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Hamster embryo cells metabolize benzo(a)pyrene to derivatives that covalently 
modify nuclear macromolecules including proteins. Not all proteins are modi- 
fied to the same extent nor by the same metabolites. In particular, a protein of 
apparent molecular weight 32,000 is highly modified by derivatives of 
trans-9,10-dihydro-9,10-dihydroxy B(a)P. This protein is shown here to be pref- 
erentially lost from nuclei during purification by centrifugation through high 
molarity sucrose solutions followed by osmotic shock. It does not appear to be 
a cytoplasmic contaminant, but shares many properties of an abundant protein 
from Xenopus laevis oocytes, nucleoplasmin. 
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Polynuclear aromatic hydrocarbons (PAH), a class of important environmen- 
tal pollutants, cause damage to susceptible eukaryotic cells that ranges from 
cytotoxicity to mutation to the induction of malignant transformation [l-51. Pro- 
duction of this damage requires metabolic activation of PAH to electrophilic 
intermediates that react with cellular macromolecules [6]. Thus, an understanding of 
the processes that ultimately lead to malignant transformation requires first an 
assessment of the types of macromolecules that are targets for activated xenobiotics 
and, second, elucidation of the functional effects of modification by PAH. For 
some years it has been known that activated PAH bind covalently to  cellular RNA, 
DNA, and protein [7-111, and in fact the structures of the major adducts formed 
between nucleic acids and certain PAH have been determined [12]. Despite these 
elegant and extensive biochemical studies, little is known about the possible relation 
of these adducts to carcinogenesis. 

Much less is known about covalent interactions of PAH with proteins, 
although proteins are quantitatively the major targets for PAH binding in many 
situations [10,13]. In microsomal metabolizing systems a subset of available pro- 
teins, presumably including the activating enzymes themselves, is subject to modifi- 
cation by benzo(a)pyrene [B(a)P] [14]. In cultured hamster embryo cells (HEC), 
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labeling of nuclear proteins by [3H]-B(a)P has been shown to be markedly nonuni- 
form and to involve two distinct metabolic pathways for B(a)P in these cells 
[10,15a]. One pathway culminates in formation of one or more of the stereoisomers 
of 7,8-dihydroxy-9,10-oxy-7,8,9,1O-tetrahydro-benzo(a)pyrene [ B(a)P-7,8-diol-9, 
10-epoxide], which covalently binds to RNA, DNA, and two of the nucleosomal 
core histones, H3 and H2A [lsa]. The other pathway is suspected to involve the 
“reverse” diol-epoxide, 9,10-dihydroxy-7,8-oxy-7,8,9,10-tetrahydrobenzo(a)pyrene 
[B(a)P-9,1O-diol-7,8-epoxide) and results in heavy labeling of a protein or proteins 
with an apparent M, on SDS-polyacrylamide-gel electrophoresis of about 32,000 
[15a]. We have previously shown that this protein, which we shall call BP32, does 
not copurify with the very lysine-rich histones nor with the high mobility group pro- 
teins during extraction with dilute acid [ 15bl. However, preliminary experiments us- 
ing a nuclear purification procedure that was different from our original detergent 
method [16] appeared to give nuclei with a reduced content of BP32. In the present 
work we have explored the differences between these two methods for purifying 
nuclei. 

METHODS 

The sources of all materials and methods of cell culture, handling of B(a)P 
and incubation of [3H]-B(a)P with cells have been described, as have the methods 
used in electrophoretic analysis [lo, 15a-181. All buffers contained 0.5 mM phenyl 
methyl sulfonyl fluoride and all preparative steps were carried out at 0-4°C. 
Preparation of detergent-treated nuclei has been described [ 161. Briefly, washed cells 
were homogenized in buffer [ lo  mM NaCl, 10 mM Tris (pH 7.0), 1.5 mM MgCl,] 
containing 0.5% Triton X-100 and 0.5% sodium deoxycholate, and nuclei pelleted 
by centrifugation; this step was repeated. Sucrose nuclei were prepared by a modifi- 
cation of the method of Berezney and Coffey [19]. Cell lysis was obtained by 
Dounce homogenization (“B” pestle, 15 strokes) in 10 mM Tris-HC1 (PH 7.4), and 
crude nuclei were pelleted. This step was repeated, and the final pellet was suspend- 
ed in TM buffer [50 mM Tris-HC1 (pH 7.4), 5 mM MgCl,] containing 2.2 M 
sucrose. Nuclei were collected by a 90 min centrifugation at 21,000 rpm (40,OOOg) in 
a Beckman 50 Ti rotor. Purified nuclei were washed twice with TM buffer contain- 
ing 0.25 M sucrose. Aliquots of each nuclear preparation were subsequently purified 
further by the alternate procedure. Nuclear preparations were dissolved in 6 M 
guanidine-HC1, 10 mM EDTA (pH 7.0) and extracted three times with 2.5 vol ethyl 
acetate; cytoplasmic extracts were adjusted to 6 M guanidine-HC1 before extraction. 
All preparations were dialyzed extensively against H,O and concentrated either by 
lyophilization or by precipitation with methanol (2 vol, 24 hr at 4°C) before analysis 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis [ 171. 

RESULTS 

In Figure 1 ,  we have compared the effects of detergent treatment during puri- 
fication with the effects of hydrodynamic shear produced by centrifugation through 
2.2M sucrose. The distribution of protein and protein binding in detergent-treated 
nuclei (lane D) was similar to previously published data [lsa]. Two major differ- 
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Fig. 1. Distribution of labeled proteins in different nuclear preparations. Confluent tertiary cultures of 
hamster embryo cells were incubated for 24 hr in the presence of 4 pM [3H]B(a)P (6 Ci/mmole). The 
same preparation of labeled cells was used in Figures 1, 2, and 3. Nuclei were prepared as described in 
Methods by the detergent technique (lane D) or by the sucrose technique (lane S). An aliquot of sucrose 
nuclei was further purified by treatment with detergent (lane SD) and an aliquot of detergent nuclei was 
further purified using the sucrose technique (lane DS). All nuclear preparations were extracted with ethyl 
acetate, prepared for electrophoresis, and analyzed on 15Vopolyacrylamide gels by the method of 
Laemmli [17]. The upper panel represents the Coomassie blue stained proteins. The stained gel was then 
subjected to fluorography (lower panel, reference 18) to determine the distribution of hydrocarbon among 
the proteins. Marker proteins (lane STD) were bovine serum albumin (68K), ovalbumin (43K), and car- 
bonic anhydrase (30K). 

ences were found when nuclei were prepared by the sucrose technique (lane S). An 
abundant protein in the 50,000-55,OOO apparent molecular weight range, which is 
highly labeled by B(a)P, was virtually absent from sucrose purified nuclei. Secondly, 
BP32 was absent or much reduced in the sucrose-purified nuclei. When sucrose- 
purified nuclei were subsequently treated with detergent (lane SD), we detected no 
increase in labeling in the 32,000 molecular weight region of the gel. This suggested 
that BP32 did not appear as a result of detergent-induced breakdown or aggregation 
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of other proteins normally present in nuclear preparations. Conversely, further 
purification of detergent nuclei by centrifugation through 2.2 M sucrose did not 
remove labeled BP32 (lane DS). We conclude from these studies that there are 
physical differences between nuclei prepared by these two techniques such that BP32 
is easily removed from nuclei during purification through sucrose if it has not been 
previously treated with detergents. 

One possible explanation for these results would be a differential contamina- 
tion of the nuclear preparations by a highly labeled cytoplasmic protein. In Figure 
2, we compared patterns of labeled proteins found in the cytoplasmic extracts of 
cells homogenized in the presence of detergents (lane DC) with those homogenized 
without detergent (lane TC) in preparation for sucrose purification of nuclei. For 
comparison, the detergent-treated nuclear preparation was electrophoresed in lane 

Fig. 2. Distribution of labeled proteins in cytoplasmic preparations. The cytoplasmic extracts of cells 
homogenized in buffer without detergent (lane TC) or homogenized with detergent (lane DC) were ana- 
lyzed. Detergent-treated nuclei were also analyzed to mark the position of BP 32 (lane D). 
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D. Allowing for differences in the total amount of protein actually loaded in the 
two lanes, there were no major differences between the patterns of labeled proteins 
present in the cytoplasmic extracts. A few highly labeled proteins, which were ab- 
sent from nuclear preparations, were seen in both preparations. Significantly, the 
highly labeled BP32 did not appear to be a major component of the cytoplasmic ex- 
tracts. Thus, cytoplasmic contamination is not a likely explanation for the presence 
of BP32 in detergent-treated nuclei. 

We next asked at what step in the sucrose purification procedure was BP32 
removed from the nuclei. Proteins present in the 2.2 M sucrose wash and in the 
subsequent wash with 0.25 M sucrose were analyzed in Figure 3 (lanes 2.2 W and 
0.25 W, respectively). Each lane represented approximately 115 of the total material 
present in the extract. The major portion of the radioactive protein that was re- 
leased in these washes was recovered in the low molarity sucrose wash rather than in 

Fig. 3. Distribution of labeled protein in nuclear wash fractions. Proteins removed during preparation of 
sucrose nuclei (lane S) by centrifugation through 2.2 M sucrose (lane 2.2W) or by washing with 0.25 M 
sucrose (lane .25 W) were analyzed. Lane D is the detergent nuclei marker preparation. 
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the initial 2.2 M sucrose centrifugation step. In particular, a very strong band with 
the same electrophoretic mobility as BP32 was found in the 0.25 M sucrose extract. 
Although a similar band is seen in the 2.2 M extract, densitometry of a fluorogram, 
which was exposed for a shorter period of time than the one shown in Figure 3, 
demonstrated that more than 90% of the BP32 in these washes was recovered in the 
0.25 M sucrose extract. 

DISCUSSION 

Since proteins account for greater than 70% of B(a)P binding to nuclear 
macromolecules in HEC [lo], we have been interested in defining the major target 
proteins and in understanding their role in carcinogenesis. Previous studies [ 151 have 
shown that histones H3 and H2A are targets, but have argued against the possibility 
that the very lysine-rich H1 histones were major targets, leaving the identity of 
BP32 unknown. The present results show that BP32 is preferentially lost from 
nuclei purified by a modification of the Chauveau method [19]. The data of Figure 
2 show that BP32 is not a major component of the cytoplasmic extracts, suggesting 
that it is either intranuclear or tightly associated with the nucleus. This suggestion is 
supported by the experiment shown in Figure 3. The major loss of BP32 from 
nuclei occurs not as a result of the hydrodynamic shearing produced by centrifuga- 
tion through 2.2 M sucrose, but as a result of osmotic shock when the 2.2 M su- 
crose pellet is resuspended in a solution of much lower osmolarity (0.25 M sucrose). 
This tendency of BP32 to leak from nuclei is similar to the properties of nucleoplas- 
min [20], an abundant protein in Xenopus laevis oocytes. These proteins also have 
approximately the same molecular weight and insolubility in dilute acid, and we are 
currently exploring the possibility that BP32 is a mammalian counterpart of 
nucleoplasmin. 

The larger question of the functional significance of binding of PAH to 
nuclear proteins remains open. It is clear that some but not all major structural pro- 
teins of the cell can be modified by B(a)P. The strongly stained bands at 43,000 
daltons and about 52,000 daltons seen in both nuclear and cytoplasmic preparations 
probably represent actin (43K) and a mixture of tubulin and proteins of the in- 
termediate filament family (52K); the 52K band is highly labeled by B(a)P, while the 
43K band is not. Similarly, histones H3 and H2A are modified while H2B, H4, and 
H1 are not. Binding of bulky hydrocarbons to these proteins is likely to perturb the 
cellular architecture of which the modified protein is a part, and thereby produce a 
variety of effects, including structural defects, increased turnover, and altered func- 
tion. The relationship of these effects to processes that lead to malignant transfor- 
mation remains for future investigation. 
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