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Catalytic properties of polymorphic human cytochrome P450 1B1

variants

Tsutomu Shimade, Junko Watanabé', one. These results indicate that the polymorphisms in the
Kaname Kawaijiri 1, Thomas R.Suttef, human CYP1B1gene cause some alterations in catalytic
F.Peter Guengericl¥, Elizabeth M.J.Gillam*® and function towards procarcinogens and steroid hormones and
Kiyoshi Inoue thus may make some contribution to susceptibilities of

Osaka Prefectural Institute of Public Health, 3-69 Nakamichi 1-chome, individuals towards mammary and Iung cancers in humans.

Higashinari-ku, Osaka 537-0025 af8aitama Cancer Center Research
Institute, Kitaadachi-gun, Saitama 362-0806, JapBivision of
Toxicological Sciences, Johns Hopkins University, School of Hygiene and |ntroduction
Public Health, Baltimore, MD, 21205 ariDepartment of Biochemistry and
ﬁenm“ig '\me;;lzlgszﬁxsiflg%s\efaggﬁ;g:tt gpgﬁfsslltgl ()Schggldof Medicine, = Kawaijiri and co-workers have reported thdsp and lle-Val
as 7 y i
Pharmacology, The University of (%ueensland, St)/Lucie?,)/Queensland 4072, ponmorpNsm_s of theCYP1Algene appear to be related to
Australia the susceptibility towards lung cancer, but not breast cancer,
in a Japanese population (1,2). The mechanisms by which the
cytochrome P450 (CYP) 1A1 polymorphisms determine the
susceptibilities of individuals towards lung cancer are not
known at present, however, it has been suggested that some
differences in the catalytic activities of these CYP1AL1 variants
towards activation of lung carcinogens such as beajpgfene
(B[a]P) to active metabolites that initiate cellular transforma-
tions in this organ might be involved (3-5). Very recently, we

. have reported evidence suggesting that CYP1B1, as well as
were used to assess whether CYP1B1 polymorphisms affect cyp1a1, is also very active in catalyzing the activation

catalytic activities towards a variety of P450 substrates, ¢ lung carcinogens such as+)- and (-)-Bp]P-7,8-diol

including diverse procarcinogens and steroid hormones. :

Activiti(_ag for activztion of 1% procarcinogens to DNA- ?é?g]rg)o [ﬂ]%ﬁa?; (Esr?z’gg#‘szlﬁ;ﬁ;ﬁlrglﬁebe(%igj)]gl, ?‘?ﬁ;e
damaging products by these four CYP1B1 variants in @ 713 gimethylbenzanthracene (DMBA)-3,4-diol, 5-methyl-
Salmonella typhimurium NM2009 umu response system  qpvsene-1,2-diol and 5,6-dimethylchrysene-1,2-diol (6). Some
were found to be essentially similar, except that a Arg48, ¢ these chemicals are also known to be mammary carcinogens

Ser119,Leud432,Asn453 variant was slightly more active ;. oyperi ; ; ;
. perimental animals and recent studies have established
(1.2- to 1.5-fold) than the other three CYP1B1 enzymes in 4t cypP1B1 is expressed at substantial levels in human

catalyzing activation of (+)- and (-)-benzoflpyrene-7,8- | \ormmar T

‘ . ) y epithelial cells (7-9).

diols, 7,12-dimethylbenzglanthracene-3,4-diol, benzagjch- Another interesting finding is the observation that CYP1B1
rysene-11,12-diol, benzdflfluoranthene-9,10-diol,2-amino- a45)y7e5 the oxidation of Brestradiol at a higher rate at the
3,5-dimethylimidazo[4,5{]quinoline,  2-amino-3-methyl- 4 osition than at the 2 position; the former metabolite has
imidazo[4,54]quinoline and = 2-aminofluorene. ~Kinetic  hean syggested to be involved in development of breast cancer
analysis of 1B—estrad|ol. hydroxylation showed thatVimax  in humans (10-12). CYP1Al and CYP1A2 oxidize f17
values for 4-hydroxylation ranged between 0.9 and 1.5 ogyadiol preferentially at the 2 position (12,13).
nmol/min/nmol P450 for 4-hydroxylation and 0.3 and 0.6 It has recently been reported that there are at least six
nmol/min/nmol P450 for 2-hydroxylation in these CYP1B1 polymorphisms of theCYP1B1gene in humans and that
variants, with Ky, values ranging from 1 to 9uM. Interes- 5 \umormhisms are found leading to amino acid replacements
tingly, the ratio of product formation of 4-hydroxyestradiol of Arg by Gly, Ala by Ser, Leu by Val and Asn by Ser at
to 2-hydroxyestradiol was higher for the Val432 variants  ~,qons 48, 119, 432 and 453 (14-16). Thus, it is of interest

of CYPlBﬁ variants th(;’m the LeéIJA_fSZhvariantsfof the  +5 know whether the mutated CYP1B1 proteins change in
enzyme. The same trend was noted in the ratio of estrone  .,a\vtic functions towards environmental procarcinogens and
4-hydroxylation to estrone 2-hydroxylation catalyzed by estrogens.

CYP1B1 variants. Mutation in the CYP1B1 genes also | this paper we examine the effects on catalytic properties
affected theK, and Vins values in the @-hydroxylation of ¢ e twclc)J tspes of allelic variants, with amino gtcidprepl)alace-
testosterone and §- and 16o-hydroxylation of progester-  ments of Ala by Ser at codon 119 and of Leu by Val at codon
Abbreviations: B[g]C, benzof]chrysene; BH]F, benzop]fluoranthene; 432' We expressed 'CYP%E\‘:L variants EB(,:heHCQLISl coliin
Bl[a]P, benzoflpyrene; BEJP, benzoflphenanthrene; CYP, cytochrome Which plasmids pCW /1BTAN/ANPR, pCW /1BESINhNPR,
P450; DBR,[|P, dibenzof, lpyrene; DMBA, 7,12-dimethylbenalanthracene;  pCW'/1B1IRAN/ANPR and pCW'/1B®SYNhNPR were intro-
F4N5F’_f?du£glri?]zrj N?A%TS-P%zO-a rﬁgggassgimleQﬂ,]yIﬁ];?(?;?g[fgﬂgm{dazoduced; the resulting bacterial membranes containing CYP1B1
MéIQx, 2-amir,10-3,8-dim’ethylimidazo[4,’§quinoxaline; Trp-P-1, 3-amin6- variants Arg48,Alall9,Leu432,Asn453, Arga8,Serll9,Leuds-
1,4-dimethyl%i-pyrido[4,3bjindole: diol, used in the text to designate the 2,ASN453, Arg48,AIallQ,VaI432,Asn453_ and Arg48,Serl119,
prefix ‘dihydroxydihydro’ for individual polycyclic hydrocarbons. Val432,Asn453, respectively, together with human NADPH-

5To whom correspondence should be addressed

Email: shimada@iph.pref.osaka.jp (T.S.); gilam@plpk.ug.edu.au (E.M.J.G.)
Four polymorphic human cytochrome P450 (CYP) 1B1
allelic variants, namely Arg48,Alall9,Leud432,Asn453,
Arg48,Ser119,Leu432,Asn453, Arg48,Alall9,Val432,Asn-
453 and Arg48,Serl119,Val432,Asn453, were expressed in
Escherichia colitogether with human NADPH-P450 reduc-
tase and the recombinant proteins (in bacterial membranes)
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P450 (hNPR) reductase (17) were used for measurement of
catalytic activities. Catalytic properties of CYP1B1 variants
examined in this study were determined using 19 procarcino-
gens, 1B-estradiol, estrone, testosterone and progesterone.

Materials and methods

Chemicals

B[a]P, (+)- and (-)-BR]P-7,8-diols were purchased from the National Cancer
Institute Chemical Carcinogen Repository Midwest Research Institute (Kansas
City, MO). DBJ[a,l]P-11,12-diol, DMBA-3,4-diol, Bf)C-11,12-diol, BE]P-
3,4-diol and benzdjfluoranthene (Bj]JF)-9,10-diol were kindly provided by

Dr Stephen S.Hecht (University of Minnesota, Minneapolis, MN). Other
chemicals and reagents used in this study were obtained from sources described
previously or were of the highest quality commercially available (17-19).

Construction of different genotype CYP1BRNAS expression plasmids

The cDNA fragments were amplified from Human Fetal-Kidney Quick Clone
cDNA (Clontech, Palo Alto, CA) with LATaq DNA polymerase, using the
following primers: 3-primer, 8-TATCGGATCCAAGGTCCCAGTTCCTT-
CTCG-3; 3'-primer, 3-AACTGGATCCTGAAGAACCGCTGGGTATGG-3
PCR products contained the full-length coding region of @¢P1B1gene.
Variant sequences were introduced into the monocistrGie1Blexpression
plasmid pCW//1B1 (construct 3) described previously (17), which encodes Wavelength (nm)

Arg at position 48, Ala at position 119, Val at position 432 and Asn at position

453. The CYP1B1 Arg48,Serl19,Val432,Asn453 variant was prepared bY—'ig. 1. Carbon monoxide difference spectra of membranes. aoli

replacing the PfIMI-EcoRI fragment of the original expression plasmid eynressing CYP1B1 variants Arg48,Alal19,Leud32,Asn453 (
(containing codon 119) with the cognate fragment of the amplified CDNAArg48,Serll9,Leu432,Asn453x Arg48,Alal119,Val432,Asn453) and

encoding Arg at position 48, Ser at 119, Leu at 432 and Asn at 453. The\g48 Ser119,Val432,Asn45D) expressed ifE.coli membranes in
CYP1B1 Arg48,Ser119,Leu432,Asn453 variant was prepared by cloning theqmpination with hNPR.

PfIMI-PpuMI fragment (containing codons 119, 432 and 453) from the

amplified CDNA encoding Ser at 119, Leu at 432 and Asn at 453 into thz\lMZOOQ was determined in systems containiigoli membranes (in which
expression vector in place of the original (Alal119,Val432,Asn453) sequenc > i )
Bicistronic constructs of CYP1B1 Argd8,Ser119,Val432, Asnd53 and Arg4g,CYPLALANPR or CYP1BI/ANPR had been expressed using bicistronic
Ser119,Leu432,Asn453 variants were then prepared by subcloning the respeé?—‘:tors) as described previously (6,22). Standard incubation mixtures included
ive P450 cDNAs from the monocistronic expression plasmidbl@g—Xbal 450 (10 pmol) and 2.5M procarcinogen in a final volume of 1.0 ml of
fragments into the original bicistronic expression plasmid, pCW/1B1/hNPR 100 MM potassium phosphate buffer (pH 7.4) containing an NADPH generating
(17). Finally, the CYP1B1 Arg48,Ser119,Leu432,Asn453 variant was preparedYStem and 0.75 mi of bacterial suspension. Incubation conditions. afi

in bicistronic format by replacing thddd—EcoR fragment (containing codon membrane and reconstitution systems were as descrlt_)ed abovg._lndu_ctlon of
119) of the bicistronic vector encoding CYP1B1 Arg48,Ser119,Leu432, Asn453/MuU gene expression is presented as unit3@falactosidase activity/min/

with the cognate fragment from the bicistronic vector for the original variant. "M°! P450 (23).

In each case, replacement of cDNA cassettes was confirmed by diagnost@ther assays

gain or loss of restriction sites. The presence of specific mutations ap450 was estimated spectrally by the method of Omura and Sato (24). Protein
codons 119 and 432 was further confirmed by single-stranded confirmatioBoncentrations were estimated by the method of Loetrgl. (25).

polymorphism analysis. In all cases the N-terminal codon modifications foun%tatistical analvsis

necessary to achieve expression of CYP1BIEicoli and present in the o Y ) )

original expression vector (17) were retained. All expression constructs uselfinetic parameters for the hydroxylation of fi-stradiol, testosterone and

Absorbance

in this study encoded Arg at position 48 and Asn at position 453. progesterone by recombinant human P450 enzymes were estimated using a
Bacterial ‘bicistronic’ CYP1A1, CYP1A2, CYP2E1 and CYP3A4 systems computer program (KaleidaGraph; Synergy Software, Reading, PA) designed
were prepared as described (17,20). for non-linear regression analysis. Statistical analysis was performed by

. Student'st-test.
Expression

Recombinant CYP1A1 and CYP1BL1 variants were co-expressef.dali |
with hNPR and bacterial membranes were harvested and characterized &esu ts

described previously (17,20). Briefly, ~Qugy of plasmid DNA was introduced Expression of CYP1B1 variants in E.coli
into DH5a competent cells (4Qul of stock bacterial suspension) by a heat . , ALN ' i SLN
shock procedure. A single colony was picked and the bacteria were grown id he plasmids pCW /1BY"N/hNPR, pCW /1BFS-VhNPR,

LB medium containing 10Qig ampicillin/ml and 0.1% glucose (w/v) at 37°C  pCW'/1BIRN/hNPR and pCW/1BRSYNhNPR were intro-
gntﬁn&g%ﬂﬁtﬁiﬁﬂﬁg Oé ;gerﬁag;e:at‘rg’vc';hellgr?‘e‘é‘t"S‘;‘;ugsn/rlne&jg“ém duced intoE.coli and the bacterial membranes were isolated.
ampicillin/ml, 1.0 mM IPTG a’nd 0.5 mM 58j-aminolevulinic acid (S-A’\LA), CcO dlfferenc_e spectra showeq that all of the constructs
the cells were grown for 24 h at 30°C with shaking at 150 r.p.m. (using tripleProduced active CYP1B1 proteins of Arg48,Alall9,Leu432,
baffle flasks) in a Bio-Shaker (type BR-300LF, Taitec Co., Tokyo). Asn453, Arg48,Serll9,Leu432,Asn453, Arg48,Alall9,Val432,
Steroid hydroxylation activities Asn453 and Arg48,Serl19,Val432,Asn453, respectively, in the
173-Estradiol and estrone hydroxylation activities were determined in amembranes (Figure 1). Yields of P450, as determined by the
standard incubation mixture (final volume 0.25 ml) containing variants ofmethod of Omura and Sato (24), were ~75, ~170, ~170 and
recombinant P450s (0.2M), 50 mM potassium phosphate buffer (pH 7.4), 116 nmol/l medium, respectively, and the spectra in all of

an NADPH generating system consisting of 0.5 mM NADB mM glucose . .
6-phosphate and 0.5 U of glucose 6-phosphate dehydrogenase/ml, 1.5 m‘\I/FIIe CYP1B1 preparations showed the wavelength maximum

ascorbic acid and estradiol or estrone (408l). Product formation was ~at 446 nm in the reduced CO complex.

determined as described previously (13). _Procarcinogen activation by CYP1B1 variants

Testosterone and progesterone hydroxylation activities were determined beé . . . . .
the methods described previously (21). rocarcinogens, including two polycyclic aromatic hydro-
Genotoxicity assay carbons, 10 dihydrodiols, five heterocyclic aryl amines,

P450-dependent activation of procarcinogens to reactive products that caugéamin()ﬂuoren_e and 3'meth0XY'4'aminOQZObe_n_Z?ne, were
induction of umu gene expression in tester stra@almonella typhimurium  used to determine and compare the catalytic activities of four
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Fig. 2. Concentration dependence offit@stradiol 4-hydroxylationA) and 2-hydroxylationB) by CYP1B1 variants Arg48,Alal19,Leu432,Asn4583)(
Arg48,Ser119,Leu4d32,Asn453\f, Arg48,Alal19,Vald32,Asn453&) and Arg48,Ser119,Vald32,Asn454) expressed irkE.coli membranes in combination
with hNPR.

Table I. Activation of procarcinogens by human CYP1B1 variants and CYP1A1l co-expressed with hNEREiirmembranes

Procarcinogen Procarcinogen activatiam@ units/min/nmol P450)
CYP1BL1 variant CYP1Al
Alal19,Leu432 Serl119,Leu432 Alal19,Val432 Ser119,Val432

Bla]P 330+ 30 330+ 20 290+ 40 300+ 30 320+ 30
(+)B[a]P-7,8-diol 730+ 10 920+ 40 730+ 80 760+ 90 830+ 90
(-)B[a]P-7,8-diol 580+ 90 720+ 10 590+ 70 660 70 630+ 30
DBJ[a,l|P-11,12-diol 780* 80 880+ 70 800+ 70 830+ 30 850+ 80
Chrysene-1,2-diol 51@ 80 616+ 70 490+ 30 540+ 80 750+ 110
5-Methylchrysene-1,2-diol 100& 140 1080+ 130 950+ 90 990+ 170 1060= 60
5,6-Dimethylchrysene-1,2-diol 398 40 440+ 30 400+ 50 370+ 80 460+ 40
DMBA 80 = 20 80+ 20 70=* 40 80+ 10 260+ 50
DMBA-3,4-diol 930+ 40 1130=+ 20 880+ 80 850+ 50 940+ 60
B[g]C-11,12-diol 430= 60 530+ 20 370+ 40 340+ 50 380+ 30
B[c]P-3,4-diol 240+ 10 280+ 40 190+ 30 170+ 30 80+ 10
B[b]F-9,10-diol 670+ 60 820+ 80 700+ 40 590+ 10 510+ 40
Trp-P-1 870+ 90 830100 800+ 60 890+ 60 610+ 60
3-Amino-1-methyl-%i-pyrido[4,3-bjindole 260+ 40 240= 30 200= 30 220+ 30 240+ 30
MelQ 560+ 120 780= 90 560+ 110 610+ 40 920+ 90
MelQx 580 + 50 570+ 40 450+ 140 470+ 60 720+ 140
1Q 700 = 80 910+ 50 680+ 80 700+ 30 720+ 100
2-Aminofluorene 770+ 80 830+ 110 820+ 10 810+ 90 740+ 40
3-Methoxy-4-aminoazobenzene 38070 350=* 70 410= 20 360= 70 950+ 50

Data are means: range of duplicate determinations.
All CYP1BL1 variants used in this work contained Arg48 and Asn453.

CYP1BL1 variants in the membranesfcoli to form reactive  azo[4,5f]quinoxaline (MelQx) and 3-methoxy-4-aminoazo-
metabolites in the tester strais.typhimurium NM2009  benzene and had lower activities for dip-3,4-diol and
(Table 1). Human recombinant CYP1Al co-expressed with3-amino-1,4-dimethyl-B-pyrido[4,3b]indole (Trp-P-1).

hNPR in membranes d&.coli was also used for comparison. ) : : :
Activities for activation of 19 procarcinogens to DNA- 17B-Estradiol and estrone hydroxylation by CYP1B1 variants

damaging products by these four CYP1B1 variants inThe dependence of the formation of 4-hydroxy- and 2-hydro-
S.typhimuriumNM2009 were found to be essentially similar, xyestradiol on the concentration off}-éstradiol was examined
except that the Ser119,Leu432 variant activity was slightlyfor four variants of CYP1B1 (Figure 2). 4-Hydroxylation
higher (1.2- to 1.5-fold) that those of the other threeactivity was higher than 2-hydroxylation activity in all of the
CYP1B1 enzymes in catalyzing activation off} and four CYP1B1 enzymes examined. 4-Hydroxylation of
(-)-B[a]P-7,8-diols, DMBA-3,4-diol, B§lC-11,12-diol, ~ 17B-estradiol was highest with the Ala119,Val432 variant and
B[b]F-9,10-diol,2-amino-3,5-dimethylimidazo[4ffguinoline lowest with the Ala119,Leu432 variant. Interestingly, the ratio
(MelQ), 2-amino-3-methylimidazo[4,8quinoline (IQ) and  of 17B-estradiol 4-hydroxylation to 2-hydroxylation was higher
2-aminofluorene. for the two Val432 than for the two Leu432 variants for all of
Recombinant CYP1A1 gave relatively similar activities to the substrate concentrations used; the ratio in the former two
CYP1B1 for procarcinogen activation, except that the formeicases was 3-3.6 while the latter two showed ratios of ~2. The
enzyme had higher activities than the latter enzyme foNV,/K., ratio for 17B-estradiol 4- and 2-hydroxylation by
chrysene-1,2-diol, DMBA, MelQ, 2-amino-3,8-dimethylimid- these four CYP1B1 variants was essentially similar, except
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Table II. Kinetic analysis of the hydroxylation of B7estradiol by recombinant human CYP1B1 variants expressé&dcoli which co-express hNPR

CYP1B1 variant 1B-Estradiol hydroxylation Vimax ratio
4-Hydroxylation 2-Hydroxylation
Km (LM) Vimax VimadKm Km (UM) Vimax Vimad Km 4-12-
(nmol/min/nmol P450) (nmol/min/nmol P450)
Alal19,Leu432 5.1+ 4.2 0.91=* 0.10 0.18 6.9+ 4.3 0.42* 0.04 0.06 2.2
Serl19,Leu432 52 23 1.15+ 0.07 0.22 8.4+ 3.2 0.61* 0.05 0.07 1.9
Alal19,Val432 5.3+ 2.8 1.45+ 0.10 0.27 5.7+ 2.8 0.46* 0.03 0.08 3.2
Serl119,Val432 2519 1.10%+ 0.06 0.44 0.9+ 1.3 0.33*+ 0.01 0.37 3.3

Data are means: SE.
All CYP1BL1 variants used in this work contained Arg48 and Asn453.

values were essentailly similar for four CYP1B1 variants
Table Ill. Estrone hydroxylations by CYP1B1 variants and other human examined.
P450 enzymes co-expressedBrcoli with hNPR

P450 Estrone hydroxylation (nmol product/ Ratio Discussion

min/nmol P450) Numerous studies have shown that polymorphisms in P450
genes cause defects in the expression of the proteins or changes
in the catalytic function of the resultant mutated enzymes

4-Hydroxylation 2-Hydroxylation 4-/2-

CYP1B1 variants (26,27). Individuals who have mutations in th€¥P2D6and
Alal19,Leu432 0.24- 0.03 0.17+ 0.02 1.4 CYP2C19enes have been reported to have very low catalytic
Ser119,Leud32 0.3+ 0.03 0.22+ 0.02 15 activity towards typical substrates such as debrisoquine and
Alal19,val432 0.50+ 0.09 0.8+ 0.03 18 S mephenytoin, respectively, and appear to show severe phar-
Ser119,val432 0.42- 0.04 025+ 002 17 phenytoin, respe Y, ppear 1o ¢ P

CYP1A1 0.03+ 0.01 0.55+ 0.07 0.06 macological and toxic effects when administered the usual

CYP1A2 0.07+ 0.01 0.75+ 0.06 0.09 dosages of certain drugs (28-30). It has also been reported

CYP2E1 <0.01 <0.01 that polymorphisms in th€YP1A1 2E1and2D6 genes relate

CYP3Ad 0.04= 001 0.22 0.02 026 to susceptibilities in the incidence of lung and breast cancers

3 < 0.05 as compared with activities by the Ala119,Leu432 variant. in humans (3,31). Among the studies reported so far, Kawajiri

Data are means: range of triplicate determinations. and co-workers have shown thidsp and lle-Val polymorph-

All CYP1B1 variants used in this work contained Arg48 and Asn453. isms of theCYP1Algene are associated with a high susceptibil-

ity to squamous cell carcinoma of the lung; genotype C in the
that the ratio was highest in the Ser119,Val432 variant, Wi”{)ﬂoslsmg(r)r%?;%pglrirgn;qgegsgtci)éﬁg/ﬂ/r\e/almlgrethtialrllegm\ﬂ'age as

K values being low (Table Il). Again, it was shown that the]c - :

: . : requent as they are among controls in the Japanese population
\rNat'o h?f rY ”‘ra>]§ \ﬁe}tlrllje?m;‘orv4l-23)’/gr\cl)lear?ton to 2-hydroxylation (1,2). It is interesting to note that a point mutation in the lle—
a_?h 9 et' N ]? 10 at di Ia a:lhs.d lati Val polymorphism causes an amino acid replacement of lle
€ rau o B-estradio -ydroxylation = VErsUS ¢ vial at residue 462 in the heme-binding region and studies

2-hydroxylation was determined to be 0.03, 0.03 and 0.0 : - :
- : ' uggest that the Val variant of CYP1A1 shows slightly higher
for human (bicistronic) CYP1Al, CYP1A2 and CYP3A4, atalytic activity for oxidation of BiIP (4,32).

respectively (co-expressed with hNPR in bacterial membranes), Genetic . -
X . polymorphism in the huma@YP1B1gene has
at a substrate concentration of 1QM (detailed results recently been reported by Stoileat al. (14), Bejjani et al.

not shown). X
. . . (16) and Baileyet al. (15) and the results have suggested that
Estrone 4-hydroxylation was higher than 2-hydroxylationg, o™ e 4t feast six genetic polymorphisms in the human

for all four CYP1B1 variants and the ratio of 4-hydroxylation CYP1B : . :
. X ene. Of the mutations in th&YP1Blgene examined,
to 2-hydroxylation was determined to be 1.4-1.5 for Leu432amino ;%id replacements occur at codonlsg 48. 119, 432 and

‘r’:tr.?n;fs 2?(:01'27_ Blfr Jorlgt‘% r}/%?gezst\:grrmigmsa(s-razlre I:Q. T.?]e453 leading to the replacement of Arg by Gly, Ala by Ser,
: yaroxy-atl was very Iow in ) o, by Val and Asn by Ser, respectively (14,15).

human bicistronic CYP1A1, 1A2 and 3A4. CYP2EL catalyzed In this study we determined whether two changes at codons

tahned 20' f aeg?r(;lr;zy((j{ggﬂaﬁll())gto\ielrg elf)t;/altg\(;lel(sdata not shown) 119 and 432 of th€ YP1Blgene cause alterations in catalytic

y o properties towards a variety of substrates, including procarcino-
Testosterone and progesterone hydroxylation by CYP1Bgens and gonadal steroid hormones. Four recombinant CYP1B1
variants variants (Arg48,Alal19,Leud432,Asn453, Arg48,Serl119,Leu43-
Testosterone [Bhydroxylation activities were higher for the 2,Asn453, Arg48,Alal119,Val432,Asn453 and Arg48,Ser119,V-
Leu432 than for the Val432 variants, with thg, /Ky, ratio  al432,Asn453) were co-expressed knhcoli together with
being several fold higher for the former two enzymes than théWNPR and the activities of the recombinant proteins were
latter enzymes (Table 1V).V,. values of progesterone characterized. The results obtained here can be summarized
63- and 1&-hydroxylation activities were lower in the Leu432 as follows. Activities for activation of 19 procarcinogens to
than the Val432 variants. However, the ratio \§f,, to K, DNA-damaging products by these four CYP1B1 variants in
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Table IV. Kinetic analysis of testosterong3ydroxylation and progesteron@-6and 1@-hydroxylation by recombinant human CYP1B1 variants expresséddali

Progesterone hydoxylation

Testosterong®ydroxylation

CYP1BL1 variant

1&-Hydroxylation

6B-Hydroxylation

VimadKm

Vmax
(nmol/min/nmol P450)

Km (HM)

VinaxKm

Vmax
(nmol/min/nmol P450)

VimadKm Km (LM)

(nmol/min/nmol P450)

Vm ax

Km (HM)

0.10

23+ 8 23* 03

0.02

0.6+ 0.1

25+ 11

0.13

22+ 0.3

1= 7

Alal19,Leu432

0.09

46+ 17 41+ 0.8

0.02

1.4+ 04

74+ 32

0.10

5+ 0.6

2.

26- 16

Serll19,Leu432

0.05

154+ 69 8.3+ 27

0.02

3.4+

0.3 0.02 167+ 69

+

11

48+ 23

Alal19,Val432

0.07

1.0

0.02 75+ 24 54+

+ 0.6

2.4

0.03 109+ 42

5+ 0.3

1.

54+ 23

Serl119,Val432

Testosterone [Bhydroxylation and progesteron@-6and 1&-hydroxylation activities were determined at substrate concentrations between 20 aphil 180 incubation time of 10 min and a P450

content of 25 pmol in a final incubation mixture of 0.25 ml.

All CYP1B1 variants used in this work contained Arg48 and Asn453.

Data are meansg SE.

Catalytic properties of human CYP1B1 variants

S.typhimuriumNM2009 were found to be essentially similar,
except that the Ser119,Leu432 variant was found to be slightly
more active (1.2- to 1.5-fold) than the other three CYP1B1
enzymes in catalyzing activation of some of the dihydrodiols
of polycyclic aromatic hydrocarbons. The kinetic analysis of
17B-estradiol hydroxylation showed that the ratio of product
formation of 4-hydroxyestradiol versus 2-hydroxyestradiol was
higher in the Val432 than the Leu432 CYP1B1 variants
(in terms of Vo but notV,,,./K). The same trend was also
noted in estrone 4-hydroxylation, for which both the
Arg48,Alal19,Val432,Asn453 and Arg48,Ser119,Val432,-
Asn453 CYP1B1 variants gave slightly higher rates than did
the Arg48,Alal19,Leu432,Asn453 and Arg48,Serl119,Leud32,-
Asn453 variants of CYP1B1. Finally, the two CYP1B1 Leu432
variants were found to have high#ft, /K., ratios than the
Val432 variants for B-hydroxylation of testosterone. These
results support the view that mutations at codons 119 and 432
of the CYP1B1 enzyme cause some alterations in substrate
specificity and catalytic activity. The results of changes in
4-hydroxylation of estrogens seen in the Val432 variants of
CYP1B1 are of interest, since it has been suggested that
4-hydroxylation of 1PB-estradiol and estrone is one of the
causes of breast cancer in humans (12,33).

We found in this study that the ratio of 4-hydroxylation
to 2-hydroxylation of estrogens by recombinant CYP1A1,
CYP1A2 and CYP3A4 was 0.03, 0.03 and 0.09, respectively,
when 1PB-estradiol (at 100uM) was used as substrate and
0.06, 0.09 and 0.26, respectively, when estrone (at i)
was used as substrate. These rates were extremely low as
compared with those of CYP1B1 variants, where the ratio of
4-hydroxylation versus 2-hydroxylation of f+&stradiol and
estrone was determined to be between 1.9 and 3.3 and between
1.4 and 1.8, respectively, suggesting again the importance of
the CYP1B1 enzymes in the formation of 4-hydroxyestrogens
in humans.

Recombinant CYP1Al1 and CYP1B1 enzymes Hncoli
membranes (in which the reductase was co-expressed) were
examined for their abilities to activate 19 procarcinogens to
genotoxic metabolites irs.typhimuriumNM2009 (Table 1).

The results suggested that the activities of CYP1Al1 and
CYP1B1 enzymes were essentially similar for procarcinogen
activation, except for the activities whendBp-3,4-diol, chry-
sene-1,2-diol, DMBA, MelQ, MelQx, 3-methoxy-4-aminoazo-
benzene and Trp-P-1 were used as substrates. The results
obtained in this study were somewhat different from those
of our previous work using recombinant CYP1B1 in yeast
microsomes and purified CYP1A1 isolated from membranes
of E.coli: in both systems only th€YP1Alor CYP1B1cDNA,
respectively, using monocistronic vectors, had been introduced
and the activities were measured after adding rabbit liver
NADPH-P450 reductase to the reaction mixtures (6). Especi-
ally, procarcinogen activation activities by CYP1Al in the
reconstituted system in the previous work were very much
lower than those obtained in this work usiBg-olimembranes
co-expressing CYP1A1 and hNPR. It should, however, be
mentioned that numerous recent studies have suggested the
usefulness of recombinant P450 enzymes co-expressing
NADPH-P450 reductase in studies of roles of P450 enzymes
in the biotransformation of drugs, toxic chemicals and procarci-
nogens (13,17,20,34-36).

In a preliminary account, Watanalk¢ al. recently analyzed
two types (Alall9Ser and Leu432Val) of CYP1B1 poly-
morphisms in the Japanese population and have reported
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that frequency distributions of each allele with combination 8.Eltom,S.E., Larsen,M.C. and Jefcoate,C.R. (1998) Expression of CYP1B1
genotypes of (Arg48)Alal1o.Leud32, (GlyaB)Ser119,Leudd2,  Jhod Eu o b ey e o o the Ah recepior
ITutIv | 10XI X ure: .
(Arg48)Alal19,val432 and (Gly48)Serl19,Vald32 are 0.746, oinorend 800" s aaa, P P
0.100, 0.136 and 0.018, respectively; the two polymorphismsg Huang,z., Fasco,M.J., Figge,H.L., Keyomars,F.K. and Kaminsky,L.S.
Arg—Gly at codon 48 and Ala—Ser at codon 119 have been (1996) Expression of cytochromes P450 in human breast tissue and tumors.
shown to be genetically associated, namely Arg is linked to0 g”ilr?k'\éegb-'s)i?ﬁfgzc“v 8?:%;93’% Giertv) £ Haves.C.L. LiY. and
Ala and Gly to Ser, resPeCtlvely’ In contrast the pOIYmorphlsm SStter',T.R. Y(lQS?) I7nduc£ion of 'cytoéhrome Py&50 iBl a)i\d (’:atec’hol éstrogen
of Ala—Ser and Leu-Val appear t.O be 99”9“03”3{ mdependent metabolism in ACHN human renal adenocarcinoma cells.Steroid
of each other (J.Watanabe, T.Shimada, E.M.J.Gillam, T.Ikuta, Biochem. Mol. Biol.62, 223-232.
K.Suematsu, Y.Higashi and K.Kawajiri, unpublished observa41.Liehr,J.G. and Rocci,M.J. (1996) 4-Hydroxylation of estrogens as marker
tions). This study was designed to examine the effect of of human mammary tumorgroc. Natl Acad. Sci. USA3, 3294-3296.

: : : he' 12.Spink,D.C., Eugster,H.P., LincoIln,D.W., Schuetz,J.D., SchuetzE.G.,
different amino acids at positions 119 and 432 of CYP1B1 Johnson,J.A. Kaminsky.L.S. and Gierthy.J.F. (1992)-Etradiol

on alter_ations in the catalytic IO_YODe”ieS of CY_PlBl using hydroxylation catalyzed by human cytochrome P450 1A1: a comparison
recombinant CYP1B1 forms engineered to contain each of the of the activities induced by 2,3,7,8-tetrachlorodibepzdioxin in MCF-

variant amino acids at these positions. Thus, two of the variants 7 cells with those from heterologous expression of the cDM#ch.
assessed in this work, Arg48,Alal19,Leu432 Asn453 and_ Biochem. Biophys293 342-348.

3. Yamazaki,H., Shaw,P.M., Guengerich,F.P. and Shimada,T. (1998) Roles of
Arg48,AIa119,VaI432,Asn453, represent alleles that occur a{ cytochrome P450 1A2 and 3A4 in the oxidation of estradiol and estrone

reasonable frequency in nature (14115)-_ |t.i_5 unclear as Yel in human liver microsomesChem. Res. Toxicoll1, 659-665.
whether the other variants are found at significant frequenciess. Stoilov,l., Akarsu,A.N., Alozie,l.et al. (1998) Sequence analysis and
in the wider population. The influence of the changes at codons homology modeling suggest that primary congenital glaucoma on 2p21

48 and 453 were not assessed in this study, but this work is results from mutations disrupting either the hinge region or the conserved
underway in our laboratories y core structures of cytochrome P4501RBt. J. Hum. Genet62, 573-584.

) . .15.Bailey,L.R., Roodi,N., Dupont,W.D. and Parl,F.F. (1998) Association of
In conclusion, the present study examined the catalytic cytochrome P450 1B1 (CYP1B1) polymorphism with steroid receptor

functions of the CYP1B1 proteins representing major allelic status in breast canceancer Res.58, 5038-5041.

variants towards a variety of substrates, including procarcinol6.Bejjiani,B.A., Lewis,R.A., Tomey,K.F., Anderson,K.L., DuekerD.K,

gens and gonadal steroid hormones, that have been considered?@?@kM., Astle,WF, Otterud,B., Leppert,M. and LupskiJ.R. (1998)

. . . utations in CYP1B1 the gene for cytochrome P4501B1, are the
to be activated by CYP1B1 enzymes to active metabolites predominant cause of primary congenital glaucoma in Saudi Aréla.

which cause initiation of cellular transformation in mammary  J. Hum. Genet.62, 325-333.

glands and lung (6,33,37,38). Inter-individual differences in17.Shimada,T., Wunsch,R.M., Hanna,l.H., Sutter,T.R., Guengerich,F.P. and
activation of procarcinogens or metabolism of procarcinogens Gillam,E.M.J. (1998) Recombinant human cytochrome P450 1B1
and estrogens originating from genetic polymorphisms of th%B expression irEscherichia coli Arch. Biochem. Biophys357, 111-120.

. e Shimada,T., Yamazaki,H., Mimura,M., Inui,Y. and Guengerich,F.P. (1994)
humanCYP1Blgene may contribute to human susceptibility " erindividual variations in human liver cytochrome P-450 enzymes

to cancers and will be the subject of further investigation. involved in the oxidation of drugs, carcinogens and toxic chemicals:
studies with liver microsomes of 30 Japanese and 30 Caucaslans.
Pharmacol. Exp. Ther270, 414-423.

Acknowledgements 19. Yamazaki,H., Inoue,K., Turvy,C.G., Guengerich,F.P. and Shimada,T. (1997)

This work was supported in part by grants from the Ministry of Education, ~ Effects of freezing, thawing, and storage of human liver samples on the

Science, and Culture of Japan and the Ministry of Health and Welfare of ~microsomal contents and activities of cytochrome P450 enzyesgy

Japan, by United States Public Health Service grants ES08148 and ES03819 Metab. Dispos.25, 168-174.

(T.S.) and CA44353 and ES00267 (F.P.G.) and by the Kathleen Cuninghar0. Parikh,A., Gillam,E.M.J. and Guengerich,F.P. (1997) Drug metabolism by

Foundation for Breast Cancer Research (E.M.J.G.). Escherichia coliexpressing human cytochromes P4S@ture Biotechno).
15, 784-788.
21.Yamazaki,H. and Shimada,T. (1997) Progesterone and testosterone
References hydroxylation by cytochromes P450 2C19, 2C9, and 3A4 in human liver

1. Kawajiri,K., Nakachi,K., Imai,K., Yoshii,A., Shinoda,N. and Watanabe,J. __ MicrosomesArch. Biochem. Biophys346 161-169.
(1990) Identification of genetically high risk individuals to lung cancer by 22-Shimada,T., lwasaki,M., Martin,M.V. and Guengerich,F.P. (1989) Human

DNA polymorphisms of the cytochrome P450IA1 geREBS Lett, 263 liver microsomal cytochrome P-450 enzymes involved in the bioactivation
131-133. ' of procarcinogens detected bymu gene response inSalmonella

2.Nakachi,K., Imai,K., Hayashi,S. and Kawajir,K. (1991) Genetic __ YPhimuriumTA1535/pSK1002Cancer Res.49, 3218-3228.
susceptibility to squamous cell carcinoma of the lung in relation to23-Shimada,T., Oda,Y., Yamazaki,H., Mimura,M. and Guengerich,F.P. (1994)

cigarette smoking dos€ancer Res.51, 5177-5180. SOS function tests for studies of chemical carcinogenesis &frgonella
3. Kawajiri,K. and Fujii-Kuriyama,Y. (1991) P450 and human candpn J. typhimuriumTA1535/pSK1002, NM2009, and NM3009. In Adolph,K.W.
Cancer Res.82, 1325-1335. (ed.) Methods in Molecular Geneticsvol. 5, Gene and Chromosome

4.Zhang,Z.-Y., Fasco,M.J., Huang,L., Guengerich,F.P. and Kaminsky,L.S. Analysis Part C. Academic Press, San Diego, CA, pp. 342-355.
(1996) Characterization of purified human recombinant cytochrome24.Omura,T. and Sato,R. (1964) The carbon monoxide-binding pigment of
P4501A1-11€52 and-Vaf®% assessment of a role for the rare allele in  liver microsomes. |. Evidence for its hemoprotein natureBiol. Chem.
carcinogenesisCancer Res.56, 3926-3933. 239, 2370-2378.

5.Persson,l., Johansson,l. and Ingelman-Sundberg,M. (199itjo kinetics ~ 25.Lowry,0.H., Rosebrough,N.J., Farr,A.L. and Randall,R.J. (1951) Protein
of two humanCYP1A1lvariant enzymes suggested to be associated with ~measurement with the Folin phenol reaggnBiol. Chem. 193 265-275.
interindividual differences in cancer susceptibilBjochem. Biophys. Res. 26.Meyer,U.A., Gut,J., Kronbach,T., Skoda,C., Meier,U.T. and Catin,T. (1986)
Commun,. 231, 227-230. The molecular mechanisms of two common polymorphisms of drug

6.Shimada,T., Hayes,C.L., Yamazaki,H., Amin,S., Hecht,S.S.,  oxidation—evidence for functional changes in cytochrome P-450 isozymes
Guengerich,F.P. and Sutter,T.R. (1996) Activation of chemically diverse catalysing bufuralol and mephenytoin oxidatist@nobiotica16, 449-464.
procarcinogens by human cytochrome P450 1Bhncer Res. 56, 27.Saner,H., Gurtner,H.P., Preisig,R. and Kupfer,A. (1986) Polymorphic
2979-2984. debrisoquine and mephenytoin hydroxylation in patients with pulmonary

7.Larsen,M.C., Angus,W.G.R., Brake,P.B., Eltom,S.E., Sukow,K.A. and hypertension of vascular origin after aminorex fumardter. J. Clin.
Jefcoate,C.R. (1998) Characterization of CYP1B1 and CYP1A1 expression Pharmacol, 31, 437-442.
in human mammary epithelial cells: role of the aryl hydrocarbon receptor in28. Daniel,H.I. and Edeki, T.I. (1996) Genetic polymorphisnsahephenytoin
polycyclic aromatic hydrocarbon metabolisBancer Res58, 2366—-2374. 4’-hydroxylation. Psychopharmacol. Bujl32, 219-230.

1612



Catalytic properties of human CYP1B1 variants

29.Meyer,U.A. (1990) Molecular genetics and the future of pharmacogenetic$36. Yamazaki,H., Inoue,K., Shaw,P.M., Checovich,W.J., Guengerich,F.P. and

Pharmacol. Ther.46, 349-355. . Shimada,T. (1997) Different contributions of cytochrome P450 2C19 and
30.Kalow,W. (1987) Genetic variation in the human hepatic cytochrome  3A4 in the oxidation of omeprazole by human liver microsomes: effects
P-450 systemEur. J. Clin. Pharmaco).31, 633-641. _ _ of contents of these two forms in individual human samplePharmacol.

31.Sm|th,_C._A.D., Smlt_h,G. and Wolf,C.R. (1995) Genetic polymorphisms in Exp. Ther, 283 434-442.
xenobiotic metabolismEur. J. Cancer30, 1921-1935. 37.Ralston,S.L., Seidel,A., LuchA. PlattK.L. and Baird, W.M. (1995)

32.Hayashi,S.l.,, Watanabe,J., Nakachi,K. and Kawajiri,K. (1991) Genetic
linkage of lung cancer-associatdsp polymorphisms with amino acid
replacement in the heme binding region of the human cytochrome P4501A1
gene.J. Biochem. (Tokyo}l10, 407—-411.

Stereoselective activation of dibenag]pyrene to (-)anti(11R,12S,
13S14R)- and (+)-syn11S12R,13S14R)-11,12-diol-13,13-epoxides
which bind extensively to deoxyadenosine residues of DNA in the human
33.Yager,J.D. and Liehr,J.G. (1996) Molecular mechanisms of estrogeg mammary carcinoma cell line MCF-Tarcinogenesisl6, 2899-2907.
carcinogenesisAnnu. Rev. Pharmacol. ToxicpB6, 203-232. 8.5pink,D.C., _Splnk,B.C., Ca0.J.Q., De Pasq_uale,J.A., _Pentecost,B. T.,
34.Crespi,C.L. and Penman,B.W. (1997) Use of cDNA—expressed human FaSCO,M.J.,LI,Y. and Sutter,T.R.(1998) Dlﬁerentlal expression of CYP1Al
cytochrome P450 enzymes to study potential drug—drug interactaivs. and CYP1B1 in human breast epithelial cells and breast tumor cells.
Pharmacol, 43, 171-188. Carcinogenesis19, 291-298.
35.Guengerich,F.P., Parikh,A., Johanson,EeF. al. (1997) Heterologous
expression of human drug-metabolizing enzyni@sig Metab. Dispos.
25, 1234-1241. Received February 23, 1999; revised April 12, 1999; accepted April 21, 1999

1613



