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SUMMARY

The binding of metabolically activated [3H]benzo(a)py
rene ([3H]BP) to the DNA, RNA, histones, and nonhistones
of isolated rat liver and lung nuclei was studied. Conditions
for optimal binding to the nuclear components were deter
mined. Upon incubation with isolated liver nuclei and re
duced nicotinamide adenine dinucleotide phosphate,
[3H]BP was able to bind to nuclear components. The bind
ing appeared to be covalent in nature. Treatment of the rats
with 3-methylcholanthrene induced the nuclear aryl hydro
carbon hydroxylase (AHH) activity and also increased the
level of carcinogen binding. The addition of rat liver micro
somes to the incubation systems greatly enhanced the level
of [3H]BP binding to the macromolecules in the nuclei from
both the control and 3-methylcholanthrene-treated rats,
and the maximal levels of binding obtained with these two
types of nuclei were similar. The binding was inhibited by
7,8-benzoflavone or glutathione. Lung nuclei from control
rats had very low AHH activity and did not exhibit apprecia
ble carcinogen binding, whereas those from 3-methylchol
anthrene-pretreated animals had slightly higher AHH activ
ity and caused low levels of binding. The binding of [3H]BP
to lung nuclei was greatly enhanced by liver microsomes
but only slightly by lung microsomes, which had rather low
AHH activity. Several lines of evidence indicate that, in the
control experiments (no reduced nicotinamide adenine di
nucleotide phosphate added), the radioactivity associated
with the macromolecule fractions is probably a background
value rather than due to the binding caused by a specific
interaction between benzo(a)pyrene and cytochrome P-4S0.
The present study clearly demonstrates that a carcinogen
activated at the microsomes can enter into the nucleus and
react with its macromolecules; the carcinogen can also be
activated by the monoxygenase system of the nuclear enve
lope. It appears that both the endoplasmic reticulum and
the nuclear envelope are potentially important sites of car
cinogen activation.

INTRODUCTION

It has been estimated that 80 to 90% of all human cancers
are environmental in origin (13), the most probable antece
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dent being exposure to chemical carcinogens. It has be
come axiomatic that covalent reaction of many of these
chemicals with critical cellular â€˜â€˜targetsâ€•is imperative in the
process of malignant transformation. In the case of chemi
cally inert polycyclic aromatic hydrocarbons, metabolic ac
tivation via the cytochrome P-4S0-mediated AHH3 system is
required before they can covalently bind to biomolecules
(13, 30). It is generally agreed that this reaction proceeds
through the formation of arene oxide intermediates (16, 41).
Of great current interest is the subcellular metabolic site of
carcinogen activation. It is reasonable to expect that carcin
ogens are activated by the microsomal AHH system and
then enter into the cell nucleus to react with target mole
cules. However, such a sequence of events has never been
clearly demonstrated. The existence and inducibility of nu
clear AHH have been well documented (18, 19). During the
preparation of this work, Rogan et a!. (37, 38) reported the
binding of polycyclic aromatic hydrocarbons to the DNA of
isolated rat liver nuclei. These authors have observed a
decrease in DNA binding if rat liver microsomes are also
included in the incubation (37). It appears that carcinogens
may be activated by the AHH of the nuclear envelope and
then react with nuclear macromolecules, whereas the endo
plasmic reticulum, due to its intracellular location, may only
have a detoxification function. One of the aims of this study
was to test this hypothesis and determine whether carcino
gens activated by the microsomal enzymes have a long
enough lifetime to enter into the nucleus and react with its
macromolecules.

Although it is commonly assumed that binding of poly
cyclic aromatic hydrocarbons to DNA leads to the carcino
genic event, binding of carcinogens to RNA and proteins
has been demonstrated (3, 5-7, 14, 17, 21, 24, 28, 29, 34,
36). Theoretical models have been proposed by Pitot and
Heidelberger (35) in which chemically altered proteins may
result in a perpetuated alteration of genetic expression.
Additionally, as has been emphasized by Pierce (33), car
cinogenesis can be considered to result from abnormal
cellular differentiation. Considering the vertically trans
mitted phenotypic changes observed in chemically trans
formed cells, interactions of carcinogens with macromole
cules within the nucleus may be critical in the process of
carcinogenesis.

We have studied the binding of BP, a ubiquitous and
potent carcinogen, with isolated liver or lung nuclei pre

3 The abbreviations used are: AHH, aryl hydrocarbon hydroxylasa; BP,

benzo(a)pyrene; MC, 3-methylcholanthrane; [3H]BP, [3H]benzo(a)pyrene; MC
microsomes or MC nuclei, microsomas or nuclei, respectively, isolated from
animals that were pretreated with 3-methylcholanthrene.
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pared from MG-treated or control rats. The binding of meta
bolically activated BP to DNA, RNA, histones, and nonhis
tones has been examined both in the presence and absence
of added microsomes. The binding was NADPH dependent,
and the addition of microsomes greatly enhanced the bind
ing of BP metabolites to each of the nuclear components.
The implications of these observations to the site of carcin
ogen activation are discussed.

MATERIALS AND METHODS

Chemicals and Biochemicals. BP, NADPH, DL-isocitric
acid, isocitric dehydrogenase, glutathione, and protease
(Streptomyces griseus, type VI) were purchased from Sigma
Chemical Co. , St. Louis, Mo. Bovine pancreatic RNase and
DNase were obtained from Worthington Biochemical Corp.,
Freehold, N. J. MC was from Mann Research Laboratories,
New York, N. V. , and 7,8-benzoflavone was from Eastman
Organic Chemicals, Rochester, N. V. 3-Hydroxybenzo(a)-
pyrene was supplied by the National Cancer Institute, Be
thesda, Md.

Radiochemicals. Generally labeled [3H]BP, with a spe
cific activity of S Ci/mmole, was obtained from Amersham/
Searle, Arlington Heights, Ill. Prior to use, the benzene
solvent was removed by a stream of nitrogen , and unlabeled
BP was added in acetone to a specific activity of 333 mCi/
mmole. Tritiated H2O (1 mCi/mI) was obtained from New
England Nuclear, Boston, Mass.

Treatment of Animals. Male Long-Evans rats (body
weight, 70 to 125 g) were used in the study. The animals
received a daily injection, i.p., of MC (25 mg/kg, in corn oil)
for 4 days; the control group received no treatment. All
animals were fed ad libitum and kept in air-conditioned
quarters with a 12-hr light-dark cycle.

Isolation of Microsomes and Nuclei. The animals were
sacrificed by decapitation , followed by rapid excision of the
livers and lungs. The individual tissues of each group of
animals (10 to 100) were pooled and rinsed 4 to 6 times
with ice-cold 0.14 M NaCI. All subsequent procedures were
performed at 0-4Â°unless otherwise indicated. Liver micro
somes were isolated as previously described (49) and
washed once with a solution containing 1.15% KCI and 10
mM EDTA. The microsomal pellet was suspended in 0.25 M
sucrose, frozen in small portions in a dry ice-acetone bath,
and stored at â€”90Â°.Prior to use in a binding experiment,
freshly thawed microsomes were added to an equal volume
of 40 mM Tris-HCI buffer, pH 7.4, containing 0.25 Msucrose,
6 mM MgCI2, and 2 m@iEDTA, and treated sonically for 60
sec. Lung microsomes were isolated with the use of the 800
x g supernatant obtained during the nuclear isolation. In
the preparation of liver nuclei, the tissue was minced fol
lowed by homogenization in 9 volumes of a 0.32 M sucrose
solution containing 3 mM MgCI2 and 5 mrvi NaHSO3 for 60
sec at a setting of 4.5 on a Tri-R K41 homogenizer. The
homogenate was filtered through 4 layers of cheesecloth
and centrifuged for 8 mm at 800 x g. The pellet obtained
from about 40 ml of the filtrate was suspended in 20 ml of a
2.4 M sucrose solution containing 3 mM MgCl2 and S mM
NaHSO3, and the nuclei were sedimented by centrifuging at
54,500 x@ for 60 mm. The nuclei were then washed 3

times with a 0.14 M NaCI solution containing S mM NaHSO:,
and resuspended in Buffer A [20 mM Tris-HCI (pH 7.4), 0.25
M sucrose, 3 mM MgCI2, and 1 mM EDTAI. Lung nuclei were

prepared by the same procedure except for the initial ho
mogenization time, which was 90 sec. The nuclei used in
the binding experiments were either freshly prepared or had
been stored frozen at â€”90Â°.

Assay of AHH. The method was similar to that of Nebert
and Gelboin (31) with some modifications (48, 49). An incu
bation time of S to 10 mm at 37Â°with 0.04 to 0.10 mg of
microsomal protein or 0.3 to 0.8 mg of nuclear protein was
used. The fluorescence of the phenolic products was mea
sured in a Farrand spectrofluorometer with activation at 396
nm and emission at 522 nm. A standard with a known
amount of authentic 3-hydroxybenzo(a)pyrene was usually
run in parallel with the assay for calculating the amount of
product formed. The spectrofluorometer was standardized
each time with quinine sulfate and the assay was carried out
in duplicate in dim light. All AHH activities were expressed
as pmoles of phenolic product formed per mm per mg of
protein.

Binding of (3H]BP to the Components of Isolated Nuclei.
The basic reaction mixture contained Buffer A, rat lung, or
liver nuclei corresponding to 7 mg of protein, 1 @moIeof
NADPH, 20 @molesof DL-isocitrate, and 0.4 unit of isocitrate
dehydrogenase in a volume of 1.98 ml. The reaction was
initiated by adding 60 nmoles of [3H]BP (20 @iCi)in 0.02 ml
of acetone, and the mixture was incubated at 37Â°for 30 mm.
During each experiment, a control was run in parallel by
omitting NADPH. After the incubation, an equal volume of
cold Buffer A containing 2% Triton X-100 was added to the
reaction vessel, which was placed on ice. The mixture was
homogenized gently with a Teflon pestle and a glass vessel
(Arthur Thomas, Philadelphia, Pa.), followed by centrifuga
tion at 800 x g for 10 mm. The same homogenizing vessel
was also used for subsequent homogenizations and centrif
ugations. All these procedures were conducted in subdued
light.

Fractionation of [3H]BP Labeled Nuclear Macromole
cules. The fractionation procedures are outlined in Chart 1.
The nuclear pellet was washed once with 4 ml of Buffer A
containing 1% Triton X-100, and the histone fraction was
obtained by extracting twice with 2 ml of 0.24 N HCI. The
precipitate was homogenized in 2 ml of 0.1 M Tris-HCI
buffer, pH 7.4, containing 1 mM EDTA. The mixture was
warmed to room temperature and the pH was adjusted to
7.4. It was then treated with SO @gof RNase at 37Â°for 60
mm, and 10 ml of 0.4 N HCIO4were added to the mixture at
0-4Â°. After centrifugation, the ribonucleotides were re
covered in the supernatant and the pellet was subjected to a
DNase digestion according to the procedure of Wilson and
Spelsberg (47). This involved homogenizing the pellet in 2
ml of 0.1 M Tris-HCI buffer, pH 7.5, containing 2 mM MgCl2,
2 mM CaCI2, and 0.1 mM EDTA, adjusting the pH to 7.5, and
incubating with 50 @gof DNase at 37Â°for 30 mm. Then 10 ml
of 0.4 N HCIO4 were added at 0-4Â°and the mixture was
centrifuged, leaving the polydeoxyribonucleotides in the
supernatant. The resulting pellet was homogenized in 2 ml
of 0.1 MTris-HCI buffer, pH 7.4, containing 1 m@EDTA and
thin was digested with 400 @gof preactivated protease at
60Â°for 2.5 hr. An equal volume of 20% trichloroacetic acid
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BP Binding to Nuclear Macromolecules

mined by liquid scintillation counting in a Beckman Model
LS 250 liquid scintillation spectrometer. Quenching was
determined by the external standardization method, and the
data were expressed as pmoles!mg of protein, DNA, or
RNA.

RESULTS

In order to find the optimal conditions for the binding of
BP to nuclear macromolecules, several variables were ex
amined. Chart 2 illustrates the binding of metabolically acti
vated [3H]BP to macromolecules of lung nuclei as a function
of incubation time in the presence of liver microsomes. The
binding was found to increase throughout the incubation
period and started to reach a plateau at 30 to 40 mm. A
similar trend of binding was also observed in systems con
taming control or MC liver nuclei, in the absence or pres
ence of microsomes. Therefore, a 30-mm time was selected
for subsequent studies.

Chart 3 is a typical experiment demonstrating the effect of
BP concentration on its binding to macromolecules of MC
liver nuclei. The binding was found to increase until the BP
concentration reached 15 to 30 @M.An inhibitory effect on
binding was observed with higher concentrations of BP,
and this is consistent with the results of Pietropaolo and
Weinstein (34), obtained with purified RNA and micro
somes. This experiment was repeated 4 times, yielding re
suIts similar to those shown in Chart 3. The data suggested
that the binding observed is not a physical binding, such as
intercalation or due to tritium exchange, as both would be
expected to increase with increasing concentration of
[3H]BP.

Chart 4 demonstrates the effect of added microsomes on
carcinogen-nuclear binding. The binding was found to in
crease until the microsomal protein in the incubation
reached about 4 mg. The addition of microsomes caused
maximal enhancements of 4- to 6-fold in the binding of

0)
E
â€˜I)
a)

0
E
0.

Minutes
Chart 2. Effect of incubation time on the binding of [3H]BP metabolites to

nuclear macromolecules. Each incubation contained rat lung nuclei and MC
liver microsomes corresponding to 7 and 4 mg of protein, respectively, and
30 @M[3H]BP (added in 20 @lof acetone). They were incubated at 37â€•for the
time indicated, and the zero time sample was kept on ice. The data are
expressed as pmolas of [3H]BP metabolites bound per mg of RNA (tx),
nonhistone (A), DNA (0), or histone (â€¢).
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Chart1. Fractionationof [3H]BP-Iabelednuclearmacromolecules.

solution was added at 0-4Â°,and the precipitate was re
moved by centrifugation, leaving the nonhistone peptides in
solution.

Colorimetric assays (4, 39) indicated the presence of nei
ther DNA in the acid supernatant following RNase digestion
nor RNA in the acid supernatant following DNase digestion.
Colorimetric assays also indicated that there was no nucleic
acid in the pellet after DNase digestion and acid precipita
tion. Protease digestion was found to solubilize about 80 to
85% of the nonhistone proteins. The initial steps of separat
ing the nuclei from the microsomes are believed to be
effective since (a) all of the added microsomal protein could
be accounted for in supernatant fractions (about 20% of the
nuclear protein was also removed with the microsomes),
and (b) the RNA and protein yields were not affected by the
amount of microsomes added.

Treatment of Nuclear Components. To remove noncova
lent or loosely bound [3H]BP, the histone fraction was re
peatedly precipitated with 10 volumes of acetone. Between
each precipitation, the pellet was dissolved in 2 ml of 0.24 N
HCI. After 3 such precipitations, the radioactivity in the
acetone supernatant generally approached background.
For removal of noncovalent or loosely bound [3H]BP from
the enzyme digests, ether extractions were used. After 4
extractions with an equal volume of ether, the radioactivity
in the organic phase generally approached background.

Quantitation of Nuclear Components. For histones, pro
tein was measured by the method of Lowry et a!. (25), with
bovine serum albumin as the standard. DNA was measured
either by the method of Burton (4) or by measuring absorp
tion at 260 nm (1 A26() SOj.@g/mI).RNA was also quantitated
by absorption (1 A26() 50 pg/mI) or by the orcinol reaction
(39). The nonhistone fraction was quantitated by measuring
absorption at 280 nm, assuming a concentration of 1 mg/mI
yields 1 A280(22). The DNA yield under these conditions was
about 1.3 mg/incubation. On a weight basis, the
DNA:histonernonhistone:RNA ratio obtained was about
1:1.5:1 .@:0.21.

Measurement of Radioactivity. Radioactivity was deter
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the absence of NADPH; (b) the addition of microsomes to
nuclei in the absence of NADPH did not result in a higher
level of binding (data not shown); (C)the addition of partially
purified cytochrome P-448 also did not result in significant
increases in the binding (Table 1, Experiment 8); (d) these
background values were lower if the incubation was carried
out at 0-4Â°(data not shown), a temperature less favorable
than 37Â°for the hydrophobic binding of [3H]BP to macro
molecules; and (e) reduction of ferric cytochrome P-450
was not observed, as judged by the absorption spectrum in
the presence of GO, upon the addition of BP to microsomes
or solubilized cytochrome P-448 (C. S. Yang, unpublished
observations).

The binding of metabolically activated [3H]BP to the com
ponents of rat lung nuclei is shown in Table 2. The AHH
activity of the nuclear envelope was very low but inducible
by the treatment with MC. In this experiment, the control
values (in the absence of NADPH) varied when different
nuclei and microsomes were used, and the binding is best
judged by comparing the pair of Experiments 1 and 2, 4 and
5, and 7 and 8. No binding in Experiment 2 and low levels of
binding in Experiment 5 were observed. The addition of
liver microsomes resulted in binding values comparable to
those obtained with liver nuclei. Also shown in Table 2 is the
effect of added lung microsomes which possessed a low
level of AHH activity, but were able to increase the amount
of binding to the macromolecules of MC nuclei.

To provide additional evidence for the enzyme depend
ence of the [3H]BP binding to nuclear macromolecules, the
effect of 7,8-benzoflavone and glutathione were examined
(Table 3). 7,8-Benzoflavone, a potent inhibitor of AHH activ
ity (46), substantially reduced the binding to all macromole
cules. Glutathione also produced the anticipated decrease
in binding, apparently by reacting with the active metabo
lites of [3H]BP.

The possibility of tritium exchange is believed not to
contribute to a large extent to the present results. The
exchange produced by the native [3HIBP molecule would be
reflected in the control values (no NADPH added), which are

0)
E
â€˜I)
a)

0
E
0.

Chart 4. Effect of microsomes on the binding of [3H]BP metabolites to
nuclear macromolecules. The reaction mixture contained MC nuclei (7 mg
protein), the indicated amount of MC liver microsomal protein, and 30 @.tM
[3H]BP. Incubation was at 37â€•for 30 mm. Other conditions were similar to
those in Chart 2.

500

0)
EI300

100

0 15 30 80
[Benzo(a)pyrenel ,i.iM

Chart 3. Effect of BP concentration on the binding of [3H]BP metabolites
to nuclear macromolecules. Each incubation contained rat liver nuclei and
MC liver microsomes corresponding to 7 and 4 mg of protein, respectively.
[3H]BP was added in 75 @lof acetone, and the mixture was incubated at 3@
for 30 mm. Other conditions were similar to those in Chart 2.

[3H]BP to all the nuclear macromolecule fractions. A decline
in binding was generally observed when the optimal con
centration was exceeded . The results shown here were
obtained with freshly prepared MC liver nuclei. Similar
trends in binding were obtained when this experiment was
repeated with lung nuclei or liver nuclei that had been
stored at â€”90Â°.

Table 1 provides a detailed examination of the micro
somal and nuclear envelope AHH-dependent binding to the
components of liver nuclei. In all cases, the addition of liver
microsomes was found to increase the level of [3HIBP bind
ing to nuclear components. The binding and AHH activity
can be roughly correlated. Control nuclei, which possessed
a low level of AHH activity, bound very low levels of [3H]BP
in the presence of NADPH. Treatment of the animals with
MC increased the AHH of the nuclear envelope by 6 times
and increased the level of binding 2 to 6 times. Addition of
rat liver microsomes increased the binding of BP metabo
lites to macromolecules of control nuclei by 10- to 15-fold.
Microsomes also enhanced the binding to MC nuclear mac
romolecules by 2- to S-fold. In the presence of microsomes,
the systems with control nuclei and MC nuclei had compa
rable levels of carcinogen bound to DNA, RNA, histone, and
the nonhistone fractions (Table 1, Experiments 3 and 6).
Also, the level of [3H]BP binding to DNA in Experiment S is
higher than the corresponding one in Chart 4. The causes of
this difference remain to be determined . Factors such as the
extent of induction and the physical state of the isolated
nuclei may not be identical in each experiment and they
may cause variation in the results.

The binding values observed in the absence of NADPH as
in Experiments 1, 4, 7, and 8 of Table 1 are believed to be
background values, rather than due to any 1-electron trans
fer from the carcinogen to ferric cytochrome P-450, as has
been suggested by Rogan et a!. (38). Several lines of obser
vations are in support of this conclusion: (a) it was consist
ently observed during the course of this study that MC
nuclei which have a higher cytochrome P-450 content (19)
did not bind a higher level of [3H]BP than control nuclei in

100

0 2 4 6 8
mg microsomal protein
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Table1Binding
of (3HJBPmetabolites to macromoleculesof livernucleiEach

incubation contained liver nuclei (7 mg protein) or liver nuclei plus MCliver microsomes(4mg
protein). The assay conditions were similar to those in Chart 4. Binding was expressedaspmoles

of BP bound per mg of macromolecules.One unit of AHH activity corresponded totheformation
of 1 pmole of 3-hydroxybenzo(a)pyreneper mm per mg protein. The microsomeshadan

AHH activity of 5400 units.Nonhis

Experiment NADPH DNA RNA Histonetone1
. Control nuclei (AHHactivity, 33 â€” 9.3 71.6 11.636.6units)2.

Control nuclei + 18.1 106.4 17.837.73.
Control nuclei + liver micro- + 236.2 1228.0 218.8531.1somes4.

MC nuclei (AHH activity, 210 â€” 9@ 62.3 10.729.3units)5.

MC nuclei + 117.7 357.7 87.8130.06.
MC nuclei + liver microsomes + 260.4 1345.0 269.5613.57.
MC nuclei â€” 10.2 67.3 15.747.88.
MC nuclei + 8 nmoles P@448' 11.7 70.7 15.1 38.5

Each incubation contained lung nuclei (7 mg protein) or lung nuclei plus MC microsomes(4mgprotein).
The assayconditions weresimilar to those in Table 1. The liver and lung microsomeshadAHH

activities of 5400and 860 units, respectively.Nonhis

Experiment NADPH DNA RNA Histonetone1
. Control nuclei (AHH activity, â€” 18.6 50.0 7.931.@5.7

units)2.
Control nuclei + 19.7 51.3 9.726.23.
Control nuclei + liver micro- + 194.6 679.8 132.8217.9somes4.

MC nuclei (AHH activity, 24 â€” 13.2 43.0 5.822.0units)5.

MCnuclei + 18.1 52.5 8.132.76.
MCnuclei + liver microsomes + 199.0 848.1 138.7223.27.
MCnuclei + lung microsomes â€” 6.1 31.0 6.513.88.
MCnuclei + lung microsomes + 13.3 65.8 12.2 30.0

Inhibition of the AHH-dependentbinding of [3HJBPto nuclearmacromoleculesMC
nuclei and MC liver microsomeswere used. Their properties and the assayconditionsweresimilar
to those in Table 1. NADPHwas present in all the incubations except in Experiment 1,andglutathione

or 7,8-benzoflavonewas added as indicated.Nonhis

Experiment Inhibitor DNA RNA Histonetone1
. Nuclei (â€”NADPH) 6.3 20.8 5.912.32.

Nuclei 127.3 367.3 156.7207.43.
Nuclei Glutathione, 10 mM 20.5 52.8 8.135.74.
Nuclei Benzoflavone, 0.1 mM 34.0 79.6 19.136.55.
Nuclei + microsomes 240.0 923.2 250.3526.36.
Nuclei + microsomes Glutathione, 10 mM 80.0 64.8 10.639.47.
Nuclei + microsomes Benzoflavone,0.1 mM 40.1 114.4 64.7 64.6

BP Binding to Nuclear Macromolecules

a Solubilized cytochrome P-448 from MC pretreated rats purified according to the procedure of

Levinet a!. (23)with modifications as described previously (50).

Table 2
Binding of (3HJBPmetabolites to macromoleculesof lung nuclei

Table 3

relatively low. Although during the metabolism of [3H]BP
some tritium retention would be expected via the NIH shift
(10), some tritium release has also been shown (12). The
tritium released into the incubation media may exchange
with hydrogen atoms of the nuclear macromolecules. The
data obtained with glutathione help to rule out this possibil
ity. As the metabolism is not inhibited (12), an equivalent DISCUSSION
amount of tritium should be released and available for ex
change. To examine this further, an equivalent amount of

3H2O(20 MCi) was added to the binding system in lieu of
[3H]BP. The radioactivity associated with the resulting mac
romolecule fractions in this experiment did not exceed 5%
of that obtained when 20 @tCiof [3H]BP were incubated with
nuclei in the absence of NADPH.

The primary objectives of this work were to establish an
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in vitro system for the examination of metabolically acti
vated [3H]BP binding to possible target tissues using iso
lated nuclei and to examine the role of microsomes in car
cinogen activation. The incubation conditions and the frac
tionation procedures have been shown to be satisfactory for
this purpose, as judged by the low background radioactiv
ity, good recovery of nuclear macromolecules, and high re
producibility of the trends observed. The level of binding to
DNA observed is similar to the values obtained by Rogan et
a!. (37, 38) and Alexandrov et a!. (1), if differences in the
incubation conditions are taken into consideration. In
agreement with the results of Alexandrov et a!. (1) but in
contrast to those of Rogan and Cavalieri (37) and Vaught
and Bresnick (45), the binding of [3H]BP to DNA was found
to be highly dependent on the presence of microsomes. The
binding to RNA, histones, and nonhistones also followed
the same pattern as binding to DNA. Similar binding pat
terns were also observed with control and MC lung nuclear
preparations, and the levels of the binding were related to
the AHH activity in the system. It was noted that the liver (or
lung) nuclei isolated either from control or MC-pretreated
rats can attain similar levels of maximal binding in the
presence of microsomes. Judging from the relative AHH
activities of the nucleus and microsomes, it seems that the
role of the nuclear envelope in carcinogen activation should
not be overemphasized.

It has been suggested recently that the binding in the
absence of NADPH may result through a 1-electron transfer
from the carcinogen to ferric cytochrome P-450, and such a
binding may be of great significance in carcinogenesis (38).
However, the present results indicated that the low level of
such binding was not affected by the amount of cytochrome
P-450 in the incubation system and hence we attribute it to
background, possibly due to hydrophobic interactions be
tween [3HJBPand the examined molecules.

Although the precise nature of the binding between the
BP metabolites and nuclear macromolecules awaits exami
nation by physicochemical procedures, several lines of evi
dence indicate that it is covalent in nature: (a) the binding is
resistant to detergent treatment; (b) the radioactivity is co
precipitated with nuclear macromolecules and cannot be
extracted with organic solvents; (c) the binding is depend
ent on AHH activity and NADPH; and (d) decreased binding
is observed with [3H]BP concentrations higher than 30 @.tM.

The present model system can be considered as an inter
mediate situation between studies in vivo and experiments
in which microsomes and purified DNA are used. It offers an
opportunity to examine the site of carcinogen activation
and demonstrated that BP activated by the microsomes has
a long enough lifetime to enter the nucleus and react with
its macromolecules. The use of liver microsomes has be
come widely accepted for assaying the binding of carcino
gens to DNA (7, 20, 34, 42, 44) and for the metabolism of
carcinogens to a mutagenic form (2). King et a!. (20) have
found a BP deoxyribonucleoside product formed by liver
microsomes to be apparently identical with the major prod
uct isolated from mouse embryo cells. The present liver
microsomes-liver nuclei system can serve as a convenient
model for studying carcinogen activation, although BP usu
ally does not induce hepatoma in adult animals (11, 26, 40,
43). Although microsomes of the lung contain less cyto

chrome P-450 than those of the liver, and differences be
tween them in response to some inhibitors have been re
ported (15), the 2 types of microsomes have been shown to
be similar in many respects (8, 9, 27). The use of liver
microsomes as an activating system with lung nuclei affords
high levels of binding to establish a trend of interaction
which can be confirmed with lung microsomes. It appeared
that the activated metabolites of [3H]BP can bind to RNA,
DNA, histones, and nonhistone proteins in the nucleus, and
the levels of binding were higher with RNA and nonhistone
proteins. A major factor in affecting the binding may be the
relative accessibility of these macromolecules. Of definite
interest is the interaction of BP with specific nuclear pro
teins and nucleic acids of the lung, which is considered
a principal target tissue. This is currently under investi
gation. Since the macromolecules within the isolated nu
cleus are probably in their native conformations, the pres
ent model system may yield information on specific bind
ings that cannot be provided by binding studies with iso
lated macromolecules.
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