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PROPERTIES OF RNA POLYMERASES FROM B16 MELANOMA* 

I. A. MENON , PH.D., AND H. F. HABERMAN , M.D., F.R.C.P.(C) 

ABSTRACT 

Some of t he properties of RNA polymerases from melanotic and amelanotic B16 
melanomas have been studied. Chromatin-bound RNA polymerase is activated by Mg ++ 
more than Mn ++ . Addition of ammonium sulfate was found to activate the enzyme. 
Preincubation with phospholipase A or phos.pholipase C as well as extraction with ether or 
iso-octane decreased the RNA polymerase activity in t he presence of Mg++ but not that in 
the presence of Mn ++. The polymerase activity in the presence of high salt concentration 
(ammoni um sulfate) was not affected by the phospholipases or by solvent extraction . 
Preincubation in the presence of trypsin was found to activate enzymatic activity in the 
presence of Mn ++ to a greater extent than in the presence of Mg ++ 

RNA polymerase activity of melanoma mitochondria was decreased by treatment with 
phospholipase A or phospholipase C as well as by extraction with ether or iso-octane. 
Phospholipase D as well as wheat-germ lipase did not have any effect on the RNA 
polymerase activ ities of nuclei or mitochondria. a -amanitin was found to inhibit the nuclear 
RNA polymerase activity in the presence of Mn ++ at high salt concentration but not in the 
presence of Mg ++ . The RNA polymerase activity of melanoma mitochondria was not 
inhibi ted by a-amanit in . The RNA polymerase activity in melanoma nuclei and mito
chondria was inhibited by actinomycin D but rifamycin and rifampicin did not have any 
inhibitor_v action . Of the various tis ues studied, the properties of the RNA polymerase from 
melanoma closely resembled those of the RNA polymerases from liver. 

RNA polymerase act ivity in mammalian cells is 
present mostly in t he nuclei (1] mainly associated 
with nucleoli and extranucleolar chromatin [2 ]. 
Recent studies have demonstrated that considera
ble RNA polymerase activity is also present in 
mitochondri a [3, 4 ]. The RNA polymerase in 
mammalian cells is present mostly in a mem
brane-bound form , in contrast to the extensively 
studied enzymes from microorganisms. The RNA 
polymerase from several mammalian tissues has 
been solubili zed and partially purified. These 
studies h ave revealed t he presence of two and in 
some cases three different forms of the enzyme in 
certain mammalian cells . Such partially purified 
preparations have been employed for t he study of 
the regulatory mechanisms involved in the syn
thesis of RNA in mammalian cells . Some of these 
studies have pointed out difficulties in correlating 
the properties of the solubilized RNA polymerase 
with the activity of the enzyme in vivo (5- 8] . 

Further ·studies have demonstrated t he presence 
in certain mammalian cells of a factor which 
specifically enhanced the activity of one form of 
RNA polymerase [7 , 8] . Although studies using 
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solubilized RNA polymerase preparations may be 
expected to provide valuable informat ion regard
ing the various forms of the enzyme, it is impor
tant to take into consideration t he manner in 
which native enzyme is associated wit h chroma
t in . Recent studies from t his laboratory have 
indicated that the activities of RNA polymerase 
from several mammalian tissues are significantly 
affected by the degradation of phospholipids as
sociated wit h chromatin-bound RNA polymerase 
complex [9- 11]. 

It is well known t hat tumors in general have an 
altered pattern of nucleic acid metabolism 
[13- 18]. It has been generally observed that most 
tumor t issues have an increased rate of RNA 
synthesis. In general , tumors also have enlarged 
nucleoli [2, 16 ] and higher ratio of nucleolar RNA 
synthesis to RNA synthesis in extranucleolar 
nucleoplasm [15-17 ]. Hepatoma cells have been 
reported to contain a more diverse selection of 
RNA molecules than are present in normal liver 
[14 ]. Nuclear RNA polymerases isolated from 
spontaneous brain tumors have been found to 
have different substrate requirements in compari
son to normal brain [18]. T he available data 
indicate t hat there is a wide diversity in the 
properties of the RNA synthesizing system among 
different tumors. Melanotic and amelanotic mela
nomas have been widely used in studies as a 
tumor and as a melanin synthesizing system. To 
our knowledge , RNA polymerase from melanomas 
has not been studied in any great detail. T he 
results described in this communication detail 
some of the properties of nuclear and mitochon-
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drial RNA polymerases from transplan table BH 
melanotic and amelanotic mel anomas. 

MATERIALS AN D METHODS 

Chemic als. ATP, CTP, GTP, and UTP (all as sodium 
salts), phospholipase C, wheat-germ lipase, and phos
pholipase D were obtained from Sigma Chemical Com
pany. Trypsin was obtained from Calbiochem. ['H]-CTP 
was purchased from Schwarz/Mann (specific activity 20 
Ci/mmole). Purified phospholipase A was prepared as 
described previously [9]. 

Transplantation of tumor. Melanotic and amelanotic 
Bl6 melanomas were originally obtained from Dr. A. 
K opf, New York University Medical Center, New York, 
N , Y. They were maintained by serial t ransplantation 
into C57 BL/6J mice as described previously (16). 

Preparation of nuclear RNA poly merase. Samples of 
melanom a were homogenized in 10 volumes of 0.25 M 
sucrose containing 0.01 M Tris-HCI butTer, pH 7.5. The 
homogenates were filtered through four layers of Mira
cloth . The filtrates were centrifuged at 600 g for 10 
minutes. The sediments were washed three times by 
resuspending in 0.25 M sucrose and centrifuging at 600 g. 
for 10 minutes. The sediments were finally suspended in 
0.05 M Tris-HCl bu!Ier, pH 7.5, and kept in ice for 30 
minutes. The suspensions were centrifuged at 10,000 g 
for 15 minutes. The supernatant fractions were saved 
and used as soluble RNA polymerase. T he sediments 
were suspended with homogenization in 0.05 M Tris
H Cl buffer, pH 8.1. These suspensions were employed as 
a source .of chromatin -bound RNA polymerase . 

Preparation of mitochondria. Mitochondria from mel
anoma were prepared by the method of Schneider and 
Hogeboom [20 ). The purity of these preparations was 
checked by electron microsco pic studies and enzyme 
assays. The washed mitochondria were suspended in 

. 0.05 M PO, buffer, pH 8.1, and incub ated at 37° C for 15 
minutes to increase permeability as recommended by 
Schmerling (21 ]. 

Pretreatment of poly merase preparations with phos
pholipase A . In experiments where t he enzyme was 
treated with phospholipase, 0.2 ml of enzyme prepara
tion was incubated with 0.05 ml phospholipase solution 
at the appropriate concentration . Cont rol tubes con
tained 0.05 ml water instead of the phospholipase 
solut ion. The incubation was carried out at 37° C for 1 
hour. At the end of this time the tubes were placed in ice 
and immediately employed for the RNA polymerase 
assay. 

Extraction of RNA poly m erase . The RNA polymerase 
preparations were extracted three t imes with 5 volumes 
of ether. Traces of ether in the aqueous phase were 
removed by bubbling nitrogen . The volume of t he 
aqueous phase was adjusted to t he original volume wi th 
0.05 M Tris-HCI buffer, pH 8.1, and mixed thoroughly 
by homogenization. The extraction with iso-octane was 
carried out in a simil ar manner. 

Assay of RNA polymerase. RNA polymerase activity 
was determined by measuring the incorporation of 
radioactive CMP into RNA. The usual incubation me
dium contained 100 mM Tris-HCI bufler, pH 8.1; 1 mM 
of ATP, GTP, and UTP; 1 .uM CTP containing 1 ,uc 
['HJ-CTP; 3 mM mercaptoethanol; and enzyme as 
specified . Total volume was 0.5 ml. Mg++ or Mn ++ was 
added as specified in the legends. Incubation was carried 
out at 37° C for 10 minutes. The incorporat ion of 
[' H]-CMP was determined as described previously [10]. 
When ammonium sulfate or other salts were added, they 
were added after t he pretreatment; the RNA polymerase 

reaction was started by the addition of a mixt ure ot 
nucleoside triphosphates. When soluble RNA polymer, 
ase was employed, the assay system also contained 30() 
,ug denatured calf-thymus DNA. In agreement with, 
prevwus reports, the RNA polymerase activities ot 
particulate preparations were not fur ther increased b)• 
addition of native or den atured calf-thymus DNA 
Therefore the standard assay medium for these prep ara: 
tions did not contain added DNA. 

RESULTS 

Properties of soluble and chromatin-bound 
RNA poly merases from melanoma. Some ele. 
mentary characteristics of the soluble and chro. 
matin-bound RNA polymerases from melanoma 
are shown in Table I. When the three nucleotide 
ATP, GTP, and UTP were omitted, t he incorpo. 
ration of radioactive CMP was decreased to ap. 
prox imately 8 percent of that in t he complete 
system. The radioactivity present in t he acid
insoluble precipitate could be completely ex. 
tracted by perchloric acid at 90° C as well as by 
KOH at 37° C. When so luble RNA polymerase 
was employed, the incorporat ion of radioactivi ty 
was decreased to approximately 10 percen t when 
DNA was not added to the system. The polymer. 
ase activity was also inhibited by actinomyciil D. 
These results show that the incorporation of 

TABLE I 

Properties of RNA poly m erase from melanoma nuclei 

Enzyme source(' RNA polymerase Extraction 
CMP' system' of RNA'· 

Nuclei Complete system Procedure I 1.90 
Nuclei ATP, GTPand Procedure I 0.22 

UTPomitted 
Nuclei Complete syste m Procedure II 1.85 
Nuclei Complete syste m Procedure Ill 1.95 
Soluble enzyme Complete system Procedure I 1.56 
Soluble enzyme DNA omitted Procedure I 0.15 
Soluble enzyme 20 ,ug actinomy- Procedure I 0.4 

cin D added 

"Nuclei conta ining 0.9 mg protein or soluble enzyme 
containing 1.7 mg protein were employed . 

• Complete syste m as described under Materials and 
Methods. 10 mM Mg ++ was added . When soluble 
en zyme was employed, 300 .ug of denatured calf-thymu 
DNA were added per tube. 

" Procedure I: as described previously [10 ]. Procedure 
II: The precipitate was washed with TCA and ethanol a 
in Procedure I. The precipitate was t hen extracted twice 
with 5% perchloric acid at 90° C for 20 min . 0.3 ml of thP 
com bined extract was employed for measurement of 
radioactivity as previously described [19]. Procedure ill: 
The precipitate was washed with TCA and et.hanol as in 
Procedure I. The precipitate was in cubated w1t h 1 N 
KOH at 37° C for 2 hr, and centrifuged. The precipitatP 
was once more extracted wit h 1 N KOH. The combined 
extracts were employed for measurement of radioactiv
ity as in (19]. 

• The resul ts are described in terms of p moles of 
['H ]-CMP incorporated per incu bation. 
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radioactivity by t he soluble polymerase is de
pendent on the presence of all of the four nucleo
tides and that the reaction is dependent upon 
DNA. These data are in agreement with the 
properties of DNA-dependent RNA polymerases 
fro m other sources. 

Effects of ions an~ ammonium sulfate on the 
activity of chromatm-bound RNA polymerase 
from m elanoma. The effects of various concentra
tions ofMg++ and Mn ++ and ammonium sulfate 
on polymerase activity are shown in Figure 1. It 
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FIG. 1. Effects of ions and ammonium sulfate on the 
activity ·· of chromatin-bound RNA polymerase from 
melanoma. 0.2 ml enzyme containing 0.7 to 1.0 mg pro
tein was used. RNA polymerase activity was deter
mined as described under Materials and Methods. The 
results are expressed in terms of [3H]-CMP incorporated 
per tube. (a) Mg++; (b) Mn++. /:;.--/:;.: no ammon
ium sulfate; 0--0: 40 mM ammonium sulfate; 
0--0: 400 mM ammonium sulfate. 

was found that in the absence of either Mg ++ or 
Mn ++ , only very low RNA polymerase activity 
could be detected . The RNA polymerase activi ty 
was considerably enhanced by addition of Mg++ . 
Since salts such as ammonium sulfate have been 
reported to produce considerable changes in the 
RNA polymerase activity from several normal 
tissues [10], the effects of ammonium sulfate on 
melanoma RNA polymerase were investigated . 
The RNA polymerase activity in the presence of 
Mg ++ was slightly decreased by 40 mM ammo
nium sulfate; addition of 400 mM ammonium 
sulfate decreased the polymerase activity to a still 
greater extent. Mn ++ was much less effective t han 
Mg++ in supporting the RNA polymerase activity 
of this preparation. Addition of 40 mM ammo
nium sulfate did not have any effect on the RNA 
polymerase activity. However, addition of 400 
mM ammonium sulfate enhanced the RNA pol
ymerase activity by approximately 100 percent. 
N aCl and KCl were found to have sim ilar effects 
to ammonium sulfate in t his system. 

Effects of phospholipases on the activity of 
chromatin-bound RNA polymerase from melano
ma. Some of the properties of chromatin-bound 
RNA polymerase from B16 melanoma are shown 
in Figure 2. Previous reports have shown t hat 
treatment with phospholipases produces drastic 
changes in t he RNA polymerase activities of 
several tissues [9- 11]. Preincubation of the mela
noma RNA polymerase in the presence of phos
pholipase A or phospholipase C was found to 
decrease the RNA polymerase activ ity in the 
presence of Mg++ by approximately 65 and 53 
percent respectively. However, phospholipase D 
did not have any effect on this system. When the 
RNA polymerase activity was determined in the 
presence of Mg++ and 400 mM ammonium sul 
fate, no further inhibition by phospholipases 
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FIG. 2. Properties of chromatin-bound RNA polymer
ase from melanoma. 0.2 ml enzyme was mixed with 0.05 
ml of a solution of phospholipase A (0.05 units) , phos
pholipase C (50 !LI!:) or trypsin (5 ILl!:) as stated below. 
Control tubes contained 0.05 ml water. The samples 
were preincubated at 37° C for 1 hr. The RNA polymer
ase activity was determined immediately after preincu
bation . The results are expressed in terms of [3H]-CMP 
incorporated per tube. (a) 10 mM Mg++; (b) 10 mM 
Mn++. 1: control; 2: phospholipase A; 3: phospholipase 
C; 4: control with 400 mM ammonium sul fate; 5: 
phospholipase A with 400 mM ammonium sulfate; 6: 
phospholipase C with 400 mM ammonium sulfate; 7: 
control; 8: trypsin. 
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could be observed . The RNA polymerase activity 
in the presence of Mn ++ was not s ign ificantly 
affected by preincubation in the presence of 
phospholipase A or phospholip ase C. P rev ious 
resul ts have shown th at RNA polymerase activity 
in liver and brain were increased by t reatment 
wi th t rypsin. T he results in Figure 2 show that the 
melanoma RNA polymerase activi ty in the pres
ence of Mg++ or Mn ++ was enhanced by treat
ment with try psin , although the ac tivity in the 
latter system was increased to a considerably 
greater extent. 

Effects of phospholipases on the RNA poly 
merase ac tivity in melanoma mitochondria. 
Freshly prepared mitochondria were employed to 
study the puri ty of the mitochondri al prepara
tions. E lectron microscopic studies showed that 
the above preparations from melanotic melanoma 
contained mostly mitochondria and melanosomes, 
while those ti·om amelanot ic melanoma contained 
mostly mitochondria. Some lysosome-like struc
tures were present, bu t there was no significant 
contamination by nuclei (see Fig. 3) . T hese prepa
rat ions also had high cytochrome ox id ase, succ inic 
oxid ase , pyruvic ox idase, and glutamic ox idase 
activit ies. Figure 4 shows the effects of preincuba
t ion in the presence of phospholipases on t he RNA 
polymerase activity of melanoma m itochond ria. It 
was found that incubation in the presence of 

phospholipase A or p~o~phol .i pa~e C decreased the 
RNA polymerase act1v1ty of m1tochondria in the 
presence of either Mg++ or Mn ++ . Addition of 400 
mM ammonium sulfate did not affect these in. 
hibi tory effects . Preincubation in the presence of 
try psin under s imil ar condi t ions to those used for 
the nuclei (Fig. 2) did not enhance t he R A 
polymerase activity of mitoc hondria . 

Effec ts of extract ion wich solvents upon the 
activit ies of nuclear and mitochondrial R NA po. 
ly merase from melanoma. In order to investigate 
the possibili ty that the above effects of the pho _ 
pholipases could be due to the accumul ation of 
t he products fo rmed by t he hydrolys is of pho . 
pholip ids by phospholipases , the effects of extrac. 
t ion of lipids from the RNA polymerase prepara. 
tions by solven ts, were invest igated . T he result 
are shown in F igure 5. It was found that extract ion 
of t he RNA polymerase wit h ether or iso-octane 
dec reased t he RNA polymerase activity in th~ 
presence of Mg++ to approximately the same 
extent as prein cubation in the presence of pho . 
pholipase A. When the extracted enzyme wa 
further t reated with phospholipase A there was no 
significant effect on the RNA polymerase activity. 
In cont rast to the RN A polymerase activity of the 
unt reated enzyme, t he activity of t he so lvent, 
ext racted enzyme was not enhanced by either 
ammonium sul fate or try psin. 

FIG. 3. Electron mi crogra phs of mi tochondrial preparation from melanoma. x 17,000. A. Melanotic melanoma: 
B. Amelanotic melanoma. 
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FIG. 4. Effects of phospholipases on the RNA po
lymerase activity in !flelanoma mitochondria . 0.2 :ml 
mitochondria contammg 1.2- 1.5 mg protem was em
ployed. Other cond itions were the same as _in Fig. 2. 1: 
control· 2: phospholipase A; 3: phospholipase C; 4: 
trypsin: 5: control _with 400 mM amm~:mium sulfate; 6: 
phospholipase A w1th 400 mM ammomum sulfate. 

Effects of inhibitors on the RNA polymerase 
ac tivities in nuclei and mitochondria from 
melanoma. Actinomycin D which is well known to 
be a potent inhibitor of DNA-dependent RNA 
pOlymerase inhibited the RNA polymerase from 
melanoma. However, rifamycin or rifampic in, 
which are known to inhibit soluble RNA polymer
ase from microorganisms but not from mam
malian cells [26], did not have any effect on the 
polymerase activity (Table II). a-amanitin has 
been reported to inhibit one of the nuclear RNA 
polymerases but not to affect t he RNA polymerase 
activity of mitochondria from several tissues 
[24-26]. The effects of a -amaniti n upon the RNA 
polymerase activities in nuclei and mitochondria 
from melanoma are shown in Figure 6. Minute 
quantities of a-amanitin were found to inhibit t he 
nuclear RNA polymerase activity in t he presence 
of Mn ++ and ammoni um sulfate . Much higher 
concentrations of this compound did not have any 
effect on the RNA polymerase activity of nuclei in 
the presence of M g++ or Mn ++ at low ionic 
concentration. The RNA polymerase activity of 
melanoma mitochondria under any of t he above 
conditions was not inhibited by a-amanitin. 

Effects of phospholipases on soluble RNA po
lymerases from melanoma nuclei. Soluble RNA 
polymerase from melanoma nuclei was prepared 
by lysis of t he nuclei in hypotonic medium as 
described under Materials and Methods. When 
these preparations were preincubated in the 
presence of phospholipase or extracted with sol
vents, the RNA polymerase activity was not 
altered_ 

Properties of RNA polymerases from melanotic 
and amelanotic melanomas. The experiments de
scribed above were carried out using RNA pol
ymerase preparations from melanotic and amela
notic Bl6 melanomas. It was found that in all 
these experiments similar results were obtained 
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FIG. 5. Effects of extraction with solvents upon the 
activities of nuclear (a) and mitochondrial (b) RNA 
polymerases from melanoma. The nuclear and mito
chondrial enzymes were extracted with ether or iso
octane as described under Materials and M ethads . The 
conditions for preincubation and RNA polymerase assay 
were the same as in Fig. 2. 1: control with Mg++; 2: 
phospholipase A with Mg++; 3: control with Mn ++; 4: 
trypsin with Mn ++; 5: control with Mn ++ and 400 mM 
ammonium sulfate. 

with the RNA polymerases from these two types of 
melanomas. In view of t hese findings, only the 
results from experiments with amelanotic tumors 
have been presented. 

DISCUSSION 

A comparison of the properties of RNA po
lymerases from melanoma with those of the RNA 
polymerases from several other t umors is shown in 
Table III. In several respects the RNA polymer
ases of l•lelanoma nuclei resemble the nuclear 
RNA polymerases from normal tissues. For exam
ple , the RNA polymerase activity of nuclei from 
melanoma is activated both by Mg ++ and Mn ++ 
and is enhanced by ammonium sulfate and tryp
sin. Actinomycin D, which is known to be a potent 
inhibitor of DNA-dependent RNA polymerase , 
was found to inhibit the melanoma RNA polymer
ase. S.imilarly, rifamycin which does not inhibit 
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mammalian RNA polymerases [23) was found not 
to inhibit the RNA polymerase from melanoma 
nuclei. However, the nuclear RNA polymerase 
from melanoma differs quantitatively from those 
from several tissues. Trypsin and ammonium 
sulfate stimulate t he RNA polymerase from mela
noma to a relatively smaller extent than those 
from normal brain and liver, but to approximately 
the same extent as those from heart, lung, spleen, 
and kidney [9-11]. It is interesting to point out in 
this connection that the RNA polymerase fr.om 
regenerating liver nuc lei is stimulated under these 
conditions to a considerably smaller extent than 
in the case of normal liver [22]. 

The RNA polymerase activity in melanoma 
mitochondria was similar to the enzyme in mito
chondria from several normal tissues. The mito-

TABLE II 

Effects of actinomycin D, rifamycin, and rifampicin 
upon the RNA poly merase activities in mitochondria 

from melanoma 

RNA Polymerase Activity 
Compound 

% CMP" Inhibition 

None 2.10 
Actinomycin D (20 Jlg) 0.52 75 
Rifamycin (10 J.Lg) 2.05 Ni l 
Rifamycin (100 J.Lg) 2.19 N il 
Rifampicin (10 J.Lg) 2.04 Nil 
Rifampic in (100 11g) 1.96 Nil 

" pmoles of ['H]-CMP incorporated per incubation . 

chondrial RNA polymerase is preferentially ac
tivated by Mg ++ rather than by Mn ++ . It alsa was 
found that the mitochondrial enzyme was not 
inhibited by a:-amanitin. Previous results have 
shown that a-amanitin does not inhibit the mito
chondrial RNA polymerase from several normal 
tissues [24-26] . 

RNA polymerase activities from melanoma nu
clei and mitochondria are decreased by treatment 
of these preparations with . phospholipase A or 
phospholipase C or extraction with ether or iso-
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TABLE III 

Comparison of the properties of RNA polymerases from melanoma and various normal tissues 
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Other tissues 

Compound added -
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octane. The RNA polymerase activity in Zimmer· 
man ependymoblastoma was similarly affected. 
Previous reports have shown that the RNA pol
ymerase activity of liver and heart nuclei and 
mitochondria is also decreased by these treat
ments, whereas the polymerase activities of simi
lar prepare.tions from brain are increased [9- 11]. 
The RNA polymerase activities of nuclei and 
mitochondria from s pleen, kidney, and lung are 
altered only to a relatively small extent by these 
treatments [11]. Although the biologic importance 
of these changes is not known, it appears that 
there are considerable differences in the role of 
lipids in maintaining the polymerase enzyme 
bound to the chromatin and it is possible that 
these differences may have influences on the 
expression of the RNA polymerases under various 
physiologic or pathologic conditions. The proper
ties of RNA polymerase from several other tumors 
are under investigation. 

One of the difficulties in these studies of mela
noma is the nonavailability of the corresponding 
normal tissue in sufficiently large quantities for 
comparative studies. Therefore in the present 
studies we have attempted to compare the proper
ties of melanoma RNA polymerase with similar 
properties of RNA polymerases from several nor
mal tissues [9- 11]. In these experiments the RNA 
polymerases from B16 melanoma most closely 
resemble the polymerases from normal liver. 
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