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ABSTRACT. The amino acid sequences of two tryptic peptides derived from purified preparatiofi826f |
indicated that this potent heat-stable protein inhibitor of protein phosphatase 2A (PP2A) may be equivalent
to putative histocompatibility leukocyte antigens class ll-associated protein | (PHAP-I). Experiments
using purified preparations of recombinant human PHAP-I confirmed that this protein inhibited PP2A.
Half-maximal inhibition of the phosphatase occurred at about 4 nM PHAP-I, similar to the half-maximal
inhibition obtained with purified preparations of bovine kidngiF#A In addition, PHAP-I did not affect

the activities of protein phosphatase 1, 2B, and 2C in a manner analogous to #i8t‘of Together, the

results establish the identity of°P?Aon a firm basis.

Protein phosphatase 2A (PP2A3 a major mammalian  (Cohen, 1989; Shenolikar & Nairn, 1991; Mumby & Walter,
protein serine/threonine phosphatase involved in the regula-1993; Wera & Hemmings, 1994).
tion of diverse cellular processes (Cohen, 1989; Shenolikar  However, little information is available on the regulation
& Nairn, 1991; Mumby & Walter, 1993; Wera & Hemmings,  of pp2A. Nevertheless, recent studies revealed the existence
1994). Two forms of PP2A, termed PP2and PP24, have of two heat-stable inhibitor proteins of this phosphatase (Li
been isolated from numerous sources (Cohen, 1989; Shenogt 5., 1995). Purified preparations of these inhibitor proteins
likar & Nairn, 1991; Mumby & Walter, 1993; Wera &  from bovine kidney consisted of single polypeptides with

Hemmings, 1994), although more recent molecular cloning gnparentv, values of approximately 30 000 and 20 000 as
and tissue distribution studies established that another formgetermined by SDSPAGE, which were designateg?2A

termed PP24(Tung et al., 1985) is also ubiquitous (Csortos gng |,PP2A respectively (Li et al., 1995). The purified
et al., .1996).. PP24 PP2A, and PP24 contain A.and C preparations of,PP22and bPP2Ainhibited PP2A in a manner
subunits exhibiting appareri; values of approximately  noncompetitive with the substrate and exhibited appatent
65 000 and 36 000, respectively. In addition, PP2Rd  y31yes in the nanomolar range (Li et al., 1995). Because
PPZA) contain several distinct B (_B, '‘Band B') subunits 1,°P2A and LPP2Adid not affect the activities of PR1PP2B,
with apparentM; values of approximately 54 000, 55000, anq pp2C, the other three major protein serine/threonine
56 000, 72 000, and 130 000 [e.g. Hemmings et al. (1990), phosphatases (Cohen, 1989; Shenolikar & Nairn, 1991;
Hendr_|x et al. (1993), Zolnierowicz et al. (1994), McCright Mumby & Walter, 1993; Wera & Hemmings, 1994), as well
and Virshup (1995), and Csortos et al. (1996)]. By contrast, 45 the activities of 11 different protein kinases (Li et al.,
only two forms of each of the A and C subunits exhibiting 1995) the inhibitor proteins are considered PP2A-specific.
86% (Hemmings et al., 1990; Mayer et al., 1991) and 97% gecayse the purified preparations exhibited distinct peptide
identity (Da Cruz e Silva & Cohen', 1987; Da Cruz e Silva patterns following cleavage witBtaphylococcus aureé8

et al., 1987; Stone et al., 1987; Arino et al., 1988; Sneddon protease,PP?Aand LPP?Aappeared to be products of distinct

et al., .1990) in their pre;dictgql amino acid SEQUENCES, genes, although direct evidence for this possibility was not
respectively, have been identified by molecular cloning provided (Li et al., 1995).

methods. Although the significance of the different A, B, . .
and C subunits is not well-understood, the distinct substrate Sgbsequent studies (Liet al, 1996). showed t_f'i’ﬁﬁwas_
equivalent to a largely nuclear myeloid leukemia-associated

ificiti f th i PP PP2A f R
specificities of the various PP2/nd A forms appear protein with a calculated molecular mass of 32 100 and

to be conferred, at least in part, by the variable B subunit ) .
P y appareniM, of approximately 39 000 as estimated by SBS

PAGE (von Lindern et al., 1992). Thus, the original bovine

T This work was supported by American Cancer Society Grant BE- kidney L°P?A preparations (Li et al., 1995) were partially
247, ) proteolyzed most likely during the isolation procedure. The
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13th St., Charlestown, MA 02129. show that {PP?Ais distinct from pPP2Abut that it is equivalent

. Abstract published irdvance ACS Abstract#fay 15, 1996. to PHAP-I1 a protein of hithertbo unknown functign (Vaesen

1 Abbreviations: PP2A, protein phosphatase 2A; PR2urified »ap . . \ .
catalytic subunit of PP2A; PR1purified catalytic subunit of protein €t al., 1994). Previously, it was suggested that this protein
phosphatase 1; PP2B, protein phosphatase 2B; PP2C, protein phosmay be involved in the immune response, possibly by

phatase 2C; MBP, myelin basic protein; PHAP-I, putative class Il ; ; ; ; _ ; ;
human histocompatibility leukocyte-associated protein I; PAGE, poly- interacting with the cytoplasmic C-terminal region of the

acrylamide gel electrophoresis; PCR, polymerase chain reaction; IPTG,DR2a. chain of human major histocompatibility complex
isopropyl 1-thiof-p-galactopyranoside. (MHC) class Il receptors (Vaesen et al., 1994).
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EXPERIMENTAL PROCEDURES

Materials. Bovine brain MBP (Deibler et al., 1984), PP1
(Amick et al., 1992), and PP2B (Amick et al., 1992) and
bovine kidney §°P2A (Li et al., 1995), PP2A(Amick et al.,
1992), PP2A (Amick et al., 1992), and PP2C (Amick et
al., 1992) were purified to apparent homogeneity as de-
scribed. Purification of;FP?Awas also as described except

that additional gel permeation chromatography on Sephacryl

S-200 was performed (Li et al., 1995). Synthetic oligo-
nucleotides were synthesized at GIBCO Life Technologies.

Other materials are given elsewhere (Reddy et al., 1990,

1993; Guo et al., 1993; Makkinje et al., 1995).
32p-labeled MBP was prepared, and assay of BPRRL,
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chemicals TAquence sequencing kit and DuPont-New En-
gland Nuclear §-3°S]dATP).

Experession of PHAP-IThe PHAP-I cDNA was excised
from pUC18 by incubation witlBanH| and Ncd and then
isolated with GLASSMILK (Gene Clean Il, Bio 101 Inc.)
from low-melting agarose following gel electrophoresis. pET-
3d DNA (50 ng) (Novagen) was linearized widanmH| and
Ncd and dephosphorylated with calf intestinal alkaline
phosphatase (Stratagene). This DNA was then incubated
overnight at 16C with 10 ng of the isolated cDNA in 0.01
mL of 20 mM Tris-HCI (pH 7.6) containing 1 mM ATP, 5
mM MgCl,, 5 mM dithiothreitol, 50ug/mL bovine serum
albumin, and 4 units of T4 DNA ligase (Invitrogen) as
recommended (Sambrook et al., 1989). The mixture was

PP2B, and PP2C was performed as described (Amick et al.,then used to transforid. coli BL21(DE3)pLysS as recom-

1992; Li et al., 1995). One unit of phosphatase activity was

mended by the manufacturer (Novagen). A 5 mL overnight

defined as the amount of enzyme that catalyzed the releasgytyre of the transformed cells was inoculated into 500 mL

of 1 nmol of phosphoryl groups per minute fréf®P-labeled
MBP. To ensure linearity, the extent of phosphoryl group
release was limited t&10%. Inhibitor protein activity was
measured as described (Li et al., 1995). One unit of inhibitor
protein activity was defined as the amount of protein that
inhibited 1 unit of PP2A by 50% in the standard assay.

SDS-PAGE was performed in slab gels (12% acrylamide)
with 0.1% SDS and Tris-glycine buffer (pH 8.3) (Laemmli,

of Terrific Broth (Sambrook et al., 1989) containing 104/
mL ampicillin. After growth at 37°C to log phaseAsoo nm

~ 0.4), IPTG was added to a final concentration of 0.5 mM,
and the cells were grown for an additional 2 h.

Purification of IPTG-Induced Inhibitar Unless indicated
otherwise, all operations were performed af@. After
centrifugation for 15 min at 30@0n a Beckman JA-10 rotor,
cells were resuspended in buffer A [25 mM Tris-HCI (pH

1970). Rrotein bands were detected .by staining V\_/ith 7.4) containing 10% glycerol, 4 mM EDTA, 1 mM benza-
Coomassie blue. Protein was determined as describedmidine, 0.1 mM phenylmethanesulfonyl fluoride, and 14 mM

(Bradford, 1976). Amino acid sequencing was performed
using standard reagents for gas-phase chemistry on
automated protein sequencer (Applied Biosystems) equippe
with an on-line UV detector to identify phenylthiohydantoin
derivatives.

Generation of PHAP-I cDNAFirst strand PHAP-I cDNA
was generated at 4Z for 30 min in 0.02 mL of 10 mM
Tris-HCI (pH 8.3) containing 50 mM KCI, 5 mM MgGl|
20 units of RNase inhibitor, 0.%g of human kidney
polyadenylated RNA (Clontech), 50 pmol of theaBtisense
PHAP-I-based oligonucleotide (GGATTCCACTTAGTCAT-
CATCTT), 2.5 units of MuLV reverse transcriptase (Perkin-
Elmer), and 1 mM of each dNTP. After heat denaturation
at 99°C for 5 min, a 0.005 mL aliquot of the mixture was
subjected to amplification by PCR in 0.1 mL of 20 mM Tris-
HCI (pH 8.3) containing 10 mM KCI, 10 mM (NSO,
0.1% Triton X-100, 2 mM MgCJ, 0.1 mg/mL bovine serum
albumin, 100 pmol of the '3and 3 (GCGAGCCATG-
GAGATGGGCAGAC) PHAP-I-based oligonucleotides, 0.2
mM of each dNTP, and 5 units of recombingsfu DNA

pB-mercaptoethanol] and lysed at 1200 psi with a French

a(%ress. After centrifugation at 390§0for 30 min in a

eckman JA-20 rotor, pellets were discarded, and to the
supernatant was added 30 volumes of buffer B (buffer A
containing 1 mM instead of 4 mM EDTA). The mixture
was applied onto a column (26 8.5 cm) of poly(-lysine)-
agarose equilibrated with buffer B. After being washed with
500 mL of buffer B, the column was developed with a 600
mL linear gradient from 0 to 1.0 M NaCl. Inhibitor activity
was recovered at about 0.65 M NaCl. Active fractions were
pooled and then mixed at room temperature with 2 volumes
of a 99% ethanol solution. After centrifugation at 30§00
for 10 min in a Beckman JA-14 rotor, pellets were
resuspended in buffer B and subjected to gel permeation
chromatography on a calibrated column (%595 cm) of
Sephacryl S-200 equilibrated with buffer B containing 0.1
M NaCl and 0.01% Brij 35. A major peak of inhibitor
protein activity emerged a¥p (~220 mL) from Sephacryl
S-200. Fractions containing this inhibitor protein activity
were pooled, and 20 g/L trichloroacetic acid was added with

polymerase (Stratagene). After heat denaturation for 5 min stirring for 10 min. After centrifugation, the supernatant was

at 94°C, PCR amplification for 30 cycles was performed in
a Temptronic Series 669 thermocycler (Thermolyne) as
follows: 30 s at 94°C, 30 s at 55°C, and 3 min at 72C,
except that, in the last cycle, extension was carried out for
7 min. The amplified cDNA (766 base pairs) was subcloned
into the Smad site of pUC18 and used to transfoscheri-
chia coliONE SHOT as recommended by the manufacturer
(Invitrogen). After growth at 37C in Luria-Bertani medium
(Sambrook et al., 1989) containing 12@/mL ampicillin,

the pUC18 containing PHAP-I cDNA was purified from the
transformecE. coli ONE SHOT by the alkaline lysis method
(Sambrook et al., 1989). Both cDNA strands were then

sequenced using M13 sequencing primers by the dideoxy-

nucleotide chain termination method (United States Bio-

discarded, and pellets were resuspended in a solution of 70%
ethanol. The mixture was centrifuged, and the supernatant
was discarded. This procedure was repeated three times.
The final pellets were resuspended in buffer C (buffer A
containing 0.1 mM instead of 4 mM EDTA) and dialyzed,
with three changes, against 20 volumes of this buffer in 16
h. The preparations were aliquotted and storee &b °C.

A second minor peak of unidentified inhibitor activity
emerged with an appareht. of approximately 50 000 from
Sephacryl S-200. This peak was discarded because it was
detected following gel permeation chromatography of ex-
tracts from mock-transformed and transformed cells incu-
bated in the absence or presence of IPTG and was therefore
considered not to be a product of the introduced cDNA.
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Ficure 1: Purification of 1PP2Aderived tryptic peptides. Aliquots S CARGRIGCTCAGGTACTGGAAGACGAGEAGRCOASENTARGERGGAGEARGATaRAGRG 702

(2 ug) of purified bovine kidney 72 were subjected to SDS 2% .2 v S Stk s r e sk et np or vy a0

PAGE, followed by electrophoretic transfer onto Immobolin P

membranes. After they were stained with Ponseau S, Dands 22 o b o o oo I CA G A A T AN COAASACACHA o9

corresponding to,PP2Awere cut out and incubated overnight at 37

°C with N-tosyl+-phenylalanine chloromethyl ketone-treated trypSin_ - 55:  corcracaTorcoircr AL TORTANCTAAGTGEARTCS 2
(0.5 mg) as described (Fernandez et al., 1994). The mixture was BanH 1
applied onto an HPLC Aquapore RP-300 column (250 mni FiGURE 2: Nucleotide and deduced amino acid sequence of PHAP-|

mm) equilibrated with 0.1% (v/v) trifluoroacetic acid. After being  ¢DNA. Bold lines indicate the oligonucleotides used to generate
washed with this solution, the column was developed with a linear the cDNA and the location of the introducBarH| andNcd sites.
gradient from 0.1% trifluoroacetic acid to 0.08% trifluoroacetic acid Double-underlined amino acid sequences indicate the direcﬂy

containing 38.5% (v/v) acetonitrile in 30 min, followed by alinear  determined #P2A internal tryptic peptide amino acid sequences.
gradient from 0.08% trifluoroacetic acid containing 38.5% aceto-

nitrile (v/v) to 0.08% trifluoroacetic acid containing 59.5% (v/v) contrast, prior to the second gel permeation chromatography

acetonitrile in 10 min. The flow rate was 0.15 mL/min, and 0.045 tep. the {PP2A fi hibited N-terminal ami
mL fractions were collected. The positions of peptides | and Il are siep, the 4 preparations exhibited an N-terminal amino

indicated. acid sequence identical to that reported previously (Li et al.,
1995). These results confirm that the previously reported
RESULTS AND DISCUSSION N-terminal amino acid sequence (Li et al., 1995) was that
of a contaminant in the;T°?A preparations.
Amino Acid SequencingTlo establish the identity ofi"?4 PHAP-I cDNA Generation and ExpressionTo test

we set out to determine the amino acid sequence of thiswhether PHAP-I inhibited PP2A in a manner similar to that
protein. Initially, the amino acid sequences of two tryptic of I,°P?4 a cDNA coding for the open reading frame of
peptides (peptide I, IHLELR; peptide I, SNEGKIEGLT- human PHAP-I was generated, placed into a pET-3d vector
DEFEEL) derived from the highly purifiedi"?preparations  under the control of the T7 promotor, and then expressed in
(Figure 1) were determined. Comparison to amino acid bacteria as described in Experimental Procedures. The
sequences available at the PIR, SwissProt, and GenBank dataucleotide sequence of this cDNA (Figure 2) was identical
bases indicated that peptides | and 1l were 100% and 94%to that reported previously for PHAP-I (Vaesen et al., 1994;
identical (difference underlined) to residuesI?2 and 29- GenBank accession number X7509@onsistent with the

44 predicted for human PHAP-I, respectively (Vaesen et al., possibility that PHAP-I inhibits PP2A, IPTG-induced expres-
1994). These results suggested thEtf may be equivalent  sion of this cDNA in bacteria resulted in about a 10-fold
to PHAP-I and that the single amino acid difference noted increase in PP2A inhibitory activity as determined following
may be species- and/or tissue-related. In this regard, it ispoly(L-lysine)agarose chromatography (Figure 3A,B). In
pertinent that the purified preparations of bovine kidngyf addition, a protein with an appareht; of approximately

(Li et al., 1995) and human PHAP-| (Vaesen et al., 1994) 30 000 as estimated by SBPAGE was detected in the
both exhibit an appareiM;, of approximately 30 006 1000 eluates from poly(-lysine)agarose containing the IPTG-
as estimated by SDSPAGE. However, because PHAP-I induced inhibitor (Figure 3C). Furthermore, the activity of
is blocked at its N-terminus (Vaesen et al., 1994), the resultsthis inhibitor was destroyed by incubation with trypsin (1:
also suggested that the previously determined N-terminal 10 w/w) (not shown). Because of interference in the assays
amino acid sequence of"P?A (Li et al., 1995) may have  from unidentified endogenous inhibitor(s), differences in
been in error perhaps because of the presence of a contamiPP2A inhibitor activity in the extracts from control and
nant in the highly purified preparations. To test this IPTG-treated cells could not be distinguished prior to
possibility, the purified preparations of bovine kidngyFA chromatography on poly{lysine)agarose. The unidentified
were subjected to further purification by additional gel endogenous inhibitor(s) was not a product(s) of the intro-
permeation chromatography on Sephacryl S-200 followed duced cDNA because similar activity was detected in extracts
by chromatography on a small Q-Sepharose columr @ of the bacterial cells that had been mock-transformed or
cm) as described (Li et al., 1995). N-terminal amino acid transformed with the vector alone.

sequencing of these preparations showed that they were Purification of IPTG-Induced PP2A InhibitorTo more
blocked at the N-terminus as expected for PHAP-I. In directly test the possibility that the IPTG-induced PP2A
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Ficure 3: Induction of PP2A inhibitor. Extracts from 500 mL cultures of control (A) and IPTG-treated (B) bacteria containing PHAP-I
cDNA were prepared as described in Experimental Procedures. Each extract was then applied onto a separate celBi @ pof
poly(L-lysine)agarose equilibrated with buffer B. Each column was washed with 500 mL of buffer B, followed by buffer B containing 0.3
M NacCl. Inhibitor activity was recovered with buffer B containing 0.8 M NaCl. Fractions (3 mL) were collected, and PP2A inhibitor
activity (@) (Li et al., 1995) and absorbance at 595 ) (Bradford, 1976) were determined as described. Panel C shows the FSR&EE

pattern of the 0.8 M NaCl poly¢lysine)agarose eluates of the extracts from control (lane 1) and IPTG-treated (lane 2) cells. PAGE was
performed in slab gels (12% acrylamide) with 0.1% SDS and Tris-glycine buffer (pH 8.3) (Laemmli, 1970).
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Ficure 5: Effect of PHAP-I on protein phosphatases. The activities
(~0.005 unit) of 0.1 ng of PP2A(@®), 0.7 ng of PP& (O), 2 ng of
PP2B @), and 0.8 ng of PP2Cx) were measured witf?P-labeled

20 — MBP as substrate as described (Li et al., 1995) in the presence of
the indicated concentration of purified recombinant PHAP-I. The
calculated molecular weight of 28 400 was used to determine the
concentration of PHAP-I in the assays.

FIGURE 4: SDS-PAGE pattern of purified recombinant PHAP-I . i i ; ifi ;
(1 1q). SDS-PAGE was performed as described in the legend to PHAP-I, confirming the identity of the purified preparations.

Figure 3. Purification of PHAP-I was as described in Experimental A typical 50(').mL culture ,Of transformed cells yielded about
Procedures. 4 mg of purified recombinant PHAP-I.

Effect of PHAP-I on PP2A Actity. The effect of the
inhibitor was indeed PHAP-I, a procedure was developed purified recombinant PHAP-I preparations on PP2A activity
to purify it to apparent homogeneity from the bacterial was examined next. These preparations inhibited PP2A
extracts as described in Experimental Procedures. Thispotently (Figure 5). Half-maximal inhibition of the phos-
procedure was based on the one employed previously tophatase occurred at about 4 nM (Figure 5), similar to the
purify 1,°P?A(Li et al., 1995) and included chromatography potent inhibition observed with purified preparations of
of the extracts on polyflysine)agarose, precipitation with  bovine kidney {PP?A(Li et al., 1995). Previously, we showed
ethanol, and chromatography on Sephacryl S-200, followed that, by contrast to PP2A, purified preparations of £P1
by trichloroacetic acid and ethanol precipitation. The PP2B, and PP2C were unaffected BF4* (Li et al., 1995).
purified preparations consisted of a single Coomassie blue-Similar experiments revealed that recombinant human PHAP-I
staining polypeptide with an appareit of approximately also exhibited little or no effect on the activities of RP1
30 000+ 1000 as estimated by SD®PAGE (Figure 4), PP2B, and PP2C (Figure 5). Together, these results indicate
similar to the appareri¥l; values of PHAP-I (Vaesen et al., that PHAP-I is a potent and specific inhibitor of PP2A and
1994) and §°P?A (Li et al., 1995). Furthermore, the amino corresponds to;f*?A Because the recombinant PHAP-I
acid sequence of a tryptic peptide derived from these preparations inhibited PP2Anot shown), PP2A (Figure
preparations, corresponding to thB”PAderived peptide Il 5), and PP24 (not shown), PHAP-I is also analogous to
(Figure 1), was identical to that of residues28} of human 1,°P2Ain that it appears to act by binding to the C subunit of
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the phosphatase. On the basis of the results, we recommenéa Cruz e Silva, O. B., & Cohen, P. T. W. (1987BS Lett. 226,
that PHAP-1 be renamedPP?A to indicate its function and 176-178.

‘g s PP2An/hinh - Da Cruz e Silva, O. B., Alemany, S., Campbell, D. G., & Cohen,
to distinguish it from §°"2Awhich is the product of a distinct P.T. W. (1987)FEBS Lett. 221415422,

gene (Lietal., 1996). Inthis connection, itis pertinent that, pejpler, G. E., Boyd, L. F., & Kies, M. W. (1984prog. Clin.

by contrast to £72A which appears to be largely nuclear Biol. Res. 146249-256.

(Fornerod et al., 1995);P?Ais diffusely distributed largely =~ Fernandez, J., Andrews, L., & Mische, S. M. (1984jal. Biochem.
throughout the cytosol, although significant amounts are also _ 218,112-117. .

present in the nucleus (Vaesen et al., 1994). Wheth& Fo'[/lnuerrtci)dk.lvlnggL,i;] 5’ a%gr?%lhsj’_ Jgiﬂlse’ AM"&V (g]rcl)‘s'r\}gledm’el\_ﬂ"
occurs as a fusion protein in acute myeloid leukemia by  (1995)Oncogene 101739-1748. Y '

analogy to 4°7?A (von Lindern et al., 1992) is an intriguing  Guo, H., Reddy, S. A. G., & Damuni, Z. (1993) Biol. Chem.

possibility. 268,_11193—1119(33. c ! Gori
; - ; Hemmings, B. A., Adams-Pearson, C., Maurer, F., Muller, P., Goris,
characterization of the role OFFF¥ in the regulation of | 1 Merleveds, W, Hofsteenge, 3. & Stone S. R. (1920)
L g . Biochemistry 293166-3173.
PP2A. Perhaps the most striking feature present in the Hendrix, P., Mayer-Jackel, R. E., Cron, P., Goris, J., Hofsteenge,
deduced amino acid sequence g is a highly acidic J., Merlevede, W., & Hemmings, B. A. (1993) Biol. Chem.
C-terminal region, amino acid residues 36819 (Figure 2). 268,1526/-15276.

P P~ ; i S PR2A (] Hisamoto, N., Frederick, D. L., Sugimoto, K., Tatchell, K., &
A similar acidic C-terminal tail is also present isf12A (Li Matsumoto, K. (1995Mol. Cell. Biol. 15,3767-3776.

etal., 1996). These observations suggest if&tiand b°"** Laemmli, U. K. (L970)Nature 227,680—685.

may inhibit PP2Avia their acidic tails. Interestingly, the i, M., Guo, H., & Damuni, Z. (1995)Biochemistry 341988~
N-terminal region of #°P?Ais rich in regularly spaced leucine/ 1996.

isoleucine residues, and this motif is repeated twice within Li» M., Makkinje, A., & Damuni, Z. (1996)J. Biol. Chem. 271

its primary structure (Figpre 2). Similar Ieucine/isoleugine M;I}k(i)r?jz_,l,:.?GXZi.ong, H., Li, M., & Damuni, Z. (1995). Biol.
motifs are not present inA"2A but have been found in Chem. 2701482414828,

proteins of different origin and function, including the sds22 Mayer, R. E., Hendrix, P., Cron, P., Matthies, R., Stone, S. R.,
proteins (Ohkura & Yanagida, 1991; Wilson et al., 1994;  Goris, J., Merlevede, W., Hofsteenge, J., & Hemmings, B. A.
Hisamoto et al., 1995; Renouf et al., 1995) that are  (1991)Biochemisiry 303589-3597.

considered positive modulators of PP1. These sds22 proteinéwcz%ri%kg" B., &Virshup, D. M. (1995). Biol. Chem. 27026123~

are characterized by 11 centrally located leucine-rich repeatspumby, M. C., & Walter, G. (1993Physiol. Re. 73, 673-699.
that are essential for interaction with RfP1By contrast, Ohkura, H., & Yanagida, M. (1991Gell 64,149-157.
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