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Abstract Affinity chromatography materials were synthesised by reaction of catechol, guaiacol and 
pyrogallol with agarose gels having pendant diazotiscd aromatic amines. The use of these materials 
in the purification of catechol-O-methyl transferase (COMT) after ammonium sulphate precipitation 
and gel chromatography on Sephadex G75 resulted in a 1400-fold increase in specific activity compared 
to that of the rat liver homogenate. The puritied enzyme was shown to be homogeneous by disc 
gel electrophoresis. The nature of the binding reaction between COMT and these immobilised ligands 
was examined by measuring their affinities under various conditions of ionic strength and bulk hydrogen 
ion concentration. Borate ions were shown to speeflically elute the enzyme. The results in this paper 
are consistent with previous proposals regarding the mechanism of COMT. 

Catechol-O-mcthyl transferase (COMT, E.C. 2.1.1.6i 
catalyses the methylation of a wide range of catechol 
substrates, mainly on the meta hydroxyl, using 
S-adenosyl-L-methionine (SAM) as the methyl donor. 
It is predominantly a soluble enzyme [1] and has 
been shown to be magnesium-dependent [2], affecting 
the catalysis of an important reaction in catechol- 
amine catabolism, forming O-methylated catechol- 
amines which have a physiological activity only 0.11!,i 
of that of the active substrates [3]. The purification 
of COMT from many sources has proved time-con- 
suming and of limited success [4, 5], despite the 
extensive use of many protective agents, some of 
which, e.g. mercaptoethanol, may interfere with cata- 
lysis [6]. Final yields have always proved disappoint- 
ing. The best conventional purification scheme utilises 
ammonium sulphate fractionation, gel chromato- 
graphy, hydroxyapatite treatment and ion-exchange 
chromatography. 

Affinity chromatography should enable an essen- 
tially complete purification to be achieved in fewer 
steps than the conventional scheme and should pro- 
vide additional information concerning enzyme sub- 
strate, product and -inhibitor interactions. Two 
methods have been published for the purification of 
COMT by affinity chromatography. Creveling et al. 
[7] reported the direct attachment of dopamine to 
cyanogen bromide-activated Sepharose 4B. In our 
hands this method was complicated by the rapid oxi- 
dation of dopamine to give a pink product. The 
oxidised dopamine attached to agarose irreversible 
bound COMT in a reaction similar to that reported 
by Cuatrecasas et al. [8]. Borchardt eta / .  [9] have 
reported the synthesis of a ligand {3,4-dimethoxy-5- 
hydroxyphenylethylamine) attached to agarose by a 
long aliphatic chain (30 A). This column has not been 
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used in a large scale preparation and requires a series 
of synthetic steps, producing a material of ambiguous 
nature. 

The aim of this study was to develop a simple and 
efficient affYnity column purification procedure for 
COMT and to investigate the nature of substrate 
binding by studying the interaction of COMT with 
the affinity column. 

M A T E R I A L S  A N D  M E T H O D S  

Preparati(m of COMT. The livers from ffteen, 
3-month-old (250g), male Wistar rats were homo- 
genised in a Potter- Elvehjem homogeniser together 
with 250ml 0.01 M pH 8.0 phosphate buffer contain- 
ing l mM dithiothreitol (DTT), l mM mercaptoeth- 
anol and 0.135M potassium chloride. The homo- 
genate was pretreated by the method of Axelrod and 
Tomchick [10] as developed by Assicot and Bohuon 
[4]. The protein which precipitated between 30-50°~; 
saturated ammonium sulphate was redissolved in 
0,01 M pH 8.0 phosphate buffer containing l mM 
magnesium chloride, 1 mM dithiothreitol and 1 mM 
mercaptoethanol, and applied to either a Sephadex 
G25 column or a Sephadex G75 for further purifica- 
tion. 

Assay of COMT. COMT activity measured at pH 
8.0 in 0.01 M phosphate buffer by the catecholphtha- 
lein method [11] which has been shown by other 
workers [12] to be suitable for assaying the enzyme 
during preparative procedures. A change of 9.95 
absorbancc units at 595nm represents l l~mole 
dimethylated catecholphthalein, in an assay volume 
of 1.6ml (Es~ 5 .... = 25900 cm-t  M-I).  

Protein deter, litTation. Protein concentrations above 
0.5 mg/ml were determined by the method of Gornall 
et al. [13] and at lower concentrations by the method 
of Meibaum-Katzenellenbogen and Dobryszycka 
[14]. 
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Scheme I. S\nthcsis ofcalcchol-azo-m-phcn)lcnc diaminc Scpharosc 4B. 

LlcczroldZOvc~l.~. Pol \acr \kunide ~oel elcch-ophorcsis 
;,,';.is carried oul according 1.o IlK" nlclhod o1" Davis 
[15]. Gels wcrc Jixcd. staincd with Coomassic Bluc 
{llld dcstained as described bx Weber  alld Osborll  
[ ls l .  

[Jl'c'l)Ul'~ll ifHl O/ q[li*Ul.l" cllromaloHS'aldl)" ma&'s'ial.<> (SCC 
Scheme l i. ()no hundrcd ml washed Scpharosc 4B 
was suspended m 15Oral 1M sodium carbonate  and 
aclixalcd with 20g cyanogen bromide dissolved in 
20 ml methyl cyanide. ://c/a-phcnylcnc diamine (10g) 
~xas reacted with the activated gel in 0.1 M pH 9.5 
bicarbonate bull'cr for 24 Ill'. The allliilal.cd Sepharosc 
(3 #moles ligand pcr I ml settled agarose) lll'gr;-lS waslled 
with 11 1 M hydrochloric acid. The gel was rcsus- 
pcnded in 250 ml 1 M I1).drochloric acid Lllld cooled 
in ice. A slight excess of sodium ni lr i tc (1.1 indic per 
mole coupled ;.inlhlc) \~,as slowh added ;-is ;-i concon- 
tratcd solution ~itl~ slirring, and Ihc nlixturc was 
allowed to sland on ice for 20 rain. The diazoniuni 
sall tig;-llOSe cake was f i l lclcd from the inixture in a 
giass-sinter t:hicimer fuimcl hallLt]llcd wilh crushed 
ice, and washed with 250 ml 1 M hydrochloric acid 
and 250ml  5 M  urea in I M hydrochloric acid to 
lelllOVc excess nitrite. Five g catechol dissolved in 
250 rril 0.1 M pH N.0 phosphate buffer was added lo 
lilt cakc alld tile l-CStlltillg sh.irr b lransfcrrcd It) a 
beaker and allov~ed Io stand Oil ice lo i  30 rnin \~ith 
occasional genllc stirring. The Scpharose ;*,as liltcrcd 
ol ]  aild "~..asllcd wi lh 51 w;-iler. Similarl}, bcnAdine 
could be coupled 1o Sepharose ;-is lhc sp;-lct_'l i i ln l  and 
p_xrogallol or guaiacol attached as the Iigand. (]u~lkl- 
col was coupled m 0.1 M sodium h)droxidc. 

Til ls method allows sensitive pol)phcnols Io bc im- 
mobiliscd wi l l lou l  exccssivc oxidal ion, as the nitr i le 
is destroyed by i, ii-c;-i washes, and is similar lo that 
utilised b3 BlCl]ll;-i cl d[. [17J. 

Prcl)araH(m e l  azo compolmds. 4-Nitrophenyl-azo- 
caiechol w;-is oblained from Ralph N. Emmanuel  and 
\~.aS fotiild, b 3 thin-layer chrolllatogr:.lph3, io bc ;.it 
lcasl 50 per cenl oxidiscd. Al iempis 1o s)nlhosisc tills 
compound in a purL' sLile, using l l lo mclhod described 
below rcsullcd in a malcrial of  comparabk.' purit} lo 
lhal of lhe comnlcrcial sample. 

4-NJtrophcu31-aio-gmliacol \~as s\nlhesised b\ dm- 
zotising 1.24g 4-nitroanil ine in I()ml 2.5 N h \dro-  
chloric acid with ().6g st)diunl nih-ilc on ice ;rod 
allowcd to stand for 20nlin.  ()uaiacol 11.12N g~ in 
10 ml 5M sodium h3droxide was added and lhc reac- 
tion mixture allo\~cd to stand tim 20 rain. The product 
was extracted b\ acidilication and cxtnlclion xxith 
10 ml eth,,l acetate. Tile ethyl acci;-lic cxtr;-lc| \'~ls then 
washed with 1 N hydrochloric acid and 1 N sodium 
carbonale.  The dark red twodtlct \xas precipitated hx 
rotar} evaporation and rccr}stalliscd Irolll clhxl ace- 
tale pclroleunl sphil (40 6(i b.p.I and lhe ci~slals 
washed wilh ftirlhcr pelrolcum. 

Tile prodtlc! \va> sllown Io bc holl logellous oil t.l.c. 
plates developed in 70:29:1 chlorofornl c lh} l  ttccia[c 
acelic ;-lcid alld £5:15 chlorofornl nlelhanol. 

l'2[lt'c'! q/ ( 'OAI 7 <m 4-nitrold~cnyl-<t_<~-cah'c/I<d. 
(~ommercial 4-nilrophcny l-azo-c:.liecho] (50 #M ) was 
incubated with pariiall,,, purified ( ' O M F  Ior l h r  in 
the plCSCllCC t)[ {).5hiM SAM. l()lllM M g ( i e  and 
10raM pH S.( )phosphale  buffer. The reaction \~<as 
ternli l lalcd b; the addi l ion of I ml conccnlnlicd h\- 
drochloric ~icid and tile a id  d\c cxiractcd with eth~l 
accl;-Ite. Tile cxlrilCl was dried dov, n in :l i l i lrogcn 
Sll-C;-tnl ;.illd rcdissolvcd in a IL'tt drop <, ~H 111c'lll~lilO[ 
;-uld applied to a ~ilica lhhl-i;-i)cr plate. The pkiic,; 
\yore rtln in the iwo solvclll, s tlsed prc\ious[} and 
:.lulhentic samples of 4-nilrophen3q-a/c>gti~iiacol and 
calcchol were Silnikirh trcalcd ~is ~cil as collli-ols m- 
ctib;-ttcd in tile ~ibscncc o( Cll / \mc alld SAM. 

Sephadcx ~ind Scplmrosc were oblahlcd ffoll l  Par 
nlacia Finc ('humicals, {;ppsala, Swedcll. All OI]IL'F 
rc:.lgenls used wcrc of lhc tfighesl colll inerckll clualil ). 

t:leli_)ru rise. al ]h l i l \  clHoinatograph> lnalcrkils veurc 
lrealcd wi lh rat liver stipcril;.itaill to block noil-speci- 
lic bmding sites which hTcvcrsibh_ brad ( ' ( )MT.  Tills 
irrcvcrsibilit 3 bound activil 3 could not bc eltilec[ ~ i ih  
btlf['cr ulonc ~.il pH 5.0 or btllicrs coni;-iinillg 2 M K( '1. 
0.()1 M borale or 1 mM caifcic acid ~ll pg S.I). tlcnce 
;-Ill inatcrial was prctrc;-il.cd ~ i lh  r ' i l - l i \cr supcrilalailt 
(1 l iver  l(l(t nil nmlcria[, holllogcnisud hi 250 m[~ 
before use hi purilic;.ilion procedures. The matcria] 
\w.is ll lcn washed ~ailh 2 M pc)t:i,,siuil~ chloride. I \ 
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Fig. 1. Large scale purification of COMT by affinity chromatography on guaiacol-azo-benzidinc Sephar- 
ose 4B. Ninety-two partially purified COMT [sp. act. = 8.46 nm/min/mg protein) was applied to a 
1.6 x 30-cm (60-ml) column of guaiacol-azo-benzidine-Sepharose 4B which had been previously equili- 
brated with 0.01 M pH 8.0 phosphate buffer containing 1 mM MgC1 z, 1 mM DTT and 1 mM mercap- 
tocthanol [1]. Excess unbound protein was eluted from the column and COMT eluted with 0.2M 
pH S.0 phosphatc buffer containing 2 M KCI. 5 mM DTT, 5 mM mercaptoethanol, l mM MgCI: 

and 0.05'!; (w/v) BSA [2]. 

hydrochloric acid, 8 M urea and treated with pronase 
(5 mg/100ml)overnight. After this procedure rever- 
sible binding of subsequently added COMT could be 
demonstrated, 

R E S t  LTS A N D  D I S C [  SSION 

Preparaticc scalc pin'(Citation 01 COMT by q~tlity 
chromatOWal)hy. The use of a guaiacol-type material 
was preferred to the more unstablc catcchol as any 
slight tendency to oxidation would be deterimental. 
The use of guaiacol-bascd materials may add extra 
specificib to the affinity chromatography technique 
preventing competing interaction with catecholamine 
binding proteins, and, since guaiacols are non-compe- 
titivc inhibitors of COMT tightcr interaction may 
O c c u r .  

COMT activity was purified by ammonium sul- 
phate fractionation and Scphadex G75 gel chromato- 
graphy to give 92ml partially purified COMT (sp. 
act. = 8.46nmole/mi~wmg. Protein concentration = 
4.34mg/ml). This represents a purification of 120-fold 
compared to rat liver homogenate and contains 40 
per cent of the total activity. 

The above material was supplied to a 1.6 x 30-cm 
(60-ml) column of guaiacol-azo-benzidine Sepharose 
4B which had been previously equilibrated with 
0.0l M pH 8.0 phosphate buffer containing l mM 
MgCle. lmM DTT and l mM mercaptoethanol. 
After excess unbound protein had been eluted from 
the column with this buffer, 0.2 M pH 8.0 phosphate 
buffer containing 2 M KC1, 5 mM DTT, 5 mM mer- 
captoethanol I mM MgCI: and 0.5'I;; (w/v) BSA was 
applied. 

The clution protile is givcn in Fig. I. Fifty ml highly 
purified but very dilute COMT was eluted by the 
high ionic strength buffer with an average sp. act. 
of 96.64 nm/min/mg protein and 0.09 nag protein/ml 
(the BSA added as a stabilising agent [5~ was elimin- 
ated in all calculations of protein concentration). This 
represents a purification of 1464-fold compared to rat 

liver homogenate and an overall yield of 8 per cent. 
The rest of the applied COMT activity eluted as a 
breakthrough peak with an average sp. act. of 
4.40nm/min/mg protein (i.e. less than that of the 
applied material). 

This preparative method is comparatively quick 
and simple enabling highly purified COMT to be 
separated in about 40 hr. The overall yield (8 per cent 
as opposed to 6 per cent) and purification (1500-fold 
against 950) compare well with those obtained by 
Borchardt et al. [9] in a long preparation involving 
ammonium sulphate fractionation, desalting on 
Sephadex G25, hydroxyapatite absorption, affinity 
chromatography and Sephadex G100 chromato- 
graphy. However the capacity of the column 
employed by Borchardt et al. [9] was larger perhaps 
due to greater steric freedom of the ligand which was 
coupled to the agarose by a flexible aliphatic chain. 

The above highly purified COMT was subjected 
to polyacrylamide gel electrophoresis and two bands, 
staining with Coomassie blue, were observed. The 
denser of the two bands was identified as BSA by 
means of a control experiment. The more lightly 
stained band of higher mobility was assumed to be  
due to COMT as no other bands were detected. The 
enzyme has clearly been purified to a high degree. 

Further attempts were made to obtain pure COMT 
by affinity chromatography without prior extensive 
gel filtration. COMT activity was purified by 
ammonium sulphate fractionation and desalted on 
Sephadex G25 to give 36 ml preparation (Sp. act. of 
COMT = 0.61 nm/min/mg protein and containing 
38.2 mg protein/roll. This represented a purification 
of 9.2-fold compared to rat liver hornogenatc and 
contained 39 per cent of the total activity. This mater- 
ial applied to a 1.6 x 26.5-cm (67-ml) column of 
guaiacol-azo-benzidine Sepharose 4B that had been 
previously equilibrated with 0.01 M pH 8.0 phosphate 
buffer containing l mM MgCI> l mM DTT and 
1 mM mercaptoethanol. After the bulk of the protein 
had eluted, 0.1 M pH 8.0 phosphate buffer containing 
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Fig. 2. Large-scale purilicalion of COMT from a dcsallcd 50",,-saitil-ulcd aimnonium sulphate prccitfir<itc 
by affinity chromatography on guaiacol-azo-benzidine Sepharosc 4B. Thirty-six ml CC)MT preparation 
(sp. act. - 0.61 nm/min/mg protein) was applied to u 1.6 × 26.5-cm f67-ml) cohlmn of guaiacol-a/o-hcn- 
zidine-Sepharose 4B, previously' equilibrated w.ith 0.01 M pH S.() phosphate bull)r containing I mM 
MgCI> 1 mM DTT and 1 naM mercaptoethanol and the bulk of the protein chttcd ~itla this bul'iL'r 
[1]. COMT was eluted with 0.1 M pH S.0 phosphate buffer containing 5 mM DTT. 5 mM mcrcaplocth- 

anol, I nlM Mg('l: and 0.05". (*.~, v) BSA. 

5raM DTT. 5mM mercaptoethanol, l mM MgC12 
and 0.05 per cent (w/v) BSA was applied. 

The elution profile is given in Fig. 2. Thirty-three 
ml purified COMT was eluted by 0.1 M phosphate 
buffer with an average sp. act. of 11.28 nm min 'mg 
protein at a protein concentration of 0.06 mg."ml (the 
BSA added as a preservative was again eliminated 
from calculations). This represents a 171-fold purifica- 
tion compared to rat liver homogenate and a yield 
o1"4 per cent. The COMT not bound by tile cohlmn 
formed a breakthrougla peak with an average sp. act. 
of 0.69 nm/min/mg protein. 

The  purif ication obta ined  was  not  s ignif icantly bet- 
ter than that of the conventional Sephadex G75 
column but the l g-fold purification in tiffs one treat- 
ment compared well to the equivalent alfinity chro-  
m a t o g r a p h y  step in Borchardt's preparation [9]. This 
result would imply that large proteins which may m- 
elude chromagranin or adrenergic receptors, dis- 
carded in Sephadex G75 chromatography, interact 
non-specifically with these column materials. 

A high-speed supernatant was made in 0.0I M pH 
8.0 phosphate buffer containing 1 mM MgCI> I mM 
DTT and l m M  mercaptoethanol and carefully re- 
adjusted to pH 8.0. Two hundred and ten ml of this 
preparation was applied to a 2.5 × 24.5-cm (120-el) 
column of guaiacol-azo-benzidine Sepharosc 4B, pre- 
viously equilibrated with the butter used in the homo- 
genisation, After the bulk of the protein had elutcd. 
0.15 M pH 8.0 phosphate buffer containing 5 mM 
DTT, 5 mM mercaptoethanol, 1 mM MgCIe and 0.05 
per cent (w/v) BSA was applied. 

The 0.15 M phosphate buffer eluted 39 ml purilied 
COMT with asp. act. of 3.70 nm/min/mg and 0.86 mg 
protein/ml, representing a 9.1-lbld purification corn- 
pared to the applied material, 73-fold compared to 
the homogenate and a 3 per cent yield. Eleven pcr 
cent of the COMT activity eluted through the column 
in the breakthrough peak. It is quite possible that 
the remaining act ivity  was  lost as a result o f  proteo-  
lysis on the columns during chromatography. A simi- 
lar run at pH 6.5 did not result in the retention of 

( 'OM T activity : all the applicd ucti\ i t \  clutcd in ilac 
breakthrough pcak. These rcsnlls conlirm lilt results 
from tile small-scale cxpcriments (scc later), lit lot~ 
pH. The results of the successful purification ;:ire quite 
encouraging but prior anmlor l i tn l l  SUll'~hate fractiolla- 
t ion alld column chromatograph_~ do scorn to hc 
neccssar 3 to r c n l o v c  n l a l l  3 interfering [~.ICIOI'S {llid. 

perhaps, proteolyiic enzymes. 

S%l,~l.I. S('AIJ.Z I{XPI]{II~II-ZXTS; 

Small-scale experiments wcrc carried out to sttld 3 
the nature o(" the interaction of ( ' ( )MT with the im- 
mobilised ligands. The ( 'OM T preparation used was 
partially purified b;  amn'lonium sulphate fructiona- 
tion and Sephadcx G25 chromatograph_\ 1o asp .  act. 
of 0.61 nm;min mg protein representing a q.2-fokl 
purification compared to rat liver homogcnatc. 

Tile results of these small-scale c-, .perinlel l lS a l¢  
tabulated in Table 1. 

In other experiments alfinit\ colunms ,acre pro- 
equilibrated in ILl M pH S.0 phosphate hultcr or tht: 
enzyme was applied before desalting b 3 Scphadcx 
G25 chronaatography. COMT activit,~ did not bind 
to the colunms under these conditions ztnd clutcd in 
a break-through peak with mmimal purification b\ 
gel-filtration. Similarly it is slaox~n in Table l liL that 
COMT can be clutcd by raising the salt concentration 
of the buffer used. The binding of COMT to the catc- 
chol moiety is apparcntl 3 indcpcndcnt of the presence 
or ahscncc of mamacsium ions, which althou,,h 
necessary tot catalytic activit~ arc not apparcnd$ 
required lbr binding. This could also mcan that the 
binding occurring during the absorption of ( 'OMT 
activity onto these cohlnuls  is non-productixc or lhal  
tile active site of ( 'OM T binds Mg: ' so tightly that 
it is not removed during purilicuiion and ma~ bc the 
obligatory first substralc (R. Goldberg and K. 1-. Tip- 
ton. personal communication). 

The success of the catcchol aIfinit~ colunan v~,ould 
tend to support the kinetic evidence [ 12] for the ran- 
dom ordcr hinding of substratcs to the cn i \mc  ee l -  
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Table I. Small scale altinity chromatography restflts 
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T,, pc ot  
ligand* 

( o l t l m n  
dilncnsions 

(cm) 

Vol. ( ' O M T  
prcparahon 

applied 
lmli  

Sp. act. of Reco,,c D Purification 
Pie-equilibration C O M T  cluted of C O M T  + of COM'r+ + 

buffer Eluting buffer (ram,rain 'rag) ("<,) I foldl 

Catcchol-alo-m 
(I) phcn>lenc 
d iammc 

I )) rogallolIa>'o 
tiit henzidmc 

( atucilot-azo m- 
phcnylcl~c 
d iarn inc 
l i i i )  
( atechol-azo-m 
pllt2 I1} lellC 
dizl II?illc 
*ix} 

x l ~  2 

>+14 5 

× 1 9  2 

x 19 2 

tl.10 M pH S.0 P~ buffer 0 2  M pH Sll  P, 470  44 71 
containing I mM D T T  and buffet containing 
I mM mercaptoclhanol I mM D T r  and I mM 

nlcrcaptoct hanoi 

similar restllts obt~thlillg when I mM Mg(12 was 
added to the prc-eqtfilibration burlier and 
1}.1 M phosphalc bufi'er was u?;ed as chiant. 

0.01 M pH S.(i P, buffer 0.0I M pH 5.5 ~S4 ,', 5,~ 
containing I mM DTT,  I mM phosphate buffer 
mcrcaptoethanol and I mM containing I mM DTT 
MgC1- I mM mcrcaptoethanol 

alld 5 mM EDTA 

as aboxe as above except 21.65 II 32S 
pH = 65  

as aboxe 001 M pH  SO 12.85 tJ 195 
borate buffer COllt;lining 
I mM DTT and 
I mM mcreaplt/cthat~ol 

* Strict nomenclature of the azo-affinity materials is not used as the precise nature of the ligand has not been 
fully determined. The system used is a "constructionaF one referring to the name of the reactants used in the syntheses. 

t Compared to activity applied. 
{ Compared to rat liver homogenate. 

ecule, and tit least suggests that the catechol binding 
site is available for substrate binding even in the 
absence of SAM and Mg 2 +, assuming that the bind- 
ing event takes place at the site at which the catechol 
moiety binds in the presence of these cosubstrates and 
not at another site or in a non-productive mode. 

The azo moiety seems to have little effect on the 
binding of COMT to the catechol ligand, which has 
also been observed in the case of the adrenergic recep- 
tor [18]. However accurate measurement of binding 
constants as proposed by Nichol et al. [19] is at pres- 
ent precluded b~ the highly labile nature of purified 
COMT. 

The interaction between COMT and the potent in- 
hibitor pyrogallol has been utilised in affinity chroma- 
tography (Table 1 (ii)l. The capacity of this column 
is of the same order as those having the catechol 
ligands, a surprising result in view of the inhibition 
constants (K~ = 0.42 M for L-DOPA [20J ; K, = 8 I~M 
for pyrogallol [2l]. The ligand concentration in all 
the materials is approximately 3 mM, suggesting that 
the capacity of the columns is limited by steric factors. 
The length of the two "spacers' (benzidine and pheny- 
lene diamine) studied here seem to have little effect 
on the column binding capacity despite the htrther 
factor involved that the essentially para arrangement 
of the benzidine-based ligands should place the 
phenolic moiety further away from the agarose matrix 
than the metaphenylene diamine ligands. Other 
workers have investigated the relationship between 
binding capacity and 'spacer' length [22]. However 
these results are not strictly comparable with those 
reported in this paper as the "spacers' studied are flex- 
ible methylene chains not the aromatic, essentially 
rigid systems used here. 

One of many attempts to raise the yield of COMT 
activity' eluted from affinity columns, involved in- 
creasing the pH of the buffer used to pre-equilibrate 

the column to 8.5 as the apparent binding constants 
for catechol substrates decrease with increasing pH 
[12]. Under these conditions 84 per cent of the 
applied activity eluted from the catechol-azo-m- 
phenylenediamine Sepharose column in the break- 
through peak and no COMT activity was eluted by 

'0.1 M pH 7.0 phosphate buffer. White and Wu [5] 
observed dimerisation of COMT at elevated pH and 
consequent loss of activity. Certainly other reports 
[23] suggest that COMT is unstable in alkaline con- 
ditions. It may be that the effect of pH on the appar- 
ent binding constants is not a binding effect but a 
catalytic one, and hence COMT is not bound by the 
column under these conditions. 

In addition to the use of high ionic strength, hydro- 
gen ions can be used to elute COMT from an affinity 
column (Table I (iil and {iii)t. This would tend to con- 
firm that the increase in the apparent K,, range with 
decreasing pH observed by Flohe and Schwabe [12] 
is due, at least in part, to binding effects. The depen- 
dence of the apparent K,, on a group with pK, = 6.7 
could possibly implicate the p-hydroxyl of the cate- 
chol substrate but the pK value is rather low [24] 
for such a group. The decrease in effectiveness of the 
enzyme substrate interaction at lower pH may be 
ascribed to the protonation of a group in the enzyme 
molecule. 

COMT was eluted from the affinity column (Table 
I (iv)) by borate buffer without the requirement of in- 
crease in ionic strength or decreased pH. Borate ions 
form complexes with polyhydroxy compounds in 
alkaline media, e.g. adrenaline [25] and caffeic acid 
[26]. Elution by borate involves a competitive process 
where the borate ions can reduce enzyme-affinity 
ligand interaction by forming a complex with the 
vicinal hydroxyl groups of the ligand. This competi- 
tive displacement demonstrates that the interaction 
between COMT and the affinity column material is 
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of  a genuine  hiospecilic nature.  The low apparen t  
yield may  be explained on  the basis that  the activity 
assays were sub-op t imal  due  to reduced subs t ra te  
availabili ty as a result o f  complexa t ion  b5 residual 
bora te  ions present.  

The  incubat ion of C O M T  with 4 -n i t rophenyl -azo-  
catechol  in the presence of  SAM yielded a c o m p o u n d  
which had thc ,~m~e R r on t.l.c, in two solvents  as 
a pure p repara t ion  of  4-n i t rophenyl-azo-guaiacol .  
However ,  in add i t ion  to oxidised material ,  another .  
less polar  spot  was observed  which might  co r r e spond  
to the para or  d imcthy la led  azo c o m p o u n d .  This 
s trongly irnplies that  the ca techol -azo  deriwtt ives are 
( ' O M T  subst ra tes  and that  the in teract ion observed 
betwcen the enz>me and  catechol- l igands  in alt]nitv 
ch roma tog raphy  is genuinely biospecific. 

The  studies repor ted  in ~his paper  d e m o n s t r a t e  that  
the alBnity coh lmns  result in re tent ion of  C O M T  acti- 
vity by means  of a genuine  biospecific in teract ion 
with the co lumn ligand g roups  and  that the results 
arc consislcn!  wifl~ data fronl i1ui1]ClOtlS sludics of  
( O M T  repor ted  bx o ther  workers,  
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