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The essential gene product Prp45 (379 aa) of Saccharomyces cerevisiae is a highly con-
served, but N-terminally abridged, ortholog of the human transcriptional coactivator
SKIP, which is involved in TGF g, Notch, and steroid hormone signaling. We used a dip-
loid strain harboring PRP45 deletion, which is inviable in the haploid, to test for com-
plementation with the truncated versions of Prp45. The N-terminal half of the protein
(aa 1 to 190), denoted as the SNW domain, was found sufficient to support the essential
function. Interestingly, substituting the SNW motif itself with AAA was compatible with
viability. GFP-tagged Prp45 was localized in nuclear “speckles” over a diffuse nuclear
background. We further found that Prp45 activated the transcription of a reporter gene
in 8. cerevisiae when targeted to DNA. The observed effect relied in part upon the pres-
ence of conserved helical repeats and upon the highly charged C-terminal domain (pI =
11.3). Prp45, which lacks most of the binding motifs of the human ortholog, and whose
N-terminal half is sufficient for supporting the growth of prp45 cells, might be helpful in

elucidating the essential function of SNW/SKIP proteins.
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Signal transduction networks controlling the transcription
by RNA polymerase II are intimately connected with the
regulation of chromatin structure and accompanying pro-
cesses, such as premRNA splicing and export (I). The
downstream partners of transcription factors, transcrip-
tional co-regulators, play a prominent role in this task,
modifying nucleosomes (2), targeting nucleoskeletal compo-
nents (3), or interacting with splicing complexes (4).

Prp45 is an ortholog of the human transcriptional coacti-
vator SKIP, and apparently represents an indispensable
regulatory element in eukaryotic cells. It was identified
during the analysis of Saccharomyces cerevisiae chromo-
some I as an essential gene with an unknown function
(FUN20; Function UNknown 20) (5). The authors were
unable to render the gene product temperature-sensitive by
random mutagenesis (6). Two-hybrid data from systematic
screens in S. cerevisiae (7, 8), as well as preliminary infor-
mation in a Saccharomyces Genome Database (9), suggest
the participation of Prp45 in pre-mRNA processing.

The findings that human SKIP binds and potentiates the
activity of the vitamin D receptor (VDR) or other steroid
receptors (10) make it fit the role of a transcriptional coacti-
vator. SKIP also augments TGFB-dependent transcription
on some Smad2/3 dependent targets (11). It was found to

'This work was supported in part by grants Nos. 261/1999 of
Charles University, 113100003 of the Ministry of Education and
204/02/1512 of the Grant Agency of the Czech Republic.

2 These authors contributed equally to the work.

3To whom correspondence should be addressed. Tel: +420-2-2195-
3147, Fax: +420-2-2195-3243, E-mail: dicty@mbox.cesnet.cz
Abbreviations: aa, amino acids; GFP, green fluorescent protein;
ORF, open reading frame.

© 2002 by The Japanese Biochemical Society.-

Vol. 132, No. 4, 2002 557

interact with these stimulatory Smad factors and with the
inhibitory oncoprotein Ski (12, 13). SKIP was also proved to
bind the downstream transcription factor CBF1 (RBP-J«)
and several of the components of the hypothetical CBF1-
containing DNA-complex, namely CIR, HDACZ2, Sin3A,
SMRT, and the transcription-activating fragment of the
transmembrane receptor Notch (Notch IC) (14, 15). As in
the previous case, binding was shown to both the stimula-
tory as well as to the inhibitory elements of the signaling
cascade.

Independent observations of SKIP or its ortholog, Snw1p,
from Schizosaccharomyces pombe indicated that it is associ-
ates with spliceosomal snRNPs (16), localizes to interchro-
matin granule clusters (17), or binds to the auxiliary splic-
ing factor U2AF35 (18) suggesting a liaison between tran-
scription initiation and the accompanying nuclear events,
such as pre-mRNA processing. The presence of the gene in
primeval eukaryotes and its essential character in both
yeasts (I8) argues for a very ancestral function. It should
be interesting to find out the nature of this function and
how its regulation is implemented by a wide range of tran-
scription factors in higher eukaryotes.

We found that both Snwip of S. pombe and SnwA of D.
discoideum activate the transcription of a reporter gene in
budding yeast when specifically targeted to its promoter
(unpublished). Such behavior is seen with transcriptional
coactivators, e.g. histone acetyltransferases (19), and many
other proteins that partake in the regulation of transcrip-
tion (20). We asked if the autologous Prp45 would also acti-
vate transcription when fused to a DNA-binding domain,
and what parts of it would be indispensable for the essen-
tial function.
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MATERIALS AND METHODS

Strains and Media—The S. cerevisiae strain GRF18
(MATa his3-11,15 leu2-3,112) served as a source of chromo-
somal DNA, strain EGY48 (MATa his3 trpl ura3
LexA ¢y LEUZ) transformed by pSH18-34 was used for
transactivation experiments, and strain No. 20376 (MATa/
a his3D1/his3D1 leu2D0/leu2D0 ura3D0/ura3D0 LYS2/
lys2D0 MET15/met15D0 PRP45/prp45A:KanMX4; Res-
Gen™, Invitrogen, USA) was employed in complementation
tests. The cells were cultured in YPD (1% yeast extract, 2%
peptone, and 2% glucose) or SD [0.67% Yeast Nitrogen Base
(Difco) and 2% glucose] media. The GFP-expressing cells
were cultured in SD medium + 1.0 mM methionine. Meio-
sis was induced during ~5 days of incubation on Fowell
sporulation plates (0.5% KAc and 0.23% KCl), which was
preceded by 24 h of growth on presporulation plates (0.5%
yeast extract, 1% peptone, and 10% glucose). The haploids
were checked for resistance to 200 pg/ml geneticin (G418,
Amersham) on YPD plates. When required, nutritional sup-
plements were added to the media. Yeast transformations
were performed by the lithium acetate procedure (21).

Plasmid Constructions—The DNA fragment encoding
full length Prp45 (379 aa) was amplified from chromosomal
DNA using primers 5-GCTGAATTCA TGTTTAGTAA CA-
GACTACC-3 (1) and 5-GCCGAATTCA ACTCAAGCAC
AAGAATG-3’ (2). This and all subsequent PCR reactions
were performed with Expand™ High Fidelity polymerase
(Roche Diagnostics). The product was cloned into the EcoRI
site of pBluescript SK(+) and sequenced. Truncated ver-
sions, PRP45(1-330), PRP45(1-261), PRP45(1-190),
PRP45(53-190), PRP45(123-190), and PRP45(254-379),
were obtained by PCR amplification of the original se-
quence using the primers (1) and 5-GATGAATTCC TA-
GACGAACA GTGGGTTG-3 (3), (1) and 5-GAACTCGAGC
TAAACTATTG CTCCCGTC-3’ (4), (1) and 5’-GAACTCGA-
GC TAAAGAGCTT TACCTACAC-3 (5), 5-GCTGAATTCA
TGGATCCATT GTTGCC-3 (6) and (5), 5-GCTGAATTCA
TGCTATCGGT TCCTTTGCC-3' (7) and (5), and 5-GCCG-
AATTCA TGGGAGCAAT AGTTAAGC-3' (8) and 5-GGA-
CTCGAGC TAGGCGCCAT AGTTATC-3 (9), respectively.
The products were cut by either EcoRI or EcoRI and Xhol
and cloned into EcoRI- or EcoRI- and Xhol-digested
pEG202 (22), which allowed the expression of Prp45 and its
deletion derivatives as N-terminally LexA-tagged fusion
proteins. To obtain LexA-Prp45(1-119), the BamHI frag-
ment was deleted from pLexA-Prp45.

The mutation in the SNW motif SNW170-172AAA was
generated in the full length Prp45 [Prp45(170AAA)] using
the primer 5-CCTGCAGCTG TGTCAGCGGC CGCAAA-
TCCA AATGGTTATAC-3’ (10) and the Altered Sites® II in
vitro Mutagenesis System according to the manufacturer’s
instructions (Promega, USA). The mutation was verified by
DNA sequencing (AGOWA, Germany).

The construct encoding N-terminally His -tagged Prp45
(pHis-Prp45) was obtained PCR with the primers 5-GATG-
GTACCA TGTTTAGTAA CAGACTACCAC-3’ (11) and 5-
GGTCTCGAGC AGCACAAGAA TGCTTTGTT-3' (12). The
product was cut by Kpnl and Xhol, ligated into Kpnl- and
Xhol-cleaved plasmid pDXA-HC (23), recut by HindIII and
Xhol, and inserted into HindIII- and Xhol- digested centro-
meric pADH416 (24). The plasmids pHis-Prp45(1-330),
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pHis-Prp45(1-261), pHis-Prp45(1-190), and pHis-Prp45(1—
119) were generated from pHis-Prp45 by replacing its Sacl-
Xhol fragment with the respective deletion derivatives. To
express Prp45(53-190), Prp45(123-190), Prp45(254-379),
and Prp45(170AAA), the corresponding EcoRI-Xhol frag-
ments were transferred from pEG202 to pADH416.

To prepare yEGFP3-tagging expression plasmids, the
fragments encoding the Prp45 and its deletion derivatives
were cut by either EcoRI or EcoRI and Xhol from pEG202
and ligated in frame into EcoRI- or EcoRI- and Xhol-
digested pUG36 vector (25).

Reporter Gene Assay—Transcriptional activation by
LexA-Prp45 and its deletion derivatives was measured as
B-galactosidase production in strain EGY48 using pSH18-
34 as the reporter plasmid (22). Cells were shaken over-
night in SD medium, diluted to ODgy, = 0.1 and incubated
until they reached ODgy, = 1.0. Cells from 3 ml of culture
were collected, cooled on ice, and washed once each with 5
ml of KP buffer (100 mM potassium phosphate; pH 7.8)
and KP buffer containing 5% glycerol and protease inhibi-
tor mix (2 pg/ml each of leupeptin, aprotinin, and pepsta-
tin). The cell pellet was reconstituted with 40 pl of the
latter buffer and glass beads were added (1.5 g; 425-600
wm, Sigma). The suspension was vortexed vigorously for 2
min at 4°C, incubated for 30 min with additional Triton X-
100 (0.2% final concentration), and centrifuged at 13,000 xg
for 5 min. The B-galactosidase activity in the supernatant
was estimated using the chemiluminiscent assay AU-
RORA™ Gal-XE (ICN Pharmaceuticals) according to man-
ufacturer’s recommendations in a scintillation counter. Pro-
tein concentration was determined by the Bio-Rad Protein
Assay (Bio-Rad) and Prp45 expression was monitored by
immunodetection.

Immunodetection—Total cell extract was prepared from
mid-log cells grown in SI). medium. Cells corresponding to 6
ml of culture at ODgy, ~0.5 were collected, washed with
1 ml of water and frozen at —20°C for 15 min. The pellet
was vigorously vortexed with 100 pl of 1.85 M NaOH con-
taining 7% B-mercaptoethanol, and after 10 min, 100 pl of
50% trichloroacetic acid was added. After an additional 5
min, the precipitate was pelleted (13,000 xg, 10 min) and
washed briefly with 500 pl of 1M Tris (26). All incubations
and solutions were kept at 0°C. The proteins were trans-
ferred into Laemmli buffer, separated on 10% SDS-PAGE
gels and transferred onto a nitrocellulose membrane (Bio-
Rad). Immunochemical detection of His,-tagged and LexA-
tagged Prp45 was performed using monoclonal anti-His
(HIS-1, Sigma) and anti~LexA IgG1 (2~12, Santa Cruz Bio-
technology) antibodies, respectively, and anti-mouse IgG1l
coupled with alkaline phosphatase (Bio-Rad).

Complementation Tests—To perform random spore anal-
ysis, the cells were brought to sporulation, treated with 3%
Helix pornatia hepatopancreas juice, and then mildly soni-
cated with several short pulses. The spores were counted
under a microscope and spread on selective SD plates. The
haploids (lysine and/or methionine auxotrophs) were tested
for G418 resistance. The absence of PRP45 in the chromo-
some of G418-resistants was confirmed by PCR. To perform
tetrade analysis, the sporangia were pre-treated in hepato-
pancreas juice for ca. 30 min and dissected on YPD plates
using a micromanipulator. The spores were allowed to ger-
minate and grow for 2-3 days. Afterwards, the correspond-
ing colonies were picked from the master plates, trans-
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ferred into the wells of a 96-well plate and replica-spotted
in duplicates onto YPD-plates with-or without G418 using-a
custom-designed 48-pin spotter.

RESULTS

Complementation Analysis of Prp45—The essential
Prp45 of S. cerevisiae is a 379—-amino acid gene product
lacking at the N-terminus, apart from all known orthologs,
ca 80 amino acids containing a highly-conserved G-rich
box. Also, the SH3/WW binding site in the central part of
the primary sequence and some additional motifs are not
conserved. On the other hand, the absolutely conserved
“SNWKN” sequence, the helical segment and the SH2-like
domain are present (Fig. 1) (29). In human SKIP, these
regions were assigned a number of binding partners.

In preliminary experiments, we employed the LexA-tag-
ging multicopy expression plasmid pEG202 to achieve the
expression of Prpd5 and its deletion derivatives in the
PRP45/prp45 diploid strain. Sporulants showing lysine
and/or methionine auxotrophy were examined for resis-
tance to G418. The ratios of resistant to sensitive haploids
harboring pLexA-Prp45(1-330), pLexA-Prp45(1-261), and
pLexA-Prp45(1-190) were ~1:1, which suggests that the C-
terminal portion of Prp45, starting at position 191, is dis-
pensable for survival. The presence and size of the recombi-
nant proteins in the diploids was confirmed using anti-
LexA specific antibodies (Fig. 2B).
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We next expressed Hisg-tagged Prp45 as well as the dele-
tion-derivatives in the PRP45/prp45-diploid employing a
meiotically stable centromeric plasmid. The effects of both
the C-terminal and N-terminal truncations on the ability of
the recombinant protein to fulfile the essential function of
wild-type Prp45 were tested employing a tetrade analysis.
The haploid segregants were checked for their ability to
sustain the antibiotic G418. As documented in Fig. 24, the
Hisg-tagged Prp45 and His,Prp45(1-330), Hisg-Prpd5(1-
261), His,-Prp45(1-190), and Prp45(170AAA) supported
growth of all four spores (upper panels), two of which were
G418-resistant (lower panels). The cells expressing Hisg-
Prp45(1-119), as well as Prpd5(53-190), Prp45(123-190),
and Prp45(254-379), gave rise to two viable G418-sensitive
segregants. We observed the manipulated spores during
the first 72 h of cultivation. The non-complemented prp45
spores gave rise to microcolonies of several small cells (~4—
16), after which growth stopped (data not shown). The re-
sults summarized in Fig. 2C show that the N-terminal half
of Prp45 alone is sufficient to fulfill the essential function of
wild-type Prp45.

Prp45 is a predicted nuclear protein (9), which is in
agreement with the nuclear localization of human SKIP
(16), Dictyostelium SnwA and S. pombe Snwlp (unpub-
lished). The failure of some of the truncated Prp45 variants
to complement the knockout could be due to defects in their
proper compartmentalization, e.g. because of the deletion of
nuclear localization sequences. We constructed GFP-tag-

SKIP MALTSFLPAPTQLSQDQLEAEEKARSQRSRQTSLVSSRREHIGYGYREE D 60 Fig. 1. The alignment of S. cerevisice
_____ S EY R .

" Prp45 with the human and S. pombe

Snwl MALLSEELS8ILPNPDFDDEEEDY VERE TSHADER! ——IGVKFH (oY GORKEWF P 62
brpgn  LLSERLSSTLRNEDIDRERRDYVERETSIADER Rl L | W 4 o orthologs, SKIP (NP_036377) and
_Gronbor SNW domam (1 190) >> Snwlp (Q09882), respectively. The
box alignment was generated using Clustal W
SKIP GGAFPEIHVAQYPIDGRK---WS SKDKVIYSKY 1.81; overall identities are emphasized by

Snwlp GGAFPEIHEVAQYPLDMGRKRSAKSAG

-QVDSEGKIKY 122
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SKIP R X RVA SN AMPYRAADKLAP-A! 8QQG 185
Snwlp 2 ANFQIKTA H SQPKSAWQQRDDP SNQM 192
Prp45 K2 S TATUNKE B AKILANS 102

SKIP

reverse print boxes, and partial identities
or conserved amino acids are in bold. The
region of Prp45 denoted as the “SNW do-
main” is underlined and the mutation
SNW170-172AAA is marked by asterisks.

Snwlp PPR ~KVBAQEQQD -OI 251
Prp4d5 X RGEAD PNET 'F' 165
SKIP 312
Snwlp 316
Prp45 229
SKIP 342
Snwlp 381
Prp45 255
SKIP EKEDGEARERDE IRHDRRXERQHDR 406
Snwlp DEDSEAFRRRQELRRERRRQAEKDLR 446
Prp45 = ----—-————----= QTGAIVKPKKQTE (RSEQPDLQ 302
SKIP : 09 KGMDSGFAGGEDE I Qs KNLDKDMYGDDLEARIKTN- 470
Snwlp QA GIGSGFQ--DEDS —SS TISRQVDASAELEIRITSES 507
Prp45 SR TRGANASAKRH - -~ -— LEVOQD-IESITHKTN-~—~—~---=~————~ - 341
SKIP ----REVPDKEFSGSDRRQR E-- LDKFLEEAKQHGGSKRPSDSSRPKE (11) 536
Snwlp RYDVLGNAHKKFKGSDEVVESRA, I TFLNNVSSKKT-----------—-~— 557
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ging expression plasmids for all the Prp45 variants and
employed GFP-tagged Prp45, Prp45(1-190), and Prp(1-
119) in complementation analysis. We reproduced the re-
sults of Fig. 2 (data not shown), which suggests that the
addition of the N-terminal moiety does not interfere with
the function of the protein. The examination of GFP-Prp45
expressing cells in vivo revealed “speckled” nuclear localiza-
tion over a diffuse nuclear signal, but almost no cytosolic
fluorescence (Fig. 3). The comparison of low signal- to high
signal-producing cells showed no difference in fluorescence
distribution. We found that while the distribution of GFP-
Prp45(1-330) between the nucleus and cytosol was indis-
tinguishable from that of the full length GFP-Prp45, the
distribution of GFP-Prp45(1-261) as well as other trun-
cated variants was shifted towards the cytosol. Among
them, GFP-Prp45(1-261) and GFP-Prp45(254-379) were
the only variants exhibiting nuclear enrichment of the sig-
nal as compared to the distribution of free GFP (Fig. 3).
Clearly however, truncated Prp45, including the non-com-
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plementing variants, was not excluded from the nuclear
compartment. The behavior of GFP-Prp45(170AAA) was
indistinguishable from its wild-type counterpart.

The growth of prp45 cells harboring the complementing
C-terminal truncations of Prpd45 [LexA-Prp45(1-330),
LexA-Prp45(1-261), and LexA-Prp45(1-190)] or LexA-
Prp45 was measured at 20, 30, and 37°C. None of the con-
ditions tested produced any significant variations in the
growth rates of the transformants, indicating that the
C-terminal 189 amino acids are fully dispensable for
growth (data not shown).

DNA Targeted Prp45 Activates the Transcription of an
Adjacent Marker Gene—Human SKIP was shown to coacti-
vate VDR/RXR (10) or, among others, CBF1, and, at the
same time, was proven to interact with corepressor com-
plexes that inhibit signaling via these transcription factors
(14). We found that the SKIP orthologs Snwlp and SnwA
activated reporter genes in budding yeast when targeted to
promoter sequences by a specific DNA-binding domain

A

1 2 3 < 5 6 7 8 9 10

3 C
1 Prpas (EESTRERETRTETIENN \ By +
2 Prp45(1-330) [N % +
. 3 Prpas(1261) [0 Jit " +
- J 4 Prpas(1-190) [ +
“ — T . 5 Prpas(i-iie) [
—_ = 7 & Prpas(53-190) .
________ 7 Prp4a5(123-190) ;
12 3 4 5 6 7 8 g prhas254-379) Gt
9 Prpas(170AAa) RRIERRRRERNN |\ | 77700 +

Fig. 2. Complementation analysis of Prp45 and the examination
of LexA-Prp45 transactivation potential. (A) Tetrade analysis of
the PRP45/prp45 strain expressing various deletions of Prp45. Each
pair of corresponding panels represents an example of the analysis of
six independent tetrads of spores harboring the plasmid expressing
His,-Prp45 (1), Hisg-Prp45(1-330) (2), Hiss-Prp45(1-261) (3), His,
Prp45(1-190) (4), His,-Prp45(1-119) (5), Prp45(53-190) (6), Prp45-
(123-190) (7), Prp45(254-379) (8), Prp45(170AAA) (9), and the empty
plasmid (pADHA416) (10). The YPD plates without and with G418 are

shown in the upper and lower panels, respectively. (B) Western anal-
ysis of the LexA-tagged Prp45 protein expressed in the PRP45/prp45
strain. Total protein extracts were prepared and the expression of
LexA-Prpa5 (1), LexA-Prp45(1-330) (2), LexA-Prp45(1-261) (3),
LexA-Prpd5(1-190) (4), LexA-Prp45(1-119) (5), LexA-Prp45(53-190)
(6), LexA-Prp45(123-190) (7), and LexA-Prp45(254-379) (8) was de-
tected by anti-LexA antibody. (C) Schematic diagram summarizing
the complementation experiments.
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Fig. 4. Transcriptional activation by LexA-Prp45 and its dele-
tion derivatives. The ability of LexA-tagged Prp45 and its trun-
cated variants to activate transcription from a reporter plasmid
pSH18-34 was measured as B-galactosidase activity in cell extracts
(see “MATERIALS AND METHODS"). The enzymatic activity was
normalized with respect to total protein content and expressed as
relative PB-galactosidase activity to compare independent experl
ments. Results are expressed as means +-SD (n = 4-6). =
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Fig. 3. Subcellular localization of

- Prp45; The EGY48 cells “were trans-
formed with plasmids expressing GFP-
tagged variants of Prp45 or free GFP as
indicated, propagated in shaken culture
at low density in SD medium containing
1.0 mM methionine, and incubated in
methionine-free medium before observa-
tion. After in vivo staining by DAPI, the
cells were examined under a fluorescence
microscope (Olympus BX60) using LU-
CIA 3.0 image analysis software (Labora-
tory Imaging, Prague).

L s W

(unpublished), and a similar propensity was reported for
SKIP in COS-7 cells (27). These findings led us to ask if the
autologous Prp45 would also affect reporter gene activity
when brought in contact with its promoter region.

We took advantage of a reporter system that uses (-
galactosidase ORF positioned downstream of a minimal
promoter with 8 LexA binding sites (22). The LexA-tagged
Prp45 variants were expressed in the reporter strain and
the accumulation of B-galactosidase was measured by
chemiluminiscent assay in native cell extracts. LexA-Prp45
potentiated the reporter gene activity to ~30 times above
the LexA-background, and this ability was retained, at
least partly, by Prp45(1-261) as well as by the C-terminal
domain [LexA-Prp45(254-379)]. The ability disappeared
with the removal of the helical region [Prp45(1-190); Fig.
4]. In complementary experiments, we employed a yeast
reporter system for transcription-repressing activity (28)
and found that promoter-targeted Prp45 did not negatively
influence ongoing transcription (data not shown). The re-
sults demonstrate that Prp45 is able to activate transcrip-
tion when brought into the vicinity of the transcription
start site.

DISCUSSION

We employed the PRP45/prp45 strain and a set of PRP45-
deletion derivatives to ask which part of Prp45 is critical
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for functional complementation in the prp45 haploid. Our
results localized the essential function to the N-terminal
half of the protein [Prp45(1-190); Fig. 2]. Prp45(1-190)
suppressed prp45 but it failed to potentiate transcription
when targeted to a promoter [LexA-Prp45(1-190); Fig. 4].
GFP-tagged Prp45 and Prp45(1-330) were localized intra-
nuclearly, whereas the other truncated versions, both com-
plementing and non-complementing, showed only some nu-
clear enrichment (Fig. 3).

The N-terminal deletants Prp45(53-190) and Prp45-
(123-190) lost the ability to complement, which might re-
flect the structural integrity of the N-terminal part as such
or suggest folding problems. The N-terminus itself (amino
acids 1 to 52) is relatively poorly conserved, but the region
between amino acids 53 and 123 is 42% similar to human
SKIP. A corresponding region in the Dictyostelium SnwA
and the Schizosaccharomyces Snwlp binds the small cyclo-
philin of the CypE/Cyp2p family (PPIL1/CGI-124 in hu-
man) (30).

The C-terminal deletions were chosen (a) to correspond
with the truncation of human SKIP that abolishes the abil-
ity of the protein to coactivate VDR [Prp45(1-330)] (10), (b)
to eliminate the SH2-like domain implicated in the self
association of Snwlp (Prp45(1-261)] (18), (c) to remove the
helical motifs, which were proven to interact with VDR and
RXR [Prp45(1-190)] (31), and (d) to delete the region with
the highest degree of conservancy among the orthologs
[Prp45(1-119)]. None but the (d) deletion hampered the
ability of the corresponding construct to support viability in
the prp45 haploid (Fig. 2). We propose the use of the deno-
tation “SNW domain” for the first 190 amino acids of
Prp45, which would correspond to 274 amino acids of SKIP.
The overlapping region of SKIP binds Smad2/3 factors (aa
201-333) (11) and interacts with Ski (aa 176-292) (13).
Notably, the results of budding yeast large-scale two-hybrid
screens contained no homologs of the interactors identified
for SKIF, SnwA, or Snwlp (7, 8).

The ortholog of Prp45 from S. pombe is also essential
(18), which suggests that SNW proteins serve an equiva-
lent vital function in higher eukaryotes. SnwA of D. discoi-
deum did not, however, complement the PRP45 knockout
(data not shown). This is remarkable, given that (a) the
domains added to the N-terminus are compatible with the
function of the protein, (b) only the amino-terminal 190
amino acids of Prp45 are indispensable, and (¢) most of the
amino-terminal part of Prp45 is highly conserved. While it
is possible that the SnwA-specific N-terminus has a domi-
nant negative effect, the experiments also support the hy-
pothesis that the essential function of Prp45 in S. cerevisiae
requires a species-specific structure encoded within amino
acids 1 and 190. Our newest results are in agreement with
the latter suggestion. The mutagenesis of the absolutely
conserved SNWKN motif in full length Prp45 (SNW170-
172AAA) neither hampers the ability of the protein to sup-
press prp45 nor influences its nuclear targeting.

We found that the DNA-targeted LexA-Prp45 fusion pro-
tein activated the transcription of the lacZ reporter gene
positioned downstream of eight LexA binding sites. This
ability indicates that the occurrence of the protein would
lead to the potentiation of transcription from targeted pro-
moters in vivo. Deletion analysis mapped the activity to the
conserved helical segment (aa 190-261) together with the
basic C-terminal domain (aa 254—-379). The conclusion that
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the targeting of SNW protein to a promoter activates tran-
scription of the downstream gene is also in agreement with
the observation that the DNA-targeted carboxyl-terminus
of SKIP activates the reporter in COS-7 cells (27).

The C-terminal 190 amino acids of Prp45, corresponding
to the VDR/RXR-binding and transcription-activating re-
gion in SKIP, and including the predicted helices, can be
deleted without compromising the ability of Prp45 to fulfill
its essential function. Does the C-terminal part act merely
as a go-between, linking additional regulators, the dysfunc-
tion of which is not lethal, to an essential, perhaps cell
cycle-related, task? According to this view, the recruitment
of SKIP by a wide array of transcription factors may point
to some basic nuclear function that these regulators must
employ in order to modulate transcription. The identifica-
tion of the essential part of Prp45 should help to trace the
key cellular role of the more complex SKIP ortholog.

We thank Prof B. Janderova and Prof. J. Forstova for the use of
the micromanipulator facility and fluorescence imaging system, re-
spectively.
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