
J. Appl. Genet. 43(3), 2002, pp. 371-376

Short communication

Differences between rats and mice in induction

of 4S �-naphthoflavone-binding protein expression

by treatment with �-naphthoflavone

Damian BRAUZE, Rados³aw JANUCHOWSKI, Krzysztof SZYFTER

Institute of Human Genetics, Polish Academy of Sciences, Poznañ, Poland

Abstract. Sprague-Dawley rats and several inbred strains of mice were compared with

respect to the induction of 4S BNF-binding protein expression by treatment with

�-naphthoflavone (BNF), an aryl hydrocarbon receptor (AhR) ligand. Inbred strains

of mice chosen for the study encompassed 3 allelic forms of AhR found in Mus

musculus so far. As it was reported by us earlier, treating rats with BNF caused a signifi-

cant induction of BNF-binding protein expression. By contrast, no BNF-binding pro-

tein was detected in mice treated with BNF in corn oil as a vehicle or with corn oil itself.

Key words: aryl hydrocarbon receptor, 4S �-naphthoflavone binding protein, metabolism

of carcinogens.

The aryl hydrocarbon receptor (AhR) mediates a variety of biological responses

to ubiquitous environmental pollutants, such as polycyclic aromatic hydrocarbons

(PAHs) and chlorinated dibenzo-p-dioxins. These responses include: (i) activa-

tion of some PAHs to ultimate carcinogens (PELKONEN, NEBERT 1982), (ii) mod-

ulation of benzo[a]pyrene-DNA adducts formation and of sister chromatid

exchanges (BRAUZE et al. 1991, BRAUZE et al. 1997b), (iii) disruption of the en-

docrine responses (SAFE et al. 1998), (iv) toxicity and tumour promotion

of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (OKEY et al. 1994, VILUKSELA

et al. 2000). The AhR binds several distinct structural classes of planar aromatic

ligands, such as halogenated aromatics (e.g. TCDD); PAHs (e.g. 3-methyl-

cholanthrene, in short 3MC, and benzo[a]pyrene) and heteropolynuclear aromatic
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hydrocarbons (e.g. �-naphthoflavone in short BNF). After binding its ligand,

the AhR induces expression of certain enzymes. The induction is achieved via

a complex signal-transduction pathway involving interactions with other proteins.

The enzymes subjected to this induction are involved in xenobiotic metabolism,

both phase-I (the CYP1 family of cytochrome P450s) and phase-II (glutathione

transferase Ya, NAD(P)H:quinone oxidoreductase, UDP glucuronosyltransferase

1a6, aldehyde dehydrogenase 3) (NEBERT et al. 2000). However, some of the bio-

logical effects mediated by AhR, e.g. toxicity of TCDD, cannot be explained by

altering expression of genes coding for enzymes involved in xenobiotic (carcino-

gen) metabolism, which suggests that AhR may participate in regulation of other

genes as well. The gene encoding the 4S BNF-binding protein is one of the pre-

sumable candidates to be regulated by AhR. The protein has been recently de-

tected and characterized in liver cytosols from Sprague Dawley rats (BRAUZE,

MALEJKA-GIGANTI 2000). Competitive binding experiments pointed at BNF,

�-naphthoflavone and 3MC, but not TCDD or benzo[a]pyrene, as the best ligands

for the 4S BNF-binding protein. Induction of the 4S BNF-binding protein in rats

treated with an AhR agonist, such as TCDD, BNF and 3-MC, and to a lesser extent

�-naphthoflavone, indicated involvement of AhR in the regulation of the respec-

tive gene expression (BRAUZE, MALEJKA-GIGANTI 2000). Until now, 4S

BNF-binding protein was only detected in rats. The present study was undertaken

to examine the 4S BNF-binding protein expression and involvement of AhR in its

induction in mice. Inbred strains of mice with the allelic forms of AhR displaying

altered affinity for its ligands (POLAND, GLOVER 1990, POLAND et al. 1994) were

chosen for the study.

Chemicals

[3’,5’-3H] �-naphthoflavone was purchased from Chemsyn Science Lab.

(Lenexa, KS, U.S.A.); �-naphthoflavone, activated charcoal, catalase (from bo-

vine liver), BSA, resorufin, ethoxyresorufin, phenylmethylsulphonyl fluoride

(PMSF) were purchased from Sigma-Aldrich Co. (St. Louis, MO, U.S.A.); Dex-

tran T-70 was purchased from Amersham Pharmacia Biotech (Uppsala, Sweden).

Treatment of animals and preparation of liver cytosolic and microsomal

fractions

Inbred mice strains – C57BL/6, DBA/2, BALB/c and C3H (Institute of Immunol-

ogy and Experimental Therapy, Wroc³aw, Poland) – were housed and maintained

as described previously (BRAUZE, PAWLAK 1988). 6-10-week-old male mice

were treated with a single intraperitoneal injection of 80 mg BNF in 10 ml corn oil

as a vehicle, per 1 kg body weight (b. wt.). Control mice received a corn oil injec-

tion at 10 ml/kg b. wt. Archival, frozen liver from Sprague Dawley rats (Harlan

Sprague Dawley, Indianapolis, IN, U.S.A.) treated on day 50 ± 2 of age with a sin-

gle intraperitoneal injection of BNF at 40 mg/kg b.wt. in corn oil at 5 ml/kg b. wt.
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or with corn oil at 5 ml/kg b.wt. (BRAUZE, MALEJKA-GIGANTI 2000) were used as

a reference. Animals were killed (by decapitation under asphyxia with CO2) 40 hr

after injection. The livers were perfused, removed and frozen as described previ-

ously (BRAUZE et al. 1997a). Frozen livers were homogenized on ice and fraction-

ated by centrifugation in 3 volumes of Tris buffer, pH 7.6, consisting of 25 mM

Tris, 1.5 mM EDTA, 20 mM sodium molybdate, 1 mM dithiothreitol, 0.5 mM

PMSF and 10% glycerol as described previously (BRAUZE et al. 1997a). Liver

cytosols were carefully collected and microsomal pellets were suspended in

0.25 M potassium phosphate buffer pH 7.25, containing 0.15 M KCl and 30%

glycerol.

Assay of specific binding of [3H]BNF to liver cytosol

[3H]BNF specific binding to rat liver cytosol was performed using sucrose density

analysis as described previously (BRAUZE, MALEJKA-GIGANTI 2000). Liver

cytosols (0.6 mg of protein) from BNF- or corn oil-treated rodents were incubated

for 18 h at 4oC with 20 nM [3H]BNF in a total volume of 150 ml in the presence or

absence of a 100-fold excess of the unlabelled BNF added in ethanol (3.3% final

concentration). The unbound [3H]BNF was removed by addition of 50 �l of char-

coal suspension (3% charcoal, 0.3% Dextran T-70), incubation at 4oC for 10 min
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Figure 1. Sucrose density analysis of [3H]BNF-binding to liver cytosol of BNF-treated

Sprague Dawley rats and C57BL/6 mice. Aliquots of rats (�) and mice (�) cytosols were

incubated with 20 nM [3H]BNF (�,�) or 20 nM [3H]BNF + 2 �M BNF (�,�). Arrows denote

the positions of the sedimentation standards BSA (4.4 S) and catalase (11.3 S) analysed on

separate sucrose gradients. The results are typical of four separate experiments



and sedimentation of charcoal(1500g, 10 min). Aliquots of the supernatants

(100 �l) were applied to linear 10-30% sucrose gradients as described (BRAUZE,

MALEJKA-GIGANTI 2000) and centrifuged at 4oC for 3 h at 406350 g in

a Beckman VTi 80 rotor, using slow acceleration and deceleration modes. BSA

(4.4 S) and catalase (11.3 S) were layered on to separate sucrose gradients as ex-

ternal sedimentation standards (Figure 1). After piercing the bottom of each tube,

fractions (6 drops each) were collected to 5 ml of scintillation cocktail and the ra-

dioactivity was determined using a 1217 RackBeta Liquid Scintillation Counter

(LKB Wallac). Specific binding was defined as difference of [3H]BNF binding to

4S fraction in absence or presence of unlabelled BNF.

Assay of enzyme activities

Liver microsomal ethoxyresorufin-O-deethylase (EROD) activity was deter-

mined according to the published procedure (POHL, FOUTS 1980).

Hepatic cytosols used herein were devoid of EROD activity and thus consid-

ered free of microsomal contamination. Sucrose density analysis of [3H]BNF

binding to liver cytosol of BNF-treated rats revealed a predominant peak of radio-

activity in the 4S fraction (Figure 1). Co-incubation of [3H]BNF with the 100 ex-

cess of unlabelled BNF eliminated the peak. The difference in the amount

of radioactivity bound to the 4S fraction in presence and absence of unlabelled

compound was considered to represent the specific binding (Table 1). Thus, in
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Table 1. Effect of treatment of different strains of mice and Sprague-Dawley rats with

BNF on specific binding of [3H]BNF to 4S liver cytosolic proteins and on microsomal

EROD activities

Animals Treatment N
Specific [3H]BNF

binding
(fmol/mg of protein)

EROD activity
(pmol/min/mg of protein)

S-D rats c.o. 4 0.854 ± 0.599 81.3 ± 13.1

BNF 4 892.3 ± 142.2* 3483.3 ± 240.7*

C57BL/6 mice c.o. 5 nd 72.4 ± 8.8

BNF 4 nd 2153.7 ± 582.1*

DBA/2 mice c.o. 2 nd 143.0 (80.0; 206.0)

BNF 2 nd 108.0 (133.0; 83.0)

C3H mice c.o. 1 nd 100.0

BNF 2 nd 251.8 (337.5; 166.0)

BALB/c mice c.o. 1 nd 85.0

BNF 2 nd 571.7 (360.0; 783.3)

N = number of tested animals; c.o. = corn oil; nd = not detected. All measurements were performed in duplicates.

The values are the means ± SEM.; or when N = 2 – the means (results from individual animal). * P < 0.05, signif-

icantly different from the corresponding values for corn oil-treated animals, Mann-Whitney U test



agreement with our previous results (BRAUZE, MALEJKA-GIGANTI 2000), treat-

ment of Sprague Dawley rats with BNF induced 4S BNF-biding protein expres-

sion (Table 1). In contrast to rats, no indication of 4S BNF-binding protein

induction was found in the BNF-treated strains of mice (Figure 1, Table 1). Such

results were surprising, taking into account close similarity between both species

of rodents, and the high degree of amino acid sequence identity between rat and

mouse Ah receptors (CARVER et al. 1994). Inbred strains of mice chosen for this

study represented all 3 allelic forms of AhR found so far in Mus musculus;

e.g. C57BL/6 mice sensitive to receptor agonists carry the Ahb-1 allele, BALB/c

and C3H mice carry the Ahb-2 allele with intermediate sensitivity, and DBA/2

mice less sensitive to AhR agonist carry the Ahd allele encoding the lowest affinity

receptor (POLAND, GLOVER 1990, POLAND et al. 1994). Induction of EROD ac-

tivity, considered specific for rat and mouse CYP1A1 (NERURKAR et al. 1993)

by BNF treatment of animals, followed the pattern of AhR alleles distribution (Ta-

ble 1). The open question is why 4S BNF-binding protein was easily detected in

BNF-treated Sprague Dawley rats but not in mice. Treatment of rats with AhR lig-

ands was shown to coinduce EROD and 4S BNF-binding protein (BRAUZE,

MALEJKA-GIGANTI 2000), so it should be detected at least in C57BL/6 mice car-

rying the AhR allele with the highest sensitivity to receptor agonists. It is possible

that results obtained here reflect functional interspecies differences in

the AhR-dependent genes. However, the physiological meaning of this observa-

tion in the context of metabolism of xenobiotics and carcinogenesis remains un-

clear. We cannot completely exclude inducibility of 4S BNF-binding protein in

some untested strains of mice, as inbred strains of mice used in this study were all

generated in A. Lathrop laboratory and therefore all have a common ancestor

(BECK et al. 2000).
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