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SUMMARY 

Highly purified pig catechol-O-methyltransferase catalyses the methylation of 2-hydroxyethynyloestra- 
diof (Knr = 11.0 PM. Vm, = 521.2 mU/mg protein, V&K, = 47.4) more efficiently than that of 2-hyd- 
roxyoestradiol (K, J 68.5 FM, VW, = 1056.2 mU/mg protein. V,,,/K, = 15.4). 2-hydroxy~strone 
(KM P: 3g.OrM.V,,, = 795.0 mU/mg protein, V&KM 1 20.9) or 4-hydroxyoestrone (Ku = 12.8 #M, 
V maN = 159.7, V&K, = 12.5). This efficient methylation of the principal metabolite of ethynyloestra- 
diol substantiates the implications of the studies of Bolt et a!.[11 that O-methylation is a major route 
of rthynyloestradioi metabolism. Furthermore. this ako implies that catechoi-O-methyltransferase is 
involved in the protection. by ~adenosyI~th~onine. against the impairment of biie secretion by 
eth~y~~st~dio~. observed in female rats [2]. 

fNTRODlJCI’ION 

The aromatic ring of oestrogens can be hydroxylated 
at the 2 and 4 positions by cyt~hrome P45@depen- 
dent hydroxylases. The former is a major route of 
metabolic of these hormones [3,4] and may rep- 
resent a potential control mechanism since catechoi- 
oestrogens have been shown to have different effects 
from the parent compounds[5_7l whilst still retain- 
ing an affinity for the oestrogen receptors of the hypo- 
walrus and pituitary comparable to the parent 
compounds [S]. The formation, iocaiisation and 
physiological role of catechoioestrogens have recently 
been reviewed [9,10]. Similarly, ethynyl~stradio~ the 
contraceptive hormone, is also metaboii~d by hy- 
droxyiation mainly at the 2- position, giving rise to a 
catechol structure [I]. 

Catechoi-O-methyltransferase (COMT, E.C.2.1.1.6) 
catalyses the methyia~on of a very wide range of cate- 
choi substrates using ~adenosylmethionine as the 
methyl donor in the presence of magnesium ions 
(see [ll] for review). When first discovered it was 
assumed that the natural COMT substrates were the 
catecholamines and their metaboiites [ 121, however, 
further work showed that COMT catalysed the meth- 
yiation of catecholoestrogens in vitro [ 133 and in cite, 
C14J* 

Previous workers, however, used impure COMT 
preparations and assays were carried out in the 
absence of adenosine deaminase, which leads to a 
build-up of the inhibitory co-enzyme product S-ade- 
nosylhomocysteine. This has been shown to cause de- 
viations from initial rate kinetics[lS]. In this study 

* TO whom correspondence should be sent. 

we use a highly purified homogeneous COMT prep- 
aration in the adeno~ne de~ina~~oupled spectro- 
photometric assay which enables initial rates to be 
determined more accurately, at optimal pH and mag- 
nesium cofactor concentration. 

EXPERIMENTAL 

Ail reagents were of analytical quality (BDH, 
Poole, U.K.) and were dissolved in glass distilled 
water. Ail pH measurements are relative to 20°C. 

Catechoi-O-metkyitransferase was purified from 
deep frozen pig liver by homogenization, ammonium 
suiphate pre~pi~tion from the 22.i90 9 su~matant, 
~hromatog~phy of the redissolved precipitate on 
Sephadex G75 and affinity chromatography on 
Z6-dimethoxyphenoi-azo-phenyi-methyiene-anilino- 
agarose as in[16] but with a modified buffer 11-q. 
During purification COMT activity was assayed 
radiochemically [lSJ: one unit (U) of activity rep- 
resents the formation of one micromole of product 
per min at 37°C. Protein concentrations above 
1 mg/mi were determined by the biuret method El83 
and, at lower concentrations, by the tannate 
method [19] using standard curves prepared to 
bovine serum albumin (Sigma Poole, U.K.). 

The COMT pre~ration used had a specific activity 
of 1375 mU/mg protein representing an overall purifi- 
cation of 914-fold compared to the homogenate. Puri- 
fication details of this preparation are given in [20]. 
Purity of COMT prepared by this method from pig 
liver has previously been investigated by poiyacryl- 
amide gel electrophoresis [16]: only one protein was 
detected. It should be noted that the specific activity 

17 



18 MICHAEL J. RAXWORTHY and PETER A. GCLLIVER 

Table 1. Apparent kinetic constants of pig liver COMT for catechol oestrogens’ 

Apparent first order 
Concentration range Apparent K,” Arvarent V,,,, rate constant 

Substrate (PM) (PM) (mU/mg protein) (V,,,,iK,“) 

2-Hydroxyoestradiolt 9.8-106.4 68.5 1056.2 15.4 
2-Hydroxyoestronet 15-58 38.0 795.0 20.9 
4-Hydroxyoestrone 12.8-147.3 12.8 159.7 12.5 
2-Hydroxyethynyloestradiol 6.1-46.1 11.0 521.2 47.4 

* Determined by the method of Coward and Wu[21] as modified in Gulliver and Tipton[lS] in the presence of 1.6 mM 
magnesium chloride, 0.456 mM S-adenosylmethionine and 0.20 M triethanolamine hydrochloride buffer pH 7.20, at 37-C. 

t Consistent deviation from Michaelis-Menten kinetics of the substrate inhibition type observed with this substrate at 
high concentrations. 

of the COMT preparation used in this study is higher 
than obtained previously [16, 171 implying homogen- 
eity. 

The investigation of catecholoestrogens as COMT 
substrates utilised the coupled spectrophotometric 
assay of Coward and Wu[21] as modified in [lS]. 
The assay mixture consisted of 1.6 mM magnesium 
chloride, 0.64 U adenosine deaminase (purified from 
Takadiastase up to and including the dialysis step of 
Sharpless and Wolfenden[22]), 0.20 M triethanol- 
amine hydrochloride buffer pH 7.20, 0.456 mM 
S-adenosylmethionine, a catecholoestrogen in 3-35 ~1 
ethanol and 5-25 ~1 (4.3-21.5 mu) purified COMT, in 
a final volume of 500 ~1. The pH and magnesium con- 
centrations are both optimal [15,16]. Initial rates of 
decrease in absorbance at 265 nm were measured at 
37°C in a Beckman Model 35 spectrophotometer. The 
quantity of ethanol used as solvent for the catechol- 
oestrogens did not affect the rates obtained. 

Knuppen[26] have shown that ascorbic acid is most 
effective in preventing oxidative decomposition of 
catecholoestrogens but its use in the spectrophoto- 
metric assay employed here is precluded due to its 
absorbance peak at 265 nm and its reported ability to 
act as a COMT substrate [27]. 

The lack of oxidation and the use of initial rate 
determinations to ascertain kinetic parameters sug- 
gest that results are not influenced by degradation of 
the catecholoestrogens. 

RESULTS 

Determinations were replicated at least eight times 
at each concentration of catecholoestrogen, the 
median used in kinetic analysis. and the widest poss- 
ible range of substrate concentrations employed. The 
apparent kinetic constants, Ku and I’,,,,,. were deter- 
mined by the direct linear plot [23] and shown to 
have a confidence value within the 95% region by a 
non-parametric method [24,25]. 

The apparent kinetic constants obtained in this 
study are given in Table 1. 2-Hydroxyoestradiol and 
2-hydroxyoestrone showed, at high concentrations. 
consistent deviations from Michaelis-Menten kinetics 
of the substrate inhibition type as observed previously 
with some catecholamine derivatives (Cl73 and see 
Table 2 derived from [20]). 

The apparent first order rate constants (V,,/,,,jK,V) 
have been computed. This is proportional to the rate 
observed at low, and probably physiological, concen- 
trations of the substrates. By this criterion, 2-hydroxy- 
ethynyloestradiol is by far the most avidly utilised 
catecholoestrogen substrate. 

2-hydroxyoestradiol (oestra-1,3,5(lO)triene-2,3,17/?- 
triol), 2-hydroxyoestrone (2,3-dihydroxyoestra- 
1,3,5( lO)-trien-l7-one) and Chydroxyoestrone (3,4- 
dihydroxyoestra-1,3,5(10)-trien-17-one) were obtained 
from Professor D. N. Kirk, MRC Steroid Reference 
Collection, Westfield College, London, U.K. Purity of 
these compounds has been demonstrated at the MRC 
Steroid Reference Collection by gas-liquid chroma- 
tography of the trimethyl silane derivatives performed 
on a Packard 429 instrument using a capillary 
column: less than 2% contamination was detected. 

DISCUSSION 

Catechol-0-methyltransferase has a great avidity 
for catecholoestrogens as substrates. The K, values 
obtained are an order of magnitude lower than those 
for catecholamines and derivatives (Cl73 and see 
Table 2 derived from [20]); indeed, the constants sug- 
gest that COMT has a greater affinity for some of 
these compounds than the coenzyme substrate, S-ade- 
nosylmethionine (KM = 56 FM, [16]; 35 PM [17]). 

2-Hydroxyethynyloestradiol (17a-cthynyloestra- Extensive kinetic data for the three natural cate- 
1.3,5(10)-triene-2,3,1Ftriol) was a gift from Dr P. choloestrogens investigated in the present study have 
Narashimha Rao, Southwest Foundation, San Anto- been presented for COMT from rat [28] and human 
nio. Texas U.S.A. Oxidation of the substrates during liver[5]. Human liver appears to have a K,,, value 
the assay can be detected by a rising spectrophoto- twice that of rat liver for these substrates but only 
metric baseline. No such deterioration was observed small differences in K,w within species were observed 
due to the protection afforded by the thiol reducing with these catecholoestrogens. The KM estimated for 
agents present in the enzyme preparation. Gelbke and Chydroxyoestrone with pig liver COMT is inter- 
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Table 2. Apparent kinetic constants of pig liver COMT for catecholamines and metabohtes* 
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Concentration range Apparent Knr Apparent V,,, Apparent first order 
Substrate (PM) trM) (mU/mg protein) rate constant ( Vm~JKKw) 

( - )Adrenalinet 1 SO-960 510 590.9 1.16 
( - )Noradrenalinei 120-1200 520 342.8 0.66 
Dopamine 360-1800 750 157.5 0.21 
L-DOPA + 720-4300 1700 291.9 0.17 
3.4dihydroxyphenylacetic 

acid 360-1440 680 778.3 1.14 

Data obtained with the same preparation of COMT taken from Gordonsmith er ai.[20]. 
* Determined by the method of Coward and Wu[Zl] as modified in Gulliver and Tipton[lS] in the presence of 1.6 mM 

magnesium chloride, 0.456 mM S-adenosylmethionine and 0.20 M triethanolamine hydrochloride buffer pH 7.20, at 37’C. 
t Consistent deviation from Michaeiis-Menten kinetics of the substrate inhibition type observed with this substrate at 

high concentrations. 

mediate between the values of [283 and [S]. however, 
a different relationship between the affinities of 2-hy- 
droxyoestradiol and 2-hydroxyoestrone as compared 
with the affinity of 4-hydroxyoestrone is indicated in 
the present study. These affinities were approximately 
S- and 3-fold lower than 4-hydroxyoestrone for 2-hyd- 
roxyoestradiol and 2-hydroxyoestrone respectively. 
Differences in the degree of purification of the enzyme 
preparations used do not permit valid comparisons of 
V,,, values. 

A number of factors may contribute to the disparity 
in kinetic data for 2-hydroxyoestradiol and 2-hy- 
droxyoestrone. Merriam et a/.[281 using a non-linear 
curve fitting program to compute Michaelis constants 
did not observe substrate inhibition. However this 
type of inhibition has been reported for the 2-hy- 
droxyoestrogens [S] and its characteristic pattern was 
observed by the direct linear plot of Eisenthal and 
Cornish-Bowden[23] which has proved capable of 
showing substrate inhibition by catecholamines and 
derivatives [17,20-J. If substrate inhibition does occur 
with 2-hydroxyoestrogens but was not detected by 
Merriam et a/.[283 then inclusion of data at high sub- 
strate concentrations will tend to lower the KM esti- 
mate. 

The absence of adenosine deaminase from the 
assays used in [S] and [28] will also tend to cause the 
over-estimation of affinity of catecholoestrogens for 
COMT due to deviation from linearity, and hence 
proportionality, as the concentration of the inhibitory 
product S-adenosylhomocysteine increases during the 
assay. The addition of ascorbic acid to the assay of 
Merriam et al.[28] is a further complication since it 
has been reported to be a COMT substrate [27]. 

These factors plus the respective purities of the 
enzyme preparations (914fold pig liver COMT-this 
study; 380-fold human liver COMT [YJ; rat liver 
COMT[283-purified by the method of Coyle and 
Henry[29]; our method [I63 has additional am- 
monium sulphate precipitation, Sephadex G75 and af- 
finity chromatography steps) and possible species dif- 
ferences mean that comparison of kinetic data must 
be approached with caution and echo the difficulties 
encountered by Guldberg and Marsden[l l] in this 
respect. 

The avidity of COMT for catecholoestrogens 
coupled with the wide distribution of COMT in target 
tissues such as uterus [30,31-J, breast [32] and hypo- 
thalamus C33.343 imply that the access of oestrogen 
to their receptors in these tissues could be controlled 
by hydroxylation and subsequent methylation. Paul 
and Axelrod[7] have shown that the levels of cate- 
choloestrogens in the hypothalamus and pituitary 
are ten-fold greater than those of the parent com- 
pounds. However, this finding has been disputed [9]. 

2-Hydroxyoestrone is not uterotrophic but differs 
from other oestrogens in suppressing prolactin release 
whereas 17+oestradiol stimulates release [35] thus 
demonstrating that catecholoestrogens have their own 
distinctive functions. COMT may therefore have a 
role in modulating prolactin and gonadotrophin 
action by controlling plasma 2-hydroxyoestrone 
levels. 

Difficulties in interpreting kinetic data for natural 
catecholoestrogens notwithstanding perhaps the 
result of major interest from the present study is the 
finding that 2-hydroxyethynyloestradiol is preferred 
as a substrate of COMT to these natural metabolites. 

We have confirmed the implication [l] that 2-hyd- 
roxylation of ethynyloestradiol can be followed by 
O-methylation catalysed by COMT. Our findings also 
explain the effect observed by Stramentinoli et a/.[23 
that the impairment of bile secretion by ethynyloes- 
tradiolC36-J is overcome by treatment with S-adeno- 
sylmethionine since this stimulates methylation of the 
t-hydroxy metabolite of ethynyloestradiol. Ethynyl- 
oestradiol administration has been shown to result in 
the irrevesible binding of a chemically reactive metab- 
olite to rat liver microsomal protein in vitro [37.38]. 
This metabolite has been postulated to be a quinone 
or semi-quinone derived from 2-hydroxyethynyloes- 
tradiol. Irreversible binding results in the reduction of 
bile flow by reducing both bile salt dependent and 
independent fractions of the bile [39]. It is thought 
that O-methylation of 2-hydroxyethynyloestradiol 
prevents its oxidation and in turn prevents micro- 
somal proteins binding [37] hence methylated metab- 
elites are eliminated faster. Our results show conclus- 
ively that the methylation of 2-hydroxyethynyl- 
oestradiol is catalysed very rapidly by COMT. 
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COMT may thus play an important part in the pro- 
tection against the inhibitory effects of ethynyloestra- 
diol on bile secretion. 

Finally, there are profound implications for our 
understanding of catecholamine metabolism: high 
catecholoestrogen levels would inhibit 0-methylation 
of catecholamines by- COMT by acting as excellent 
competitive inhibitors and. furthermore, cause a de- 
crease in the limited S-adenosylmethionine pool [40]. 
This may have implications in pregnancy (see [S]) and 
in the use of oral contraceptives. Experimentally. 
17/l-oestradiol is widely used in various isolated tissue 
preparations to inhibit the catecholamine Uptake 2 
system (see [41] for review). This compound may 
exert its effect by undergoing hydroxylation and 
hence act as a competitive COMT substrate [14]. 
This may result in the alteration of the role of COMT 
in the “extraneuronal 0-methylating system” [41] in 
which uptake of catecholamines works in series with 
0-methylation. Recently, Koster and Breuer[42], not- 
ing the ability of 17/Loestradiol to inhibit methylation 
of noradrenaline, speculated that the best explanation 
of their results was,that 17/?-oestradiol or its metab- 
olites competitively inhibit COMT and that 17/I-oes- 
tradiol may also play a role in modifying the uptake 
of noradrenaline. 
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