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Competition binding curves, using p2Sl-acetyI-Hist]pACAP-27 as radioligand and dtme-elkct carves of adenylate 
cyclase activation in human SUP.TI lymphoblastic membranes showed that PAEAP.27 and PACAP.311 stimulate 
the enzyme through a single class of belodermht.preferdng VIP receptors with file following order of potency: 
helodermin = [acetyI-His']PACAP-27 > PACAP.-3B > PACAP-27 > VIP, PACAP (6-27) ( g j  @.,5-0,$ ptM) and [Des- 
His 1, Asn3]PACAP-27 (K i I - 2  p M )  acted as competitive antagonists. Using a ~ of 13 PACAP-27 aaalqw~s and 
fragments and Ihree VIP a m i d ,  we identifR, d I~sitlons 1, 2, 3, 9 and 13 in PACAP.27 as belag of iml~ ' tanee  fro" 
higl t-al l ln i ty binding. Thus, we added fur ther evidmce for considering that the petn&~t heiodermin-prekrHng VIP 
receptors, when comlmred to a majority of VIP receptors and PACAP receptors, exhibit an m'ilinal speeilkity 
pattern, 

Introduction 

The unusual VIP receptor of the human I~npho- 
blastie cell line SUP-T1 displays similar affinity for VIP 
and PHI, a higher affinity for the parent peptide heM- 
detrain and no affinity for secretin and G R F  [l]. It also 
shows remarkable high affinity for [Phel]VIP hut rather 
low affinity for VIP analogues monosubstituted ia posi- 
tion 1 to 4 by the corresponding D-amino acid [1,2]. 

Al~teviations: PACAP-38 and PACAP-27, pituitaw aderfflate ~j'- 
clase activating peplides in. res~etive~, th© long version (the ami- 
dated 38.residtte peplide (1-38)) and the N-terminal amidazed 27-re- 
sidue short version (1-27); VIP, vaSOaotive intestinal pelxide; Kd, 
concentration required for half-maximal oeeupan~ of binding sires 
wilh tracer; IC5o, concentration required for half-maximal inhibition 
of tracer binding; EC50, co~mrmion exerting hail-maximal stimu- 
lation of ad©ny|ate o/rinse; K i, concentration required for hal|-maxi- 
real inhibition of aderfflate ~c]ase slimuiatieo; I.A., intrinsic activity 
(enicacy), considering the maxima] effect o[ PACAP-2? as 1. 

Correspondence: J. Chrlstophe, Department of Biochemistry and 
Nulrilian, Medical School, Universil~ Libre de Bntxe]les, 115 Boule- 
yard de Waterloo, !~1000 Bra~,els, Belgium. 

The fragment VIP(IO-28) 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 V IP receptors and we 
classified the SUP-TI [ymphob]astic receptor as a 
'helodermin-preferring* VIP receptor [2--4], A similar 
receptor was clench'bed recently in huma n small cell 
Inn8 carcinoma cell lines [5]. 

Lately, Miyata et  aL isolated from ovine h3q~othala- 
mus two novel peptides closely related to VIP: the 
amidat¢d 38-residue Pituitary Adenylate Oyclase Acti- 
vating Polypeptide (PACAP-3~) 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 also 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 aeinar ceil line AR 4-2J [13], and the human 
neurohlastoma cell line NB-OK [14]. 

In the present work we examined the interaction of 
both PACAPs with human SUP-Tt 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 ce[I line was cultured at 37"C in 

RPMI medium supplemented with 5% (by voL) fetal 
calf serum (from Gibco). Stock cultures were diluted 
every three days with 4 volumes of fresh medium. Cells 
were harvested by ecntrifugation at 100 x g for 10 rain, 
lyzed in hypotonie 1 mM NaHCO.~ (pH 7.0) then 
quickly frozen in liquid nitrogen. After thawing and 
eentrifugation of the lysate at 2000 x g for 10 rain at 
4°C, the resulting supcrnatant was centrifuged at 
10fl0O×g for 15 rain. The final pellet was homoge- 
nized in 1 mM NaHCO~ and immediately used for 
binding assay and adenylate cyclase assay. 

Radioiodination and purification o f  tracer~ 
PACAP-27 and [acetyl-Hist]PACAP-27 were ra- 

dioiodinated by the chloramine T method as previously 
described [13,14] then purified by HPLC. The radioiod- 
ination reaction was stopped by dilation, and the mix- 
ture immediately injected into a reverse-phase 0.39 
c m x  30 cm /zBondapak Ct~ column (Waters Associ- 
ates, Milford, MA, U.S.A.) equilibrated in solvent A 
(0.1% trifluoroacetic acid, 5% CH3CN). 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% CH3CN) over 5 rain, followed by a 
35-75% linear gradient of solvent B over 40 rain. Free 
i?-sI and unlabciled peptides were separated from three 
or four peaks of trichloroacetic acid-preeipitable t2Sl. 
The major radioactive peak (in each case the second 
peak) showed the highest capacity to bind to SVP-T1 
membranes, after CHaCN evaporation. The residue 
was diluted in 10 mM sodium phosphate (pH 7,4) and 
150 mM NaCI, containing 0.02% Tween 20 to avoid 
peptide adsorption. The tracer was stored at - 2 0  ° C. 
The specific radioactivity of both tracers was typically 2 
mCi/nmol. 

Binding of  [J2~I]P,4CAP-27 and [RSl-acetyI-HisllpA - 
CAP.27 to SUP-TI membranes 

Binding was performed in 50 mM Tris-maleate 
buffer (pH 8.0) containing 5 mM MgCl 2, 0.5 mg/ml 
bacitracin, 1% (mass/vol.) bovine serum albumin, 5-10 
pM tracer, increasing concentrations of unlabclled 
pcptid¢ and approx. 20 /zg membrane protein, in a 
total volume of 120 ~1. Incubations were conducted at 
37 °C for 20 rain to allow equilibrium of binding and 
terminated by dilution with 2 m[ ice-cold 0.1 M sodium 
phosphate buffer (pH 7.4), followed by rapid filtration 
through glass-fiber filters (GF/C,  Whatman, Maid- 
stone, Kent, U.K.) soaked in 0.1% poly(ethylcneimine) 
for at least 24 h. The filters were rinsed three times 
with 2 ml of the .same buffer, and their radioactivity 
was measured in a muItichannel LKB Garamacounter. 
Non-specific binding of [tzsI]PACAP-27 and [l~i- 
acety[-His 1 ]PACAP-27 was determined in the presepee 
of 0.1 /xM 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 Solomon et al. [15]. Membrane protein, used at 
the same concentration as in the binding assays, was 
incubated in a total volume of 60/~1 containing 0=5 mM 
[c~-32P]ATF, 10 /~M GTP, 5 mM MgCI2, 0.5 mM 
EGTA, 1 mM cAMP, 1 mM theophylline, 10 mM 
phosphoenolpymvate, 30 ~g/ml ~ruvat¢ 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 t2-min incubation at 37°C by adding 0.5 ml of 
a 0=5% sodium dodccyl sulfate solution containing 0.5 
mM ATP, 0.5 mM cAMP and 20000 clam [8-'~HkAMP 
(to determine cAMP recovery), cAMP was separated 
from ATP by two successive ehramatographies on 
Dowex 50 W-X8 and neutral alumina, 

Peptides and other chemicals 
Synthetic helodermin, VIP and FACAP-38 were 

from Novahiochem (Laiifelfingen, 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'-diraethoxyphe nylfluoren-9-ylmetoxycarbonylamino- 
methyihahenoxy resin and fluoren-9-ylmetho~carbonyl 
Labelled amino acids activated with N-hydroxybenzo- 
triazole and benzotriazol-l-ylo~tris(dimethylarai- 
no)phosphonium hexafluorophosphate [16] were used. 
The peptides were purified lay HPLC and their con- 
fortuity established by both total amino acid composi- 
tion and Edman degradation in a 477 A sequencer 
(Applied Biosystems, Foster City, CA, U.S.A.). The 
different sequences are presented in Table I. 

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 o f  PACAP binding sites 
PACAP binding sites were characterized by the 

binding of [m~SI]PACAP-27 and [t:~l_acetyl.His m ]PA- 
CAP-27. The binding of both tracers was rapid at 
3 7 ° C  and reached steady state after 20-30 rain then 
persisted for at least 60 rain. It was saturable with 
complete inhibition of tracer binding in the presence of 
0.3 /.~M unlabelied PACAP and reversible as studied 
by isotopic dilution. Furthermore tracer dissociation 
was markedly accelerated by addition of l0 ~ M  GTP. 
Data on [i~Sl-acetyI-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 
[mzsl]PACAP-27. Tracer binding was inhibited by 
PACAP-27, PACAP-38, V1P and heIodermin (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 I ~.M. When testing the specificity of binding 
sites with synthetic analogues and PACAP fragments, 
[aeetyI-Hism]PACAP-27 showed a higher affinity than 
PACAP-27 (Fig. 3) and [~z~I-aeeWI-Hism]PACAP-27 
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Tim(~ lira i n )  

Fig. I. A~,ocialion (A)  and dissociation (l~,~ ~d~.et~-~ at 3 7 ° C  of  
[ |3~ I -acetyI-F li~' }PACAP([-27) On membranes from human SUP-TI 
lymphobl~ls. The resulls were the means Of e~I~rillle13ts performed 
in duplicate on thrcc different membrane preparark)nL For ~s.q~a- 
lion kinetics the tracer bound was eztpressed it* % of  the tracer 
offered. Dissocia*ion was indaced by adding, after a 20 rain preincu- 
barren with tracer. O. I ;zM onlal~elled |aCetyI-Hiszff)ACAP-2? either 
alone ( o )  or with ( * )  10 ;tM GTPr l"~e results wure ©xpscss~d in % 

uf tracer bound before addition of the unlabelled ligand. 

provcd to be a better probe than ]2~I-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 I 

Sequences of amino acids for PACAP(I- 38), PACAP( 1- 27L V/P, helodermm, VIP analogues, PACAP anak~es and fragn~nts 

All pepfides except helodermin are amidated (*). 

Peptide 1 $ I; O 1 S 20 25 ~0 ] 5  

PACAP(I-38) 
PACAP( I - 27 )  
v I P  
Hclodermin 

[Ser~]VIP 
[Tl~r 13]VIP 
[Sel ~,Tyr t3]VlP 

PACAP(2-27) 
PACAP(3-27) 
PACAF(5-27) 
PACAF(6-27} 
PACAP(7-27) 

[Acelyl-His I ]PACAI~ 1-27) 
[File']FACAP(]-27) 
[AlaZ]PACAP(1-27) 
[Asn~]PACAP(i-27) 
[Glu3]PACAP[I-27) 
[Des-Hisl,Ala z ]PACA P(1-27) 
I D a - H i s  1,ASa 3]PACAp(It-27) 
lDes-Hist,Glu 3]FACAI~ 1-27) 

H - S . D ~ G . I - F - T - D - 3 - y - S - R - y - ~ - K - G - M - & . V - ~ . K - Y - L - A - A - V - L - G - K - R - y - R - Q - R - ~ - K - N - K -  • 
H - S - D - G ~ ] - F - T - b - S - y - s - R - y - R - K - G - M - h - V - K - K - Y - L - A - A - V - L  -~  
H - S - D - A - V - F - T - D - N - Y - T - R - L - R - K - q - f l - A - V - K - K - Y - L - N - $ - I - L - N - "  
H - S - D - A - ~ - F - T - E - E - Y - S - K - L - L - A - K - L - R - L - Q - K - Y - L - A - - S - : - L - G - S - R - T - S - P - P - P - S  

H - S - B - A - V - F - T - D - $ - y - T - R - L - R - K - 8 - H - A - V - K - K - y - L - N - $ - I - L - N -  s 
H - S - ~ - h - V - F - T - D - N - y - T - R - y - ~ - K - G - M - & - V - K - K - Y - L - N - S - | - L - N -  ~ 
H - S - D - A - V - F - T ° D - S - Y - T - R ° Y - R - K - Q - R - A - V - K - K - ¥ - L - N - S - I - L - N  - ¢  

S - D - G ~ Z - F - T - D - S - y - s - R - y - R - ~ - G - H - R - V - K - K - ¥ - L - A - A - V - L  -~ 
D - G - I - F - T - D - $ - y - $ - R - y - R - K - G - ~ - A - V - K - K - Y * L - A ° A ° ¥ - L  -~ 

t - F - T - D - S - ¥ - S ° R ° Y ° R - K - G - H - R - V - K - K - Y - L - & - A - ¥ - L - *  
F - T - D - $ - y - s - R - y - R - K - q - H - A - V - g - K - Y - L - A - A - V - L  -~ 

T - D - S - ¥ - S - R - Y - R - K - G - ~ - A - V - K - g - y - L - A - A - V - L  -~  

& C - H - S - D - G - £ - F - T - D - S - ¥ - S - R - Y - R - R - Q - R - A - V - K - K - y - L - A - A - V - L  -#  
F - S - D - G - I - F - T - D - S - ¥ - S - R - Y - R - K - Q - R - A - V - K - K - ¥ - L - A - & - V - L  -~  
H - A - O - G - I - F - T - D - 5 - Y - S - R - Y - R - K - Q - H - A - V - K - K - Y - L - A - & - V - L  - ~  
H - S - N - G - I - F - T - O - S - y - S - R - y - R - K - Q - H - A - V - K - K - Y - L - A - A - V - L  -¢  
H - $ - E - G - I - F - T - O - $ - y - S - R - Y - R - K - Q - R - A - V - K - K - Y - L - A - A - V - L  - ~  
- A - D - G - I - F - T - D - S - Y - S - R - ¥ - R - R - Q - H - A - V - K - K - y - L - A - & - V - L  -~  
- $ - N - G - I - F - T - D - $ - ¥ - S - R - Y - R - K - Q - H - A - V - K - K - Y - L - A - A - V - L  -~  
- S - E - S - I - F - T - D - S - ¥ - S - R - Y - R - K - Q - R - A ° V ° K - K - y - L - A - A - V - L  -~  

1 5 10 15 20 25 30  35  
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2. Specificity of receptors labelled with /~2~l.acetyl- 
His~]PACAP-27 and adenylate 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 ICs0 values are quoted in Table II. The four 
peplidcs stimulated adcnylatc eyclase, 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.O for helodermin 
and PACAPs: F ig  2 and Table II). All curves for 
binding inhibition and adcnylatc cyclasc 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 

L 
~~ ~ PACAP (1-~7) 

"~% VIP 

PACAP (1-3B) 

10( Helodermin ~ ~ ;  

< "~ PACk P {1-3 

~ 5( / /  PACAP ('-27 } 

~R wP 

°-~-11 -10 -6 -7 - re -9 

~ept lae] (log M) 

Fig, 2. Do~-eff~ct cul'vcs of inhibition of[12~l-acetyi.His I]PACAP-3g 
binding (&) and ad¢nyiat¢ cy¢las¢ stimulation (B) by helodermin (o), 
PACAP-38 ( ,~ ), PACAP-2? (a)  and VIP (e) in SUP-T! ]ymphoblas- 
tic ¢¢11 membranes. The reSU[lS were the means 0f at least three 
experiments pert'corned in duplicate. Binding data wcr¢ expn=ss~d as 
a % of the [tZ~l-aectyI-Hist]PACAP-27 specificalty bound in the 
absence of unlabelled peplide. Adenyiate cyclase stirnulalion was 
esprcsscd as a % of the increase in cAMP produced in the presence 
of 1 ~M PACAP-2?. The basal activity was 4,2+0,3 pmol cAMP 
produced min- ~ (rag protein) ~ ~ and the ~tivity as slimulated by 1 

~.M PACAP-27 was 152±8 pmol cAMP rain t (rag protein) -~ 
(means + S . E . ,  n = 5), 

100 

50 

,..-',:,o,,,,-,,,\ %X%./  

lOO [.o°,,,..,~ , . / . ,%: .~ -o~-o  
PACAP(t-27] / i/O/ 

=--g / / /o,o,,,o-,,,\ \ 

Peptide (Io§ M) 

Fig. 3. Dose-effect carves of inhibition of [1ZSl.acetyi.Hist]PACAP.2 ? 
binding (A) and adenylat¢ cyclase stimulation (B) by lacetyl- 
His z ]PACAP-27 (,,), PACAP-27 (o, ~, PACAP(2-27)(~), PACAP(3- 
27) (a). PACAP(5-27) (11), PACAP(b-27) (,¢) and PACAP(7-27) 
(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 cyclasc, [SerLTyrtZ]VIP was indistinguish- 
able from PACAP-27, [Tyrt3]VIP was slightly less po- 
tent and efficient than PACAP-27 and [Scrg]VIP was 
no more potent and efficient than VIP (Table ID. 

(b) The minimal PACAP sequence required for re- 
copter occupancy and adenylate cydasc activation was 
tested systematically: P A C A P  (2-27)  was already 30. 
fold less potent than PACAP-27 but retained 75% of 
its efficacy on adenylate cyclase. PACAP(3-27), -(5- 
27), -(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, shifted the 
adenylat¢ cyelase activation curve rightward without 
altering the maximal effect of the a$onist (Fig. 4). The 
K I of PACAP (6-27) was estimated as 500-800 nM for 
all three agonists tested (Table H). 

(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 2 terminus increased the peptide potency 6-fold 
with no change in efficacy (Fig. 3 and Table il). The 
replacement of histidine-1 by phenylalanine provoked 



• 
A 

E 

Helod~*l'mlt~ 

B 

PACAP(~'27 

EHelader'm~n or"  VlP] [log M) 

PAc A P ~ 7 /  

[PACAP(1-27)] {loq M } 

Fig. 4. Dose-effect curves of adenylate cyclase activation in SUP-TI 
lymphoblastie cell membranes by helodermin to .  a. A), VIP ( ~,  - ,  
Ai and PACAP(l-27} ([:1, II. B) in the absence (open symbols) or 
presence (closed symbols) of 3 pM PACAPt6-27L The results w¢~¢ 
the means of experiments performed in duplicate on three different 
membrane preparations and were expressed in pmol cAMP pro- 

duced rain- t (mg protein)- i. 

a 10-fo[d d e c r e a s e  in p o t e n c y  a n d  a s l ight ly  r e d u c e d  
ef f icacy  (Fig.  5 a n d  T a b l e  II), S u b s t i t u t i o n  o f  s c r i n e - 2  
by  a l a n i n e  i n c r e a s e d  4- fo ld  t h e  p e p t i d e  po t ency .  Sub-  

s t i t u t i o n  o f  a spa r t i e  ac id-3  by g l u t a m i c  ac id  w a s  w i t h o u t  

s i gn i f i c an t  e f fec t  wh i l e  s u b s t i t u t i o n  by a s p a r a g i n e  

m a r k e d l y  r e d u c e d  t h e  p o t e n c y  a s  well  a s  e f f icacy  (Fig. 

5, T a b l e  ID, 
W h e n  t h e  s a m e  s u b s t i t u t i o n s  o f  s e r i n e  o r  a s p a r t a t e  

w e r e  o p e r a t e d  in t h e  a b s e n c e  o f  h i s t id inc -1  i.e. o n  

zl 
g 

10C 

5(: 
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L. \ V T " "  

~OetH~*~ OaeaP{1- ~';') 

, 
~'~ -~ -- -7 -6 -s  

~ept ide ]  1log M) 

Fig. 5- Dose-effect calves of inh~ition M [t~l-ace~l-Hisi ]PACAP-27 
binding by:. CA): PACAP-27 {@), [AlaZ]PACAP-27 (OL [GluJ]PA - 
CAP-27 ( ~ )  and [Am~]PACAP-27 (~7) and (B): |Pltet ]PACAP-27 
( a ), [De~HL~: ]PACAP-2")" (O), [Des-HisI,.Ala2]PACAP-27 (o), lDev 
Hisl,Asn3]PAEAP-27 (v) and [Des-His|,GIu3]PACAP-27 (z~). Exper- 
imental conditions and the expt©saion of resulls were identical to 

Ihose of Fitpk 2 and 3. 

TABLE tl 

CopaciVy of  helodermin~ VII ), t/IP analogues, PACAP, PACAP analogues and PACAP fra&menL¢ ro inhibil [ 1251--acetyI-HisI]PACAP-27 (ICed in nM) 
and to stimulate adenylate cyclase (g ,~  in nM) or inhibit its PACAP.27.stirnutated ~ctivity fK~ in nM) m 5UP-Tl cell membranes 

The intrinsic activity (I.A.) is the ratio between lh~ maximal enz,jme activity in the presence of each peptidc tested and the maximal activity in 
the presence of I p,M PACAP(I-27). Values w e n  the means_+S.E. (n _> 3). Experiments were performed in duplicate, n . d . :  nor measurable, 
* not significandy lower than I. 

Peptide IC~ (nM) K ~  (nM) K~ (nM) I.A, 

Helo~rmin 0.3+ 0A 0.3± 0A ]~] 
PACAP-38 0,8 :k 0.2 2.0_+ 0.5 1,0 
PACAP-27 2 _+ 1 5 ± 1 1.0 
VIP 5 ÷ 2 10 ± 2 0.9* 

[Serg]VIP 5 -4- 3 tO ± 2 0.9 ~ 
[Tyri3JVlP 4 + 1 6 + 2 1,0 
[Ser').Tyrl~JVIP 2 :t l 5 ~ t 1,1], 

PACAI~2-ZT) 50 + 10 150 + 30 iLK 
PACAPI.3-27) 800 + 50 n.d. 500± 100 U,I 
PACAP(5-27) 400 + 100 n.d. 330± 50 0.03 
PACAI~6-27) 600 + 100 f~l)±200 O 
PACAI~7-27) 2000:1:200 - 21)00+300 0 

lAc~tyI.HistlPACAPG'-27) 0.3+ 0.05 1.5± 0,2 1,0 
[ph©t]PACAP-27 20 ± 2 40 -~ 3 0,8 
[Ala2]PACAP-27 03 4- 0.l 1.0-t: 2.0 1.0 
[Asn3]PACAP-27 1004) :LI00 2000 ±100 05  
[Glu~lPACAP(I-27) 3,0:t: 0.5 IO + 5 1.0 
IDes-HisI,AIa;e]PACAP-27 20 :t: :5 80 + 5 1.0 
[Des-HisI,Asn3]PACAP-27 1000 + 100 - 10GO± lO0 0 
[Des-Hbt,Gla3]PACAP-27 600 .4-100 1 0(i0 + 100 0.3 
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Fig. 6. Dose-effect cuwes of adenylate cyclase activation in SUP-TI 
lyrnpbeblasti¢ c¢11 membranes by PACAP-27 in the absence (open 
s),mbols) or presence at 3/zM IDes-Hisi,Asn~]PACAP-27 ( - ,  AL 3 
pM PACAP(3-27) {e. A). 3 ~tM PACAF{5-27) (o. B). or 3 t~M 
PACAP(7-27) (A. B}. The results were the means of experiments 
performed in duplicate eta three diffcronl membrane preparalion~ 
and We:re expressed in pmol c A M P  pmduc:eafl min -1 (m s protein)  -1, 

iDes-His ) ]PACAP-27 (see Table !), the Ala 2 derivative 
showed higher potency and efficacy than PACAP(2- 
27); the Asn ~ derivative retained very low potency and 
lost all capacity to stimulate adcnylat¢ cyclase; the 
Glu "~ derivative was 3fl-fold less potent than PACAP 
(2-2"I) and exhibited reduced I.A. 

(d) Finally, in addition to PACAP(6-27) whose ef- 
fects have already been described in Figs. 3 and 4, the 
PACAP fragments (3-27), (5-27) and (7-27) and the 
analogue [Des-His1,Asn~]PACAP-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 I.A. was con- 
firmed, and PACAP(7-27) and [Des-Hist,Asna]- 
PACAP-27 proved to be low affinity antagonists (Fig. 
6). 

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 cyelase. 
PACAP binding sites could be labelled by both 
[ t2s I]PACAP-27 and ['~s l-acctyI-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 wcrc probably identi- 
cal to those previously reported as being 'hclodermin- 
preferring' VIP receptors in this cell line. Two evi- 
dences support this conclusion: (a) tracer binding was 
completely inhibited by helodermin and VIP, and ICso 
values were identical to those observed when these 

receptors were labelled with [~2"~l]helodermin [1] or 
[l~Sl-acctyl-His)]VlP [2,4]; (h) PACAP-27-, hclodcr- 
rain- and VlP-stimulated adenylate cyclasc activities 
were competitively inhibited by PACAP(6-27) and the 
same K i was found for the three agonists considered. 

Several peptides of the VIP family were, thus, likely 
to interact with these functional receptors that showed 
an unusual decreasing order of binding affinity: help- 
detrain > 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 hclodermin-preferring MIP 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] (scc 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 adcnylate cyelase 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 peptid¢ concentration: the absence of histidinc-1 
decreased 25- to 30-fold the affinity for receptors but 
adenylatc cyclasc activation remained possible. The 
replacement of histidine-1 by phenylalanine produced 
a compound only 3-fold more potent than [Des- 
His)}PACAP. Acetylation of the s-amino group of 
histidinc I was beneficial for receptor recognition, an 
observation in line with that previously made on SUP- 
T1 receptors with [acetyt-Hisi]VIP [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 ex01anation, it is of interest to 
note that the 0arcnt 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 seeretin (that possesses the same N-terminal 
sequence H-S-D-G as PACAP) exerts contrasting ef- 
fects: it decreases 3-fold the affinity for secretin recep- 
tors in rat pancreas [24], rat heart [25] and rat/mouse 
neuroglioma c¢11 membranes [21] but doubles the p e p  
tide affinity for human pancreatic membranes [20]. The 
absence of both His i and Ser z decreased 400-fold the 
peptide affinity and reduced the peptide efficacy to a 
mere 10%. Similar observations have been made for 
V1P [18] and seeretin [21]. 
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An acidic function in position 3 was also critical for 
the high affinity of PACAP for SUP-TI receptors: 
substitution of Asp ~ by Asn reduced 5DO=fold the affin- 
ity of the ligand and 2-fold its efficacy while the re- 
p l a c e m e n t  by Glu a f f ec t ed  slightly only the  b ind ing  to 
the receptor. Conceivably, in the native PACAP-27 
molecule, efficient ligand-reeeptor interaction may fol- 
low a conformational state of the ligand whereby its 
amino-terminal histidin¢ interacts with a negatively 
charged carboxyl group [22]. In the absence of histi- 
dine-l, 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 l- 
Glu3)PACAP-27 was indeed 12-fold less potent than 
[Des-His']PACAP-27 and only 2-fold more potent than 
[Des-His'-Asn3]PACAP-27; furthermore, it displayed 
only one third of the maximal intrinsic activity. [Des- 
Hist-Asn3]PACAP-27 showed the same tow potency as 
[ A s n 3 ] P A C A P - 2 7  bu t  was  comple t e ly  devo id  o f  in t r in-  
sic activity and ,  accordingly,  it a n t a g o n i z e d  the  
P A C A P - s t i m u l a t e d  r e s p o n s e  o f  adeny la t e  cyclase.  

3. V I P  a n d  P A C A P - 2 7  d i f fe r  in severa l  posi t ions:  4, 
5, 9, 13, 15, 24, 25, 26 a n d  28. A s  V I P  was  only 3-fold  
less p o t e n t  t h a n  P A C A P - 2 7  a n d  a l lowed  90% o f  maxi- 
mal  adeny la t e  cyclase  act ivat ion,  it is unl ikely tha t  
these amino acids were all markedly involved in high- 
affinity binding. However, the introduction into VIP o f  
a tyrosine in position 13, and the simultaneous intro- 
duction of scrine and tymsine in, respectively, position 
9 and 13 led to VIP analogues that were close to 
PACAIP. By contrast, the same substitutions in VIP 
inerea~ 3- to 10-fold the ligand affinity for specific 
PACAP receptors in rat brain membranes and on a 
human neuroblastoma 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 
P A C A P  a n a l o g u e s  , devo id  o f  intr insic  activity, w e r e  
ab le  to  a n t a g o n i z e  the  h e l o d e r m i n - p r e f e r r i n g  V I P  re-  
c e p t o r  o f  t h e  h u m a n  lymphoblas t i c  cell  l ine S U P - T I :  
P A C A P ( 6 - 2 7 )  wi th  a K t o f  500 -600  n M  a n d  [Des-  
H I s t - A s n 3 ] P A C A P - 2 7  wi th  a K; o f  1 - 2 / z M ,  
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