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SHORT COMMUNICATIONS

Effects of tumor promoters on adenylate cyclase activity in melanoma cells in
culture

(Received 14 February 1990; accepted 27 June 1990)

Tumor-promoting phorbol esters such as phorbol-12-myr-
istate-13-acetate (PMA) after a short treatment (within
1hr) stimulate [1-5] or inhibit [6-10] adenylate cyclase
(AC) responses to f-adrenoceptor agonists, depending
upon the type of cells in culture. Since phorbol esters after
a short treatment activate protein kinase C (PKC) [11] and
the activated PKC is translocated from the cytosol to the
plasma membrane [12-15], a role of PKC in the regulation
of AC activity has been proposed. It has been reported that
a prolonged treatment (18 hr or more) with phorbol esters
causes PKC deficiency in some cells, but not in others
[14,16, 17]. The effect of a short or long treatment with
phorbol esters on basal or melanocyte-stimulating hormone
(MSH)-stimulated AC activity in melanoma cells has not
been investigated. We now report that a short treatment of
murine B-16 melanoma cells (within 1 hr) with a tumor-
promoting phorbol ester, PMA, and a non-phorbol ester
compound, mezerein, enhanced basal and MSH-stimulated
AC activities in vitro, whereas a prolonged treatment (24 hr
or more) inhibited them. These compounds aiso stimulated
or inhibited sodium fluoride (NaF)- and forskolin-stimu-
lated AC activity, depending upon the treatment time.

Materials and Methods

Murine B-16 melanoma cells were used for this study.
This is an original B-16 clone and was initially supplied to
us by Dr. Helson who was then at the Memorial Sloan-
Kettering Cancer Center, New York. The procedures for
culturing melanoma cells have been described previously
[18]. The doubling time of melanoma cells under the growth
conditions given in Ref. 18 was about 24 hr. During the
course of our investigation, we observed that the basal AC
activity increased as a function of time in culture; however,
this change was not apparent within a few months.

PMA, 4a-phorbol 12,13-didecanoate (4a-PD), mezerein
and forskolin (Sigma, St. Louis, MO) were dissolved in
dimethyl sulfoxide (DMSO). NaF was dissolved in water,
whereas a-MSH was dissolved in phosphate-buffered
saline. All solutions were stored at —20°. The efficacy of
MSH, NaF and forskolin decreases if they are stored at 4°.

Cells (0.5 x 10%) were plated in large tissue culture dishes
(100 mm), and agents were added 24 hr later. The agents
and growth medium were changed 2 days after treatment,
and the AC activity was assayed 3 days after treatment.
One set of control cultures was untreated, whereas another
set of control cultures received the same amount of solvent
as the test cultures. On the day of the experiment, fresh
growth medium was changed, and the cultures were further
incubated for 15 min before using them for the enzyme
assay. Since the pH of the growth medium affects enzyme
activity [19] and the pH of the medium becomes acidic after
3 days of treatment, the change of growth medium prior to
the assay of AC activity was considered essential. Cells
were washed twice with 5mL of cold buffer containing
2 mM Tris-HC! and 2 mM ethyleneglycolbis(aminoethyl-
ether)tetra-acetate (EGTA) using a Potter-Elvehjem tissue
homogenizer at 3000 rpm. A portion of the homogenate
was used to determine the protein by the method of Lowry
et al. [20], and the remaining homogenate was used for

assaying AC activity. The AC activity was determined by
measuring the conversion of [a-*?PJATP to [**P]cAMP and
isolating the products by the method of Salomon et al.
[21] as modified by Minneman e¢ al. [22] and adapted by
ourselves [23]. In the present study, cells were removed in
Tris-HCI buffer containing multiple protease inhibitors
(4 ug/mL antipain, 10 units/mL aprotinin, 2 ug/mL pep-
statin, 0.3 mM phenylmethylsulfonyl fluoride (PMSF),
0.3 mM benzamidine, 20 ug/mL soybean trypsin inhibitor
and 4 ug/mL leupeptin). The remaining procedures were
similar to those described previously {21-23].

The significant difference between mean values of control
and experimental groups was determined, using a one-
tailed Student’s t-test at a 0.05 level of significance.

Results and Discussion

Basal and MSH-stimulated AC activities in vitro were
increased more by PMA treatment for 15 min than by the
solvent treatment (Table 1). The stimulatory effects of
PMA on AC activity were similar whether the treatment
time was 15, 30 or 60 min (data not shown). The stimulatory
effect of PMA was most pronounced at a concentration of
1077 M; this change was not observed at a concentration of
107*M (data not shown). 4a-PD, an inactive analog of
phorbol ester, did not affect basal or MSH-stimulated AC
activities in melanoma cells (data not shown). AC activity
in vitro was stimulated more by a non-phorbol tumor pro-
moter, mezerein [24], than by the solvent treatment (Table
2). The stimulatory effect of mezerein was most pronounced
at a concentration of 107 M and after 15 min of treatment,
whereas a concentration of 107 M was ineffective. The
addition of PMA or mezerein (1077 M and 10~% M) directly
into the AC reaction mixture did not alter basal or MSH-
stimulated AC activity. NaF [25, 26] and forskolin [27] act
directly on G-proteins and the catalytic subunit of AC
respectively. NaF-stimulted AC activity was enhanced by
both PMA and mezerein, whereas forskolin-stimulated AC
activity was increased by PMA only (Tables 1 and 2).

PMA and mezerein treatment for 24 hr or more reduced
basal and MSH-, NaF- and forskolin-stimulated AC activi-
ties in melanoma cells in culture when compared to the
solvent-treated control (Table 3). The extent of inhibition
was similar whether the enzyme activity was measured 1
day or 3 days after treatment. PMA or mezerein con-
centrations of 1077 M and 107®*M were equally effective;
however, a lower concentration (10™° M) was ineffective
(data not shown). The solvent treatment slightly, but sig-
nificantly, enhanced basal AC activity in vitro.

The present study shows that two structurally different
tumor promoters, PMA and mezerein, enhanced basal and
MSH-stimulated AC activity in B-16 melanoma cells 15 min
after treatment, whereas 4-a-PD, an inactive analog of
phorbol ester, did not. These results are consistent with
previous studies performed on other mammalian cells in
which phorbol esters stimulated AC actiity [1-5]. PMA
treatment also increased NaF- and forskolin-stimulated AC
activities in melanoma cells.
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Table 1. Effect of a short PMA treatment of melanoma cells on adenylate cyclase activity in vitro

Adenylate cyclase activity
(pmol/min/mg protein)

MSH NaF Forskolin
Treatment Basal (1 uM) (2 mM) (100 uM)
Control 251+ 6 709 * 24 443+ 5 3749 £ 23
DMSO (0.001%), 15 min 282 = 20* 805 =29 459 = 24 3687 = 47
PMA 107*M, 15 min 352 = 15+ 966 = 22+ 512 = 21* 3953 + 70t
PMA 107"M, 15 min 431 = 8t 1275 = 144 718 = 15+ 4444 + 611

Cells (0.5 x 10%) were plated in 100-mm tissue culture dishes, and phorbol-12-myristate-13-acetate
(PMA) was added after 4 days of plating. Adenylate cyclase activity was determined in the 16,500 g
peliet. Each value is the mean * SE of an average of three samples. Each experiment was repeated
three times, and similar changes were observed in treated groups when compared to controls.

* Significantly different (P < 0.05) from control.

+ Significantly different (P < 0.05) from solvent-treated control.

Table 2. Effect of a short mezerein treatment of melanoma cells on adenylate cyclase activity in
vitro

Adenylate cyclase activity
(pmol/min/mg protein)

MSH NaF Forskolin
Treatment Basal (1 uM) (2 mM) (100 uM)
Control 924 311 =4 146 = 6 1840 = 10
DMSO (0.001%), 15 min 95 +2 322 + 14 163 £5 1823 + 31
Mezerein 107 M, 15 min 92+3 329 + 11 154 =5 1869 + 12
Mezerein 1077 M, 15 min 154 + 11* 394 + 10* 251 = 14* 1840 = 15
DMSO (0.001%), 1 hr 983 378 + 6% 1534 2020 = 7+
Mezerein 107°8M, 1 hr 108 = 2% 371 + 3+ 176 = 6* 1908 + 29
Mezerein 107’ M, 1hr 144 + 9* 420 = 9* 239 + 4* 1992 + 13+

Cells (0.5 x 10°) were plated in 100-mm tissue culture dishes, and mezerein was added 4 days
after plating. Adenylate cyclase activity was determined in the 16,500 g pellet. Each value is the
mean * SE of an average of three samples. Each experiment was repeated three times, and similar
changes were observed in treated groups when compared to controls.

* Significantly (P < 0.05) different from solvent-treated control.

+ Significantly (P < 0.05) different from control.

Table 3. Effect of a long PMA and mezerein treatment of melanoma cells on adenylate cyclase
activity in vitro

Adenylate cyclase activity
(pmol/min/mg protein)

MSH NaF Forskolin
Treatment Basal (1 uM) (2 mM) (100 uM)
Control 234 + 4 660 = 6 350 = 8 2745 x 36
Solvent (0.001%), 3 days 288 + 3* 698 + 36 423 + 5* 3108 + 50*
PMA 107" M, 1 day 60 = 4+ 198 = 9t 313 = 3% 2244 * 314
PMA 107" M, 3 days 67 + 3% 157 = 7+ 330 + 13+ 2113 = 43%
Mezerein 1077 M, 3 days 75 £ 2% 162 + 5% 357 + 5% 2136 = 56+

Cells (0.5 x 10°) were plated in 100-mm tissue culture dishes, and phorbol-12-myristate-13-
acetate (PMA) or mezerein was added 24 hr after plating for a 3-day treatment and 3 days after
plating for a 1-day treatment. Adenylate cyclase activity was determined in the 16,500 g pellet.
Each value is the mean = SE of an average of three samples. Each experiment was repeated
three times, and similar changes were observed in treated groups when compared to controls.

* Significantly (P < 0.05) different from untreated control.

t+ Significantly (P < 0.05) different from solvent-treated control.
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The present study has demonstrated for the first time
that the treatment of melanoma cells with PMA or mezerein
for a prolonged period of time (24 hr or more) markedly
decreases basal and MSH-stimulated AC activities. They
also inhibit NAF- and forskolin-stimulated AC activities.
Further studies are needed to determine if an increase
(short-term) or decrease (long-term) in basal levels of AC
underlies the effects of PMA and mezerein in melanoma
cells.

Tumor-promoting phorbol esters, which activate PKC,
have been shown to stimulate or inhibit S-adrenoceptor
agonist stimulated AC activity in vitro, depending upon the
type of cells in culture. In this study, a short treatment
(within 1hr) of murine B-16 melanoma cells with PMA
and mezerein increased basal and MSH-stimulated AC
activities in vitro, whereas a prolonged treatment (24 hr or
more) inhibited them. PMA treatment also enhanced or
inhibited NaF- and forskolin-stimulated AC activities dep-
ending upon the treatment time.
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Substrate specificity of guinea pig liver flavin-containing monooxygenase for
morphine, tropane and strychnos alkaloids

(Received 23 April 1990; accepted 30 July 1990)

Flavin-containing monooxygenase (FAD-monooxygenase)
localized in many tissues of mammals catalyses oxidation
of hetero atoms of a wide variety of sulfur and nitrogen
containing xenobiotics [1, 2}. This enzyme has been purified
from the liver of hogs [3], rats [4], mice {5, 6] and rabbits
[6,7)] and the lung of mice [6] and rabbits [6, 8]. A current
interest of many workers in the field of FAD-mono-
oxygenase enzymology is the multiplicity of this enzyme.
Recently, we have purified and characterized two distinct
forms of FAD-monooxygenase from guinea pig liver [9].

N-Oxidation is a common metabolic pathway of alka-
loids. For example, morphine [10], oxycodone [11], atro-
pine {12] and strychnine [13] are metabolized to the N-
oxide in the animal bodies. FAD-monooxygenase is ar
important candidate of the enzyme responsible for the N-
oxidation of these alkaloids. Although substrate specificity
of FAD-monooxygenase has been widely studied especially
for sulfur-containing compounds, the information for FAD-
monooxygenase-dependent oxygenation of alkaloids is very
limited. In the present study, we determined catalytic par-
ameters of a purified guinea pig liver FAD-monooxygenase
for oxidation of morphine, tropane and strychnos alkaloids.
These results showed interesting structural requirements
for the substrate.

Materials and Methods

Chemicals. Nalorphine hydrochloride and naloxone
hydrochloride were donated by the Ministry of Health and
Welfare of Japan and the National Institute on Drug Abuse,
U.S.A., respectively. Other materials used were of the
highest quality commercially available. All drugs examined
as the substrate were /-form.

Purification of guinea pig lirer FAD-monooxygenase.
FAD-monooxygenase was purified from guinea pig liver
microsomes by the method described elsewhere {9]. This
method gave two distinct forms (FMO-I and FMO-II),
which are distinguishable from the molecular weights,
peptide  mappings, amino terminal sequences,
mmmunochemical natures and substrate specificities [9].
FMO-II was shown to exist in larger amounts than did
FMO-1 in the guinea pig liver microsomes [9]. Because of
the small quantity of FMO-I isolated, this isozyme was
unavailable for enzyme assays in the present study.

Assays. FAD-monooxygenase activity was assayed by
measuring absorbance decrease at 340 nm due to substrate-
dependent NADPH oxidation. The reaction was carried
out at 37° in a final volume of 1 mL of mixture containing
a substrate, 0.125 mM NADPH, enzyme (FMO-II 8.9 ug

Table 1. Kinetic constants of guinea pig liver flavin-containing monooxygenase for
morphine congeners

Km* vmax*

Substrate (uM) (nmol/min/mg protein) Voo Kon
Morphine 3390 = 790 257+ 33 0.06
Codeine 460 = 54 386 = 20 0.86
Ethylmorphine 331 =41 418 = 19 1.34
Thebaine 234+ 18 422+ 10 1.78
Oxymorphone Ub >154+ —
Oxycodone 7100 + 3450 665 = 263 0.11
Nalorphine ubD >138+ —
Naloxone ubD >164+ —
Thiourea 541 3655 7.4

UD, unable to determine.

* The values represent optimal values = SD which were calculated by a curve fitting

program of Michaelis—-Menten equation.

+ These values were obtained at a substrate concentration of 10 mM.



