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Abstract

The extracellular matrix protein, osteopontin, is a ligand for several members of

the integrin family, including a5p1, avp3, avBS and a9B1. Osteopontin is a subst_- te for a

number of extracellular proteases, including thrombin and the metalloproteases M

and MMP-7, which cleave osteopontin at sites close to or within the mapped mtegn :

binding sites. Using affinity chromatography and cell adhesion assays, we now ident:fy the
integrin avp6 as an additional osteopontin receptor. Utilizing a senes of recombmant forms
of osteopontin we compared the structural requirements l'orrjo'.yﬂﬁ binding w1th those for

the 4 other osteopontin-binding integrins. Like a5p1, avp3 and avpsf(b“in not a9p1), avpé

__tatu'm' of this site to RAA
and aSp1 the N-terminal
gand than full length

binds to the RGD site in osteopontin, since RGD peptide or
completely inhibits avp6-mediated cell adhesion: For both a

fragment generated by thrombin cleavage is 2 much better

osteopontin, whereas thrombin-cleavage does not appear to be required for optimal

adhesion to avp3, avps or avp6. A recomb fragment predicted to be generated by
MMP cleavage no longer supported aSB1 or a9ﬁ1-medlated adhesion, but adhesion

mediated by avp5 or avB6 was unaffected, F

ally, adhesion of avp5 or vB6 was inhibited
by mutation of two aspartic acid residues up

mediated by avB3, a5p1 or a9

am of the RGD site, whereas adhesion

s unaffected by these mutations. These results suggest

that the hierarchy of inteénn:inierac ions with osteopontin can undergo complex regulation

at least in part through the acti

of extracellular proteases.




INTRODUCTION

Osteopontin is an acidic phosphorylated glycoprotein with versatile
functions, including roles in tissue remodeling and regulation of immunity and
inflammation (Denhardt and Chambers, 1994; Denhardt et al., 2001; Weber and_:__:(_:antor,
1996). Principal ways osteopontin can affect cellular behavior is through iptera(:;.g'bns
with integrins or CD44 (Ashkar et al., 2000). Integrins are heterodimeric cell surface
glycoproteins that mediates cell response to extracellular matrix proteins (Danen and
Sonnenberg, 2003; Hynes, 2002; Sheppard, 2000). Osteopontin confaiﬁs the canonical
integrin recognition sequence, arginine-glycine-aspartic acid (RGD) and the integrins
avpl (Hu et al., 1995; Liaw et al., 1995), avB3 (Miyauchi et al, 1991}, avB5 (Hu et al.,
1995; Liaw et al., 1995), «5B1 (Barry et al., 2000; Nasu et al., 1995) and a8f1 (Denda et
al., 1998) have all been reported to bind to osteopontin through this sequence. Two

other integrins, a4B1 and a9p1, bind to non-RGD 51t

>steopontin. We have recently

mapped the binding site of a9p1 in osteopontin and shown that it recognizes the
sequence 162SVVYGLR168 immediately adjacent to the RGD (Yokosaki et al., 1999).
According to recent microarray studies, osteopontin is dramatically up-regulated in
response to various environmental insults in ‘r‘nany tissues (Kang et al., 2003; Boeshore
et al., 2004; Ye et al., 2003). Expression of ihe avP6 integrin is also upregulated in
response to environmental insﬁlts. Interestingly, osteopontin itself appears to be
induced at least in part by an &vBG—dependent pathway, since induction of osteopontin
in response to lung injury by bleomycin is markedly attenuated in f6-subunit knockout
mice (Kaminski et al 2000) Because avf6 binds to RGD sites in each of its known

ligands, we sought to de ine whether this integrin is also a receptor for osteopontin.

In the extracellular space o eopontm has been shown to be a substrate for proteolytic
cleavage by thrombin (Senger, 1994) and the matrix metalloproteases MMP-3 and
MP—7 (Agnihotri et al., 2001). Thrombin cleaves osteopontin between 168R and 1695,
and this cleavage event is required for a9B1 interaction with the resultant N-terminal
fragment (Smith et al., 1996). MMP-3 and MMP-7 have been reported to cleave
osteopontin between 166G and 167L, within the a9f31 binding site (Yokosaki et al.,
1999) and adjacent to the RGD sequence recognized by most of the other
osteopontin-binding integrins. Integrin binding to RGD sites in ligands has been

shown to be modulated by the amino acid sequences adjacent to the RGD, it is thus



conceivable that the specificity of integrin interactions with osteopontin could be
regulated, at least in part by proteolytic cleavage of osteopontin. To explore this
possibility, we generated recombinant forms of osteopontin to map the binding
requirements for several integrins that bind to osteopontin and to determine the likely
effects of proteolytic cleavage by MMPs and thrombin on the spec1f1c1ty of 1ntegrm
binding. '

RESULTS

av 36 integrin directly binds an N-terminal fragment

To determine whether the avfp6 mtegr

performed affinity chromatography by passmg { S]methlomne- and

[*Slcysteine-labeled secreted avp6 over Sepharose cross-lmked to thrombin-cleaved
N-terminal osteopontin fragment (nOPN ){or BSA as a control) Bound avp6 was
eluted by EDTA. There were no bands detect in the eluant from the BSA column,

whereas each lane of the eluted fraction fror

corresponding to truncated av (130 kDa) an peé (85 kDa). These results indicate
integrin avp6 binds to nOPN.

We tested four cell l;l_ries,hiiiock-, B3-, p6- and a9-transfected SW480 cells for
o3, avp5, avf6, a3B1 and a9B1 to use for adhesion

the expression of integrir
assays to various rec mbmant osteopontin fragments. Although levels of expression
were not exactly the same among the four cell lines, all cell lines including
mock-transfected cells expressed integrins avp5 and a5p1. B3-, P6- and a9-transfectants
also ekbressed avP3, avp6 and u9p1 respectively (Fig. 2). These 4 cell lines were
analyzed in adhesion assays to nOPN first. In mock-transfected cells,

anti-a5p1 monoclonal antibody, P3D10, and anti-avp5 antibody, P1F6 each partially
inhibited adhesion to nOPN when used separately and completely inhibited adhesion
used in combination (Fig. 3A). These data confirm that a5B1 and avp5 are the principal
osteopontin receptors on mock-transfected SW480 cells. However, these two antibodies

were not sufficient to abolish adhesion of any of the other 3 transfectants. For 3-, B6-



and a9-transfectants the further addition of anti-avf3, anti-avf6, or anti-a981 blocking
antibodies, respectively, did result in complete inhibition of adhesion to nOPN. But
each of these antibodies, when used alone, could not inhibit the adhesion completely
(Fig. 3B, C, D). Therefore, in the presence of P3D10 and P1F6, these 3 transfectants
adhered to nOPN utilizing a single integrin receptor.

av 6 binds to the RGD site in osteopontin

Since avP6 has not been reported as an osteopontin receptor, we further

tested this interaction of fé-transfected SW480 cells with ost

of blocking antibodies against a5p1 and avp5, B6-transf

nts'adhered to nOPN in a
'of.zo to 600 nM,

concentration-dependent fashion at concentrations within a 1
which was completely abolished by the owBG—blockmg antibody-10D5. Under these
conditions, mock transfectants did not adhere at any concentration of nOPN (Fig. 4A).
To determine if this avp6-mediated adhesion was RGD- dependent pé-transfected cells
were incubated with GRGDS?P peptide before plating, which completely abolished
adhesion to nOPN. pé-transfected SW480 cells were also plated on mutant nOPN in
which the RGD sequence was mutated to RAA, and no adhesion was detected. These
results demonstrate that o«vp6 binds to the RGD site in osteopontin (Fig. 4B). To
confirm this interaction, we next tested adhesion of UCLA P3 lung cancer cell line that
naturally express avp6 to nOPN. Unlike SW480 cells UCLA P3 cells do not express
a5B1, but express avp5 (Fig. 4C). UCLA P3 cells adhered to nOPN well, which was
only partially blocked by a ‘
blocked by an addition of anti-avp6, 10D5, although adhesion of UCLA P3 to nOPN
was only partially blocked by10D5 alone (Fig. 4D). The blocking effect of 10D5 was
obvious in the presence of P1F6, indicating that UCLA P3 adhered to osteopontin

"'16‘tv|35‘,”P1F6. The residual adhesion was prominently

mediated at least in part by integrin avf6.

Structural requirements for binding of integrins av 6, avf3, avf5, aspl and a9pi to
N-terminal frdgment of osteopontin

Several integrins overlap their binding to the region of osteopontin
containing the RGD site. Sequences around the RGD site can provide specificity for
binding of integrins (Ruoslahti, 1996). We therefore examined whether avp6 has |

distinct structural requirements from other osteopontin receptors that recognize RGD,



avp3, avB5 and a5B1, in comparison with aSp1 that recognizes a non-RGD site
(Yokosaki et al., 1999). The structure of the RGD-containing region in osteopontin was
modified by substitution of two upstream asparatic acid residues by alanine (D154A
and D157A) and by substitution of a downstream tyrosine residue that is critical for
binding of «9B1 (Y165A) (Fig. 5) (Yokosaki et al., 1999) . To examine the role of
individual integrins in binding to each mutant, we performed adhesion assays in the
presence of blocking antibodies to each of the other integrins present in our various cell
lines. Thus, binding of integrin avP3 was observed as adhesion of B3-transfected
SW480 cells in the presence of antibodies against «5p1 and owBS, avB5 as adhesion of
mock-transfectant in the presence of antibodies against a5p1, «vP6 as adhesion of
pé-transfectant in the presence of antibodies against a5f1 and avf5, dS[Bl as adhesion
of mock transfectant in the presence of antibodies against avp5, and 98! as

a9-transfectants in the presence of antibodies against a581 and avp5. Adhesion of avf3

was the same for wild type nOPN and all mutants examined. In contrast, avf6
adhered poorly to the D154A mutant and did not bind at all to the D154,157A double

mutant. The avB5 adhesion pattern was similar to avfi6, but avp5-mediated adhesion

was less sensitive to these mutations. aSBl-_medlated adhesion was only minimally
affected by mutation of D154 and D157 and oc9Bl mediated adhesion was not affected
at all by these mutations. However the, Y165A mutation dramatically inhibited a981-

and a5p1-mediated adhesion, with no effect on adhesion mediated by avp3, avB5 or
avP6 (Fig. 6). These results suggest that these integrins have different structural

requirements for intera tifm with osteopontin. avp3-mediated adhesion appears to

depend principally on the RGD sequence itself, avP6- and avp5-mediated adhesion is

also sensitive to ammo 's upstream of the RGD site, a5p1-mediated adhesion

depends on the RGD 51te and is sensitive to amino acids downstream, and
a9B1-mediated adhesion is completely dependent on the SVVYGLR sequence

downstream of RGD.

D:fferentml effects of thrombin- or MMP-3, 7-cleavage on cell adhesion mediated by
av fi6, avﬁB, avfi5, a5p1 and a9f1

Since integrin mediated adhesion to osteopontin appeared to be affected by
conformational changes close to or within the integrin binding site (Fig. 5), we next

compared adhesion mediated by each integrin to full length osteopontin (fOPN) and



recombinant forms mimicking two naturally occurring cleavage forms that are
produced by cleavage by proteases, MMP-3 or MMP-7 (nOPN-dLR), or thrombin (the
nOPN form used above) (Fig. 5). The MMP-3, 7-cleaved form (nOPN-dLR) was made
by deletion of 2 residues, LR, of nOPN. fOPN was generated from full length cDNA.
Integrins avf6, avP3 or avp5 each bound equally well to nOPN, nOPN-dI:R and fOPN,
indicating that these 2 cleavages do not influence their binding to osteopontin. In
contrast, o5p1-mediated adhesion was dramatically affected by these cleavages.
Although o5p1 mediated robust adhesion to nOPN, a5p1-mediated adhesion to fOPN
or nOPN-dLR was substantially reduced (Fig. 7A), indicating that adhesion of a5p1 to
fOPN was enhanced by thrombin cleavage, but that osteopontin cleavage by MMPs
would be inhibitory. To confirm these results, we enzymatically cleaved fOPN by
thrombin or MMP-3 (Fig. 7C) and used these cIeaved fragments for adhesion assays.

As expected, thrombin cleaved osteopontin in two overlapping fragments of essentially
the same molecular mass, which were also the saxﬁe mass as nOPN. This band was
separated in 15% polyacrylamide gel (data not shown). In addition to the 166G-167L
cleavage site, MMP-3 cleaves two other sites in the C- terminal fragment of osteopontin
(Agnihotri et al., 2001). MMP-3 cleavage was mcomplete and generated several
fragments, one of which was the same molecular mass as nOPN-dLR. Wells of cell
adhesion plate were coated with these protease-treated fragments. Assays with these
cleaved-fragments demonstrated the same findings as we observed for recombinant

fragments (Fig. 7A, B).

DISCUSSION

In the present study, we have identified a new osteopontin receptor, the

mtegru‘i o P36, that, like the integrins avf3, avp5 and a5p1 recognizes the RGD site in

osteopontm : At least one other integrin, a9[31 also binds to osteopontm but recognizes

each of these 5 integrin osteopontin receptors. avp3 recognized all of the mutant
fragments we generated, as long as the RGD sequence remained intact. avp5 and avp6

were both more sensitive to mutations in the sequence adjacent to the RGD site, but all



three of these av-integrins could bind equally well to intact osteopontin or to the
N-terminal fragments generated by thrombin or MMP-mediated cleavage. Interestingly,
proteolytic cleavage had important effects on osteopontin binding of both a51, which
recognizes the same RGD site as the av-integrins and «9p1, which does not bind to this
site. In both cases, adhesion was minimal to intact full-length osteopontin, was greatly
enhanced by thrombin-mediated cleavage and was inhibited by MMP-mediated

cleavage. These results suggest that proteolytic cleavage of osteopontin can

to osteopontin.
The thrombin cleavage site is downstream from the RGD'seqﬁeﬁce by 7
residues, SVVYGLR (Fig. 4) (Senger, 1994). We have previously reported thét either
deletion of 2 residues, LR (nOPN-dLR), or alanine-replacement of the tyrosine in the
SVVYGLR sequence (nOPN-Y165A) of nOPN abolishes mtegnn o9f1 mediated
adhesion (Yokosaki et al., 1999). After we reportedthe SVVYGLR sequence,
osteopontin was found to be a substrate for MMP-3and MMP-7 (Agnihotri et al., 2001).
A cleaved fragment of either MMP-3 or MMP—? was identical to nOPN-dLR. Although
this MMP-cleavage did not affect binding of av-integrins, a5p1-mediated adhesion was
inhibited either by the nOPN-dLR deletion or nOPN-Y1656A, like a9B1. Thus the
osteopontin SVVYGLR sequence appears to be required for optimal a581 binding,.
«5f1 has been most extensively characterized as a receptor for fibronectin (Mould et al.,
2000; Obara et al., 1988; Pierschbacher and Ruoslahti, 1984). In that case, interaction
with an RGD site is also necessary, but not sufficient for optimal a5p1-mediated
adhesion. In addition to the classi'c;l synergy site, PHRSN (Aota et al., 1994), other sites

reduced when fO_PKI was used as a substrate. This is consistent with a previous report
that «5B 1 on K562 cells binds to thrombin-cleaved but not to full length osteopontin
{(Barry et al., 2000).:The integrin a9p1 recognizes the SVVYGLR sequence in
osteopontin and we have previously reported that it does not bind to full length
osteopontin, suggesting that the SVVYGLR site is cryptic in full length osteopontin and
exposed upon thrombin cleavage (Yokasaki and Sheppard, 2000). The enhancement
of a5p1 binding to osteopontin by thrombin-cleavage and reduction by MMP-cleavage
within the SVVYGLR support this idea that the SVVYGLR sequence serves as a



synergy site for a5p1 binding to osteopontin.

Integrin avp6 is abundant in developing epithelial organs, but expression is
limited in healthy adult epithelia (Breuss et al., 1995)}. In response to tissue injury or
inflammation «vf6 is commonly highly induced (Hakkinen et al., 2004; Miller et al.,
2001; Sawada et al., 2004). Osteopontin is also expressed at low levels in healthy adult
organs, but dramatically induced in the setting of injury (Iguchi etal., 2004 Isoda etal.,

2002; Takahashi et al., 2004; Wang et al., 2000). There is some evidence that :expressmn
of osteopontin and avf6 might be coordinately regulated in response to'm.jt;ry: For
example, treatment of mice with intratracheal bleomycin, a drug that causes acute lung
injury and inflammation, dramatically induces pulmonary_éxpression of both
osteopontin {(Kaminski et al., 2000) and avB6 (Munger et al., 1999). However, whereas
osteopontin was among the most highly induced genes in wild fype mice treated with
bleomycin, osteopontin was not induced in mice homozygbus for a null mutation in
the P6 gene, suggesting that induction of osteopentin may, in some cases, be regulated
by the avf6 integrin. At the very least, osteopontinrand oavf6 are often coordinately

expressed in developing, injured or inflamed epithelial organs.

Osteopontin has been suggested tq_:_cohtribute to a wide array of biological
and pathological responses (Denhardt et al.; 2001; Diao et al., 2004; Gravallese, 2003;
Khan and Kok, 2004; Kyriakides and Bornstein, 2003; O'Regan, 2003). From this paper

and several others, it is now clear that several members of the integrin family can serve

as osteopontin receptdi;é,::"mclu ing avBl, avp3, avB5, avps, 04fl, a5p1, a8l and o9p1.
Thus, some of the diversity of osteopontin function might be regulated by the integrin
repertoire of the respoﬁﬂir_ig cells. In addition, as we have shown, the two proteolytic
cleavage sites within the region of osteopontin containing all of the apparent integrin
recognition sequences is likely to allow for further regulation of osteopontin function
through extracellular processing by proteases. Finally, osteopontin is a highly flexible
molecule (Fisher et al., 2001; Helluin et al., 2000), which might be able to adopt

dlfferent conformatlons depending on interactions with additional proteins in the

ar sp space It is thus conceivable that the distinct structural requirements we

ti_fged for interaction with several members of the integrin family could

provide an additional level for regulation of ostecpontin function.



EXPERIMENTAL PROCEDURES

Cell Lines, Antibodies and Reagents

cells that secrete truncated integrin avpé (Wemacker et al., 1994) and human lung
cancer cells UCLA P3 cells were from Dean Sheppard (UCSF, San-FranmsC?, CA).
Anti-avB5 mAb P1E6 (Weinacker et al., 1994), anti-avB6 E7P6 (Weinacker et al., 1994),
10D5 (Huang et al., 1998) anti-a551 P3D10 (Setty et al., 1998) ..-%Qt__:i-dQB.l___Y9A2
(Wang et al., 1996) were also gifts from Dean Sheppard. Ce were;;ﬁiaintained in
Dulbecco’s Modified Eagle Medium (DMEM, Ir r
supplemented with 1 mg/ml of the neomyci
NY). GRGDSP peptide was purchased from Invm'ogen (Grand Island, NYY), thrombin
from Amersham Biosciences (Piscataway, NJ), MMP-3 from Sigma (St. Louis, MO).

vitrogen, Grand Island,

Antibody LM609 against avf33 was from Chemicon (Temecula, CA).

L BD Biosciences {San Jose, CA).

Phycoerythrin—conjugated anti-a5, [TA1, W"a

was purchased from Amershani Bi .sc1ences (Piscataway, NJ).

Cell adhesion assays

Wells of non-tissue culture treated polystyrene 96-well flat-bottom microtiter
plates (Nunc Inc., Naperville, IL) were coated by incubation with 100 pl of osteopontin
in phosphate buffered saline at 37°C for 1 hour. For blocking experiments cells were

incubated in the presence or absence of soluble peptide or monoclonal antibody on ice

utes befo pl:aung Wells were washed with phosphate buffered saline, then

ke w1th 1% bovme serum albumin in DMEM. 50,000 cells were added to each

for

well in 200 ul of serum—free DMEM containing 0.5% bovine serum albumin. Plates were
centrifuged at 10 x g for 1 minute, then incubated for 1 hour at 37°C in a humidified
atmosphere with 5% CO,. Non-adherent cells were removed by centrifugation topside
down at 48 x g for 5 minutes. The attached cells were fixed with 1% formaldehyde,

stained with 0.5% crystal violet, and excess dye was washed off with phosphate
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buffered saline. The cells were solubilized in 50 ml of 2% Triton-X-100 and quantified
by measuring the absorbance at 595 nm in a Microplate Reader (TECAN, Maennedorf,
Switzerland). In each experiment wells were coated with BSA only of which
absorbance values were subtracted from those of test wells. The subtracted values were

not over 0.08 throughout the experiment.

Expression of recombinant osteopontin fragments

PCRIIby

Polymerase Chain Reaction with restriction site-tagged prnmers that ‘amplify the same

region as previously described (Smith et al., 1996), and then cloned between the BamH1
and EcoRI sites within the multiple cloning site of pGEX6P2 plasmld (Amersham
(fOPN) was amplified
with the same forward primer as above and reverse encompassing the coding region,
and cloned between the BamH1 and Xhol sites of the pGEX6P2.  One isoform, OPNa,
that contains each exon (Yokosaki et al., 1999) was used throughout this study. Wild

Bioscience, Piscataway, NJ}. cDNA for full length osteopon ;

type or variant recombinant osteopontm protelns were prepared by bacterial
expression as recommended by the manufacturer. Briefly, competent DH5a cells were
transformed by heat shock and grown on ampicillin-containing plates. Individual
colonies were picked and propagated overnight in 2 ml of 2 x YT medium with 100
ug/ml of ampicillin at 37°C..100 ml of 2 x YT medium was inoculated with 1 ml of the
bacteria, and incubated at 30°C until OD600 reached 0.5-2, at which time
isopropyl-beta-D-tn“iogalactopyranoside (IPTG}) was added to a final concentration of
0.1 mM. Cultures were grown for several more hours, cells were collected and
sonicated, and glutathione S-transferase fusion proteins were affinity purified with
glutathione Sépharose 4B beads and then cleaved off from glutathione S-transferase
w1th PreSczssmn protease (Amersham Bioscience, Piscataway, NJ) into Tris-buffer or
phosphate buffered saline (PBS). Concentrations of recombinant proteins were
determined by the Bradford assay (Pierce, Rockford, IL) using Bovine serum albumin
(BSA) as a standard. Purity of the product was confirmed by 12.5%

SDS-Polyacrylamide gel electrophoresis followed by Comassie Blue staining,.
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Mutagenesis

Site directed mutagenesis was performed with the QuickChangé
Site-Directed Mutagenesis Kit (Stratagene, San Diego, CA) as previously described
(Yokosaki et al., 1998). Both strands of the expression plasmid were replicated by PCR
using pfuDNA polymerase with two complementary primers designed to introduce
the desired mutation. The amplification product was treated with Dpnl endoriilclease,

specific for methylated DNA, to digest the parental DNA template. Then DH5a

from several isolated colonies were prepared by QIAprep Spin Miniprep Kit (Qiagen,
Hilden, Germany), and inserts were sequenced by ABI3100 séquencer (Applied
Biosystems, Foster City, CA) with primers flanking the polyl;inkgrl:of the pGEX vector.
The verified mutated inserts were subcloned into pGEX vector tﬁét had not been
amplified by PCR. .

Affinity Chromatography
BSA or recombinant nOPN was coupled to Sepharose beads (Amersham
Bioscience, Piscataway, NJ) for 4 hours at 4 °C. Secreted avp6 was metabolic-labeled
and produced by CHO cells transfected with truncated ov and p6 cDNAs as described
(Weinacker et al., 1994). After afﬂmty jt__hatric
monoethanolamine and 0.5 M &éCl bﬁffer with PH 8.3, and washed with 0.1 M
sodium acetate and 0.5 M NaCI, followed by PBS, culture medium of the

avpé-secreting CHO cells was passed thorough the affinity columns. The bound
protein was washed with column buffer then eluted with 20 mM ethylenediamine
tetraacetic acid (EDTA) in PBS. The eluted fraction was run on the 7.5 %
polyacrylamide gel followed by a fluorography.

Flow cytometry

Expression of integrins avp3, avp5, avp6, a5p1 or a9p1 was analyzed by
flow cytometry. Cells were incubated with goat serum and washed with PBS. Then
cells were incubated with either antibody LM609, P1F6, E7P6 or Y2A2 for 20 minutes at
4 °C for staining avB3, avB5, avpé, or adpl, respectively, followed by incubation with
secondary phycoerythrin-conjugated goat anti-mouse IgG.  «5B1 was stained with

phycoerythrin-conjugated IIA1 for 20 minutes at 4 °C. After cells were washed with
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PBS, the expressions were then quantified on 10° cells with a FACSCalibur (BD

Biosciences, San Jose, CA).

Enzyme cleavage of osteopontin

fOPN was subjected to enzyme reaction with thrombin or MMP-3 at 37°C for
15 to 120 minutes in cleavage buffer (200 mM of NaCl, 50 mM of Tris-HCl, pH?7.6, 5mM
CaCl) as previously described (Agnihotri et al., 2001). The products were separated by
SDS-PAGE and stained with Comassie Blue. '_
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