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ABSTRACT. ExtracellularP?,P*-diadenosine Btetraphosphate (A) has been implicated as a modulator

of cell stress. We have previously demonstrated specific receptors @ &pthe surface of cardiac
myocytes (Walker et al., 1993a). In addition, we have isolated a monoclonal antibody (mAb TL4) that
recognized the AjA receptor and inhibited binding of A to its receptor (Walker & Hilderman, 1993).

As part of our effort to characterize the Mpreceptor building domain, we screened a random phage
peptide library with mAb TL4. After affinity purification of specifically bound phage, we isolated 38
individual phage clones. Twenty-eight of these clones bound mAb TL4 in ELISA and dot blot analyses.
Twenty-two of the twenty-eight individual clones contained inserts with an RGS tripeptide sequence.
Synthetic RGS peptide specifically inhibits the binding of mAb TL4 to its membrane receptor. Furthermore,
the RGS peptide also inhibit8H]Ap.A binding to its receptor. These data are consistent with the RGS
peptide mimicking part of the mAb TL4 recognition site on thesApeceptor. The RGS peptide may

be used to help characterize thesApreceptor binding domain and to help determine the physiological
significance of the interaction between #pand its receptor.

Diadenylated nucleotides have been studied for only a ences smooth muscle tone of isolated rabbit arteries (Luthje
relatively short period of time. Nevertheless, our current & Ogilve, 1987), increases basal secretion of catecholamines
understanding of their metabolism and mechanism of action from isolated chromaffin cells (Castro et al., 1990), and
in prokaryotic and eukaryotic cells suggests that these activates glycogen phosphorylase in isolated liver cells (Crik
dinucleotides may constitute a versatile system of cell et al., 1993).
regulation. P%,P*Diadenosine Stetraphosphate (Ap, CAS The pleiotropic nature of A\ may be due to the
registry number is 102783-36-8) has been termed an alar-activation of a second messenger system with distinctly
mone [reviewed in Kitzler et al. (1992); Remy, 1992; Ogilve, different ramifications in different cell populations or activa-
1992] since it is released into the blood following stress tion of distinct second messenger systems in differing cell
(Flodgaard et al., 1982; Rodriguez et al., 1988; Castro et populations. There is indeed evidence that binding of
al., 1990; Zamecnik et al., 1992; Pintor et al., 1992) and extracellular ApA initiates a redistribution of intracellular
modulates diverse physiological functions. calcium (Castro et al., 1990, 1992; Colvin et al., 1991; Pintor
etal., 1992; Sen et al., 1993), a ubiquitous second messenger.
This internal calcium mobilization, induced by A
modulates catecholamine secretion in chromaffin cells (Cas-
tro et al., 1992), inhibits cardiac sarcolemma adenyl cyclase
(Colvin et al., 1991), and activates protein kinase C (Sen et
al., 1993). These data are consistent with the notion that

(Vassort et al., 1993). By using purified plasma membranes extracellular ApA alters diverse physiological processes

we have calculated Ko value of 0.074:M for ApsA and a through the activation of second m.essenger. systgms.
Ko value of 0.84M for ATP binding to the ApA receptor The common features that underlie the pleiotropic effects

(Walker et al., 1993a). This indicates that there is not a Of AP+A are the properties of the membrane receptor and
significant amount of ATP occupying the 4 receptor. possibly the mechanism through which it activates one or
Thus, localized release of Af and ATP resulting from more second messenger systems. Therefore, an understand-
platelet activation will favor ApA binding and supports the ing of the molecular basis for the diverse roles,Aplays

notion that this molecule is involved in signal transduction. in cellular physiology must begin with a (_jeta|led analysis
of the membrane receptor. An understanding of the structure

The effect of ApA binding to its cell surface receptor  of the receptor not only will allow the preparation of
has been characterized in several cell types. Itinhibits ADP- perturbational reagents to directly assess the physiological
induced platelet aggregation (Zamecnik et al., 1992), influ- importance of AgA but may also reveal features common

to other receptor systems. This information will allow us
 This work was supported in part by The American Heart Associa- to direct our efforts toward the most productive avenues for

tion, South Carolina Affiliate, Inc., Shriner's Hospitals for Crippled ~analysis of the second messenger pathways activated by the
Children, and the South Carolina Agricultural Experiment Sation. binding of ApA.
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Ap.A is stored at concentrations greater than“Bi in
both chromaffin cells and dense secretory granules of
platelets (Flodgaard et al., 1982; Rodriguez et al., 1988;
Zamecnik et al., 1992). Under physiological conditions, the
circulating concentration of Ag is too low for detection.

In contrast, the circulating concentration of ATP is gNI
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laboratory has demonstrated the presence of specific, satugoat anti-rat IgG-coated plates by incubating for 60 min at
rable membrane receptors for #pin brain, kidney, cardiac, = room temperature. The affinity isolation and amplification
spleen, and adipose tissues with the greatest density ofof phage from the hexapeptide epitope library were carried
receptors being found in cardiac tissue (Hilderman et al., out as described (Scott & Smith, 1990).

1991). Our data demonstrating that the,Apeceptor is ELISA for Affinity-Purified Phage After the affinity-
present in diverse tissue types and localized on the cell purified phages were amplified as described (Scott & Smith,
surface (Walker et al., 1993a) support the notion the 1990), microtiter plates were coated overnight &CAwith
circulating ApA is a modulator of cellular function. We the phage particles. The plates were than washed and
have isolated a monoclonal antibody (mAb TL4) that blocks blocked for 60 min at room temperature with Blotto (6.06 g
the binding of ApA to its receptor (Walker & Hilderman,  of Tris and 8.77 g of NaCl per liter, 5% nonfat milk, and
1993). The inhibitory effect of mAb TL4 suggests that the 0.1% Tween 20, pH 7.4). Aliquots (1Qd.) of mAb TL4
epitope recognized by the antibody may coincide with the (0.1 mg/mL) then were added to the wells and the plates
sequences recognized by Ap To identify these sequences, were incubated overnight at®€. Binding of the antibodies
we have used mAb TL4 to screen a random phage peptideto the phage was identified by the use of goat anti-rat IgG
library (Scott & Smith, 1990). The library consists of phage- conjugated with alkaline phosphatase (1:1000 dilution). Color
bearing random hexapeptides fused to the amino terminuswas developed by adding 1Q@L aliquots of developer

of the phage coat protein PlIl. Screening of the library was containing 10 mg of 2-nitrophenyl phosphate in a 10 mL
accomplished by using mAB TL4 to affinity-purify fusion  solution of 1% diethanolamine and 263 mM MgQH 9.5)
phages that display a high affinity for the antibody. The and measuring the absorbance at 405 nm.

amino acid sequences of hexapeptides displayed in the DNA Sequencing Phages from the supernatants of posi-
purified phages were determined by sequencing the corre-tive clones were precipitated with poly(ethylene glycol), and
sponding coding region in the phage DNA (Scott & Smith, their DNA was prepared by phenol extraction. DNA was
1990). By using this procedure, we have isolated 28 positive sequenced by the chain termination method with the aid of
clones and sequenced their DNA inserts. Twenty-two of described primers (Scott & Smith, 1990).

these clones contain inserts having the RGS peptide. This RGS Peptide Binding to mAb TL£One hundred microliter
synthetic tripeptide inhibited both mAb TL4 antH]Ap.A aliquots of the RGS peptide (1 mg/mL) resuspended in 0.1
binding to the membrane receptor. The availability of simple M Na,CO; (pH 9.6) were incubated in microtiter wells
synthetic ligands (e.g., peptide mimotopes) that mimic the overnight at £C. Then the plates were washed three times
natural mAb TL4 epitope may contribute to the elucidation with Tris-buffered saline (pH 7.4) (6.06 g of Tris and 8.77

of the molecular basis of Ap binding to its receptor. g of NaCl per liter) containing 0.1% Tween 20, followed by
blocking with Blotto for 30 min at room temperature. After
MATERIALS AND METHODS washing, 10QquL of mAb TL4 (0.1 mg/mL) was added to

the wells, and the plates were incubated for 2 h at room
X ) : . .- temperature. Binding of the antibodies was identified by
Laboratories. The animals were housed in an animal facility o " \se of goat anti-rat IgG conjugated with alkaline

maintained with a photoperiod of 15L:9D and room tem- ,,,snhatase as described earlier under ELISA for Affinity-
peratures of 2225 °C. [*H]ApsA was purchased from Purified Phage.

Amersham International. The RGS and SGR peptides at g 5 for RGS Peptide Inhibition of mAb TL4 Binding to

98% purity were purchased_ from American Peptide .Com- ApA Membrane ReceptorMouse cardiac membranes were
pany, Inc. The. .PWY peptide at 98% F’UT'W was "'”d'Y isolated as described (Walker et al., 1993a). These mem-
supplied by J. Lilien (Wayne State University). Goat anti- branes were resuspended in Hepes-buffered saline with
rat IgG and goat anti-rat IgG conjugated with alkaline glucose and potassium [20 mM Hepes (pH 7.4), 150 mM
phosphatase were purchased from Bio-Rad. All nucleotidesNaCI 2 mM glucose, 3 mM KCI, and 1 mM C’aﬂn
were purchaseq fram Sigma Chemical Co. All other r.eagentsadditi,on to 1% Triton7X-1OO], incu,bated for 60 min with
were of_analyt|cal reagent grade or better. Isolation and stirring at 4°C, and, then centrifuged at 100@P@r 90 min.
purification of mAb TL4 have been described elsewhere The pellet was resuspended in 67 mM Tris-HCI (pH 7.7),
(Walker & Hilderman, 1993). and 100uM MgCl,. One hundred microliter membrane
Epitope Library The hexapeptide epitope library used aliquots (1.0 mg/mL) were incubated overnight at@ in
in this study was provided by George P. Smith (University microtiter wells precoated with 10@L of poly(L-Lys) (50
of Missouri, Columbia) and was constructed by use of the ;,g/mL) prior to washing three times with phosphate-buffered
phage fd-derived vector FUSES as described (Scott & Smith, saline containing 0.1% Tween 20 and then blocked for 60
1990). This library consists of 2 10° original phage clones  min at room temperature with phosphate-buffered saline
and was amplified about 500 times. The phage clones eachcontaining 0.1% Tween 20 and 1% bovine serum albumin.
contain a hexapeptide fused to the minor coat protein Plll. One hundred microliter aliquots of varying concentrations
Theoretically, the library can represent 69% of the &4  of RGS peptide, resuspended in phosphate-buffered saline
10’ possible hexapeptides (Scott & Smith, 1990). and preincubated overnight a@ with 4 uL of mAb TL4
Panning of the Phage Epitope LibranA library sample (2.5 mg/mL), were added to membrane-coated microtiter
containing 3.8x 1@ infectious phage particles was subjected wells and incubated for 2 h at room temperature. Binding
to three rounds of selection (panning) and amplification. Petri of the antibody was identified by the use of goat anti-rat
dishes were coated with goat anti-rat IgG overnight &4 IgG conjugated with alkaline phosphatase, as described
and then blocked for 60 min at room temperature with earlier under ELISA for Affinity-Purified Phage.
phosphate-buffered saline (pH 7.4), which contained (per Ap,A Receptor Actiation and Binding Assay Receptor
liter) 5.46 g of NaHPQ,, 1.53 g of NaHPO,, 8.47 g of NaCl, activation is required for AJA binding to its receptor.
and 0.5% gelatin. The mAb TL4 was absorbed onto the Specific ApA binding is enhanced 45-fold when the

Materials Swiss mice were obtained from Charles River
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Table 1: Panning of the Hexapeptide Library with Anti-Receptor
mADb?

round of goat anti-rat IgG anti-receptor mAb yield %
panning («g/mL) (ug/mL) of input phage

1 10 40 9.5x 1074
2 10 20 9.2x 102
3 2 10 1.1x 10!

a Panning was performed as described in the Materials and Methods.
Phage concentrations were calculated from the titer of transducing units
(TU).

Absorbance at 405 nm

T T

' 10.0 11.0 12.0
Table 2: Internal Peptide Sequences with the Highest Homology Log (transducing units of phage particles)
from Hexapeptide Library Affinity-Purified Clonés

clones mimotope clones mimotope

RGSGS RGSSR
RGSSS RGGSS
RGSAS RSSSG
RGSAG RSSSA
RGSSG RSSSS
RGSGR

2The phage epitope (single-letter amino acid code) was deduced
from the DNA sequence.

PRPANN
NERPoR

Absorbance et 405 nm

. . . . 0.0 T T T T T
membrane homogenates are incubated with binding buffer p ; : N N o I

for 60 min at 29°C prior to assay (Walker et al., 1993Db). mAb TL4 (micrograms)

We refer to this incubation as receptor activation. FiGurRe 1: mAb TL4 recognition of phage containing the RGSSS
Protein Determination Protein concentrations were de- sequence. (A) Varying concentrations of RGSSS phageatd

termined by dye binding (Bradford, 1976). IRWWHW phage @) were resuspended in 0.1 M p&O; (pH 9.6),

. i incubated overnight at 4C prior to the addition of 1xg of mAb
All experiments were performed a minimum of three TL4, and measured by ELISA as described in Materials and

times, with each data point in all experiments measured in pethods. (B) One hundred micrograms of membrane homogenates

triplicate. resuspended in 0.1 M NEO; (pH 9.6) was incubated overnight
at 4°C. Varying concentrations of mAb TL4 and %@ransducing
RESULTS units of RGSSS phage particles were also incubated separately

. o ) . overnight at 4°C. One hundred microliter aliquots of these
Isolation and Identification of Peptide-Presenting Phage antibody/virus mixturest) or antibody without phage®) were

by mAb TL4 Repeated selection of the phage from a random then added to the membrane-coated microtiter plate wells and
phage peptide library resulted in an enrichment of phage measured by ELISA as described in Materials and Methods. Error
capable of binding to mAb TL4. The yields from the second bars are shown as standard deviations.

and third rounds of panning (Table 1) were significantly
above the nonspecific background of 3 1075% vyield
(Parmley & Smith, 1988).

After three rounds of panning and phage amplification,
fhseilrnsrlw\ggLejzgIV\I/Z(r)Iea;igat;/Z(g%Iir?t(i)llac())r(y;%ianeirrweg .gré)l\j\ll gAa;nd d inhibit binding of mAb TL4 to the membrane receptor (data
dot blot analyses revealed that 28 of these clones boundnOt shown).. S
specifically to mAb TL4 (data not shown). DNA from each _ RGS Peptide Inhibits Binding of mAb TL4 to Its Membrane
of the 28 clones was sequenced, and the deduced peptidg{e_ceptor It is possible that inhibition of mAb TL4.b|nd|ng
sequences of these 28 clones are shown in Table 2. TwentylO its membrane receptor by the RGSSS phage is due to an
two of these clones contain inserts with an RGS tripeptide interaction of the peptide in combination with sequences
sequence. Two additional clones had the tripeptide sequencdresent in the phage Plll coat protein. To test this, we
RGG, and the four other clones had the tripeptide sequencedetérmined whether free RGS peptide interacted directly with
RSS. All of the analyses described below using fusion phageMAb TL4 and whether the isolated peptide inhibited binding
were performed with phage containing the RGSSS insert of MAb TL4 to its membrane receptor. Binding of mAb
(RGSSS phage), one of the two sequences found most oftenTL4 ‘to increasing concentrations of immobilized RGS
(Table 2). peptide shows a dose dependency between 25 apd 65

mAb TL4 Recognition of Phage Containing the RGSSSPeptide (Figure 2A).  In contrast, mAb TL4 did not bind to
Sequence As a prelude to examining the effect of the @ tripeptide with the reverse orientation (SGR) nor to an
isolated peptide sequence on binding of mAb TL4 opAp ~ Unrelated peptide (PWY) (Figure 2A). Furthermore, binding
to the membrane receptor, we examined the interaction of©f increasing concentrations of mAb TL4 to a constant
the RGSSS-bearing phage with mAb TL4. Binding of mAb amount of immobilized RGS peptide shows a dose depen-
TL4 to the RGSSS phage was concentration dependent fromdency between 5 and least 2 of antibody (Figure 2B).
10°to 5 x 10 transducing phage particles (Figure 1A). In Neither an unrelated mAb (JW17) nor bovine serum albumin
addition, mAb TL4 did not bind to an unrelated phage Significantly bound to the RGS peptide (Figure 2B).
bearing the sequence IRWWHW, demonstrating the specific- Having established that the isolated peptide binds specif-
ity of mAb TL4 binding. If the RGSSS-bearing phage is ically to mAb TL4, we examined the ability of RGS peptide

mimicking a sequence in the receptor, a phage bearing this
sequence should inhibit binding of mAb TL4 to the

membrane receptor. This is indeed the case (Figure 1B).
Furthermore, phage bearing the sequence IRWWHW did not
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Ficure 4: RGS peptide inhibition of A binding to the ApA
membrane receptor. Membrane homogenates were isolated as
€ previously described (Hilderman et al., 1991) and activated as
€ described in Materials and Methods. Varying concentrations of
g RGS peptide at the concentrations indicated and M2%5°H]Ap A
M (specific activity= 2000-5000 cpm/pmol) were incubated with
< 22 ug of activated membrane for 30 min at 2@. All samples
] were collected on glass fiber disks and counted as described
2 (Hilderman et al., 1991). Error bars are shown as standard
e deviations.
<
Table 3: Inhibition of ApA Binding to Its Receptor by Various
Tripeptides
0 10 20 30
mAb  (micrograms) ApsA bound relative
FIGURE 2: mAb TL4 recognition of the random peptide library- peptide (pmol/img of protein) percent
derived RGS peptide. (A) Varying concentrations of RGES, ( none 73.6 100.0
SGR ©), and PWY @) were resuspended in 0.1 M p&O; (pH RGS 29.4 40.0
9.6), incubated overnight at*€ prior to the addition of 1(xg of SGR 71.0 96.4
mAb TL4, and measured by ELISA as described in Materials and PWY 79.5 108.0

Methods. (B) One hundred micrograms of RGS resuspended in — —
01M NaZC(O3) (pH 9.6) was incuba?ed overnight at@ pri?)r to aMembrane activation andHJAp.A binding assays were performed

the addition of varying concentrations of mAb TL@) mAb JW17 as described in Figure 4. Tripeptide (314 nmol) and QU2 *H]Ap.A
(0), or bovine se);ur?w albumin®) and measured)(by ELISA as (specific activity= 2000-5000 cpm/pmol) were incubated with 22

described in Materials and Methods. Error bars are shown as#d ©f membrane fractions for 30 min at 2G.
standard deviations.

component of the mAb TL4 binding site on the membrane
receptor.

RGS Peptide Inhibits Binding of Apto Its Receptar Our
rationale in using mAb TL4 as the selective agent to identify
a peptide in the phage library was based on the ability of
bound mAb TL4 to inhibit ApA binding to its membrane
receptor. Therefore, such a peptide would represent an
important component of the AA recognition site of the
receptor. Free RGS peptide did interfere withiJApsA
binding to its receptor, with an an estimatedd@®alue of

00 . — . . 5.3 x 104 M (Figure 4). This IGo value is similar to the
0 20 40 60 80 100 120 value obtained for the RGS peptide inhibition of mAb TL4
Tripeptide  (micrograms) binding to the ApA receptor (Figure 3). As shown in Table
Ficure 3: RGS peptide inhibition of mAb TL4 binding to the 4 3, a tripeptide with the reverse orientation (SGR) did not

membrane receptor. One hundred micrograms of membrane; .\ . o : :
homogenates resuspended in 0.1 MG (pH 9.6) was incubated inhibit Ap;A binding to its receptor, nor did an unrelated

overnight at £C. Varying concentrations of RGE]J, SGR 0), tripeptide (PWY) inhibit ApA blndmg_. Furthermore, equal
or PWY (@), at the concentrations indicated, were also incubated molar amounts of the amino acids R, G, or S or a
overnight at #C with 10ug of mAb TL4 and measured by ELISA  combination of all three amino acids did not interfere with
as described in Materials and Methods. Error bars are shown asaAp,A binding to its receptor (Table 4). These data strongly
standard deviations. . . .

support the contention that the RGS peptide mimics at least

to inhibit binding of mAb TL4 to its membrane receptor. Part of the ApA receptor.
RGS peptide inhibited mAb TL4 binding to the receptor with

an 1Gy value of 6.3x 10 M. In contrast, neither a DISCUSSION
tripeptide with the reverse orientation (SGR) nor an unrelated  Our ultimate goal is to develop rationally designed agonists
tripeptide (PWY) inhibited ApA binding to its receptor  and antagonist of the A receptor to probe the physiologi-
(Figure 3). The ability of the free RGS peptide to inhibit cal role of this important compound. To develop an inhibitor
antibody binding to the AfA receptor indicates that se- of ApsA binding, we have used an antibody generated to
quences present in the phage PIlI protein are not part of thethe ApA receptor that inhibits ApA binding (Walker &
epitope selected by mAb TL4 from the phage library. These Hilderman, 1993) to screen a randomly generated hexapep-
data also suggest that the sequence RGS mimics an importartide library fused to the PII protein of the phage coat

0.6

0.4 4

0.2 4

Absorbance at 405 nm
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Table 4: Inhibition of ApRA Binding to Its Receptor by Various that charged amino acids (K, R, and H) are conserved near
Amino Acids the plasma membrane extracellular interface (Erb et al.,
amino acid ApsA bound relative 1995). These_ daFa are consistent_ vv_ith our obseryat?ons that
or peptide (pmol/mg of protein) percent the RGS peptide is part of, or a mimic of, the Apbinding
none 751 1000 region on the receptor. Characterization of theApinding
RGS 301 41.4 region, along with site-directed mutagenesis of theAAp
R 74.8 99.6 receptor, ultimately will identify which regions of the Af
G i 103.5 receptor are responsible for determining specificity and
g G ands 7?(')50 933'22 similarities to other nucleotide receptors.

@ Membrane activation andHJApJA binding assays were performed REFERENCES
as described in Figure 4. Each amino acid or RGS (314 nmol) and
0.25uM [3H]Ap.A (specific activity= 2000-5000 cpm/pmol) were  Balass, M., Heldman, Y., Cabilly, S., Givol, D., Katchalski-Katzir,
incubated with 22«g of membrane fractions for 30 min at 2C. E., & Fuchs, S. (1993proc. Natl. Acad Sci U.SA. 90, 10638~
10642.

. . . Bradford, M. M. (1976)Anal. Biochem 72, 248-304.
(Parmley & Smith, 1988). Our working hypothesis was that Castro, E., Torres, M., Miras-Portugal, M. Y., & Gonzalez, M. P.

hexapeptides recognized by the antibody would contain ~ (1990)Br. J. Pharmacol 100, 360—364.

sequences mimicking the binding domain of thesAp  castro, E., Pintor, J., & Miras-Portugal, M. Y. (199B. J.
receptor. We have succeeded in identifying a set of Pharmacol 106 833-837.

sequences with a common tripeptide motif, RGS. Synthetic Colvin, R. A., Oibo, J. A, & Allen, R. A. (1991Lell Calcium 12
RGS peptide binding to mAb TL4 is concentration dependent _ 19-27. _ _
(Figure 2) and inhibits mAb TL4 binding to the A# Crg(,gé_l\/géMcLennan,A.G.,&Flsher, M. J. (1998)ell. Signals
_me_m_brane recept_or_(Flgur_e 3). The RGS peptld_e also Erb, L., Garrad, R., Wang, Y., Quinn, T., Turner, J. T., & Weisman,
inhibits FH]Ap4A binding to its membrane receptor (Figure G. A. (1995)J. Biol. Chem 270, 4185-4188.

4). These data are consistent with the RGS tripeptide Flodgaard, H., & Klenow, H. (1982Biochem J. 208 737-741.
mimicking at least a portion of the receptor sequences Hilderman, R. H., Martin, M., Zimmerman, J. K., & Pivorun, E.
essential to binding. P. (1991)J. Biol. Chem 266, 6915-6918.

. . . Hilderman, R. H., Lilien, J. E., Zimmerman, J. K., Tate, D. H.,
The use of random peptide libraries can lead to the Dimmick, M. A.. & Jones. G. B. (19943iochem Biophys Res

isolation of ligand mimotopes for biologically active mol- Commun 200, 749-755.

ecules that differ in structure from the binding site of the Kitzler, J. W., Farr, S. B., & Ames, B. N. (1992) #p,A and Other
natural ligands, but mimics its specificity. An example is Dinucleoside Polyphosphaté¥icLeannan, A. G., Ed.) pp 135
the peptide DLVWLL, which bears no sequence homology 149, CRC Press, Inc., Boca Raton, FL. _

to acetylcholine receptor, but specifically binds to the anti- Koé‘gunggtz’gg%aﬂo'l A., & Ruoslahti, E. (1993) Biol. Chem
acetylcholine receptor mAb and blocks its biological activity L 8 .

; . . T thje, J., & Ogilvie, A. (1987)Eur. J. Biochem 169, 385-388.
(Balass et al.,, 1993). Other investigators have identified Ogilve, A. (1992) inApsA and Other Dinucleoside Polyphosphates

peptides from random peptide libraries that inhibit basic “(McLeannan, A. G., Ed.) pp 22273, CRC Press, Inc., Boca
fibroblast growth factor (bFGF) binding to its receptor. Raton, FL.

These peptide sequences correspond to continuous proteiffarmley, S. F., & Smith, G. P. (198&ene 73 305-318.
sequences of bFGF (Yayon et al., 1993). Pintor, J., Rotlan, P., Torres, M., Castro, F., & Miras-Portugal, M.

. . T. (1991)Br. J. Pharmacol 103 1980-1984.
7_ 8
ICso values of 10_ 107° M for peptide mimotopes have Pintor, J., Diaz-Rey, M. A., Torres, M., Miras-Portugal, M. T., &
been reported (Koivunent et al., 1993; Yayon et al., 1993);  zimmerman, H. (1992Neurosci Lett 136 141—144.

however, the Ig value for DLVWLL inhibition of mAb Remy, P. (1992) ifA\p,A and Other Dinucleoside Polyphosphates
binding to the acetylcholine receptor is210~* M (Balass (McLeannan, A. G., Ed.) pp 151204, CRC Press, Inc., Boca
etal., 1993). The high & values for RGS peptide inhibition . I?ja_ton, FIE_)' | Castillo. A T W Delicado. E. G.. & Mi

indi odriguez Del Castillo, A., Torres, M., Delicado, E. G., iras-
of mAb TL4 and fH|Ap,A binding to the membrane G2, 0 8% onai ol roehemst. 1696.1703.
receptor (6.3x 10~ and 5.3x 104 M, respectively) might S .

. chluter, H., Offers, E., Bruggemann, G., van der Giet, M., Tepel,
suggest that, like the DLVWLL sequence, the RGS sequence "\ ‘Nordhoff, E., Karas, M., Spieker, C., Witzel, H., & Zidek,
is mimicking not a linear sequence, but one formed by the . (1994)Nature 367 186-188.
juxtaposition of residues in the fully folded configuration of Scott, J. K., & Smith, G. B. (1990%cience 249386—389.
the receptor. To resolve this issue, we are determining theSen, R. P., Delicado, E. G., Castro, E., & Miras-Portugal, M. T.
amino acid sequence of the fpreceptor by sequencing (1993)J. Neurochem60, 613-619. _
full-length receptor cDNA clones. Regardless of whether Vassort, G., Scamps, F., Puceat, M., Clement-Chomienne, O., &
the RGS sequence mimics an epitope formed by a linear Alvarez, J. (1993prug Dev. Res 28, 306-308.

. Walker, J., & Hilderman, R. H. (1993iochemistry 323119~
sequence in the receptor or a sequence formed through 3153 ' (19935 Istry 32

folding of the receptor protein, the RGS peptide will be walker, J., Bossman, P., Lackey, B., Zimmerman, J. K., Dimmick,
invaluable in probing the physiological significance of this M. A., & Hilderman, R. H. (1993aBiochemistry 3214009~

ligand receptor interaction. 14014.

Investigators have demonstrated that specific positively W%'Fg&;ﬁ;‘;‘g%;%ﬁg’%%@ E.P., &Hilderman, R. H. (1993b)

charged amino acid residues (A% Arg®%, and H_'éGz) n Yayon, A., Aviezer, D., Safran, M., Gross, J. L., Heldman, Y.,
a Py receptor may be involved in ligand recognition (Erb et Cabilly, S., Givol, D., & Katchalski-Katzir, E. (1993)roc. Natl.
al., 1995). Molecular modeling of this;freceptor suggests Acad Sci U.SA. 90, 10643-10647.

that specific R and H residues may be interacting with Zamecnik, P. C., Kim, B., Gao, J. M., Taylor, G., & Blackburn, G.
phosphate groups of the nucleotide ligand. Furthermore, M- (1992)Proc. Natl. Acad Sci U.SA. 89, 2370-2373.
sequence alignment of varioug,Receptors has indicated BI9505880




