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Competition binding curves, using ['**1-acetyl-His' IPACAP-27 as radicligand and dose-effect curves of adenylate
¢yclase activalion in human SUP-T1 lymphoblastic membranes showed that PACAP-27 anid PACAP-38 stimulate
the enzyme through a single class of helodermin-preferring VIP receptors with the following order of potency:
heledermin = [acetyl-His' IPACAP-27 > PACAP-38 > PACAP-27 > VIP, PACAP (6-27) {K, 0.5-0.5 uM) and [Des-
His!, Asn? IPACAP-27 (K, 1-2 pM) acted as competitive antagonists. Using a series of 13 PACAP-27 analogues and
fragments and three VIP analogues, we identified positions 1, 2, 3, 9 and 13 im PACAP-27 as being of importance for
high-affinity binding. Thus, we added further evidence for considering that the present helodermin-preferting VIP
receptors, when compared to a majority of VIP receptors and PACAP receplors, exhibit an original speciflcity

pattern.

Introduction

The unusual VIP receptor of the human lympho-
blastic cell line SUP-T1 displays similar affinity for VIP
and PHI, a higher affinity for the parent peptide helo-
dermin and no affinity for secretin and GRF [1]. It also
shows remarkable high affinity for [Phe'IVIP but rather
low affinity for VIP analogues monosubstituted in posi-
tion 1 to 4 by the corresponding p-amino acid [1,2)

Abbreviations: PACAP-38 and PACAP-27, pituitary adenylate cy-
clase activating peptides in. respectively, the long version {the ami-
dated 38-residue peptide {1-38)) and the N-1erminal amidated 27-re-
sidue short version (1-27); VIP, vasoactive intestizal peptide: K.
concentration required for half-maximal occupancy of binding sites
with tracer; ICs, concentration required for half-maximal inhibition
of tracer binding; ECs,, conceatration exerting half-maximal stimu-
lation of adenylate cyclase; K;, concentration required for half-maxi-
mal inhibition of adenylate cyclase stimulation; 1.A., intrinsic activity
{efficacy), considering the maximal effect of PACAP-27 as 1.

Correspondence: J. Christophe, Department of Biochemisiry and
Nutrition, Medical School, Université Libre de Bruxelles, 115 Boule-
vard de Waterloo, B-1000 Brussels, Belgium.

The fragmeni VIP(10-23) does not recognize this re-
ceptor [2). On a functional point of view, all VIP
analogues capable to occupy this receptor activate
adenylate cyclase so that, up to now, no antagonist is
available. These pharmacological properties are clearly
different from those of most VIP receptors and we
classified the SUP-T1 lymphoblastic recepter as a
‘heladermin-preferring’ V1P receptor [2-4]. A similar
receptor was described recently in human small cell
lung carcinoma cell lines [5].

Lately, Miyata et al. isolated from ovine hypothala-
mus two novel peptides closely related to VIP: the
amidated 38-residue Pituitary Adenylate Cyclase Acti-
vating Polypeptide (PACAP-38) and its N-terminal
amidated 27-residue derivative (PACAP-27}[6,7]. Their
N-terminal portion has 68% similarity with VIP. Iden-
tical peptides are present in man and rat. PACAP-27
and PACAP-38 interact with high affinity with VIP
receptors in liver [8], pancreas [9] and lung membranes
[10] from rat. Besides, they display aiso high affinity
towards other selective receptors (clearly distinct from
VIP receptors) in rat hepatic membranes [8}, in various
areas of the rat central nervous system [10}, in cultured
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rat astrocytes [11], a rat cell culture derived from an
adrenal pheochromocytoma [12], the rat cancerous
pancreatic acinar cell line AR 4-2] [13], and the human
neuroblastoma cell line NB-OK [14].

In the present work we examined the interaction of
both PACAPs with human SUP-T1 lymphoblastic
membranes and observed that PACAP-27 and PA-
CAP-38 bound to the helodermin-preferring VIP re-
ceptor and activated adenylate cyclase through this
receptor. The N-terminal part of PACAP was found to
contribute greatly to the efficient activation of recep-
tors. The PACAP fragments PACAP (6-27) and
PACAP (7-27) and the PACAP analogue [Des-
His'.Asn®*]PACAP-27 acted as antagonists of the
PACAP receptor-mediated effect.

Materials and Methods

Cell culture and crude membrane preparation

The SUP-T1 cell Jine was cultured at 37°C in
RPMI medium supplemented with 5% (by vol.) fetal
calf serum (from Gibco). Stock cultures were diluted
cvery three days with 4 volumes of fresh medium, Cells
were harvested by centrifugation at 100 X g for 10 min,
lyzed in hypotonic 1 mM NaHCO, (pH 7.0) then
quickly frozen in liquid nitrogen. After thawing and
centrifugation of the lysate at 2000 X g for 10 min at
4°C, the resulting supernatant was centrifuged at
10000 X g for 15 min. The final pellet was homoge-
nized in 1 mM NaHCO, and immediately used for
binding assay and adenylate cyclase assay.

Radiciodination and purification of wracers

PACAP-27 and [acetyl-His'IPACAP-27 were ra-
diniodinated by the chloramine T method as previously
described [13,14] then purified by HPLC. The radioiod-
ination reaction was stopped by dilution, and the mix-
ture immediately injected into a reverse-phase 0.39
em X 30 cm pBondapak C; column (Waters Associ-
ates, Milford, MA, U.S.A.) equilibrated in solvent A
(0.1% trifluoroacetic acid, 592 CH,CN). Elution was
performed with a flow rate of 1 ml/min~' with a
0-35% linear gradient of solvent B {0.1% trifluoro-
acetic acid, 80% CH,CN) over 5 min, followed by a
35-75% linear gradient of solvent B over 40 min. Free
3] and unlabelled peptides were separated from three
or four peaks of trichloroacetic acid-precipitable %1,
The major radioactive peak (in each case the second
peak) showed the highest capacity to bind to SVP-TI
membranes, after CH,CN evaporation. The residue
was diluted in 10 mM sodium phosphate (pH 7.4) and
150 mM NaCl, containing 0.02% Tween 20 to avoid
peptide adsorption. The tracer was stored at —20°C.
The specific radioactivity of both tracers was typically 2
mCi/nmol.

Binding of [B1)PACAP-27 and [!®I-acetyl-His'|PA-
CAP-27 to SUP-T1 membranes

Binding was performed in 50 mM Tris-maleate
buffer (pH 8.0) containing 5 mM MgCl,, 0.5 mg/ml
bacitracin, 1% (mass/vol.) bovine serum albumin, 5-10
pM tracer, increasing concentrations of wnlabelled
peptide and approx. 20 pg membrane protein, in a
total volume of 120 xl. Incubations were conducted at
37°C for 20 min to allow equilibrivm of binding and
terminated by dilution with 2 ml ice-cold 0.1 M sodium
phosphate bulier (pH 7.4), followed by rapid filtration
through glass-fiber filters (GF/C, Whatman, Maid-
stone, Kent, U.K.) soaked in 0.1% polvicthylencimine)
for at least 24 h. The filters were rinsed three times
with 2 m] of the same buffer, and their radiocactivity
was measured in a multichannel LKB Gammacounter.
Non-specific binding of ['ZIJPACAP-27 and [**)-
acetyl-His' JPACAP-27 was determined in the presence
of 0.1 uM PACAP-27 and accounted for approxi-
mately 8% and 4%, respectively, of the total radioactiv-
ity added.

Adenylate cyclase assay

The assay was performed according to the proce-
dure of Salomon et al. [15]. Membrane protein, used at
the same concentration as in the binding assays, was
incubated in a total volume of 6¢ ! containing 0.5 mM
[a-2PIATP, 10 uM GTP, 5 mM MgCl,, 0.5 mM
EGTA, | mM cAMP, 1 mM theophylline, 10 mM
phosphoenol pyruvate, 30 pg/ml pyruvate kinase and
30 mM Tris-HCI, at a final pH of 7.5. The reaction was
initiated by adding membranes, and was terminated
after a 12-min incubation at 37° C by adding 0.5 mi of
a 0.5% sodium dodecyl sulfate solution containing 0.5
mM ATP, 0.5 mM cAMP and 20000 cpm [8-*HkAMP
(to determine cAMP recovery). cAMP was separated
from ATP by two successive chromatographies on
Dowex 50 W-X8 and neutral alumina.

Pepiides and other chemicals

Synthetic helodermin, VIP and PACAP-38 were
from Novabiochem (Lalifelfingen, Switzerland). All
PACAP analogues and fragments were synthesized with
an Automated Applied Biosystem apparatus (Foster
City, CA, U.S.A)) using the Fmoc strategy: a 4-(2°,
4'-dimethoxyphenylfluoren-9-yimetoxycarbonylamino-
methyl}phenoxy resin and fluoren-9-ylmethoxycarbonyl
labelled amino acids activated with N-hydroxybenzo-
triazole and benzotriazol-1-yloxytris(dimethylami-
no)phosphonium hexafluorophosphate [16} were used.
The peptides were purified by HPLC and their con-
formity established by both total amino acid composi-
tion and Edman degradation in a 477 A sequencer
(Applied Biosystems, Faster City, CA, U.S.A). The
different sequences are presented in Table L.

All reagents for peptide synthesis were purchased



from Novabiochem. The origin of the reagents used for
peptide radioiodination, adenylate cyclase assay and
binding assay is detailed in Ref. 17.

Results

1. General characteristics of PACAP binding sites
PACAP binding sites were characterized by the
binding of ["*I|PACAP-27 and ['*I-acetyl-His' JPA-
CAP-27. The binding of both tracers was rapid at
37°C and reached steady statc after 20-30 min then
persisted for at least 60 min. It was saturable with
complete inhibition of tracer binding in the presence of
0.3 uM unlabelled PACAP and reversible as studied
by isotopic dilution. Furthermore tracer dissociation
was markedly accelerated by addition of 10 uM GTP.
Data on ['Pl-acetyl-His' |PACAP-27 binding are pre-
sented in Fig. 1. This tracer was used in all further
experiments as it showed higher affinity and a higher
ratio of total binding over non specific binding than
['BIIPACAP-27. Tracer binding was inhibited by
PACAP-27, PACAP-38, VIP and helodermin (Fig. 2}
but not by secretin, human growth hormone releasing
factor, glucagon or unrelated peptides such as sub-
stance P, neurotensin, somatostatin or cholecystokinin
each at 1 uM. When testing the specificity of binding
sites with synthetic analogues and PACAP fragments,
[acetyl-His'IPACAP-27 showed a higher affinity than
PACAP-27 (Fig. 3) and ['®*I-acetyl-His'|PACAP-27
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Fig. 1. Association (A) and dissociation (B, kinetics at 37°C of
[# L-acetyl-Elis' IPACAP(|-27) on membranes from humas SUP-TI
lymphoblasts. The results were the means of esperiments performed
in duplicate om three different membrane preparations. For associa-
tion kinetics the tracer bound was expressed in % of the tracer
offered. Dissociation was induced by adding, afier a 20 min preincy-
bation with tracer, 0.1 pM unlabelled Lacetyl-His' IPACAP-27 either
alone (<) or with (3) 10 M GTP. The results were expressed in %
of tracer bound before addition of the unlabelled ligand.

proved to be a better probe than 'Z1-PACAP itself as
it showed higher affinity and allowed a higher ratio of
total binding over non specific binding {(data not shown).
Therefore, further data were obtained with this tracer
whose association and dissociation rates are illustrated
in Fig. 1.

TABLE 1
Sequiences of aming acids for PACAP(] - 38}, PACAP(1-27), VIP, heloderman, VIP analogues, PACAP anak and fragments
All peptides excepe helodermin are amidated (*)-
Peptide 1 5 10 1s 20 25 3D 35
PACAP(1-38) H-5-D+GelnF=T=B=53=Y=S=R-Y-R-K-Q-M-A=Y=K=K=Y=L=A=A=V=L=G=K=-R=V=K=-Q=R=-V=-K-N=-K-*
PACAPF(1-27) W=-5-D=-G-1-F-T-D-5~Y~S-R=-Y-R-K-0-M-A-V-K-K-¥-L-A~A-Y-L-*
vIP H=S=B=A+V*F=T=D=H=Y=T=R=L=-R=K=-R=-M-A=V=-K=-K=-Y~L-N-5-I-L-N-*
Helodermin H=%-p-A-I~F-T-E-E-Y-5-K-L-L-A~K-L-A-L-9-K=-Y-L-A-S-I-L-6-5-R-T—-5-P-P-P-§
[Ser”JVIP H-5-D-A=VuF=T=p=5~¥-T-R-L-R-K-Q-M-A-V-K-K-¥=E=N=§=I=-L=-N=*
[Tye P IVIP H-5-0-A=V=F=T=D=N=¥=T=R=Y=R=-K-Q-M-A-V-K-K—-¥=L=N=§=i=L=-N=*
[Ser® Tyr P IVIP H=5=B=A~V=-F~T=D=5=Y=T=R=Y=R-K=Q-H=A=-Y~K-K-¥=L=N=-S-I-L-N-*
PACAP(2-27) §=p=G-I~F-T-D~5-¥~5~R~¥~R=-X=Q=-M=A~V=-K-K~¥-L-A-A-V-L-*
PACAP(3-27) D-G=I=F=T=D~§~¥=§~R~Y=R~K-Q=M=A=Y=K-K=-T~L=A=A=¥~-L~"
PACAP{5-27) =F=T=D=3-YmS=ReaY=RoKn@rM=A=Y=K=K-T-L=A=A=¥=L=*
PACAP(6-27) F-T-D-5-Y-5-R-Y-R-K-Q-M-A-V-K-K-Y-L~A~A-¥-L-*
PACAP(7-27) T-D-$-Y-§-R-Y-R-K-Q-M-A-VY-K-K-¥Y-L-A-A-V-L-F
[Acetyl-His' JPACAP(1-27) AC~H-5-D-G~I=F=T=D=5=¥=5=R=Y=RaK=@uM=A=V=K=-K=-Y=L~A~A-¥-L-*
[Phe'IPACAP(1-27) F-§-D-G=I=F=T=D=5-Y=§~R~Y~R~K~Q~M-A-V~K-K-¥-L-A-A-¥-L-"
[Ala®JPACAP(1-27} H=A=D=G=I=F=T=D=5=Y=5=R=¥=R=K=@=N-A-V¥=K-K-Y-L-A=A-¥-L-*
[Asn'IPACAP(1-27) H=§=N-G-L[-F-T-D=-5-¥-§-R-¥-R-K-Q-M-A-Y-K-K-¥V~L~A-A-¥-L-*
[Gl*IPACAP(1-27) H=§=E=-G=I=F=T=D=5=-Y=§5=R=Y-R=K-Q-M=-A-V=K=-K=-¥-L-A-A-V¥-t-*
[Des-His', Ala? JPACAP(1-27) - A-D=G-I~F-T-D-5-Y-5-R-Y-R-K-Q-M-A-V-K-K-T-L-A-A-¥-r-%
[Des-His' , Asa*IPACAR(1-27) - §=N-G-I[-F=-T-D=-5-Y-S-R-Y-R-K-@-M-A-Y-K-K-Y~L~A-A-¥-L=*
{Des-His'.Glu*IPACAP(1-27) S~E~Gr[~F=Te0=§=Y=§=RaY=ReK=Q=NaR=Y=K=K=¥~L-A-A-¥-L—"

1 5 10 15 20 25 30 35
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2. Specificity of receptors labelled with ['#l-acetyl-
His'|PACAP-27 and adenvlate cyclase coupling

Tracer binding was dose-dependently inhibited by
PACAP and related peptides with the following de-
creasing order of binding affinities: helodermin >
PACAP-38 > PACAP-27> VIP (Fig. 2). The corre-
sponding I1C,, values are quoted in Table II. The four
peptides stimulated adenylate cyclase, their order of
affinity was in good agreement with binding data. Be-
sides, helodermin and both PACAPs were equally effi-
cient, and VIP was slightly but not significantly less
active (L.A. of 0.9 as compared to 1.0 for helodermin
and PACAPs: Fig. 2 and Table II). All curves for
binding inhibition and adenylate cyclase activation were
compatible with the existence of one homogeneous
class of receptors.

We then synthesized a series of VIP analogues,
PACAP fragments, and PACAP analogues in order to
address four questions:

(a) Concerning amino acids that are involved in a
preferential recognition of PACAP over VIP, based on
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Fig. 2. Dose-effect curves of inhibition of ['**1-acetyl-His' [PACAP-38
binding {A) and adenylate cyclase stimulation (B) by heledermin (<),
PACAP-38( 2 ), PACAP-27 (a) and VIP (#} in SUP-T1 lymphoblas-
tic eell membranes. The results were the means of at least three
experiments performed in duplicate. Binding data were expressed as
a % of the ['"®t-acetyl-His' IPACAP-27 specifically tound in the
absence of unlabslled peptide. Adenylate cyclase stimulation was
expressed as a % of the increase in ¢cAMP produced in the presence
of 1 #M PACAP-27. The basal aclivity was 4.2+0.3 pmol cAMP
produced min~' (mg protein)~' and the activity as stimolated by 1
#M PACAP-27 was 152+8 pmol ¢cAMP min~' (mg protein)~!
{means+S.E.,, n = 5),
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Fig. 3. Dose-effect curves of inhibition of [!Z1-acetyl-His' [PACAP-27
binding (A} and adenylate cyclase stimulation (B) by [acetyl-
His'|PACAP-27 (&), PACAP-27 (O}, PACAP(2-27) (8}, PACAP(3-
27) (&), PACAP(5-27) (@), PACAP(6-27) (v} and PACAP(T-2T)
{v). Experimental conditions and the expression of results were
identical to those of Fig. 2.

the ligand ability to occupy receptors and to stimulate
adenylate cyclase, [Ser®-Tyr™*JVIP was indistinguish-
able from PACAP-27, [Tyr'*IVIP was slightly less po-
tent and efficient than PACAP-27 and [Ser®[VIP was
no more potent and efficient than VIP (Table II),

{b) The minimal PACAP sequence required for re-
ceptor occupancy and adenylate cyclase activation was
tested systematically; PACAP (2-27) was already 30-
fold less potent than PACAP-27 but retained 75% of
its efficacy on adenylate cyclase. PACAP(3-27), -(5-
273, -(6-27) and «(7-27) were, respectively, 400-, 200-,
300- and 1000-fold less potent than PACAP(1-27) for
binding. PACAP(3-27) and -(5-27) retained a low but
significant ability to stimulate adenylate cyclase (Fig. 3
and Table II). PACAP(6-27), when tested in combina-
tion with PACAP-27, helodermin or VIP, shified the
adenylai¢c cyclase activation curve rightward without
altering the maximal effect of the agonist (Fig. 4). The
K, of PACAF (6-27) was estimated as 500-800 nM for
all three agonists tested (Table I1).

(c) Considering the distinguished role of amino acids
1, 2 and 3 of PACAP for efficient interaction with
receptors, we wondered what could be the bearing of
their substitution or alteration. The acetylation of the
NH, terminus increased the peptide potency 6-fold
with no change in efficacy (Fig. 3 and Table II). ‘The
replacement of histidine-1 by phenvlalanine provoked
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A) and PACAP(1-27) (O, @, B) in the absence (open symbols) or

presence {(closed symbols) of 3 uM PACAPI6-27). The results were

the means of experiments performed in duplicate on three different

membrang preparatiuns and were expressed in pmol cAMP pro-
duced min~! (mg pratein)~".

a 10-fold decrease in potency and a slightly reduced
¢fficacy (Fig. 5 and Table II). Substitution of sering-2
by alanine increased 4-fold the peptide potency. Sub-
stitution of aspartic acid-3 by glutamic acid was without
significant effect while substitution by asparagine
markedly reduced the potency as well as efficacy (Fig.
5, Table ID).

When the same substitutions of serine or aspartate
were operated in the absence of histidine-1 i.e. on

TABLE Hl
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CAP-27 (&) and [Asn®TPACAP-27 (7 ) and (B) {Phe’ |[PACAP-27
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His!, Asn* IPACAP-27 (v) and IDes-His! Glu*IPACAP-27 { »). Exper-

imental condilions and the expression of resulis were identical to
ihase of Figs. 2 and 3.

Capacity of helodermin, VIP, VIP analogues, PACAP, PACAP analogues and PACAP fragments 1o inhibit | "2 Laceryl-His JPACAP-27 (1C;, in nM}
and to stimulate adenylate cyclase (K, , in nM) or inhibit its PACAP-27-stimulatzd activity {K; in nM) in SUP-T1 cell membranes

The intrinsic activity {L.A.} is the ratio between the maximal eazyme activity in Lhe presence of each peptide tested and the maximal aciivity in
the presence of 1 £M PACAP(1-27). Values were the means +5.E. {n > 3), Experiments were performed in duplicate. n.d. = not measurable.

* pot signilicantly lower than 1.

Peptide IC 5y (nM) Ko (nM} K, (nM} LA,
Helodermin 03x 0l Dix ol 10
PACAP-38 08+ 02 20+ 05 1.0
PACAP-27 2 0+ 1 5+ 1 1.0
vip 5+ 2 10 + 2 09+
[Ser*]VIP 5+ 3 0+ 2 09
[Tye3fvip 4 + 1 6 + 2 10
[Ser® Tyr *IVIP 2+ 1 5 ¢ 3 1.0
PACAP(2-2T} 50 t 10 150 + 30 0.8
PACAP(3-2T) 800 + 50 n.d. 500+ 100 ol
PACAP(5-27) 400 +100 nd. 330+ 50 0.03
PACAP(6-2T) 600 +100 - 600+ 200 0

PACAP(7-27) 2000 200 - 2000+ 300 [

[Acetyl-His' IPACAP(: -27) 03 005 15+ 02 10
[Phe!JPACAP-27 0+ 2 40 + 3 08
[Ala*IPACAP-27 05+ G 10+ 20 1.0
[Asn*IPACAP-27 1000 +100 2000 +100 05
[Glu*JPACAF(1-27) 30+ 05 0+ 5 1.0
[Des-His' Ala’JPACAP-27 20+ 5 80 + 5 1.0
[Des-His!, Asn’IPACAP-27 1000 £ 100 - 1000+ 100 0

[Eres-His',Glu*JPACAP-27 600 +100 1000 +100 0.3
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Fig. 6, Dose-effect curves of adenylate cyclase activation in SUP-TL
lymphablastic cell membranes by PACAP-27 in the absence (open
symbols) or presence of 3 M [Des-His', Asn* JPACAP-27 (&, A), 3
uM PACAP(1-27) (@, A). 3 uM PACAP(5-27) (@, B), or 3 uM
PACAP(7-27) (&, B). The results were the means of experiments
performed in duplicate on three differenl membrane preparations
and were expressed in pmol cAMP produced min~! (mp protein) !

[Des-His' IPACAP-27 (see Table 1), the Ala? derivative
showed higher potency and efficacy than PACAP(Z-
27); the Asn® derivative retained very low potency and
lost all capacity to stimulate adenylate cyclase; the
Glu® derivative was 30-fold less potent than PACAP
(2-27) and exhibited reduced LA,

(d) Finally, in addition to PACAP(6-27) whose ef-
fects have already been described in Figs. 3 and 4, the
PACAP f{ragments (3-27), (5-27) and (7-27) and the
analogue {Des-His' Asn*JPACAP-27 were also tested
for their ability to inhibit PACAP-stimulated adenylate
cyclase. The position of PACAP(3-27) and PACAP(5-
27) as partial agonists with very low LA. was con-
firmed, and PACAP(7-27) and [Des-His',Asn®}
PACAP-27 proved to be low affinity antagonists (Fig.
o).

Discussion

1. The present data show that PACAP-27 and
PACAP-38, two newly discovered peptides of the VIP
family, interacted with high affinity with SUP-T1 cell
membranes and stimulated their adenylate cyclase.
PACAP binding sites could be labelled by both
['®IPACAP-27 and ["*I-acetyl-His')PACAP-27. The
latter tracer showed higher affinity than PACAP-27
itself and a better specific/non specific binding ratio.
The binding sites labelled by the two tracers exhibited
the characteristics of relevant receptors: binding was
time-dependent, reversible, saturable, specific and in-
hibited by GTP. These receptors were probably identi-
cal to those previously reported as being ‘helodermin-
preferring’ VIP receptors in this cell line, Two evi-
dences support this conclusion: (a) tracer binding was
completely inhibited by helodermin and VIP, and IC,,
values were identical to those observed when these

receptors were [abelled with ['*Ilhelodermin [1] or
["®l-acetyl-His' IVIP [24]; {b) PACAP-27-, heloder-
min- and VIP-stimulated adenylate cyclase activities
were competitively inhibited by PACAP(6-27) and the
same K; was found for the three agonists considered.

Several peptides of the VIP family were, thus, fikely
to interact with these functional receptors that showed
an unusual decreasing order of binding affinity: helo-
dermin > PACAP-38 > PACAP-27 > VIP, with PA-
CAP-27 being 2-fold more potent than VIP, This order
of potency differed clearly from that recently described
for selective PACAP receptors [9-14]. However, the
present helodermin-preferring VIP receptors in SUP-
T1 cells also bare no resemblance with a majority of
VIP receptors, based on their capability to discriminate
VIP analogues [2,4] (see also Introduction),

2. By comparing PACAP-27 with PACAP fragments
and monosubstituted PACAP analogues, we further
specified the structural requirements for an optimal
contribution of the N-terminus of the ligand to recep-
tor recognition and subsequent adenylate cyclase acti-
vation.

As already noticed for VIP [18,19] and secretin
receptors [20,21], the amino terminal residue of PACAP
was particularly important for full biological activity at
low peptide concentration: the absence of histidine-1
decreased 25- to 30-fold the affinity for receptors but
adenylate cyclase activation remained possible. The
replacement of histidine-1 by phenvialanine produced
a compound only 3-fold more potent than {Des-
His'IPACAP. Acetylation of the w-amino group of
histidine 1 was beneficial for receptor recognition, an
observation in line with that previously made on SUP-
T1 receptors with [acetyl-His'IVIP [2,4] and perhaps,
due to the alteration of the chemical properties of the
imidazole moiety following the suppression of an ion-
ized function by acetylation [22).

Concerning position 2, replacement of serine by
alanine increased 3- to 4-fold the peptide affinity in,
respectively, the absence and presence of histidine — 1.
Although we have no explanation, it is of interest to
note that the parent peptide PHI, with its N-terminal
sequence H-A-D-G, recognizes SUP-T1 receptors with
the same affinity as VIP [1,2], a rather unusual obser-
vation since PHI is 3- to 10-fold less potent than VIP
on most VIP receptors [23). Replacement of serine 2 by
alanine in secretin (that possesses the same N-terminal
sequence H-S-D-G as PACAP) exeris contrasting ef-
fects: it decreases 3-fold the affinity for secretin recep-
tors in rat pancreas [24], rat heart [25] and rat/mouse
neuroglioma cell membranes [21] but doubles the pep-
tide affinity for human pancreatic membranes [20}. The
absence of both His' and Ser? decreased 400-fold the
peptide affinity and reduced the peptide efficacy to a
mere 10%. Similar observations have been made for
VIP [18] and secretin [21].



An acidic function in position 3 was also critical for
the high affinity of PACAP for SUP-T1 receptors:
substitution of Asy® by Asn reduced S00-fold the affin-
ity of the ligand and 2-fold its efficacy while the re-
placement by Glu affected slightly only the binding to
the receptor. Conceivably, in the native PACAP-27
molecule, efficient ligand—-receptor interaction may fol-
low a conformational state of the ligand whereby its
amino-terminal histidine intcracts with a negatively
charged carboxyl group [22]. In the absence of histi-
dine-1, an even more precise positioning of the car-
boxyl function of the ligand may be required for potent
and efficient interaction with the receptor. [Des-His'-
Glu®)PACAP-27 was indeed 12-fold less potent than
[Des-His' IPACAP-27 and orly 2-fold more potent than
[Des-His'-Asn®*JPACAP-27; furthermore, it displayed
only one third of the maximal intrinsic activity. [Des-
His'-Asn*IPACAP-27 showed the same low potency as
[Asn’]PACAP-27 but was completely devoid of intrin-
sic activity and, accordingly, it antagonized the
PACAP-stimulated response of adenylate cyclase.

3. VIP and PACAP-27 differ in several positions: 4,
5,9, 13, 15, 24, 25, 26 and 28. As VIP was only 3-fold
less potent than PACAP-27 and allowed 90% of maxi-
mal adenylate cyclase activation, it is unlikely that
these amino acids were all markedly involved in high-

affinity binding. However, the introduction into VIP of

a tyrosine in position 13, and the simultaneous intro-
duction of serine and tyrosine in, respectively, position
9 and 13 led to VIP analogues that were close to
PACAP. By contrast, the same substitutions in VIP
increase 3- to 10-fold the ligand affinity for specific
PACAP receptors in rat brain membranes and on a
human neurcblastoma cell line but then, these ana-
logues still show 300-times less affinity than PACAP-27
itself [9).

4, Finally, in the present work, we observed that two
PACAP analogues, devoid of intrinsic activity, were
able to antagonize the helodermin-preferring VIP re-
ceptor of the human lymphoblastic cell line SUP-TI:
PACAP(6-27) with 2 K, of 500-600 nM and [Des-
His'-Asn*[PACAP-27 with a K; of 1-2 uM.
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