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The calpain small subunits of sorcin, grancalcin, and
LG-2 constitute a family of the Ca21-binding proteins
ith five EF-hand-like motifs (penta-EF-hand domain
r PEF domain) in their C-terminal regions and hydro-
hobic domains with variable lengths in their
-terminal regions. Searching the human DNA data
ase of expressed sequence tags (EST) revealed novel
artial sequences similar to, but distinct from, the
equences of the previously known PEF proteins. We
solated a cDNA clone of near full length by 5*- and
*-RACE (rapid amplification of cDNA end) methods
nd compared the predicted amino acid sequence (284
esidues) of the novel EF-hand protein, named peflin,
ith those of known PEF proteins. The PEF domain of
eflin is most similar to ALG-2 (40.9% identity) among
he family, particularly in EF-1 (46.2%) and EF-3
57.1%) regions. Peflin has a longer N-terminal hydro-
hobic domain than any other member of the family,
nd it contains nine nonapeptide (A/PPGGPYGGP) re-
eats. Western blot analysis demonstrated that peflin
30 kDa) was expressed in various nonadherent and
dherent cultured human cell lines, including Jurkat,
L60, HeLa, and HT1080. Peflin may play basic roles in
a21 signaling irrespective of cell types. © 1999 Academic

ress

The nucleotide sequence data reported in this paper will appear in
he DDBJ/EMBL/GenBank nucleotide sequence databases under Ac-
ession No. AB026628.
Abbreviations used: CBB, Coomassie brilliant blue R250; EST,

xpressed sequence tags; kb, kilobase(s); NHB, N-terminal hydro-
hobic; nt, length in nucleotides; PAGE, polyacrylamide gel electro-
horesis; PEF, five (penta)-EF-hand; RACE, rapid amplification of
DNA end; RT-PCR, reverse transcription–polymerase chain reac-
ion.
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nvolved in various cellular functions. Ca21 signaling is
ediated by a variety of Ca21-activated enzymes and
a21-binding proteins (1). The EF-hand motif, i.e. the
a21-binding helix-loop-helix structure, has been iden-

ified in numerous Ca21-binding proteins (2). The num-
er of repetitive EF-hand motifs in protein molecules,
hether or not capable of Ca21-binding, ranges from

wo to eight (see ref. 2 and references therein). From
-ray crystallographical analyses, we and others have

ndependently revealed that the Ca21-binding domains
f the pig and rat calpain small subunits have five
nstead of previously believed four EF-hand motifs,
nd that the calpain large subunits also possess the
enta-EF-hand (PEF) domains based on the sequence
lignment (3, 4). While EF-1 to EF-4 bind Ca21 with
igh or low affinity, the C-terminal EF-5, having two-
esidue insertion, does not bind Ca21. PEF domains are
lso found in other mammalian Ca21-binding proteins
5) such as in sorcin, amplified together with the
-glycoprotein gene in multidrug-resistant cancer cells

6), in grancalcin which is supposed to be associated
ith granule-membrane fusion and degranulation of
eutrophils (7), and in the product of the apoptosis-

inked gene ALG-2 (8).
While grancalcin and sorcin exist as homodimers (9,

0), calpain small subunits from various animals form
eterodimers with large catalytic subunits (11). The
ecombinant Ca21-binding domain of the calpain small
ubunit, however, forms a homodimer in the absence of
he catalytic subunit (12). One EF-5 pairs up with
nother EF-5 of the dimer counterpart as revealed by
he X-ray crystallography (3, 4). Previously, we re-
orted that recombinant ALG-2 (22 kDa) eluted
lightly faster (at 28 kDa) than expected in a gel filtra-
ion chromatography (13). Although the result sug-
ested a monomeric form of the recombinant protein, a



possibility of dimer-monomer inter-conversion during
t
M
h
c
t
h
t

c
l
p
b
t
s
a
i
s
t
i

s
t
n
p
n
t

M

s
c
h
c
(

t
o
f
d
A
a
o
w
p
c
w
P

t
p
c
p
E
B
w
1
H
t
p
n

clones of pRT-PCRFt and p39-RACE were fused at SacI site and
t
c
a
c

t
P
i
R
W
p
l
a
t
6
s
e
b
w
e
2
H
a
0

fi
p
b
s
w
m
m
m

g
n
f
t
o
b
s
a
s

R

p
u
t
s
t
c
t
T
w
c
c
c
3
p
E
t

Vol. 263, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
he chromatography could not be ruled out. Recently
issotten et al. have showed that ALG-2 also forms a

omodimer by the yeast two-hybrid method and by the
o-immunoprecipitation of the tagged ALG-2 expressed
ransiently in human cells (14). Thus, formation of
omodimer or heterodimer is the feature common to all
he members of the PEF protein family.

The PEF proteins including ALG-2 are localized in
ytosol, but Ca21 induces the changes of subcellular
ocalization (9, 11, 15–17). The PEF proteins are sup-
osed to interact with target proteins on or near mem-
ranes in various aspects of cell regulation in response
o Ca21. The N-terminal regions of the calpain small
ubunit, grancalcin, sorcin and ALG-2 are rich in Gly
nd hydrophobic residues regardless of the difference
n their lengths (5). As suggested in the calpain small
ubunit (18), these hydrophobic N-terminal domains of
he PEF proteins may also play important roles in their
nteractions with biological membranes.

To gain more insights into the nature of PEF protein
tructures, we searched for new members of the pro-
ein family. In the present report, we show that a
ewly identified EF-hand protein named peflin (PEF
rotein with long N-terminal hydrophobic domain) is a
ovel member of the PEF protein family and is similar
o ALG-2.

ATERIALS AND METHODS

Cell culture. HL60 and Jurkat cells were cultured in RPMI1640
upplemented with 10% heat-inactivated fetal bovine serum, peni-
illin (100 units/ml) and streptomycin (100 mg/ml) at 37°C under
umidified air containing 5% CO2. HeLa and HT1080 cells were
ultured similarly except using Dulbecco’s modified Eagle medium
DMEM).

PCR. 59- and 39-RACE (rapid amplification of cDNA end) reac-
ions were performed using a Marathon-Ready human fetus cDNA
btained from CLONTECH (Palo Alto, CA) and Ex Taq polymerase
rom Takara Shuzo (Kyoto, Japan). Gene specific primers used were
esigned from sequences of EST clones AA216424 for 59-RACE and
A226371 for 39-RACE, respectively. PCR products were cloned into
TA-cloning vector pCR-TOPO from Invitrogen (Carlsbad, CA). To

btain cDNA clones encoding an entire protein, PCR was performed
ith a forward primer containing the ATG codon and a reverse
rimer containing the stop codon using the Jurkat cell cDNA or fetus
DNA as a template. The nucleotide sequences of the isolated clones
ere determined with an automated fluorescent sequencer, ABI
RISM 310 (PE Applied Biosystems).

Northern blotting. Total RNA was isolated from cultured cells by
he acid guanidine thiocyanate phenol/chloroform method (19). Ap-
roximately 5 mg of RNA was electrophoresed in a 1% agarose gel
ontaining 2.2 M formaldehyde, 40 mM 3-(N-morpholino)-
ropanesulfonic acid (MOPS), 10 mM sodium acetate and 1 mM
DTA, and transferred to a positively charged nylon membrane from
oehringer Mannheim. The cDNA clone designated as pRT-PCRFt
as cut with BamHI to delete the GC-rich region (NHB domain) (Fig.
A). The resultant plasmid pTAdBmhpeflin was linearized with
indIII and used for in vitro transcription with T7 RNA polymerase

o synthesize antisense RNA (959 nt), which was labeled with the
soralen-biotin system and hybridization signals were detected
onisotopically with the kits from Ambion (Austin, TX). The cDNA
69
ransferred to pBluescriptIIKS(1) to generate the full-length cDNA
lone. The resultant plasmid pBShpeflin was linearized with EcoRV
nd used for in vitro transcription to synthesize sense RNA (1773 nt)
ontaining short vector sequences (132 nt).

Expression of peflin in E. coli. A 0.9-kb cDNA fragment covering
he entire protein coding region was excised from the clone pRT-
CRJk with NcoI containing the ATG codon and with EcoRI located

n the vector, and was inserted into the NcoI/EcoRI sites of the T7
NA polymerase expression vector pET-3d from Novagen (Madison,
I). E. coli BL21(DE3)pLysS was transformed with the resultant

lasmid pET-hpeflin and cultured as described (20). The E. coli
ysate was used as a positive control for Western analysis. For
ntigen preparation, a 0.6-kb BamHI/EcoRI fragment covering EF-1
o 5 of peflin was subcloned into a vector pET-24His which has a
xHis (hexahistidine) tag sequence between the NcoI and BamHI
ites of pET-24d. The recombinant protein HisDNhpeflin was recov-
red in pellets from the E. coli lysates. After dissolving the inclusion
odies with 8 M guanidine hydrochloride, the recombinant protein
as absorbed to the affinity resin TALON (CLONTECH) and
luted with 63 mM Tris-HCl, pH 6.8, containing 2% SDS, 5%
-mercaptoethanol, 10% glycerol and 50 mM EDTA. Eluted
isDNhpeflin was further purified by electrophoresing on a prepar-
tive 12.5% polyacrylamide slab gel, followed by staining with cold
.1 M KCl and extraction with PBS.

Western blotting. Balb/c female mice were immunized with puri-
ed HisDNhpeflin by the conventional method. Western blotting was
erformed essentially as described previously (21). After the mem-
ranes were blocked with PBS containing 0.1% Tween 20 and 5%
kim milk, they were incubated with anti-serum diluted 2,000-fold
ith PBS containing 0.1% Tween 20 and 0.1% bovine serum albu-
in. Immuno-signals were detected by the color development
ethod using 0.8 mg/ml diaminobenzidine (DAB) dissolved in 100
M Tris-HCl, pH 7.5, containing 0.4 mg/ml NiCl2 and 0.01% H2O2.

Computer analyses. Homology search was performed using a pro-
ram of the advanced BLAST 2.0 search (http://www.ncbi.
lm.nih.gov/cgi-bin/BLAST/). Multiple sequence alignment was per-
ormed with a program CLUSTAL W ver 1.7 (22) and a phylogenetic
ree was displayed with NJplot (23). Hydrophobicity profiles were
btained with the program, ProtScale (http://expasy.hcuge.ch/cgi-
in/protscale.pl), using the normalized consensus hydrophobicity
cale (24). A window of 9 residues was selected. Motifs in the deduced
mino acid sequence were searched by PROSITE (http://expasy.ch/
prot/prosite.html).

ESULTS

cDNA cloning. To find new members of the PEF
rotein family, we searched the human EST data bank
sing the BLAST program. Amino acid sequences of
he EF-4/5 regions of the known PEF proteins were
elected as query sequences because EF-5 is unique to
he family. Among the low to medium scored EST
lones, AA226371 displayed a novel sequence similar
o but distinct from the known PEF protein sequences.
hen, 59 region of the nucleotide sequence of AA226371
as used as a query sequence to find overlapping

lones. By the in silico gene walking method, EST
lones covering the entire protein coding region were
ollected (Fig. 1A). The PCR-based methods of 59- and
9-RACEs as well as the conventional RT-PCR were
erformed to obtain a full-lengthed peflin cDNA. In the
ST clone AA216424, residues upstream of the puta-

ive ATG codon is GACCCATGG. The cytosine residue
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t 23 position disagrees with Kozak’s consensus trans-
ation initiation site where residue at 23 should be
urine (25). The obtained p59-RACE clone, however,
as a sequence ATCACCATGG in agreement with the
onsensus sequence. The number of the determined
ucleotide residues of the peflin cDNA is 1641 includ-

ng 30 residues from polyA tail. Assuming that mRNAs
ossess polyA tails of 100–200 residues in general, the
ize of the obtained cDNA agrees well with the esti-
ated size of the peflin mRNA (1.8 kb) analysed by
orthern blot analysis (Fig. 1B). The peflin mRNA was

FIG. 1. Cloning of peflin cDNAs. (A) Schematic structure of p
ndicated by solid boxes and diagonally hatched boxes, respectively.
re drawn to scale with the bar indicating 200 bp. Overlapping EST
DNA clones obtained in the present study are shown with thick so
ndicated. The clones were obtained from the human fetus cDNA l
pRT-PCRJk). (B) Northern blot analysis. Total RNA (5 mg) isolated
T1080) was electrophoresed on a 1% agarose gel containing forma

iboprobe after transfer to a nylon membrane. The in vitro transcri
ector was used as a positive control (lane 6, 1 pg; lane 7, 10 pg; lane
NA (1900 nt, Xenopus elongation factor 1-a, 1 mg) as a carrier RNA
arkers: 28S (4718 nt), 18S (1874 nt).
70
etected in various cultured adherent and non-
dherent human cells including acute T-cell leukemia
ells (Jurkat), promyelocytic leukemia cells (HL60),
pitheloid carcinoma cells (HeLa) and fibrosarcoma
ells (HT1080).

Deduced amino acid sequence. Peflin is similar to
LG-2 (29.9%: 85 amino acid residue identity out of
84 residues) both in the PEF domain (40.9% identity)
nd in the NHB (N-terminal hydrophobic) domain. In
he latter domain, peflin has an insertion of nine re-

n cDNA. Nonapeptide sequences and EF-hand-like sequences are
e cDNA sequence has 1641 nt including a poly(A) tail (30 nt). Lines
nes are shown with GenBank/EMBL/DDBJ accession numbers. The
lines, and the nucleotide residue numbers of the 59 and 39 ends are
ary (pRT-PCRFt, p59-RACE and p39-RACE) and from Jurkat cells
m cultured cells (lane 1, Jurkat; lane 2, HL60; lane 3, HeLa; lane 4,
hyde and hybridization was performed with nonisotopically labeled
peflin RNA (1773 nt) containing short sequences derived from the

00 pg). The control samples contained in vitro transcribed unrelated
ane 5, carrier RNA alone (1 mg). Ribosomal RNAs were used as size
efli
Th
clo
lid
ibr
fro
lde
bed
8, 1
. L
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eats of nonapeptide A/PPGGPYGGP (Figs. 2A and
B). The EF-hand scores in the PEF domain are high in
F-1 and EF-3 (Fig. 2C). EF-4 and EF-5 have one- and

wo-residue-insertion in the potential Ca21-binding
oop, respectively. Potential phosphorylation sites are
redicted with PROSITE: 135-SMK and 168-SGR (by
rotein kinase C); 135-SMKE, 150-SFND, 202-SYTE
nd 271-SFED (by casein kinase II).

Comparison with other PEF proteins. Multiple se-
uence alignment of the PEF proteins and calmodulin
elated proteins has revealed that peflin belongs to the
EF protein family (Fig. 3). Phylogenetic tree displays
learly that peflin is similar to ALG-2 and separated
rom calpain subfamily (Fig. 4). As shown in Table I,
he conservation rate of amino acid residues varies in
ach EF-hand, among which EF-3 shows the highest
alue followed by EF-1. Interestingly, peflin is more
imilar to sorcin than to ALG-2 in EF-2. Compared
ith non-PEF proteins including calmodulin, peflin

FIG. 2. Primary structure of peflin. (A) Alignment of the amin
esidues are stippled. The nonapeptide repeats are indicated with
dentical residues in at least four repeats are highlighted. Less conse
C) Alignment of five EF-hand-like sequences (EF-1–EF-5) in the P
tippled. A potential Ca21-binding loop is indicated by a diagonally ha
, hydrophobic; O, oxygen-containing; G, glycine; I, aliphatic side
ydrophilic); hyphens, gaps. EF-hand score: number of matched resi
z, where the oxygen atoms of side chains (x, y, z, 2z), carbonyls (2
71
hows a moderate similarity from EF-1 to EF-3, but a
ow similarity in EF-4.

NHB domain. Although the lengths of the
-terminal domains of the PEF proteins are variable

23–113 residues), calpain small subunit, sorcin, gran-
alcin, ALG-2 and peflin have common features. Like
ther PEF proteins, peflin shows positive scores in the
-terminal domains in the hydrophobicity profiles

data not shown). The N-terminal hydrophobic do-
ains (NHB domains) are rich in Gly, Pro, Ala and

ydrophobic residues (Fig. 5). Prediction of secondary
tructures suggests that there are no a-helices nor
-sheets in the NHB domain of peflin (data not shown).

Detection of peflin protein. Antiserum was raised to
mmunologically detect the peflin protein in animal
ells. The antiserum reacted with a band of 30 kDa in
he lysate of E. coli expressing recombinant peflin, but
ot in that of control E. coli (Fig. 6A, lanes 7 and 8),

cid sequences of the NHB domains of peflin and ALG-2. Identical
rs above the sequence. (B) Alignment of the nonapeptide repeats.
d residues of G (Gly), P (Pro), and A (Ala) in the repeats are stippled.
domain. Identical or similar residues in at least three repeats are
ed bar. The EF-hand motif contains 16 preferred residues: E, acidic;
ains (Ile, Leu, Val, and Met); asterisks, variable residues (often
s. Ca21-coordinating positions are indicated by x, y, z, 2y, 2x, and

, and water molecules (2x) are usually ligands.
o a
ba

rve
EF
tch
ch

due
y)
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ndicating that the prepared antiserum contained an-
ibodies specific to peflin. When the lysate from Jurkat
ells was subjected to Western blotting, a band of 30
Da reacted with the immune serum but not with the
re-immune serum (Fig. 6A, lanes 6 and 9). Several
aint bands of 40 kDa and greater molecular mass were
etected with both immune and pre-immune sera, sug-
esting the results of non-specific immunological reac-
ions for these bands. The molecular mass of peflin
stimated by Western blot analysis, 30 kDa, agrees
ell with that calculated from the amino acid sequence
f the open reading frame (30248.16 Da, translation
nitiation Met is excluded). Taken together, the band of
0-kDa protein corresponds to peflin and there occurs

FIG. 3. Sequence alignment of the PEF domains. Identical or sim
roteins (soybean CDPK, mammalian and avian calmodulin, and c
romatic (F, Y, W); aliphatic side chain (L, I, V, M, A); acidic and
equences are from GenBank/EMBL/DDBJ (human calpain small su
F035606; soybean CDPK, M64987) and SwissProt (human grancalc
keletal muscle troponin C, P02588). Potential Ca21-binding loops a
72
o major proteolytic processing of the protein in cells.
s shown in Fig. 6B, the band of 30-kDa protein was
etected also in promyelocytic leukemia cells (HL60),
pitheloid carcinoma cells (HeLa) and fibrosarcoma
ells (HT1080), in agreement with the expression of the
eflin mRNA in these cells (Fig. 1B).

ISCUSSION

One of the most well known Ca21-binding proteins
ith multiple EF-hands is calmodulin which has four
F-hands and plays important roles in Ca21 signaling
y binding to enzymes, cytoskeletal proteins etc. (1, 2,
6). Previously we reported that a group of Ca21-

r residues among the PEF proteins (top six sequences) and non-PEF
en troponin C) are stippled. Amino acid similarity groupings are:

ide (E, D, Q, N); hydroxyl small side chain (S, T). The amino acid
it, X04106; human m-calpain large subunit, X04366; human ALG-2,

P28676; human sorcin, P30626; human calmodulin, P02593; chicken
ndicated by diagonally hatched bars.
ila
hick
am
bun
in,
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inding proteins possess five EF-hand-like sequences
nd show similarity to the sequence of the calpain
mall subunit (5). Although the loops of the fifth EF-
ands (EF-5s) have two-residue-insertions and do not
r may not bind Ca21, we propose the name PEF
penta-EF-hand) to collectively call the domains span-
ing from EF-1s to EF-5s of the Ca21-binding proteins

5, 13).
In addition to the presence of EF-5, a common fea-

ure of PEF domain is that all the members including
eflin, the newly identified member in this report, have
even-residue-deletions between EF-2s and EF-3s

FIG. 4. Phylogenetic tree of the PEF protein family. Using the
ligned (shown in Fig. 3), and a bootstrap tree file was created. The ph
f times that branches are clustered together out of 1000 bootstra
ndicating 0.05 amino acid replacement per site.

TAB

Sequence Comparison of Peflin

Regions in peflin: EF-1 EF-2 EF-3

No. of residues compared: 39 31 35

EF proteins
Calpain S-subunit 17.9 29.0 37.1
Calpain L-subunit 23.1 32.3 31.4
Sorcin 25.6 35.5 45.7
Grancalcin 20.5 35.5 45.7
ALG-2 46.2 29.0 57.1
on-PEF proteins
CDPK 25.6 29.0 34.3
Calmodulin 25.6 25.8 22.9
Troponin C 23.1 29.0 28.6

Note. Numbers of identical amino acid residues in the indicated
ercentage identities. Values greater than 30% are typed in boldfac
73
hen compared with the calmodulin sequence (Fig. 3).
his region in calmodulin corresponds to a flexible
entral a-helix which links two spatially separated
ubdomains, i.e., N-lobe (EF-1 and EF-2) and C-lobe
EF-3 and EF-4) (27). Indeed, the 3-D structure of the
alpain small subunit revealed by X-ray crystallogra-
hy indicates that the EF-4 is in proximity to EF-1 and
F-2, and that the two lobes are not independent.

nterestingly, while regions from EF-1s to EF-3s are
elatively conserved between peflin and calmodulin,
F-4s are less conserved (Table I). This is also true
hen peflin is compared with soybean Ca21-dependent

ault setting of CLUSTAL W 1.7, the PEF domain sequences were
genetic tree was drawn with NJplot. The values indicate the number
rials. Horizontal branch lengths are drawn to scale with the bar

I

th PEF and Non-PEF Proteins

EF-4 EF-5 EF-1;EF-4 EF-1;EF-5

32 34 137 171

21.9 17.6 26.3 24.6
21.9 14.7 27.0 24.6
28.1 35.3 33.6 33.9
28.1 29.4 32.1 31.6
31.3 38.2 41.6 40.9

3.1 5.9 23.4 19.9
9.4 — 21.2 —
9.4 — 22.6 —

ions are counted and the degrees of similarities are expressed as
d boxed.
def
ylo
p t
wi

reg
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rotein kinase (CDPK) which has an extra region
ownstream of EF-4, giving the basis that CDPK does
ot belong to the PEF protein family. This fact sup-
orts the validity of our strategy where we used amino
cid sequences ranging from EF-4s to EF-5s as query
equences for searching the EST data bases to find new
embers of the PEF protein family by the BLAST

rogram. Using the sequences of EF-5s alone gave
xtremely low scores and it was difficult to evaluate the
imilarity between the hit sequences and those of the
F-hand proteins. No additional new members have
een found in the updated data bases in animals, but
istantly related PEF-like sequences have been found
n plants and fungi (data not shown). Among the PEF
roteins, peflin is most similar to ALG-2 (Fig. 4 and
able I). Although ALG-2 like sequence is found in the
NA data base of C. elegans, peflin homolog is not

ound in the invertebrate (data not shown). Peflin
ight play roles in Ca21 signaling for events specific in

igher vertebrates.
Whereas the calpain large subunit has a catalytic

rotease domain in the upstream of the PEF domain,
he calpain small subunit, sorcin, grancalcin, ALG-2
nd peflin have clusters of Gly, Pro, Ala and hydropho-
ic residues in their N-terminal domains (NHB do-
ains) (Fig. 5). Among the PEF proteins, peflin is most

imilar to ALG-2 also in the NHB domain (Fig. 2A and
ata not shown). Interestingly, due to the insertion of
onapeptide repeats (A/PPGGPYGGP), peflin has the

ongest NHB domain while ALG-2 has the shortest
ne. The similar nonapeptide motif containing Tyr is
ot found in any other known proteins so far examined.
EF-hand scores in the PEF domain of peflin are high

n EF-1 and EF-3, suggesting possible Ca21-binding at
hese sites (Fig. 2). In the present report, however, we
ould not show direct evidence of the Ca21-binding
apacity of peflin. Neither full-lengthed peflin nor
xHis-tagged PEF domain was recovered as soluble
rotein when expressed in E. coli even under low tem-
erature, and the expressed insoluble proteins could
ot be used for Ca21-binding experiments. Fusion with

FIG. 5. Amino acid compositions of the NHB domains of the
uman PEF proteins. Numbers of amino acid residues used for
alculation are indicated to the right. Amino acids are classified into
even groups: G, P, A, Y, ILMV, FW, and others.
74
ant protein, but the purified protein appeared at a
oid volume upon Superdex-200 gel filtration chroma-
ography. The aggregated sample did not show Ca21-
ependent conformational change by the assay using a
uorescent hydrophobicity probe which worked well
or recombinant ALG-2 (13). An attempt of Ca21-
verlay assay using proteins transferred to membranes
fter SDS-PAGE was also in failure, probably due to
ifficulty in renaturation of the denatured protein. To
etermine the ability of peflin to bind Ca21, the protein
eeds to be purified in the native form either from
ammalian cells as naturally occurring peflin or from

nsect cells as recombinant peflin using baculovirus
xpression system. Subcellular fractionation of peflin
n the presence and absence of Ca21 suggests that
eflin undergoes conformational change upon binding
o Ca21 and interacts with membranes or other macro-
olecules in the presence of the ion (data not shown).
Recently, an ALG-2-interacting protein named AIP1

r Alix was cloned by the yeast two-hybrid method (14,
5). AIP1/Alix is similar to BRO1, a yeast protein in-
olved in the Pkc1p-MAP kinase cascade (29). BRO1
utations result in a temperature-sensitive osmore-
edial growth defect, which is suppressed by Ca21. S.

FIG. 6. Western blot analysis of peflin. (A) Examination of spec-
ficity of the anti-peflin antiserum. Mixed cell lysates from E. coli
arboring pET-hpeflin (positive control) and E. coli harboring
ET-3d in the ratio 1:49 (lanes 1, 4, and 7), cell lysates from E. coli
arboring pET-3d (lanes 2, 5, and 8), and cell lysates from Jurkat

lanes 3, 6, and 9) were electrophoresed on a 10% gel, followed by
ither staining with CBB (lanes 1–3) or Western blot analysis with
reimmune serum (Pre, lanes 4–6) or immune serum (anti-peflin
ntiserum) (Im, lanes 7–9). Arrow indicates the immunoreactive
ands for peflin (30 kDa). (B) Detection of peflin in several human
ell lines by Western blotting.



cerevisiae genome contains a PEF-like sequence encod-
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ng a hypothetical 38-kDa protein YG-25 (5). It re-
ains to be established whether YG-25 interacts with
RO1 and serves as an ALG-2-like protein. Future
tudies would clarify whether peflin acts like ALG-2 in

similar way in apoptotic pathways in mammalian
ells by interacting with AIP1/Alix or its related pro-
eins. Interestingly, the C-terminal region of AIP1/Alix
s rich in Pro, Ala and Tyr as in the case of the NHB
omain of peflin. Studies are in progress to search
eflin-interacting proteins to infer physiological func-
ions of the newly identified PEF protein.
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