Camel and Bovine 3-Melanotropins

and saline-injected animals served as controls.1?
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Synthesis and Biological Activity of Camel and Bovine 3-Melanotropins
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Two natural occurring melanotropins, camel 8c2-MSH and bovine 3-MSH, have been synthesized by improved
solid-phase procedures. The coupling reaction of tert-butyloxycarbonylamino acids was achieved by using their
preformed symmetrical anhydrides. The synthetic hormones were purified by gel filtration on Sephadex G-10 and
G-25, chromatography on carboxymethylcellulose, and partition chromatography on Sephadex G-25 with final yields
of 56 and 35% for fc2-MSH and 8b-MSH, respectively. They were then shown to be identical with their natural
hormones in amino acid analysis, paper electrophoresis, disc electrophoresis, thin-layer chromatography, enzymic
digests, and bioassays. Bioassay data of these two synthetic melanotropins indicate that the replacement of Ser
by Gly in 8b-MSH does not change its melanocyte-stimulating activity.

Recently, the complete amino acid sequences of two
B-melanotropins from the camel (Camelus dromedarius)
have been reported.! One of them, Gci-MSH,23 was
synthesized4 using standard procedures for solid-phase
peptide synthesis.5 In this paper, we report the solid-phase
synthesis of 3c2-MSH with the following primary structure:
H-Asp-Gly-Gly-Pro-Tyr-Lys-Met-Glu-His-Phe-Arg-
Trp-Gly-Ser-Pro-Pro-Lys-Asp-OH. Bovine 3-MSH, which
has already been synthesized by solution methods,8 differs
from Bc2-MSH only by its serine residue in position 2.7 We
decided to undertake its solid-phase synthesis in con-
nection with our synthetic studies on ovine 8-lipotropin.8
Furthermore, the 8-melanotropins afford a convenient
opportunity to test recent improvements in solid-phase
techniques.

Esterification of Boc-Asp(OBzl)-OH to the chloro-
methylated polymer was achieved following some
modifications* of the Loffet procedure.® The resulting
Boc-Asp(OBzl)-resin was subjected to the procedure for
solid-phase peptide synthesis.> Coupling reactions were
exclusively achieved by using symmetrical anhydrides of
tert-butyloxycarbonylamino acids!? preformed with di-
cyclohexylcarbodiimide.!! The advantages of this method
in the elimination of side products were recently pointed
out.® All amino acids were protected on the a-amino
position with the Boc group and the following side-chain
blocking groups were used: Glu(OBzl), Asp(OBzl), Ser-
(Bzl), Lys(0-Br-Z),12 Tyr(o-Br-Z),!2 Arg(Tos), Trp(HCO),14
and His(Boc).1> Removal of the Ne-Boc protecting group
was carried out by treatment for 15 min with 50% tri-
fluoroacetic acid in CH2Cl2.16

After completion of the syntheses, the fully protected
Bc2-MSH resin was treated with 50% trifluoroacetic acid
to remove the Boc group, whereas this group was not
removed by this procedure in the protected g»-MSH resin.
The advantage in yield gained by this initial removal of
the Boc group will be subsequently pointed out for
Bce-MSH. Evidence shows that this treatment can be used
on methionine-containing peptides to avoid side prod-
ucts.17

The two peptides were cleaved from their respective
resins and deprotected with liquid HF,18-20 with the ex-
ception of the formyl-protecting group for tryptophan.2!
They were partly purified by gel filtration on Sephadex
G-10 and G-25. Preliminary experiments demonstrated
that the deformylation of tryptophan can be achieved very
rapidly (ca. 3 min) at pH 11.5. The peptides deformylated
in this manner were submitted to chromatography on
CMC22 as shown in Figures 1A and 2A. Further puri-
fication by partition chromatography?3 on Sephadex G-25
gave the results shown in Figures 1B and 2B. The highly
purified synthetic Sce-MSH and 85-MSH were obtained
in overall yields of 56 and 35%, respectively, based on
starting Boc-Asp(OBzl)-resin. When the Boc group of the
fully protected Sc2-MSH resin was not initially removed
with the trifluoroacetic acid treatment, Sce-MSH was
subsequently isolated in only 32% yield. It may be noted
that these yields represent improvements over our previous
yields of 25% for Sci1-MSH where tryptophan was pro-
tected and 10% where this protection was not employed.4

The synthetic hormones were homogeneous on thin-
layer chromatography and on paper and disc gel elec-
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Figure 1. (A) Chromatography of synthetic 8¢,-MSH
(158 mg) on CMC in NH,OAc buffers., Fractions of 8.3
ml were collected. (B) Partition chromatography on
Sephadex G-25 of synthetic 8c,-MSH (112 mg) obtained
from CMC (see A; hold-up volume = 63 ml; 4.2 ml/tube).

Table I. Amino Acid Analyses? of Synthetic 3¢,-MSH
and fp-MSH
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2 Values in molar ratio. % Taken from Liet al.’
¢ Taken from Geschwind et al.” 9 Tryptophan
determinations were carried out by the method of
T. Y. Liu and Y. H. Chang, J. Biol. Chem., 246, 2842
(1971).

trophoreses; their behavior in these tests was identical with
that of the corresponding natural hormones. In addition,
paper electrophoresis of tryptic and chymotryptic digests
of both synthetic products gave patterns identical with
those of the respective natural hormones. Amino acid
analyses of acid and enzymic hydrolysates of the synthetic
products gave values in agreement with those expected

Lemaire, Yamashiro, Li

_MSH
6 A Isb
\j
: |
c
[=3
g8 o f \
z f 3
| © °
2
Ty / v
i
‘._ L3 * o.\.
NoJd s [
: FuN ) sy
3 0 Lososoclose® oo Zooole soclesces
i
(=]
-
<<
Q
E— B
© 05 +
/3 b-MSH. Rg =0.23
Y
04 ~ A
g ‘ ./ \
(=4 .
(=]
: - / \
- i >
0.2 +— M
v / -\
/ ,
[ .,\ \
. S KX o,
0 000000"... I | 1.0...__J
0 20 40 60 80 100

TUBE NUMBER

Figure 2. (A) Chromatography of synthetic bovine
8-MSH (75 mg) on CMC in NH,OAc buffers. Fractions
of 8.3 ml were collected. (B) Partition chromatography
on Sephadex G-25 of synthetic 3,-MSH (41 mg)
obtained from CMC (see A; hold-up volume = 63 ml; 4.0
ml/tube).

Table II. Melanocyte Stimulating Activity of Synthetic
Camel and Bovine g-Melanotropins

Rel potency

95%
confi-
Prepara- Dose, dence
tion ng Response® % limit A
Natural 1.8 28,4+ 3.8
Bc.-MSH 5.4 53.0=« 5.5
Synthetic 2.7 36.4: 2.9 b _
8c,-MSH 8.1 56.5:+53 o8 954-156 0.19
Synthetic 2.7 41.9: 6.8 b _
6,-MSH 8.1 56.2: 5.8 105.6 58-291 0.24
Natural 2.3 29.1: 3.7
fp-MSH 6.9 44.6: 2.0
Synthetic 2.7 30.1= 3.7
6,-MSH 81 496+ 16 120.2¢ 81-186 0.16

¢ MSH activity expressed as percent decrease in
reflectance. Four skins were used for each assay.
Values in mean + SE. ® Compared with the potency of
the natural camel 3-MSH. ¢ Compared with the potency
of natural bovine 3-MSH.

(Table I). The analyses of the enzymic digests show low
values in positions 14-18, but the resistance of this se-
guence to enzymic attack has previously been noticed.424

Table II presents the melanotropic potency of the
synthetic and natural Bce-MSH and 8b-MSH. It is evident
that the activities of the synthetic products are identical
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with those exhibited by the natural hormones. It is of
interest to note in Table II that the melanotropic activity
is nearly identical in Sc2-MSH and @»-MSH. Apparently,
the replacement of Ser by Gly in S,-MSH does not change
its biological activity.

Experimental Section

Thin-layer chromatography was run on silica gel in the following
solvent system: l-butanol-pyridine—acetic acid—water, 6:6:1.2:4.8.
Paper electrophoresis, disc electrophoresis, amino acid analysis,
chromatography on CMC, and partition chromatography on
Sephadex G-25 in the solvent system 1-butanol-pyridine-0.1%
aqueous acetic acid (5:3:11) were performed as described pre-
viously.4 Chloromethylated (0.69 mequiv/g) styrene-1% di-
vinylbenzene (200-400 mesh) was obtained from Bio Rad Labs.

Na.tert-Butyloxycarbonyl-3-benzyl-L-aspartyl Polymer.
The esterification of the COOH-terminal amino acid to the
chloromethylated resin was carried out as described4 following
some modifications!2 of the Loffet procedure.® A sample of the
resulting Boc-Asp(OBzl)-resin was then hydrolyzed in propionic
acid-12 M HCI25 and amino acid analysis gave 0.31 mmol of
Asp/g.

Symmetrical Anhydrides of tert-Butyloxycarbonylamino
Acids. The reaction of tert-butyloxycarbonylamino acids with
dicyclohexylearbodiimide!l was performed as follows. tert-
Butyloxycarbonylamino acid (1.9 mmol) in 6 ml of CH2Cl2 was
cooled to 0° and mixed with 1.6 ml of 0.6 M N,N'-dicyclo-
hexylcarbodiimide in CH2Cla. After stirring for 20 min at 0 °C,
the precipitate of dicyclohexylurea was removed by filtration at
25 °C and washed with 2.4 ml of CH2Cl2. The filtrate was used
immediately for the coupling reaction. Symmetrical anhydrides
of Boc-Trp(HCO)-OH and Boc-Arg(Tos)-OH were prepared in
13 and 17% dimethylformamide in CH2Cls, respectively.

Protected 8co-MSH Resin. Starting with Boc-Asp(OBzl)-resin
(1 g, 0.31 mmol), the following cycle was carried out: (1) wash
with three 15-ml portions of CH2Cl2 (retention volume of the resin
for CH2Cl2 was 5 ml after filtration); (2) removal of the Boc group
with 50% trifluoroacetic acid in CH2Clz for 15 min; (3) wash with
two 15-ml portions of CH2Cly; (4) wash with two 15-ml portions
of 50% dioxane in CH2Clz; (5) wash with two 15-ml portions of
CH2Clg; (6) 5 min of neutralization with 15 ml of 5% diiso-
propylethylamine in CH2Cly; (7) wash with six 15-ml portions of
CH2Clz; (8) add the solution of preformed symmetrical anhydride
of tert-butyloxycarbonylamino acid (3 equiv of anhydride from
1.9 mmol of tert-butyloxycarbonylamino acid and 0.96 mmol of
N,N'-dicyclohexylcarbodiimide) and shake for 30 min; (9) add
1.06 ml of 5% diisopropylethylamine in CH2Cl2 (0.31 mmol) and
shake for another 10 min;8 (10) wash with three 15-ml portions
of CH2Clg; (11) wash with three 15-ml portions of absolute ethanol.
This cycle was performed for each of the remaining 17 amino acid
residues. The yield of the protected octadecapeptide resin was
2.26 g.

Bce-MSH. A sample of the protected octadecapeptide resin
(500 mg) was submitted to the first seven steps of the cycle for
the synthesis just described, washed with three 15-ml portions
of absolute ethanol, and dried in vacuo over P20s5 for 1 h. The
resin was then mixed with 1.0 ml of anisole and 15 ml of liquid
HF and stirred for 1 h at 0 °C. After the evaporation of HF with
a stream of nitrogen, the oily residue was washed with two 15-ml
portions of ethyl acetate, and the resin was extracted with three
15-ml portions of 50% acetic acid and filtered off. The combined
filtrates were evaporated in vacuo to a small volume (3-5 ml) and
submitted to gel filtration on Sephadex G-10 (2 X 25 cm column)
in 0.5 N acetic acid. The material in the single peak (280-nm
detection) was recovered by lyophilization (190 mg) and submitted
to chromatography on Sephadex G-25 (2.5 X 136 ¢cm column) in
0.5 N acetic acid. This chromatograph also gave a single peak,
yielding 158 mg. For deformylation of Trp, the material was put
into 10 ml of water and 5 ml of 0.1 N NaOH was added, increasing
the pH to 11.5. The solution was allowed to stay at this pH for
3 min and then rapidly acidified with glacial acetic acid to pH
4.5. Completion of the reaction was verified by ultraviolet ab-
sorption.26 The solution was then diluted with 15 ml of water
and submitted to chromatography on CMC (Figure 1A). Isolation
of the material from the main peak (280-nm detection) gave 112
mg. Further purification of this material was achieved by partition
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chromatography as shown in Figure 1B. Peptide material was
detected by the Folin-Lowry reaction.2? Isolation of the material
represented by the major peak (Rf 0.2) gave 89 mg of Sce-MSH
[peptide content 91% by ultraviolet absorption spectra; 56% yield
based on the starting Boc-Asp(OBzl)-resin].

On thin-layer chromatography, the synthetic and naturall
hormones (100-ug samples) each gave a single spot (ninhydrin
detection) with an Ry value of 0.3. Paper electrophoresis of both
synthetic and natural hormones (100-ug samples) gave a single
spot with identical Ry values (relative to Lys) of 0.48 at pH 3.7
and 0.26 at pH 6.9. On gel electrophoresis, the synthetic product
behaves exactly as the natural hormone, a single band being
observed. Samples (0.15 mg) of the synthetic hormone were
treated separately with 3 ug each of trypsin and chymotrypsin
in 35 ul of Tris buffer (pH 8.5, 0.01 M Mg?2+) at 37 °C for 5 h.
The natural hormone was treated in the same manner. Paper
electrophoresis of the tryptic and chymotryptic digests (10-ul
aliquots) was run at pH 3.7 and 6.9, respectively, with ninhydrin
used for detection. Amino acid analyses of enzymic (first with
trypsin and chymotrypsin and then leucine amino peptidase) and
acid hydrolysates of the synthetic material gave the values shown
in Table I

Bovine 3-MSH. Starting with 1 g of Boc-Asp(OBz1)-resin (0.31
mmol), synthesis of bovine 8-MSH was carried out as with
Bc2-MSH, yielding 2.31 g of protected octadecapeptide resin. The
Boc group was not removed by the trifluoroacetic acid treatment,
but the fully protected peptide resin (1-g sample) was taken
directly to the HF procedure and worked up as described for
Bce-MSH. After the gel filtration on Sephadex G-10, 375 mg of
peptide material was isolated. Further gel filtration on Sephadex
G-25 gave 305 mg. A portion (75 mg) was subjected to the de-
formylation procedure previously described and then submitted
to chromatography on CMC (Figure 2A). The resulting product
(41 mg) was finally purified by the partition chromatography
(Figure 2B) to give 27 mg of highly purified synthetic bovine
B-MSH [peptide content 90% by ultraviolet absorption spectra;
35% yield based on starting Boc-Asp(OBzl)-resin].

Thin-layer chromatography of the synthetic product (100-ug
sample) gave a single spot (Ry0.34) corresponding to the natural
hormone.”?® Paper electrophoresis at both pH 3.7 and 6.9 showed
a single spot with respective Ry values (relative to Lys) of 0.5 and
0.25, identical with those of the natural hormone. On gel
electrophoresis the synthetic product behaved exactly as the
natural hormone, a single band being observed. Amino acid
analyses of both acid and enzymic hydrolysates of the synthetic
product gave values shown in Table I. Paper electrophoresis of
tryptic and chymotryptic digests was performed as described in
the previous section.

The melanocyte-stimulating activity was determined in vitro
by the frog skin assay2930 using the four-point design.

Acknowledgment. We thank Dr. J. Blake for helpful
suggestions. We also thank W. H. Hain, D. Gordon, K.
Hoey, and J. D. Nelson for their skilled technical assist-
ance. This work was supported by a grant from the
National Institutes of Health (GM-2907). One of us (S.L.)
is the recipient of a fellowship from the Medical Research
Council of Canada, 1973-1975.

References and Notes

(1) C. H. Li, W. O. Danho, D. Chung, and A. J. Rao, Bio-
chemistry, 14, 947 (1975).

(2) Symbols and abbreviations are in accord with the recom-
mendations of the [IUPAC-IUB Commission on Biochemical
Nomenclature (1972). Other abbreviations used are MSH,
melanocyte stimulating hormone, melanotropin; 85-MSH,
bovine S-melanotropin; CMC, carboxymethylcellulose.

(8) Camel pituitary glands have two 8-melanotropins which are
designated 8c1-MSH and 8c2-MSH. The difference between
the two is found in position 8: the former contains glutamine
and the latter glutamic acid.

(4) C.H. Li, D. Yamashiro, and S. Lemaire, Biochemistry, 14,
953 (1975).

(56) R. B. Merrifield, Biochemistry, 3, 1385 (1964).

(6) R. Schwyzer, B. Iselin, H. Kappeler, B. Riniker, W. Rittel,
and H. Zuber, Helv. Chim. Acta, 46, 1975 (1963).



376 Journal of Medicinal Chemistry, 1976, Vol. 19, No. 3

(7) LI Geschwind, C. H. Li, and L. Barnafi, J. Am. Chem. Soc.,
79, 6394 (1957).

(8) D. Yamashiro and C. H. Li, Proc. Natl. Acad. Sci. U.S.A.,
71, 4945 (1974).

(9) A. Loffet, Int. J. Peptide Protein Res., 3, 297 (1971).

(10) T. Wieland, F. Flor, and C. Birr, Justus Liebigs Ann. Chem.,
1595 (1973).

(11) H. Hagenmaier and H. Frank, Hoppe-Seyler’s Z. Physiol.
Chem., 353, 1973 (1972).

(12) D. Yamashiro and C. H. Li, J. Am. Chem. Soc., 95, 1310
(1973).

(13) D. Yamashiro and C. H. Li, J. Org. Chem., 38, 591 (1973).

(14) D. Yamashiro and C. H. Li, J. Org. Chem., 38, 2594 (1973).

(15) D. Yamashiro, J. Blake, and C. H. Li, J. Am. Chem. Soc.,
94, 2855 (1972).

(16) B. Gutte and R. B. Merrifield, J. Am. Chem. Soc., 91, 501
(1969).

(17) Preparation of synthetic 3c2-MSH and $b-MSH without the
initial trifluoroacetic acid treatment always gave a side
product which is retarded on CMC and can be converted
to the desired product either by successive lyophilizations
or heat treatment of the dry powder (R. L. Noble, D.
Yamashiro, and C. H. Li, J. Am. Chem. Soc., in press.

(18) S. Sakakibara, Y. Shimonishi, Y. Kishida, M. Okada, and

Manning et al.

H. Sugihara, Bull. Chem. Soc. Jpn., 40, 2164 (1967).

(19) J. Lenard and A. B. Robinson, J. Am. Chem. Soc., 89, 181
(1967).

(20) R. H. Mazur and G. Plum, Experientia, 24, 661 (1968).

{21) M. Ohno, S. Tsukamoto, S. Makisumi, and N. Izumiya, Bull.
Chem. Soc. Jpn., 45, 2852 (1972).

(22) E. A. Peterson and H. A. Sober, /. Am. Chem. Soc.. 78, 751
(1956).

(23) D. Yamashiro, Nature (London), 201, 76 (1964).

(24) K. T. Wang, J. Blake, and C. H. Li, Int. J. Peptide Protein
Res., 5, 33 (1973).

(25) J. Scotchler and A. B. Robinson, J. Org. Chem., 35, 3151
(1970).

(26) A. Previero, M. A, Coletti-Previero, and J. C. Cavadore.
Biochim. Biophys. Acta, 147, 453 (1967).

(27) O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall,
J. Biol. Chem., 193, 265 (1951).

(28) The natural Su-MSH was further purified by partition
chromatography as described herein. This step removed
the methionine sulfoxide derivative of the hormone.

(29) K. Shizume, A. B. Lerner, and T. B. Fitzpatrick, Endo-
crinology, 54, 533 (1954).

(30) J. Ramachandran, Biochem. Biophys. Res. Commun., 41,
353 (1970).

Synthesis and Some Pharmacological Properties of
[1-(L-2-Hydroxy-3-mercaptopropanoic acid),4-threoninejoxytocin
(Hydroxy[4-Thr]oxytocin), a Peptide with Strikingly High Oxytocic Potency, and of
[1-(L-2-Hydroxy-3-mercaptopropanoic acid)]oxytocin (Hydroxy-oxytocin)
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[1-(1-2-Hydroxy-3-mercaptopropanoic acid),4-threonine}oxytocin (hydroxy{4-Thrjoxytocin) and {1-(L-2-hydroxy-
3-mercaptopropanoic acid)]oxytocin (hydroxy-oxytocin) were synthesized by a combination of solid phase and classical
methods of peptide synthesis. Protected octapeptides were synthesized by the solid-phase method and 1 + 8 couplings
in solution were then employed to furnish the required key protected intermediates. Hydroxy{4-Thr}oxytocin has
oxytocic potency, as measured in the rat uterus suspended in a Mg2+-free solution, of about 4200 units/mg, eight
times the potency of oxytocin, while its antidiuretic potency is approximately equal to that of oxytocin. It thus
exhibits a significantly favorable oxytocic—antidiuretic selectivity. Hydroxy-oxytocin has an oxytocic potency of
approximately 1300 units/mg, 2.5 times that of oxytocin. Threonine substitution in hydroxy-oxytocin has thus caused
a significant enhancement in both oxytocic potency and selectivity. The enhancement in oxytocic potency of these
two peptides relative to oxytocin and [4-Thr]oxytocin appears to correlate with their lipophilic characteristics, suggesting
a significant role of lipophilicity in the interplay of oxytocin-like peptides with oxytocic receptors.

Among the many synthetic analogs of oxytocin reported
to date only four are known in which a single substitution
has brought about a significant enhancement of oxytocic
potency relative to that of oxytocin. These substitutions
and the resulting highly potent analogs are (1) replacement
of the amino group at position 1 by (a) hydrogen, de-
amino-oxytocin!-3 or (b) a hydroxy group, [1-(L-2-
hydroxy-3-mercaptopropanoic acid)]oxytocin (hydroxy-
oxytocin);46 (2) substitution of threonine for glutamine
at position 4, [4-Thr]oxytocin;78 and (3) replacement of
the sulfur atom of the cysteine residue at position 1 with
a methylene group, [6-1-cystathionine]oxytocin
([carba-1]oxytocin).? These modifications also changed
the oxytocic—pressor and oxytocic—antidiuretic ratios of the
above peptides relative to those of oxytocin. The oxy-
tocic—pressor ratio was enhanced in all peptides with the

exception of hydroxy-oxytocin which exhibited a sub-
stantially diminished ratio. The antidiuretic potency of
hydroxy-oxytocin has not been reported but of the three
remaining peptides only [4-Thr]oxytocin exhibited di-
minished antidiuretic activity. Thus of these four highly
potent oxytocic agents, [4-Thr]oxytocin alone possesses the
added highly desirable feature of enhanced oxytocic—
antidiuretic selectivity (Table I).

Combining two or more of the above four modifications
in a single peptide suggested the attractive possibility of
further enhancing (a) oxytocic potency and (b) oxyto-
cic—antidiuretic selectivity. Only two such peptides had
been reported prior to the present study and their
pharmacological evaluation had resulted in surprising and
somewhat inconsistent findings.

On the one hand, deamino[4-Thr]oxytocin,!® which



