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ABSTRACT 

A number of ~-melanotropin analogues have been prepared. 

Insight towards the development and understanding of the functional 

roles of each of the amino acid residues important for high melanotropic 

potency in a number of biological systems was studied. The melanotropin 

analogue Ac-a-MSH4_12-NH2 contains all of the structural requirements 

necessary for obtaining full biological potency on the lizard (A.n_~l.is 

carolinensis) melanophore and S-91 mouse melanoma. On the frog (~a_n_a. 

pipiens) melanophore, the melanotropin analogue Ac-[Nle4]-a-MSH4_13-NH2 

possesses full melanotropic potency relative to the native hormone. The 

smallest melanotropin analogue capable of eliciting any biological 

response was AC-a-MSH6_9-NH2 (Ac-His-Phe-Arg-Trp-NH2) on all biological 

systems studied. The low biological activity found in previous studies 

for smaller melanotropin analogues may have been due to a trace con

tamination of a potent melanotropin. The importance of each of the 

thirteen amino acid residues of a-melanotropin in contributing to the 

melanotropic actions in a number of biological systems is discussed. We 

were unable to confirm the reported presence of a second independent 

active sequence in a-rnelanotropin. The structural requirements for pro

longation of biological activity (following removal of exogenous hormone 

from the assay medium) and enzyme stability have been studied. Analysis 

suggests species-dependent differences in the structural relationships 

of the amino acid residues in the 4, 7 and 11 positions for prolonged 

melanotropic response. Analogues prepared with Q-phenylalanine in place 

xiii 



xiv 

of its L-enantiomer in the seventh positions of a-melanotropin analogues 

generally results in an increased resistance to enzymatic degradation 

towards rat brain homogenate, rat serum, and to the purified enzymes, 

trypsin and chymotrypsin. Some of these analogues have been shown to be 

useful probes for the understanding of melanotropic actions in a number 

of biological systems. Two a-melanotropin analogues have been prepared . 
which possess partial agon;sm on the mouse melanoma adenyl ate cyclase 

assay. A number of these analogues should prove useful in future stu-

dies directed towards a more detailed study of melanotropin receptor 

systems in a large variety of biological systems. 

The first known synthesis of melanin concentrating hormone (MCH) 

is reported. The overall synthetic yield of this cyclic heptadecapep-

tide was 14%. The chemical, physical and biological properties of 

synthetic MCH and naturally occurring telost MCH were in agreement. 

MCH was found tobe a full agon~st in stimulating melanosome dispersion 

in both the frog and lizard bioassay. Therefore MCH can stimulate mela

nosome dispersion or contraction depending upon the bioassay studied. 

Preliminary studies were done towards understanding the mechanisms of 

MCH action on telost fish. 



CHAPTER 1 

INTRODUCTION 

Certain peptides and proteins are chemical messengers important 

for a variety of endocrine, neuroregulatory and other cellular pro

cesses. These compounds consist of highly ordered covalent primary 

sequences of amino acids, and, in addition may also contain cyclic 

structures which define specific three dimensional topological and con

formational features which are important for their molecular action (1). 

The biological actions of most peptide hormones have been shown to 

involve extracellular interactions between the hormone and a plasma 

membrane localized receptor complex on the target cells. At the level 

of peptide hormone-membrane receptor interactions, at least two con

secutive processes occur: binding of the hormone to its receptor, 

followed by transduction (signal transfer) of the information from the 

hormone receptor complex. Transduction generally involves the membrane 

receptor complex generating a second messenger inside of the cell, which 

will ultimately lead to a biological response. The mechanisms of hor

mone receptor interactions and the transduction of this information into 

the cell have been the subject of extensive investigation (2-10). 

1 
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Work on structure-biological activity relationships of peptide 

hormones has involved modification of primary structure by amino acid 

substitutions to modify steric, electronic or other properties of speci

fic amino acid residues. Fragments of peptide hormones can also be exa

mined in order to determine the minimal sequence necessary for 

biological activity. These approaches have led to considerable insight 

into understanding which amino acid residues are critical for biological 

activity for several hormones. For example, these approaches have been 

applied towards understanding oxytocin and vasopressin (11-13), adreno

corticotropin and a-melanocyte stimulating hormone (14,15), glucagon 

(16-19), substance P (20,21), and many others. Careful and complete 

analysis of biological activity data is essential for developing an 

understanding of structure-activity relationships (22,23). 

An additional approach which has met with considerable success 

is the introduction of conformational constraints into the peptide hor

mones. If the number of possible conformations of a peptide hormone can 

be limited with little or no loss in biological activity then con

siderable information towards the requirements of hormone to receptor 

interaction can be obtained. Much success has been achieved by intro

ducing ring structures into otherwise linear peptide hormones such as 

a-MSH (24,25), and enkepha1in (26-30). Introducing further conformational 

restrictions on already cyclic peptide hormones has also been achieved 

with oxytocin (31-34), somatostatin (35-37), and others. However, the 

considerable conformational flexibility of small peptide hormones, even 
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cyclic ones such as oxytocin, makes the determination of these confor

mations a difficult task (38). Also, there is the question of which, if 

any, of the conformations that can be determined in solution (or in x

ray analysis) are relevant to the peptide when it is bound to its recep

tor and in the biologically active, transduced state. 

The Melanocyte Stimulating Hormones 

Biological Source and Chemistry of the Melanotropins 

a-Melanotropin (a-melanocyte stimulating hormone, a-MSH) is a 

linear tridecapeptide which is biosynthesized and secreted by the inter

mediate lobe of the vertibrate pituitary (39-41). Since its intitial 

discovery (42-44) several structurally homologous isohormonal variants of 

a-MSH have been isolated from the pituitary and brain of numerous ver

tibrates (Figure 1). 

a-MSH was isolated and chemically characterized in a number of 

mamalian species, and the tridecapeptide amino acid sequence appears to 

be invariant among mamalians (45). However, it has been reported that 

N,O-diacetyl-a-MSH is the major storage and release form of 

a-melanotropin in the rat pituitary (46), and in porcine pituitary 

(47-49). It has also been reported that desacetyl-a-MSH is the only 

form of melanotropin found in the human pituitary (50), and in fetal 

pituitary (51). It has been postulated that Na-terminal acetylation may 

serve as a regulatory mechanism through functional modification by an 

opiomelanocortin acetyl transferase enzyme (50,52,53). However, this 

---~ model lacks confirmation by other workers (54). 



Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 

OAc 

Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 

H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-G1Y-Lys-Pro-Val-NH2 

H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-G1Y-Lys-Pro-Met-NH2 

H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Met-OH 

H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-Lys-Lys-Arg 

a-MSH (mammalian) 

Di-acetyl-a-MSH (mammalian) 

Desacetyl-a-MSH (mammals, salmon) 

a-MSH 
dogfish shark 

a-MSH 

ACTH (human) 

Arg-Pro-Val-Lys-Val-Tyr-Pro-Asn-G1Y-Ala-Glu-Asp-Glu-Ser-Ala-Glu-Phe-Pro-Leu-Glu-Phe-OH 

Figure 1: Isohormonal Variants of a-Melanotropin 
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The structures of a-MSH in the few poikiotherms studied differ 

slightly from mamalian a-MSH (55,56). Shark (Squalus acanthias) and 

salmon (Oncorhynchus keta) a-melanotropins are not acetylated but are 

still tridecapeptides (57). In addition, the C-terminal amino acid is 

methionine instead of valine in the dogfish shark pituitary. The 

C-terminal of shark a-MSH may also be a carboxylate rather than a car

boxamide group. 

a-MSH is derived from a large molecular weight precursor pro

tein, pro-opiomelanocortin. Several melanotropic peptides have been 

isolated from this protein, including a-MSH, a-MSH, A-MSH, and ACTH 

(adrenocorticotropin). It is generally believed that ACTH is prepared 

and stored in the pars distalis of the pituitary following processing of 

pro-opiomelanocortin where it serves to regulate the adrenal glands. In 

the pars intermedia, a-MSH is prepared by enzymatic processing of ACTH 

(56), followed by post-translational N-terminal acetylation and C

terminal amidation (59-62). 

Of the melanotropins, a-MSH is believed to be the primary mela

notropin of physiological relevance, including the isohormonal forms of 

a-MSH (63-67). While there are several isohormonal forms of a-MSH, pre

sent evidence (68,69) suggests that these peptides are merely artifacts 

formed during preparation of the pituitary extracts. Also, radioim

munoassay measurements of human 8-MSH were believed to be measuring 

immunoreactivity of a-LPH or 8-LPH (a or a-lipotropin), or even pro

opiomelanocortin. The physiological role(s} of A-MSH remains to be 
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clearly established, although A-MSH does show both neuroregulatory and 

pigmentary activities (70-73). 

Physiological Control of a-MSH Secretion 

The hypothalamus exerts an inhibitory control over the pituitary 

release of a-MSH (74). Thus, when the normal anatomical relationship 

between the pars intermedia and the hypothalamus is disrupted, an 

increased (uninhibited) release of a-MSH occurs (75). No melanotropin 

release inhibiting peptide hormone (melanostatin) has yet been isolated 

from the hypothalamus (76). It is believed that dopamine is either 

released from the hypothalamus or from neurons ennervating the pars 

intermedia to inhibit the release of a-MSH (77). In the absence of dopa

mine, the cells depolarize, resulting in a-MSH release (78). Ovine cor

ticotropin releasing hormone (CRH) has been shown to stimulate a-MSH 

release (79-80). 

The Physiological Roles of a-MSH 

a-MSH is known primarily for its action in regulating skin 

coloration in many vertebrates through its action on melanin synthesis 

and melanosome dispersion within integumental melanocytes (73-81). a-MSH 

activates a pigment cell plasma membrane bound adenyl ate cyclase enzyme 

complex (40,82-90). The active enzyme complex, using adenosine 

triphosphate (ATP) as its substrate, produces cyclic adenosine monopho

srhate (cAMP) as an intracellular second messenger. The second 

messenger is then able to activate a cAMP dependent protein kinase 
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(91-93). The resulting cascade of biochemical events involves acti-

vating the nucleus, promoting transcriptional and translational pro

cesses, which ultimately leads to an active tyrosinase enzyme complex 

(82,85,86,94-99). Tyrosinase utilizes a precursor amino acid, tyrosine, 

and through a number of biochemical steps produces the darkly colored 

melanin. The melanin is then incorporated into a subcellular structure 

that becomes a melanin granule, or melanosome. The melanin granule, 

when activated by a melanotropin, will migrate into the dendritic pro

cesses of the cells. Thus, melanotropins regulate both melanin synthe

sis as well as melanosome dispersion in most vertebrates. 

There have been a large number of effects and functions ascribed 

to the melanotropins. A few of the more documented peripheral effects 

of a-MSH in certain mammalian species include fetal growth and develop

ment (100-104), follicular sebum production (105), and lipolysis (106). 

In addition, there have been reports of a-MSH or cAMP mediated inhibi

tion of cell proliferation on both mouse (95$107-112), and human (113) 

melanoma cells in vitro • 

. Melanotropins have been reported to affect central nervous 

system (CNS) activity in mammals. The effects include arousal, 

increased motivation, longer attention span, memory retention, and 

increased learning ability (63,114-121). Immunocytochemical studies 

have shown melanotropins to interact with specific neurons within the 

brain (122). It has been postulated that melanotropins may function as 

neurotransmitters within the brain. Although many of the studies on CNS 
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stimulation by a-MSH involved rodents, there is evidence that a-MSH also 

influences memory processes in humans (122). 

a-MSH and other melanotropins may function directly or indirectly 

as growth promoting hormones during fetal growth and development (104). 

a-MSH injected into rat fetuses stimulates their growth in the uterus 

while other adenohypophysial hormones are ineffective (123). Intrave

nous injection of a-MSH into constitutionally small prepubertal children 

caused an immediate but variable release of pituitary somatotropin (123). 

Somatostatin will block the action of a-MSH in effecting somatotropin 

release (102). It has been suggested that a melanontropin of hypothalamic 

origin may control somatotropin release as well as having intrinsic 

growth promoting activity in the fetus. 

A melanotropin may be involved in the thermoregulation of body 

temperature and fever. Both a-MSH and ACTH cause dose dependent 

hypothermia in rabbits when injected in the cerebral ventricals (124). 

Both a-MSH and ACTH have been isolated immunocytochemically in neurons 

within areas of the brain important for thermoregulation. 

Melanotropin Bioassays 

The classic bioassay for determining melanotropic activity is 

the frog (Rana pipiens) skin bioassay (125-127). This ~ vit~o bioassay 

provides linear dose response curves between 2.5 x 10- 11 and 4 x 10-10 M 

for a-MSH and can detect a-MSH at 10-11 M. When the skins are treated 

with a melanotropin, centrifugal dispersion of melanosomes results within 

the dendritic processes of integumental dermal melanophores, leading to 
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darkening of the skin (128). Other dermal melanophores such as iri

dophores also participate in the response along with melanophores (129). 

The ~ vivo frog skin bioassay is equally sensitive but is less 

precise (130). The lizard skin (Anolis carolinensis) bioassay is also a 

useful in vitro system for determining the biological activity of mela

notropins (126,136). This bioassay system is about an order of magnitude 

less sensitive than the frog skin bioassay. 

Plasma membrane derived from S-91 (Cloudman) melanoma cells can 

also be used to determine melanotropic activity (131,90). This in vitro 

bioassay is quite useful in that the biological event monitored is the 

production of cAMP, which is the intracellular second messenger of a-MSH. 

This bioassay measures a single (first) response, rather than a biologi

cal event involving several enzymatic steps. 

The activity of melanotropins can also be measured using S-91 

melanoma cells grown in tissue culture (132). These cells can be treated 

with a melanotropin and then fed tritium labeled tyrosine. The enzyme 

complex tyrosinase, when activated by a melanotropin, converts tyrosine 

into dihydroxyphenylalanine (DOPA) and other products and in the process 

tritium labeled water is formed which can be measured (97,98). 

Bioassays have been developed to study the effects of melanotro

pins in the central nervous system. Melanotropin stimulated behavioral 

activity has been evaluated in rats ~ vivo by such methods as the two 

way active avoidance shuttle box and one way active avoidance poll 

jumping tests (133,134). These tests provide information on melanotropin 

stimulated motivation, learning ability and memory retention. 
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There have been a number of other bioassays devised to monitor 

the biological activities of me1anontropins. Those biological tests 

important to the present work in structure activity studies of the me1a

notropins presented in this chapter were performed on the frog (Ra~~ 

pipiens) ~ vitro bioassay unless otherwise noted. 

Structure-Activity Studies of a-Me1anotropin 

After the isolation of a-MSH and the determination of its pri

mary structure, several laboratories successfully synthesized this hor

mone (135,138). This initiated a number of structure activity studies 

of a-MSH. Much of the early work has been extensively reviewed by 

Hofmann (139), Li (140), Schwyzer (14), and Medzihradszky (141,142). 

Although a-MSH, A-MSH, as well as ACTH also have me1anotropic activity 

and have been studied (141), only the relevant developments in a

melanotropin structure-activity studies will be presented here. 

Much structure activity work on a-MSH has involved the replace

ment, or otherwise altering, of single amino acid residues within the 

primary sequence of a-MSH. Any change in potency relative to the native 

hormone reflects the importance of that position in the peptide. The 

structural requirements for hydrophobicity, hydrophilicity, steric bulk, 

conformational restriction and chirality of the amino acid residues in 

the native hormone necessary for activation of the a-MSH receptor can be 

determined. 

All analogues discussed in this section are shown in Table 1. 

The importance of the N-terminal acetyl group is demonstrated by the 
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Table 1: Comparative activities of various full length 

a-melanotropin analogues 

Relative 
. No. Peptide Potency Reference 

1. a-MSH 1.0 143-145 

2. desacetyl-a-MSH 0.1 146 

3. [Na-Bzl-Ser1]-a-MSH 0.25 137,146-150 

4. a-MSH-OH 1.0 151 

5. a-MSH- NHNH2 0.25 152,153 

6. [Ser(Ac)l]-a-MSH 0.5 46-49 

7. [Tyr (12) 2]_a -MSH 0.1 154 

8. [0-Tyr 2]-a-MSH 0.1 155 

9. [Ser(Ac) 3]-a-MSH 0.2 156 

10. [Ser(Ac)1,3]-a-MSH 0.2 156 

11. [Met(0)4]-a-MSH 0.05 146,151,152 
157,158 

12. [Nle4]-a-MSH 1.5 151,155 

13. [Ile4]-a-MSH 0.5 159 

14. [Leu 4]-a-MSH 0.5 159 

15. [Gl n5]-a-MSH 0.05 160 

16. [Trp(NPS)9]-a-MSH 1.0 152 

17. [Phe9]-a-MSH 0.12 161 

18. [PMp9]-a-MSH 0.5 161 

19. [Leu 9]-a-MSH 0.25 152 

20. [B-Ala1O]-a-MSH 0.1 151 

21. endo Glyl0a a-MSH 0.25 151 
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Table 1 (continued) 

Relative 
No. Peptide Potency Reference 

22. [des Gly10]-a-MSH 0.01 151 

23. [Orn11 ]-a-MSH 0.75 152 

24. [Nl ell ]-a-MSH 0.05 152 

25. [Lys(DNS)ll]-a-MSH 0.01 152 

26. [Lys(For)11]-a-MSH 0.1 138 

27. [Lys(MSC)ll]-a-MSH 0.15 162 

28. [Ser11 ]-a-MSH 0.5 163 

29. [Gly11 ]-a-MSH 0.01 152 

30. [D-Lys 11]-a-MSH 0.025 152 

31. [Met 13]-a-MSH 1.0 146 

32. [Met(O) 13]-a-MSH 0.25 146 

33. [Met(02)13]-a-MSH 0.25 14,6 

34. [Gl n 5, Lys(For)ll]-a-MSH 1.0 136 

35. [Gln 5, Lys(Tos)11]-a-MSH 0.1 136,164 
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a-MSH analogue with a free N-terminal amine (H-a-MSH-NH2, 2). This ana

logue is ten times less potent than a-MSH 1. The N-terminal benzyl 

protected a-MSH analogue, 3, is also less potent than a-MSH, but this 

analogue is still more potent than 2. Blocking the N-terminal amino 

group appears to be important for the high potency of a-MSH, and this 

also appears to be true with a-MSH fragment analogues (see next 

section). 

The C-terminal carboxamide does not appear to be critical for 

the activity of a-MSH. The a-MSH analogue with a C-terminal carboxylate 

(Ac-a-MSH-OH, 4) is equipotent to a-MSH, and the corresponding 

C-terminal hydrazide analogue 5 is only slightly less active than a-MSH. 

This hydrazide analogue of a-MSH may be useful for the preparation of 

a-MSH conjugates. 

Acetylation of the serine 1 residue, yielding N,O-diacetyl-a-MSH 

6 does not alter the observed potency of this anal~gue. Whether this 

is the major storage and release form of a-MSH, as has been reported 

(46-49), remains to be further clarified. 

The major study with the tyrosine 2 position of a-MSH has been 

the preparation of an iodinated tyrosine analogue of a-MSH 7. This 

analogue was prepared as preliminary studies for the preparation of a 

radioiodinated a-MSH, which would be useful in a number of phar

macological studies. This analogue has only one tenth the potency of 

the native hormone. The large steric bulk of the iodine atom apparently 

interferes with the ability of a-MSH to activate the a-MSH receptor. A 
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Q-tyrosine 2 analogue prepared 8 is also quite inactive. The reason 

for the low potency of this analogue is not well understood. 

Modification of the serine 3 residue by acetylation of the 

serine hydroxy group, 9, results in a five-fold decrease in activity. 

This loss in activity is also observed in the triacetylated analogue 

10 where the hyqroxy groups of both serine 1 and serine 3 residues are 

acetylated as well as the N-terminus. The reason for this decrease in 

activity is unclear, but may be due to steric interference at the mela

notropin receptor. 

A number of studies have been done to determine the importance 

of the fourth residue in a-MSH (compounds 11-14). When the naturally 

occurring methionine in the 4 position is oxidized to give 

[Met(O)4]-a-MSH, 11, a large decrease in potency relative to a-MSH occurs. 

This can be explained as a decrease in lipophilicity due to the oxida

tion of this residue. When a more lipophilic amino acid is substituted 

into this position, as in [Nle4]-a-MSH 12, an increase in potency rela

tive to a-MSH is observed. When other lipophilic amino acids are 

substituted for methionine, the resulting analogues [Ile4]-a-MSH 13, and 

[Leu4]-a-MSH 14 are almost equipotent to a-MSH. These results indicate 

that an amino acid of high lipophilicity at this position is important 

for the high biological potency of a-MSH. 

Some work has been done to determine the importance of the 

charged caraboxylate side chain of glutamic acid in the fifth position 

of a-MSH. Elimination of the charged side chain by incorporation of 

glutamine giving [Gln 4]-a-MSH 15 results in a significant decrease in 
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potency (0.05 relative to a-MSH). These results demonstrate the impor

tance of the charged carboxylate of this position for biological potency 

(however, see also compounds 34 and 35, below). 

The importance of the bulky aromatic side chain of tryptophan in 

the ninth position has been the subject of several studies. The bulky 

o-nitropheny1su1fony1 (NPS) protected tryptophan analogue 16 is 

equipotent to a-MSH. The a-MSH receptor can apparently accomodate a 

very bulky amino acid in the ninth position without any loss in potency. 

Replacement of the tryptophan by a somewhat smaller amino acid, phenyla

lanine, giving [Phe9]-a-MSH 17, results in a ten-fold loss in potency. 

Somewhat more potent is the more bulky pentamethy1pheny1a1anine deriva

tive [Pmp 9]-a-MSH 18; this analogue is half as potent as a-MSH. 

Interestingly, the substitution of a nonaromatic, lipophilic amino 

acid in this position, as in [Leu 9]-a-MSH 19, gives an analogue which is 

also quite potent, being one fourth as potent as a-MSH. For high potency 

a-MSH, the amino acid in the ninth position should be fairly bulky and 

lipophilic. No amino acids of lower 1ipophilicity have been reported 

for this position. 

The major modifications of the tenth position of a-MSH, which is 

normally the achiral glycine residue, are to either elongate 20, 21, or 

shorten 22 the peptide backbone at this position. In all these instan

ces, melanotropins with decreased activity resulted. The consequences 

of these modifications can be ascribed to a change in the conformation 
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of the C-termina1 tripeptide relative to the rest of the molecule. This 

change in conformation would result in poor interaction between a-MSH 

and its receptor. 

A large number of a-MSH analogues have been prepared with modi

fications at lysine in the eleventh position (compounds 23-30). A posi

tive charge on the side chain at this position appears to be quite 

important. The similarly charged analogue, [Orn 11 ]-a-MSH, 23, is quite 

active, while analogues containing amino acids at this position similar 

to lysine but without the charged side chain are much less active than 

a-MSH (compounds 24-27). Surprisingly, the activity of [Ser11 ]-a-MSH, 

28, is quite high. However it should be noted that 8-me1anotropin 

contains a serine at this position. Either elimination of the side 

chain at this position giving [Glyl1]-a-MSH 29, or changing the 

chirality at this position giving [D-Lys l1]-a-MSH 30, results in 

analogues with lower potency. The requirements for high potency at 

this position appear to be both a positive charge and a 1ipoph1ic side 

chain (see also below). 

The major modification of the thirteenth position of a-MSH was 

the replacement of valine for methionine. Both amino acids are 

hydrophobic, and indeed, [Met 13]-a-MSH 31 is equipotent to a-MSH. 

Oxidation of the methionine in this position to the sulfoxide form 32 

or the sulfone form 33 results in a slight decrease in activity, but 

this loss in activity is much less than when the methionine in the fourth 

position is oxidized (compound II). It is believed that only a 

hydrophobic amino acid is required at this position for high potency. 
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It is interesting that the works discussed above tend to indi-

cate that both the negative charge on glutamic acid in the fifth position 

and the positive charge on lysine in the eleventh postion of a-MSH are 

important for the high activity of a-MSH. It is interesting that analo

gues where both charged groups are blocked (compounds 34 and 35), are quite 

active. It has been postulated that the side chains of these two amino 

acid residues form a salt bridge in the bioactive conformation of a-MSH; 

therefore, analogues in which only one of the charged side chains is 

blocked will prevent an interaction between the side chains of these 

amino acids, resulting in less potent a-MSH analogues. However, when 

both charged side chains are blocked, instead of a large decrease in 

activity, these analogues are very active. 

While much work with a-melanotropin analogues has been done, 

much of the work discussed above involved modifications of only some of 

the amino acid residues in a-MSH. Little work has been done concerning 

the central tripeptide sequence, histidine-6, phenylalanine-7 and 

arginine-8, or with proline-12. These amino acids residues are con

sidered critical for a-MSH activity, as will be discussed in the next 

section. However, the above analogues provide considerable insight into 

the requirements for the hydrophobicity, hydrophilicity, steric bulk, 

conformations and chirality at many of the amino acid residues necessary 

for high potency at the a-melanotropin receptor. 
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Fragment Analogues of a-Melanotropin 

Preparation of fragment analogues of a-MSH has been the 

subject of extensive research. In this manner the importance of each 

amino acid residue in determining the biological activity of a-MSH can 

be investigated by observing the effects of removal of this amino acid 

from the primary sequence of the native hormone. This approach has met 

with success for a number of peptide hormones. For example, if the 

deletion of an amino acid from the native hormone results in a fragment 

analogue with a greatly reduced activity relative to the native hormone, 

then this amino acid residue is considered very important to binding 

and/or transduction at the hormone receptor complex. Conversely, if the 

deletion of an amino acid residue from the native hormone does not 

significantly alter the biological activity of this hormone, then this 

amino acid residue is not important for a biologically active hormone. 

Thus, by systematically deleting amino acid residues one at a time and 

observing the changes in biological activity one can ultimately 

determine: 1) The minimal sequence necessary for any observable 

biological activity (active site); 2) The relative importance of each 

amino acid residue in augmenting the biological potency of the active 

site; 3) The minimal sequence necessary for full biological activity. 

It should be pointed out that there is some controversy 

regarding studies of only weakly potent fragment analogues. The judge

ment of whether a compound is active or not is rather subjective. 

Whether a compound with biological activity of one millionth or less the 

relative activity of the native hormone can be described as significantly 
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active has been questioned by some investigators. We ·have noted in 

our work with a-MSH analogues (unpublished) that chromatographic columns 

are often contaminated with trace amounts of hormone analogues, and that 

trace amounts are still present even after extensively washing the 

column with liters of solvent. Thus, a trace contamination of a com

pound with a highly active hormone would be difficult to detect by any 

known analytical method, but could influences the observed biological 

activity of that compound (15). Therefore, there is a certain amount 

of discrepancy between the works of various investigators concerning the 

biological activity of many of the fragment analogues, especially 

analogues with very weak potency. 

Table 2 presents a partial list of the fragment analogues of 

a-MSH that have been prepared. A series of analogues were prepared in 

which amino acids were deleted from the N-terminus, one or two residues 

at a time (compounds 36-42). Each of these fragment analogues was N

terminal acety1ated. ·It has been shown that the N-acety1 fragment ana

logues are more potent than the same fragments which contain a free N

terminal amine group (145,168). It is also believed that the N-termina1 

acetyl group more closely resembles a neutral peptide backbone than a 

free amine group. Systematic deletion of amino acids from the N

terminus results in analogues less potent than the native hormone, but 

the loss in activity is not pronounced until the methionine-4 residue is 

deleted (39). This residue is considered important for high biological 

activity in a-MSH. The importance of the central amino acid sequence in 

determining the biological activity of a-MSH is demonstrated by the 



Table 2: Comparative activities of various a-melanotropin fragment analogues 

0 
N 

No. Peptide Relative Potency Reference 

1 4 7 10 13 

1 Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 1.0 143-145 

36 AC-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 0.5 145 

37 Ac-Ser-Met-Glu-His-Phe-Arg-Trp-G1Y-Lys-Pro-Val- NH2 0.2 150 

38 AC-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val- NH2 0.08 145 

39 AC-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val- NH2 0.012 145 

40 Ac-Phe-Arg-Trp-Gly-Lys-Pro-Val- NH2 0.00012 145 

41 Ac-Trp-Gly-Lys-Pro-Val- NH2 0.000015 145 

42 Ac-Lys-Pro-Val- NH2 0.000002 145,165,166 

(0.000001) 144 

43 H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-OH 0.000075 145 

44 H-Met-Glu-His-Phe-Arg-Trp-Gly-OH 0.000025 167 

45 H-Glu-His-Phe-Arg-Trp-Gly-OH 0.000005 168 

46 H-His-Phe-Arg-Trp-Gly-OH 0.0000005 169-172 

47 H-Phe-Arg-Trp-Gly-OH 0.000000015 145 

48 H-His-Phe-Arg-Trp-OH 0.000000015 173 

49 H-Phe-Arg-OH 0.000000015 145,165,166 

50 H-Glu-His-Phe-OH 0.00000025 144 

51 H-Arg-Trp-Gly-OH 0.00000015 144 

52 H-Ser-Tyr-Ser-Ome 0.0000005 144 

53 Ac-Lys- NH2 0.0000001 145,165,166 
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sharp loss in activity following the deletion of these amino acid resi

dues. Unfortunately, it is impossible to discuss the importance of each 

individual amino acid residue in this central a-MSH sequence, as two 

amino acids were deleted at a time. These results tend to indicate that 

the C-terminal tripeptide 42 still contains minimal but measurable acti

vity. In fact these authors reported the single amino acid derivative, 

Ac-Lys-NH2 (53), to be biologically active. 

Analogues which did not contain the C-terminal tripeptide were 

prepared and tested for biological activity (compounds 43-46). The 

importance of the C-terminal tripeptide is demonstrated by the low 

activity observed for the fragment analogue which did not contain this 

tripeptide (43). Deletion of the N-terminal tripeptide, however, does 

not significantly change the observed biological activity, demonstrating 

that this tripeptide sequence is not essential for high biological 

activity. Further deletion of amino acid residues from the N-terminus 

results in a sharp decrease in relative potency as each amino acid is 

deleted. The smallest central amino acid sequence reported to contain 

minimal but measurable biological activity is the dipeptide Phe-Arg 

(49). This sequence has been referred to as the central active site 

and the C-terminal tripeptide 42 has been referred to as the second 

active site (145,165,166). 

Othe~ workers have prepared a set of a-MSH fragment analogues 

and demonstrated the presence of a least four independent active sequen

ces capable of stimulating a biological response (compounds 42, 50, 51, 
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52. The biological activity of some of these fragment analogues has 

been questioned by some investigators (15,174,175). A more thorough 

discussion of the biological activity of some of these fragment analo

gues and of the existence of multiple active sequences in a-MSH will be 

presented in later sections of this work. 

Superpotent and Prolonged a-Melanotropin Analogues 

It has been known for many years that heat-alkali treatment 

causes partial racemization of the amino acid residues of a-MSH, and 

it has been reported that heat-alkali treatment results in potentiation 

(increased maximal response), prolongation (increased duration of 

response after the peptide is removed from the bioassay medium), and 

retardation (slower time of response) (176-182). Using quantitative 

analytical methods, the extent of racimization of the individual amino 

acid residues in a-MSH was studied and it was found that, while most 

amino acid residues were racemized to some extent, the phenylalanine-7 

residue was racemized in excess of the expected value (183-185). This 

and other studies including: (a) Examination of the conformational ten

dencies in the active site region of a-MSH (183,185); (b) a similar 

observation that the phenylalanine-10 residue in 8-MSH was also signifi

cantly racemized following heat-alkali treatment (186); and (c) early 

studies using fragment analogues in which Q-phenylalanine was substi

tuted into the central a-MSH pentapeptide (H-a-MSH6_10-0H) resulted in 

an analogue more potent than the all l amino acid containing pentapep

tide (187-191), led to the preparation and biological testing of [Nle4, 
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Q-Phe7J-~-MSH. This analogue was found to be sixty times more potent 

than ~-MSH, and like racemized ~-MSH, showed prolonged biological acti

vity even after the peptide was removed from the bioassy medium (183). 

This compound showed prolonged activity ~ vivo for greater than six 

weeks (192). Therefore, studies on ~-MSH fragment analogues were ini

tiated to further explore these unique biological responses. 

MELANIN CONCENTRATING HORMONE 

It was postulated as early as 1931 that many lower vertebrates 

exhibit color changes through dual hormonal control by two antagonistic 

pituitary melanophorotropic hormones (193). It is well known that 

pigment dispersion within integmental melanocytes is regulated through 

~-melanocyte stimulating hormone. However, evidence for the existence 

of a melanin concentrating hormone (MCH) in amphibia has not been forth

coming, and for this and other reasons the concept of an MCH in amphi

bia has been abandonded (73,194). The existence of a melanin 

concentrating hormone in teleost fishes was not ruled out. It was 

determined in 1948 that the pituitary was essential for melanin con

centration in minnows when they are placed on a white background, as 

hypophysectomy resulted in total melanin dispersion (195). In 1955, it 

was reported that crude extracts of the pituitary and hypothalamus 

induce marked pigment aggregation (concentration) within integumental 

melanophores both in vitro and ~ vivo (196). In 1957 it was shown, 
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while administering pituitary extracts to a variety of fishes, that in 

addition to the well known melanin dispering effects there were a number 

of instances in which pigment aggregation took place in response to the 

same extracts (197). 

The first reported separation of an MCH from pituitary extracts 

was in 1958 (198). Crude teleost MCH was first isolated by adsorption 

of pituitary extracts to aluminum oxide followed by elution of the 

hormone with decreasing amounts of acetone. It was suggested that MCH 

has its origin in the nucleus lateralis tuberalis of the hypothalamus 

where it is transferred for storage within the pituitary gland (196). 

The hypothalamic origin of MCH was later confirmed (199-201). 

Using pharmacological studies it was demonstrated in 1955 (196) 

and later in 1958 (198) that MCH was neither a catecholamine nor ace

tylcholine, compounds which are known to induce melanosome aggregation 

within melanophores of some teleosts. In 1980 it was determined that 

MCH was a small positively charged polypeptide (202). In 1983 it was 

shown using polyacrylamide gel electrophoresis that MCH was a polypep~ 

tide with a molecular weight of around 2000 daltons (200). In 1983 the 

primary structure of purified teleost MCH was reported (203). The hep

tadecapeptide, H-Asp-Thr-Met-Arg-Cys-Met-Val-Gly-Arg-Val-Tyr-Arg-Pro-Cys

Trp-Glu-Val-OH is cyclic, containing a disulfide bridge between residues 

5 and 14. The purified peptide was effec~ive at nanomolar concentration 

in stimulating melanophore aggregation in teleost fishes. 
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The present study documents the first known synthesis of MCH, 

and reports that the physical and biological characteristics of the 

synthetic MCH are in agreement with the natural purified MCH. Further 

documentation of the actions of MCH on teleost melanophores as well as 

preliminary information relative to the mechanism of action of MCH also 

were studied. MCH has now been synthesized by other workers (204). 



CHAPTER 2 

SYNTHESIS OF a-MELANOTROPIN FRAGMENT ANALOGUES AND 

MELANIN CONCENTRATING HORMONE 

The primary amino acid sequence of a-MSH was first reported in 

1957 (42) and confirmed in 1959 (205). This linear.tridecapeptide has 

since been synthesized, first by classical solution phase peptide 

synthetic methodology (138,206,207), and later by the modern solid phase 

peptide synthetic methodology on a number of insoluble supports 

(143,208). Solid phase methodology developed by Merrifield (209) con

sists of the semipermanent anchoring of the C-terminal amino acid to an 

insoluble resin support followed by a stepwise elongation of the peptide 

chain on the resin through analytically controlled coupling of protected 

amino acid derivatives. The protected peptide can then be cleaved from 

its insoluble support along with the removal of any protecting groups. 

There are several basic advantages to solid phase methodology 

(207,210-212). The covalently bonded peptide-resin intermediates can be 

easily separated from the soluble reagents and soluble by-products by 

filtration. This avoids material losses which occur during isolation 

and purification in solution phase. It is possible to use an excess of 
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soluble reagents to drive each reaction to completion. In addition, 

each of the reactions can be accomplished in a single reaction vessel, 

which minimizes material losses due to physical transfer of the reaction 

intermediates. In this manner, the entire synthetic process can be 

automated. 

There are some basic disadvantages of solid phase methodology 

(213,214). These include the potential of microheterogeneity of the 

final product which can result from incomplete coupling or deprotection 

reactions. This will result in small amounts of deletion or truncation 

peptides which can be difficult to separate from the desired product. 

This problem can be minimized in solution phase methodology by purifying 

peptide intermediates after each reaction. Other problems include trace 

racemization which can occur during the coupling reactions, and 

undesired side reactions of the amino acid side chain functional groups 

and protecting groups due to insufficient stability of these groups to 

the reaction conditions necessary for solid phase methodology (215). In 

addition, the stability of the resin support is important (213-215). 

The peptide-bound resin must be stable to all of the coupling and 

deblocking reactions, and yet be sufficiently labile to effect the 

removal of the peptide from the resin during the final cleavage step. 

These potential problems can be minimized by the proper choice of the 

resin support to be used. Also, the use of total side chain functional 

group protection (global protection) can afford thp. maximum stability 

towards undesired side reactions and allow flexibility in the choice of 

coupling procedures used. 
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The present study uses a p-methylphenyl(aminomethyl)-poly

(styrene-1%-co-divinylbenzene) (p-MBHA, p-methyl~methylbenzhydrylamine 

resin, p-MBHA resin) as the solid support which has been reported to 

afford high yields of the carboxamide forms of the peptides following 

cleavage (216). The coupling reagent used was dicyclohexylcarbodimide 

(DCC) which has proven satisfactory in solid phase methodology 

(209,217,218). There are, however, other quite useful coupling reagents 

which can be used for solid phase methodology (218-226). 

Na-tert-butyloxycarbonyl (Na_Boc) protected amino acids and amino acid 

derivatives were used in this study, and total amino acid side chain 

protection was used to minimize any side reactions. 

General Synthetic Methodology 

Melting points were determined on a Thomas Hoover Capillary 

Melting Point Apparatus and are uncorrected. Thin layer chromatography 

(TLC) was performed on silica gel-G plates (EM reagents) or Silufol pla

tes (Kavalier, Czechoslovakia) using the following solvent systems: 

a) 1-butanol/HOAc/H20 (4:1:5, upper phase only); b) 

1-butanol/HOAc/pyridine/H20 (15:3:10:12); c) 1-butanol/HOAc/pyridine/H20 

(5:5:1:4); d) 2-propanol/25% aqueous ammonia/H20 (3:1:1). In each case 

approximately 100 ~g sample was used and chromatographic lengths were 

10-18 cm. Detection was by UV, ninhydrin and iodine vapor. In each 

case a single spot was obtained unless otherwise noted. Optical rota

tions were performed on a Rudolph Research Polarimeter (Autopol III) at 

the mercury green line (546nm). Nuclear magnetic resonance (NMR) 
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spectra were obtained on a Varian EM360 NMR, a Varian T60 NMR or a 

Bruker WM 250 NMR spectrometer. Infrared (IR) spectra were obtained on 

a Perkin-Elmer 337 spectrophotometer. Amino acid analyses (227) were 

performed on a Beckman 120C amino acid analyzer following hydrolysis for 

22 hours at 110°C in one of the following reagents: (1) Resin samples 

were hydrolyzed in 1 ml concentrated HC': propionic acid (1:1). 

Following hydrolysis the solvents were removed in vacuo and the sample 

rediluted in 1 ml citric acid buffer (pH 2.2). (2) For peptides 

containing cysteine, the sample was hydrolyzed in 0.5 ml 4 N 

methanesulfonic acid (MSA) containing 0.2% 3-(2-aminomethyl)-indole 

(228). Following hydrolysis, the sample was diluted with 0.5 ml 3.5 N 

NaOH. (3) For all other peptides the sample was hydrolyzed in 0.5 ml 3 

M mercaptoethanesulfonic acid (229). Following hydrolysis the sample 

was diluted with 0.5 ml citric acid buffer (pH 2.2). No corrections 

were made for destruction of amino acids during hydrolysis. High 

pressure liquid chromatography (HPLC) was performed on a Spectra-Physics 

SP-8700 instrument with a SP-8400 detector at 214 nm using a Vydac C-18 

column (#830822, 25 x 0.46 cm). Aqueous trifluoroacetic acid (0.1%) was 

the buffer with acetonitrile as the organic modifier (unless otherwise 

specified). Electrophoresis was performed on Whatman number 1 

chromatography paper using an instrument by Gilman at a potential drop 

of 20 V/cm at pH 5.9 and pH 2.5. Detection was by Sakaguchi spray 

(230). 

Na_Boc protected amino acids and amino acid derivatives were 

purchased from Vega Biochemicals (Tucson, AZ), Penninsula Laboratories 
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(San Carlos, CA), Bachem (Torrence, CA), Chemical Dynamics (South 

Plainsfield, NJ), Galactica Biochemicals (Cleveland, OH), or were pre

pared using modified or unmodified procedures (see below). Before use, 

all amino acid derivatives were tested for homogeneity by TLC in solvent 

systems A, B, and C, melting points, NMR and by the ninhydrin test (231). 

Solvents used for chromatography were redistilled prior to use as. 

described (232). 

Preparation of p-Methylbenzhydrylamine Resin (p-MBHA) 

This procedure is modified from reference (233) and has been 

repeated successfully more than twenty times. To 30.0 g beaded 

polystyrene (co-1% divinylbenzene; Biobeads, Bio-Rad S-Xl, 200-400 

mesh, Bio-Rad Laboratories, Richmond, CA) in 400 ml dichloromethane 

(CH2C12) was added 20 ml p-toluyl chloride. The reaction was cooled to 

O°C and kept under nitrogen to exclude any moisture. A1C13, 13.8 g, was 

added in three portions and the reaction was stirred for two hours at 

O°C. The reaction was then allowed to warm to room temperature and 

stirred for 1.5 hours. The reaction was then brought to reflux for 2.5 

hours. The reaction was cooled to room temprature and poured into 400 

ml of ice water, which was then filtered. The resin was washed 

successively with 3x150 ml each of water, methanol, and ethanol. The 

resin was next added to 450 ml H20 containing 75 ml of concentrated HC1, 

stirred for one hour, and then filtered and washed with water. The 

resin was then added to 150 ml 0.5 K NaOH, stirred for 10 minutes, 
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filtered and washed successively with 3x150 ml each of water, 50% 

ethanol, ethanol, CH2C12 and then dried ~ vacuo. This gives 

approximately 45 grams of a cream colored p-methylphenylketone resin: IR 

(KBr) 3100, 1650, 1600 em-I. 

A one liter, three neck round bottom flask containing 400 ml 

of aqueous ammonia (concentrated, 44%) is cooled to O°C and 340 ml of 

formic acid (88%) is slowly added. The solution is then heated and 

water distilled off until the internal temperature reaches 145°C (about 

400 ml water is removed). At this time 20.0 g p-toluylketone resin 

(above) is added and the flask is then equipped with a mechanical 

stirrer and a reflux condenser. The mixture is then stirred for 48 to 

72 hours in an oil bath at 170-172°C. The mixture is then cooled, 

filtered and washed successively with 4x50 ml each of water, methanol, 

and CH2C12, and dried ~ vacuo. The resin is then placed in a 500 ml 

round bottom flask with 80 ml concentrated HCl and 80 ml propionic acid 

and allowed to stir for 5 hours at 110°C. The mixture is cooled, 

filtered and washed successively with 3 x 50 ml each of water, ethanol, 

CH2C12, 10% diisopropylethylamine (OlEA) in CH2C12, CH2C12 and then 

dried in vacuo. This yields between 17 to 19 grams of the title 

compound; IR (KBr) 3400, 3050, 1650, 1600 em-I. Amine substitution 

levels between 0.15 and 1.0 mmol/gram resin were determined using the 

picric acid test (234). 



Preparation of Amino Acid Derivatives 

Preparation of NE-2,4-dichlorobenzyloxycarbonyl-L-lysine 

(Lys{2,4-C12-Z)) (235). 
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Benzene (250 ml) is placed in a one liter three neck round 

bottom flask and cooled to O°C. Approximately 30 ml (40 g) phosgene is 

bubbled into the solution over 40 minutes. 2,4-dichlorobenzyl alcohol 

(37.1 g) is dissolved in 200 ml benzene and added to the phosgene 

solution over 40 minutes. The reaction is allowed to stir for 20 hours. 

The unreacted phosgene is removed by heating the solution to 44°C and 

purging with nitrogen for 1.5 hours. The benzene is then removed using 

a partial vacuum until the solution volume is about 35 ml. It is then 

diluted with 150 ml p-dioxane to give a solution of the chloroformate. 

This solution must be used within one day as it will decompose. 

L-lysine • Hel (43.0 g) and 30.0 g basic cupric carbonate were 

added to 350 ml H20. The solution was heated to reflux and filtered. 

KHC03 (24.0 g) was added to the solution which was then placed in a 

three neck round bottom flask and cooled to O°C. The chloroformate 

solution (above) was added over 2 hours along with 42 ml 4 N NaOH. The 

solution was stirred for 24 hours, after which it was filtered and 

dried. The solid was added in small portions to a suspension of 35.0 g 

ethylenediaminetetraacetate (disodium salt: EDTA) in 700 ml water at 

room temperature. The suspension was stirred for five hours and then 

filtered. The precipitate was recrystallized from two liters ethanol: 
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H20 (70:30). Yield 50.3 g (75%); mp = 241-245 ° C (Lit. = 243-245°C, 

235); TLC (B) 0.62; NMR 1.1-1.75 (m, 4H); 1.75-1.95 (m, 2H); 2.65-3.1 

(m, 2H); 3.65-4.1 (t, 1H); 5.05 (s, 2H); 6.6-703 (m, 3H). 

Preparation of p-Nitro-L-phenylalanine (Phe(p-N02» (236) 

L-Phenylalanine (30.0 g) was dissolved in 45 ml concentrated 

H2S04 and cooled to O°C. Then 24.4 ml HN03 (69.5% v/v) was added 

dropwise over 20 minutes. The solution was allowed to stir at room 

temperature for 20 minutes. The solution was again cooled to O°C and 

the pH was adjusted to 7.0 with 4 N NaOH. This requires about 500 ml. 

The resulting precipitate was filtered and recrystallized from 500 ml 

H20 giving 16.7 g (44%). Mp = 223-224°C. (Lit = 238-241°C, 236) TLC (A) 

0.59, (B) 0.34, (C) 0.68. C9H10N204.H20 calc. C. 47.36; H, 5.30; N, 

12.27. Found C, 47.31; H, 5.27; N, 12.45; [QJ~~6 = 8.98 (c = 2.7 in 1 

N HC1). 

General Procedure for the Preparation of NQ-Boc Amino Acids and Amino 

Acid Derivatives (237) 

This procedure is simpler than the published procedure and 

generally provides good yields for most amino acids. Phe(p-N02), 6.30 9 

(above), was dissolved in 8.5 ml H20 and 8.5 ml p-dioxane and cooled to 

O°C. The pH of the solution was brought to 10.2 to 10.5 with 4 N NaOH, 

after which 8.5 g di-tert-butyl dicarbonate (1.2-fold excess) was added. 

The pH of the solution was maintained between 10.2 and 10.5 for four 

hours. At this time the pH of the solution was brought to pH 3.0 with 
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the dropwise addition of cold 6 N HC1. When the pH dropped below 8.0, 

30 m1 ethyl acetate was added to the solution. When the pH was brought 

to 3.0, the organic layer was separated and three more 30 m1 ethyl 

acetate extractions were made. The combined organic layers were 

successively washed with 3 x 30 m1 each of c.o1d 5% HC1, H20, dried over 

Na2S04 and finally removed using a partial vacuum. The resulting oil 

could be recrystallized from ethyl acetate/petroleum ether to give 8.2 g 

(88%) of the title compound. The ninhydrin test was negative. Mp = 

101-103°C (Lit = 106.5, (238» NMR (CDC13) 7.3-8.1 (dd, 4 H); 4.25-4.4 

(dd, 1 H); 3.1-3.4 (m, 2 H); 1.4 (s, 9 H). 

Preparation of Ac-Lys(2,4-C12-Z) 

Lys(2,4-C12-Z) (above), (5.0 g) was placed in 20 m1 H20 and 

heated to reflux. Acetic anhydride, 15 m1, was added and the solution 

ref1uxed for 20 minutes. The solution was filtered (starting material) 

and the product allowed to crystallize overnight. Starting material 

recovered, 1.3 g; product yield 2.9 g; TLC (A) 0.77; (B) 0.71; (c) 0.67. 

Mp 124-126°C. NMR (D6-DMSO) 1.1-1.85 (m, 6H); 1.85 (s,3H); 2.8-32 (m, 

2H); 4.0-4.4 (t, 1H); 5.1 (s, 2H) 7.55-7.8 (m, 3H). 

Preparation of Ac-Lys(2,4-C12-Z)-NH2 

Ac-Lys(2,4-C12-Z, 2.0 g) was placed in 50 ml CH2C12 and cooled 

to -lSoC. N-Methy1morpho1ine (0.54 g) was added. Isobutyl chloroformate 

(0.72 g) was added and the solution stirred for three minutes. Ammonia 

gas was then bubbled through the solution for 10 minutes. The solution 



was filtered and the precipitate dissolved in 20 ml hot ethanol, 

filtered and allowed to crystallize overnight. Yield 1.90 g. Mp 

168-170°C. TLC (A) 0.15; (B) 0.77; NMR (D6-DMSO) 1.1-1.85 (m, 4H); 
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1.85 (s, 3H); 2.8-32. (m, 2H); 4.0-4.4 (t, 1H); 5.1 (s, 2H); 6.8-7.1 (m, 

2H); 7.55-7.8 (m, 3H). 

Preparation of Ac-Lys-NH2 

Ac-Lys(2,4-C12-Z, 0.50 g) was subjected to HF procedure A (see 

next section). Following the removal of the HF and anisole ~ vacuo, 

the product was dissolved in 30 ml aqueous HOAc. The aqueous layer was 

extracted with 3 x 30 ml ethyl ether and then lyophilized. The oily 

product was recrystallized from methanol and ethyl acetate. The 

precipitate was taken up in cyclohexane, filtered and dried (0.34 g). 

Mp 134-138°C. (Lit. reports an oil, 145) [a]~~9 = -5.3° (c = 0.47 

in IN HC1) C8H16N302. CH3C02H calc. C, 48.78; H, 8.13; N, 17.07. Found 

C, 48.70; H, 8.26; N, 6.45. 

Preparation of ~-Benzyloxycarbonyl-serine (Z-Ser) (239) 

A mixture of 6.25 g magnesium oxide, 100 ml H20 and 5.25 g 

L-serine was cooled to O°C and 40 ml ethyl ether was added. 

Benzyl chloroformate, 13.2 g, was added over a 20 minute period. The 

resulting emulsion was stirred for 3 hours at O°C. The mixture was then 

filtered using Celite as a filter aid. The ethyl ether layer was 

removed and two more ethyl ether extractions were taken. The water 

layer was made acidic with 5.5 ml concentrated HCl and the resulting 

precipitate was filtered and recrystallized from 80 ml ethyl acetate 
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giving 7.2 g of the title compound (67%), mp = 112-114°C 

(Lit. = 121°C, 239): ninhydrin test negative; NMR(D6-DMSO) 3.60-3.80 (d, 

2H); 3.95-4.20 (t, 1H); 5.05 (s, 2H); 7.30 (s, 5H). 

Preparation of NU-benzyloxycarbonyl-serine methyl ester (Z-Ser-OMe) 

Z-Ser (above), 3.5 g was dissolved in 50 ml methanol and cooled 

to -15°C. Thionyl chloride (2.2 m1) was added dropwise and the reaction 

allowed to stir for three hours at O°C. The solvents were removed using 

a partial vacuum. The resulting oil was dissolved in 30 ml CH2C12 and 

extracted three times with 30 ml 5% HC1. The CH2C12 was dried over 

Na2S04, filtered and r'emoved i!l vacuo giving 3.2 g of an oil (90%). 

Ninhydrin test negative; NMR(CDC13) 3.60 (s, 3H); 3.70-3.85 (d, 2H); 

4.20-4.25 (m, 1H); 5.05 (s, 2H); 7.25 (s, 5H). 

Preparation of ~-Benzyloxycarbonyl-0-tosy1-serine methyl ester 

(Z-Ser(Tos)-OMe) (240) 

This compound has been prepared by other workers (241). 

Z-Ser-OMe (above, 3.2 g) was dissolved in 12 ml pyridine at -15°C and 

2.73 g tosyl chloride was added. The reaction was allowed to stir for 2 

hours, after which 100 m1 ice water was added. After stirring for 30 

minutes at O°C, the resulting precipitate was filtered, dried in vacuo 

and recrystallized from 30 m1 methanol giving 2.5 g of the title 

compound (41%). Mp = 120-121°C (Lit. = 119-120°C, 240); ninhydrin test 

negative; TLC (A) 0.84; (B) 0.90; (C) 0.80; NMR(CDC13) 2.40 (s, 3H); 

3.60 (s, 3H); 4.05-4.60 (mm, 3H); 5.05 (s, 2H); 7.25 {s, 5H}; 7.25-7.80 

(dd, 4H). 
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Preparation of Na-Benzyloxycarbonyl-Na -tert-butyloxycarbonyl-lanthionine-
I 

a-methyl ester (Na-Z,Na -Boc-L-Lan-a-OMe) 

See Figure 2. Bis-Boc-cystine (prepared using above procedure, 

(1.1 g), was added to 100 ml anhydrous liquid ammonia. Sodium metal was 

slowly added until a blue color persisted for 1.5 minutes (about 0.5 g 

sOdium). Ammonium chloride was slowly added until the blue color just 

disappeared, after which 2.1 g Z-Ser(Tos)-OMe (above) was quickly added. 

After five minutes at reflux temperature, the ammonia was removed under 

nitrogen. The crude reaction mixture was dissolved in 60 ml cold 5% HCl 

and extracted with three 30-ml portions cold ethyl acetate. The organic 

layers were combined, washed with water, dried over Na2S04, filtered and 

removed ~ vacuo giving 1.S5 g of an oil (92%) TLC (A) 0.61; (B) 0.66; 

(C) 0.57; NMR(CDC13): 1.46 (5, 9H); 2.90-3.15 (m, 4H); 3.75 (5, 3H); 

4.30-4.70 (m, 2H); 5.20 (5, 2H); 7.35 (5, 5H). [a]~~9= -7.16 

(c = 3.5 in MeOH). C20H2SN20SS calc. C, 52.63; H, 6.14; N, 6.14; S, 

7.02. Found C, 52.04; H, 6.25; N, 6.45. 

Preparation of Homocystine (Hcy) 

L-Methionine (10.0 g) was dissolved in 500 ml anhydrous liquid 

ammonia. Sodium metal was added to this solution to maintain a dark 

blue color for 20 minutes. This requires about five grams of sodium 

metal. Ammonium chloride, 3.S g was added and the ammonia removed under 

nitrogen. The crude reaction mixture was dissolved in 200 ml water and 

filtered into 5 ml HOAc. HOAc was then added until the pH of the solu

tion reached 7.0, and K3Fe(CN)6 was added until a yellow color persisted 
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Figure 2. Structure of lanthionine and cystathionine derivatives 
prepared in this work. 
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for 10 minutes. The product was allowed to crystallize overnight, after 

which it was filtered, and washed successively with 20 ml each of water, 

589 ethanol and ethyl ether. The dried product weighed 9.0 g; [a]25 = 

70° (c = 5 in 1 N HC1) (Lit [a]~~9 = 77°, 242); Mp = 264-266 dOC; NMR 

(020, TFA) 2.05-2.40 (t, 2H); 2.50-2.80 (m, 2H); 3.85-4.20 (t, 1H). 

• I 
Preparatlon of Na-Benzyloxycarbonyl-Na -tert-butyloxycarbonyl-

cystathionine-a-methyl ester (Na-Z-Na'-Boc-Cst-a-OMe) 

Analogues similar to this compound have been prepared by other 

workers (243). Bis-Boc-Hcy (prepared using above procedures, 1.15 g) 

was added to 100 ml anhydrous liquid ammonia. Sodium metal was slowly 

added until a blue color persisted for 1.5 minutes (about 0.5 g sodium). 

Ammonium chloride was slowly added until the blue color just disappears, 

after which 2.1 g Z-Ser(Tos)-OMe (above) was quickly added. After five 

minutes at reflux temperature, the ammonia was removed under nitrogen. 

The crude reaction mixture was dissolved in 60 ml cold 5% HCl and 

extracted with three 30 ml portions cold ethyl acetate. The organic 

layers were combined, washed with water, dried over Na2S04, filtered and 

removed i!!. vacuo giving 2.00 g of an oil (95%). TLC (A) 0.93; (B) 0.80; 

(C) 0.70. NMR(COC13) 1.40 (s, 9H); 1.70-2.10 (m, 2H); 2.30-2.60 (m, 

2H); 2.85-3.00 (m, 2H); 3.65 (s, 3H); 4.05-4.60 (m, 2H); 5.05 (s, 2H); 

7.20 (s, 5H), [a]~~9 = 3.48 (c = 2.30 in MeOH). 
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Preparation of N~-Benzy1oxycarbony1-N~'-tert-butyloxycarbony1-B' ,B'

dimethy11anthionine-~-methy1 ester 

Bis-Boc-D-Pen (prepared using above procedures, 1.2 g) was added 

to 100 m1 anhydrous liquid ammonia. Sodium metal was slowly added until 

a blue color persisted for 1.5 minutes (about 0.5 g sodium). Ammonium 

chloride was slowly added until the blue color just disappeared, after 

which 2.1 g Z-Ser(Tos)-OMe (above) was quickly added. After five 

minutes at reflux temperature, the ammonia was removed under nitrogen. 

The crude reaction mixture was dissolved in 60 m1 cold 5% HC1 and 

extracted with three 30 m1 portions cold ethyl acetate. The organic 

layers were combined, washed with water, dried over Na2S04, filtered and 

removed ~ vacuo giving 2.01 g of an oil (93%). TLC (A) 0.69; (B) 0.75; 

(C) 0.65. NMR(CDC13) 1.30-1.35 (d, 6H); 1.40 (s, 9H); 2.85-3.10 (m, 2H); 

3.65 (s, 3H); 4.10-4.65 (m, 2H); 5.05 (s, 2H); 7.20 (s, 5H). [~J~~9 = 

3.59 (c = 2.23 in MeOH). 

General Solid Phase Peptide Synthetic Methodology 

A p-methy1benzhydry1amine (p-MBHA) resin was used as the 

solid support for the synthesis of all ~-MSH analogues, as a C-termina1 

carboxamide was desired for these analogues. Melanin concentrating hor

mone (MCH) was prepared using standard Merrifie1d ' s resin, as a free C

terminal carboxylate group was desired. The first amino acid was 

coupled to Merrifie1d ' s resin as previously described (244). Each indi

vidual step of the synthesis was performed in a single reaction vessel 
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and all solvent transfer processes were conducted using a semi-automated 

solid phase peptide synthesizer which was previously designed and built 

in this laboratory (V. J. Hruby, Department of Chemistry, University of 

Arizona, unpublished results). MCH was prepared on a Vega Coupler Model 

1000 Peptide Synthesizer (Vega Biochemicals, Tucson, AZ). Each coupling 

reaction was achieved using a three-fold excess of each N~-Boc amino 

acid or amino acid derivative, a 2.4-fold excess of 

dicyclohexylcarbodiimide (DCC) and a 2.4-fold excess of 

1-hydroxybenzotriazole (HOBT). Removal of the N~-Boc protecting groups 

was accomplished by treatment with 45% trifluoroacetic acid (TFA) in 

dichloromethane containing 2% anisole. Amino acid side chain functional 

group protection was as follows: Arginine (NG-tosyl); Aspartic acid 

(B-O-Benzyl); Cystine (S-3,4-Dimethylbenzyl); Glutamic acid (A-a-Benzyl); 

Histidine (Nim_tosyl); Lysine (NE-2,4-dichlorobenzyloxycarbonyl); Serine 

(a-benzyl); Threonine (O-benzyl); Tryptophan (Nin-formyl); Tyrosine 

(O-2,6-dichlorobenzyl). 

A cycle for the incorporation of each amino acid derivative con

sisted of the following: 1) Washing the resin with three 20-ml portions 

of CH2C12, one minute per wash; 2) washing with two 30-ml portions of 

EtOH, two minutes per wash; 3) washing with two 20-ml portions of CH2C12, 

one minute per wash; 4) cleaving of the N~-Boc protecting group with 20-

ml of 45% TFA in CH2C12 containing 2% anisole, one wash for two minutes, 

one wash for twenty minutes; 5) washing with three 20-ml portions of 

CH2C12, one minute per wash; 6) neutralization of the resin with two 
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20-ml portions of 10% diisopropylethylamine in CH2C12' two minutes per 

wash; 7) washing with two 20-ml portions of CH2C12, one minute per wash; 

8) addition of the next Na_Boc amino acid derivative along with DCC and 

HOBT in either CH2C12 or dimethylformamide (DMF). The extent of 

coupling of each amino acid derivative was determined analytically using 

the ninhydrin test. Coupling of each amino acid derivative was usually 

complete in thirty to sixty minutes except where noted. After the 

coupling of the final amino acid derivative and removal of the Na_Boc 

protecting group, the a-MSH analogues were acetylated using a six fold 

excess of N-acetylimidizole in CH2C12 for three to ten hours, after 

which the resin was washed with CH2C12 and dried in vacuo. This yields ----
the N-terminal acetyl form of these analogues. MCH was not acetylated, 

but dried after the coupling of the final amino acid derivative, as the 

free N-terminal amine group was desired. 

In each case the resulting protected peptide was cleaved from 

the solid support with anhydrous hydrogen fluoride using one of two 

procedures: A) The method originally devised to cleave the peptide from 

the resin was to treat the protected peptide-resin with anhydrous HF 

containing 10% anisole for 30 minutes at O°C. For each gram of resin, 9 

ml HF and 1 ml anisole was employed. This procedure will remove the 

peptide from the resin as well as removing all of the amino acid side 

chain protecting groups (except tryptophan Nin-formyl groups). B) A new 

method has been described (245) which will remove the peptide from the 

resin as well as removing all of the protecting groups, including 
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tryptophan Nin-formyl groups. This method uses 85% anhydrous HF, 10% 

anisole and 5% dithioethane (v/v). The reaction is allowed to proceed 

60 minutes at O°C. As before, 10 ml total volume was used for each gram 

of peptide-resin. In either case, after the reaction times indicated, 

all of the solvents were removed ~ vacuo and the product was washed 

with 3 x 30 ml ethyl acetate, and.the crude product extracted with 3 x 

30 ml 30% HOAc. The aqueous layer was then lyophilized to a powder. 

For peptides cleaved from the resin support using HF procedure A 

that still contained a tryptophan Nin-formyl group, a procedure has been 

described to remove this protecting group (210,246). A portion of the 

crude product is dissolved in about 3-5 ml H20, and the pH adjusted to 

11.5 using 4 N NaOH at room temperature. After three minutes the reac

tion is stopped by the addition of HOAc to a pH of 4.5. The crude pep

tide solution is then purified by directly applying the solution to 

column chromatography as described below. 

General Purification Scheme for the Melanotropin 

Analogues Prepared 

At a pH of 7.0, a-MSH contains three positively charged amino 

acid side chains: histidine-6; arginine-8; and lysine-II. a-MSH also 

contains one negatively charged amino acid side chain, glutamic acid-5. 

Because of the overall net positive charge of a-MSH, and also of many 

fragment analogues of a-MSH, ion exchange chromatography was a very 
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powerful tool for the purification of these analogues. Carboxy

methylcellulose (CMC) cation exchange resin was used for this purpose. 

CMC resin was prepared by suspending aproximately 15 g of CMC (0.72 

meg/g, fine mesh, Sigma Chemical Company) in 150 ml H20 and deaerating 

for 60 minutes using a partial vacuum. The resin was then poured into a 

glass column (2.0 x 16.0 cm). The resin was then washed with 250 ml 30% 

HOAc and 250 ml 0.01 M NH40Ac (pH 4.5). A cycle for running the column 

consisted of dissolving approximately 100 mg crude product (previously 

cleaved from the resin using HF, and deformylated if necessary) in 3-5 

ml H20 anq applying this solution to the top of the column. A stepwise 

gradient was used and generally consisted of 250 ml successively of 0.01 

M NH40Ac (pH 4.5); 0.1 M NH40Ac (pH 6.8); 0.2 M NH40Ac; and 30% HOAc. 

In each case, a major peak could be is01ated (280 nm detection for 

peptides containing a tyrosine or tryptophan, and 254 nm detection for 

peptides containing phenylalanine as the major chromophore) which 

appeared after the solvent front. Repeated lyophilization of this peak. 

resulted in a relatively pure peptide in every case. In general, 

peptides containing all three positively charged amino acid side chains 

appeared near the end of the second {0.1 M NH40Ac (pH 6.8» buffer (for 

an example, see Figure 3). Peptides containing only two positively 

charged amino acid side chains generally appeared early during the 

second buffer (for an example, see Figu~e 4). Small peptides containing 

only one positively charged amino acid slde chain appeared late during 
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the first buffer (for an example, see Figure 5). The purification of 

MCH was also achieved using CMC and the same conditions as above 

(Fi gure 6). 

Any further purifications for peptides prepared and purified by 

the above procedures will be described where necessary. The homogeneity 

of every peptide was examined using TLC in solvent systems A, B, C, and 

D, by optical rotations and by amino acid analysis. Many of the 

peptides were also examined using high performance liquid chromatography 

and/or by NMR spectra. A list of the a-melanotropin analogues prepared 

is given in Table 3. Analytical data for these analogues is given in 

Tables 4 and 5. 

a-Melanotropin Analogues Synthesized 

Synthesis of AC-a-MSH5-11-NH2 (60) 

Starting with 5.43 g p-methylbenzhydrylamine resin with a amine 

substitution of 0.172 mmol/g (0.93 mmol total), the following NQ-Boc 

amino acid derivatives were coupled (in order of their coupling): 

Lys(2,4-C12-Z); Gly; Trp(For); Arg(Tos). At this pOint the resin (I) 

was split in half. To one half of the resin was coupled: Phe; His(Tos); 

Glu(Bzl). At this point the resin (II) was again divided into three 

equal portions. One third of the resin was acetylated giving 0.99 g 

protected peptide-resin. After deprotection and cleavage of the peptide 

from the resin with HF procedure A, the mixture was washed with three 

30-ml portions of EtOAc and the crude peptide product was extracted with 
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Figure 5. Elution profile of carboxymethylcellulose chromatography 
of Ac-Phe-Arg-NH2-
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Table 3: Structures of a-melanotropin and analogues prepared in this laboratory 

No. Compound 

1 a-MSH 
12 [Nle4]-a-MSH 

54 Ac-[Nle4]-a-MSH4_13-NH2 
55 Ac-[Nle4]-a-MSH4_12-NH2 
56 Ac-a-MSH4_12-NH2 
57 Ac-[Nle4]-a-MSH4_11-NH2 
58 Ac-[Nle4]-a-MSH4_10-NH2 

59 Ac-a-MSH4_10- NH2 
60 Ac-a-MSHS_11- NH2 
61 Ac-a-MSHS_10- NH2 
62 Ac-a-MSH6_10-NH2 
63 Ac-a-MSH7_10-NH2 
65 Ac-a-MSH6_9-NH2 

Primary Sequence 

1 4 7 10 13 
Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 
Ac-Ser-Tyr-Ser-Nle-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 

Ac-Nle-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 

Ac-Nle-G11J-His-Phe-Arg-Trp-Gly-Lys-Pro-NH2 
Ac-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro- NH2 
Ac-Nle-Glu-His-Phe-Arg-Trp-Gly-Lys-NH2 
AC-Nle-Glu-His-Phe-Arg-Trp-Gly- NH2 
Ac-Met-Glu-His-Phe-Arg-Trp-Gly- NH2 

Ac-Glu-His-Phe-Arg-Trp-Gly-Lys- NH2 
Ac-Glu-His-Phe-Arg-Trp-Gly- NH2 

Ac-His-Phe-Arg-Trp-Gly-NH2 
Ac-Phe-Arg-Trp-Gly-NH2 

Ac-His-Phe-Arg-Trp- NH2 
65 Ac-a-MSH6_8-NH2 Ac-His-Phe-Arg-NH2 
66 Ac-a-MSH6_7-NH2 Ac-His-Phe-NH2 
67 Ac-a-MSH7_8-NH2 Ac-Phe-Arg-NH2 
68 AC-[Nle4, ~-Phe7]-a-MSH Ac-Ser-Tyr-Ser-Nle-Glu-His-D-Phe-Arg-Trp-G1Y-Lys-Pro-Val-NH2 
69 AC-[Nle4, ~-Phe7]-a-MSH4_11-NH2 Ac-Nle-Glu-His-D-Phe-Arg-Trp-Gly-Lys-NH2 
70 AC-[Nle4, ~-Phe7]-a-MSH4_10-NH2 Ac-Nle-Glu-His-D-Phe-Arg-Trp-Gly-NH2 

U1 
o 



Table 3 (continued) 

No. Compound 

71 Ac-[D-Phe7]-a-MSH5_11-NH2 
72 Ac-[Tyr4]-a-MSH4_11-NH2 
73 Ac-[Tyr4]-a-MSH4_10-NH2 
74 Ac-[Tyr4, D-Phe7]-a-MSH4_11- NH2 
75 Ac-[Tyr4, D-Phe7]-a-MSH4_10- NH2 
76 Ac-[Nle4-Tyr7]-a-MSH4_11-NH2 
77 Ac-[Nle4, Q-Tyr7]-a-MSH4_11- NH2 
78 Ac-[Nle4, Phe(p-N02)7]-a-MSH4_11- NH2 
79 Ac-[Nle4, Q-Phe(p-N02)7]-a-MSH4_11- NH2 
80 Ac-[Nle4, Ala7]-a-MSH4_11- NH2 
81 Ac-[Nle4, Q-Ala7]-a-MSH4_11-NH2 
82 Ac-[Nle4, Gly7]-a-MSH4_11- NH2 

Primary Sequence 

Ac-Glu-His-D-Phe-Arg-Trp-Gly-Lys-NH2 
Ac-Tyr-Glu-His-Phe-Arg-Trp-Gly-Lys-NH2 
Ac-Tyr-Glu-His-Phe-Arg-Trp-Gly-NH2 
Ac-Tyr-Glu-His-D-Phe-Arg-Trp-Gly-Lys-NH2 
Ac-Tyr-Glu-His-D-Phe-Arg-Trp-Gly- NH2 
Ac-Nle-Glu-His-Tyr-Arg-Trp-Gly-Lys- NH2 
Ac-Nle-Glu-His-D-Tyr-Arg-Trp-Gly-Lys-NH2 
Ac-Nle-Glu-His-Phe(p-N02)-Arg-Trp-Gly-Lys- NH2 
Ac-Nle-Glu-His-D-Phe(p- N02)-Arg-Trp-Gly-Lys- NH2 
Ac-Nle-Glu-His-Ala-Arg-Trp-Gly-Lys-NH2 
Ac-Nle-Glu-His-D-Ala-Arg-Trp-Gly-Lys-NH2 
Ac-Nle-Glu-His-Gly-Arg-Trp-Gly-Lys-NH2 



Table 4: Analytical data of a-melanotropin and analogues prepared in this laboratory. Amino acid analysis 

Amino Acid Analysis ., 

Peptide Ser Tyr Met Nl e Glu Hi s Phe Arg Trp Gly Lys Pro Val Phe(P- N0 2) Ala 

1 1. 72 0.92 0.97 1.00 0.90 1.06 0.98 0.90 1.08 1.04 1.08 1.07 
12 1.75 0.94 1.07 1.04 1.01 0.93 1.01 0.91 1.06 1.05 1.04 1.09 
54 1.03 1.04 1.00 0.90 1.04 0.79 1.05 1.05 1.10 1.06 
55 0.97 0.99 0.95 1.01 1.00 1.02 1.01 1.04 1.05 
56 0.99 1.00 0.97 0.99 0.99 1.03 1.01 1.00 0.98 
57 1.00 1.02 0.97 1.00 1.01 1.03 1.01 1.02 
58 1.01 1.05 0.94 0.91 0.98 0.94 1.08 
59 1.00 0.97 1.02 0.91 1.02 0.90 1.07 
60 0.97 1.00 0.94 0.99 0.99 1.04 1.06 
61 0.97 1.04 0.99 1.00 1.01 .095 
62 1.02 1.00 0.98 1.02 0.97 
63 0.93 1.04 0.87 1.07 
64 1.01 1.04 0.96 1.03 
65 1.02 1.03 0.97 
66 1.02 0.98 -
67 1.01 0.99 
68 1.75 0.87 0.91 1.00 1.00 0.96 1.01 0.93 1.07 1.07 1.06 1.00 
69 1.01 1.01 0.95 0.95 0.99 0.99 1.04 1.06 -(,}1 

N 



Table 4 (continued) 

Peptide Ser Tyr Met Nl e Gl u His Phe 

70 1.05 1.02 1.04 0.93 

71 1.00 1.00 0.97 

72 1.03 1.04 0.93 0.97 

73 0.94 0.99 1.06 0.92 

74 0.97 1.02 1.03 0.98 

75 0.98 0.96 1.03 0.98 

76 0.95 1.05 1.02 0.97 

77 0.95 1.01 0.96 0.97 

78 1.04 1.02 0.99 

79 0.98 1.02 1.01 

80 0.96 0.96 1.06 

81 0.94 0.96 1.06 

82 1.00 0.99 0.99 

Arg Trp Gly 

0.98 0.94 1.06 

1.01 1.03 1.03 

1.04 1.07 1.05 

1.04 0.93 1.04 

1.01 0.98 1.03 

0.98 0.97 1.04 

0.95 1.02 1.05 

0.95 1.04 1.05 

0.98 1.01 0.96 

0.99 1.02 0.98 

0.93 0.96 1.04 

0.94 0.96 1.06 

0.97 1.03 1.97 

Lys Pro Val 

1.00 

1.02 

1.01 

1.05 

1.05 

1.06 

0.98 

1.01 

1.06 

0.99 

0.98 

Phe(P- N02) 

1.02 

0.98 

Al a 

1.00 

1.00 

(J1 

w 
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Table 5: Analytical data of a-melanotropin and analogues prepared in 
this laboratory. Thin layer chromatography, optical rotation, 
and high performance liquid chromatography 

No Thin layer chromatography HPLC [a]~~£. ; n ~O% 
Rf in various solvent systems Kia a e lC aCld 

A B C 0 

1 0.18 0.67 0.63 0.90 NOb -58.0° (c=0.50) 

12 0.24 0.68 0.68 0.80 NO -60.0° (c=0.25) 

54 0.19 0.61 0.60 0.83 NO -55.4 (c=0.25) 

55 0.08 0.46 0.71 0.47 9.20(14% CH3CN) -54.6 (c=0.23) 

56 0.07 0.46 0.71 0.43 6.68(18% CH3CN) -58.2 (c=0.22) 

57 0.14 0.50 0.56 0.45 15.77(20% CH3CN) -39.1 (c=0.24) 

58 0.30 0.72 0.70 0.86 NO -39.1° (c=0.25) 

59 0.30 0.61 0.64 0.97 NO -34.1° (c=0.25) 

60 0.03 0.34 0.45 0.58 
9.7(16% CH3CN) 

-23.4° (c=0.24) 

61 0.05 0.41 0.72 0.78 12.7 (16% CH3CN) - 5.97° (c=0.39) 

62 0.07 0.13 0.65 0.03 7.54 (14% CH3CN) - 1.13° (c=0.21) 

63 0.21 0.16 0.82 0.81 NO -24.0° (c=0.25) 

64 0.02 0.15 0.67 0.03 5.00 (16% CH3CN) +16.5° (c=O.l7) 

65 0.02 0.14 0.52 0.05 7.80 (4% CH3CN) + 4.72° (c=0.72) 

66 0.07 0.38 0.61 0.54 8.40 (4% CH3CN) +17.1° (c=0.45) 

67 0.08 0.37 0.52 0.61 9.10 (4% CH3CN) +20.7° (c= 0.29 

68 0.24 0.79 0.74 0.73 NO -59.7 (c=0.49) 

69 0.14 0.50 0.58 0.53 8.85 (20% CH3CN) -39.5 (c=0.28) 

70 0.30 0.68 0.69 0.87 NO -38.9° (c=0.26) 
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Table 5 (continued) 

No Thin layer chromatography HPLC [a]~~~. i n ~O% 
Rf in various solvent systems Kia a lC aCld 

A B C 0 

71 0.03 0.43 0.50 0.43 3.60 (14% CH3CN) -22.6° (c=0.24) 

72 0.15 0.53 0.56 0.45 6.20 (16% CH3CN) -35.7° (c=0.29) 

73 0.32 0.63 0.65 0.67 8.70 (16% CH3CN) -13.3° (c=0.26) 

74 0.20 0.50 0.59 0.53 8.20 (16% CH3CN) -29.5° (c=0.22) 

75 0.17 0.67 0.41 0.64 8.90 (16% CH3CN) -34.5° (c=0.29) 

76 0.15 0.50 0.52 0.37 4.15 (20% CH3CN) -37.1° (c=O.l7) 

77 0.15 0.50 0.53 0.36 2.69 (20% CH3CN) -32.6° (c=0.25) 

78 0.15 0.56 0.20 0.28 16.54 (20% CH3CN) -33.6° (c=0.29) 

79 0.09 0.58 0.26 0.47 4.45c -40.8° (c=0.24) 

80 0.04 0.50 0.50 0.61 1.77 (20% CH3CN) -26.4° (c=0.30) 

81 0.02 0.50 0.45 0.61 1.61 (20% CH3CN) -23.9° (c=0.30) 

82 0.00 0.82 0.50 0.45 1.38 (20% CH3CN) -31.6 (c=0.42) 

a. HPLC KI = (retention time - solvent front)/solvent front. 
For conditions see general methods section. Aceton it ril e 
concentrations are given in parentheses. 

b. NO = Not determined 

c. Conditions were 0.1% Heptafluorobutyric acid/CH3CN (70:30) 
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three 30 ml portions of 30% HOAc yielding 175.1 mg crude product. A 

portion of this product was deformylated as previously described and 

subjected to CMC ion-exchange chromatography purification. The major 

peak eluted during the 0.1 M NH40Ac buffer and was isolated and 

lyophilized yielding 48.0 mg of the title compound (62.5%). 

Analytical data in this compound (60) is given in Tables 4 and 5. 

Synthesis of Ac-[Nle4]-a-MSH4_11-NH2 (57) 

To a second portion of the above resin (II) was coupled 

Na-Boc-Nle. The peptide-resin was then acetylated to give 1.10 g 

peptide-resin. The peptide-resin was then subjected to HF procedure A 

and extracted giving 200.6 mg crude peptide. Then 96.0 mg of the 

peptide was deformylated and purified on CMC and the major peak was 

isolated and lyophilized giving 45.3 mg of the title compound (49.4%). 

Analytical data in this compound (57) is given in Tables 4 and 5. 

Synthesis of Ac-[Q-Phe7]-a-MSH5_11-NH2 (71) 

To one-third of the protected peptide-resin (I) prepared above 

was coupled Na_Boc derivatives of: D-Phe; His(Tos); and Glu(Bzl). The 

resin was then acetylated giving 1.05 g peptide-resin. The 

peptide-resin was subjected to HF procedure A, washed with three 30 ml 

portions of EtOAc, and extracted as before giving 160.5 mg crude 

product. A 81.1 mg sample was then deformylated and purified on CMC. 

The major peak was isolated and lyophilized giving 27.6 mg of the title 

compound (34.5%). Analytical Data in this compound (71) is given in 

Tables 4 and 5. 
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Synthesis of AC-[Nle4, Q-Phe7]-a-MSH4_11-NH2 (69) 

This compound was prepared using 1.0 g p-methylbenzhydrylamine 

resin with amine substitution of 0.62 mmol/g. To this resin was 

coupled Na_Boc derivatives of: Lys(2,4-C12-Z); Gly: Trp(For); Arg(Tos); 

~-Phe; His(Tos); Glu(Bzl); and Nle. The completed peptide-resin was 

acetylated as before yielding 1.92 g of the completed peptide-resin. 

Then 0.96 g of the resin was subjected to HF procedure A, giving 415 mg 

crude product. A portion of this compound, 102 mg, was deformylated and 

purified on CMC as before giving 28.2 mg of the title compound (31.0%). 

Analytical data in this compound (69) is given in Tables 4 and 5. 

Synthesis of Ac-[Tyr4]-a-MSH4_11-NH2 (72) 

To one third of the above resin (II) was coupled 

Na-Boc-Tyr(2,6-C12-Bzl). The resin was then acetylated to give 1.11 g 

of protected peptide resin. The resin was then subjected to HF 

procedure A and extracted as before giving 254.9 mg crude compound. A 

portion of the crude peptide (100 mg) was deformylated as described and 

purified on CMC chromatography. The major peak was isolated and 

lyophilized yielding 43.3 mg of the title compound (46.3%). 

Analytical data in this compound (72) is given in Tables 4 and 5. 

Synthesis of Ac-[Tyr4, Q-Phe7]-a-MSH4_11-NH2 (74) 

To one third of the above resin (I) was coupled Nn-Boc derivati

ves of: Q-Phe; His(Tos); Glu(Bzl); and Tyr(2,6-C12-Bzl). The resin was 

then acetylated to give 1.07 g of peptide-resin. The resin was then 
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subjected to HF procedure A giving 180.6 mg crude product. A portion of 

the crude product (81.2 mg) was deformylated and purified on CMC giving 

57.6 mg of the title compound (55.2%). Analytical data in this compound 

(74) is given in Tables 4 and 5. 

Synthesis of Ac-[Tyr4, Q-Phe7]-a-MSH4_10-NH2 (75) 

Starting with 1.0 g of p-methylbenzhydrylamine resin with an 

amine substitution of 0.62 mmol/g was coupled Na_Boc derivatives of: 

Gly; Trp(For); Arg(Tos); Q-Phe; His(Tos); Glu(Bzl); and 

Tyr(2,6-C12-Bzl). The resin was acetylated giving 2.20 g of peptide

resin. A portion of this resin, 1.10 g, was subjected to HF procedure A 

yielding 370 mg of crude product. A portion of the crude peptide, 90 

mg, was deformylated and purified on CMC giving 54.5 mg of the title 

compound (61.3%). Analytical data in this compound (75) is given in 

Tables 4 and 5. 

Synthesis of Ac-a-MSH4_12-NH2 (56) 

To 1.3 g p-MBHA resin (0.62 mmol/g, 0.80 mmol total) the 

following Na_Boc amino acids were coupled: Pro; Lys(2,4-C12-Z); Gly; 

Trp(For); Arg(Tos); Phe; His(Tos); and Glu(Bzl). The resin was dried 

and weighed (III), (2.50 g). To one half of this resin was coupled ~

-Boc Met. After acetylation the peptide resin was subjected to HF pro

cedure B giving 419.3 mg and 100 mg was purified as described. The 

title product eluted halfway through the 0.1 M NH40Ac (pH 6.8) buffer 

and was lyophulized giving 47.3 mg (41.0%). Analytical data for this 

compound (56) is given in Tables 4 and 5. 
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Synthesis of AC-[Nle4]-a-MSH4_12-NH2 (55) 

To the second half of the above peptide resin (III) was coupled 

Na-Boc-Nle. After acetylation, the peptide-resin was dried and weighed 

(1.27 g). The peptide-resin was subjected to HF procedure B giving 

352 mg and 100 mg was purified as described. The title peptide eluted 

halfway through the 0.1 M NH4 OAc (pH 6.8) buffer and was lyopholized 

giving 45.0 mg (32.7%). Analytical data in this compound (55) is given 

in Tables 4 and 5. 

Synthesis of AC-a-MSH5_10-NH2 (61) 

Starting with 1.0 g p-MBHA resin (0.40 mmol/g; 0.40 mmol total 

scale) the following ~-Boc amino acids were coupled: Gly; Trp(For); 

Arg(Tos); Phe; His(Tos); and Glu(Bzl). After acetylation the resin 

(1.35 g) was cleaved using HF procedure B giving 200 mg crude product 

and 100 mg was purified as described. The title compound eluted early 

during the 0.1 M NH40Ac (pH 6.8) buffer giving 43 mg (48%). 

Analytical data in this compound (61) is given in Tables 4 and 5. 

Synthesis of Ac-a-MSH6 .. 10-NH2 (62) 

Starting with 1.0 g p-MBHA resin (0.40 mmol/g; 0.40 mmol total 

scale) the following Na_Boc amino acids were coupled: Gly; Trp(For); 

Arg(Tos); Phe; and His(Tos). After acetylation, the resin (1.32 g) was 

cleaned using HF procedure B giving 230 mg of crude product. A portion 

of this (100 mg) was purified as before and the title compound eluted 



early during the 0.1 M NH40AC (pH 6.8) buffer giving 38 mg (29.5%). 

Analytical data in this compound (62) is given in Tables 4 and 5. 

Synthesis of Ac-a-MSH6_9-NH2 (64) 

60 

Starting with 1.0 g p-MBHA resin (0.4 mmol/g; 0.40 mmol total), 

the following N°-Boc amino acids were coupled: Trp(For); Arg(Tos); Phe; 

and His(Tos). Following acetylation, the peptide resin (1.25 g) was sub

jected to HF procedure B giving 180 mg crude product and 100 mg was 

purified as before. The title compound eluted halfway through the 0.1 M 

NH40Ac (pH 6.8) buffer giving 35 mg (33%). Analytical data for this 

compound (64) is given in Tables 4 and 5. 

Synthesis of Ac-a-MSH6_8-NH2 (65) 

Starting with 1.0 g p-MBHA resin (0.40 mmol/g) the following 

Na_Boc amino acids were coupled: Arg(Tos); Phe; and His(Tos). After 

acetylation, the peptide resin (1.3 g) was subjected to HF procedure A 

giving 102 my which was purified as described. The title compound 

eluted late in the 0.1 M NH40Ac (pH 6.8) buffer giving 81 mg (41%). 

Analytical data for this compound (65) is given in Tables 4 and 5. 

Synthesis of Ac-a-MSH6_7-NH2 (66) 

Starting with 1.0 g p-MBHA resin (0.4 mmol/g) was coupled: 

Na-Boc-Phe; and Na_Boc-His(Tos). After acetylation, peptide-resin (1.0 

g) was subjected to HF procedure A giving 130 g crude product which was 
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purified as before. The title compound eluted late in the 0.01 M NH40Ac 

(pH 4.5) buffer giving 35 mg (25.5%). Analytical data for this compound 

(66) is given in Tables 4 and 5. 

Synthesis of Ac-a-MSH7_8-NH2 (67) 

Starting with 1.5 g p-MBHA resin (0.40 mmol/g, 0.60 mmol total) 

was coupled: ~-Boc-Arg(Tos); and ~-Boc-Phe. After acetylation, the 

peptide-resin (1.40 g) was subjected to HF procedure A giving 100 mg 

crude product which was purified as before. The title compound eluted 

late in the 0.01 M NH40Ac (pH 4.5) buffer giving 33 mg (15.0%). 

Analytical data for this compound (67) is given in Tables 4 and 5. 

Synthesis of AC-[Nle4, Tyr7]-a-MSH4_11-NH2 (76) 

Starting with 3.0 g p-MBHA resin with 0.62 mmol/g amine substi

tution (1.86 mmol total), the following Na_Boc amino acids were coupled: 

Lys(2,4-C12-Z); Gly; Trp(For); and Arg(Tos). The resulting resin (V) was 

dried and weighed (4.20 g). To 1.4 g of this resin was coupled ~-Boc 

derivatives of: Tyr(2,6-C12-Bzl); His(Tos); Glu(Bzl); and Nle. After 

acetylation, the resin was dried and weighed (1.80 g). One half of the 

protected peptide resin was cleaved with HF procedure B giving 332 mg 

crude product. A portion of the crude product (115 mg) was purified as 

before giving 63.1 mg of the title compound (46%). -Analytical data for 

this compound (76) is given in Tables 4 and 5. 
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Synthesis of AC-[Nle4, Q-Tyr7]-a-MSH4_11-NH2 (77) 

Using 1.40 g of the above tetrapeptide resin (V) was coupled: 

Na_Boc derivatives of: Q-Tyr(2,6-C12,-Bzl); His(Tos); Glu(Bzl); and Nle. 

Following acetylation, the peptide was dried and weighed (1.28 g). One 

half of the resin was subjected to HF procedure B giving 190 mg crude 

product. A portion of the crude pr.oduct (80.5 mg) was purified as 

before giving 52 mg product (31%). Analytical data for this compound 

(77) is given inl Tables 4 and 5. 

Synthesis of AC-[Nle4, Phe(p-N02)7]-a-MSH4_11-NH2 (78) 

Starting with 5.0 grams p-MBHA resin with amine substitution of 

0.62 mmol/g resin (3.1 mmol total), the following Na_Boc amino acids 

were coupled: Lys(2,4-C12-Z); Gly; Trp(For); and Arg(Tos). At this 

point the protected resin (VI) was dried and weighed (5.35 g). To 1.07 

g was coupled ~-Boc derivatives of: Phe(p-N02); His(Tos); Glu(Bzl); and 

Nle. The resulting peptide-resin (1.15 g) was subjected to HF procedure 

B as before giving 483 mg crude product. A portion of the crude peptide 

(104 mg) was purified as before giving 52 mg of the title compound (30%). 

Analytical data for this compound (78) is given in Tables 4 and 5. 

Synthesis of AC-[Nle4, Q-Phe(p-N02)7]-a-MSH4_11-NH2 (79) 

To 1.07 g of the tetrapeptide resin (VI) was coupled ~-Boc 

derivatives of: Q-Phe(p-N02); His(Tos); Glu(Bzl); and Nle. The 

resulting peptide-resin (1.17 g) was subjected to HF procedure B as 

before giving 460 mg crude product. A portion of the crude peptide (100 
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mg) was purified as before giving 36 mg of the title compound (22%). 

Analytical data for this compound (79) is given in Tables 4 and 5. 

Synthesis of Ac-[Nle4, Ala7]-a-MSH4_11-NH2 (80) 

To 1.07 9 of the tetrapeptide resin (VI) was coupled ~-Boc 

derivatives of: Ala; His(Tos); Glu(Bzl); and Nle. After acetylation, 

the resulting peptide-resin (1.20 g) was subjected to HF procedure B as 

before giving 488 mg crude product. A portion of the crude product (100 

mg) was purified as before giving 55 mg final product (36%). Analytical 

data for this compound (80) is given in Tables 4 and 5. 

Synthesis of Ac-[Nle4, Q-Ala7]-a-MSH4_11-NH2 (81) 

To 1.07 9 of the above tetrapeptide resin (VI) was coupled 

Na_Boc derivatives of: Q-Ala; His(Tos); Glu(Bzl); and Nle. Following 

acetylation, the peptide resin (1.03 g) was subjected to HF procedure B 

as before giving 460 mg crude product. The title compound (100 mg) was 

purified as before giving 48 mg product (29%). Analytical data for this 

compound (81) is given in Tables 4 and 5). 

Synthesis of Ac-[Nle4, Gly7]-a-MSH4_11-NH2 (82) 

To 1.07 g of the above tetrapeptide resin (VI) was coupled 

Na_Boc derivatives of: Gly; His(Tos); Glu(Bzl); and Nle. After 

acetylation, the peptide-resin (1.16 g) was subjected to HF procedure B 

as before giving 430 mg crude product. A ~ortion of the peptide (100 
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mg) was purified by ion exchange chromatography on CMC giving 64 mg 

purified product (37%). Analytical data for this compound (82) is given 

in Tables 4 and 5. 

Synthesis of Melanin Concentrating Hormone 

MCH was synthesized using Boc-Val-Merrifield resin prepared as 

reported (244) with an amino acid substitution of 0.47 mmol/g resin as 

determined by standard methods (236). Starting with 2.10 Boc-Val-resin 

(1.0 mmol total) the following Na-Boc amino acids were coupled (in order 

of their coupling): Glu(Bzl); Trp(For); Cys(OMB); Pro; Arg(Tos); 

Tyr(2,6-C12-Bzl); Val; Arg(Tos); Gly; and Var. At this pOint the 

resulting protected MCH7_17-resin was dried and weighed (4.30 g). Val-10 

required a 4 hour coupling, and Arg-9 required a 4 hour coup1ing and a 2 

hour repeat coupling to proceed to completion. To 1.08 g (0.25 mmol) of 

the peptide-resin was coupled Na_Boc derivatives of: Met; Cys(OMB); and 

Arg(Tos); Met; Thr(Bzl); Asp(Bzl). The resulting peptide resin was 

dried and weighed (1.32 g). 

An HF cleavage of the peptide from the resin was accomplished 

using HF procedure B. The reaction mixture was washed with 3 x 30 ml of 

ethyl acetate, and the product extracted with 3 x 30 ml 30% HOAc and 

lyophilized giving crude [Cys(H)5, Cys(H)14]-MCH. The crude product 

was diluted in one liter deaerated H20 and the free sulfhydryl groups 

were oxidized as described (247). The solution was then lyophilized 

giving 300 mg crude MCH. Purification was best accomplished using CMC 

ion exchange chromatography as described above. This product was 
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further purified using preparative HPLC giving an overall yield of 14%; 

amino acid analysis; Trp(l). 1.00; Arg(3). 3.00; Asp(l), 1.06; Thr(l), 

1.03; Glu(l}. 1.14; Pro(l), 1.05; Gly(l), 1.10; Cys(2), 1.93; Val (3), 

2.70; Met(2), 2.04; Tyr(l), 1.02; TLC (A) 0.00; (8) 0.87; (C) 0.55; 

(0) 0.73; HPLC K' = 3.0 (72% TFA/28% CH3CN. 2.0 ml/min), K' = 9.33 

54 
(16% TFA/24%CH3CN, 2.0 ml/min) (See Figure 7). [a]25 = -800 (c = 0.20 

in 10% HOAc); electrophoresis 9.4 cm (pH 2.5, 2H); 5.4 cm (pH 5.9, 2H). 

Melanotropin 8ioassays 

Frog and Lizard Skin Bioassays 

Both the frog (Rana pipiens) (125) the lizard (Anoli~ carolinen

sis) skin bioassays (130) were utilized to determine the relative poten

cies of the synthetic melanotropins. These assays measure the amount of 

light reflected from the surface of the skins ~ vitro. In response to 

melanotropic peptides, melanosomes within integumental melanophores 

migrate from a perinuclear position into the dendritic processes of the 

pigment cells. This centrifugal organellar dispersion results in a 

change in color (darkening) which is measured by a Photovolt Reflec-

tometer and is expressed as the percent response compared to the initial 

(time zero) reflectance value. For a-MSH, subsequent removal of the 

melanotropin results in a rapid perinuclear (centripetal) reaggregation 

of melanosomes leading to a lightening of the skins back to their origi

nal (base) value. 
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Melanoma Membrane Adenylate Cyclase Assay 

The particulate membrane fraction from S-91 mouse melanoma 

tumors grown in DBA/2J mice was isolated as described previously (90). 

The adenyl ate cyclase activity of these membranes was assayed for 

[a-32pJ-ATP conversion to [32pJ-cAMP as described previously (90,183). 

The [32pJ-cAMP was purified and detected according to the method of 

Salomon et al. (248). Radio chemicals were purchased from New England 

Nuclear Corporation. 

Brain Homogenate and Melanotropin Incubation 

Male Sprague-Dawley rats (200-350 gm) were sacrificed by 

decpitation and the brains were rapidly removed and weighed. Blood on 

the surface of the brain was rinsed off and the brain was placed in 

chilled Krebs buffer. The brain tissue (1 g/7.5 ml buffer) was homoge

nized with a Polytron (Janke & Kinkel) using 3 x 15 second bursts with 

the tissue placed on ice between bursts. The tissue was further broken 

down by a glass homogenizer (5 strokes). The melanotropins were incu

bated in either Krebs buffer (control) or brain homogenate yielding a 

2.5 x 10-5 M melanotropin concentration in 10% brain homogenate. Brain 

homogenates at lower concentrations were used in some experiments. In 

one experiment the rat brain homogenate was heated at 60°C for 30 minu

tes prior to incubation with a-MSH. 

Rat serum was prepared from blood collected after decapitation 

and incubated with melanotropins, providing a final concentration of 50% 

serum and 2.5 x 10-5 M melanotropin. All of the incubations were kept 
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at 37°C for varying periods of time (30, 60, 120 and 240 minutes) and 

terminated by freezing. The frozen incubates were thawed within four 

hours and bioassayed. Unlike a previous study (249), sulfosalicylic 

acid was not added to the brain homogenates to stop enzymatic activity 

since a 3% solution of this compound inhibited melanotropin action in 

the bioassay used (unpublished observation). 

Mouse Follicular Melanogenesis 

The original stock (C57Bl/6JAY) of mice used were obtained from 

the Jackson laboratories, Bar Harbor, Maine. These mice have sub

sequently been bred and raised in our laboratory. Yellow offspring ini

tially weighing between 15 and 25 grams were injected subcutaneously 

with either 0.1 ml of a 10-5 M melanotropin in saline or twice daily 

with 0.05 ml of the peptide as indicated. Hair samples were obtained on 

days prior to (controls), during, and following the experiments and pre

pared as wholemounts for microscopic examination. 

Tyrosinase Assay 

The Cloudman 5-91 (3960, CCl 53.1) melanoma cell line was 

obtained from the American Type Culture Collection Cell Repository. 

Cells were grown in Ham's F-10 medium supplemented with 10% heat

inactivated (56°C, 30 minutes) horse serum and 2% heat-inactivated 

fetal calf serum. Penicillin and streptomycin (100 units/ml, 100 ~g/ml, 

respectively) were added to the medium. Melanoma cells were incubated 

at 37°C in a humid atmosphere of 5% C02/95% air. For each experiment, 
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cells were seeded at a density of 2 X 105 cells/25 cm2 flask and were 

exposed to the melanotropins for 24, 48 or 72 hours. In experiments 

that involved 24 hours of exposure to the melanotropins, the cells were 

seeded into flasks and 48 hours later the culture medium was replaced 

with medium containing 1 ~Ci/ml 3H-tyrosine and the appropriate mela

notropin concentration for the next 24 hour period. For 48 or 72 hour 

melanotropin exposures, cells were allowed to attach overnight and the 

medium was removed and replaced with medium containing the melanotropins 

each day thereafter. Twenty-four hours before these experiments were 

terminated, the medium was replaced with medium containing 3H-tyrosine 

as well as the melanotropins. At the end of all experiments, the medium 

from each flask was collected to be assayed for tyrosinase activity, and 

the cells were harvested and counted with a hemacytometer. 

Tyrosinase activity was determined according to a modification 

of the charcoal absorption method of Pomerantz (132). This assay is 

based on the measurement of the amount of 3H20 released during the con

version of 3H-tyrosine to L-DOPA, a reaction catalyzed by tyrosinase. 

The procedure is as follows: duplicate 1 ml samples were taken from each 

flask into glass test tubes. To each tube, 1 ml of activated charcoal 

(10% w/v in 0.2 N citric acid) was added and the tubes were vortexed and 

centrifuged at 1,300 x g for 10 minutes. One ml of the supernatant from 

each tube was then passed through a Dowex SOW column to remove the resi

dual 3H-tyrosine; each column was then rinsed with 1 ml of 0.1 N citric 

acid and the eluents were collected into scintillation vials. Each vial 
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received 12 ml of scintillation fluid (toluene:triton X-100, 2:1 v/v 

with 5.5 9 PPO/liter, Beckman) and was counted in a Beckman LS-BOOO 

scintillation spectrometer. 

Data analysis involved determination of the mean, ± S. E., of 

the response of 106 cells to the melanotropins at the concentrations 

noted, and all data were expressed as a percent of control (basal). 

Student's t-test was employed to determine whether or not the experimen

tal groups were significantly different from the control group. 

Fish Skin Assay for MCH 

The bioassays of MCH utilized whole skin preparations from 

several species of teleost fishes. Two to six skins could be obtained 

from each individual fish depending upon its size. All other methods 

are similar to the frog and lizard skin bioassays (125,130) except 

Tryode's solution (203) was substituted for Ringers solution used with 

the amphibian bioassa~s. 

A second bioassay developed for MCH used the teleost fish 

Chrysiptera cyanea (blue damselfish), which was obtained from a dealer 

in Chiba, Japan. Split dorsal fin preparations were made according to a 

slight modification of a method originally described by Fujii (250). A 

piece of dorsal fin consisting of two spines with the intervening skin 

was excised from decapitated fish into physiological saline. One of the 

lateral halves of the fin was then carefully peeled off with finely 

pointed forceps. By this method, the melanophores could be observed 
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microscopically (251). The method of recording the response of the 

melanophores photoelectrically has been described (252). Norepinephrine 

(5 x 10-5 M) was routinely added to the preparation for 5 minutes at the 

end of each experiment to bring about maximal aggregation. 



CHAPTER 3 

RESULTS AND DISCUSSION 

Much of this work has been published, is in press or in 

preparation (15,253-271). The primary structures of a-MSH and the a-MSH 

analogues reported are shown in Table 3. Analytical data for these 

compounds are shown in Tables 4 and 5. Relative potencies for these 

analogues are shown in Table 6. a-MSH was prepared and reported in the 

dissertation of Y. C. S. Yang (272). Compounds 54, 58, 59, 63, 68 and 

73 were prepared and reported in the dissertation of T. K. Sawyer (273). 

Highly Potent Active Site Analogues of a-Melanotropin 

Based on the structural homologies in a-MSH, B-MSH, ACTH and to 

a lesser extent y-MSH, the common heptapeptide sequence Met-Glu-His-Phe

Arg-Trp-Gly and the stringent conservation of this heptapeptide 

throughout evolution, this central a-MSH sequence has been referred to 

as the primary active site sequence necessary for the a-melanotropin 

biological activities observed for these melanotropins. This sequence 

(H-a-MSH4_10-0H, 44) has been shown to be a very weak agonist with 

about one hundred thousandth (1/100,000) the potency of the native 

hormone in the frog (Rana pipiens) skin bioassay. Acetylation of the 

N-terminus and amidation of the C-terminus of this heptapeptide to yield 

72 
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Table 6: Comparative biological activities of a-melanotropin 
and analogues prepared in this laboratory 

Relative Potency Adenyl ate 
Peptide Frog Bioassay Lizard Bioassay eycl ase Assay 

1 1.0 1.0 1.0 

12 2.0 4.0 2.0 

54 1.0 1.0 1.0 

55 0.1 5.0 8.0 

56 0.1 2.0 2.0 

57 0.002 1.0 0.5 

58 0.002 0.06 0.09 

59 0.0006 0.02 NOb 

60 0.0002 0.004 NO 

61 0.00016 0.0006 NO 

62 0.00016 0.0006 NO 

63 0.0 0.0 NO 

64 0.0000025 0.0003 NO 

65 0.0 0.0 NO 

66 0.0 0.0 NO 

67 0.0 0.0 NO 

68 60.0 5.0 26.6 

69 0.16 8.0 NO 

70 0.02 0.0 7.7 

71 0.01 1.0 NO 

72 0.0002 0.005 O.OOla 
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Tabl e 6 (continued) 

Relative Potency Adenyl ate 
Peptide Frog Bioassay Lizard Bioassay eycl ase Assay 

73 0.0006 0.0006 O.OOla 

74 0.01 1.0 1.0 

75 0.005 0.1 1.0 

76 0.0002 0.009 NO 

77 0.001 1.0 NO 

78 0.001 0.14 NO 

79 0.1 2.0 NO 

80 0.002 0.009 NO 

81 0.0004 0.02 NO 

82 0.0005 0.0005 NO 

a Partial agonism was observed for this compound on the adenyl ate 
cyclase assay. 

b NO = Not determined 



75 

C-terminus of this heptapeptide to yield Ac-a-MSH4_10-NH2 59 resulted in 

a 30 fold increase in potency in this assay. This result is in agreement 

with other workers (145,168) who found that in general an increase in 

potency is observed when fragment analogues of a-MSH are acetylated and 

amidated on each of their respective termini (see Introduction). One 

possibility is that these substitutions result in peptides with an 

uncharged termini, which more closely resembles the uncharged termini of 

native a-MSH. For this reason, the a-melanotropin analogues prepared in 

this work are N-terminal acetylated and C-terminal amidated. 

Earlier work with a-melanotropin analogues showed that replace

ment of methionine by norleucine in the 4 position of a-MSH resulted in 

an increase in potency of this analogue relative to a-MSH (253). The 

corresponding fragment analogue Ac-[Nle4]-a-MSH4_10-NH2 58 was three 

times more potent than the methionine containing heptapeptide in the 

frog skin bioassay. This substitution tends to produce analogues of 

higher potency than methionine containing analogues regardless of the 

fragment studied (see also below). Therefore many of the fragment ana

logues prepared contained a norleucine in this position to increase 

their potency (146,151,152,157,158). This substitution also eliminates 

problems with the oxidation of methionine (to its sulfoxide form): A 

reaction which is known to produce analogues with much reduced potency. 

Ac-[Nle4J-a-MSH4_10-NH2 still has only two thousandths the potency of 

the native hormone in the frog skin bioassay. 

One of the goals of this research was to determine the smallest 

(minimum) sequence of a-MSH which is necessary in order to produce a 

biological response which is equivalent to a-MSH. In this manner, one 
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can define an active site sequence which contains all of the structural 

requirements for the potency of a-MSH. In addition. any portions of 

a-MSH which are not found in this active site sequence would be unne

cessary for biological potency, and would not be considered important 

for peptide to receptor interactions. Thus, a number of fragments con

taining the central heptapeptide sequence Ac-[Nle4]-a-MSH4_10-NH2 58 

were prepared by adding one amino acid residue at a time until full 

potency,(equivalent to a-MSH) was obtained. 

Figure 8 demonstrates a gradual increase in potency as this 

central heptapeptide is elongated one amino acid at a time towards the 

C-terminus. Addition of lysine-II to this central fragment results in a 

peptide, Ac-[Nle4]-a-MSH4_II-NH2 57,which is equipotent to 

Ac-[Nle4]-a-MSH4_10-NH2 58 in the frog skin bioassay. These results 

tend to suggest that this amino acid residue contributes little to the 

observed biological activity and therefore interacts little with the 

frog skin receptor. 

A drastic increase in potency was observed when this sequence 

was extended to include the twelfth position, proline. In fact, 

Ac-[Nle4]-a-MSH4_I2-NH2 55, is about one-tenth as potent as the 

native hormone, a-MSH, in this bioassay. The corresponding methionine 

containing nonapeptide, AC-a-MSH4-I2-NH2 56, is also very potent. Pro

line in the twelfth position of a-MSH appears to be a major determinant 

for the biological potency of a-MSH in the frog skin bioassay. 
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The a-MSH analogue containing the entire C-terminus, 

Ac-[Nle4]-a-MSH4_13-NH2 54, is equipotent to a-MSH in the frog skin 

bioassay. Valine in the thirteenth position appears to have a small, 

but significant impact on the potency of a-MSH. Because of the high 

potency of this decapeptide, the N-terminal tripeptide (Ac-Ser-Tyr-Ser) 

seems to be relatively unimportant for the high biological potency of 

a-MSH. 

These results demonstrate, at least on this receptor system, 

that most if not all of the structural requirements for biological 

potency are contained within the central a-MSH4-10 region along with 

proline in the twelfth position, and to a lesser extent, valine in the 

thirteenth position. Lysine in the eleventh position is not required 

for high potency per se, but may still provide an important spacer amino 

acid between the central heptapeptide fragment and the C-terminal dipep

tide. The importance of the amino acid residues in the central hep

tapeptide sequence of a-MSH will be discussed in a separate section. 

It is interesting that the N-terminal tripeptide does not appear 

to be necessary for the biological activity of a-MSH. This observation 

does tend to agree with earlier workers (see introduction). Why this 

N-terminal tripeptide has been conserved throughout evolution, although 

it may exist in modified forms (46-49), remains to be determined. 
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High Potency in Different Vertebrate Species 
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The lizard, Anolis caroleninesis, skin bioassay is also a useful 

bioassay system for melanotropins. This bioassay is quite sensitive, 

but the biological potency of a-MSH is about one order of magnitude less 

than the potency observed in the frog, Rana pipiens, skin bioassay. 

Figure 9 shows the activity of a number of potent active site fragment 

analogues of a-MSH. 

Again, as in the frog skin bioassay (Figure 8), an increase in 

potency is observed in the lizard assay system with the elongation of 

the central heptapeptide, AC~[Nle4]-a-MSH4_10-NH2 58, towards the 

C-terminus. However, in this bioassay system, the analogue from the 

addition of lysine in the eleventh position of this fragment, 

Ac-[Nle4]-a-MSH4_11-NH2 57 is equipotent to a-MSH. This demonstrates 

that lysine in the eleventh position is an important determinant for the 

observed biological potency of a-MSH in this receptor system. This is 

in marked contrast with the frog skin bioassay, where this amino acid 

residue does not appear to have any influence on the observed potency of 

a-MSH. 

More interesting is that extension of this octapeptide to 

include proline in the twelfth position results in the analogue 

Ac-[Nle4]-a-MSH4_12-NH2 55, which is more potent than the native hor

mone in this assay system. The corresponding methionine containing 

nonapeptide, Ac-a-MSH4_12-NH2 SG, is also more potent than a-MSH. 



o [Nle4]-a-MsH 

60 r- • oc-MSH 

• Ac-[Nle
4
}a-MsH4-I3-

NH
2 fih I / 

50 
.. AC-[Nle~-a-MSH4.12-NH2 ~ 
l:i AC-[Nle4]-a-MsH4_u-NH2 ~ -t:7' • AC-[NI.

4
}a-MsH4_,o-NH2 ! ~/ /~ 

C1J.~ 
~ ID 40 <> Ac-a-MSH-!-,o-NH

2 /;~/ I O.::s:. 
a.~ 
tf) 0 
C1>"O a:: 

.~ 30 
_.::s:. 
c: tf) 
C1J 
0"0 

~ 2 20 
...., 

10 ~ o/~'! 
'/ / /~ 

I 
0 

10 9 8 7 6 
- Log [Concentration] (M) 

Figure 9. Same as Figure 8. Lizard (Anolis_£~r:.~l_i_~e_n_s_i_sJ skin bioassay. 
0::> 
o 



81 

Thus, this amino acid residue does contribute somewhat to the biological 

potency of a-MSH, which is similar to the results from the frog skin 

bioassay. 

Extension of the central fragment of a-MSH to include the entire 

C-terminus, yielding Ac-[Nle4]-a-MSH4_13-NH2 54, results in a slight 

decrease in potency relative to the cor.responding fragment not con-

taining valine in the thirteenth position. 

still as potent as a-MSH in this bioassay. 

However, this analogue is 

The unexpected decrease in 

relative potency observed with valine in the thirteenth position 

may be due to the steric bulk of the valine side chain 

resulting in a less favorable peptide receptor interaction. 

These results on the lizard skin bioassay indicate that in addi

tion to the central heptapeptide sequence of a-MSH, lysine in the ele

venth position is required for high biological potency, and to a lesser 

extent, proline in the twelfth position. The N-terminal tripeptide is 

unimportant for high biological potency, and valine in the thirteenth 

position is actually detrimental to the biological potency of the native 

hormone. This may, in part, expain why a-MSH is an order of magnitude 

less active at the lizard skin receptor than at the frog skin receptor. 

The importance of the amino acid residues in the central heptapeptide 

sequence of a-MSH will be discussed in a separate section. 

There are some striking differences in the biological potencies 

observed f~r these potent active site analogues of a-MSH in these two 

vertebrate systems. In the present example it appears that lysine in 
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the eleventh position is a very important determinant for high biologi

cal potency in the lizard receptor system, while in the frog receptor 

system, this residue appears to have no significant impact on the 

observed biological potency. Also, valine in the thirteenth position is 

a somewhat important residue for high potency in the frog receptor 

system, while in the lizard receptor system, the presence of this amino 

acid residue actually results in a decrease in potency. 

Using these differences in the structural requirements for 

potency in different vertebrates, one can design and prepare analogues 

of a-MSH with different specificities towards different receptor 

systems. In this example~ Ac-[Nle4]-a-MSH4_11-NH2 57 is equipotent to 

a-MSH in the lizard skin system but has only two thousandths the potency 

of a-MSH in the frog skin system. Therefore, this analogue is five 

hundred times more specific to the lizard receptor system than to the 

frog receptor system. It may also be possible to prepare analogues of 

a-MSH with a higher specificity towards the frog receptor system. 

There are numerous other examples in this work of a-MSH analo

gues with different specificity towards these two vertebrate receptors. 

This concept of peptides with different receptor specificity is impor

tant to understand to be able to design analogues for other receptor 

systems. For this reason a variety of melanotropin bioassays are uti

lized in a attempt to understand how they correlate with the biological 

potencies observed in these two common melanotropin bioassays (and 

receptor systems). This subject will be discussed in further detail 

later in this work. 
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The Active Site of a-MSH on the Frog, Rana pipiens 

On the basis of a number of previous structure function studies 

of a-MSH analogues and fragments using the ~ vitro frog (Rana pipians) 

skin bioassay system (see Introduction), the primary active site of 

a-MSH in this system has been suggested by some investigators to be 

a-MSH4_10 (Met-Glu-His-Phe-Arg-Trp-Gly) 44 (144). The synthetic 

fragment has been reported to be a very weak but full agonist on this 

in vitro bioassay. Other workers prepared and tested a series of 

fragment analogues and reported the smallest fragment of this central 

sequence with biological activity to be the dipeptide Phe-Arg 49 

(145,165,166). However, these investigators still referred to a-MSH4_10 

as the primary active site; this arbitrary designation can be quite 

misleading. Not only was a-MSH4_10 not the smallest fragment reported 

with measurable activity, but this fragment was only a very weak agonist 

in the frog skin bioassay. 

These workers also reported the presence of a second active site 

which could independently stimulate melanosome dispersion (145,165,166). 

In addition to this putative second active site, AC-Lys-Pro-Val-NH2 

42, they reported that the single amino acid derivative, AC-Lys-NH2 

53, was able to stimulate the a-MSH receptor. Another independent 

investigator has claimed to have found four independent active site 

regions for a-MSH (144). In order to confirm (or disprove) the results 

of these investigators, we have prepared a number of a-MSH fragment ana

logues and bioassayed them on the frog (Rana pipiens) bioassay system.' 



84 

We report here the presence of a single active sequence of a-MSH 

capable of elucidating minimal but measurable activity, and detail the 

major amino acid residues which contribute to the potency of a-MSH at 

the frog skin receptor system. All analogues were tested for biological 

activity over seven orders of magnitude (10-11 - 10-4 M); the upper 

limit to concentration was dependent on availability of peptides. Above 

this concentration, very large amounts of peptides are required and any 

residual activity observed at these higher concentrations would be of 

questionable importance. 

It was suggested by Eberle and Schwyzer (145), that a-MSH might 

have two message sequences, the first active sequence centered around 

the central tetrapeptide His-Phe-Arg-Trp, and the second active site 

centered around the C-terminal tripeptide Lys-Pro-Val-NH2. We have been 

unable to confirm the reported biological activity of the C-terminal 

tripeptide (15). It should be noted that our laboratory prepared this 

tripeptide (Ac-a-MSHI1-13-NH2), and found it had low but measurable 

activity (273). However, when we prepared this compound in a second 

laboratory which had not previously been exposed to potent a-MSH 

analogues, this tripeptide was found to be inactive. This problem of 

contamination of trace amounts of biologically active compounds in an 

apparently inactive fragment is discussed elsewhere (15) and is of 

crucial importance here. As the activities of these analogues can be 

measured over 7 orders of magnitude, a contamination of one part per 

million of a potent melanotropin in an apparently inactive compound can 



give a biological response, but cannot be detected by any known 

analytical method. Hence, "virgin" columns and other purification 

materials are often needed. 
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The following "second active site" analogues of a-MSH were found 

to be devoid of measurable activity, (in ,addition to Ac-a-MSHll_13-NH2): 

Ac-a-MSH9_13-NH2 (273) and Ac-Lys-NH2 (this work). If the single amino 

acid derivative Ac-Lys-NH2 was' able to stimulate the a-MSH receptor, 

then basic theories towards peptides and proteins would be questionable 

(i.e., if only a lysine derivative was required to activate the a-MSH 

receptor, then any_peptide containing an exposed lysine could be 

biologically active). 

The following "primary active site" analogues of a-MSH tested 

were devoid of any measurable biological activity in the frog skin 

bioassay: Ac-a-MSH6_8-NH2 65; Ac-a-MSH7_10-NH2 63; Ac-a-MSH6_7-NH2 

66; Ac-a-MSH7_8-NH2 67; H-a-MSH7_8-0H (Vega Biochemicals). The smallest 

fragment we have found to possess measurable biological activity was 

Ac-a-MSH6_9-NH2 (Ac-His-Phe-Arg-Trp-NH2) 64; this compound was four 

hundred thousand times less potent than a-MSH (O.0000025). The necessity 

of histidine in the sixth position is demonstrated by the fact that 

Ac-a-MSH7_10-NH2 lacks measurable activity. Tryptophan in the ninth 

position is also critical for any measurable activity. This is 

demonstrated by the lack of biological activity for Ac-a-MSH6_8-NH2. It 

is interesting that the central tetrapeptide fragment Ac-a-MSH6_9-NH2, 

being the smallest fragment with biological activity, contains three of 

a-MSH's four aromatic residues. In this regard, aromatic amino acids 
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are common in the active site of many hormones and are often considered 

critical for biological activity (274). 

When the central active site of a-MSH, the tetrapeptide His-Phe

Arg-Trp, is enlarged by one amino acid towards the C-terminus (Figure 10), 

glycine-lO, the resulting analogue, AC-a-MSH6_l0-NH2 62 is about 

thirty times more potent than AC-a-MSH6_9-NH2 (0.00012 relative to 

a-MSH). Glycine-lO appears to be an important position for potency and 

although it is not required for biological activity it is able to 

augment the potency of the central active side. 

Addition of glutamic acid-5 to the weakly active pentapeptide 

Ac-a-MSH6_l0-NH2, giving Ac-a-MSH5_l0-NH2 61, resulted in no increase 

in biological activity (0.00012 relative to a-MSH). This amino acid 

does not appear to contribute directly to biological potency at the frog 

skin receptor. 

Ac-a-MSH4_l0-NH2 59 is about 0.003 times as potent as a-MSH, 

and thus is about three times as potent as Ac-a-MSH5_l0-NH2 61, 

demonstrating the moderate importance of the fourth position 

(methionine) for biological potency. A further increase in potency by 

fifteen fold can be achieved, however, by the substitution of norleucine 

(which is pseudoisosteric to methionine in position 4), giving 

Ac-[Nle4]-a-MSH4_l0-NH2 58. 

The importance of the various amino acid residues in contri

buting to the biological activity of a-MSH (at the frog skin receptor 

system) can be summarized as follows: (1) The internal tetrapeptide His

Phe-Arg-Trp is critical for any observable biological activity; (2) The 
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positions methionine-4, glycine-10 and proline-12 are important poten

tiating amino acids and contribute significantly to the bioactivity of 

a-MSH; (3) The positions valine-13 and Ac-Ser-Tyr-Ser contribute only to 

a minor extent to the biological potency; (4) The positions glutamic 

acid-5 and lysine-II contribute little to the biological potency of a

MSH at the frog skin receptor. 

These results do agree somewhat with the results of other 

investigators (see Introduction). The observed relative potencies of 

these active site analogues are somewhat different than previously 

reported values (see Table 2). However, the fragment analogues prepared 

here were all N-terminal acetylated and C-terminal amidated, which is 

unlike most of the fragments reported earlier. The fact that only a 

single active site region of a-MSH was found is not surprising. With 

the exception of the earlier reports with a-MSH fragment analogues, this 

author knows of no example of a peptide or protein which contains two 

independent active sites capable of stimulating the same biological 

response at a single receptor system. 

Differentiation of Potency and Prolonged Biological 

Activity of a-Melanotropin Analogues at Different Recepto~ Systems 

Early reports provided evidence that heat-alkali treatment 

causes partial racemization of some of the individual amino acids within 

the primary sequence of a-MSH (180). Preparations of heat-alkali treated 

a-MSH cause altered biological effects on melanophores, and terms such 

as IIprolongationll, IIpotentation ll , and IIretardation ll have been used to 
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describe these effects (176-182). Utilizing quantitative analytical 

techniques, the sites of racemization (conversion from 1 to Q/l 
stereochemistry) within the primary sequence of a-MSH has been examined 

(183-185). Based on this and other information [Nle4, Q-Phe7]-a-MSH 68 

was prepared and shown to possess high biological potency in several 

melanocyte assay systems and has exceptionally prolonged melanotropic 

activity both ~ vitro and ~ vivo (183,192). 

Utilizing heat-alkali treatment procedures (180), we prepared 

partially racemized preparations of Ac-[Nle4]-a-MSH4_11-NH2 57 and 

Ac-a-MSH5_11-NH2 60 and compared their in vitro melanotropic potencies 

to those of the D-Phe-7 analogues of these two peptides. Racemized 

Ac-[Nle4]-a-MSH4_11-NH2 was shown to be 50 times more potent than the 

unracemized peptide in the frog skin bioassay (Figure 11). As previously 

reported for [Nle4]-a-MSH (184), the increase in biological potency was 

believed to be primarily related to conversion of L-Phe-7 to its 

D-enantiomer. This was confirmed by examining the activity of synthetic 

AC-[Nle4, Q-Phe7]-a-MSH4_11-NH2 69 which was found to be more potent 

than the racemized octapeptide (Figure 11), probably because heat alkali 

treatment of the peptide results in other reactions, e. g., racemization 

of other amino acids. Similar results were observed in the lizard skin 

assay (Figure 12). In this case both racemized Ac-[Nle4]-a-MSH4_11-NH2 

and Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 were even more potent than the 

native hormone. 
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Racemized Ac-a-MSH5_11-NH2 60 was similarly more potent than 

its unracemized isomer in both the frog and lizard skin bioassays 

(5 and 25 times more potent, respectively, Figures 13, 14). An addi

tional 10-fold increase in m~lanotropic potency was observed for synthe

tic Ac-[~-Phe7]-a-MSH5_11-NH2 71 in both assay systems (Figures 13,14). 

In fact, Ac-[~-Phe7]-a-MSH5_11-NH2 has essentially the same potency as 

a-MSH in the lizard skin bioassay. 

An intrinsic property of [Nle4, Q-Phe7]-a-MSH is its extraor

dinarily prolonged activity (183,192). This prolonged melanotropic 

action provided evidence that the similar properties of racemized 

[Nle4]-a-MSH or a-MSH at very high concentrations may have been due, in 

part, to racemization of Phe-7. Thus, the synthetic ~-Phe-7-containing 

fragments were tested and compared to their h-Phe-7 congeners to 

determine whether they possessed prolonged biological activity. 

In the lizard skin bioassay, both Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 

69 and Ac-[Nle4, Q-Phe7]-a-MSH4_10-NH2 70 were nearly as prolonged 

in action as previously reported for the tridecapeptide analogue 

(Figure 15). In contrast, the skin darkening effect of 

Ac-[~-Phe7]-a-MSH5_11-NH2 71 was rapidly reversed in the absence of the 

melanotropin. These results suggest that substitution of Phe-7 by its 

~-enantiomer is not sufficient by itself to account for the extraor

dinarily prolonged activity observed for these peptides. 

On the frog skin melanophores, the melanosome-dispersing acti

vity of Ac-[Nle4]-a-MSH4_11-NH2 57 and its O-diastereoisomer 69 were 
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similar to their effects on lizard melanophores, i. e., only the Q-Phe-7 

qiastereoisomer exhibited prolonged biological activity (Figure 16). 

However, the melanosome dispersing activity of both Ac-[Nle4, 

Q-Phe7]-a-MSH4_10-NH2 70 and Ac-[Q-Phe7]-a-MSHS_I1-NH2 71 was 

rapidly reversed following removal of the hormone. These results 

suggest that both the 4 and 11 positions are important in determining 

the prolonged activity on the frog skin assay system. An additional 

observation was that both Ac-a-MSHS_I1-Nh2 60 and Ac-[Nle4]-a-MSH4_10-

NH4 58 exhibited relatively prolonged melanotropic activity on frog 

melanophores. 

In terms of the above example, the structural requirements for 

prolongation at these two receptor systems are different. In the lizard 

system Ac-[Nle4, Q-Phe7]-a-MSH4_10-NH2 shows prolongation, but not in 

the frog system. Conversely, AC-a-MSHS_I1-NH2 is quite prolonged in the 

frog skin bioassay but not in the lizard skin bioassay. It is apparent 

that on the lizard melanophore system both the fourth amino acid residue 

and a O-Phe in the seventh position are critical structural constituents 

for a prolonged biological response, while a much more complicated 

interrelationship between substituents at the 4, 7 and 11 positions is 

critical for prolonged activity in the frog skin system. 

These results provi de insight for "somewhat confus i ng" (141) 

earlier observations. It was reported that although His-O-Phe-Arg-Trp

Gly was more potent than His-Phe-Arg-Trp-Gly (187), the former compound 

did not exibit prolonged activity (275). Moreover, heat-alkali treatment 
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of the latter did not lead to prolongation (276), although the Phe resi

due was racemized. On the other hand, Li (277), reported that heat

alkali treatment of the latter all h-containing pentapeptide fragment 

did lead to prolongation. These results demonstrate that the presence 

of D-Phe-7 in a a-melanotropin is not sufficient to lead to prolongation 

of biological activity in the frog skin system. 

It is also possible to differentiate between high potency and 

prolonged activity in these assay systems. In every case tested either 

the heat-alkali treatment of an all h-amino acid containing melanotropin 

or the incorporation of a ~-Phe-7 into a melanotropin fragment results 

in an increase in biological potency in both.assay systems relative to 

the all h-amino acid containing melanotropin analogue. As previously 

discussed, however, this modification does not necessarily lead to pro

longation of biological response. In the frog skin bioassay, Ac-[Nle4, 

~-Phe7]-a-MSH4_10-NH2 70 was more potent than its h-Phe-7 

diastereoisomer 57, but showed significantly less prolonged activity 

than Ac-[Nle4]-a-MSH4_10-NH2 58. Ac-[D-Phe7]-a-MSH5_11-NH2 71 was 

also more potent than its h-Phe-7 isomer on this system, but has 

much less prolonged activity relative to Aca-MSH5_11-NH2. 

In this study AC-[Nle4, Q-Phe7]-a-MSH4_11-NH2 69 best repre

sented the parent molecule ([Nle4, Q-Phe7]-a-MSH, 68 in both melanophore 

systems in terms of high potency and prolonged bioactivity ~ v;t~~. 
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The above examples provide some insight into the requirements at 

these two receptors in terms of differentiating the structural require

ments for melanotropic potency and prolongation of biological activity 

following the removal of the peptide from the assay medium. The precise 

mechanism of this prolongation phenomenon is not well understood. It is 

possible that prolongation is a result of either the peptide binding 

tightly to the receptor in a transducing state and washing the assay 

medium does not remove the peptide from its receptor, or that for some 

reason the adenyl ate cyclase enzyme complex has been irreversibly acti

vated (i. e., continuously produces cAMP after the peptide is removed 

from the assay). Determining the mechanism of prolongation is a dif

ficult and challenging task. More discussion of prolongation will be 

presented in later sections of this work. 

Superpotent n-Melanotropin Analogues and the Mouse 

Melanoma Adenylate Cyclase Assay 

The adenyl ate cyclase bioassay is a very powerful tool to deter

mine directly transduction at the hormone receptor complex through the 

production and monitoring of a-melanotropin's intracellular second 

messenger, cAMP. The frog and lizard skin bioassays suffer from the fact 

that the observed response (melanosome dispersion) is a consequence of a 

number of biochemical events, beginning with interaction of the hormone 

with its receptor and the production of cAMP. A number of other bioche

mical events occur, eventually resulting in the observed biological 

response (see introduction). By monitoring the production of 



100 

a-melanotropin's intracellular second messenger directly, one can elimi

nate the possibility that other biochemical events may affect the 

observed biological response of the hormone being tested. 

Figure 17 shows dose-response curves for a number of potent 

active site analogues of a-MSH as determined using the S-91 mouse mela

noma adenyl ate cyclase bioassay. The potencies of these analogues rela

tive to a-MSH are given in Table 6. While this bioassay is less 

sensitive than the frog or lizard skin bioassay in that much higher con

centrations of the melanotropins are required, the relative potencies 

observed in this bioassay tend to parallel the results observed for the 

lizard skin bioassay (see Figure 9, Table 6). In both bioassays, 

Ac-[Nle4]-a-MSH4_12-NH2 55 was found to be more potent than both 

Ac-[Nle4]-a-MSH4_13-NH2 54 and a-MSH. This is in marked contrast with 

the frog skin bioassay where Ac-[Nle4]-a-MSH4_12-NH2 is only about one 

tenth as potent as a-MSH (and one-tenth the potency of 

Ac-[Nle4]-a-MSH4_13-NH2) (Figure 8). In general, it appears that the 

structural requirements for hormone-receptor interaction are quite simi

lar for the lizard and mouse melanoma systems, but that the frog recep

tor system has somewhat different structural (and presumably 

topological) requirements for biological activity. 

Although the melanoma adenyl ate cyclase assay is a very useful 

bioassay for structure-activity studies, only a small number of analo

gues prepared in this work have been tested on this bioassay. Previous 

experience using the adenyl ate cyclase assay has shown that this is a 
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particularly useful ~ vitro bioassay for the development of antagonists 

(278-280). In this regard. some success in the development of partial 

agonists on this bioassay has been achieved. and this is discussed in 

the next section. 

The Effect of Tyrosine Substitution at Position Four 

of a-Melanotropin Fragment Analogues 

During the course of synthesizing active site analogues of 

a-melanotropin, we decided that it would be desirable to prepare an ana

logue containing a tyrosine residue for possible radioiodination. An 

analogue of this type would provide a useful probe for determining the 

localization and characterization of melanotropin receptors. Thus. an 

analogue with tyrosine in place of methionine in position four of the 

active site of a-MSH, yielding Ac-[Tyr4]-a-MSH4_10-NH2 73 was pre

pared. This analogue possessed unique biological activities in the 

three bioassays utilized (253). In order to further explore the unusual 

biological effects of this substitution, a number of other tyrosine-4 

substituted potent active site analogues of a-MSH have been prepared 

(compounds 72, 73, 74 and 75). These analogues were tested in the 

frog (Rana pipiens) and lizard (Anolis carolinensis) bioassays as well 

as the S-91 mouse melanoma adenyl ate cyclase assay. 

Ac-[Tyr4]-a-MSH4_10-NH2 73 and Ac-[Tyr4]-a-MSH4._11-NH2 72 

were somewhat less active than their corresponding Nle-4 substituted 

analogues on the frog and lizard skin bioassays and gave parallel dose 

response curves relative to a-MSH (Figures 18, 19). Unexpectedly. 
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Ac-[Tyr4]-a-MSH4_10-NH2 was more potent than the longer Ac-[Tyr4]

a-MSH4_11-NH2 in the frog bioassay (Figure 18); however, on the lizard 

skin bioassay the heptapeptide was less potent than the longer 

octapeptide (Figure 19). However, both Tyr-4 analogues were much less 

potent than the Nle-4-containing melanotropins of similar chain length. 

Addition of Lys-11 resulted in an increased melanotropic potency in the 

lizard skin bioassay in either Ac-[Nle4]-a-MSH4_10-NH2 59 or 

Ac-[Tyr4]-a-MSH4_10-NH2 12. 

As shown previously for other a-MSH analogues, a significant 

potency enhancement results from substituion of D-Phe-7 for its 

l-enantiomer. AC-[Tyr4, Q-Phe7]-a-MSH4_10-NH2 75 and Ac-[Tyr4, 

Q-Phe7]-a-MSH4_11-NH2 74 were both highly potent melanotropins, on 

both the frog skin (0.005 and 0.01 relative to a-MSH) and lizard skin 

(0.1 and 1.0 relative to a-MSH). Interestingly, in the frog skin assay 

Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 69 was about ten times more potent 

than Ac-[Nle4, Q-Phe7]-a-MSH4_10-NH2 70, but these two analogues were 

about equipotent in the lizard assay. The reverse is the case with the 

tyrosine-4 analogues. Ac-[Tyr4, Q-Phe7]-a-MSH4_10-NH2 and Ac-[Tyr4, 

Q-Phe7]~a-MSH4_11-NH2 are almost equipotent in the frog assay but the 

longer octapeptide is about 10 times more potent than the shorter analo

gue in the lizard assay. 

On the melanoma adenylate cyclase assay (Figure 20), 

Ac-[Tyr4]-a-MSH4_10-NH2 and Ac-[Tyr4]-a-MSH4_11-NH2 were partial ago

nists and increased cAMP production to only about 45% and 60%, respec

tively, of the maximal activity of a-MSH. A striking conversion of weak 
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partial agonism to high potency and full agonistic activity was achieved 

by substitution of l-Phe-7 by Q-Phe-7 in each of the two peptides. In 

fact, both Ac-[Tyr4, Q-Phe7]-a-MSH4_10-NH2 and Ac-[Tyr4, Q-Phe7]-a

MSH4_11-NH2 were equipotent to a-MSH in this assay. These data provide 

clear evidence of the consequence of stereostructural modifications at 

the 4 and 7 positions of the a-MSH active site sequence as related to 

signal transduction as manifested in terms of adenyl ate cyclase acti

vity. 

The Tyr-4 substituted a-MSH active site analogues were also 

tested for prolonged melanotropic activity. On the frog assay it was 

shown that Ac-[Tyr4]-a-MSH4_10-NH2 73 exhibited highly prolonged bioac

tivity, but the melanotropic activity of Ac-[Tyr4]-a-MSH4_11-NH2 72 

reversed rapidly after it was removed from the assay medium (Figure 21). 

In contrast, both AC-[Tyr4, Q-Phe7]a-MSH4_10-NH2 75 and AC-[Tyr4, 

Q-Phe7]-a-MSH4_11-NH2 74 elicited prolonged biological action on the 

frog skin assay (Figure 22). On the lizard assay Ac-[Tyr4, Q-Phe7]

a-MSH4_11-NH2 was the nnly analogue of this series which exhibited some 

prolonged biological activity (Figure 23), but even in this case it was 

not nearly as prolonged as the [Nle4, O-Phe7]-substituted melanotropins 

discussed earlier. 

In summary, substitution of Met-4 by the hydrophobic tyrosine 

residue provided less potent analogues relative to their Nle-4-substi

tuted correlates on the frog and lizard melanophore systems. However, 

as shown for other a-melanotropins, stereoisomeric replacement of 

l-Phe-7 by Q-Phe resulted in marked augmentation of potency for both 
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Ac-[Tyr4]-a-MSH4_IO-NH2 and AC-[Tyr4]-a-MSH4_1I-NH2 on the same 

melanophore systems. In particular, the relatively high biological 

potencies and prolonged melanotropic activities of Ac-[Tyr4, Q-Phe7]

a-MSH4_1I-NH2 suggest that this analogue may provide a lead towards the 

development of radiolabeled a-MSH active site peptides. Such molecules 

may be useful for the qualitative and/or quantitative analyses of a-MSH 

receptor-containing tissue systems. 

The weak partial agonism elicited by Ac-[Tyr4]-a-MSH4_IO-NH2 and 

Ac-[Tyr4]-a-MSH4_II-NH2 on the melanoma adenyl ate cyclase assay suggests 

that further chemical tailoring of a-MSH may lead to the development of 

an a-melanotropin competitive inhibitor (anti-melanotropin). 

The Effect of Non-aromatic and Para-substituted Aromatic Amino 

Acids at Position Seven of a-Melanotropin Analogues 

Several a-melanotropin analogues with para-substituted aromatic 

and non-aromatic amino acids in the seventh position of the hormone were 

prepared and their melanotropic activities determined in the frog and 

lizard skin bioassays (Figures 24-27). Q- and h-Phe(p-N02), Q- and 

h-Tyr, Q- and h-Ala and Gly were substituted into this position. 

Substitution of tyrosine for phenylalanine in the seventh posi

tion of Ac-[Nle4]-a-MSH4_1I-NH2 57 giving AC-[Nle4, Tyr7]-a-MSH4_II-NH2, 

76, resulted in a ten-fold loss in potency in the frog assay (Figure 

24), while a IOO-fold decrease in activity was observed in the lizard 
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assay (Figure 25). When a para-nitro group was introduced in phenylala

nine in the seventh position giving Ac-[Nle4• Phe(p-N02)]-a-MSH4_ll-NH2 

78, a loss in potency in both assays was observed, but the change in 

potency was less dramatic than the loss in potency for Ac-[Nle4, 

Tyr7]-a-MSH4_ll-NH2 76. It is interesting that the lizard melanophore 

receptor is more sensitive to para-substitution on the aromatic ring of 

phenylalanine than frog skin receptors. 

Substitution of ~-phenylalanine for its L-enantiomer in the 

seventh position of a-MSH and in every a-MSH fragment tested resulted in 

an increase in potency over the corresponding l-phenylalanine-containing 

peptide (253,255). The increase in potency observed is usually between 

a factor of 5 and 100. For example AC-[Nle4, Q-Phe7]-a-MSH4_l1-NH2 69 

is about 100 times more potent than Ac-[Nle4]-a-MSH4_ll-NH2 57 in the 

frog receptor and about 8 times more potent on the lizard receptor 

system (see earlier sections). When D-tyrosine was substituted in the 

seventh postion of the central octapeptide sequence studied, the 

resulting analogue, AC-[Nle4, Q-Tyr7]-a-MSH4_1l-NH2 77 was about 5 times 

more potent than AC-[Nle4, Tyr7]-a-MSH4_ll-NH2 76 on the frog and about 

100 times more potent on the lizard skin assay (Figures 26,27). 

However, the Q-tyrosine analogue was still considerably less 

active than AC-[Nle4, D-Phe7]-a-MSH4_ll-NH2 on both assay systems. A 

similar increase in potency in both assay systems was observed with the 

Q-Phe(p-N02)-containing analogue over the all L-amino acid containing 

peptide. However, as with the Q-tyrosine analogue, 
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Ac-[Nle4, Q-Phe(p-N02)7]-a-MSH4_11-NH2 79 was less potent than Ac-[Nle4, 

Q-Phe7]-a-MSH4_11-NH2 (2 - 4 fold) on both assay systems. 

There are several possible explanations for the observed loss of 

potency in these analogues relative to the phenylalanine-containing ana

logues: (a) The introduction of a para-substitution in phenylalanine, a 

hydroxy group in the case of tyrosine and a nitro group in the case of 

p-nitro phenylalanine may create unfavorable steric repulsion between 

this amino acid side chain group and the a-MSH receptor, resulting in a 

decrease in either binding or transduction of these compounds; 

(b) Alternatively, the observed decrease in potency may not be due to 

steric repulsion, but rather the result of a change in the electronega

tivity of the amino acid in this position resulting in an unfavorable 

electronic interaction between these peptides and the melanotropin 

receptor; (c) Finally, substitution of any amino acid (other than pheny

lalanine) may cause a change in the overall conformation or topology of 

the peptide resulting in a less favorable peptide to receptor interac

tion. 

In order to further explore the importance of the aromatic ring 

of phenylalanine to the observed biological activity of a-MSH, analogues 

containing alanine and glycine in the seven position of the central 

octapeptide of a-MSH were prepared. Interestingly, Ac-[Nle4, 

Ala7]-a-MSH4_11-NH2 80 is equipotent to Ac-[Nle4]-a-MSH4_11-NH2 57 

in the frog bioassay, but much less potent in the lizard skin assay 

(Figures 25,26). These observations might suggest that the aromatic 
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phenyl ring is of great importance for hormone-receptor interaction at 

the lizard melanophore receptor, but not at the frog melanophore recep

tor. However, when the ~-alanine- containing analogue was prepared, it 

was found to be less active than AC-[Nle4, Ala7]-a-MSH4_11-NH2 80 on 

the frog skin melanophore(Figure 26). In fact, this analogue, 81, 

has only about 0.1 the potency of the L-alanine analogue, and 0.0004 the 

potency of a-MSH. Nevertheless, it is clear that the phenyl ring of 

phenylalanine is important for high potency in the melanotropin analo

gues. When the entire side chain of the seventh position was removed as 

well as chirality by substituting glycine for phenylalanine into the 

central octapeptide sequence, the resulting analogue, AC-[Nle4, Gly7]

a-MSH4_11-NH2 82 was about ten times less potent than 

Ac-[Nle4]-a-MSH4_11-NH2 on the frog receptor system, but in the lizard 

receptor system, the glycine seven analogue is more than 1000 times less 

active then the phenylalanine analogue (Figures 24,25). 

Both L-aromatic amino acid substitutions tested in the seven 

position of these central a-MSH fragment analogues led to a loss in 

potency relative to the two phenylalanine derivatives. Unfavorable 

steric repulsion cannot, however, adequately explain the loss in activity 

in these para-substituted phenylalanine derivatives of a-MSH. In each 

case the p-nitrophenylalanine-containing peptide analogue is more potent 

than the tyrosine-containing derivative; however, the nitro group is 

more sterically bulky than the hydroxy group of tyrosine. It would ap

pear, therefore, that electronic or overall topological factors may also 

be involved. 
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In summary, these results demonstrate the importance of the 

seventh position' in the active site sequence of a-MSH as shown through 

relative potencies at the frog and lizard skin receptors. Aromatic 

amino acids are common in the active site of many hormones and are often 

considered critical for biological activity (274). In this regard, it is 

not surprising that substitution of aromatic amino acid residues by non

aromatic amino acids generally results in a decrease in potency. The 

relatively high potency of Ac-[Nle4, Ala7]-a-MSH4_11-NH2 at the frog 

melanophore receptor is unusual in that it is not only more potent than 

Ac-[Nle4, Q-Ala7]-a-MSH4_11-NH2 in the frog, but it is equipotent to 

Ac-[Nle4]-a-MSH4_11-NH2 in this assay. Perhaps the loss in relative 

potency of Ac-[Nle 4, Q-Ala7]-a-MSH4_11-NH2 is due to an unfavorable 

reorientation of the molecule as manifested at the frog skin receptor. 

Supplemental Biological Studies of Potent Active 

Site Analogues of a-Melanotropin 

Enzymatic Stability of a-Melanotropin and Related Analogues 

a-Melanotropin and several potent active site analogues of 

a-melanotropin were tested for their enzymatic stability to rat brain 

homogenate, rat serum, and to purified enzymes (chymotrypsin and 

trypsin). The residual biological activities were then determined using 

the lizard skin bioassay. a-Melanotropin retains less than 1% of its 

original biological activity after a 60 minute incubation with rat brain 

homogenate. The biological activity of a-MSH was also rapidly lost when 

incubated with rat serum and by purified enzymes. [Nle4, Q-Phe7]-a-MSH 



120 

68 is nonbiodegradable in rat serum or by chymotrypsin and trypsin, 

and still maintains significant biological potency after 6 hours incuba

tion in rat brain homogenate. Ac-[Nle4, Q-Phe7]-a-MSH4_10-NH2 70 and 

Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 69 were also totally resistent to 

biological inactivation by rat serum, chymotrypsin and trypsin. 

Ac-[Nle4, Q-Phe7]-a-MSH4_10-NH2 retains 50% of its original biological 

activity after 6 hours incubation with rat brain homogenate, while the 

longer octapeptide, Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2, is totally resistant 

to enzymatic degredation of rat brain homogenate. 

In marked contrast, Nle-4 substituted melanotropins containing 

h-Phe-7, [Nle4]-a-MSH 12, Ac-[Nle4]-a-MSH4_10-NH2 58 and 

Ac-[Nle4]-a-MSH4_11-NH2 57 were rapidly inactivated using rat brain 

homogenate, rat serum, chymotrypsin and trypsin. 

The high resistance of the [Nle4, Q-Phe7]-substituted analogues 

to enzymatic degradation may be ~xplained, in part, by the stereospeci

ficity of proteolytic enzymes to peptide bonds between l-amino acids. 

These results suggest that an important cleavage site (in order to inac

tivate a-MSH) would be either the His-Phe and/or the Phe-Arg residues of 

a-melanotropin. Further support of this hypothesis is found in a pre

vious study by other workers which showed that incubation of a-MSH with 

a rat brain homogenate generated large amounts of phenylalanine and 

arginine (249). Another possible contribution to the enzymatic stability 

of some of these melanotropins is that it has been postulated the Q-Phe-7-

containing melanotropins may possess a beta or other (C7) related reverse 
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turn conformation (24). This may result in a conformation which is 

resistant to enzymatic attack at other sites within the molecule 

(24,25,260). 

The fact that several of the a-melanotropins prepared have high 

biological stability suggests that these analogues will prove useful in 

a number of other biochemical studies (see below). 

Mouse Pelage Melanogenesis Induced by Potent a-Melanotropin Analogues 

Melanocytes within competent hair follicles can become eumela

nic within 24 hours after a single injection of a melanotropin into a 

mouse. A single injection of [Nle4, Q-Phe7]-a-MSH 68, Ac~[Nle4, 

Q-Phe7]-a-MSH4_10-NH2 70 or AC-[Nle4, Q-Phe7]-a-MSH4_11-NH2 69 can 

induce a band of melanogenesis in all body hairs if delivered at a spe

cific time in the hair growth cycle. a-Melanotr~pin at a similar con

centration is ineffective. Daily injection of a [Nle4, Q-Phe7]

substituted melanotropin results in a wider band of melanized cells, but 

only hairs in the proliferative phase of the growth cycle respond to the 

melanotropins. If the mice are plucked (to stimulate new hair growth). 

then all emergent hairs are melanized in response to the melanotropins. 

Follicular melanocytes of female mice appear to be more sensitive to 

stimulation by these melanotropins than are those of male mice. These 

superpotent melanotropins which are enzymatically resistant may thus pro

vide tools for detailed studies of mamalian hair growth cycles. 
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Melanoma Tyrosinase Activity Induced by Potent a-Melanotropin Analogues 

[Nle4, D-Phe7J- substituted analogues of a-MSH are superpotent 

agonists in stimulating S-91 mouse melanoma tyrosinase activity. After 

24, 48, or 72 hour exposure of a-MSH to these tissue cultured cells, 

10-9 M a-MSH was the minimum effective dose necessary in order to sti

mulate tyrosinanse activity above basal levels. At higher con

centrations, a-MSH was able to stimulate tyrosinase activity up to six 

times basal values after 72 hours exposure to the melanotropin. The 

three [Nle4, Q-Phe7]- substituted a-MSH analogues tested on this assay, 

[Nle4, Q-Phe7]-a-MSH 68, [Nle4, Q-Phe7]-a-MSH4_10-NH2 70 and [Nle4, 

Q-Phe7]-a-MSH4_11-NH2 69, were about 100 times more potent than a-MSH 

in that only 10-11 M hormone was necessary to stimulate tyrosinase acti

vity over basal values. Again, higher concentrations of these hormones 

stimulated tyrosinase activity up to six times basal values after 72 

hours. 

Although these analogues were highly potent in the frog and 

lizard skin bioassays as well as the mouse melanoma adenylate cyclase 

assay, these analogues have the highest biological activity relative to 

a-MSH of any reported melanotropins in this bioassay. This may be due 

to the fact that in the former assays only the short term effects of the 

melanotropins are monitored (minutes), while in the tyrosinase bioassay, 

long term effects of the melanotropins that involve translational pro

cesses are monitored (97). Under the conditions of prolonged stimula

tion by melanotropins used in this work, amplification of the acute 
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actions (i.e., cAMP formation) of the melanotropins may result in the 

enhanced intracellular processes (cellular hypertrophy) related to mela

nin synthesis. 

While it has been reported that the [Nle4, Q-Phe7]-substituted 

melanotropins are resistant to enzymatic degredation (see above), this 

enzyme resistance does not adequately explain the superpotency of these 

analogues in this bioassay. Using these bioass~y conditions, it was 

determined that a-MSH was not biodegraded, even after 72 hours exposure 

to the cells. In this regard, the high biological potency of these 

analogues may be related to the fact that these analogues exhibit 

extremely prolonged biological activity in the lizard melanophore 

system. As discussed earlier, the biological response of this line of 

cells more closely resembles the biological activities observed in the 

lizard, but not the frog melanophore system. 

New Considerations in the Development of a-Melanotropin Analogues 

This work provides considerable insight towards the development 

and understanding of the functional roles of each of the amino acid 

residues important for obtaining high melanotropic potency. This work 

also provides information relative to the structural requirements for 

prolongation of biological activity and enzyme stability. Some of these 

analogues have been shown to be useful probes for the understanding of 

melanotropic actions in a number of biological systems. A number of 

these analogues should prove useful for future studies directed towards 



a more detailed study of melanotropin receptor systems in a large 

variety of biological systems. 
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The minimum a-melanotropin fragment analogue necessary for 

obtaining full biological potency equal to or greater than a-MSH is the 

a-MSH4_12 sequence (e.g., 56) in the lizard and melanoma systems. In 

the frog system the a-MSH4_13 sequence (e.g., 54) contains all the 

necessary structural features for high biological potency. The 

N-terminal tripeptide, Ac-Ser-Tyr-Ser, does not appear to serve any use

ful purpose, but altering this sequence may still affect the observed 

activity of a-MSH. 

The minimum a-melanotropin fragment analogue necessary for 

obtaining any biological response is the internal tetrapeptide Ac-His

Phe-Arg-Trp-NH2 64. Smaller fragments of this sequence were devoid 

of biological activity. Also, this is the only primary active site 

sequence of a-MSH (at least for these melanophore systems). The pro

posed second or multiple active site sequences of a-MSH reported in the 

literature were not confirmed by this work. 

Some insight towards the structural requirements for prolonged 

activity have been studied. The requirements for prolonged activity 

involve interactions between the 4, 7, and 11 positions of a-MSH. In 

general, [Nle4, Q-Phe7]-a-MSH4_11-NH2 69 most closely resembles the 

parent compound [Nle4, Q-Phe7]-a-MSH 68 for high potency and prolonged 

biological activity. Prolonged biological activity is neither related 
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to high potency nor enzymatic stability of the analogues. The physical

chemical basis for prolonged biological activity is not well understood, 

but apparently involves irreversible activation of the melanotropin 

receptor. To determine whether the prolonged melanotropin analogues 

bind irreversibly to the melanotropin receptor will require a competent 

receptor binding bioassay. Preliminary work in the developement of a 

reproducible receptor binding assay for a-MSH and other analogues has 

not been successful (unpublished). 

The lizard skin receptor appears to have nearly the same 

structural requirements for binding and/or transduction as the mouse 

melanoma receptor. The frog skin receptor appears to have quite 

different structural requirements for potency than the other two 

systems. These observations are quite important because the majority of 

the early work with melanotropins involved the frog skin bioassay, but 

this bioassay system does not correlate well with other melanophore 

systems. If melanotropins are prepared for pharmacological studies in 

mammalian (human) systems, then it will be important to use the lizard 

system as a model rather than the frog skin system. 

The preparation of partial agonists in the melanoma adenyl ate 

cyclase assay provides a promising lead towards the development of 

a-melanotropin antagonists. It may be possible to further tailor these 

analogues so as to reduce the magnitude of biological responses (an 

indication of the transduction step), without compromising the binding 

of these analogues to the melanotropin receptor. In this regard the 
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melanoma adenyl ate cyclase assay is an important first test for the 

development of antagonists. The other classical bioassays (frog and 

lizard) measure a biological response involving several biochemical 

events and are not suited for studies involving analogues possessing par

tial agonism. It will be important to test many more a-melallotropin 

fragment analogues, especially those analogues modified in the seven 

position in order to determine if any of them possess partial agonism or 

mixed agonism-antagonism. The results of these studies would provide 

insight into the development of analogues useful for pharmacological 

studies. 

The results obtained concerning mouse pelage melanogenesis and 

the tyrosinase assay suggest that [Nle4, Q-Phe7]-substituted melanotro

pins will provide the most useful probes for studying melanotropin 

mediated biological events in a large variety of bioassay systems. This 

is partially due to the fact that they are enzymatically stable and 

therefore would have a longer halflife ~ vivo than would a-MSH. Also 

the prolonged activity of these analogues in some bioassay systems 

suggests that even after eventual enzymatic degredation, the biological 

system may still be activated. 

The exact chemical and physical nature of prolonged biological 

response is not well understood. There have been other approaches which 

have led to prolonged biological activity. In one approach, a-MSH was 

chemically conju~ated to tobacco mosaic virus (TMV) , yielding a complex 
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macromolecule containing several hundred a-MSH molecules per TMV mole

cule (281). This conjugate showed high potency and prolonged melanosome 

dispersing activity in the frog skin system. When the TMV complex was 

disaggregated, the prolongation of response was lost. In another study, 

an analogue was prepared with a photolabile p-azidophenylalanine incor

porated into a-MSH (282,283). In vitro photolysis of this derivative 

resulted in irreversable stimulation of the melanophores which lasted 

several hours. 

The availability of a-melanotropin analogues with prolonged 

biological activities provides powerful tools for biochemists to probe 

the mechanisms of melanotropin to receptor mediated signal transduction. 

They can provide a powerful tool for examining the molecular regulation 

of a-MSH receptor binding and signal transduction by allosteric effec

tors of these processes. Some effects of calcium ions on these pro

cesses have been reported (192,284-286). 

Suggestions Towards Future Work 

Based upon the results from this work as well as earlier work in 

a-melanotropin structure-activity relationships, some suggestions 

towards future work in this area can be made. These include: 

1) Based on the high potency of the a-melanotropin 4-12 sequence, 

especially at the ligand skin receptor as well as the melanoma 

receptor and to a lesser extent at the frog skin receptor, 

suggest that this nonapeptide sequence should be the major target 
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for further structural modification. The substitution of a 

tyrosine in the fourth position of this sequence should provide a 

partial agonist on the mouse melanoma adenyl ate cyclase assay 

with an increase in potency relative to the partial agonists 

reported in this work. This modification along with other 

modifications, perhaps at the seventh position (or other 

positions, see below) should provide useful leads towards the 

development of an a-melanotropin antagonist. 

2) Based on the extremely potent and enzymatically stable [Nle4, 

Q-Phe7]-substituted melanotropins, especially the smaller 

Ac-[Nle4, Q-Phe7]-a-MSH4_10-NH2, a smaller sequence of a-MSH with 

these substitutions can be prepared which are also extremely 

potent and enzymatically stable. For example, 

Ac-[Q-Phe7]-a-MSH5_10-NH2 or Ac-[Nle4, Q-Phe7]-a-MSH4_9-NH2 

would both be expected to be fairly potent, although perhaps not 

as potent as Ac-[Nle4, Q-Phe7]-a-MSH4_10-NH2. These smaller 

analogues should be easier (and cheaper) to prepare than the 

larger peptide fragments. 

3) Literature does suggest that even more potent a-melanotropin 

analogues than those reported in this work can be prepared 

(187-191). These authors report that the substitution of 

~-tryptophan in place of its L-enantiomer in the ninth position 

of H-a-MSH6_10-0H resulted in an increase in potency of this 

fragment. This suggests several possibilities for potent 



a-melanotropins. These include: AC-[D-Tyr9]-a-MSH4_12-NH2; 

Ac-[Nle4, D-Tyr9]-a-MSH4_12-NH2; Ac-[Nle4, and D-Phe7, 

D-Trp9]-a-MSH4_12- NH 2· 
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4) H-[Q-His6]-a-MSH6_10-NH2 has been reported to be a weak 

a-melanotropin antagonist (187-191). Perhaps this modification 

in conjugation with the substitution of tyrosine in position-4 of 

a-melanotropin analogues will provide new leads for an 

a-melanotropin partial agonist or antagonist. Some possible 

examples include Ac-[Tyr4, D-His6]-a-MSH4_10-NH2 and Ac-[Tyr4, 

D-His6]-a-MSH4_12- NH 2· 

5) The suggestion by some workers (136,164) that the side chain 

carboxylate group of glutamic acid in the fifth position of a-MSH 

and the side chain amino group of lysine in the eleventh position 

of a-MSH form a salt bridge in solution. Analogues can be 

prepared to test this hypothesis, and include Ac-[cyclo Glu 5, 

Lys11-lactam]-a~MSH4_12-NH2 and related analogues. If lysine is 

placed in the eighth position of a-MSH in place of arginine, then 

a cyclic analogue, Ac-[cyclo Glu5, Lys8-Lactam]a-MSH4_10-NH2, can 

also be prepared. If found to be active, these analogues would 

provide evidence that these charged side chains are in proximity 

when the melanotropin is bond to its receptor. 

In summary, these a-melanotropin analogues are the most potent 

melanotropins thus far reported. Some of these analogues possess a 

number of other important attributes including: (a) Many are non

biodegradable, being resistant to serum enzymes and to purified enzymes; 
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(b) Several exhibit extremely prolonged activity on melanophores and 

this activity is a feature of their molecular structure and not their 

resistance to enzymatic degredation; (c) Fragment analogues of a-MSH 

have been prepared which are as active as or even more active than the 

native hormone 

These melanotropins may provide models for the preparation of 

analogues useful for pharamacological and medicinal studies. If the 

prolonged activity of the [Nle4, Q-Phe7]-substituted melanotropins is 

due to irreversible binding of the melanotropin to its receptor, then 

these peptides could be used as radiolabeled ligands for the detection 

of melanoma tumors in man. In addition, melanotropins could be prepared 

as possible magic bullets for site specific delivery of anticancer drugs 

to melanoma tumors. Some preliminary work in this area of research has 

begun. Our laboratory has now prepared a radiolabeled [Nle4, Q-Phe7]

substituted melanotropin (257). Work involving drug conjugates attached 

to melanotropins has been done (287). In this regard, the field of 

a-melanotropin to receptor studies is an open and exciting field of work 

which deserves further exploration. 

Comparative Activities of Melanin Concentrating Hormone 

Preparing synthetic hormones is necessary for a number of 

reasons. The proposed structure of a natural product can be considered 

proven only when the chemical, physical, and biological properties of 

the natural and synthetic products are identical. When a synthetic pro

duct exhibits the expected biological activities, then the possibility 
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of trace contamination of a potent compound responsable for the activity 

of the natural product can be eliminated. Also, synthesis makes 

available quantities of the peptide hormone which are often difficult 

or even impossible to obtain from natural sources. 

In this work the first known synthesis of MCH was achieved. The 

synthetic yield was 14%. The elution patterns observed by the chroma

tographic methods used to purify synthetic MCH were in agreement with 

the elution patterns used in the isolation of naturally occurring salmon 

MCH (203). 

The synthetic hormone caused melanosome aggregation at nanomolar 

concentrations when bioassayed in the fish Gobeisox (Figure 28). This 

results in the skin turning from a dark (brown/black) to a light 

(yellow/tan) color. When the medium bathing the skin was replaced by a 

medium lacking the MCH (ringer rinse, Figure 29) the skins returned 

toward the initial (base) dark color. Microscopic examination of the 

skins revealed that lightening resulted from melanosome concentration 

within the individual melanophores, whereas darkening resulted when the 

melanin dispersed back out into the dendritic processes of the cells. 

Addition of a-MSH (10-9 M) partially reversed the lightening response 

induced by MCH (Figure 30). 

We have determined that MCH ·stimulates melansome aggregation in 

melanophores from all species of fish that we have studied: (Xiphophorus 

helleri, Carassius auratus, Lebistes reticulatus, Pimephales promelas, 
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Figure 28. Melanin-concentrating activity of MCH as determined in vitro 
with the fish Gobeisox pinniger, (Taken with permisslOn--(rom 
reference 258). 
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Figure 30. In vitro lightening response of Pterygoplichthys sp. skins to 
MCH-r1Q=7 M) followed by a darkening response to a-MSH 
(lO-7-M), (Taken with permission from reference 259). 
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Hypostomus sp. and Pterygoplichthys sp.). In all cases, the minimal 

effective dose of the heptadecapeptide was at 10-9 - 10- 10 M con

centration. 

Norepinephrin (NE), a catacholamine known to cause melanosome 

aggregation in fish melanophores, also lightened the skins of the 

teleost fish, Hypostomus sp., just as MCH lightened the skins. These 

effects were reversible by rinsing the skins in medium lacking the agent 

(Figure 29). At equimolar concentrations, NE was much less effective 

than the peptide in stimulating melanosome aggregation. When NE and MCH 

were used at higher concentrations, the rate of the aggregation response 

to NE (10-5 M) was much faster than that to MCH (10- 7 M) (unpublished 

data). Lightening induced by NE was also readily reversed by a-MSH 

(data not shown, A. M. de L. Castrucci). 

When the skins were incubated in dibenamine, an a-adrenergic 

antagonist, the response to NE, but not to synthetic MCH, was inhibited 

(Figure 31). Similar results were obtained by Rance and Baker using 

another a-adrenergic antagonist, phentolamine, which did not effect 

melanosome aggregation in response to pituitary extracts (288). These 

results indicate that melanosome aggregation in response to the two ago

nists is mediated through separate receptors. 

In addition, these data suggest that the response of the mela

nophores to MCH is the result of direct interaction with the cell, and 

is not mediated indirectly through the release of a catecholamine. 
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In many species of teleost fishes it is clear that melanosome 

aggregation within integumental melanophores is controlled by sym

pathetic neurons (289). It is likely that the rapid color changes of 

some species of teleost fishes is regulated by the release of NE. On 

the other hand, slower paling responses in some species may be 

controlled by the release of a pituitary MCH and subsequent humoral 

delivery to integumental melanophores. It is possible that both mecha

nisms of melanophore control are involved in the chromatophore response 

of some species of fishes. 

The present results utilizing a synthetic preparation of a puta

tive melanin concentrating hormone, MCH, demonstrate the potent actions 

of the peptide on stimulating melanosome aggregation within teleost 

melanophores. These results, along with the previous isolation of the 

peptide from the salmon pituitary (203), provide strong support for a 

possible role of the peptide in the control of color changes in fishes. 

We were surprised to observe that MCH was a full agonist of 

melansome dispersion when added to both frog (Figure 32a) and lizard 

(Figure 32b) skin melanophores. MCH was about 600 times less potent 

than a-MSH in both assays. The action of MCH, like a-MSH, was 

reversible following removal of the hormones from the assay medium 

(Figure 33). Concentrations of MCH that failed to darken frog (10-8 M) 

or lizard (10-7 M) skins also did not antagonize of reverse the action 

of a-MSH when used at a submaximal concentration (10- 10 M). 

Comparison of the sequence of the cyclic MCH heptadecapeptide 

and of a-MSH shows little sequence homology of the peptides, and thus 
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the ability of the heptadecapeptide to apparently interact with amphi-

.bian and reptilian melanophores is perhaps surprising. The low potency 

of the cyclic heptadecapeptide on amphibian and reptilian melanocyte 

receptors suggests caution in interpretation. However we recently 

reported that [Cys4, Cys l0]-a-MSH and related cyclic melanotropin analo

gues are potent agonists. of amphibian and reptilian melanophores (24). 

It is interesting in this regard that MCH is also a cyclic peptide. It 

may be that the ability of MCH to weakly stimulate amphibian mela

nophores is related to the topological three-dimensional properties 

inherent in the cyclic structure which are similar to those in the 

cyclic a-MSH analogue. 

Figure 34 shows· two possible ways to compare the sequence homo

logy between MCH and [Cys4, Cys l0]-a-MSH. The greatest sequence homolog 

is found when these two compounds are compared in case 1. There are 

three positions where identical amino acids and two positions where 

related amino acids are found between the two analogues. In case 2 there 

are also three positions where identical amino acids and one position 

where related amino acids are found between the two analogues. Whether 

this sequence homology adequately explains why MCH has MSH-like activity 

in frog and lizard skin melanophores remains uncertain. One method to 

test the above hypothesis of sequence homology would be to substitute 

amino acids into MCH in order to generate a greater sequence homology 

between MCH and a-MSH. Substitutions of phenylalanine or 

~-phenylalanine in the eighth position of MCH would generate the 



[Cys 4, CysIO]-a-MSH Ac-Ser-Tyr-Ser-Cys-Glu-His-Phe-Arg-Trp-Cys-lys-Pro-Val-NU2 

I II " I II 
MCH 

[Cys 4, CysIO]-a-MSH 

H-Asp-Thr-Met-Arg-Cys-Met-Val-Gly-Arg-Val-Tyr-Arg-Pro-Cys-Trp-Glu-Val-OH 
I" II 1/ 

Ac-Ser-Tyr-Ser-Cys-Glu-His-Phe-Arg-Trp-Cys-lys-Pro-Val-NU2 

Figure 34. Primary structures of MCH and [Cys4, CysIO]-a-MSH demonstrating sequence 
homology between these peptldes. 
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analogues, [Phe8]-MCH and [Q-Phe8]-MCH, with one more amino acid residue 

homologous to [Cys4, Cys 10]-a-MSH when case 1 is used for comparing the 

analogues. Similarily, [Phe11 ]-MCH and [D-Phe11]-MCH would be analogues 

with one more amino acid residue homologous to [Cys4, Cys10]-a-MSH when 

case 2 is used for comparing the analogues. Numerous other amino acid 

substitutions can be done in order to create "chimeric" analogues 

possessing more or less a-melanotropin homology in MCH. Therefore, it 

may be possible to create MCH analogues with a greater or lesser 

melanocyte-stimulating activity. 

Since a-MSH reverses the action of MCH on teleost melanophores 

it will be important to determine whether the effects of the two struc

turally different peptides are mediated through the same receptor or 

through separate receptors. There is no evidence as to whether a-MSH or 

another melanotropin regulates melanosome dispersion in teleost fishes. 

The fact that a-MSH reversed the action of MCH need not necessarily 

infer that a-MSH normally plays any physiological role in melanophore 

control in teleosts. There is good evidence, however, that a melanotro

pin regulates melanosome dispersion within melanophores of elasmobranch 

fishes (e.g., sharks, 289). Whether a melanotropin receptor also 

exists in some or all species of teleost fishes and whether this receptor 

and a melanotropin, such as a-MSH, playa role in color change remains 

undetermined. 

Our initial interest in the reported primary structure of MCH 

related to the possibility that the peptide might antagonize the 
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actions of a-MSH. The existance of such an antagonist would be of great 

importance in studies on mechanisms of a-MSH action. It may be possible 

to synthesize structural analogues of MCH that possess more or less MCH

or a-MSH-like activity. It will be importdnt to determine the essential 

structural and conformational features of the peptide that are required 

for receptor binding and signal transduction that lead to melanosome 

translocation within melanophores. This will require classical struc

ture-activity studies involving deletions and/or substitutions of amino 

acids comprising the primary structure of the peptide. This is a major 

goal of our current research. Such structure activity studies may pro

vide important insights into the evolution of the hormones and receptors 

regulating pigment granule movements within melanophores. 
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