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former yields 3.6 N-terminal valyl residues and the
latter 3.2 N-terminal valyl residues per molecule of
hemoglobin.

Conclusions

Since our results differ from those of previous in-
vestigators, it seems important to summarize the
points of similarity and difference. The following
similarities should be noted: (1) the equivalence
of DNP-globin to hemoglobin determined in these
experiments from the amino acid content is in ex-
cellent agreement with Sanger’s value determined
from the amide nitrogen content, and (2) the na-
ture of the DNP-protein hydrolyzed is the same as
that of other investigators. The following differ-
ences are apparent: (1) our correction factor for
the destruction of DNP-valine during acid hydroly-
sis is much less than that of other investigators,
and (2) unhydrolyzed DNP-peptide that re-
mains at the end of the hydrolysis has been quanti-
tatively estimated in the present work.

The low destruction of DNP-valine that we
have observed in our analyses has been discussed in
a preceding section. Experiments to determine the
cause of the difference cannot be devised because
details about the conditions of hydrolysis are
lacking in the other papers. Throughout the pres-
ent investigation great stress has been laid upon
the exact determination of the loss of DNP-valine
during hydrolysis. To this end, not only DNP-
valine but DNP-val-gly and DNP-val-leu have
been hydrolyzed both in the presence and in the ab-
serice of DNP-globin. The consistent results re-
ported in Table II lead us to conclude that confi-
dence may be placed in the correction factor which
has been determined. By use of this correction
factor it has been shown that 0.1000 g. of DNP-
globin, as prepared from purified hemoglobin and
hydrolyzed according to the methods described in
the present paper, contains 4.04 = 0.15 umole of
DNP-valine.

If the above data and the commonly accepted
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value of approximately 67,000 for the molecular
weight of human hemoglobin are then used to cal-
culate the number of end groups, the non-integral
value 3.6 = 0.1 end groups is obtained. For the
integral value of 4, a molecular weight of about
76,000 is required; for the integral value 3, about
57,000. The literature provides no evidence sup-
porting a molecular weight of 76,000, but the work
of Field and O’Brien*® and of Srinivasan and Vino-
grad#* suggests that the molecular weight may be
about 60,000. On the other hand, if the non-in-
tegral value of 3.6 end groups per molecule is cor-
rect, it implies that preparations of hemoglobin
that have been considered to be homogeneous
are indeed heterogeneous. Although heterogenei-
ties in normal adult human hemoglobin have been
reported by Kunkel and Wallenius,!® Morrison
and Cook,* and Prins and Huisman,* it should be
noted that uncrystallized hemoglobin was used in
the experiments of these investigators.

Despite the immense amount of work that has
been done on hemoglobin, it is apparent that un-
certainties still exist about both the molecular
weight and the homogeneity of this protein.
Consequently, a final decision as to the exact num-
ber of N-terminal residues must be kept in abey-
ance until both the molecular weight of hemoglobin
and the homogeneity of the preparations are estab-
lished with more certainty.
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The isolation of a melanocyte-stimulating hormone (3-MSH) from porcine posterior pituitary powder has been described.
The active material was extracted with warm glacial acetic acid and further purified by acetone and ether precipitations.
It was then adsorbed on oxycellulose, eluted and further purified by zone electrophoresis on starch., Finally, it was submitted

to countercurrent distribution.
Ser1Gly.ProsMet, Phe; Tyri Lys:HisiArgi1 Try;.
true molecular weight.

Amino acid analyses of the isolated product indicated the following composition: Asp;Glue-
The molecular weight, 2177, calculated from these data, is shown to be the
The isoelectric point, determined in buffers of 0.1 ionic strength, has been found to be at pH 5.8.

A comparison has been made between the isolated peptide and «- and 8-MSH reported previously by other workers.

The presence of a melanocyte-stimulating hor-
mone (MSH, intermedin) in the pars intermedia of
the pituitary was first demonstrated by Zondek

and Krohn in 1932.! Thereafter, few intensive
investigations designed to isolate the pure hormone
(1) B. Zondek and H. Krohn, Klin. Wochschr., 11, 405 (1932).
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were carried out until about 5 years ago when in-
terest in this hormone was renewed. The results
of these earlier efforts have been summarized by
Waring and Landgrebe.? In the course of the re-
search leading to the isolation of the various cortico-
tropins, it became apparent that crude cortico-
tropic preparations possessed greater melanocyte-
stimulating activity than did any of the actual
MSH preparations then available, However, the
bulk of the melanocyte-stimulating activity in the
corticotropins could be separated from the adrenal-
stimulating activity, although some of the former
activity was always found to be associated with
the latter.® With the isolation of pure corticotro-
pins during the past few years, it has been possible
to demonstrate that the melanocyte-stimulating
activity is an intrinsic activity of these peptide hor-
mones.*

In 1955, Lerner and Lee® reported the isolation
{from porcine pituitary glands of a pure melanocyte-
stimulating hormone. Subsequently, Benfey and
Purvis® and Porath, Roos, Landgrebe and Mitch-
¢ll” reported the purification of a melanocyte-
stimulating peptide from porcine glands which
differed from the preparation reported by Lerner
and Lee. It was suggested by Lee and Lerner?
that their preparation be termed «-MSH and that
the peptide hormone reported by the other investi-
gators be designated §-MSH. The present com-
munication describes the isolation of a pure §-MSH
{rom porcine pituitary glands and reports the par-
tial physicochemical characterization of this pep-
tide. The accompanying paper presents the struc-
ture of 8-MSH.® A preliminary report of these
data has appeared recently.'

Isolation Procedure

Crude MSH Concentrate,—The preparation of the crude
MSH concentrate follows closely, with a few slight modifica-
tions, the procedure introduced by Astwood and his col-
leagues.!

Acetone-dried porcine posterior pituitary powder in 200-g.
lots with an average activity of 2 X 104 u./mg.!? was wetted
with 500 ml. of acetone and then was extracted with 2 1. of
glacial acetic acid at 50° for 20 minutes. The mixture was

(2) H. Waring and F. W. Landgrebe, in **The Hormones,"'’ vol. 11,
Fd. by G. Pincus and K. V. Thimann, Academic Press, Inc., New York,
N. Y., 1950.

(3) W. O. Reinhardt, I. I. Geschwind, J. O, Porath and C. H. Li,
Proc. Soc. Exper, Biol. Med., 80, 439 (1952).

(4) (a) P. H. Bell, Tuis Journar, 76, 5565 (1954); (b) H. B. F.
Dixon, Biochim. Bicphys. Acta, 19, 392 (1956); (¢) C. H. Li, P.
Fgnss-Bech, I. I. Geschwind, T. Hayashida, G. F. Hungerford, A.
Lostroh, W, R. Lyons, H, D. Moon, W. O, Reinhardt and M. Sideman,
J. Exptl. Med., in press.

(5) A. B. Lerner and T. H. Lee, Turs Journatr, 77, 1066 (1955).

(#) (a) B. G. Benfey and J. L. Purvis, ibid., T7, 5167 (1935); (b)
B. G. Benfey and J. .. Purvis, Biochem. J., 62, 588 (1956).

(7) J. O. Porath, P. Roos, F. W. Landgrebe and G. M. Mitchell,
Biochim. Biophys. Acta, 17, 598 (1955).

(8) T.H. Lee and A, B. Lerner, J. Biol. Chem., 221, 943 (1956).

(9) I. T. Geschwind, C. H. Li and L. Barnafi, THIS JOURNAL,
79, 620 (1957).

(10) 1. 1. Geschwind, C. I1I. Li and I. Barnafi, ¢bid., 78, 4404
(19506).

(11) (a) R, W. Payne, M. S. Raben and E. B. Astwood, J. Biol.
Chem., 187, 719 (1950); (b) E. B. Astwood, M. S. Raben, R. W. Payne
and A. B. Grady, TH1s JourNaL, T8, 2969 (1951); (c) M. S. Raben,
I. N. Rosenberg and E. B. Astwood, Federation Proc., 11, 126 (1952).

(12) The unit of activity was that defined by K. Shizume, A, B.
I,erner and T. B. Fitzpatrick (Endocrinology, 54, 553 (1954)), whose
assay method was employed. One I.U. is equal to approximately 104
of these units.
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centrifuged, and the precipitate was re-extracted with 400
ml. of acetic acid, followed by 400 ml. of acetone. To the
combined extracts 20 ml. of saturated aqueous NaCl was
added, followed by a half volume of acetone. The solution
was stirred and then allowed to stand for 1 hr. in an ice-bath.
After centrifugation, one volume of diethyl ether was added
to the clear supernatant fluid; the ether solution was
stirred and then returned to the ice-bath for 2 hr. The clear
supernatant fluid was siphoned off and the precipitate was
washed extensively with acetone. The washed precipitate
was transferred to a desiccator and dried over NaOH. The
average yield was 44 g. of material with an average activity
of 5 X 10%u./mg.

The dried ether precipitate was dissolved with stirring iu
1500 ml, of 0.1 V acetic acid; to the clear solution (any in-
soluble material being removed by centrifugation) 6 g. of
oxycellulose (10-129;, COOH) was added, and the resulting
suspension was stirred overnight. The suspension was then
centrifuged, and the oxycellulose thus obtained was washed
twice with 0.1 IV acetic acid and once with water. The ad-
sorbed MSH activity was eluted from the washed oxycellu-
lose with 150 ml. of 0.1 ¥ HCI for 1 hr. A clear extract
was obtained by centrifugation. The precipitate was re-
extracted for 30 minutes with 100 ml. of 0.1 N HCl., The
combined extracts were deacidified with methyldioctyl-
amine!® and the deacidified solution was lyophilized. The
lyophilized powder (average yield, 600 mg.) was then dis-
solved in 30 ml. of water and the pH was adjusted to 6.5~
7.0 with NH,OH. The precipitate that formed was re-
moved by centrifugation, and the supernatant fluid was
lyophilized. The average activity of the lyophilized prod-
uct was 2 X 10% u./mg.; the average yield of this crude
MSH concentrate was 500 mg.

Purification by Zone Electrophoresis.—Further purifica-
tion of the crude MSH concentrate was achieved by means
of zone electrophoresis on starch.!* Tlie experimental de-
tails followed the previously published procedure.’® For
each experiment, two 60-cm. troughs, each containing 150
mg. of the crude MSH concentrate, were used simultaneously
with a single pair of electrode-buffer vessels. The material
was added to the troughs at a point 10 cm. from the anode
end, and the separation was carried out in a 0.1 M pyridine~
acetate buffer of pH 4.9 at 230 volts for 48 hr. at 40°, The
contents of the troughs were cut into l-cm. segments and
each segment was eluted 3 times with 4 ml, of water each
time. An aliquot of the extract (0.5 ml.) was then analyzed
for protein concentrationn by means of the Folin biuret re-
agent.’® A typical pattern is shown in Fig. 1. The major
portion of the MSH activity is concentrated in segments
18-23. Extracts of these segments were pooled, filtered
and lyophilized. The average yield was 60 mg. (45% pep-
tide, 559, starch); the average activity was 2 X 107 u./mg.
(peptide basis).

In order to remove small amounts of contaniinants still
present (as indicated by the very high baseline, Fig. 1) and
to concentrate the material in proportion to the starch prior
to countercurrent distribution, re-runs were made with 100
mg. of material that had already been submitted once to
zone electrophoresis. The pattern obtained from such a re-
run is shown in Fig. 2. Because of the coucentration of
material in a single large, narrow peak, the dried product
contained only about 25% starch.

Purification by Countercurrent Distribution.—The puri-
fied 1naterial (2)0-400 1ng.) obtained by starch electro-
phoresis was submitted to countercurrent distribution in the
system 2-butanol-aqueous (.59 trichloroacctic acid. An
automatic all-glass apparatus?” consisting of 240 tubes was
emploved; all runs were carried out at 20°.

In a typical experiment, after the apparatus was filled
witli lower phase (5 ml. per tube), tlie device for automatic
addition of upper phase was put into operation. After a
forerun of 20 transfers had been completed, the lower phase
of the first tube was then removed and to it the entire

(13) D. E. Hugles and D. II. Willlamson, Biochem. J., 48, 487
(1951).

(14) H. G. Kunkel and R, J. Slater, Proc. Soc. Exper. Biol. Med., 80,
42 (1952).

(15) P. Fgnss-Bech and C. 1. i.i, J. Biol. Chem., 207, 175 (1954).

(16) O. H. Lowry, N. J. Rosebrough, A. 1. Farr and R. J. Randall,
ihid., 193, 265 (1951).

(17) L. C. Craig, W. Hausmann, &, H. Alirens and E. J. Harfenist,
Anal, Chem., 28, 1276 (1951).
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Fig. 1.—Pattern obtained from zone electrophoresis of
crude MSH concentrate on starch; 60 cm. trough, 0.1 M
pyridine—acetic acid buffer at pH 4.9; 230 volts, 48 hr.
The melanocyte-stimulating activity is concentrated in
segments 18-23.
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Fig. 2.—Electrophoretic pattern obtained with material

that had previously been purified by zone electrophoresis on
starch. Conditions the same as in Fig. 1,

amount of material (305 mg. of peptide) was added. Ap-
proximately the first 10 transfers required a long settling
time, but thereafter this time decreased until a single cycle
could be completed in from 4.5 to 5 minutes. After 240
transfers, the lower phases of every fourth tube from tubes
0 to 160 and the upper phase of every fourth tube from 161
to 239 was removed, and the optical densities at 277 mu were
determined in a Beckman model DU spectrophotometer.
Most of the material was present as a large peak with a K
value of 0.7 and as a smaller adjoining peak with a K value
of 0.4. Small quantities of other materials, present at each
end of the apparatus, were removed, and fresh upper and
lower phases were added. The machine was then set for
cycling and allowed to proceed for 1100 transfers, The main
peaks were located by sampling lower phases from every
fourth tube, and the contents of all tubes which a peak com-
prised were analyzed.
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The distribution obtained is shown in the upper part of
Fig. 3. There are present a main skewed peak with a K
value of 0.62, a very small peak whose K equals 0.45 and a
small peak Whose K equals 0.35. The contents of tubes
376-425 (Pool I) and of tubes 426-456 (Pool 1I), which
make up the main peak, were separately pooled, as were
tubes 266-314 which make up the peak with the K value of

0.358; each batch of pooled material was concentrated in a
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Fig. 3.—Upper, countercurrent distribution (1100 trans-
fers) of material obtained from zone electrophoresis on
starch. System, 2-butanol-0.5%, aqueous trichloroacetic
acid, Lower, countercurrent distribution (248 transfers)
of the two halves of the main peak obtained above (upper,
Fig. 3). The material found in tubes 376-425 after the
first distribution was placed in tube O and that found in
tubes 426-456 was placed in tube 120, System, 2-butanol-
0.5% aqueous trichloroacetic acid.

!
40 70

rotary evaporator and was subsequently lyophilized, The
distribution apparatus was then filled with fresh lower and
upper phase. The material from Pool I, representing the
trailing half of the main peak, was dissolved in the lower
phase of the first tube of the upper train, and that from Pool
II, makmg up the advancing half of the main peak, was dis-
solved in the lower phase of the first tube (tube 120) of the
lower train. The machine was set for recycling and allowed
to proceed for 248 transfers. Analysis of the lower phases
of all tubes revealed the distribution shown in the lower half
of Fig. 3. Both peaks have identical partition coefficients
(K = 0.60), and each is slightly skewed, being steeper than
theoretical on the advancing edge and broader than theo-
retical on the trailing. This is the most evident in the
larger peak, which contains about twice as much material
as the smaller. The material representing each of the two
peaks was individually pooled, concentrated and lyophilized.
From the large peak 127 mg. (13.8% N; trichloroacetate)

(18) For the nature of this component, see the Discussion.
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and from the smnaller 71 mg. (13.5% N; trichloroacetate)
were obtained. From 1 kg, of fresh posterior lobes of por-
cine pituitary glands, approximately 45 mg. of 3-MSH could
be isolated. The activity was 0.5 X 107 u./mg. The 8-
MSH isolated by the above procedure has proven to be
homogeneous by the criteria discussed below and also by
end-group analyses and by structural determinations which
will be described in the accompanying paper .

Characterization

Amino Acid Analysis.—Quantitative amino acid analyses
were performed on both Pools I and II by the method of
Levy.® Samples from Pool II, 2 to 3 mg. each, were hy-
drolyzed at 110° in 5.7 N HC! for 24 and 48 hr., while
samples from Pool I were digested for the 24-hr. period only.
The hydrolysates were dinitrophenylated at pH 9 in an
autotitrator,® and the dinitrophenylated amino acids were
then submitted to two-dimensional chromatography on
paper. From each sample triplicate chromatograms were
prepared. The yellow spots were excised, eluted and the
optical densities determined. In this manner the molar
ratios for all the amino acids, with the exception of trypto-
phan, were determined. Tyrosine and tryptophan were
determined independently by a spectrophotometric method.2
Amide determinations made on both unhydrolyzed?? and
partially hydrolyzed?® preparations gave no indication of the
presence of amide ammonia in any of the samples of 8-MSH
used. The results of all analyses, presented in Table I,
suggest the following empirical formula for 3-MSH

AspaGlusSer1Gly;ProsMet1Phe  TyriLys;His;Argi1 Try;

TABLE I

MoLAR RATIOS OF AMINO ACIDS IN 3-MSH
Resi-

dues

to the

— Fractions of 3-MSH - — near-
Pool 14 Pool 112 est

Amino acid 24 hr.b 24 hr.b 48 hr.b integer
Aspartic acid 1.9 1.9 2.1 2
Glutamic acid 2.1 2.1 1.9 2
Serine 0.9 1.0 0.9 1
Glycine 1.9 1.9 2.0 2
Proline 3.1 3.1 3.2 3
Methionine 0.6 0.8 0.7 1
Phenylalanine 1.1 1.0 1.1 1
Tyrosine 0.9(0.9)° 0.5(1.0) 0.9 1
Lysine 1.9 1.7 1.9 2
Histidine 1.0 1.0 1.0 1
Arginine 0.9 1.0 1.0 1
Tryptoplian 1.1° 1.0° 1

Amide NH; 0.0 0.0°

Total 18

a Sec text and Fig. 3. ® Duration of hydrolysis. ¢ De-

termined by spectrophotometric method.?! ¢ Determined
on unhydrolyzed sample.?? ¢ Determined on partially
hydrolyzed sample.?

The minimum molecular weight calculated from such a
formula is 2177. From evidence reported below and in the
accompanying paper it will be seen that this is also the true
molecular weight. The theoretical nitrogen content is
16.7%.

Sedimentation Behavior.—Two different samples of 8-
MSH trichloroacetate have been submitted to ultracentrifu-
gation in a Spinco ultracentrifuge at 59,780 r.p.m., with a
synthetic boundary cell.2 For the first sample, centrifuged
in a buffer of pH 2.2 at a concentration of 0.35%, the sedi-
mentation constant was calculated as Sy = 0.50 X 10713

(19) A. L. Levy, Nature, 174, 126 (1954).

(20) C. F. Jacobsen and J. Léonis, Compt. rend. trav. Lab. Carlsberg,
Série chim., 2T, 333 (1951).

(21) T.W. Goodwin and R. A. Morton, Biochem. J., 40, 628 (1946).

(22) A.I.Levy, I I. Geschwind and C. H. Li, J. Biol. Chem., 213,
187 (19553).

(23) E. O. P. Thompson, ibid., 207, 563 (1954).

(24) E. G. Pickels, W. F. Harrington and H. XK. Schachman, Proc.
Nat. Acad. Sci., 88, 943 (1952).
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sec. The second sample was centrifuged at a coucentration
of 1.49 in a borate buffer of pH 9.9; the calculated value
for the sedimentation constaut of this sample, Sy = 0.48
X 10718 sec., is in excellent agreement with the value found
at the much lower peptide concentration and pH. In each
case only a single sedimenting boundary was observed.

Determination of Isoelectric Point.—FElectrophoretic mo-
bilities of 3-MSH on starch as a function of pH were deter-
mined by procedures previously described.?® Acetate,
cacodylate and veronal buffers of 0.1 ionic strength were
used, and all runs were carried out at 4° with 1 to 2 mg.
samples for 24 hr. at a potential gradient of 5 volts per cni.
The location of the hormone peptide was determined as de-
scribed above; at each pH only a single component was
found. The mobilities were calculated and then corrected
for electrodsmosis as described by Raacke and Li.?» As
shown in Fig. 4, from a plot of the corrected mobilitics
versus the pH in the trough, a value of pH 5.8 can be inter-
polated for the isoelectric point. This value is in excellent
agreement with the calculated?%?® wvalue for thie isoionic
point (pH 5.9), based upon the amino acid composition of
the peptide hormone.

Discussion

All the recent methods that have been employed
for the purification of MSH made use of the glacial
acetic acid extraction technique, orginally intro-
duced by Kamm, et al.,” for the fractionation of
posterior pituitary hormones and later successfully
adapted!’® for the purification of the corticotro-
pins. The use of oxycellulose as a selective adsorb-
ent for MSH also derives from techniques orig-
inally introduced for the purification of the cortico-
tropins.!*® In the application of these methods
to the present study, no difficulties were en-
countered; and with any batch of posterior
pituitary powder from a given commercial source,
starting with as little as 10 g. or as much as 400 g.,
both weight and activity yields are reproducible.
Differences have been noted, however, in batches
of powder obtained from different cominercial
sources.

Posterior pituitary powders used early in the
present work gave ethér precipitates which were
more than 989, soluble in 0.1 N acetic acid. After
it had been eluted from oxycellulose, about one-
third of this material was insofuble at pH 6.5.
When the supernatant fluid at this pH was sub-
mitted to zone electrophoresis, the resulting pat-
terns indicated the presence of 3 additional peaks
in concentrations equal to that of the MSH peak,
in addition to a large amount of material that re-
mained at the origin. Pituitary powders, obtained
from another commercial source, that have been
employed more recently have given ether pre-
cipitates which are less than 259, soluble in 0.1 &
acetic acid. In this case, however, over 809, of
the material eluted from oxycellulose is soluble at
pH 6.5. The electrophoretic distribution pattern
illustrated in Fig. 1 was obtained with this latter
material.

In order to minimize the amount of salt® that
would be introduced in raising the pH of the oxy-
cellulose eluate to 6.5, a deacidification step was
introduced into the procedure. An anion-exchange

(25) 1. D. Raacke and C. H. Li, J. Biol. Chem., 316, 277 (1955).

(26) A, I). McLaren and C. Lewis, J. Polymer Sci., 5, 379 (1950).

(27) O. Kamm, T. B. Aldrich, 1. W. Grote, [.. W. Rowe and |. [
Bugbee, Tais JourNaL, 50, 573 (1928).

(28) For a similar reason, zone electrophoresis was carried out in u
pyridine~acetic acid buffer, as the components of this buffer are com-
pletely removable by lyophilizatiou.
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resin (Amberlite IR-4B) in the hydroxide form was
originally employed for the deacidification. It
soon became evident, however, that only those
materials were being recovered which had the
greatest cathodic mobility during electrophoresis,
whereas the recoveries of melanocyte-stimulating
hormone were poor. The adoption of a procedure
using methyldioctylamine as the deacidifying
agent' permitted full recovery of all materials.

When the pH of the deacidified solutions was ad-
justed over a range of from 3 to 11, it was found
that only in the region of pH 6.5-7 could any siz-
able amount of comparatively inactive material
be removed, a finding in agreement with the data
of Landgrebe and Mitchell.?® The precipitate ob-
tained in this pH region is rich in corticotropic ac-
tivity.

A “concentration of corticotropic activity is also
effected during zone electrophoresis; the material
possessing this activity can be found in the region
between segments 28 and 33 (Fig. 1). This area,
and the area comprising segments 36—41 (in which
we believe oxytocic activity to be concentrated),
were both larger when the earlier batches of poste-
rior pituitary powder were used (vide supra). Un-
der no condition of electrophoresis, with either the
duration of the run or the pH at which migration
occurred, as variables, could any material be ob-
served with a inobility suggesting an isoelectric
point between pH 10.5 and pH 11, that found for
«-MSH by Lerner and Lee.?

As countercurrent distribution studies indicate,
material which has been twice subjected to electro-
phoresis is highly purified. Nevertheless, such
material is contaminated with a component(s)
that gives rise after acid hydrolysis to alanine,
valine and leucine, among other amino acids. Of
these 3 amino acids, none of which occurs in 3-MSH
(see Table I), alanine and valine were present in
the purified MSH obtained by Porath, ef al.,” and
all 3 together with cystine were found as contam-
inants in the preparation of Benfey and Purvis.®
Such contaminating material has been successfully
removed in these investigations only by employing
a large number of transfers in countercurrent dis-
tribution.

After such multiple partitions, however, an en-
tirely satisfactory pattern of distribution has not
been obtained. As shown in Fig. 3, a skewness
has been observed which appears to be, to some ex-
tent, concentration-dependent. Furthermore, it
appears that a gradual transformation of the
material takes place, evidenced by a change in the
distribution coefficient, K, from 0.6 to 0.35. The
pattern in the lower half of Fig. 3 gives some indica-
tion of this transformation. With still other
samples of MSH, the gradual growth of a shoulder
on the trailing edge of the main peak has been ob-
served during a run. In one particular instance,
when material that had originally partitioned with
a K value of 0.62 was redistributed in the same sol-
vent system, it was entirely transformed into a
substance with a K value of 0.35. This material,
and the material isolated as Pool III from the run

(29) F.W. Landgrebe and G, M. Mitchell, Quart. J. Exper. Physiol.,
89, 11 (1954).
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Fig. 4.—Electrophoretic mobility of 8-MSH on starch
as a function of pH. The mobilities have been corrected for
electrodsmosis.

given in detail in the Experimental section, have
single N- and C-terminal amino acids, which are
the same as those found for Pools I and II (see ac-
companying paper); and furthermore, their amino
acid composition is identical with that presented
in Table I, with the exception of small amounts of
leucine, alanine and valine contaminants in Pool
IIT. Aside from their partition ratios, the major
difference hetween these materials with K values
of 0.35 and those with K values of 0.6 is that the
former, when isolated, possess a very low nitrogen
content. Pool III, for example, contained 9.3%,
nitrogen. When corrected for differing nitrogen
content, Pool IIT is only about one-tenth as active
as Pools I and II. Moreover, when the activities
of Pools I and 1I are compared with the material
from which they were derived (see Experimental
section), it becomes apparent that a gradual trans-
formation leading to inactivation has occurred in
the course of the distribution. It has not been
possible in practice to attempt a large number of
distributions in a cold room, where, it might be
hoped, the rate of such inactivation or transforma-
tion would be decreased.

With respect to the amino acid analyses, it may
be noted that the common amino acids cystine,
threonine, isoleucine, leucine, valine and alanine
are all absent from 8-MSH. With the exception
of isoleucine, all are present in a-MSH. 58

The quantitative data obtained from the amino
acid analyses reported herein are substantially in
agreement with that reported by Benfey and Pur-
vis,? if the molar ratios of these authors are divided
by two.?® Then the only differences encountered
are their lower values for glycine and proline, their
higher value for amide ammonia and, as discussed

(30) Similarly, the amino acid analysis reported by Lee and Lerner?
for a 8-MSH prepared by us should also be divided by two to bring
the results into line with the analysis published in this paper. This
preparation had not previously been submitted to countercurrent dis-
tribution.
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above, the small amounts of contaminating amino
acids apparently present in their preparation. A
similar problem with contaminants is evident in
the data of Porath, ef al.”; moreover, methionine
is absent from the qualitative analysis presented by
these authors, at the same time that they report
that no sulfur-containing amino acids had been
found to be present. Also, the analysis of 24-
and 48-hr. hydrolysates presented in Table I of
this paper gives no evidence in support of the claim
of these authors that certain peptide bonds in
B-MSH are particularly resistant to acid hydroly-
sis.”

The minimum molecular weight of 3-MSH cal-
culated on the basis of the amino acid content is
2177, a value which, as it has been pointed out
above, represents the actual molecular weight of
the hormone peptide. A molecular weight of 2900
for 3-MSH has been determined independently by
equilibrium centrifugation.?®

Another value that may be computed from the
amino acid composition is the isoionic point of
B-MSH; as pointed out earlier, the calculated
value for the isoionic point, pH 5.9, is almost iden-
tical with the experimental value for the isoelectric
point, pH 5.8, determined in buffers of 0.1 ionic
strength. A value of pH 5.2 was reported by
Porath and co-workers” for the isoelectric point of
their MSH preparation in 0.05 M phosphate buf-
fers. Both of these values differ considerably from
that reported for the isoelectric point of a-MSH,?
which is between pH 10.5 and pH 11.

In view of all the foregoing comparative data,
there would appear to be little doubt that the MSH
peptide purified by Benfey and Purvis and by
Porath, et al., is identical with the 3-MSH whose

(31) A. Ginsburg, P. Appel and H. K. Schachman, Arch. Biochen.
Biophys., in press, We are indebted to Miss Pearl Appel and Dr.
H. K. Schachman for the molecular weight determination. The de-
tails of the determination will be reported elsewhere by these investi-
gators.
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isolation has been described in this paper, just as
there can be equally little doubt that o-MSH of
Lerner and Lee® differs considerably. It is of in-
terest that none of the workers, including our-
selves, who have attempted to purify 8-MSH liave
reported any evidence for the existence of a-MSH.
Although we have specifically sought it in the course
of the present work, we have failed to detect mel-
anocyte-stimulating activity in any peptide as
basic as a-MSH. At present, there seems to be
no obvious explanation for this discrepancy.

Finally, a few words about the assay methods
are in order. All of our earlier assays were per-
formed on hypophysectomized Rana pipiens and
were quantitated by means of the change in the
melanophore index®? as detected in the web. Sub-
sequently, the assay was made more objective by
employing the in vitro frog skin method.!? Excel-
lent agreement has been found between assay re-
sults obtained with the two methods. Further-
more, the activities reported above are in good
agreement with those reported by other workers
for -MSH. Recently Eakin®® reported that some
of our crude MSH concentrate, containing no more
than about 109; $-MSH, stimulated the melano-
cytes of the albino-hypophysectomized tadpole of
Hyla regilla, when 8 X 107% ug. was injected.
Hence, this latter method of assay can detect ap-
proximately 1076 ug. of 3-MSH.
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The Structure of the g-Melanocyte-stimulating Hormone

Bv IrVING I. GEscHWIND, CHoH HAO L1 AND LIVIO BARNAFI
RecEIVED AUGUST 31, 1956

By means of chemical and enzymatic degradations, the structure of 8-MSH has been shown to be: H-Aip.Gzlu.G?I,y.—

Pro.Tyr.Lys.Met.Glu.His,Phe.Arg. Try.Gly.Ser.Pro.Pro.Lys.Asp-OH.
15 16 17 18

Met.Glu.His.Phe Arg.Try.Gly also exists in the corticotropins.
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In the preceding paper! the isolation of the 8-
melanocyte-stimulating hormone (MSH) from por-
cine pituitary glands has been described and its
characterization presented. The hormone has
been found to be an octadecapeptide with the fol-
lowing composition:  Asp:GlusSer,Gly:ProsMet;-
Phe;TyriLyvs:His;ArgTry;. In view of the well-

(1) 1. 1. Geschwind and C. H. Li, Ts1s JoUrNaAL, 79, 615 (1957).

It has been shown previously that the sequence

The implications of these findings have been discussed.

known specificities of trypsin and chymotrypsiu,
the presence of only 3 residues of lysine and argi-
nine together and of 3 aromatic residues suggested
that digestion with either of these enzymes should
result in a small number of cleavage products
whose structural sequence should be relatively easy
to determine. Furthermore, since 7 amino acids
are present as single residues in the hormone, the



