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168. Hormone-Receptor Interactions. Demonstration of Two 
Message Sequences (Active Sites) in a-Melanotropin 

by Alex Eberle and Robert Schwyzer 1) 

lnstitut fiir Molckularbiologie und r(.iophysik, 
Eidgenllssische Technische Hochschulc CH-8049 Zilrich ’ 

(28. v. 7.5) 
In memoriam Josef Rwlingrr 

Summuvy. The purposc of this investigation was to elucidate the biological significance of thc 
tripeptidc sequence ll-lJ,-Lys-Pro-Val* NHa contained in w-mclanocyte-stimulating hormone. 
To this end the in vitro xnclanotropic activities of 21 synthetic peptides related to  the harmonc 
were dctermined and compared with one-another and with results teportcd in thc litcrature. The 
tripcptide arnide. H - Lys-Pro-Val - NHz, its Na-acctylderivative, and -weakly, but distinctly- 
Na-acetyl-L-lysine-amide were found to  be hormonally active. The following conclusions were 
drawn: (1) a-melanophore-stimulating hormone possesscs two message sequences (activc sitcs), 
-Met-Glu-liis-Phe-Arg-l‘rp-Gly-, and -Lys-Pro-Val - NHB which are capable of independently 
triggering the hormofie reccptor responsible for melanin dkpersion. (2) In correct covalcnt com- 
bination, the two mcssage sequences act in a ‘cooppcrative’ manncr to potentiatc thcir activities 
on the receptors. (3) -Lys-Fro-Val- is an address scqmncc in adrcnoctirticotropic hormone and a 
message sequence in a-melanocyte-stimulating lionnone. This implies that the two reccptors 
(adrenal and rnclanocyke). albeit recognizing -Met-Glu-I1is-Phe-Ara-Trp-C;ly- a stimulus, differ 
funclementnlly in their responsc to  -Lys-Fro-Val-. 

1. Introduction. - This report deals with the one-dimensional organization of 
information in polypeptide hormones [I.]. 

a-Mclanocytc-stimulating hormone (a-MSKJ a-melanotmpin) 8-melanocytc- 
stimulating hormonc (b-MSH, p-melanotropin), and adrenocorticotrophic hormone 
(ACTH, adrenocorticotrapin) arc structurally related, Table 1. They bclong to  the 
class of polypeptide hormones with sychnological organization I:2]. This means that 
discrete sequences of adjacent amino-acids (‘eontinuate words’) are responsible for 
different components of the biological activity [3a, b]. 

Table 1. Primary straccfuves of melanotropic and corticotrofiic hormones- or-MSH, &MSH (bovine), 
and A C TH. Common sequences framed 

--- 
1 20 2-4-----39 

ACTH ~ ~ S M E H F R W  ’ -74; ~ V ~ K K R R W K V Y P  -----F 

a-MSH Ac.S)!SM&IF---_ -smz 
O-MSH OSGP A ,MEHFMdSPPKD 

- - - - -  
1) W e  thank the Schweizerisclaer Nationalfonds zur F6rderzMlg der m’ssenschaftlickeM Forschung 

lor subsidy. This work is part of the doctoral thesis of A ,  E. Abbreviations and nomenclaturc: 
according to I?.  Wiilesck: r Synthesc von Peptidenn,. Hd. IS, Teill of tHowbe%-WeyE, Mcthodcn 
der organischcn Chcmicn, E. M u k ,  ud., Cieorg Thicmc Vcrlag, Stuttgart, 1974 (thrce-Icttcr 
symbolism), and Murguret 0. Uayhoi’f: nhtlas o f  Protein Scquence and Structure 1.972% 
Vol. 5 ,  Nationd Riomedical Rescarch Founddon, Silver Spring, Maryland (onc-lcttcr 
symbolism). 
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Hawis [4] had already suggested that the common biological activity of the thrcc 
hormones on rnelanocytes might be duc to thc coniiiion hcptapcptidc sequence, 
-Met-GIu-His-Phc-Arg-Trp-Gly-. Synthetic experiments have shown this to be true, 
Table 2. The mme sequence is also capable of eliciting thc adrenal steroidogenic 
response typical of ACTH LS]. It has therefore been called the hormonal active site [GI 
or massage seqaence [ZJ. It is supposed to contain the structural elcmcnts ncccssary for 
triggering the biological responses, or - i n  othcr words - for providing the stimulus 
for both the MSH and ACTH receptors of melanocytes and adrenal cells. 

Tablc 2. Mskmotropic actiuily of synthetic peptides velated to the fivst message sspuence of u - M S H ,  
B-MSH. and A C T H  

No. Sequence 
Cornpwnd No. " 'mmo' or reference I) 

1 kSYSMEWRMKPV.NH2 4.10'' - 1 1101 
2 MEHFR 0 (161 
3 SYSMEHFR 0 1161 
3a FR 6*102 - 3a l lUl  
6 F M  6.102 4 1101 
5 ACFRWG 6 . d  5 1101 
6 FRLG 3.103 h I l O l  
7 HFRW 6.103 II 71 

EHFRWG 2.105 I211 
8 HFRWG 2.104 H8a.b. 19,201 
9 

1.105 - 9 1) 
10 Ac.EWRWG 4.105 Ip 1101 

13 M E W M  1 -106 I241 

16 Ac-SMEHFRWG 4-106 E 1101 

11 DHFRWG 2.105 122bl 
12 G H F M  2.105 123J 

14 MQHFRWG 3,105 122a,251 
15 S M Q H F M  7.105 116.261 

17 S Y S M E H F M  3.106 12 I101 
18 SYSMQHFRWG 4.10' 127a.b.28.22c1 
19 bcSYSMEHFWG 1,107 Ual 

, Prepared from 2 * E(0tUu)HFRWG [22a,b,c] hy Dr. Georg Kavlaganis. 

In the case of ACTH, thc pcptides 1-3 and 11-24 ;ue inactiveperse, but potentiatc 
the biological activity of the message sequence to maximal valucs if comhincd by tlic 
correct covalent bonds [5]. As a free tetradccapcptidc, sequence 11 -24 reversibly 
associates with lipocytes and adrenal cells (unpublishcdcxi~riments in this laboratory) 
and specifically inhibits the action of ACTH and its mcssage sequence [7]. Binding of 
the decapeptide amide 11-20 to bovinc adrenal cortical membrane fractions has also 
been demonstrated [8a, b]. Conscqucntly, stretches 11-20 and 11-24 liavc bccn 
referred to as binding sites [8a, b], or address seyuerzcss [2]2). 

8, We find the namc 'binding site' somewhat mislcading, bccausc stretches 1-3 and 4-10 dsa 
contribute to receptor affinity (unpublishcd cxpcrimcnts). The  term 'address sccluence' is to 
be prefcrrcd, because it is this stretch (11-20 or 1 1 - 24) that contains the structural inforrnation 
necessitry for 'addressing' the attached mcssagc sequence to the corrtxt target cc:lls of thc: 
adrenal cortex. T h i s  is achieved by providing additzonal, ceR-s+cr;ijiic (i.c. wmfitor-specifir) 
affinity. 

- 
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In the case of a - M S H ,  the sequences 1-3 and 11-13, that are also contained in 

ACTH, potentiate the melanotropic activity of the central heptapeptide. It has been 
tacitly assumed that - because it is part of the corresponding sequence in ACTH - 
the tripcptidc amidc 11-23 might qualify as a mclanocytc-spcific address. 

We have studied this assumption by preparing amino-acid and peptide derivatives 
related to -Lys-Pro-Val NH2 and testing them for melanotropic activity ~ F Z  vitm 
(assay essentially that of Shizuwze, Lermer & Fitzpatrick [9J, but modified to be stat- 
istically more pleasing). Instead of k i n g  inactive and inhibitory, the tripcptide and 
its acetyl derivative exhibited agonistic potency in almost the same order of magnitude 
as the central: heptapeptide (Table 3, Fig. 1). 

'Ilhis means that thc melanocyte receptors recognize -Lys-Pro-VaL as message, 
whereas the adrenal receptors recognize it as part of thc (non-stimulating) adrcss. 
Tablc 3. Me!anotrq%c activity of spthetic: peptides related to the C-terminal second message sequence 

of u-MSH and extendim! inlo the N-lerminal first messam seauence 

No. Sequence 
Compound No, 
or reference r i  " ' rnmo' 

20 PVgNH2 
21 GK.NH2 
22 AC . K "I42 
23 KPVt NH2 
24 AC .KPV.NH2 
2 5  Ac 46KPV.NH2 
26 FUWGKW. NH2 

2 7  Ac .FRWGKPV. NH2 
28 Ac . EHFRWGKPV. W2 
29 Ac. M E W R W P V . N H 2  
30  Ac.SMEHFRWKPV. NHz 
3 1 AcYSIUEWFRWGKFV ,NH 2 

1 ACSYsbJEHFRWGKPV -NH2 

0 
8,102 
4 .lo3 

8.104 

2.106 
2.104 

3.10' 

6-105 

4.10 5 
5.106 
5,108 

7.10' 
3.109 

2.1010 
4.1010 

Liddk in (291 
Schallyin 1291 

12131 
u rioi 

29 '* 
1301 

31 rioi 
131,32.33.121 

.. 

I )  Prepared by I )r. Ernst Fischer in this laboratory. 

u+FT--l': 

- 
S V S M E H F R W G K P V  

Fig. 1.  Melanotrtlpir; activity in  vitro of peptides m d  peptide derivatives obtained by sequence extension 
I0-t I (0, e) and 13+ 7 (n, m). Open symbols indimtc unsubstituted, dark symbols acctylatecl 

N-terminal amino groups 
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Our unexpected finding introduces the necessity of explaining not only the potentiat- 
ing interaction between message-recognizing and address-recognizing sites of hormone 
receptors, but also those between two otherwise independent message-recognizing 
sites. It also raises the question of possible evolutionary interconversions of the two 
types of site in hormone receptors. 

2. Material and Methods. - Synthetic peptides wcrc prepared by a classical approach ant1 
werc analytically pure [ lOJ. 

Bioassays. Thc melanotropic activity of peptides was tletcrrnined ilz vitro using essentially tlic 
reflectometric assay of Shazums, Lsvner & Fitz*atvick (91 as modified for micrriquantitics l ~ y  
Geschuri.rrd & Huseby [Ill. W e  encountcrcd disturbing fluctuations in our first results. A separate 
investigation revealed that this was due to thc fact that thc variations in reflectance art: relatively 
large in the first 2 h during which the calibration is usually carried out. Typical observations arc 
shown in Fig. 2 :  20 ‘competcnt’ skins 1113 werc alternately washed for 1 h with Rzwgev solution 
ad incubated for 1 h with RiNgev solution containing 1 Cltml nl a-MSI-1 (prepared according to 
[lo], cf. [12]). The decrease of reflectivity is displayed r r n  Llic ordinate as a relative effwt, i .8 .  tllc 
difference of reflectivity of cvery single skin between trcatmcnt with 1 U at 240 rnin and thc b W -  
value determined after washing at 30 rnin was arbitrarily taken as the lOO%-valuc- Five skins 
were grouped togcther and the mean value displayed in Pig. 2. The variations are especially small 
(540%) betwecn the 3rd and 8th hour, and are greater bcforc: and after. 

- ASSAY: p . 0  STAMARD XI 0 X2 
1u ZERO cONTrnL 

Pig. 2. Eflcct of I u-MSH-Ulml on 20 skins of HaNa pipiens iw a typical experdmenl. Morlificd assay 
procedure. Explanation scc text 

Thereforc, our tcst proccdure was carried out as follows: After a 60 minutes’ wash with 
Hinger solution, the skins werc pretreatcd for 1 h with 1 IJ of a-MSH, and then again washcd for 
1 h. At the end of this cycle (160 min) an approximate xcro-value was dctermincd. Aftcr a sccond 
cyclc of incubation and washing, the zero-value was definitcly detcrniined (300 min). Only those 
skins were used that displaycd a reflectance-diffcrcncc of at  lenst 8 reflcctancc units for 1 U oi 
a-MSH and were otherwise suitable according to the criteria of Kastin, MiUer B Schally L13’1. 
Incubation with the unknown samplc and washing provided thc xt-value (‘zero’ at 300 niin us. 
incubation value at 360 min); xs was deterniincd after the fourth cycle (‘zero’ vs. 480 min). The 
xs-values were used as approximate valucs for unknown samples, the  exact activities of which 
were determined as XI in a next experinlent, The rcportcd values zrc the means of 3 assays with 
3 diffcrent concentrations of the same comptrund (in the relative rangc of about 1:1.5:2) giving 
an approximatcly h e a r  relationship of the o1,served rcsponscs. Trivial pH effects wcre excludcd 
by careful control after addition of thc compound to be tosted. 

All assays were pcrformed with spccimans of Runa pif ieas ,  7.5-9 cm loIig, that had bccm 
kept in the light on a white surfacc for 48 h preceding the expcrirnent. 

L 
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3. Results. - The in vitm mclanotropic potencies are expressed jn Units per 
millimole because of the large diffcrences betwecxi thc molecular weights of the 
peptidcs investigatcd. Tables 2 and 3 list the agonistic potencies of peptides related 
to the 'common' Iicpttpeptide sequence, -Met -Mu-His-Phe- Arg-Trp-Gly- 
(-MEHFRWG), and to thc C-terminal tripeptide sequence of a-MSH, -Lys-Pro- 
Val - NH2 (-K PV - NH$, rcspectively. Examples from the literature were included 
and repeatcd to tcst thc  consistency of our methods. Fig, 1 displays the effects of 
chain elongations from C-terminal Glylo and Val * NIIslS towards thc N-terminus: 
the valucs werc selected from Tables 2 and 3. 

The highest activities nicasured required about 10-7 mg of compound per ml 
(-1010 U/g), tlie lowcst ones (-10s Ulg) up to 1 mg, intermediate activities typical 
of the message sequences ( w l O 5 - l O 6  U/g) about 1-3 0 pg. Zero potency was assigned 
if more than 1 mg/rnl of the compound elicited no reflectance change. The timc depen- 
dance of reflectancx: changes during the incubation phase was thc %me for a-MSH 
and two represcntativcs of the 'second message sequence', Ac * Lys-Pro-Val - NH2 
and Ac - Lys - NHa, with a half-time of approximately 15 min. The half-timc for thc 
wash phasc was somewhat longer for thc amino-acid and tripeptide derivatives, than 
lor a-MSH, but was also complete after I hour (Fig. 3). 

(a)lNCUBATDN with 2 Units 
501  k 

100 y3 + *-changebuffer 

10 20 30 60 50 60 70 80 90 min. 
Fig. 3. Time dependence of fhe melunotropic V E S ~ O ~ . M  of 20 Ranu$ifiiens shirrs eachfuv thvee peptides 

dzcrangprolowed incuhatiorr (a) and wush (b) phases 

4. Discussion. - Thc usual in vitro assay [9,11.1 was modified to reducc statistical 
fluctuations. The obtaincd activity valucs in TJnits [9] arc derived from thc linear part 
of tlie dose-response curves. They are not identical with the potencies usually express- 
cd as hormone concentrations neccsssry to clicit half-maximal response. Their ratios 
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(for different compounds) are assumed to reflect the ratios of these potencies. They 
are, under these premisses, valid expressions for the rehtive melanotropic activities 
of the peptides investigated. 

We found the activity of synthetic K-MSH ilO] and of the synthetic hexapcptide, 
EHFRWG, to be - within the limits of expcrimental error ’- identical with the vducs 
reported in the literature, Table 2. Furthermore, the activities of compounds from 
this investigation and from the literature, which constitute a structural series. were 
found to follow an uninterrupted, smooth curve. This indicates that our rcsults arc 
quantitatively compatible with those of earlier workers (Tablcs 2 and 3, Fig. 1). 

In the case of low (-105 U/rnmol) and vcry low (-102 U/mmol) activities, wc 
feel quite sure that they result from spccific hormone-rcceptor interactions for 3 
reasons: (1) Acetylation at the N-terminus produces an approximatcly 2- to 10-fold 
rise in activity, much the same as with peptides exhibiting high activity (Fig. 1). 
(2) The timc course of the response during the incubation and wash phases is all- 
proximately the same for a-MSH, Ac * K1V - NHz, and Ac ’ K - NH2; slight dif- 
ferences during the wash phase are probably due to the larger amounts of amino-acid 
and tripeptide derivatives present and to solubility diffcrences (Fig. 3). (3) Lysine and 
arginine are inactive even in high doses. 

The 7 peptides related to the common hcptclyeptide N-terminal message scquericc 
-MEHFRWG- prepared for this study (4,5,6,9, 10, 16 and 17) fit well into tlic series 
compiled from tlic literature (Table 2). The search for thc srnallcst melanotropically 
active unit within this message scquencc is not yet compbtc: 4indicates that histidinc, 
7 that glycinc is not essential. In the remaining, yrcsumably active tripeptidc Phe- 
Arg-Trp, tryptopliane probably does not play a key role. It can be rephced by 
phenylalsnine and pentamethylphenylalanine in the complete a-MSH sequencc with 
retention of activity 1141. The latter amino-acid has chargc-transfcr donor propertics 
similar to those of tryptophan [lS]. RrOmdtiCity and charge-transfcr donor propertics, 
however, are not essential, bccause tryptophan can be replaced by lcucine as in the 
tetrapeptide 6. Trp cannot be completely eliminated (2, 3). In this study, the simple 
dipeptide FR (3a) was found to be about as active 8s F.KWG; whcther it triggers thc 
first or the second messagc site of thc receptor is still unknown (it is possible t h a t  FR 
acts by virtue of its structural analogy to Ac - K - NICz (22). Howevcr, a mixture of 
1.0 rng/rnl each of phenylnlanine and arginine was inactivc). 

An approximate activity plateau is rcached in the heytapeptides 13 and 14 with 
a mean activity of about 6 * 105 U/mmol. The N-tcrtnind ttipeptide sequence cn- 
hances activity about 3- to Mold (17). N-tcrminal acctylation at various stages 
(tetrapeptides 4/5, hexdpeptides 9/10, octapeytidcs 15/16, and decapcptides 18/19) 
activates between 2- and 10-fold (Fig. 1). The nietliionine sulfur appears to have no 
specific effect : Ac Nle-Glu-His-Phe-Arg-Trp-(;ly-Tdys-Yro-Val NHB (29a) [I.q (re- 
placement of Met by Nle, L-norleucine, not included in thc Tables) displays an activity 
of 2 - lo9 U/mmol, about 60-70% of that of 29. 

Within the N-terminal tripeptide sequence of a-MSH, lysine and Pro-Val - NHz 
(20) are inactive (Table 3). Gly-Lys - NH2 (21) and Ac - Lys - NHz (22) elicit low, 
reproducible melanotropic activity. This is strongly enhanced in the complete sc- 
quence Lys-Pro-Val * NH2 (23) and in the acetylatcd triyeptide (24). ’I‘he activity 
attained is greatcr than that of tetrapeptides (4-7) mntained in the N-terminal mes- 



1534 HELVETICA CHIMICA ACTA - Vol. 58, Ftsc. G (1975) - Nr. 168 

sage sequence, and comparable to that of pentapeptide 8, hexapeptides 9-12, and 
even heptapeptides 13 and 14. 

It could be argued that this second message sequence, by virtue of the basic 
lysine sidc-chin, triggers a reccptor site responsive to the (basic) arginine residue in 
a rathcr unspecific manner and is thercfore not a message sequence in its own right. 
This argument appears to be disproved by the data of Fig. 1. Covalent combination 
of active peptides from the first and second message sequences leads to peptides with 
activities corresponding more closely to the products than to the sums of component 
activities, e.g. Ac-EHFRWGKPV.NH2 (28), from AcbEHFRWG (10) and KPV- NH2 
(23) (or 1 from 19 and 23; 27 from 5 and 23 is about intermediate between sum and 
product). Mixtures of 0.1 pg/ml of Ac - EHFRWG (10) plus 10 ,ug/ml Ac - KPV - NH2 
(24) showed no multiplicative effect. 

The u-MSH-specific dipeptide sequence Trp-Gly enhances the activity of 24 be- 
t.ween 5- and 10-fold (25). We suggest that this is due to enhancement of specific 
receptor affinity, much the same as by Ser-Tyr-Ser in the pairs 2911 or 13/17. 

I t  appears that the melanocyte a-MSH receptor contains two message-recognizing 
sites, one for MEHFRWG. the N-terminal or first messagc sequence of a-MSH, and 
one for KPV - NHe, the C-terminal or second messagc sequencc. The two sites can 
either operate alone or in combination to trigger melanin dispersion. In combination, 
they have a multiplicative, ‘coopcrative’ effect. Whether they produce melanin 
dispersion by the same, or by differcnt mechanisms remains to be elucidated (CAMP ?, 
cGMP ? I  others ?) . 

The adrcnal response to ACTH is not triggered by KPV, only by MEHFRWG. This 
indicates a major difference between thc two receptors. Whether or not they are 
descended from a common ancestral receptor with a change from a,n address-recogniz- 
ing site for KPV to a mcssage-recognizing site for the same tripeptide sequence, or 
vice versa, is anothcr question, outside the scopc of this investigation. 

We thank Mr. Willy Hiibscher for exccllent Cechrlical assistance, and Dr. Irving I .  Geschwind, 
University of California, at Davis, for having introduced A .  E.  to the biological assay tcchniqucs. 
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Summary. Thc preparation of a series of noti-cyclic, uncharged ligands able to  selcctivcl y 
complex alkali and alkaline earth metal cations is described. These moleculcs are cksigncd to h, 
used as carriers for cations through membranes. Some o f  the compounds show high CaZ+ and Nd+ 
sclcctivity, respcctively, in liquid membrane electrodes. 

1. Introduction, - Certain uncharged, lipophilic complcxing agents for cations 
behave as carriers for these ions through membranes [11 [Z] and are therefore at- 
tractive components for ion selective liquid membrane electrodes 1.21 [31. Although 
quite a number of such cyclic compounds has bccn described [2.-6] only few are 
potentially useful components in liquid membrane elcctrodcs [3] 171. A series of non 
cyclic synthetic ligands showing high ion sclectivity as well a9 carrier properties for 


