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SUMMARY: MSH-1like peptides were extracted from rat brains and separated by
high pressure Tiquid chromatography. Using C and N terminally directed
antibodies, and a bioassay for melanotropic activity, two major melanotropic
peptides were detected. One peptide was identified as (MSH and the other as
des-acetyl  MSH, a form which has not been previously reported in brain.
Analysis of the level of oMSH-1ike peptides in brain and pituitary gland
during development, showed steady increases of pituitary oMSH from day 18
fetuses to adults, whereas in brain, significant increases were not observed
until one day post partum. This difference in the time of onset of oMSH
production in the two tissues suggests the presence of biosynthetically
independant pools of aMSH-1ike peptides in pituitary and brain.

Alpha melanocyte stimulating hormone ( oMSH) was discovered in high
concentrations in the intermediate lobe of the pituitary gland; more recently,
an extrahypophysial source in the brain has been reported, (16). Most of the
brain aMSH-Tike peptides have been reported to originate in the arcuate nucleus
of the hypothalamus (7-10) and subcellularly localized in synaptosomes (2,11,12),
within secretory vesicles, (13,11}. These peptides are released from
synaptosomes with high kK* stimulation (14), and they have been shown to have
profound effects on the central nervous system (15,19). It has therefore been
proposed that « MSH-1ike peptides may play an important role in interneuronal
communication, at the synaptic level.

Characterization of the oMSH-like peptides in the brain (2,11) has revealed
the presence of a peptide with electrophoretic, chromatographic and immunological

properties, indistinguishable from synthetic a MSH (N Ac ACTHj.13 NH2). Loh et

al (2), have reported the presence of another major melanotropic peptide,

Abbreviations: aMSH = melanocyte stimulating hormone, ACTH = adrenocorticotropic
hormone, HPLC = high pressure liquid chromatography, TCA = trichloroacetic
acid, RIA = radioimmunoassay, Ab = antibody, SEM = standard error of the mean
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in addition to oMSH, in rat brain. This peptide shared many properties with
oMSH but differed in others. In this communication, we show the separation of
two major melanotropic peptides from rat brain, using HPLC, and identify them
as oMSH and des-acetyl oMSH. Differences in the level of these peptides

in brain and pituitary gland during development is also reported.

MATERIALS AND METHODS:

Synthetic des-actyl oMSH (ACTHy_y3 NHp), ACTHy_ 10, ACTHg_1g were
kindly supplied by Dr. H. M. Greven (Organon International B.V., Oss, The
Netherlands). Synthetic aMSH was a gift from Dr. W. Rittel (Ciba-Geigy
Ltd., Basel, Switzerland). Rats of the Osborne-Mendel strain {250-300g) were
supplied by the National Institutes of Health, Bethesda, Maryland. The
lizard, Anolis carolinensis used in the bioassay was purchased from Rand
McNally Inc., Somerset, Wisconsin. Solvents for HPLC and the Cyg Sep-Pak
cartridges were purchased from Waters Associates, Inc., Milford, Ma.. The C-
terminal antibody against (MSH was kindly provided by Dr. Charles Oliver, (UER
Medecine Nord, Marseille, France).

Rats were killed by decapitation and the brains removed and dropped into
boiling 0.IN HC1 for 10 mins. The brains were then homogenized in 0.1N HCI.
Extraction of yMSH-1ike peptides and initial purification of these peptides on
a Sephadex Gjg column were as described previously (2). The aMSH-1ike peptides
eluted from the Sephadex Gig column were purified on a Sep-Pak Cyg cartridge.
After the sample was applied on the cartridge, it was washed with 2ml of 1%
acetic acid. The qMSH peptides were then eluted from the cartridge with 2ml
of 80% methanol in 1% acetic acid. The methanol-acetic acid eluant was dried
under Np, resuspended in 1% acetic acid, and separated by HPLC, using a
uBondapak Cyg reversed-phase column (Waters Associates Inc., Milford, Ma.).

The column was eluted with a Tinear gradient of 16% to 40% methanol in 1%
acetic acid. The flow rate was 2ml/min. and Iml fractions of eluant were
collected.

The oMSH-1ike peptides eluted from the C1g column were detected by radio-
immunoassay (RIA), using two different antibodies to aMSH, and by a bioassay
for melanotropic activity. The RIA procedure was as described previously (20)
with several modifications (7). One antibody used was specific for the C-terminal
end of MSH (Lys-Pro-Val NHp), and showed similar cross-reactivity for synthetic
a MSH and des-acetyl aMSH. The other antibody recognized the N terminal end
of aMSH, specifically requiring the presence of the N acetyl group. This
antibody showed a 15% cross-reactivity with des~acetyl aMSH relative to 100%
cross-reactivity with oMSH. The Anolis skin bioassy {(21) provides a probe for
identifying the presence of the mid-portion ( aMSHg_1g) of the aMSH molecule
since this sequence is necessary for melanotropic activity (22).

For the developmental studies, brains and pituitary glands from 18-21 day
old fetuses and 1-40 day post partum rats were examined. Treatment of the
tissues and extraction of the oMSH peptides with 0.IN HC1 were as described
previously (2). The TCA precipitation and Sephadex Gig purification steps
omitted. The levels of aMSH in the 0.1N HC1 soluble extract from the brain and
pituitary glands of the developing animals were determined by RIA, using the C
terminal specific ¢MSH antibody. The wet weight of the brains were also recorded.

RESULTS AND DISCUSSION:
Identification of 4MSH-1ike peptides in brain.

Fig. 1A depicts the HPLC separation of a number of aMSH and ACTH related

peptides. The procedure used successfully resolved the peptides as indicated,
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ig. 1. A) HPLC separation of synthetic ACTHy_jg, ACTHg_1g, oMSH and des-
acetyl aMSH using a Tinear gradient with initial conditions of
16% methanol in 1% acetic acid and increasing to final conditions
of 40% methancl in 1% acetic acid over 30 mins. The absecissa
shows the fraction number and the ordinate the absorbance at 275
nm (in arbitary units).

B) HPLC separation of whole brain extract using conditions described in

A). Each fraction was fmmunoassayed using a C terminal antibody
and bioassayed. The solid line (e—s) shows the profile of radio-
immunoassayable activity and the dotted line {0--0) the bioassayable
activity. The left ordinate shows the ng of immunoreactive «MSH/
fraction and the right ordinate, the bioreactive oMSH in Anolis units
(1 Anolis unit = 10712 MoMSH). The abscissa shows the fraction
number. The arrows indicate the elution position of des-acetyl o MSH
and a MSH.

two of which differed only in the acetylation of the N terminal end of the
molecule (aMSH and des-acetyl aMSH). Analysis of the TCA soluble extract of 50
rat brains by the HPLC procedure showed two major immunoreactive (C terminal

antibody) MSH peaks, designated A and B (Fig. 18, solid line). Peak A co-

eluted with synthetic des-acetyl aMSH and peak B co-eluted with synthetic
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Fig. 2. HPLC reseparation of peak A and peak B from the first elution, using

the same linear gradient conditions as in Fig. 1 except that finail

conditions were achieved in 60 mins.

a) Reseparated peak A showing purification of a immunoreactive aMSH
peak (s-—s) from other peaks shown by the 275 nm absorbance profile
(---). The solid bar (mm) indicates fractions with bioassayable
activity.

b} Reseparated peak 3 showing purification of a immunoreative o MSH
peak {s—e) as evidenced by the 275 nm absorbance profile (---).
The solid bar (mm) indicates fractions with biocactivity.

The left ordinate shows ng of immunoreative o MSH/fraction and the

abscissa the fraction number. The arrows indicate the elution position

for a MSH and des-acetyl o MSH.

oMSH. Bioassay of the fractions revealed two major melanotropic peaks
(Fig. 1B, dotted 1ine) which corresponded to the two immunoreactive aMSH

peaks (A and B).

Peaks A and B eluted from the first HPLC run were reseparated using a
linear gradient with a more gentle slope than the first separation (Fig. 2).
The 275 nm absorbance profile of peak A (Fig. 2a) revealed the presence of
several peptides within this peak. Only the peak which co-ran with synthetic
des-acetyl aMSH showed immunoreactivity (using the C-terminal antibody) and
bioassayable activity. Fig. 2b shows the reseparation of peak B. The peak
detected spectrophotometrically at 275 nm showed no oMSH immunoreactivity or
bioassayable activity. However, a peak with both immunoreactivity and

bioassayable activity which co-eluted with synthetic oMSH was observed.
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TABLE I
Immunological Identification of Des Ac aMSH and «MSH From Rat Brain
Cross-Reactivity (pg aMSH equiv.)

Reseparated Peak C-Terminal Ab. N-Terminal Ab.
(A) Des Ac aMSH 150 55
(B) aMSH 214 260

Thus further purification of the putative aMSH and des-acetyl aMSH peaks
was achieved by the second separation on the Cyg column.

The fractions, co-eluting with des-acetyl aMSH from reseparated peak A
and with ¢ MSH from reseparated peak B, were tested for their cross-reactivity
with the N-terminal specific antibody to aMSH, (Table 1). The putative
des-acetylaMSH peak (Fig. 2a) showed only 30% cross-reactivity with the N
terminal antibody relative to the C-terminal antibody. This is consistent
with the identification of this peak as des-acetyl oMSH, since it reacted
poorly with the N terminal antibody. The cross-reactivity of this peak with
the N terminal antibody was a Tittle higher than expected when compared to
cross-reactivity of this antibody with synthetic des-acetyl aMSH (see methods).
This may be due to a minor contaminating peptide, which cross reacts with
the N terminal antibody, even after the second reseparation on the HPLC column.
In contrast, the putative oMSH peak, reseparated from peak B (Fig. 1B), showed
very similar cross-reactivity with both the C and N terminal specific antibodies
(Table 1).

In conclusion, by the use of HPLC, N and C terminal specific antibodies to
aMSH, and a bioassay specific for the mid-portion of aMSH (residues 6-10), two
major melanotropic peptides in the brain have been detected. One of these
peptides has been identified as oMSH, because it 1) co-elutes with synthetic
aMSH, in a highly selective HPLC procedure (see Fig. 1A); 2) cross-reacts with C
and N terminally directed antibodies for aMSH, and 3) pocesses potent
melanotropic activity. The second peptide has been identified as des-acetyl

oaMSH, since it 1) co-elutes with synthetic des-acetyl aMSH by HPLC, 2) cross
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Fig. 3. Time course of increase of levels of immunoreactive o MSH (C-terminal

antibody) in brain (e—) and pituitary (0--0) during development.

The SEM for each point is indicated by the bars. The left ordinate

shows the pg Tmmunoreative o MSH/brain and the right ordinate the ng

immunoreactive oMSH/pituitary. The abscissa shows the days of pregnancy

and post partum. The wet weight (mg) of the brains of 18,20,21 day

old fetuses and 1,2,4,6,10,20 and 40 day old animals were 109 + 2.5

(mean + SEM), 193 + 2.6, 241 + 2.3, 332 + 5.9, 357 + 3.7, 532 ¥ 10.3,

711 + 9.3, 1010 + 21.9, 1480 + 16.4 and 1741 + 9.9 respectively.
reacts with a C terminal antibody to aMSH, but showed poor cross-reactivity with
the N terminal antibody and 3) displays melanotropic activity. Alpha-MSH and
des-acetyl oMSH have been isolated, from pituitary, purified and sequenced (23).
However, because there is considerably less of these peptides in brain and CSF
(24), it has proven more difficult to purify enough for sequencing. Brain aMSH-
Tike peptides have been partially characterized, and the existence of different
forms of immunoreactive and melanotropic aMSH-like peptides, including the
possibility of a des-acetylated form of aMSH, has been postulated (2,6,25,26).
Our study identifies oMSH and a des-acetyl oMSH, as the two major forms of
melanotropic peptide, in brain. Recently acetylated and des-acetylated forms
of another peptide common to brain and pituitary gland, g endorphin, have
been reported (27). The significance of the post-translational modification

of these peptides with respect to their neurobiological function has yet to be

determined.
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Changes in level of immunoreactive oMSH during development.

The ontogenesis of gMSH in brain and pituitary gland was examined. Fig. 3

(closed circles) indicates that there was <30 pg. of immunoreactive aMSH/brain
in day 18 fetuses and the level remained Tow until one day after birth. The
MSH levels increased steadily from day 1 to 7654 pg. + 305/brain in 40 day old
adults. In contrast, pituitary immunoreactive MSH increased rapidly from 3.2 ng
+ 0.35/pituitary in day 18 fetuses to 63.5 ng + 8.6/pituitary in 40 day old adults.
Similar results were reported on the basis of immunocytochemical studies (28,29)
of fetal pituitaries. Very little oMSH was present in 17 day old fetuses but
the level increased significantly at day 18 and continued to rise during fetal
development (26). The ontogenesis of bioassayable melanotropic activity in the
pituitary (data not shown), was similar to that shown for immunoreactivity.
The transient rise of bioassayable oMSH Tevel in day 19 and 20 fetal pituitary,
followed by a decrease until 4 days after birth reported by Tilders et al (28)
was not observed in our studies.

The difference in the onset as well as the time course of oMSH production
in brain and pituitary gland suggest that the biosynthesis of oMSH in brain is
independant of the pituitary gland. The onset of oMSH production in brain
appears to occur at a time when most neurons have differentiated and are
beginning to express their phenotypic properties (30).
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