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In an effort to investigate catechol methyltransferase activity in sources other than mammalian 
tissues and cells, a high level o f  enzyme activity was found in the yeast fungus Candida tropicalis 
CBS 94. Partial purification o f the enzyme (approx. 550 fold with a recovery o f 7%) could be 
achieved by using ion-exchange and gel filtration techniques. The molecular weight was estimated 
at 32,000 ±  2,000 by gel filtration on Sephadex G-100. In isoelectric focusing experiments on 
Sephadex G-75 the enzyme exhibited a pl-value o f 5.0 ±  0.1. In contrast to catechol methyltransfer­
ase from various mammalian tissues the enzyme activity was prepared from the pH 5-sediment. 
The substrate specifity is comparable to other catechol methyltransferases.

Introduction

Catechol m ethyltransferase (S-adenosyl-L-methio- 
nine: catechol-O -m ethyltransferase, EC 2.1.1.6 ) [1, 2] 
catalyzes the transfer o f a m ethyl group from S-ade- 
nosyl-m ethionine to a catechol substrate resulting in 
the form ation o f the  m eta- and para-O -m ethylated 
products. This enzyme, which is widely d istributed  
in m am m alian tissues [3], plays a prim ary role in the 
m etabolism  o f catecholam ines. Recent investigations 
found this enzyme in various species o f the yeast 
Candida [4]. A very sensitive m ethod was introduced 
for the determ ination  o f catechol m ethyltransferase 
activity, based on the m easurem ent o f the intensity 
o f  fluorescence o f 7-hydroxy-6-m ethoxycoum arin 
(scopoletin) enzymatically produced by 6,7-dihydroxy- 
coum arin (aesculetin) in the presence o f m etal ion 
M g2+ and m ethyl donor S-adenosyl-m ethionine [5], 
In this work we report the partia l purification and 
characterization o f this enzym e from Candida tropi­
calis using this m ethod.

Materials and Methods

Chemicals:

The following com pounds were obtained from the 
indicated sources; S-adenosyl-L-m ethionine hydro- 
gensulfate, C om bithek (calibration  proteins) (Boeh- 
ringer); S-adenosyl-L-[methyl-1 4 C ]m ethionine (R a­
diochem ical Centre, A m ersham ); neutral alum inium
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oxide, activity grade I (W oelm); DEAE-cellulose 
DE 52, m icrogranular form  (W hatm an); DEAE-Se- 
pharose CL - 6  B, Sephadex G-75 superfine, S epha­
dex G-100 (Pharm acia); Ultrogel AcA 44, A m pholi- 
ne, carrier am pholytes pH  3 — 10 (LKB); S abouraud 
dextrose — 2% broth (M erck). All o ther m aterials 
used were o f reagent grade. L iquid  scintillation 
counting was perform ed in a toluene m ixture ( 1  1) 
containing 3 g PPO and 0.1 g POPOP.

Cultures

The yeast Candida tropicalis CBS 94 was cultivat­
ed in Sabouraud dextrose -  2% broth in a Lab shaker 
at 30 °C  (120 rpm ) for 72 h.

Purification o f  catechol methyltransferase

All steps were perform ed at 0 -  5 °C  unless speci­
fied otherwise.

Preparation o f  homogenate and 100,000 x g  superna­
tant

The sedim ent (4,000 x g, 20 m in) o f the yeast cul­
ture (1200 ml) was w ashed 3 tim es w ith 200 ml ice 
cold buffer A (10 mM potassium  phosphate buffer 
(pH 7.6), 10 mM M gCl2 , 10 mM sucrose and 1 mM 
EDTA) and finally suspended in 100 ml o f this phos­
phate buffer. The yeast cells were then lysed in a cell 
hom ogenizer with glass beads ( 0  0.45 — 0.5 
mm, Braun M elsungen) at 4,000 rpm  for 4 min. 
A bout 95% of the cells were disintegrated. The hom o­
genate was centrifuged a t 100,000 x g  for 1 h. The se­
dim ent was discarded.
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Differential fractionation with 1 n  acetic acid  

The 100,000 x g  supernatan t was adjusted to pH 6  

with 1 n  acetic acid and stirred for 30 min. A fter 
centrifugation at 40,000 X g  the sedim ent was discard­
ed. The supernatan t was then adjusted to pH  5 and 
stirred for a further 30 min. A fter centrifuging 
(40,000 x g, 30 min) the sedim ent (pH  5-sedim ent) 
was dissolved in 200 ml buffer A.

DEAE-cellulose chromatography

100 ml o f pH 5-sedim ent were applied  to a 
K 16/40 colum n (Pharm acia) o f DEAE-cellulose 
DE 52 equilib rated  with buffer A. The elution was 
carried out with buffer A and a discontinuous salt 
gradient (0 m, 140 mM, 1 m N aC l).The catechol m e­
thyltransferase containing fractions were com bined 
and dialysed against buffer A.

DEAE-Sepharose CL-6 B fractionation

The dialysed active protein fraction was applied 
to a K 16/40 colum n of D EAE-Sepharose CL - 6  B. 
The colum n was developed with buffer A. The elu­
tion was carried out w ith the sam e buffer and a dis­
continuous salt g radient (0 m, 100 mM, 1 m N aCl). 
The active eluate fractions were pooled and dialysed 
against buffer B (100 mM potassium  phosphate buf­
fer (pH 7.6), 10 mM M gCl2 , 10 mM sucrose and 1 mM 
EDTA).

Ultrogel Ac A 44 filtration

For gel filtration Ultrogel AcA 44 was equ ilib ra t­
ed with buffer B and poured into a colum n K 16/40. 
The elution was carried ou t w ith the sam e buffer sys­
tem. The com bined active fractions were dialysed 
against buffer A and frozen in 1 ml portions.

Enzym e assay

The enzyme activity was determ ined using aescu- 
letin and S-adenosylm ethionine as substrates accord­
ing to a previously described fluorom etric assay [5]. 
The specific activity was defined as nmol scopoletin 
produced in 30 min per mg protein. The m ethylation 
reaction o f aesculetin to scopoletin was linear under 
standard conditions for up to 60 min. Protein con­
centrations were determ ined by the Lowry m ethod 
[6 ] using bovine serum  album in as standard.

Disc electrophoresis

Polyacrylam ide gel electrophoresis was perform ed 
according to the m ethod o f Davis [7] by using 6 %

buffer, 2-m ercaptoethanol was added  (100 mM). An 
electrophoretic prerun was m ade for 1 h. The gels 
were stained with 0.1% C oom assie Brillant Blue 
G-250 and scanned in a Zeiss PM Q II recording 
densitom eter at 550 nm. The localization o f enzyme 
activity in the gel was carried ou t as previously de­
scribed [8 ],

Isoelectric focusing

The isoelectric focusing experim ents were perform ­
ed in granulated gels o f Sephadex G-75 according 
to W inter [9], A fter establishing the pH  gradient by 
isoelectric focusing over 2 h, the pH  5-sedim ent 
(5 ml) was applied  as a zone in the pH  range
7.2 -  7.8. The separation was com plete after running 
at 8  W constant pow er at 4 °C  for 14 — 16 h. The gel 
fractions were eluted 2tim es w ith 2.5 ml 500 mM po­
tassium phosphate buffer (pH  7.6). The eluate was 
tested for enzym atic activity by the enzyme assay [5].

Molecular weight determination by gel filtration

M olecular weight estim ation was perform ed at
4 °C using a Sephadex G -100 colum n (K 9/60, 
Pharm acia) previously equ ilib rated  w ith 10 mM po­
tassium phosphate buffer (pH  7.6). The colum n’s 
void volume was determ ined using ferritin. A sam ­
ple (0.5 ml) o f the enzyme p repara tion  (pH  5-sedi­
ment) was applied  to the Sephadex G-100 colum n 
and the colum n eluted with 10 mM potassium  phos­
phate buffer (pH  7.6) at a flow rate o f 8  -  10 m l/h  
collecting 0.6 ml fractions. E stim ation o f m olecular 
weight was m ade from a calib ration  curve o f m olec­
ular weights vs. elution volum es for standard  pro­
teins (e.g. cytochrom e c, M r 12,500; chym otrypsin- 
ogen A, M r 25,000; album in (hen egg) M r 45,000; al­
bum in (bovine serum ) M v 67,000) [10].

Substrate specijity o f  catechol methyltransferase

The incubation m ixture was sim ilar to that ou t­
lined in the enzyme assay [5], except that 5 fiCi S-ade- 
nosyl-L-[methyl-1 4 C ]m ethionine was added to the 
m ixture of total volume 5 ml. The final concentra­
tion o f the catechol substrates (see below) was 
10- 3  m. After incubation o f the enzyme with protoca- 
techualdehyde, protocatechuic acid, hom oprotocate- 
chuic acid, /?-hydroxybenzoic acid and caffeic acid 
the reaction m ixture was acidified  with 1 . 0  ml 1 . 0  n  

HC1 and extracted with 20 ml ethyl acetate 3 times. 
Using aesculetin as substrate the acidified m ixture 
was extracted as above, bu t w ith chloroform . A fter
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Fraction number

Fie. 1. Elution profile o f  catechol methyltransferase following DEAE-cellulose chromatography. For elution buffer A and 
a discontinuous NaCl-gradient (0 m, 140 mM, 1 m) was used. Fractions (3 ml) were collected (a). The catechol methyltrans­
ferase containing fractions (88 -  107) with maximal specific activity in fraction 93 were pooled and subjected to chromato­
graphy on DEAE-Sepharose CL-6 B. The elution was carried out with buffer A and a discontinuous NaCl-gradient (0 M, 
100 mM, 1 m) (b).

Fig. 2. Ultrogel AcA 44 filtration. The active DEAE-Se- 
pharose CL-6 B eluate fractions (9 9 — 102) with maximal 
specific activity in fraction 100 were combined and subject­
ed to gel filtration on Ultrogel AcA 44. Fractions (3 ml) 
were collected (see methods for details).

incubation with epinephrine, norep inephrine and 
dopam ine, 10 ml o f 0.5 m borate buffer (pH 10) were 
added to the incubation m ixture. The extraction was 
carried out w ith 1 0  ml isoamyl alcohol, reextraction 
was perform ed 3times with 20 ml 0.1 n HC1. A fter 
evaporation the dry residue was dissolved in 0.5 ml 
methyl alcohol in each case. A liquots o f the dissolv­
ed dry residues obtained after incubation w ith aes- 
culetin or the substituted phenolic com pounds were 
separated on TLC silica gel 60 plates and on TLC 
silica gel 60 F-254 plates (M erck) respectively in the 
solvent system benzene/glacial acetic a c id /H 20  
(2 /2 /1 , upper phase) (system I). Using dopam ine as 
substrate TLC cellulose chrom atoplates (M erck) 
were developed in the solvent system «-butanol, sat­
urated with 3 n HC1 (system II). A fter incubation o f 
epinephrine and norepinephrine the extract was treat­
ed with sodium  m etaperiodate as described by Pi-
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sano et al. [11]. T he oxidation products vanillin and 
isovanillin were extracted 3times w ith 20 ml toluene 
and subjected to chrom atography on TLC plates silica 
gel 60 F-254 in system I. The radiochrom atogram s 
were scanned with a thin layer radiochrom atograph 
(LB 2723, Berthold). T he reference com pounds were 
visualized with ultraviolet light or by spraying with di- 
azotized sulfanilic acid [12], For determ ination  o f the 
m e/a/para-m ethylation ratio o f the formed hydroxy- 
methoxyphenyl com pounds and the ratio o f 6 -0 -/7 -0 -  
methyl ethers the areas o f the chrom atographically  
separated radioactive products were scraped off and 
transferred to a counting vial containing 1 ml methyl

alcohol and 10 ml scintillation fluid. The [1 4 C] rad io ­
activity was m easured by liquid  scintillation count­
ing (Tri-Carb, Packard). The identification  o f the 
m ethylation products were perform ed not only by 
thin layer chrom atography bu t also by the reversed 
isotope dilution technique [13].

Results and Discussion

Ninety to 95% o f the catechol-m ethylating enzyme 
activity was detected in the 1 0 0 , 0 0 0  x g  supernatan t 
o f the hom ogenate from the yeast cells. It could not 
be found in the culture filtrate. In contrast to earlier

Table I. Purification procedure o f  catechol methyltransferase o f  Candida tropicalis.

Enzyme preparation Protein
[mg/ml]

Total
protein
[mg]

Total activity: 
nmol scopole- 
tin produced in 
30 min

Specific 
activity: 
nmol scopo- 
letin produced 
in 30 min per 
mg protein

Yield Purification

[%] (-fold)

I Homogenate 120 24,000 1,550 0.06 100

II 100,000 x  g 
Supernatant

30 6,000 1,430 0.24 92.3 4.0

III pH 5-Sediment 7 1,400 1,360 0.97 87.7 16.1

IV DEAE-Cellulose
eluate

0.5 60 822 13.7 53 228

V DEAE-Sepharose 
CL-6 B eluate

0.75 18 271.2 15.1 17.5 251

VI Ultrogel AcA 44 
filtrate

0.12 3.58 113 31.6 7.3 526

The different enzyme fractions were incubated 30 min with 6,7-dihydroxycoumarin (aesculetin) and S-adenosylmethionine  
(see methods for details).

Table II. Substrate specificity o f catechol methyltransferase o f  Candida tropicalis.

Substrate methyl ether 3-0 -(6 -0 -) 4 -0 -(7 -0 -) m /p - ( 6 - 0 - / l -0 - )
(total volume 5 ml) methyl ether methyl ether methylation

[nmol] [%] [nmol] [nmol] ratio

Aesculetin 18.1 100 16.47 1.62 10.1 : 1
Protocatechualdehyde 12.03 66 11.14 0.89 12.5 : 1
Protocatechuic acid 9.97 55 5.99 3.98 1.5 : 1
Homoprotocatechuic acid a 1.14 6 - - -

/7-Hydroxybenzoic acid 
Cafieic acid

0
14.72

0
81

0
8.58

0
6.15

0
1.4 : 1

Epinephrine bitartrate b 
Norepinephrine bitartrate b

0.92 5 0.33 0.59 0.6 : 1
0.56 3 0.14 0.42 0.3 : 1

Dopamine hydrochloride a 1.16 6 - - -

a From the isomeric methylethers o f homoprotocatechuic acid and o f dopamine the total radioactivity was determined. 
b Using epinephrine and norepinephrine as substrates the radioactivity o f the oxidation products vanillin and isovanillin 
was measured.
For further details compare Materials and Methods.



described procedures for the isolation of the exten­
sively studied catechol methyltransferase from mam­
malian tissues [2, 1 4 -  19] (for review see ref. [3]), 
the enzyme of Candida tropicalis was purified from 
the pH 5-sediment. A summary of a typical purifica­
tion experiment is shown in Table I. As can be seen, 
this procedure resulted in about 530-fold purifica­
tion of catechol methyltransferase over the homoge- 
nate with a recovery of 7%. Using a DEAE-Sepharo- 
se CL - 6  B column for rechromatography of the ac-
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Gel length (cm)

Fig. 3. Activity profile and 550 nm densitometric scan anal­
ysis after disc electrophoresis on polyacrylamide gel. The 
gels were loaded with 100 (il active AcA 44 eluate (fraction 
Nr. 17; 75 |ig protein/m l), a) Gel system: pH 8.9; 6% [7]; to 
the electrode buffer 2-mercaptoethanol was added 
(100 mM). Intensity o f  current: 4 m A/tube. Time o f  electro­
phoresis: 2 h. Distance: 60 mm (30 fractions, each 2 mm), b) 
The gel was stained with 0.1% Coomassie Brillant Blue 
G-250 solution (see methods for details).

Fraction number

Fig. 4. Electrofocusing pattern obtained with catechol me­
thyltransferase (pH 5-sediment) using a pH 3.0 — 10.0 gra­
dient (2% Ampholine).

M olecu lar weight-10

Fig. 5. Determination o f  the molecular weight o f catechol 
methyltransferase on Sephadex G-100. 0.5 ml catechol m e­
thyltransferase (pH 5-sediment) were applied to a column 
K 9/60. Fractions o f 0.6 ml were eluted with 10 m M  potassi­
um phosphate buffer (pH 7.6); the void volume v0 was de­
termined from the elution volume o f  ferritin. Molecular 
weights were estimated from standard plots o f log m olecu­
lar weights versus ve/v0 . Molecular standards were: cyto­
chrome c (1), chymotrypsinogen A (2), albumin (hen egg)
(3) and albumin (bovine serum) (4).
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tive DEAE-cellulose eluate, further inactive protein 
material could be separated (Fig. 1). After chromato­
graphy on DEAE-cellulose, DEAE-Sepharose CL - 6  B 
and Ultrogel AcA 44 filtration (Fig. 2), only one 
peak of enzymatic activity was found in the eluate. 
Therefore, it was concluded that there was no evi­
dence to suggest the existence of more than one form 
of the enzyme. The fluorometric localization of the 
enzyme activity after polyacrylamide gel electropho­
resis is illustrated in Fig. 3 a. The corresponding 
scan analysis (O. D. 550 nm) is shown in Fig. 3 b. In 
isoelectric focusing experiments in granulated gels of 
Sephadex G-75 the purified enzyme exhibited a pl- 
value of 5.0 +  0.1 (Fig. 4). The molecular weight of 
the catechol methyltransferase was estimated to be
32,000 ±  2,000 by gelfiltration on Sephadex G-100 
(Fig. 5). The range of pH-optimum was between 
pH 7.6 and 7.8. The results of experiments referring 
to substrate specificity of the enzyme are summarized 
in Table II. All catechols examined, regardless of the

side chain were O-methylated. On the other hand 
the monophenol compound /7-hydroxybenzoic acid 
did not serve as substrate. 3,4-Dimethoxyphenyl 
compounds and 6,7-dimethoxycoumarin could not be 
detected as products. From the substances tested in 
our laboratory, homoprotocatechuic acid is a natural 
substrate for the yeast [20]. It is of interest, that 
endogenously occurring catecholamines in animal 
species such as epinephrine, norepinephrine and dop­
amine can also serve as substrates. The stability of 
catechol methyltransferase of Candida tropicalis was 
dependent on the degree of purification of the enzyme 
preparation. Whereas cytosol and pH 5-sediment 
showed no loss of activity at 4 °C in a week of stor­
age, the activity of the AcA 44 filtrate lost about 60% 
of its initial activity under the same conditions.
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