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Fig..3 Binding of the uterine 6S *H}17B-oestradiol-receptor
complex with the isolated nuclear RNP particles of calf uteri and
liver. Experiments were carried out asfin Fig. 2, except that the
uterine cytosol preparation was centrifuged at 230,000g for 3 h
to remove the S0S particles. The E,-Rfso prepared showed only
the 6S peak (@ —@). Thé E,-R preparation was mixed with
0.1 absorbance (260 nm) unit of 80S phuclear RNP particles of
calf liver (O - - - ) or calf-bterus (O—0). -

particles of the types identified in|electron micrographs of
other mammalian cell nucléi!?, possibly related to the bio-
chemically defined informosomes!® ¢r informofers'?; or (3) a
ribosome precursor partjcle?-2!, It i§ possible that the primary
role of the steroid-receptor complexes |s to provide the structural
requirements for the formation (in¢luding RNA synthesis),
processing, and/or function of specifiq RNPs in the target cells.
The steroid-protein complexes may rémain bound to some of
these particles during maturation | and .transport to the
cytoplasm, and thus may also be able to participate in the
mechanism involved in the translatiorjal controls.

In the target cells of steroid hormones, certain RNP particles

may play a role in the re-cycling of dteroid-receptors between -

cytoplasm and cell nucleus. For example, the receptor proteins
may lose their ability to associate with RNP particles at different
stages of maturation if the target dells are depleted of the
hormones. Wheri the hormones are replenished, the steroid-
receptor complexes may reassociate with existing RNP particles
so that the processing and function df these specific groups of
RNP are restored. Some of the sterojd-receptor complexes not
bound to RNP may be re-cycled into cell nuclei for further
utilization at chromatin sites, ‘, .

This work was supported by the US National Institutes of
Health. J. L. T. is supported by a predoctoral fellowship from
the same institute. We thank rs Diane K. Howell
and Mrs Alice H. Lin for technigal assistance, and Dr T.
Nakamoto for ribosomal subunit standards.
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Control of Phenotypic
of Cultured Melanomd
Melanocyte Stimulati
Stupies of the mechanism throu
mammals have been restricted t
melanomas grown in animals'?.

melanoma cell line cultivated in
exposed to MSH shows large incre;

and melanin content, as well as chy

teristics and cellular morphology.
found that adenosine 3/,5-monoph
its analogue N‘,O"-diblftyryl cyclic

Hormones

which MSH acts in
intact animals or to
describe here a mouse
onolayer which when
es in tyrosinase activity
nges in-growth charac-
| In addition, we have
psphate (cyclic AMP) or
MP (diB cyclic AMP)

will substitute for MSH, supporti

previous evidence that

MSH probably acts through cyclic| AMP in mammals'®.
Mouse melanoma cells (Clou rﬁan S91 NCTC 3960
(CCL 53)) were cultured with an iwithout MSH. After

3-5 days in the presence of MSH, .

¢ cells became flattened

and dendritic, and were strikingly more pigmented than those

grown without hormone.

Direct heasurements of melanin

extracted from the cells confirmed that MSH, as: well as

cyclic AMP, caused increased me

Cyclic GMP, cyclic UMP and cyc

Biochemicals) had no measurable
tion or tyrosinase activity (data not|

Tyrosinase. is the only enzyme |

melanin synthesis* and therefore t
cells was measured. Table 1 shows

{ﬁn deposition (Fig. 1).
¢ CMP (Schwarz/Mann
flect on melanin deposi-
hown).

own to be involved in

yrosinase activity by the
hat *H,O released to the

culture medium by cells incubated with *H-tyrosine is indica-
‘tive of tyrosinase activity. Non-p
cells which lack tyrosinase did not|form *H,O, and phenyi-
thiourea, a specific tyrosinase inkibitors, prevented *H,O
formation by melanoma cells. Phesrfylthiourea was not acting -

as a general.metabolic inhibitor sin

.on protein synthesis.

Tyrosinase activity was greatly i

mented monkey kidney

it had little or no effect

creased when cells were

incubated with either MSH, cyclic AMP, or diB cyclic AMP

(Table 2).
optimal (data not shown),

i and MSH
either-of the cyclic mononucleotideg.

The concentrations of the various additives were
was more effective than -

Exposure to MSH for

only 24 h followed by withdrawal of the bormone was suffi-
cient to cause increases in_tyrosingse activity for an addi-

tional 24-48 h, after whic]
levels.

the actjvity returned to control

We also measured tyrosinasekacti' vity in cell homogenates.

US Nat, Acad. Sci., 68, 390
B| M., Biochem. J., 128, 285

til, F and O’Malley, B. W.,

olnar, J., and Georgiev, .
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Fig. 1 Effect of a-MSH and cyclic AMP on melanin deposition
+ by melanoma cells, 10° cells were cultured with either no
additions (@—@®), 10—* M cyclic AMP (O—0), 0or2x10-" M-
a-MSH (xg-x).. At the indicated times cells were harvested
from the cfiture flasks and the melapin was measured.  Cells
were lysed by freezing and thawing in distilled H,O, precipitated
with cold 10%; perchloric acid (PCA), washed three times with
cold PCA, heated for 15 min at 80°.C in PCA, and centrifuged.
Melanin, present in the pellet, was dissolved in 1 M isodium
hydroxide at 100° C, and measured by the method of Whit-
taker!®. Melanin standards were prepared by incubating DOPA
with purified frog skin tyrosinase in 0.01 M potassium phos-
phate, pH 6.8, at roonr temperature. These experiments were

gcpeatj'd several times wijth similar results each time.

There was far greater tyrosinase activity in homegenates of
cells grown in the presence of MSH, than in its absence,

paralleling observations. made with cells growing in situ .

(Fig. 2). .
The roles of genetic transcription and translation in the
" response to MSH were investigated. MSH was added to
,culture medium for 24 h and then withdrawn. Actinomycin
;D or cycloheximide was present during hours 0-24 or 24-48,
and tyrosinase activity was measured during both intervals
(Table 3). Actinomycin D inhibited| tyrosinase activity if

-

Table 1 /n situ Tyrosinas;g Assay

3H,0 formatio, *H-Leucine incor-

Celi type

(c.p.m.) poration (c.p.m.)
Culture medium only 1,600 Not done *
Monkey kidney 1,700, Not done
Mouse melanoma 17,900 330,000
+ phenylthiourea .1,940 " 300,000
+ cycloheximide Not dohe . 1,675

2% 10% cells were' cultured for 24 h in 4 ml. medium containing
cither 0.8 puCi ml.~' L-tyrosine-3,5-*H (New England Nuclear),
dried twice from distilled H,O with a stream of nitrogen to evaporate
any residual *H,0, or 1 pCi mbh-* 3H-leucine (New England
Nuclear). 0.4 ml. medium was measured for *H,0 formation by the
charcoal absorption method of Pomerantz®. To measure *H-
leucine incorporation into protein, celis were harvested with a rubber
policeman, lysed, precipitated with trichloroacetic acid, and collected

on a ‘Millipore’ filter. Phenylthiourea (10~ M) (Eastman Organic’

Cheraiicals) or cycloheximide (10-¢ M) (Sigma) were added at zero
time. Each number represents an average of duplicate culture flasks:
variation between duplicates was less than +10%. No corrections
were made for c.p.m. obtained from culture medium incubated
without cells. Cloudman S91 NCTC 3960 (CCL 53) mouse melan-
oma cells were obtained from the American Type Culture Collection
Cell Repository. Vero green monkey kidney cells were obtained
from Dr Sherman Weissman. Cells were grown: in 30 ml. tissue
culture flasks in 4 ml. Ham’s nutrient mixture F10 supplemented
with 109 horse serum (GibCo), 2% foetal calf serum (GibCo), 100 U
ml.~! penicillin, . 100 pg ml.-! streptomycin, and 1.2 mg ml.-!
sodium bicarbonate. ’
N 5. ]

l
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Table 2 Tyrosinase Activity in Mda‘nomu Cells under Various Culture

Conditions, .
3H,0 formation day;‘ c.p.m.) . .

Days in No : Cyclic diB cyclic
culture additions MSH P AMP
1 300 2,600 900 700
2 1,750 10,500 4,500 4,300
3 2;250 36,250 10,200 10,000
4 7,500 - 54,000 21,750 21,000
§ 5 14300 68,000 36,500 34,000

:2x 10° melanoma cells were cultured in|4 ml. medium containing
np additions, a-MSH (5x 1077 M), cycli¢ AMP (10~ M), or diB
cgc]ic AMP (10-° M). Medium containgd 0.8 uCi ml.~* *H-tyro-
sine. Old medium was replaced with fr medium every 24 h, at
which time the 2H,0 formed in 0.4 'ml. old medium was measured as
in Table 1. All numbers have becn corr
c.p.m. obtained when medium containing }H-tyrosine was incubated
under identical conditions without cells. ch number represents an
average of duplicate culture flasks;. variati¢n between duphcam.was
less than +10%;. These experiments werg repeated at least 3 times
withi similar results each time. Highly purffied a-MSH was prepared
by Drs: G. Upton, A. Lerner and S. Lanfle. Cyclic AMP and diB
¢yclic AMP were obtained from Schwarz/Nfann Biochemicals.

presént during the early time but h jd no effect if present
during the later time, even though RNA synthesis was
inhibited greater than 90% during bpth intervals. In con-
trast, cycloheximide inhibited ityrodinase activity during
both intervals. Cycloheximide iphibition of protein
synthesis was greater than 95%, .

There were fewer cells and less PNA per culture flask
in the presence of MSH and cyclit' AMP than in their
absence (Fig. 3). - Therefore, the increfses in melanin deposi-
tion and tyrosinase activity were grdater per cell thayf per
culture flask.  Similar changes in growth characteristi¢s have
been reported for the effects of ACTH and cyclic AMP on
adrenal tumour cells, and for the effgcts of diB cyclic AMP
on Chinese hamster ovary, cells® apd transformed fibro-
blastst,
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Fig. 2 Tyrosinase activity in cell homogenates obtained from
cells cultured for 4 days in the presenge(x —x) or absence
(0—@) of 2x10-" M a-MSH. In eachjcasc 4 x10° cells were
broken in a dounce homogenizer in 1 m§. § mM sodium_?hos-
phate, pH 6.8, and incubated at 37° C with-0.8 uCi ml.-! 3H-
tyrosine. At the times indicated 0.1 njl. aliquots weré with-
drawn and *H,0 was measured. Counts were corrected by
isubtracting 450 c.p.m. which were the ayerage (+10%) counts
obtained at each time point for *H-tyrosine incubated in buffer
only. The radioactivity was measured inf a scintillation counter
having 5-fold lower counting efficiency than the one used for the
other experiments presented in this pa These experiments

' wete repeated several times with similgr results each time.

ed by subtracting 1,100
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Fig. 3 Effects of MSH and cyclic AMP on growth characteris-
tics of cultured melanoma cells. {10° cells were cultured with
either no additions (@—@), 10-*'M cyclic AMP (O—O), or
2x10-7 M a-MSH (x—x). At the indicated times cells were
harvested from the culture flasks, counted in a haemocytometer,
and DNA was measured. Cells were lysed and treated as in ‘Fig.
1 and the hydrolysed DNA in the supernatant was measured by -
Burton’s modification of the diphenylamine reaction'!. Deoxy-
adenosine standards were used. These experiments were repeated
three times with similar results each time.

Table 3 Effects of Actinomycin D and Cycloheximide on Tyrosinase
Activity . -

C.p.m. *H,0 fox{mation/24 h ;

Additions Hours 0-24 Hours24-48
No additions 3,800 5,800
MSH 8-24 h 17,300 30,500
MSH 0-24 h+actinomycin D 0-24 h - 4,000 Not done
MSH 0-24 h, then actinomycin D 2448 h 17,300 30,600
. MSH 0-24 h + cycloheximide 0-24 h 1,200 Not done
MSH 0-24 h, then cycloheximide 2448 h 17,300 , 3,450

3 x 10° melanoma cells were cultured as indicated. Concentra-
tions of additions were as follows: a-MSH (2 x 10-7 M), actinomycin
D (0.05 pg/ml.), (Nutritional Biochemicals), cycloheximide (10-5'M).
Old medium was removed after each 24 h interval, at which time the
34,0 formed in 0.4 ml. old medium was measured as in Table 1. All

numbers haveybeen corrected by subtracting 1,300 c.p.m. obtained

when medium containing *H-tyrosine was incubated under identical
conditions without cells. Each number represents an average of
duplicate culture flasks; variation ljetween duplicates was less than
+10%. These experiments were repeated three times with similar
results each time.

During the preparation of this manuscript Johnson and
Pastan reported that diB cyclic AMP increases pigmentation
and causes morphological changes in the Cloudman
melanoma cell line®. Our findings confirm this work. It
is likely that MSH exerts its effect on mammalian melano-
cytes ;y causing increased intracellular levels of cyclic
AMP!'¥ It remains to be seen whether this is the only
mechanism through which MSH acts. _

This work was supported by grants from the US Public
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" supported by a US Public Health Service training grant to

the Department of Molecular Biophysics and Biochemistry.

We thank :Dr Aaron Lerner for his interest and support.

) ' GLENDA WONG.
L/ . J. PAWELEK

Department of Molecular Biophysics and Biochemistry

and Departments of Dermatology and Anatomy,

-, Yale University School of Medicine, .

New Haven, Connecticut 06510

S

0

.

{ 216

Received July 17; revised Scptefan@ 4,11972.

Address reprint requests to the Dgpartment of Dermatology.

! Biténsky, M. W., and Demopoplos,/ H. B., Abstract from the
Seventh International Pigment {ell Conference, September 2-6,
7969, J. Invest. Dermatol. (in the préss) (Seattle, Washington).

2 Geschwind, L. 1., J. Invest. Derm , 87 (1970).

3 Jol(]{l;;)zl‘;, G. S., and Pastan, 1.,|Nature New Biology, 237, 269

“ M?f;l;,l?., and Garren, L. D., Proc.\US Nat. Acad. Sci., 68, 3206

S Hsie, A. W., and Puck, T. T., Pfoc.
(1971).

6 Johnson, G. S., Friedman, R. M, and Pastan, 1., Proc. US Nat.
Acad. Skci., 68, 425 (1971).

7 Sheppard; J: R., Proc. US Nat. Head. Sci., 68, 1316 (1971).

8 Pomerantz, S. H., Science, 164, §38 (1969). -

° Uptc;l;,6 )G., Lerner, A., and Lange,(S.; J. Biol. Chem., 241, 5585

(1966). . -
1 Whittaker, J., Dev. Biol., 8,99 (1963).
i1 Burton, K., Biochem. J., 62, 315 (1936).

~Radiolébelling of D osophila Embryos .

Tue potential of Drosophila melahogaster for the study of
embryonic development is unpar leled by any higher organism
owing to the availability of numjerous mutations that modify
embryogénesis’ 3.  Knowledg 'about _ biochemical events
during embryogenesis is limited| However, owing to the small
size of the embryo and its impe bility to exogenous radio-
isotopically labelled precursors 4nd inhibitors of DNA, RNA, ~
and protein synthesis. .

Oocytes of King's stage 14 afe permeable* and have been
shown to incorporate large :I:lo} ules when prematurely
oviposited®.. However, they nofmally acquire a waterproofing
waxy layer on the surface of the|vitélline membrane on leaving
the ovariole® and a. protective chorion, which is secreted by
the follicle cells’. Thus, the newly oviposited mature egg, a
closed nutritional system, is rendéred impermeable. We have
developed a technique whereby Drosophila embrygs can be
collected in gram lots, dechoriopdted and dewaxed, and made
to assimilate radioisotopically lgbelled precursor molecules in
aqueous media without significgnt loss of viability.

The Oregon-R strain of D. nelanogaster is maintaired in

" a 12x12x 24 inch plastic popylation cage on standard corn-

meal-yeast-sugar-agar -medium| Embryos of known develop-
mental age are obtained by replcing the 5 x 8 inch food trays
and allowing the females to ovfposit for one hour. Embryos
are loosened from the surface ¢f the food with a light camel
hair brhish and suspended in af 40% sucrose solution. They
are then washed wigh several volumes of Drosophila Ringer’s
solution® in a small separatory [funnel. .

The chorion is removed by | treatment with 4.6 sodium
hypochlorite for 2 min, follgwed by several washes with
Ringer’s solution. The embrygs are then suspended in 5 ml.
of Ringer's solution made to Q.5% (v/v) with ‘Triton X-100’
and containing the exogenous [substance to be incorporated.
The suspended embryos are infubated at 22° C for 2 h in a
30 ml. disposable plastic culturelflask on a reciprocating rotator
(Eberbach) at 180 r.p.m. At th¢ end of the incubation period,
the embryos are collected on 106 um pore ‘Nitex’ nylon Jolting
cloth, placed on a moist filter pgper in Petri dishes and allowed

to develop at 25° C.

Embryos that have been dechprionated and dewaxed develop
into apparently normal flies. e viability of the embryos with
this technique is quite high (>90% of controls) as long as the
concentration and time of expgsure to “Triton X-100" are not
exceeded. The ‘Triton X-100’ (4n anionic detergent) adequately
emulsifies the waxy layer in P! h, and if longer exposure
to exogenous substances is ired, the embryos must be
transferred to a solution lacking ‘Triton X-100". Rotation of
embryos is required as long as|the embryos are suspended in
aqueous media. !

i




