNA-decay
rate, yeast cells were grown at the permissive tempera-
ture and shifted to the restrictive temperature (37°C). As
shown in Fig. 4C, the full-length form of hDcpla,
together with the N domain (hDcplaAC), restored the
decay rate of mRNA to the same level as that observed
with SpDcpl or ScDcpl. In contrast, the temperature-
sensitive mutant SpDcpl (L74S) again failed to restore
the slow decay phenotype, which was used as a negative
control for hDcpla. These results were consistent with
the suppression of slow-growth phenotype observed in
Figs. 4B and 2C. Thus, we concluded that hDcpla regu-
lates the mRNA-decay rate of the 5'-to-3' pathway in
living cells and that the N-terminal domain of hDcpla,
which has similarity to SpDcpl, is sufficient for this
function.

DISCUSSION

To elucidate the mechanisms of the decapping reaction
involved in the mRNA decay of higher eukaryotes, we
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identified the homologues of S. cerevisiae Dcpl and inves-
tigated the function of human Dcpl (hDcpl) in fission
yeast. Our present study clearly indicates that S. pombe
Dcpl (SpDcpl) is an indispensable component of the
decapping machinery in fission yeast and that hDcpl is
capable of regulating the 5'-to-3’ route of mRNA decay in
living yeast cells. The major findings obtained here are
summarized as follows. First, expression of SpDcpl sup-
pressed the phenotypes of slow growth and delay of
mRNA decay in budding yeast lacking the ScDCP1I gene
(Fig. 1). Second, two SpdcpI-ts mutants (L74S, P69S)
conferred the delay of mRNA degradation at a tempera-
ture conducive to cell growth (Fig. 2). Third, hDcpl was
capable of complementing both phenotypes of growth
arrest and mRNA stabilization observed in fission yeast
lacking the Spdcp1 gene (Fig. 4).

Recent study indicates that ScDcpl structurally
resembles the EVH1 (ena, Vasp and Homer-homology
domain 1) family of protein domains (25). One of the
notable differences between ScDcpl and the other EVH1-
related structures is the presence of two short a helices
(a1 and a2), which have no counterparts in the previous
EVH1 domains. Another difference is an insert (the
amino-acid residue 80—-135) in ScDcp1 that is largely dis-
ordered in its crystal structure. However, the short o hel-
ices and the insert exist only in S. cerevisiae Dcpl (see
asterisks in Fig. 1B). Therefore, it is unlikely that these
sequences are critical for Dcpl function. The residues
L69 and P74 of SpDcpl, whose mutations show thermo-
sensitive phenotypes in fission yeast (Fig. 2), are con-
served in S. cerevisiae. The sequence alignment of
ScDepl and SpDcpl indicated that residues L.69 and P74
of SpDcpl might be located at a specific surface of the
ScDcepl structure named the “hydrophobic patch” (25).
The conserved residues in this domain appear to be
required for the enhancement of decapping activity of
ScDcp2, but not for the interaction between Dcpl and
Dcp2. This is consistent with our present result that both
L69S and P74S SpDcpl-mutant proteins could interact
with SpDcp?2 in yeast at the restrictive temperature (Fig.
3). Thus, the failure of mRNA decay obtained with
SpDcp1 ts mutations seems to be independent of the abil-
ity to interact with SpDcp2. Our results strongly suggest
that SpDcpl is analogous to S. cerevisiae and human
Dcpls, although we could not address the molecular
mechanisms of the Dcpl-dependent decapping reaction.

Messenger RNA is normally degraded in both 5'-to-3'
and 3'-to-5’ directions in the cytoplasm of S. cerevisiae (1,
2), and a strain lacking both pathways exhibits no growth
(23, 26). Thus, both 5'-to-3' and 3'-to-5' pathways of
mRNA degradation are required for cell survival in S.
cerevisiae. In contrast, the fission yeast strain lacking
SpDcp1 appears to be lethal (Fig. 2A). This strongly sug-
gests that 5'-to-3' mRNA decay is likely to be essential for
cell viability in S. pombe cells, and that the contribution
of the two mRNA-decay directions is different between S.
cerevisiae and S. pombe.

Human Dcpl has a large extra C-terminal domain,
which is not present in ScDcpl or SpDcpl. It has been
reported that the N-terminal region of hDcpla, which
has homology to ScDcpl and SpDcpl, is not sufficient for
full-decapping activity of hDcp2, even though they could
interact with each other (9). Our study demonstrates that
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an elevated dosage of not only the full-length form of
hDcp1 but also its N terminus suppresses the phenotypes
caused by disruption of S. pombe dcpl gene (Fig. 4).
Therefore, the C-terminal domain of hDcpl has little
involvement in the decapping, and the N terminus is suf-
ficient for decapping reaction to regulate the stability of
mRNA in fission yeast cells. However, we can not totally
exclude the possibility that the C-terminal domain of
hDcp1l plays some role in human cells. In this regard, it
has been reported that the C domain of hDcpl associates
with the transcription factor Smad4 in transforming
growth factor B-signaling pathway (27).

Regulators of the decapping reaction, such as Lsm pro-
teins, Patl, Xrnl and Edc proteins, have been identified
in S. cerevisiae, and their homologues appear to exist in
other eukaryotes (28). Nevertheless, hDcpl could sup-
press the lethality observed in S. pombe SpdcpIA strain,
but not the slow-growth phenotype of S. cerevisiae
ScdepIA strain (Fig. 4). Moreover, Dcpls of both budding
yeast and human suppress the defect of mRNA decay in
Spdcp1A strain (Fig. 4). These findings suggest that the
characteristics of the Dcpl-dependent decapping reaction
in fission yeast are intermediate in position in the evolu-
tion of mRNA-decay machinery from budding yeast to
mammals. Thus, analyses in fission yeast are promising
as a means to elucidate the process of mRNA decay medi-
ated through the decapping complex and its regulatory
factors in higher eukaryotes.
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