
I The abbreviations used is : CO�mIT, catecimol

O-ntmethylt ranmsferase.
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suit MA Hi

In vitro, O-metimylationm of physiological substrates of eafecimol O-methmyltranmsfcrasc (EC

2. 1 . 1 .6) such as (mmor)epinmcphrimme, dopaminme, 3 , 4-dihsydroxypisemsyhtcetic acid, 3 , 4-diisy-
droxymandelic acid, 3 , 4-dihsydroxyphenmylctlmanmol, 3 , 4-dihsydnoxypiscnmyiglyeol, 3 , 4-diimy-
droxvbenszoic acid, �V-acet yldopaminse , N-aeet ylniorcpinmcpimrimmc , timid 3 , 4 -dliii ydnoxypiscmiyiti-

!amminse affords mixtures of in- amid p-O-mctim�l d!cnivsttives. The extent of /)-nmmetisylatiotm rein-

tive to mn-mctimylatiomm is loss- svith substrates contaimmimig ans ionmized nmoiety ins time ring sub-
stituent, i.e., anminso acids, acids, and timinmes, amid increases tis time poltir (lmydrophmihic) cimar-

acter of the rinsg substituenmt is decreased. With a mmotmpolan substituctst, its ins 4-ethylcateehmol,

the ratio of nieta to para products is 1 : 1. Tue results suggest time presensee of a imonspolan
region in time catecisol-bindinmg site of catechmol O-metisyltrtmmmsferase ssisicis militates againmst

binmdinmg of polar substrates ins the orienmtatiots niecessarv for p-mctisylatiomm, is-imilc imonmpolar

substrates would appear to binmd ins a random fasisionm, resultimig ins the formationi of nmearlv

equal amounts of in- anmd p-O-metisyltitcd products. No cisanige in time meta:para ratios wa�
observed during more than 400-fold punifleatiomi of catccimoi O-mcthmyltraimsfertmse, suggesting

that only onme enzyme is immvolvcd ins both in- timid /)-O-nmetimylation.

Tue eiszynsc catecisol O-mctimyltnanmsferasc
(EC 2.1.1.6) plays anm important role iii the

insactivat.iots of catecimoiansinc�s and in time
detoxificatiomm of mamsy xcnobiotie catecimois.

O-?ilethmylatioms of catecisdllaminmcs timid re-
ltttcd physiological substrates in vivo re-
suIts almost exclusively mm the formations
of m-O-mcthvlatcd derivatives (1, 2).

In vitro, however, COMT’ catalyzes time

formatiomi of signmifieanmt anmounmts of the

p-O-metimyi derivatives (2-5) . Tiso possible
explansationis for tisis tmnmomtiiv migimt be
comisidered : (a) cellular (lisruptiolmi �mlters

time nmature of the active site of COMT so

that /)-fliethiVhImti(It5 is nmoss possible, or
(b) t I i e J) -O-mmmet imyl mimef about es are further
mettibolized in (‘ito by heptitic O-demcthyla-

tiommtmor sonic other route. A(!mmmimmistratiomm of
xcmmobiotie eatecimois such tis ttntcrcnonmc (2),

adreimtilonc (2) , :� , 4-d!ihvdnoxveimmnsanmie acid
(S), atmd 3 ,4-diimydnoxvbemmzdlie ticK! (9)
does result ins time formmmatiomm alid excretion

of p-O-metii�’lated mmmetabolites. ‘Fl prescnmt
study focuses tittemmtioms on tue rniti(I of
O-m’netimylat cdl isommmers formed! in l’itr()

fronm tue phoysiological substrates of COMT
anid (!eiinmeates soflie (If tue factors ishmicis

affect this ratio.

2 Fnzvnmati(- p-O-deimsetimylzstiomi is usually

favored over in-O-denumethvlation (:3, 6, 7).
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/)-O-)�Ietitylatio)mm Of a ctitecimoltimmminse isas

first I’eiIo)nte(l ins 1939, whets it� smas shsowts

tisat enmzvnmat mc O-nmethsyltit ions of (!ol)nnmitme

resulted mm time formmmatiomm (If a mimixture of

Pt- ttIi(! /)-O-mimethiyl isonmers iii a ntitio of

5.7-9.0 (2) . This olbsenvatioms svnis c(Immfirnmed
ss-ithi. CO1\VF fnonm mit liven tmnmd bntiins, and a

itneta : pal-a. nttti(I (If tsppnoximmmttte!y 4 isas

obt ttiIsc(! (3) .3 �‘sone�)inmepisninme �tnmd el)in5c1)hs-

nmmme were repo)rfe(l to yield mmmixtures of time

0-met isvlttfe(1 isomers isitio ineta : para ratios
0)f 7.3 amid 10.0, respectively (3). X-Aectyl-

(lolptinmimme fonmimed ti mimixtun’e of O-nmetisylatcd

isolnmens smith nneta:para ratios fnons 1.9

to 3.7, usinig a C0\IT pm’eparationi from
bnaims (4). Time ()-nmctimylationm of anterenmomse,

tmdremsalomme , ti nid 3 , 4-dihmvd!roxyaeet opitemmomme
cattilvzed by n’tit. liver COi’m[T resu!tcd in

tise formimatiomm of O-nmctim’vlatcd isomers
smiths ti in(’la:pala ratio of 1.5-1.7 (2, 3). The

inneta : /)al-a ratio obttiinmcd isiths 3 , 4-dilsy-
(!noxvaeet 0 ipi ienmomsc is-as dcpensdcmst Upoim

fise pH of the cnzynmatic rctiction nmixture

tilid! \m.tis shi(!IiVns fo decrease isitim insercasing

pH. Ins thus substrtite, where time effect of

ti te ci ect romm-svithm(lnttsvinsg ket o gnoup in-

creases tue ticidity of time p-plsenmolie group

{pK� tip�)roximmmtifcly 7.3 (10)J, iomsizatiois
of time (‘ttteeis(Ii nioietv occurs at time para

PositioEm. It iVtt5 suggested float eimzymatic
nmethiviatiotm tit� hugimen pH values occurred

1)nefenemmtitihiY at the iommized (nimore nuelco-
jIhsihic) para j)0Isit ionS . Time preferenstial

in-O-nmethsylatiotm observed at iommen pH

vtilues istis comssistenmt , simsce in time nit-

iOfljZC(l catecis(Il time ln-phenm(Ihie group is

time better nmucleo)pisile, tigtmitm becntuse of time

elcctnolmm-svifisdnttsving effect of time keto

substituemmt. Ins this mmmttnsnmen, the immenease

mi p-O-nmetimvlationm of 3 , 4-diisydnoxyaee-

tOpimetR)lie isitit immeneasinig j)FI sstis rim-

tiommalize(! (2) . Lmmfont unsateiv , subsequcmmt

imsvestigat(Irs litts’e fetmOie(l to apply this
explammationi even to substrates such its time

cafecis(Iltmnmilmet, svimere fiit� l)l�, \‘tilUes of
tist.� iii- tiI5(! /)-pimenmohc gm-dlups timid tue rein-
t ii-e mmucleo)pisihicit ies (If t lie umm-iolmsized

3 ‘limP /)-O-nu’iethVlttte(l isllnmer was erronmeouslv

FCI)( irt ((I i mm t his referemmce as t lie numaj or l)r�duct

O\Vi mmg t I I tO t 5 1)1Igrtsjlhicttl error (F . A . Kuehl , Jr.,

1)ers�mmtil ((Inmnmlmmmi(ttt ioml) . ileferemmee 7 commt aimms a
cittiti(Imm to this immeorrect 1t)ti(I (If p- to iit-O-

nmethvltttc(l (IllIltmnlimue.

pimetiolhic groups are iscanly i(!etmtiCtml. Iii

addit 1o)Ii , SOIlme itsvcstigators litive concluded

that iiel)iitiC CO�\1T ivil! prefcnenmtially form

time in -O-nmet hmylat 1(115 product withs anmy

cateehol substrate (11).

Tue prcsenst study provides stroimg cvi-

demmec tisat interactions betiveeni substrate
and CO�\IT ivimicim immvolvc j)oltir (charged)
substitucnmts on the catecisol rinmg are far

more inmporttumt than cleetronmie eimtmnges its

the nmucicopisiiieit y of time cat eel tol nmoiety

its deternmimsinmg time extcist of in- and /)-O-

methviafiomm. Thus, as slmoisnm ins Ttiblc 1,

dopamimic , t5d)rcpiIme�)iirit5c , alm(1 epintephininse,
winch are tiiflmOSt completely iii time etitionic

fornm at j)H S [pKa 10.3, 9.7, amid 9.9,

respectively ( 14)], give rise 1)redOflmimmttn5ti�’

to time inneta isonmcr, with nieta: para ratios
of fl’5(Ire tlititm 6 (Table 1). � dipolar-
ionmic anminso acid i�-dopa also umsdergoes

predonminmanit ly in -O-nmcthmyiat 101mm , givimmg a

ineta:para rtmtio of 19.8. mm the less polar

ae�-l derivtitives .�V-tmeetvldopanmine and
N-aectylmmorcpimmepimrusc, time inicla para ratio
is nmueii lower, svith a value of approxinmatcly

2. Ins vicsv of these results, the ineta:para

ratios of 1 .3-1 .7 previously obttmimmcd with

ttrterenomme atsd tmdremmalommc nmtmy nmot be
due exclusively to electronic effects of time

keto group on the nueleoj)iiilicity of time

j)imclmolhic gn’oups, as originmahly suggested
(3), but nmay also reflect floe fact timat these

a-kefoiimmmimscs arc nmueit svcakcr btsses

( i’� < 8)� ammd timerefore exist ins time sins-

ioimizcd fornm to a significtimst extent at pH

7.9.

Catechols isitii subst it uenst s cotmf aiiminmg
negatively eistmrged nmmoieties (ticids, Table

1) tilso tifford nmaiimlv ni-O-metisvitttcd

products. 3 , 4-I)iisydroxvbetmzoic acid timid
3 ,4-dilsydnoxvpitensvlaeetie tick! give ineta

para ratios of 3.3 atmd 7.0, respectively, at

pH 5, isiscre tiucy exist exclusively in the

anionic form. Tue meta : para ratio ivitii

3 ,4-diisydnoxvnmtumdelie tlei(l is 3.6, eonm-
parc(1 to 7.0 ins tue atmalogous :3 ,4-diis�’drdIxy-

PimcnmYlticctie acid. Its timami(!chie ticK!, mm-
termmal hydrogcnm botmdinmg nm’sigist to sonic
extenit decrease time Iloltmn mmtiture of floe

iotmize(1 carboxyl group. The gnetit effect of

simm iOmiiZ(�(! substituent 0)15 tIme extemst of

4 Umm1)ubhshe(1 observtotillmms.
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T.�nn�m� 1

Meta:para ratios of physiological substrates of COMT

�1Ieta.para ratios were Oi)tttinme(i l)y nmeasuring time products formed in 30 mmmiii at 37#{176}in a reactioms

mixture contaimsing time followimsg conipomsensts : substrate, 1 ummsole; �\IgCl2, 0.6 unnole; S-ademsosvlmmici imio-

msine-nmethyl-’4C, 0.1 j.onnole (0.108 ,uCi); sodiumn phosphate buffer, pH 8.0, 50 ,ammoles; amid 60 ummits of

COMT ins a fimsal volunme of 0.5 nil. Unslabeled O-metiivlated products (0.4 �tmole) were todded, ammd the

nmixture was acidified with 0.1 nil of 1 N HCI or nmade basic with 0.5 ml of 5 x NIT4OH for acidic or basic

substrates, respectively, ammd extracted with ethyl acetate (10 nil). The extract was concentrated with

a stream of mmitrogeis, ammd the products were separated by thinm-layer chromatography omi ti silica gel G

plate ins time followimsg solvemmt systens.s: benzemse-acetic acid-dioxane (9:1:1), linmes 1 amid 3; cislorofornm-

triethylamnimse (5 : 1) , li nses 5, 7 , amid (iso) -vansillims ; and 1-buttimsol-animimonium hydroxide-ethyl ticetate

(3:1:1), limses 8 arid 9. Products iii hues 6, 10, amid 11 were first cleaved with periodnite (12) to (iso)-

vanillims; product 4 was first hydrolyzed with 1 N NaOiI at 70#{176}t,o time acids; product 2 was first redmmced

in dry refluximmg ether with LiA1II4 for 24 hr to the aicoimols. Radioactivity wa..s (ieternnineol by sortspimmg

amid c(Iunitinsg 3-mnm sections of silica gel b�m’ liquid scimmtillatiomi spectroscopy. Products ins line 12 ms-crc

first isolated i)\’ desceisdimmg paper chromnatography (Wimatmams No. 1 paper; 1-hutammol-ticetio tocid-

water, 4:1:1) of the reaction nmixture 1615(1 thems resolved ots a Becknmanm anminso acid ammttlvzer (So-cm

PA-28 resims colummi at p11 4.28 amid 33#{176}). Full details will be published elsewhere. The Miclmmielis commstant

(K�1) was determined with the reactioms nmixture described above, except that time cotmcemstrations of

S-ademsosylmethiomiimie was 10� so, the substrate c(Immcemotrtotions was varied from 2 X 10� to 10� mm,

and the renictiomi time was 10 mimi. The ‘4C-nmethylated products were extracted its described previously

( 13). Values were obtainsed by the nmethod of least squares.

HO R

/�)
HO

Substrate Meta.par a ratio K,,, I �

in.’!

Acidic
1. it = -COOH 5.5 ± 0.4 0.25 1.21
2. -CILCOOII 7.0 0.31 1.16

3. -CH(OH)COOH :3.6 0.94 1.16

Neutral

4. II = -COOCILCH3 0.9 0.15 1.87

5. -CH2CII2OII 2.2 0.26 3.17

6. -CH(O11)C1-12()1l 1 .8 0.40 0.63

7. -CH2CII2NII(COCII3) 1.7 0.52 4.94

8. �-Ci1(Ofl)C112N1l(COC113) 2.3 0.26 4.43

Basic

9. R = -CII2CII2NH2 6.9 ± 0.7 0.16 0.9

10. -C1-I(OIl)C112N112 7.03 ± 1.2 0.26 0.61

11. --C1T(()1T)C11�Ni1C11 7.2 0.38 0.49

Amphote nc

12. It = -C112C112NF12(COOH) 19.8

a �1axinnal velocity is expresse(I as mumMmoles (If product fornmed per ummit of COMT per msmimsimtc (1

unit catalyzes the O-nmethylationm of 1 nm�.Lm(Ile of � acid pen mimimsute; see Table 2).

p-O-nictisylations is denmonmstrated on cons- msucieopimilieity of the pimemmolic isydnoxyl

parison of time nineta : para ratio of 5.5 ob- groups is similar, ms-hue the ineta : pal-a
taimsed for 3 ,4-diimydroxybcnmzoie acid witis ratiols obtaitmed 015 O-nmetisylatiotm tmm.e

time ratio of 0.83 obtstinmcd for its un-ionized strikinmgly diffcremmt.

etimyl ester. In this pair of substrates, tue Other metabolites of ctifeeisoianminmes such

elcetrommie effect of time substituenmt mm the as 3 , 4-diisydroxypisemmyletimttmmoll timid ;� , 4-
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l0

ltii)lP 1.

TABLE 2

5.0

61 5.9

6.5 5.8

7.0

7.03 ± 1.2

6.2

5.2

5.5 ± 0.4

6.4

a COMT wa.s iunified fronm the livers (If rntile Sprague-Dawley rats as described earlier (13). The

speCifi( a(-tivitv of the emszvnme following gel filtrtitiomm oms Sephadex 0-50 with 3,4-diimydroxybemmzoic

a(-i(l Is stmilstrate wtis 114.3 nmunumoles/mg (If proteinm per nmimsute.

S .T1(’la.para ratios were (leterminme(l as oleseribe(l imi Table 1. The O-mnetiiylat.ed products formed

from :� , 4-diimvdroxvpropiopimemsomie were seI)arated l)\ descemmdimsg paper cimrommmatography in 1-butammol-

15�(,� Nll4OH (4:1 1)1’ volunme).
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Fm;. 1 . I�.1Je(t Oil pH 01) ?1lCI(t : /1(17(1 ratios obtained

it.? 1/i norepi nephri�me (S ) , .1 , 4-u ll ydro.ryphenylgly(ol

(A ) . (in (1 3 , 4-dih �Ir/roxybenzmc aIj(l (�)

.‘il’et(t : /)al�n rtmt loS were obt timmed as described jim

(!iitVdl(IXypi5emi�lglycOl do mmot constaims ans

iO)tiiZe(! substituemmt nnoiety, aimd the nieta

/)al-a ititid) iS close to) 2. Tisese conmpoummds

(10, imomsevcn, have poitmr tilcoimol groups.

\Vitii 4-ethsyletttcchal, iso I)Olar group is

i)m�S(�mmt ins time si(!e cimaimi anid time ineta : pai-a

ratio is 1.0. Tlsus, with tisis compoutsd and

with etisyl 3 , 4-dihydroxybenzoate, there is

no preference for rn- or p-O-methylation. In

the series of substrates 4-ethylcatechol,
3 , 4-dihydroxyphemmylethansol, 4-dihydroxy-
phenylacetic acid, and dopamine, the elec-
tronic effect of the side ehaitm on the
catecisol portion of the molecule is nearly
identical ; yet time nieta : pal-a ratio varies
from 1 to 7, dependinmg onm the polarity of a
substituent isolated from time eateelmol ring
by one on two itstervcning metisylene groups.
Based omi these studies, O-methylationm of

relatively imonpolar metabolites such as

3 ,4-diimydroxyphenmylacetaldchmyde and 3 ,4-

dihydroxymandelaldchydc ivould be cx-

peeted to result in meta : para ratios close

to utmity. Likewise, O-nsetisylat.ion of many
xenmobiotie eatecisols iiitis mmommpolar sub-
substitucist�s affords meta:para ratios near
unity.4

Time effect of pH on tue iiieta:para ratios
obtainmedi ssitim tisrec types of substrates
is_as asccntaiimcd (Fig. 1) . With norcpineph-
rinse, fitc inieta : pal-a ratio decreased as the
pH was inseneased from 7.5 to 9.8. At time

higher 1)H, a signmificatst portion (niore timan

50 %) of time less polar, noniprotonated

amine would be available for bitmding and

O-mctimylationm. \Vitii a imeutral substrate,

3 ,4-diisydroxyphmeimylgiyeol, timid is-itim an

acidic substrate, 3 , 4-dihsydroxybcnzoic acid,

LjJC(t of enzijine purity on ineta.para ratio

limzyrne fraction

Meta.para ratio” � � - -- -

Purifi- - -� - -�- � _____ � .34-Dihydroxy- 3 ,4-Dihydroxv-
cation’ Dopamine L-Norepmnephrine benzoic acid propsophenone

(TmItde honmiogemsat e

100.00)0 X q supermmtotammt

39��5[)( � (N114)2504

(N 114 )2S04 backwash

Calciumms Pls�sI)imt1te gel

Seplmado-x (i-SO

Acrvlansi(le gel

-[Old

6 6#{176}.)

54 6.5

95 6.5

121 6.9 ± 0.7

346 7.0
429

1.0
0.9

1.1

1.0
1.0 ± 0.13

1.0
0.9
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pH hmad relatively little effect ons nmeta:para

ratio over the range of 7.5-9.8. Within
this pH range, no significant changes
In ionization of time catechol ring �‘ubstituent

would pertain with these substrates. loni-

zation of the catechol moiety to the anionmic
form does occur within this pH range, w’ith

a pK� of approximately 9 for norepinmephrine
(14) atmd 3 , 4-dihydroxypisemmyiglycol.

During extensive purification of COMT
(13), the meta : para ratio with four different

substrates did not vary sigisificantly (Table
2). This provides strong evidence tisat omsiy

onme enszyme is involved in both in- and p-O-

methylation of catechols.

At least two explanations for the effect of
polar substituents ons p-methyiations by

CO?sIT may be considered : (a) catechois
containing substituetsts is-itim a imigisly
polar moiety are bound by means of timis
polar substituent in an orietmtatiots flint

favors transfer of time methyl group to time
meta position, or (b) a hydrophobic regions
is presetmt in the active site of COMT w-hich

prevents random binding of polar substrates

by repulsive interactiomms, so that bindiimg
occurs primarily in a configurationm favorinmg

m-O-metisylation. Since time apparent affini-

ties of polar catechol substrates for COMT
do not differ markedly (Km values, Table 1)

from those of noimpolar catechol substrates,
and since both anionic and catiommic polar

substituents have time same effect ons p-O-

methylation, the latter explanations is
favored. Figure 2 illustrates a manmmier in

which such a hydropisobic regions adj acemmt

to the active site of COMT could insfluence
the meta : para ratios whelm obtainm w-itis

polar substrates. The possibility tisat inter-
action of polar substrates with COMT

induces an allosteric change timat alters time
active site of COMT so as to favor iii-O-

methylation must also be considered.

The present results immdicate that with
highly purified COMT (13), time ionmic or
polar nature of the substituemmt greatly
influences the formations of in- and I)0

methylated isomers. It is postulated that

COMT is an enzyme w-hich contains a
catechol-binding site flanskcd by a imydro-
phobic region (Fig. 2). With cat echois

bearinsg relatively nonpolar substituents
such as 4-ethylcatechol aimd ethyl 3,4-

FIG. 2. Alternative orientations of a catechol

S ubsirate (norepinephrine) at oalechol-bin ding site

(C) of C’OMT, resulting in in-O-melhylation (.4)

and p-O-methylation (B).

S represemits bindimig site for S-ademiosylmetimio-
mmmc. Time proposed hydrophobic region (H) could

influence binmding of polar substrates so as t(I favor

oniemitati(In A anmd mim-O-methyl tramisfer.

diisydroxybctmzottte, time mansmmcr of binsdimig

at the tmctive site of COMT is immdisenirmmi-
nmate, anmd equal amounts (If /)- tmnd! i,i-O-

metimylated product s tire formed. With

catcclmols containing it substitucnmt ionmized

at time pH of time reactions medium (amino
acids, acids, amities) , binmdimmg at. the citteehol
site occurs ins suds a way (Fig. 2A) timat
in -O-methylated product s are preferenmt hilly
formed. Catecimols w-it.im aim aleohool or amide
moiety mm time side chain represent a class (If

substrates of intermediate polarity, timid

internmcdiate meta:para ratios are obtainmed.

These preliminary results suggest. f hat.
furtiser information on the topograpimy of

time active site of COMT cans be obtaimmed
by a study of catecimols in w-hicim time position

of time ionized or polar substituent is rigidly

fixed, atsd suchi studies are mm progress.
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