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Abstract — A novel serine/threonine protein phosphatase with EF-hand motif, which belongs to PPEF family
was partially cloned from rat brain ¢cDNA by employing RT-PCR method. The size of the amplified clone was
1.6kbp. The amplified DNA was subcloned into pGEM-T-Easy vector and the resulting plasmid was named as
pGEM-TPPEF2. The nucleotide sequence is shared by 88% with that of mouse PPEF-2 ¢cDNA, and the
deduced amino acid sequence reveal 92% homology with that of mouse PPEF-2 ¢cDNA.. The N-terminal region
of the cloned rat brain PPEF contains a putative phosphatase catalytic domain (PP domain) and the C-terminal
region contains multiple Ca®* binding sites (EF region). The putative catalytic domain (PP) and the EF-hand
motif (EF) regions were subcloned into pGEX4T-1 and were overexpressed in E. coli DH5 as glutathione-S-
transferase (GST) fusion proteins. Expression of the desired fusion protein was identified by SDS-PAGE and
also by immunoblot analysis using monoclonal antibody against GST. The recombinant proteins were purified
by glutathione-agarose chromatography. This report is first to demonstrate the cloning of PPEF family from rat
brain tissues. The clone reported here would be invaluable for the investigation of the role of this new type-

phosphatase in rat brain.
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The phosphorylation/dephosphorylation of a protein is a
crucial mechanism for the regulation of the cellular functions
including cell cycle, metabolism, signal transduction, and gene
transcription. The protein phosphatase that catalyze the de-
phosphorylation of serine and threonine residues have been
classified to four types (PP1, PP2A, PP2B, and PP2C) based
on their biochemical characteristics, their sensitivity to specific
inhibitors and a limited substrate specificity that can be dem-
onstrated in vitro (Brautigan, 1994; Cohen, 1989; DePaoli-
Roach et al., 1994; Mumby et al., 1993; Shenolikar, 1994).
Recently, several additional phosphatases including PP4 (PPX:
Brewis ef al., 1993), PP5 (Chen et al., 1994; Chinker, 1994),
PP6 (Bastians et al, 1996; 1997), and PP7 (Huang et al.,
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1998) have been identified, but rarely characterized.

It has been reported that Drosophila retinal degeneration
C(rdgc) gene encodes a novel serine/threonine phosphatase
(Steele et al., 1992) and its gene product dephosphorylates
thodopsin that is the prototype of a protein family known as
G-protein coupled receptors (Vinos et al., 1997). Thereafter,
several other researchers reported the cloning of rdge related
phosphatases from human and mouse (Steele er al, 1992;
Sherman et al., 1997; Montini et al., 1997; Huang et al,
1998). These phosphatases contain characteristic Ca*-bind-
ing EF-hand motif (EF-domain) in its sequence in addition to
the phosphatase catalytic domain (PP-domain). It is increas-
ingly evident that these phosphatases consist a new type of
phosphatase family designated as PPEF family. Interestingly,
the first member of this family, rdgc catalyzes the dephospho-
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rylation reaction of rhodopsin. Rhodopsin is a photoreceptor
molecule found in retina and 1s prototype of G protein cou-
pled receptors (GPCR). The dephosphorylation of rhodopsin
and GPCR represents a mechanism for resensitization (Kreuger
et al., 1997). Therefore, it could be hypothesized that PPEF
family of phosphatase performs a role in GPCR. signaling in
brain,

In this study, we identified and partially cloned a novel
serine/threonine phosphatase from rat brain, which is homolo-
gous to PPEF family phosphatase. In addition, Ca™-binding
and phosphatase motifs were overexpressed in E. Coli as Glu-
tathione S-transferase (GST) fusion protein, which could be
used for the biochemical analysis of the function of the clone
or antibody production.

MATERIALS AND METHODS

Materials

Trizol, Electrophoresis reagents and reverse transcriptase
were obtained from Gibco BRL (Gaithersburg, MD). Oligo(dT)-
cellulose was obtained from Qiagen (Hilden, Germany). Res-
triction enzymes and other enzymes used in.molecular clon-
ing were purchased from Promega (Madison, WI). Isopropyl-
D-thiogalactopyranoside (IPTG) was purchased from Boe-
hringer Mannheim (Mannheim, Germany). Sepharose CL-4B
were obtained from Pharmacia (Uppsala, Sweden). Immuno-
chemical reagents including horseradish peroxidase-conjugated
goat anti-mouse IgG or IgM were purchased from Pierce
(Rockford, IL). Prestained protein molecular weight marker
(myosin, phosphorylase B, bovine serum albumin, ovalbumin,
carbonic anhydrase, a-lactoglobulin, lysozyme) were obtained
from Gibco (Gaithersburg, MD). All other reagents were ob-
tained from Sigma Chemicals (St. Louis, MO) and were of
the highest grade commercially available.

¢DNA preparation and PCR amplification of rat brain
cDNA

Total RNA from rat brain was isolated using Trizol reagent
according to the manufactor's instruction (GibcoBRL, Gaith-
ersburg, MD). Poly(A)+ mRNA was obtained by affinity
chromatography using oligo(dT)-cellulose (Qiagen, Hilden,
Germany). First strand ¢cDNA was produced by incubating
1 pg of poly(A)y+ mRNA in a solution containing 50 mM
KCl, 2m M MgCl,, 0.2 mM dNTP mix, 10 mM Tris-HCI pH
8.3 with 20 pmole of oligo(dT) primer and 200 units of
reverse transcriptase (GibcoBRL, Gaithersburg, MD) at 42°C

for 50 min.

5 ul aliquots from the first strand cDNA solution was
employed as template for PCR reaction. The PCR reaction
mixture contained a 5'primer (5'-GGTTTGCATTCATGTTG-
GTGTACC-3")y matching to the conserved region of catalytic
domain of human and mouse PPEF-2 and a 3' oligo(dT)
primer. PCR reactions were carried out as follows: 1 min at
95°C, 1 min at 50°C, 1 min at 72°C, 35 cycles, in a solution
containing 50 mM KCl, 2 mM MgCl,, 0.2 mM dNTP mix, 10
mM Tris-HC] pH 8.3, and 20 pmole of each primer sets. The
size of PCR products were confirmed by agarose gel electro-
phoresis. The amplified band was extracted and subcloned
into pGEM-T vector and the resulting plasmid was named as
PGEM-rPPEF2. The sequence of the amplified PCR product
was analyzed by dideoxy chain termination methods.

Expression and purification of the GST fusion protein
of catalytic and calcium binding domain

Putative catalytic domain (PP domain), and calcium bind-
ing EF-hand motif domain (EF domain) of rat brain PPEF-2
were amplified from 10ng aliquots of pGEM-PPEF2 by
PCR. The primer sets used for PCR reaction were as follows:
PP domain,

forward primer: 5'-CTCGAGGGTGAATTCGT-3'

reverse primer: 5'-AATGGCTTACATTCGTG-3'
EF-domain

forward primer: 5'-GGCTGTGAATTCTGCCAC-3'

reverse primer: 5'-CCCGTCCTTGTTGAATTCGATGCT-
TCTGGCAAG-3'

The sequence of primer pairs for PP domain and EF
domain were slightly modified to contain the restriction site
EcoRI-Xhol and EcoRI-EcoRI, respectively. PCR reaction
was carried out as follows: 1 min at 95°C, 1 min at 50°C,
1 min at 72°C, 35 cycles, in a solution containing 50 mM
KCl, 2 mM MgCl,, 0.2 mM dNTP mix, 10 mM Tris-HCI pH
8.3, and 20 pmol of each primer sets. PCR products were
digested with respective restriction enzyme and then ligated
into pGEX4T-1, a GST-fusion protein expression vector. The
fusion protein expression vector was transformed into E. coli
DH5a cells by heat shock method.

E. coli cells transformed with pGEX4T-PP and pGEX4T-
EF were grown at 37°C and were induced by 0.1 mM isopro-
pyl-D-thiogalactoside (IPTG) for 4 h at 37°C. Purification of
the fusion proteins was performed as previously described
(Shin et al., 1998). Briefly, the fusion proteins were solubi-
lized by sonication after the addition of 1.5% N-lauroylsar-



Cloning of a Ser/Thr Phosphatase from rat Brain 155

cosine. The supernatant containing solubilized fusion proteins
was adjusted to 2% Triton X-100 and incubated with glu-
tathione-Sepharose CL-4B beads for 30 min. After washing,
the fusion proteins were eluted with 10 mM reduced glu-
tathione.

SDS-PAGE and Immunoblot analysis

The expression of the fusion protein was identified by
SDS-PAGE on 10% polyacrylamide gel followed by staining
with Coomassie brilliant blue. In some cases, the resolved
protein bands were electrophoretically transferred onto nitro-
cellulose membrane in methanol/glycine/Tris buffer as descri-
bed for immunoblot blot analysis (Towbin et al., 1979). After
blocking, the nitrocellulose strips were incubated for 2 h at
32°C with monoclonal anti-GST antibody and then were
mcubated with horseradish peroxidase-conjugated goat anti-
mouse IgM diluted 1:3,000 in blocking solution for 1 h at
32°C. Blots were washed and the immunoreactivity was visu-
alized with 3,3'-diaminobenzidine substrate solution (9 mg in
10 ml of 50 mM Tris-HCI, pH 7.5, 0.01% H,0,).

RESULTS

PCR amplification and sequence analysis of rat brain
PPEF cDNA

A cDNA fragment encoding a serine/threonine phosphatase
from rat brain was identified by RT-PCR with a 5' primer
matching to the conserved region of catalytic domain of
human and mouse PPEF-2 and 3' oligo(dT) primer. The
molecular weight of the amplified cDNA fragment was con-
firmed by agarose gel electrophoresis. The size of the ampli-
fied clone was 1.6 kbps. The PPEF clone was subcloned into
pGEM-T-Easy vector and the resulting plasmid was named as

M1 2

Fig. 1. Agarose gel electrophoretic analysis of the RT-PCR am-
plification product from rat brain ¢cDNA using a 5' primer
matching to the conserved region of catalytic domain of human
and mouse PPEF-2 and 3' oligo(dT) primer. Lane M: kb ladder
marker, Lane 1, 2: amplified PPEF clone. The size of the ampli-
fied DNA fragment was 1.6 kbp.

pGEM-rPPEF?2 (Fig. 1).

The nucleotide sequence was shared by 88% with mouse
PPEF-2 cDNA (Fig. 2), and the deduced amino acid sequence
revealed 92% homology with that of mouse PPEF-2 cDNA

(Fig. 3).

Subcloning and overexpression of recombinant proteins

DNA fragments encoding putative catalytic domain and
EF-hand motif domain of rat brain PPEF were amplified by
PCR. The sequence of primer pairs for the catalytic domain
and EF-hand motif were slightly modified to contain restric-
tion sites EcoRI-Xhol and EcoRI-EcoRl, respectively. Both
the amplified DNAs are about 600 bp in size (Fig. 4). Each
PCR fragment was cloned into respective restriction site of
the expression vector pGEX 4T-1, and resulting expression
plasmids were transformed into E. Coli DHS5. The expression
of fusion proteins was confirmed by SDS-PAGE and also by
immunoblot analysis using anti-GST antibody (Fig. 5). The
fusion proteins purified by GSH affinity chromatography were
shown on the gels at apparent molecular weight of 50 kDa,
which was predicted from their amino acid sequence.

DISCUSSION

We identified the expression of a rat brain ¢cDNA that
encodes a putative serine/threonine protein phosphatase
(PPEF-2) that is homologous to mouse brain PPEF-2 (Steele
et al., 1992) by RT-PCR. Initially, using more than 15 primer
sets, we succeeded to obtain 600 bp fragment which encodes
putative Ca™-binding EF-hand motif domain. Hybridization
screening of rat ¢cDNA library with the short fragment of
PCR-amplified rat brain PPEF-2 homologue was unsuccess-
ful to reveal full length cDNA (data not shown). In order to
obtain more larger cDNA fragment, rat brain total RNA was
reverse transcribed. PCR was performed with degenerate oli-
gonucleotide primer. As a 5' primer, the region showing high
sequence similarity with mouse brain PPEF-2 was selected
and oligo(dT) primer was used as a 3' primer. Electrophoretic
analysis of PCR product revealed a rather smear band in the
first PCR reaction and a band of the expected size (1.6 kbps)
in second PCR reaction (Fig. 1). These results and negative
hybridization screeming results implicate that the PPEF-2
mRNA transcripts are rarely expressed in rat brain tissue.

The PCR amplified cDNA fragment was isolated from the
agarose gel and was subcloned into E. coli DHSo cell. The
nucleotide and deduced amino acid sequences of the rat
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Fig. 2. The Comparison of nucleotide sequence of the partially cloned rat brain PPEF-2 with mouse PPEF-2.
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gouse EEEE-; 1 MGSSSSTQHH FAFQNAEKAF KAAALTQRWY RRYMARLEMR
at -

41 RRCTWNIFQS IEYAGQQDQY KLHEFFSYLV DHFTPSSHHE RDFLNRMFTE ERFAQDVETE EGGDFESIEV
111 PDSYTGPRLS FPLLPDHATA LVEAFRLRQQ LHARYVLNLL YETRKHLAQL PNINRVSTCY SEEVTVCGDL
181 HGQLDDLIFI FYKNGLPSPE RAYVFNGDFV DRGKDSVEVL MVLFAFMLVY PKEFHLNRGN HEDHLVNLRY

---FDFMLVY PKEFHLNRGN HEDHLVNLRY

251  GFTKEVMHKY KIHGKKILRT LQDVFCWLPL ATLVDEKVLV LHGGVSDKTD LELLAKLDRH KIVSTMRCKT
GFTRKVMHKY KIHGKKILRT LQDAFCWLPL ATLVDEKVLV LHGGYSDKTD LELLAKLDRH KIVLPMRCKT

321  RKESENREEQ KRKDNQTSSG GKPTPWFLPQ SRSLPSSPFH LGSGFKAYKA GRSCSIPC-G SPNSKELSRR
RKESENLEEQ KRKSNQTSSA QKPTPWFLPQ SRSLPSSPFH LGSGFKAYKA CRSSSIPC-G SASSKELSRQ

391  GQVRRSVDLE LEQCRQQAGF LGIREKGESL PLAPDADCVA DGGGVLEPTP EEWKQWWDIL WSDPAAQEGC
GQVRPSVDLE LELCRQQAGF LGIRGKRESL PLADCDA--— DAGGELKPTP EEWKQWVDIL WSDPQAQEGC

461  KANAVRGGGC YFGPDVTERL MEKYKLQLL| RSHECKPEGY EFCHNRKVLT IFSASNYYEV GSNRGAYVKL
KANTVRGGGC YFGPVVTEQL MEKYKLQFL! RSHEVKPEGY EFCHNRKVLT IFSALNYYEV GSNRGAYVKL

531  GPALTPHIVQ YQANKATHRL TMRQRISRVE ESALRALRQGK LFAHSSDLLV EFRKRDPDES GVITLSDWAT
GPALIPHIVQ YQANKATHRL TMRQRISRVE ESALRALRQK LSAHCSDLLV EFRKRDPDES GVITRSDWAT

601  AVESVLHLGL PWRMLRPQLV NSSADNVLEY RSWLDSLAKE QLSRENIQSS LLEKLYRNRS NLETIFRIID
AVEAVLHLGL PWRMRRPQLV NSSADNVLDY KSWLGSLAKE QLSRENIQSS LLEKAYRNRS NLETIFRIID

671  SDHSGFISLD EFRQTWKLFS SHMSIDITDD GICDLARSID FNKDGHIDIN EFLEAFRLVE QSCLEGHASA

SDHSGFISLD EFRQTWKLFS SHMEHNITDD GICDLARSID FNKDAHIDIN EFLEAFRLVQ QSCLGGQASA

741 CLQSTDTAES GHSSPGPC 758
CPQSTDTGES GHSSPGPC

Fig. 3. The comparison of the deduced amino acid sequence of the partially cloned rat brain PPEF-2 with mouse PPEF-2. Underlines

indicate mismatched sequences.

PPEF-2 are compared with those of mouse brain PPEF-2
(Figs. 2. 3). Rat PPEF-2 ¢cDNA exhibits 88% identity to the
PPEF found in mouse brain (Steele et al., 1992), and the
degree of amino acids sequence conservation is more than
90%. These results suggest that PPEF-2 family is evolution-
ary well conserved among species and may perform identical
biological functions. The deduced amino acid sequence of the
rat brain PPEF-2 reveals a putative catalytic domain for pro-
tein phosphorylation and multiple direct Ca®'-binding sites.
Three residues from amino acid 423 to 425 in mouse are trun-
cated in rat brain PPEF-2. The putative catalytic sequence
was more conserved in amino acid sequence compared with
multiple Ca®*-binding sites. A domain structure similar to the
mouse PPEF-2 protein in which the domain containing the EF
hand is appended to catalytic domain, is present in the rdgc
protein (Steele ez al., 1992) and the human Ca®"-activated
neural protease(Aoki et al., 1986). The structural similarity
suggests that rat PPEF-2 may be regulated directly by calcium
level.

As a next step, we attempted to express the putative cata-
lytic and EF-hand motif domain of rat PPEF-2 ¢cDNA. Each
domain was amplified by PCR using the sequence of primer
pairs for the catalytic domain and EF-hand motif domain
slightly modified to contain restriction sites EcoRI-XhoI and

- 600 bps

Fig. 4. Agarose gel electrophoretic analysis of PCR products
from pGEMT-rPPEF2 using primer sets for putative catalytic
domain (PP domain), and EF-hand motif domain (EF domain)
of rat brain PPEF-2. A: amplified PP domain region. B: ampli-
fied EF domain region. Lane M: molecular size marker, Lane 1:
amplified PCR product. Arrows indicate the PCR amplified
products.

EcoRI-EcoRI, respectively. Both the amplified DNAs are
about 600 bp in size (Fig. 4). Each PCR fragment was cloned
into respective restriction site of the expression vector pGEX
4T-1, and transformed into E. coli DH5¢. The expression of
fusion proteins was confirmed by SDS-PAGE and also by
mmmunoblot analysis using anti-GST antibody (Fig. 5). The
fusion protein was expressed in high yield but was found
entirely in inclusion bodies. Both the fusion proteins were
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- == 50KDa

Fig. 5. Identification of the pGEX4T-PP(A, C, PP domain)-,
and pGEXAT-EF(B, D, EF domain)-GST fusion protein expres-
sion. A, B) SDS-PAGE: E. coli DH5q transformed with
pGEXAT-PP or pGEXAT-EF were grown in LB broth until
ODyqo of 0.5 was reached. The cultures were induced with 0.5
mM IPTG for 4 h at 37°C. An aliquot of the culture (100 ul)
was clectrophoresed on 10% polyacrylamide gel and the pro-
tein bands were visualized by staining with Coomassie brilliant
blue. B, D) Western blot: After SDS-PAGE, the protein bands
were electrically transferred on nitrocellulose membrane. The
strips were incubated with monoclonal anti-GST antibody for 2
h at room temperature and probed with HRP-conjugated goat
anti-mouse IgG (1:3,000 dilution). Bands were visualized with
diaminobenzidine. Lane M: molecular weight marker, Lane 1:
purified GST Lane 2: cell lysate, Lane 3: purified fusion pro-
tein.

purified from inclusion bodies under denaturing condition by
GSH affinity chromatography using N-lauroyl sarcosine as a
solubilizer. N-lauroyl sarcosine has been reported to effec-
tively solubilize those proteins found in inclusion body with-
out affecting their biological function (Frangioni and Neel,
1993; Shin et al., 1998). In this study, other detergents includ-
ing Tween 20, Triton X-100 and SDS did not solubilize the
fusion proteins (data not shown) Electrophoretic and Westem
blot analysis revealed that the apparent molecular weight of
the fusion proteins was 50 kDa, which was predicted from
their amino acid sequence (Fig. 5). The purified fusion pro-
teins could be used as antigens for monoclonal antibody pro-
duction and also for the functional analysis of the catalytic
domain and EF-hand motif of rat brain PPEF-2.

Further work will be necessary to demonstrate that these

recombinant protein is functional Ser/Thr protein phosphatage
in vivo and to define their biochemical characteristics, their
sensitivity to specific inhibitors and their substrate specificity.
The ¢cDNA clone of rat brain PPEF-2 would be invaluable for
the preparation of DNA probe and monoclonal antibodies,
which is indispensible for histochemical and biochemical
characterization of rat brain PPEF-2, With the ongoing com-
plete cloning of rat brain PPEF-2, it would also be possible to
test whether this new family of phosphatase participate in the
regulation of G-protein coupled receptor signaling in brain.
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