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Novel Interactions oSaccharomyces cerisiae Type 1 Protein Phosphatase
Identified by Single-Step Affinity Purification and Mass Spectrometry
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ABSTRACT. The catalytic subunit cbaccharomyces cerisiaetype 1 protein phosphatase (RyPis encoded

by the essential ge8LC7and is involved in regulating diverse cellular processes. To identify potential
regulatory or targeting subunits of yeast RPde tagged Glc7p at its amino terminus with protein A and
affinity-purified Glc7p protein complexes from yeast. The purified proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SBBAGE) and identified by peptide mass
fingerprint analysis using matrix-assisted laser desorption/ionization (MALDI) mass spectrometry. To
confirm the accuracy of our identifications, peptides from some of the proteins were also sequenced using
high-performance liquid chromatography (HPLC) coupled to tandem mass spectrometry. Only four of
the Glc7p-associated proteins that we identified (Mhplp, Bnidp, Ref2p, and Sds22p) have previously
been shown to interact with Glc7p, and multiple components of the CPF (cleavage and polyadenylation
factor) complex involved in messenger RNAehd processing were present as major components in the
Glc7p-associated protein fraction. To confirm the interaction of Glc7p with this complex, we used the
same approach to purify and characterize the components of the yeast CPF complex using protein A-tagged
Ptalp. Six known components of the yeast (CPF) complex, together with Glc7p, were identified among
the Ptalp-associated polypeptides using peptide mass fingerprint analysis. Thus Glc7p is a novel component
of the CPF complex and may therefore be involved regulating mRNé&n@ processing.

Protein phosphatase type 1 (PPik)a serine/threonine-  proteins that interact with Glc7p, many of which represent
specific phosphatase that is encoded by the essential gen&nown or potential Glc7p regulatory subuni® 4). These
GLC7in Saccharomyces cerisiae (1, 2). The GLC7 gene include proteins such as Sds2%y §), Reglp 7, 8), Reg2p
encodes the catalytic subunit of PP1 (RR&nd Glc7p is (9), Gaclp 10), Redlp (1, 12), and Glc8p, the yeast
involved in the regulation of multiple cellular processes homologue of PPdinhibitor-2 (1, 13), each of which has a
including carbohydrate metabolism, mitosis, meiosis, and well-established role as a regulator of Glc7p function.

protein synthesis (see, e.g., &t The activity of PP is Recent genome-wide approaches in yeast using the two-
controlled by its association with a range of regulatory or pyprig system have identified many more potential Glc7p-
targeting subunits that influence its intracellular localization jnteracting proteins14—16), but in most cases their inter-
and substrate specificity, and almost all BRSLthought to  4¢tion with Glc7p has remained unverified by independent
be present in complexes with such proteis Understand-  55r0aches. We therefore adopted an alternative strategy to
ing the many cellular roles of PP1 will therefore require iqjentify novel Glc7p regulatory subunits. Proteins that
identification and characten_zatlon of the full range of_ BP1 interact with Glc7p were isolated by affinity purification
regulators, and model organisms such as yeasts provide wellfo||owing in vivo expression of a protein A-tagged version
characterized systems in which this can be achieve®.In ¢ Glc7p (PrA-TEV-Glc7p). By including a cleavage site
cerevisiag, previous studies have identified a number of 5, TEV protease between the PrA tag and Glc7p, Glc7p
. _ : rotein complexes could be specifically recovered under mild
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Table 1: Yeast Strains Used in This Study
strairt genotype source/ref
AYS927 MATa/MATa ade2-1/ade2-1 his3-11, 15/his3-11, 15 leu2-3, 112/leu2-3, 112 trp1-1/trpl-1 ura3-1/ura3-160
canl-100/can1-100 ssd1-d2/ssd1@af"
PWY1D MATa/MATa ade2-1/ade2-1 his3-11, 15/his3-11, 15 leu2-3, 112/leu2-3, 112 trp1-1/trpl-1 ura3-1/ura3-this study
canl1-100/can1-100 PTA1/PTAL::PrA::hisgsd1-d2/ssd1-d@al*
PWY2 MATa ade2-1 his3-11,15 leu2-3,112 trp1-1 ura3-1 can1-100 PTAL::PrA: hifsl1-d2Gal" from PWY1D;
this study
LKY150 MATa ade2-1 his3-11, 15 leu2-3, 112 ura3-1 can1-100 ssd1-d2 glc7::LEU2 27
trp1-1::YlIplac204PrA-TEV-GLC7(Trp*)
PWY3 MATa ade2-1 his3-11, 15 leu2-3, 112 trp1-1 ura3-1 can1-100 ssdGal2 [pNOPPATA-1L] (Leu") this study
SBY-S& MATa ade2-1 his3-11 leu2-3, 112 trp1-1 ura3 can1-100 ssd1-d2 glc7::.LEdR 24

[YCp-GLCT(URA3)]

a All strains are in the W303 background.

with Glc7p in protein complexes, including multiple com-

A haploid yeast strain (PWY2) expressing Ptalp tagged

ponents of the yeast cleavage and polyadenylation factorwith protein A at its C-terminus (Ptal-TEV-PrAp) was

(CPF) complexZ20). In the converse experiment, Glc7p was

generated as follows. A TEV-PrA tag linked to tBehizosac-

identified among the CPF complex proteins isolated using charomyces pombe his3narker sequence was fused pre-
protein A-tagged Ptalp (Ptal-TEV-PrAp), confirming that cisely to the 3end of thePTAlopen reading frame (ORF)
Glc7p is a component of the CPF complex. The nature and by homologous recombination with a suitable PCR product.

diversity of Glc7p interacting proteins identified in this study

A 5'-TEV-PrA-His5"-3' gene tag bracketed by sequences

suggest the previously unknown involvement of Glc7p in flanking thePTA1stop codon was amplified by PCR from
several key cellular processes, and the approach describe@ZZ-His5 26) usingTaqpolymerase (Bioline) and primers
is likely to be useful in other large-scale analyses aimed at Ptal-PAtag-For(BCTAAAGCAAGAAGATGAAGGCTTACA-

identifying yeast proteirrprotein interactions.

MATERIALS AND METHODS

Yeast Strains and General Methodghe S. cereisiae

strains used in this study are all derived from the W303 wild-

CAAGCAGTGCGATTCACTGCTTGACAGGCTAAAAGGAG-
CAGGGGCGGGTGC-3 and Ptal-PAtag-Rev @ GCAA-
GTTGAAGGAAGACCCTACACATGCGTATATATGAT-
GTATGTAATGGTTGTGATCAGAGGTCGACGGTATC-
GATAAG-3'). Each primer has a pZZ-His5 specific sequence

type strain and are listed in Table 1. Yeast strains were grown(Underlined) and a 60-basBTALspecific sequence. A

using standard methods and culture med3) @nd were
grown in at 29°C in yeast peptone dextrose (YPD) medium

diploid strain heterozygous fdPTALTEV-PrA (PWY1D)
was generated by transformation of AYS927 with the 5

unless otherwise indicated. Transformation was performed T EV-PrA-his5™-3" PCR product followed by selection for

according to reR2, while other standard microbiology and

the his5" marker. Transformants heterozygous ffAl

molecular biology techniques were carried out as described 1 EV-PrA-his5" were identified by screening of genomic

by Ausubel et al. Z3).
Plasmid and Strain ConstructioA yeast strain (LKY150)

DNA by PCR with suitable primers and by Western blot
analysis to detect the fusion polypeptide (data not shown).

expressing an N-terminal protein A-tagged Glc7 protein A haploid PTAL-TEV-PrA strain dependent solely on the
(PrA-TEV-GIc7p) was constructed as follows. To generate Modified PTA1gene (PWY2) was obtained from PWY1D

an integrative plasmid encoding protein A-tagged Glc7p, the following sporulation, tetrad dissection, and identification

HA-taggedGLC7 construct from YCpHAGLC7 (from Kim

Arndt: see reR4) was excised asHindlll —Msd fragment
and cloned between thdindlll and Sma sites of Ylplac204
(25). A small Spea—Clal fragment at the 5end of GLC7

of His™ segregants. PWY2 was verified by PCR and Western
blot analysis as described above.

Affinity Purification of PrA-TEV-Glc7p.LKY150 and
PWY3 were grownn 3 L of YPD at 29°C to either

(carrying the HA epitope tag) was removed and replaced exponential phase (1.2 10’ cells/mL) or early stationary

with a largerSpé—Clal fragment carrying a protein A tag

phase (1.1x 1C® cells/mL). Cultures were centrifuged at

and TEV protease cleavage site, generating Ylplac204-PrA-500Q for 30 min to pellet the cells, which were resuspended
GLC7. This fragment was made by polymerase chain reaction in 30 mL of lysis buffer (100 mM KCl, 0.1% Triton X-100,

(PCR) using primers Pr&LC7-5" and PrAGLC7-3' with

0.1 mM EDTA, pH 8.0, 1 mM MgCl, 50 mM HEPES-

pZZ-His5 (26) as a template for the protein A segment, as KOH, pH 7.5). Complete protease inhibitors (Roche) were

described in reR7. The fragment was cleaved ISpé and

added to the lysis buffer according to the manufacturer’s

Clal prior to subcloning, and the sequence of the amplified instructions. Glass beads (20 mL of 0.4 mm diameter; Sigma)
region was subsequently verified by DNA sequencing. To Were added to the cell suspension, and the cells were vortexed
generate a strain solely dependent on PrA-TEV-Glc7p for for 30 min at 4°C. The suspension was centrifuged at )00

Glc7p function, Ylplac204-PrAsLC7 was integrated into
SBY-S& at thetrp1-1locus followed by selection on 5-FOA
to remove YCpSLC7AURA3J as described elsewher27.

A control yeast strain expressing PrA-TEV (PWY3) was
constructed by transforming AY925 with plasmid pNOP-
PATA-1L (28), a YCp carrying PrA-TEV and dEU2
selectable markerLEU2 CEN NOP1promoter::protein A
(2x 1gG binding domains)::TEV siteADH1 terminator].

for 5 min at 4°C to pellet the beads, and then the suspension
was cleared by centrifugation for 30 min at 209@Q 4 °C.

The cleared lysate was frozen in liquid nitrogen and stored
at —80 °C.

Proteins were affinity-isolated from cell lysates using
immunomagnetic beads. Rabp#Hglobulin antibodies (Jack-
son Immunoresearch, Stratech, U.K.) were first conjugated
to Dynabeads M-280 tosyl-activated magnetic beads (Dynal,
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U.K.) according to the manufacturer’s instructions (see http:// gel slice, again discarding the solution after shaking for 15
www.dynal.net) using &g of antibody per 10Dynabeads. min. After this step was repeated with 3pQ of 50 mM
Antibody-conjugated beads were stored at a final concentra-NH4HCO;, the gel slice was crushed with a Teflon stick and
tion of 2 x 10° beads/mL in Dynal buffer D (PBS, pH 7.4, 100uL of acetonitrile added. The crushed slice was incubated
0.1% w/v BSA). Before use, the antibody-conjugated beads on a shaker for 10 min, the solution removed, and the gel
were washed three times with PBS, once with PB#ton slice dried in a Speedvac vacuum centrifuge (Savant) for 10
(PBS, 1% Triton X-100), and three times with PBS. Cell min. Gel slices were rehydrated for 30 min with trypsin
lysates (fran 3 L of culture) were thawed, and 1 mL (2 digestion buffer [12.5ug/mL modified bovine trypsin
10°) of Dynabeads and complete protease inhibitors (two (Roche), 0.1%-octyl glucoside (Calbiochem), 20 mM NH
tablets) were added to each sample, followadeab2 h HCGQOq4], and then additional buffer (lacking trypsin) was
incubation with rotation at 4C. In most experiments, PrA-  added if required to cover the gel pieces. After overnight
TEV-Glc7p complexes bound to the beads were then washedincubation on a shaker at 30C, an equal volume of
three times with 10 mL of lysis buffer, but in some acetonitrile/0.3% trifluoroacetic acid was added, and the
experiments lysis buffer containing either 500 mM KCI or slices were incubated at 3@ on a shaker for 10 min to
1.0 M KCI was used for the second and third washes as extract the peptides. One-tenth of the peptide solution from
indicated. After three washes with 10 mL of IP buffer (10 each digest (35 uL) was added to a MALDI sample plate
mM Tris-HCI, pH 8.0, 150 mM NaCl, 0.1% Nonidet P40) and then supplemented withil. of a 10 mg/mL solution
and one with 10 mL of TEV cleavage buffer (10 mM Tris- of a-cyano-4-hydroxytrans-cinnamic acid matrix (Sigma)
HCI, pH 8.0, 50 mM NaCl, 0.1% NP40, 0.5 mM EDTA, in 50% acetonitrile in water containing 0.3% trifluoroacetic,
pH 8.0, 1 mM dithiothreitol), the beads were finally mixed, and allowed to air-dry prior to analysis. MALDI mass
resuspended in 1 mL of TEV cleavage buffer containing 10 spectra were generated using a Voyager DE-STR MALDI-
uL (100 units) of TEV protease (Roche) and then incubated TOF MS system (PerSeptive Biosystems) with delayed
with rotation fa 2 h atroom temperature. After the beads extraction in the reflectron mode. A three-point internal
were removed, samples were concentrated tpl4Qsing a calibration was carried out on each spectrum to improve mass
Vivaspin 500 ultrafiltration concentrator (Vivascience) by accuracy for database interrogation. Protein identification was
centrifugation at 120afor 30 min at 4°C and then stored  from a comparison of peak list data generated from the Data
at —80 °C until required. Explorer application (PerSeptive Biosystems) against NCBInr
Affinity Purification of Ptal-TEV-PrApCultures (3 L) of (nonredundant) and Swissprot databases using the Protein-
PWY2 and PWY3 haploid yeast strains were grown in YPD Prospector V3.4.1 software MS-Fit (http://www.prospec-
at 29°C to late exponential phase 10" cells/mL). Protein tor.ucsf.edu).
extracts were prepared and Ptalp-associated proteins affinity Tandem Mass Spectrometry and Protein Identification.
purified, concentrated, and stored as described in the previous?eptide sequencing was carried out using capillary high-
section, except that 3 mL of IgG-conjugated magnetic beadsperformance liquid chromatography coupled to a hybrid
was used for each protein sample. guadrupole-TOF mass spectrometer (cLC-Q-TOF-MS/MS).
MALDI Mass Spectrometry and Protein Identification The peptide sequence data were obtained from digests
Affinity-purified protein complexes were separated on SDS  separated using a water/acetonitrile/formic acid gradient on
PAGE gels and the proteins analyzed by matrix-assisted laselan Ultimate capillary HPLC system (LC Packings) with a
desorption/ionization time-of-flight (MALDI-TOF) mass 75 um x 15 cm pepMap column (C18, LC Packings)
spectrometry as follows. Samples (40) were dried down coupled to a hybrid quadrupole time-of-flight system (Q-
to a volume of 10uL in a Speedvac vacuum centrifuge Tof2, Micromass) with a split flow at 200 nL/min. The HPLC
(Savant) and supplemented with 40 of 4x Novex sample conditions were as follows. A linear gradient 6f 50% over

buffer and 5uL of 50 mM dithiothreitol in 100 mM NH- 20 min was formed using buffer A (2% acetonitrile, 0.1%
HCOs. The sample mixture was incubated for 10 min at 70 formic acid) and buffer B (80% acetonitrile, 0.1% formic
°C and then cooled prior to addition of /4. of 300 mM acid). The gradient profile was monitored by measuring the

iodoacetamide in 100 mM NfHCO;s. After incubation at absorbance at 215 nm with a Z-flow cell (3 nL volume) prior
room temperature in the dark for 30 min, 4Q of water to analysis by mass spectrometry. The automated data
was added before gel analysis. Each /40 sample was acquisition facility within Masslynx version 3.5 (Micromass)
loaded onto a 10% bis-Tris gel (Novex/Invitrogen) with MES was used to generate CID-MS spectra. The PepSeq applica-
running buffer (Novex/Invitrogen). Gels were run at 200 V tion (Masslynx) was then used to interpret the data and for
for 35 min and then stained with Sypro Orange (Molecular assignment of sequence tags. Protein assignment was by
Probes) according to manufacturer’s instructions, using 10 comparison of sequence tag data against NCBInr and
uL of 5000x concentrate in 50 mL of 10% acetic acid Swissprot databases using the ProteinProspector V3.4.1
solution. Stained protein bands were visualized either by software MS-Tag (http://prospector.ucsf.edu).
using a Fuji-imaging system or a dark reader box (Clare
Chemical Research). The appropriate bands were excised?ESUL-rS
with a clean scalpel blade and stored-&0 °C. Purification of PrA-TEV-Glc7p-Associated Proteitéap-
In-gel digestion of proteins was carried out as follows loid yeast strains were constructed that express either a
(modified from ref29). Water (300uL) was added to each  protein A-tagged version of Glc7p (PrA-TEV-GIc7p) as their
gel slice, and the samples were placed onto a shaker for 15sole source of PRlor, as a control, unfused protein A (PrA-
min. Acetonitrile (30Q:L) was then added, and samples were TEV) expressed in a strain containing a normal, untagged
incubated for a further 15 min. The solution was then GLC7gene. Both strains showed essentially identical growth
discarded and 300L of 100 mM NH,HCO; added to each  kinetics compared to a W303 wild-type strain, and both PrA-
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M PrA  PrA-Glc7p the TEV protease used to elute the protein complexes
appeared as two major bands of approximate molecular mass
200 - —— [Q,“"g‘;; Jolar 27 and 29 kDa that might obscure proteins at these locations.
' A Q:zzrxp:vpnargp ifi i
. 7 T | wen3Tep We therefore attempted removal of these nonspecific proteins
116 - S— : ! fg;‘;” from the purified protein samples using the TAP tag strategy,
o6 — dililins \\;f:]% which involves the use of tandem protein A and calmodulin
s ‘ e | — Papip + Retzp binding domain (CBP) tags and a second purification step
- ' &4 _ (30). Tandem protein A-TEV and CBP tags were added to
; the N-terminus of Glc7p (PrA-TEV-CBP-GIc7p; data not
g — Rpip shown). We found that the double-tagged protein also
’ Y —Sds22p « Rplaop exhibited normal expression and function in yeast cells and
86— u_ﬁmp enabled effective removal of the contaminating TEV pro-
31- tease. Although no additional bands with similar migration
o — to TEV protease were apparent as a result, the additional
. optimization and washing steps involved with the tandem
o1 tag resulted in a considerable reduction in the recovery of
the Glc7p-associated proteins without apparently improving
— Rplz7bp the quality of the sample (data not shown). The use of a
— Rpl27bp single PrA tag therefore proved to be the most effective way
14— to achieve a good yield while maintaining a low level of
nonspecific protein contamination.
Ficure 1: Affinity isolation of Glc7p protein complexes from Identification of Glc7p-Interacting Proteins Using Mass

exponentially growing cells. Protein complexes were isolated using SpectrometryThe purified proteins separated using SBS
lgG-conjugated magnetic beads from whole cell extracts prepared PAGE were identified by peptide mass fingerprint analysis

from yeast cultures expressing either PrA-TEV-Glc7p (LKY150) using MALDI-TOF mass spectrometry. A total of 37
or PrA-TEV (PWY3) as a control. Proteins released from the beads polypeptides (including Glc7p) were identified from the

following addition of TEV protease were analyzed by SEFRAGE ; ) . ; T )
electrophoresis, staining the gel with Sypro Orange. Protein bandséXperiments in this study: 16 were identified in the
were then excised and analyzed by MALDI-TOF mass spectrometry exponential phase experiment and 33 were identified in the

as described in Materials and Methods. Proteins identified in each early stationary phase experiment, as indicated in Figures 1

band by mass fingerprint analysis are indicated on the right. : ; ; - _
Lanes: M, molecular mass standards (sizes in kilodaltons); PrA- and 2A, respectively. Representative peptide mass finger

Glc7p, proteins from LKY150 eluted from IgG-conjugated beads Prints for three of the polypeptides (Mhplp, Ptalp, and
by treatment with TEV protease (TEV); PrA, unfused protein A GIc7p) are shown in Figure 3. The presence of BSA
control (PWY3). contamination in the early stationary phase protein sample
may have obscured some of the protein bands in the-SDS
PAGE gel, and some proteins may consequently have
{escaped identification. Some of the proteins we identified
were found in both exponential and early stationary phase
samples while others were only found under one of the two
conditions. The proteins identified are summarized in Table
2 (exponential phase) and Table 3 (early stationary phase).
To check the accuracy of the mass fingerprint analysis using
MALDI-TOF mass spectrometry, peptide mass fingerprint
identities were confirmed by subsequent analysis of repre-
purified from yeast cell extracts to provide a control for sentative protein samples using capillary HPLC coupled With
tandem mass spectrometry to produce sequence tags. Figure

proteins that bound nonspecifically either to the beads or to _ .
protein A under the conditions used. Separate experiments? Shows data for Mhplp (Figure 4A), Ptalp (Figure 4B),

were carried out using either exponential phase or early @1d GIc7p (Figure 4C), all of which yielded amino acid
stationary phase cells, since Glc7p might interact with S€dquéence tags tha}t conflrmed the protein identifications
different subsets of proteins under distinct physiological d€rived by fingerprint analysis.

conditions. We therefore hoped that this strategy would Almost all of the 36 polypeptides that we identified in
enable us to identify a wider range of Glc7p-interacting this study are the products of characterized genes whose
proteins. The purified proteins from the exponential and likely function is already known, and over half of the Glc7p-
stationary phase cultures were separated by-SBYSGE as associated proteins were ribosomal proteins (Tables 2 and
shown in Figures 1 and 2, respectively. Protein bands 3). However, all but one of these ribosomal proteins (RppOp)
detected in the PrA-TEV-GIc7p purification that were not are highly basic, raising the possibility that their association
present in the PrA-TEV control were therefore likely with Glc7p was not specific despite the inclusion of
candidates for Glc7p-associated polypeptides or members ofdetergents to discourage such nonspecific interactions. We
Glc7p-containing protein complexes. In some experiments therefore examined whether any of the Glc7p-associated
such as that shown in Figure 2, additional bands were seenproteins were removed by washing in 0.5 and 1.0 M salt as
that corresponded to BSA carried over from the IgG- an additional test of specificity. Figure 2B shows that
conjugated bead storage buffer. In addition, in all experiments essentially all of the bands corresponding to ribosomal

TEV-Glc7p and PrA-TEV were expressed at similar levels
as determined by Western blot analysis (data not shown).
These results showed that expression of neither recombinan
protein had any obvious detrimental effect on yeast cell
growth and indicated that the PrA-TEV-GIc7p is functional
in vivo.

The PrA-TEV-Glc7p fusion protein was affinity-purified
from yeast cell extracts using IgG-conjugated magnetic
beads, to which protein A or protein A-tagged polypeptides
bind with high affinity. The unfused PrA-TEV protein was



Protein Interactions ob. cereisiae PP1 Biochemistry, Vol. 41, No. 7, 2002413

0.5 M salt 1.0 M salt
M PrA PrA-Glc7p M Pra  PrA-GlcTp  PrA PrA-Glc7p
Sanip R
//f_ Senlp + Ura2p .
_ ‘ £— Sanip + Ura2p -
200 ¥ . — Apatdop +Sentp
H — Mhpip ; 1 Mhp1p
- w— Mhpip
ERT-— ! N Mnptp S—
a7 — — Yar227wp + Ypl137cp S—_—
Yor227wp + Citip — Fialp
BE — Enidp | —
Cit2p + Ygr23Tcp ',
55 —  n— ¥ship A
Ptalp - -
b 4 ¢ — Rplap S
— Sds22p + Rpldap + Rpldbp L A _ Sds22p
— Swd2p + GlcTp K
36— — Gle7p 3 “
— Rppop + GleTp GleTp
3 - — RplBap + Rpi8bp + Apstap ‘

—TEV + Fpsibp

—TEV

— Rpli6ap

21— — Rpl20ap + Rpl20bp

/

— Rpl2Tap
— Rps24ap

14—

- — Rps22ap + Rps22bp
+ Rpl33ap + Rpla3bp

Ficure 2: Affinity isolation of Glc7p protein complexes from early stationary phase cells. Protein complexes were isolated using 1gG-
conjugated magnetic beads from whole cell extracts prepared from yeast cultures expressing either PrA-TEV-Glc7p (LKY150) or PrA-
TEV (PWY3) as a control. Proteins released from the beads following addition of TEV protease were analyzed-BASIElectrophoresis,

staining the gel with Sypro Orange. Protein bands were then excised and analyzed by MALDI-TOF mass spectrometry as described in
Materials and Methods. Proteins identified in each band by mass fingerprint analysis are indicated on the right. The major protein bands
at approximately 50, 55, 66, 120, 180, and 240 kDa are contaminating BSA that was carried over from the buffer used to store the I1gG-
conjugated beads. (A) Protein complexes washed in lysis buffer containing 100 mM KCI before release by TEV protease. (B), Protein
complexes washed in lysis buffer containing 0.5 or 1.0 M KClI as indicated before release by TEV protease. Lanes: M, molecular mass
standards (sizes in kilodaltons); PrA-Glc7p, proteins from LKY150 eluted from IgG-conjugated beads by treatment with TEV protease
(TEV); PrA, unfused protein A control (PWY3).

proteins were removed by this treatment, whereas in com-components of the yeast cleavage and polyadenylation factor
parison, an almost identical pattern of nonribosomal protein- (CPF) complex20, 34). Since it is very unlikely that Glc7p
containing bands remained, albeit with reduced yield. Among interacts directly with each individual member of the CPF
these, Mhplp, Ptalp, and Sds22p were reconfirmed bycomplex, our data suggest that it is an integral component
MALDI-MS as major components (Figure 2B). Although of CPF. Although Paplp and Pfs2p were only identified from
previous studies indicated that rat liver RRdteracts with exponential phase cells, this was most likely because BSA
ribosomal protein L5 and associates with ribosomes in an obscured them in the early stationary phase extracts (see
L5-dependent manner3l), we did not find the yeast above). Two other proteins involved in RNA transcription
homologue of this protein (Rpl5p/YPL131w product) in our and processing that were identified are Rpal90p and Senlp.
Glc7p-associated fraction. Given that almost all of the Rpal90p is the major subunit of RNA polymerase | which
ribosomal protein bands were removed by the high-salt wash,is involved in ribosomal RNA gene expressidb), while
they most likely associated with Glc7p in a nonspecific Senlp is a putative RNA helicase involved in nuclear RNA
manner. One possible exception to this is Rpp0Op, the bandprocessing of pre-transfer RNA, pre-ribosomal RNA, small
corresponding to which remained after the 0.5 M salt wash nuclear RNA, and small nucleolar RNA&—38). Neither
(Figure 2B and data not shown). of these proteins has previously been found to associate with
Of the well-established yeast RR&gulatory subunits (see  PPL. However, it is interesting to note that, like Rpal90p
ref 3), only Sds22p was present among the Glc7p-associated(35), Glc7p is also enriched in the nucleold8). Yeast RNA
polypeptides. Sds22p forms a stable, 1:1 complex with Glc7p polymerase | is also known to be phosphorylaté),(raising
that can be demonstrated in a variety of walys6( 27, 32) the possibility that the PP1 with which it is associated could
and is required for the normal nuclear localization of Glc7p regulate its phosphorylation state.
(27). Interestingly, Sds22p appeared to be a much more We also identified a family of three related polypeptides
abundant partner of Glc7p in early stationary phase extracts,in Glc7p-associated protein fractions, namely, Mhplp,
and the Sds22p band was more difficult to detect following Yor227p, and Ypl137p. Mhplp is 25% identical to Yor227p
SDS-PAGE analysis of the exponential phase Glc7p and 27% identical to Ypl137p, while Ypl137p and Yor227p
complexes (compare Figures 1 and 2), a finding that wasare more closely related to each other (43% identity).
reproducible over several experiments (data not shown). Ypl137p and Yor227p are currently of unknown function,
We identified a total of nine Glc7p-associated polypeptides but Mhplp is a microtubule-binding protein functionally
involved in RNA transcription and processing. Seven of these related to theDrosophila 205K MAP and is apparently
proteins (Cftlp, Cft2p, Yshlp, Ptalp, Paplp, Ref2p, and involved in microtubule function4l, 42). The sequence
Pfs2p) are involved in mMRNA'3&nd processing2Q, 33). similarity between these three proteins suggests that they may
With the exception of Ref2p, all of these proteins are known be involved in similar processes or share overlapping
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Ficure 3: Identification of affinity-isolated proteins using MALDI-TOF mass spectrometry. Tryptic peptide mass fingerprints of (A) Mhplp,
(B) Ptalp, and (C) Glc7p.

functions. Mhplp has already been identified in a genome-and with Glc7p in the yeast two-hybrid system6).

wide yeast two-hybrid screen as a candidate Glc7p-interact-Furthermore, Glc7p and Bni4p can be co-immunoprecipitated
ing protein (6) and in our hands was one of the most from yeast cell extracts, and their close proximity in the cell
abundant and salt wash resistant Glc7p-associated proteingan be demonstrated by FRET using CFP- and YFP-tagged
(Figure 2B). Our data therefore provide strong evidence for proteins (L. Kozubowski and K. Tatchell, personal com-

a genuine interaction between Mhplp and Glc7p, while the munication), clearly establishing Bni4p as a Glc7p-interacting
fact that all three members of the Mhplp protein family protein.

copurified with Glc7p underscores the significance of this  We also identified Ura2p, a protein that catalyzes the initial
finding. Another cytoskeletal protein identified in the Glc7p- steps of pyrimidine biosynthesis in yeadt), as a GIc7p-
associated polypeptides is Bni4p, a protein that has beenassociated protein. Ura2p is a 242 kDa multifunctional
shown to be involved in cell wall maintenance and cytoki- protein that contains carbamyl phosphate synthetase and
nesis 43). Bnidp interacts with the septin ring at the bud aspartate transcarbamylase domains but which has not
neck, with Chs4p (an activator of chitin synthase 4B) previously been found associated with RPEinally, we
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Table 2: Summary of Glc7p-Associated Proteins Identified in Exponential Phasé Cells

gene molecular peptides sequence RVXF

ORF name product mass (kDa) matched (%} coverage (%Y protein function motif
YJLO42WF Mhplp 155.2 29 22 cytoskeleton yes
YDR301W Cftlp 153.4 10 17 RNA'3rocessing yes
YPL137C Ypl137cp 140.8 17/13 19/14 cytoskeleton yes
YOR227W Yor227wp 139.3 21/17 20/24 cytoskeleton yes
YNL233We Bnidp 100.4 11/9 29/18 cytoskeleton %o
YLR115W Cft2p 96.1 15 21 RNA'3processing no
YLR277C Yshlp 87.6 22 28 RNA'$rocessing no
YALO43C* Ptalp 88.3 9 20 RNA'3processing yes
YKROO02W Paplp 64.4 11 24 RNA-processing no
YDR195W Ref2p 59.8 11 25 RNA'3processing yes
YNL317W Pfs2p 53.2 6 17 RNA'3processing yés
YORO063W Rpl3p 43.7 16 33 80S ribosome no
YDRO12W Rpl4bp 38.9 9 38 80S ribosome no
YKL193Ce Sds22p 38.9 7 66 PP1 regulator no
YER133W Glc7p 35.9 33 60 PP1 no
YDR471W Rpl27bp 154 12/11 33/33 80S ribosome no

aReferences for these proteins can be found at the Yeast Proteome Database website (http://www.protedrivauttgni®).numbers in these
columns represent values for the same protein identified in different gel protein bands (values are shown for the highest molecular mass bands first;
see Figure 1)¢ Proteins for which there exist other data indicative of a potential interaction with GlcZpntains a candidate motif lacking an
upstream basic residugContains a candidate motif lacking a downstream acidic residue.

Table 3: Summary of Glc7p-Associated Proteins Identified in Early Stationary Phase Cells

gene molecular peptides sequence RVXF

ORF name product mass (kDa) matched (%} coverage (%) protein function motif
YLR430W Senlp 252.5 30/15/12/26 16/10/10/15 RNA processing no
YJL130C Ura2p 244.9 16/22 7114 biosynthesis no
YOR341W Rpal90p 186.4 25 13 RNA polymerase | yes
YJILO42WF Mhplp 155.2 32/13/12 23/10/10 cytoskeleton yes
YDR301W Cftlp 153.4 13 15 RNA'@rocessing yes
YPL137C Ypl137cp 140.8 20 21 unknown yes
YOR227W Yor227wp 139.3 20/15 21/18 unknown yes
YNL233We Bnidp 100.4 14 31 cytoskeleton ho
YLR115W Cft2p 96.1 9 16 RNA '3processing no
YGR237C Ygr237cp 89.1 9 22 unknown yes
YLR277C Yshilp 87.6 31 46 RNA'3$rocessing no
YALO43C® Ptalp 88.3 31 47 RNA'Jrocessing yes
YORO063W Rpl3p 43.7 21 36 80S ribosome no
YBRO31W Rpldap 39 11 30 80S ribosome no
YDRO12W Rpldbp 38.9 11 30 80S ribosome no
YKL193C® Sds22p 38.9 20 36 PP1 regulator no
YKLO18W Swd2p 36.9 10 29 unknown no
YER133W Glc7p 35.9 25/30/11 49/67/30 PP1 no
YLR340W RppOp 33.6 12 26 80S ribosome no
YLR441C Rpslap 28.7 9 24 80S ribosome no
YMLO63W Rpsilbp 28.7 9 24 80S ribosome no
YHLO33C Rpl8ap 28 15 39 80S ribosome no
YLLO45C Rpl8bp 28 15 39 80S ribosome no
YIL133C Rpl16ap 22.1 11 38 80S ribosome no
YMR242C Rpl20ap 21.3 8 43 80S ribosome no
YOR312C Rpl20bp 20.7 8 44 80S ribosome no
YDR418W Rpl12bp 15.8 6 43 80S ribosome no
YHRO10W Rpl27ap 154 7 58 80S ribosome no
YERO74W Rps24ap 15.3 12 29 80S ribosome no
YJL190C Rps22ap 14.5 9 59 80S ribosome no
YLR367W Rps22bp 14.5 9 59 80S ribosome no
YPL143W Rpl33ap 12.1 14 54 80S ribosome no
YOR234C Rpl33bp 12.1 12 32 80S ribosome no

2 References for these proteins can be found at the Yeast Proteome Database website (http://www.protedrvuttiaie). numbers in these
columns represent values for the same protein identified in different gel protein bands (values are shown for the highest molecular mass bands first;
see Figure 2)¢ Proteins for which there exist other data indicative of a potential interaction with GlcZpntains a candidate motif lacking an
upstream basic residue.

identified two other proteins of as yet unknown function in it is not possible to say whether these interactions with Glc7p
the purified Glc7p complexes, Ygr237p and Swd2p. Swd2p are likely to be specific. However, Ygr237p has previously
contains four WD40 domains4f) and again has not been detected in HA-tagged Glc7p immunoprecipitates (K.
previously been found associated with RP3ince we were  Arndt, personal communication), and this, together with our
unable to identify distinct bands corresponding to Ura2p and current data, supports the notion that it is specifically
Swd2p after washing in either 0.5 & M salt (Figure 2B), associated with PR1
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Ficure 4: Identification of affinity- purified proteins using capillary HPLC coupled to tandem mass spectrometry. Amino acid sequence
tags were identified for (A) Mhplp, (B) Ptalp, and (C) Glc7p. Note that tandem mass spectrometry cannot discriminate between the
isobaric amino acids Q/K or I/L. The peptide paremt values (for [M+ 2H]?") were 1026.64, 709.51, and 714.46, respectively.

Identification of Ptalp-Interacting Proteing he finding W303 wild-type strain, indicating that expression of the
that the CPF complex is associated with Glc7p was unex- recombinant protein did not adversely affect growth and that
pected and suggests the interesting possibility that PP1 mayPrA-tagged Ptalp is functional in vivo (data not shown). The
regulate some aspect of mRNA-&nd processing. To  Ptalp-TEV-PrA fusion protein was purified from yeast cell
determine whether Glc7p is a genuine component of the extracts using IgG-conjugated magnetic beads, and after
mRNA 3-end processing CPF complex, we therefore cleavage with TEV protease, eluted proteins were compared
adopted a similar strategy to identify the proteins found using SDS-PAGE to those obtained from the control strain
within this complex. Isolation of the CPF complex was (expressing unfused PrA-TEV) under the same conditions.
carried out by affinity purification of Ptalp, a well- Proteins that were found in the Ptalp-TEV-PrA purification
established CPF compone(( 46). A haploid yeast strain  but not in the PrA-TEV control were then identified by
(PWY3) was constructed that expressed a protein A-taggedpeptide mass fingerprint analysis using MALDI-TOF mass
version of Ptalp as its sole source of Ptalp (PTA1-TEV- spectrometry (Figure 5). We identified a total of 16 polypep-
PrA). PWY3 showed growth kinetics similar to that of a tides as summarized in Table 4. These included all of the
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a means to identify candidate PP1 regulatory and targeting
subunits. Previous studies using genetic analysis, yeast two-
hybrid screens, and immunoprecipitation have identified a

200 - oo number of potential Glc7p regulatory subunits (see Gefs
116 - CHt2p + Ysh1p and14—16). We chose to carry out a systematic search for
97 - oy proteins that interact with Glc7p using affinity purification
66—  em— _—Ref2p and a proteomic-based strategy as a complementary approach
55 : ~—Papip to these studies. A version of Glc7p carrying a protein A
i L — Mpeip + Pls2p tag was affinity-purified from yeast, and the Glc7p-associated
o proteins were identified by peptide mass fingerprint analysis
— Rpi3p .
a using MALDI-TOF mass spectrometry. The accuracy of
— Rpl4ap + Rpldbp .. e . . . .
— Swi2p these protein identifications was confirmed by amino acid
36 — - — Glc7p sequence tag analysis of representative protein samples using
j:";‘:’ capillary HPLC coupled to tandem mass spectrometry. Of
31— o the 36 polypeptides that we identified about half were highly
basic ribosomal proteins (Tables 2 and 3). Since most of
—TEV . . .
these potential interactions were lost when Glc7p complexes
o1 were washed in high salt (Figure 2B), they probably reflect

nonspecific interactions with Glc7p. Among the remaining
polypeptides we identified one known regulatory subunit of
PP1, two known cytoskeletal proteins, eight proteins involved
in RNA processing, one protein involved in ribosomal RNA

_ gene expression, one protein involved in nucleotide metabo-
Ficure 5: Affinity isolation of Ptalp protein complexes from yeast lism, ar}d several proteins whose functions have not yet been
cells. Protein complexes were isolated using IgG-conjugated determined.

magnetic beads from whole cell extracts prepared from yeast An initially surprising result of this study was that while
cultures expressing either Ptalp-TEV-PrA (PWY2) or PrA-TEV  many novel Glc7p-associated polypeptides were identified,
(PWY3) as a control. Proteins released from the beads following only one of the well-established regulatory subunits of yeast

addition of TEV protease were analyzed by SEFSAGE electro-
phoresis, staining the gel with Sypro Orange. Protein bands were PPk was found, namely, Sds22p. RegIp &), Reg2p 9),

then excised and analyzed by MALDI-TOF mass spectrometry as Gaclp (0), Red1p L1, 12), and Glc8p L, 13) are all known
described in Materials and Methods. Proteins identified in each bandboth to interact directly with Glc7p and to regulate its

by mass fingerprint analysis are indicated on the right. Lanes: M, function in a range of cellular processes, and yet none were

molecular mass standards (sizes in kilodaltons); Ptalp-PrA, protein ; ; ;
from PWY2 eluted from IgG-conjugated beads by treatment with Sfound using our approach. Since RAgulatory subunits

TEV protease (TEV); PrA, unfused protein A control (PWy3). ~ could be present at varying levels in the cell and might bind
. , . to Glc7p with a range of affinities, the simplest explanation
CPF complex components that we had previously identified j5 that we have identified those proteins present in the most
as Glc7p-associated proteins, namely, Cftlp, Cft2p, Ysh1p, 5nyndant and stable complexes with Glc7p under our chosen
Ptalp, Paplp, and Pfs2p, with the additional presence ofgrowih conditions. In support of this, many of the above
Mpelp. Strikingly, Glc7p was also identified within the gteins are known to be of low abundance or not to be
Ptalp-associated polypeptides (Figure 5), confirming its gxpressed in haploid cells undergoing mitotic growth. For
presence as a component of the CPF complex. We alsOgyample, Gaclp is expressed mainly after the diauxic shift,
identified seven other proteins, namely, Ref2p, Swd2poEF1 4.4 it is undetectable even by Western blot analysis when
(Tef2p), and four ribosomal proteins (RpI3p, Rpl4ap, RppOp, present in single copyt6), while Red1p is the product of a
and Rpl8bp) that were also present in the Glc7p-associatedyejosis-specific gene that is expressed in diploid cells during
protein samples. The significance of finding ribosomal ghorylation 49). In addition, we also did not detect Bud14p/
proteins or EF& associated with the CPF complex is unclear, Fun2p, a protein that we have independently shown to
and at least in the former case, they may represent nonspejnteract with Glc7p and which is highly unstable, being
cific contaminants that were isolated because of their reqdily detectable by Western blot analysis only in extracts
abundance and highly charged nature as discussed abovyom pep4strains that lack vacuolar proteases (A. Engles
However, Swd2p is not highly charged and may therefore 5nq V. 3. R. Stark, unpublished data). In addition to
represent a new CPF-associated polypeptide, consistent withqentifying Sds22p, we have also verified the association of
its identification in the Glc7p-associated fraction. Ref2p is yeast PP4 with several other potential Glc7p partners
also a very basic protein(10.43) but, unlike the ribosomal  jgensified previously through genome-wide two-hybrid screen-
proteins, has already been found to be required for efficient ing, namely, MhpZp, Bnidp, and Ref2p4—16). With the
mMRNA 3-end processing3g, 47), albeit not as an overt  gyception of the ribosomal proteins whose association with
component of CPF. We have therefore identified one novel Glc7p is probably largely nonspecific (see above), there were
component of CPF (Glc7p) and two strong candidates for yg|atively few differences between the two types of protein
novel CPF-associated polypeptides (Ref2p and Swd2p).  sample analyzed in this work. Paplp, Pfs2p, and Ref2p were
only found associated with GIc7p in exponential phase cells,
DISCUSSION while Senlp, Ura2p, Rpal90p, Ygr237p, and Swd2p were
Glc7p-Associated ProteindVe report in this paper the only identified from early stationary phase extracts. It is not
analysis of proteins that interact wigh cereisiae PP% as yet clear whether such differences might be significant.

14—
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Table 4: Ptalp-Associated Proteins

gene molecular peptides sequence RVXF
ORF name product mass (kDa) matched (%) coverage (%) protein function motif
YDR301W Cftlp 153.4 29 22 RNA '3processing yes
YLR115WF Cft2p 96.1 28 34 RNA 3processing no
YLR277C Yshlp 87.6 59 63 RNA'3processing no
YALO43C¢ Ptalp 88.3 17 25 RNA'%rocessing yes
YKROO02WF Paplp 64.4 45 25 RNA'$rocessing no
YDR195W Ref2p 59.8 15 16 RNA'$rocessing yes
YNL317We Pfs2p 53.2 13 37 RNA'rocessing yes
YKLO59C¢ Mpelp 49.5 14 41 RNA 3processing no
YBR118W Tef2p 49.9 9 40 EFel yes
YORO063W Rpl3p 43.7 15 40 80S ribosome no
YBRO31W Rpldap 39 23 39 80S ribosome no
YDRO12W Rpldbp 38.9 20 34 80S ribosome no
YKLO18W Swd2p 36.9 9 33 unknown no
YER133W Glc7p 35.9 16 46 PP1 no
YLR340W RppOp 33.6 16 32 80S ribosome no
YLLO45C Rpl8bp 28 11 19 80S ribosome no

aReferences for these proteins can be found at the Yeast Proteome Database website (http://www.protedrivauttgni®).numbers in these
columns represent values for the protein identified in different gel protein bands (high to low molecular mass®tkarmisih components of the
CPF complexd Contains a candidate motif lacking a downstream acidic reskiKL059C encodes Mpel[®@), which is identical to the 58 kDa
CPF protein termed Pfslp in red$ and58 (B. Dichtl and W. Keller, personal communication). The name Pfslp has been assigned to a different
polypeptide (the YHR185C product) in the current yeast databases.

Table 5: Candidate Glc7p Interacting Proteins That Contain a Putative Consensus RVXF Motif

position in sequence

ORF name gene product protein function hits candidate RVXF motif start end ref
YOR341W Rpal90p RNA polymerase | 1 RYAISVSFRHLD 1572 1583
YDR301W? Cftlp RNA 3-processing 2 KIESTTIAFVKE 265 276

RRLTTIKFD 647 655
YJLO42Wpe Mhplp cytoskeleton 1 RPLKHVSFATN 444 454 16
YPL137C Ypl137cp unknown 1 KRVSFAVD 283 290
YOR227W Yor227wp unknown 2 RLPSIKFLD 744 752

KRIHFD 778 783
YNL233We Bnidp cytoskeleton 1 NNDQGVRFSSQ 826 836 16
YGR237C¢ Ygr237cp unknown 1 KTFTKHISFD 5 14
YAL043CPe Ptalp RNA 3-processing 1 KLAKWSE 166 175
YDR195WpP< Ref2p RNA 3-processing 1 KARISSIKFLD 366 376 40
YAR014C Fun2p unknown 1 KGNKSVSFND 372 381 16
YBRO0O45C Giplp PP1 regulator 1 RSTSSVRFD 487 495 11
YERO054C Gip2p PP1 regulator 1 RSKSVHFD 218 225 11
YDR028C Reglp PP1 regulator 1 KNRHIHFND 462 470 7
YBRO50C Reg2p PP1 regulator 1 KPRERHIKFND 163 173 9
YDR130C Finlp unknown 1 KSVKFKLPD 238 246 16
YOR178C Gaclp PP1 regulator 1 KNVRFAIE 69 76 48
YOR329C Scd5p vesicular transport 1 KSKKVRFSE 270 278 11

a References for these proteins can be found at the Yeast Proteome Database website (http://www.protedrReateim3. that were identified
as part of Glc7p complexes in our studyProteins for which there exist other data indicative of a potential interaction with Gl&Zandidate
motif lacking an upstream basic residue.

Many PPZE regulatory subunits bind to a hydrophobic tion with Glc7p (Tables 24), while two more are highly
groove in PP located on the opposite face of the protein related to another protein (MhpZlp) for which such evidence
to its active site. PRl binding is mediated via a short exists.
consensus sequence termed the R/K-V/I-X-F mé 61), A Family of Related, Neel Glc7p-Associated Polypep-
hereafter referred to as the RVXF motif, and this is also the tides Three of the Glc7p-interacting polypeptides that we
case for Glc7p%2). Using the search consensus [KR]04} have identified form a family of related proteins, namely,
[RHQKAMNST] [VI] [RHSATMK] [FW] X {0,3} [END] Mhplp, Ypl137p, and Yor227p, one of which (Mhp1p) has
derived from ref50, putative RVXF motifs were found ina  previously been shown to bind to microtubules both in vitro
number of the Glc7p-associated proteins identified in this and in yeast cells4@). While a potential tubulin-binding
study, as well as in many of the regulatory subunits of Glc7p domain in the C-terminal region of Mhp1p does not appear
that have already been identified (Table 5). While the to be conserved in the other two polypeptidd®)( the
presence of such a motif clearly cannot be taken in isolation proteins nonetheless show considerable sequence similarity
as evidence for a direct interaction with Glc7p, it is and may therefore share one or more common functions.
nonetheless striking that, of the eight proteins identified in Given that all three were found to interact with Glc7p in
our study that contain a putative consensus RVXF motif, our study, we examined whether they shared any potential
for five there is additional evidence to support their associa- PP%-interacting domain(s). The RVXF motifs detected in
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Mhplp and Ypl137p are indeed located within a conserved However, it is interesting to note that the poly(A) addition
region in the amino-terminal portion of the proteins. Al- activity of Paplp in vitro is downregulated by phosphory-
though the RVXF motifs of Yor227p listed in Table 5 are lation but can be restored by phosphatase treatment with PP1
not located in this amino-terminal region, Yor227p does share (54). Further experiments will be necessary to determine
the amino-terminal motif found in the other two polypeptides whether CPF-associated PP1 carries out this function in the
but with the phenylalanine residue substituted by a lesscell and to examine whether any other aspects of CPF
favorable isoleucine (not shown). This region could therefore function are regulated by PP1 dephosphorylation.

constitute a conserved PRihteracting region. All three The purification of Ptalp also revealed interactions with
proteins also share a domain that contains several imperfeckeveral other proteins that have not previously been shown
leucine-rich repeat (LRR) sequences. Sds22p is an LRRto be associated with the CPF complex (Table 4). Of these,
protein that lacks any obvious RVXF motif§,6), and the  the significance of the potential association with four
LRRs may mediate its interaction with PP(kee re27), so  ribosomal proteins and with EBdis unclear for the reasons
itis also possible that the LRR-related sequences in Mhp1p,discussed above. Intriguingly, though, EBFfias previously
Ypl137p, and Yor227p might be involved in their interaction  also been found to associate with CF 1A, a factor required
with Glc7p. It will be interesting to examine which domains  along with CPF and CF 1B for the mRNA'-8leavage
in these proteins are required for the PP1 interaction and toreaction that precedes polyadenylati@s)( In comparison
establish how their interaction with Glc7p relates to their ith EFla, Ref2p and Swd2p are both much better candi-
function. dates for novel CPF components. Ref2p is already known
The CPF ComplexWe identified six known components  to influence the efficiency of cleavage at weak poly(A)
of the CPF (cleavage and polyadenylation factor) complex addition sites3), and previous two-hybrid studies provide
as prominent bands in our Glc7p-associated protein samplesevidence that Ref2p can interact with Paplp, the CPF-
namely, Cftlp, Cft2p, Yshlp, Ptalp, Paplp, and Pfs2. This associated poly(A) polymerase, via their mutual interaction
complex, which is involved in mMRNA'&nd processing, has  with Firlp (33, 56). Swd2p contains multiple WD40
previously been shown to contain nine polypepticks 84), domains, a property shared with the CPF subunit Pfs2p.
but in the Glc7p purification experiments we did notidentify Consistent with the existence of novel CPF complex
Fiplp, Mpelp, or Ythlp. Itis possible that Yth1p (25 kDa) polypeptides, we noticed a number of unidentified proteins
was present in the purified protein samples but missed that copurify with the CPF complex in previous studiés, (
because it has the same molecular mass as the TEV proteasg3, 57—59), some of which appear to migrate at similar
bands (Figures 1 and 2). However, this potential problem is positions on SDSPAGE gels to Glc7p, Ref2p, and Swd2p.
unlikely to have affected the identification of Fiplp (a 36 |y conclusion, we have identified several new Glc7p-
kDa protein that migrates with an apparent mass80 kDa,  4ssociated proteins in this work and verified the association
46) or Mpelp ¢-58 kDa; 53). To confirm that GIc7p is  of Glc7p with several more proteins with which it had been
indeed a member of the CPF complex, we affinity-purified rop0sed to interact on the basis of genome-wide two-hybrid
Ptalp, one of its major componengb(46), and identified  screens. Our data suggest the involvement of PP1 dephos-
the Ptalp-associated proteins. We recovered all of the CPFypoyjation in the regulation of a number of novel processes
complex components found associated with Glc7p as Ptalp-ncluding mRNA 3-end formation, and we have shown that
associated polypeptides and additionally identified Mpelp, Glc7p is a novel component of the CPF complex required
although Fiplp and Yth1p were still not apparent (Table 4). for this process. Given the probable bias against low-
Fiplp was one of the least abundant members of the CPFapndance proteins, the use of capillary HPLC-linked tandem
complex found associated with either Pfs2p or Mped®),(  mass spectrometry might be more useful than MALDI for
suggesting perhaps that it is just less stably associated withyrotein identification in future studies of this kind. Low-
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