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this change was reported recently.3 Hydrolysis of 
D I T P O H 3, 60°) results in the initial formation of 
P - N H 2 and P - O H fragments which then condense 
to an extent of up to 3 0 % of the total phosphorus 
present. T M P m is converted almost quant i ta­
tively into D I T M P O H 3). 
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The ring imidophosphates have been isolated 
from T M P m hydrolysates in good yields by ion 
exchange techniques. Although the chain imido­
phosphates occur in the acid hydrolysates of T M P m 
to only a small extent, D I T P , I T P , and I D P have 
been prepared in high yields by selectively cleaving 
the corresponding ring imidophosphates a t the oxy­
gen bridges in 3 0 % NaOH (75° or higher). At 
high N a O H concentrations P - N - P bridges appear 
to be inert, whereas they are cleaved more readily 
than P - O - P bridges in the pK range 2-11 . Thus, 
P - N - P linkages differ markedly from P - O - P in 
dependence of hydrolysis ra te on pH; more quan­
ti tative data will be reported soon. 

The various compounds involved in this study 
were characterized by elemental analyses, acid-
base ti trations, paper chromatographic and ion-
exchange separations, and X-ray diffraction (pow­
der pat terns) . Products obtained by the methods 
of Stokes and de Ficquelmont had the elemental 
analyses of the monohydrate of D I T M P (some 
ITMP-H 2 O), an acid-base t i tration curve of a ring 
polyphosphate (all H's strong), an X-ray pat tern 
nearly identical to tha t of TMPm-H 2 O, and yielded 
the corresponding DITP-6H 2 0 , I T P - 6 H , 0 mixture 
in 3 0 % NaOH (75°). The monohydrates of all 
three ring imidophosphates are isomorphous and 
form a continuous series of solid solutions. The 
hexahydrates of D I T P , I T P , and T P are similarly 
isomorphous. A typical analysis of DITP-GH2O 
gave 24 .3% Na, 19.8% P, 5.92% N (theoretical, 
24.26%, Na, 19.6% P, 5 .91% N), a t i tration curve 
with pronounced endpoints at pH 5 and 8.6 (spread 

(3) R. Klement and G. Biberacher, Z. anorg. allgem. Chem., 283, 
240-250 (1956). 

one H per mole of DITP-6H 2 0) and a vague end-
point at pH 10.8. 

A detailed paper on this work is in preparation. 
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ISOLATION AND STRUCTURE OF MELANOCYTE-
STIMULATING HORMONE FROM PORCINE 

PITUITARY GLANDS1 

Sir: 

We wish to report herein the isolation in pure 
form of the melanocyte-stimulating hormone 
(MSH, intermedin) from the posterior lobes of por­
cine pituitary glands. The structure of this hor­
mone, a peptide consisting of 18 amino acids, will 
also be presented in this communication. 

A crude fraction of MSH was prepared from por­
cine posterior pituitary powder by glacial acetic 
acid extraction and fractional precipitation with 
acetone and ether, followed by adsorption on oxy-
cellulose (15% of the weight of the ether precipi­
tate) .2 Following elution with 0.1 AT HCl, a highly 
potent3 concentrate was obtained. The eluate was 
de-acidified with methyldioctylamine4 and brought 
to pH 6.5-7.0 with dilute ammonia. The precipi­
ta te tha t formed was discarded, and the superna­
t an t fraction, after lyophilization, was submitted to 
zone electrophoresis on starch5 with a pyridine-ace-
tic acid buffer of pH 4.9. A peak containing the 
bulk of the M S H activity could be eluted from a 
very narrow region; this peak was then submitted 
to countercurrent distribution for 1100 transfers at 
20°, in the system 0 .5% trichloroacetic acid vs. sec-
BuOH. One main skewed peak was observed. 
The peak was divided in half and each half was re­
covered separately. When both halves were re-run 
in the same system for 248 transfers, the distribu­
tion curve of each was virtually identical to the the­
oretical, and both possessed K values of 0.60. 
They were also shown to possess practically identi­
cal biological activities. 

Quanti tat ive amino acid analysis of the 24- and 
4S-hour acid hydrolysates by the paper-fluorodini-
trobenzene method6 gave the following composition, 
based on molar ratios of the constituent amino acids: 
Asp2.o,Glu2.o,Seri.c,Glyi.9,Pro3.i,Meto.7,Phei.i,Tyri.o,Lysi.s,Hisi.o,Argi.o, 

Tryi.o. 

Tyrosine and t ryptophan were determined by a 
(1) This work is supported in part by the U. S. Public Health Serv­

ice (G-2907) and the Albert and Mary Lasker Foundation. Original 
manuscript received July 2, 1956. 

(2) (a) R. W. Payne, M, S. Raben and E. B. Astwood, / . Biol. 
Chem., 187, 719 (1950); (b) E. B. Astwood, M. S. Raben, R. W. Payne 
and A. B. Grady, THIS JOURNAL, 73, 2969 (1951); (c) M. S. Raben, 
I. N. Rosenberg and E. B. Astwood, Federation Proc, 11, 126 (1952). 

(3) Potency of preparations has been determined by the method de­
scribed by K. Shizume, A. B. Lerner and T. B. Fitzpatrick (Endocrin­
ology, 54, 553 (1954)). Preparations purified by zone electrophoresis 
possess activities of 1 X 10" MSH u./g. The unit is that described 
by Shizume, et al. Though a chemical purification occurs during the 
counter-current distribution procedure, some inactivation also takes 
place. 

(4) D. E. Hughes and D. H. Williamson, Biochem. J'., 48, 487 (1951). 
(5) H. G. Kunkel and R. J. Slater, Proc. SoC. Exper. Biol. Med., 80, 

42 (1952). 
(0) A. L. Levy, Xature, 174, 126 (1954). 
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spectrophotometric method.7 The amide content 
as determined by two different procedures8'9 was 
0.0. Thus, the minimum molecular weight calcu­
lated from these data is 2,177. Moreover, the iso-
ionic point is computed8'10 to be at pK 5.9. This 
value is in good agreement with the experimentally 
determined isoelectric point, which was found by 
zone electrophoresis on starch to be at pH 5.8, after 
correction for electroosmosis.11 

For structural determinations, 20-mg. aliquots 
were digested with either crystalline trypsin (Ar­
mour) or crystalline chymotrypsin (Armour), and 
in each case the entire hydrolysate was submitted 
to electrophoresis on paper in a collidine-acetic acid 
buffer.12 All peptides were located by means of 
guide strips sprayed with ninhydrin, and were sub­
sequently eluted from the paper with dilute ammo­
nia. The homogeneity of each peptide area was 
demonstrated by paper chromatography of ali­
quots in two different solvent systems. AU pep­
tides were analyzed for the N-terminal amino acid13 

and for quantitative amino acid composition.6 Ali­
quots of the peptides arising from chymotryptic di­
gestion were also submitted to digestion with car-
boxypeptidase to determine the C-terminal se­
quence. Carboxypeptidase was also employed for 
C-terminal analysis14 of the MSH molecule itself, as 
was stepwise degradation from the N-terminus by 
the paper-strip modification18 of the phenyl isothio-
cyanate16 reaction. The latter procedure was suc­
cessfully employed for eight successive steps. 
From these data, a structure for the MSH molecule 
is proposed (see above). 

The most striking aspect of this formulation is 
that the sequence . . . Met . GIu . His . Phe . Arg . 
Try . GIy . . . also occurs, identically, in all the cor-
ticotropins17'18'19 that have been studied hitherto. 
This, in all probability, explains the intrinsic melan-
ocyte-stimulating activity of pure corticotropin 
preparations. In the corticotropin molecule, this 
central sequence apparently acquires, by virtue of 
a different specific order of amino acids on each 

(7) T. W. Goodwin and R. A. Morton, Biochem. J., 40, 628 (1946). 
(8) A. L. Levy, I. I. Geschwind and C. H. Li, J. Biol. Chem., 213, 

187 (1955). 
(9) E. O. P. Thompson, ibid., 207, 563 (1954). 
(10) A. D. McLaren and C. Lewis, J. Polymer Set., 5, 379 (1950). 
(11) I. D. RaackeandC. H . L i , / . Biol. Chem., 215, 277 (1955). 
(12) I. M. Lockhart and E. P. Abraham, Biochem. J., 58, 633 (1954). 
(13) F. Sanger, ibid., 39, 507 (1945). 
(14) Aspartic acid was the only C-terminal amino acid that could be 

demonstrated in intact MSH when a modification (C. I. Niu and H. 
Fraenkel-Conrat, T H I S JOURNAL, 77, 5882 (1955)) of the hydrazinolysis 
procedure (S. Akabori, K. Ohno and K. Narita, Bull. Chem. Soc, 
Japan, 25, 214 (1952)) was employed. 

(15) H. Fraenkel-Conrat, T H I S JOURNAL, 76, 3606 (1954). 
(16) P. Edman, Acta Chem. Scand., i, 283 (1950). 
(17) P. H. Bell, T H I S JOURNAL, 76, 5565 (1954). 
(18) W. F. White and W. A. Landmann, ibid., 77, 1711 (1955). 
(19) C. H. Li, I. I. Geschwind, R. D. Cole, I. D. Raacke, J. I. 

Harris and J. S. Dixon, Nature, 176, 687 (1955). 

side of it, an adrenal-stimulating activity as well. 
The significance of these results will be the subject 
of subsequent communications. 
HORMONE RESEARCH LABORATORY AND THE 
DEPARTMENT OF BIOCHEMISTRY IRVING I. GESCHWIND 
UNIVERSITY OF CALIFORNIA CHOH H A O L I 
BERKELEY, CALIFORNIA LIVIO BARNAFI 
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TEMPERATURE EFFECTS ON NUCLEAR MAGNETIC 
RESONANCE ABSORPTION OF HYDROGENS 

ATTACHED TO NITROGEN 
Sir: 

The nuclear magnetic resonance absorption of 
hydrogens attached to nitrogen (14N) may show 
sharp, broad or triplet lines. Single sharp lines 
are obtained with amines and ammonia where ex­
change is rapid.1 Broad lines (10-75 c.p.s. at 40 
mc.) are observed for many amides and pyrrole,2 

while sharp triplet absorption has been observed for 
gaseous and completely anhydrous ammonia2 and 
ammonium ions in acid solution,3 where N-H ex­
changes are slow.4 Triplet absorption is expected 
from spin-spin interactions between the protons 
and 14N(I = 1). 

The broad lines associated with N-H absorption 
of amides and pyrrole could be due to intermediate 
rates of exchange4 or relaxation of the 14N nuclei by 
interaction between their quadrupoles and sur­
rounding asymmetrical electrical fields.5 Indeed, 
significant sharpening of N-H lines by exchange was 
achieved through adding small amounts of sodium 
to pyrrole and coned, ammonia to formamide. 
However, the broad lines in the pure liquids are not 
the result of intermediate exchange rates because 
the line widths decrease with increasing temperature 
and, with several substances, triplet N-H absorp­
tion has been observed at higher temperatures. 
This behavior is opposite to that expected for any 
exchange process3 having a positive temperature 
coefficient. That exchange was not involved was 
demonstrated by the spectrum of an acidified pyr­
rolidine hydrochloride solution at 0°. This had a 
broad singlet N-H absorption and showed sharp 
spin-spin splitting (<~7 c.p.s.) of the a-hydrogens 
by the N-H hydrogens. At 50°, the N-H absorp­
tion was a broadened triplet without change in the 
splitting of the a-hydrogens. 

In Table I, approximate temperatures where the 
N-H absorption was intermediate between singlet 
and triplet as well as line appearances at 30° are 
listed for several substances. With several amides, 

(1) Cf., R. A. Ogg, / . Chem. Phys., 22, 560 (1954). 
(2) Unpublished observations of Dr. J. N. Shoolery, Varian Associ­

ates. 
(3) R. A. Ogg, Faraday Society Discussion, 17, 215 (1954). 
(4) H. S. Gutowsky and A. Saika, J. Chem. Phys., 21, 1688 (1953). 
(5) Forrefs. see J. E. Wertz, Chem. Revs., 55, 829 (1955). 


