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We previously identitled the receptor For neuropcptide Y (NPY) on rabbit kidney m~mbranes as a 100 kDa protein [(1990) J, Biol, Chore, 26S, 
11H42 ~°11~ 14.1]. It is demonstrated in thi~ study th;tt the stable ~mtnir~e nucleotide analolluc, Iiu=mosin¢ 5'.O.O.thiotriphosphate) (GTP~S), is capable 
or decreasing, the labelinll o1' the 10(3 kDa protein in a conc©ntrution.dcpendent manner, with an lC~ value of 50 laM, This susllests that the 100 
kDa protein r~prcsents It O.protein coupled receptor type, In isolated proximal tubules from rabbit kidney NPY decreases the parathyroid hormone 
stinlulated cAMP production in a dose.de p~ndent fashion. This indicates that the NPY receptor in rabbit kidney is neg=ttively coup et to adenylate 

cyclasa by a G=.like protein, 

Fel~r.ary 1991 
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I. INTRODUCTION 

Neuropeptide Y (NPY) is a 36 amino acid peptide of 
the pancreatic polypeptide family, a group of struc- 
turally related brain.gut peptides including peptide YY 
(PYY) and pancreatic polypeptide (PP). NPY is found 
in the central and sympathetic nervous system of all 
vertebrates where it may act as a neurotransmit- 
ter/neuromodulator. 

Receptors for NPY have been demonstrated in 
numerous tissues and ceil lines [2-8], among which the 
proximal tubules of the rabbit kidney represent a sur- 
prisingly rich source of NPY binding sites. Here, we ex- 
tend our previous studies on the characterization of 
NPY receptors in rabbit kidney [1] to crosslinking ex- 
periments in which a 100 kDa protein was identified 
that binds ~SI-NPY in a guanine nucleotide-dependent 
manner. Additionally, it is demonstrated that NPY can 
influence stimulated cAMP accumulation in isolated 
proximal tubules, 

2. MATERIALS AND METHODS 

2, I. CI2emicals 
NPY and parathyroid hormone were purchased from Bachem 

(Heidelberg, Germany), z:'~I-NPY and the cAMP radioimmunoassay 
kit were purchased from Amersham (Buckinghamshire, UK). The 
other chemicals were obtained from the following sources: disuc- 
cinimidylsuberate (DSS) and dlsuccinimidyltartrate (DST), Pierce 
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Chemical Co.; 3,isobutyl. I.methylxanthine (IBMX), N. 
hydroxysuecinin~idyl.4.azidoben~oate (NHSAB)0 GTP-IS, ¢ol- 
lagenase (type 1), phcnylntethylsulfonyl fluoride (PMSF), Icupeptm, 
bacitracin and tile Molecular  Weight Markers' for sodium dodecyl 
sulfate.polyacrylamide gel electrophoresis (SDS-PAGE), Sigma 
(Deisenhofen, Germany); Percoll, Pharnlacia (Uppsala, Sweden); 
bovine serum albumin (BSA) and all other chemicals, excepl stated 
otherwise, were purchased from Serve (Heidelberg, Germany), 

2.2, Preparation of  rabbit kidney ttrembranes 
Kidney membranes were prepared from New Zealand rabbits as 

described [1]. Membranes were stored at -20*C, 

2,3, Preparation of isolated proximal tubttle cells 
Tile kidneys of exsanguinated New Zealand rabbits were removed, 

decapsulated and placed in a Hopes.buffered Krebs.Henseleit saline 
(KHS), pH 7,4, containing 0,1070 BSA, Superficial cortical slices were 
incubated in I~HS containing collagenase (1 mg/ml)  for 45 rain at 
370C in a shaking water bath, The digestate was pressed through a 
stainless steel mesh and gently centrifuged at 60 x ,~ for 30 s, The 
pellet was washed twice in KHS at 4°C and was then resuspended in 
a 50o"0 Percoll solution as described by Vinay et al, [10]. The F,~ layer 
consisting of proximal tubule segments was removed, resuspended 
and washed 3 times in oxygenated KHS at 4*C. 

2.4, Affinity labeling of neuropeptide Y binding sites 
Membrane fragments (100 #g/ml} were incubated with 100 pM Iz'41- 

neuropeptide Y (2000 Ci/mmol) for 4 h at 0°C in binding buffer con- 
taining 50 mM Tris.HCl, pH 7,4) 5 mM MgCh,, 0.107o BSA, 0.[070 
bacitracin, 0,1 mg/ml aprotinin, 0.1 mg/ml soybean trypsin in- 
hibitor, and 10 ug/ml leupeptin, The membranes were washed twice 
with ice.cold 50 mM Hopes, 5 mM MgCh, pH 7,4. and were finally 
resuspended in 300 ..1 of this buffer. The crosslinking reagents 
NHSAB, DSS, and DST were added to the membrane fragments at a 
final concentration of I raM. After 5 rain in darkness the samples with 
the photoreactive NHSAB were exposed to UV-light, After IS rain at 
0°C all the reactions were quenched by addldon of 200 mM Tris.HCI, 
pH 6.8. The membranes were pelleted by eentrifugation at 14 000 × 
g for 10 rain at 4°C and analyzed by SDS-PAGE and 
autoradiography, as previously described [1], 
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2,~, ¢'AMP m~, r~men tx  
The hol~tcd pro,~imal wb.le prel~r=tllont w~re divided into I.~'~ 

,rtd witched twice In ~l't%' warm KH$, TIt¢ (.bgle~ wcrq prelncub~i~d 
witlt the phmphodie~lera~e inhibitor IB~IX =! 0,4 mH for ~ rain 
Then the peplide.~ were =dded A= indic~ed. ^re.  l0 rain ~he r¢~c[to~ 
w~ terrain=tied by Itddillo. of Ice.cold 0.6~ M I~tchl0rl¢ add, The 
ceil~ were homollcnlxed ~ad ihe protein pelleted down b~ cemri[ul=, 
lioll, The ,upern=t~n! wa.t ,eulr=lixed =tad dihiled I::~0 wilh 0, | M 
~odtum acetme bufre;, pH 6,0, The sarnple~ w~re =¢e~ylaled anti 
cAMP ~'~. dc¢e,'mined by radioimmunoa~ay. 

2,6, Pr#tc, in detemti~ution 
Cell or mernbrfln© protein w.. recast#red a~ordinll Io = modified 

Lowry in=lhod [9], with BSA ill a r, ta.d~rd, 

3. RESULTS A N D  DISCUSSION 

In a previous paper wc reported on the identif ication 
o f  a receplor for NPY in rabbit kidney as a 100 kDa 
protein by af f in i ty  labeling with the heterobiftmctional 
photoreactive NHSAB [1]. We have now extended our 
crosslinking studies ¢o the aminoactiv¢ homobifunc- 
t ional reagents° DSS and DST, recently employed by 
other authors for the identif ication of N P ¥ / P Y Y  bin- 
ding sites, As shown in Fig, 1, the labeling pattern 
generated with both crosslinkers was virtually identical. 
Besides the already mentioned 100 kDa complex a se- 
cond protein with a molecular mass o f  approximately 
120 kDa appeared. Competi t ion studies performed for 
both crosslinkers showed diminuation of specific label- 
ing with increasing concentrations of unlabeled NPY 
(Fig. Ib). Generally, crosslinking was markedly less ef- 
ficient with DSS and DST than wi th the heterobifunc- 
tional NHSAB, which preferentially labeled the 10O 
kDa polypeptide (Fig. 2a), The react iv i ty  of the 
homobifunctional agents is generally restricted to two 
readily accessible amino groups both in the receptor 
and in the ligand binding site coming into spatial prox- 
imity to each other. In view of the broader-ranged reac- 
tivity of  the heterobifunctional reagent and the fact, 
that the Bolton-Hunter labeled NPY molecule contains 
only one free amino group in the N-terminal Tyr ~, the 
difference in crosslinking efficiency should not be very 
surprising. Since the ~20 kDa protein was completely 
absent in crosslinking reactions with NHSAB and the 
monofunctional NPY derivative azidobenzoyl-NPY 
[I], we conclude that it may not represent a receptor 
protein. The 100 kDa complex could be detected with 
all the crosslinkers tested. Its identity with the covalent- 
ly labeled N P Y  receptor therefore appears to be very 
likely. 

Incubation of  increasing concentrations of the stable 
guanine nuclcotide analogue GTP~S, prior to crosslink- 
ing decreased the labeling of  the I00 kDa band in a 
dose-dependent fashion (Fig. 2a). For quantification~ 
the I00 kDa band was excised from the dried gels and 
radioactive incorporation was measured in a gamma- 
counter (Fig. 2b). Half-maximal inhibition of labeling 
occurred at about 50 p.M GTPTS. This value agrees well 
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FiB, I. Crosslinkin@ of I=~i-NPY to rabbit kidney membranes (100 
/~8/ml) with tit© homobiruncdonal agents DSS (a) and DST (b) r~t a 
final concentration of I raM. Equilibrium binding was performed 
with 0.1 nM ~=~I.NPY in the absence ( - )  or presence of unlabeled 

NPY a( concentrations of 0,1 .M (+) or as indicated, 

with the lCso o f  28 /~M which characterizes the in- 
h ib i tory effect of  GTP~S on NPY binding to rabbit 
kidney membranes [I]. This provides further evidence 
that the I00 kDa binding protein described here may 
represent a G-protein coupled NPY receptor type. 

Crosslinking experiments for NPY and PYY have 
been performed by several groups in a number of  tissues 
and resulted in specific labeling of  a variety of proteins: 
62 and 39 kDa proteins in rat brain [I I], 50 kDa pro- 
teins in membranes of rat hippocampus [12], porcine 
hippocampus [13], and rabbit kidney [12], 52-59 kDa 
and 42-44 kDa complexes in rat intestinal membranes 
[14], 70 kDa and 45 kDa polypeptides in a human 
neuroblastoma cell line [12], and a 65 kDa species that 
binds all three PP family peptides with similar affinities 
on intact rat cells [I 5]. The use of differentially labeled 
ligands may partly explain the discrepancy between 
these and our results. It appears rather unlikely that the 
100 kDa protein described here represents an artefac' 
tual aggregate of  the receptor with another protein since 
the same protein was labeled when the monofunctional 
NPY derivative azidobenzoyl-NPY was used [I]. 

Receptors linked to a guanine nucleotide binding pro- 
tein may couple to ion channels, to adenylate cyclase, 
and/or  to phospholipase C. A number of studies, in  
which the possibility of NPY stimulating 



Volume Z.39, n.mb~r 2 FEBS LETTERS February I~1 

m b 

M r x I O ' 3  

~ 0 5 -  

t10  - 
~);W. 

e o -  

4 S -  

nTP- '-S (H) 

100 
,g 

L,-'~ 60, 

40 

30 

\ 

\ 

.... . ~ ,,.~ (~TP-J'-$ Io0 (M) 

Fil~, 2, Effect of  GTP~,$ on the crosslinking of =a)I.NPY, Rabbit kidney membranes (t00 ~6/ml] were incubated with O. I oM Iz~i-NPY sod inereas. 
ing concentraUons of GTP~S, Crosslinking was performed by addition of NHSAB (I raM, Final concentration) and subsequent UV irradiation 
for 1S rain Then the samples were analyzed by SDS.PAGE and processc:d for atLtoradiography (a). Th~ I00 kDa band was excised from the dried 

gel and its radioactivity was determined in a gamma.co-nter (b), 

phospho[nositlde hydrolysis was investigated, rafted to 
detect any effects of  the peptide [3,16,17]. On the other 
hand, inhibition of adenylate cyclase or stimulated 
cAMP generation has been reported for many tissues 
including brain, spleen, vascular smooth muscle cells 
and vas deferens [3,18-25]. We therefore tested whether 

NPY is capable of  affecting adenylate cyclase activity m 
proximal tubule cells of rabbit kidney. As shown in Fig, 
3, the basal levels of cAMP did not change in response 
toth¢ peptide. However, NPY suppressed in a concen- 
tration-dependent manner the accumulation of cAMP 
induced by 0.I ~M parathyroid hormone (Fig. 3). Half- 
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Fig, 3. Effects o f  NPY in suppressing parathyroid hormone:stlmulated cAMP levels, Isolated proximal tubules were incubated with the indicated 
concentrations of peptides or no Stimulatory anent (basal), Data are the mean ~- SE of  three e~cperiments and are expressed as percentage of the 

parathyroid hormone:stimulated cAMP level, with the 10007o Value being equivalent to 4S ± 4 pmol/mg protein, 
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maximal  inh ib i t ion  was observed at about  i0  n M  NPY,  
which is markedly  ~bove tl~e concentrat ion required for  
ha l f -maximal  binding o f  N P Y  ~o k idney membranes 
(K,~ = O.09 aM) [1], A similar discrepancy l~as also been 
found in p ig spleen tissue [3]. So it may be possible that 
there are several populat ions o f  N P Y / P Y ¥  receptors 
and that on ly  a subpopulat ion wi th lower af f in i ty  is in- 
volved in the mediat ion of the NPY effects on c A M P  
generat ion, Since parathyroid hormone could not niter 
' "SI -NPY binding to rabbit k idney membranes tun- 
publ ished observations), interact ion o f  both peptides 
on the receptor level is very unl ikely. 

These results con f i rm that negative coupl ing to 
adcnylate cyclasc is part o f  the si~aaling pathway in- 
i t iated by binding o f  NPY  to prox imal  tubule cells o f  
rabbit  k idney, 
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