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The O-methyltransferase of tobacco cell culture was resolved to its meta and para directing
forms by chromatography on DEAE-cellulose. Despite similarities in molecular weights and pi
values of the two forms, however, evidence from pH optima, SH-group inhibitors, methylation
ratios, SDS-acrylamide gels and mixed substrate experiments indicates the existence of two discrete
enzymes acting at the meta and para positions of caffeic acid and quercetin, respectively; though
the latter enzyme was less substrate specific than its meta counterpart.

Introduction
O -M ethyltransf erase (OMT) has been detected in
several p la n t species involving th e biosynthesis of
phenylpropanoid [1 —11] and flavonoid [9, 1 2 —14]
com pounds. In th e presence of S-adenosyl-Lm ethionine, OMT transfers th e m ethyl group p re
dom inantly a t th e meta hydroxyls of catecholic
su b strates [15, 16], though th e m ethylation of phydro x y com pounds has also been reported [14,
17, 18]. R ecently, several workers have observed
OMT ac tiv ity a t both meta and para hydroxyls of
o-dihydroxy phenolic com pounds [19 —22]; though
it is n o t known w hether one or more enzymes c a ta 
lyze such m ethylation. We report here, for th e first
tim e, on th e isolation and some properties of two
form s of OMT from tobacco cell culture. One form
m ediated th e O -m ethylation of caffeic acid alm ost
predom inantly a t th e meta position, and th e other,
quercetin a t th e para position, b u t n o t to the ex
clusion of other substrates.

Experim ental
Culture conditions

Tobacco cell culture (N icotiana tvbacum cv.
W isconsin 38) w as in itiated and m aintained on a
salt-n u trien t m edium [23] containing 3% sucrose,
2 yMM indoleacetic acid and 0.1 /um kinetin. B atch
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cultures were ag itated on a g y rotary shaker
(150 rpm ) in diffuse light a t 24 °C and were subcultured a t weekly intervals using 10% inoculum.
Enzym e purification

All procedures were carried a t 2 —4°C and
buffers were m ade of potassium phosphate, pH 7.5
containing 5 mM ED TA in th e following concen
tratio n s: (I) 0.1 m , (II) 5 m M , (III) linear gradient
betw een 1 0 —200 m n. Filtered cells were homo
genized w ith Polyclar-AT and 2 volumes buffer I,
th en centrifuged for 20 min a t 20,000 g. The super
n a ta n t was stirred for 20 m in w ith Dowex 1 x 2 and
filtered. The filtrate was fractionated with solid
am m onium sulphate and the protein which pre
cipitated betw een 50 —60 % satu ratio n was collected
by centrifugation, dissolved in th e minimum
am ount of buffer I I th en desalted on a Sephadex
G-25 column. I t was chrom atographed successively
on D EA E-sepharose, sephacryl S-200 and hydroxyap atite colum ns and th e protein was eluted with a
linear gradient (1 0 —200 m M ) of NaCl in buffer II,
buffer I I and buffer I I I , respectively. OMT activity
of th e different fractions was assayed against caffeic
acid, esculetin, daphnetin and quercetin as sub
strate s (Fig. 1) and th e p u rity of active fractions
wTas m onitored by acrylam ide gel electrophoresis.
Sepataion of m- and ^-directing activities was
achieved by chrom atography of th e Sephadex G-25
fraction on D EAE-cellulose column and elution
w ith a linear gradient (10 —150 mM) NaCl in buffer
II. The fractions collected were assayed against
caffeic acid and quercetin as substrates.
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Fig. 1. Structural formulae for substrates
with O-methyltransferase assays.
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and products used

O-M ethyltransf erase assay

The stan d ard assay m ixture consisted of 50 nmol
substrate (in 10 ,«1 DMSO), 7 nmol S-adenosyl-L[14CH3]m ethionine (0.02 ^Ci), 1.4 /umo\ /?-mercaptoethanol and 10 —100 /ug protein in a to ta l volume of
250 [A. The m ixture was incubated a t 3 5 °C for
30 min and th e reaction was term in ated by the
addition of 20 ju\ of 6 N HC1. Assays were perform ed
in duplicates and th e m ethylated products were
extracted twice w ith diethyl eth er (for phenylpropanoids) or ethyl acetate (for quercetin). The
products of one assay were counted for to ta l radioactiv ity in a toluene-based scintillation fluid.
Identity of reaction products

The products of the other assay were separated
by TLC using different supports an d solvent sys
tem s (Table 1) followed by autoradiography. The
id entity of m- and p-m ethylation products was
Substrate b

Caffeic acid
Daphnetin
Esculetin
Quercetin
a
b
c
d

Products and Rf values
Meta

Para

Ferulic
0.25
Hydrangetin
0.52
Scopoletin
0.47
Isorhamnetin
0.83

Isoferulic
0.37

m-lp-

ratio c

confirmed by cochrom atography w ith reference
com pounds an d visualization in UV-light (366 nm).
Individual com pounds were scraped off the TLC
plates, m ixed w ith Cab-O-Sil and counted by liquid
scintillation.
Other determ inations

The m olecular weights of the two forms of OMT
were determ ined by gel filtration on a calibrated
Sephadex G-100 column [25] and by thin-layer gel
filtration on Sephadex G-150 [26] using stan d ard
proteins. Isoelectric focusing was perform ed in
10-cm long acrylam ide gel columns containing
carrier am pholite, pH 3 —10 [27].
R esults and D iscussion
Table 1 shows th e meta and para m ethylation pro
ducts of th e purified enzyme preparation (hydroxyap atite fraction) when assayed against four sub
strates. D aphnetin was m ethylated exclusively a t
th e meta position, possibly due to its highly nucleophilic 8-OH group. The ratios of m -/p - m ethylation
of th e other substrates, however, seem to indicate
th e presence of tw o forms of OMT as has been
suggested w ith th e citrus cell-free extracts [28].
One form m eth y lated caffeic acid alm ost p re
d om inantly a t th e meta position and the other form
m eth y lated quercetin to a large ex ten t a t the para
position.
W hereas th e procedure used for enzyme purifica
tio n did not separate the tw o forms of OMT activity,
exam ination of th e acrylam ide gel protein p atte rn s

TLC characteristics
Solvent
system d

Support e

9.4

A

MNC

OO

B

CA

B

MNS

C

EKS

Isoscopoletin 1.3
0.63
Rhamnetin
0.33
0.75

Table I. O-Methyltransferase ac
tivity of the hydroxyapatite fraction
against four substrates and identifi
cation of the reaction products a.

Structural formulae of substrates and products are shown in Fig. 1.
Supplied at final concentration of 0.2 m M .
Determined after TLC separation of m- and p-methylation products.
Solvent systems used: A, 7i-BuOH-NH4OH-EtOH-C6H6 (5: 3: 1: 1) ; B, n-BuOH-NH4OH-EtOH-C6H6-CCl4 (5: 3: 5: 4: 1) ;
C, C6H6-pyridine-HCOOH (36: 18: 5).
e TLC supports used: MNC, MN-cellulose; CA, cellulose-Avicel; MNS, MN-silica gel; EKS, Eastman Kodak silica plates.

Y.-F. Tsang and R. K. Ibrahim • O-Methyltransferases in Tobacco Cell Cultures

48

(Fig. 2) shows parallel disappearance of protein
band 1 and th e appearance of two other proteins
(bands 2 & 3, gels a —d). These bands were active
against all substrates and th e la tte r two bands were
considered to represent th e dissociated form of the
enzyme. A partial, b u t fair separation of the two
form s of OMT activ ity was achieved by chrom ato
graphy on DEAE-cellulose (Fig. 3), and their
characteristic properties listed in Table II. Despite
th e sim ilarities observed in th eir molecular weights
and p i values of th e two forms of OMT, there are se
veral properties indicative of the existence of two
distinct enzymes acting a t the meta and para positi
ons: (a) The elution profile from DEAE-cellulose was
A

a b e d

Fig. 2. Acrylamide gel protein patterns of O-methyltransferase during purification steps: (a) (NH4) 2S0 4 pellet after
desalting on Sephadex G25; (b) DEAE-sepharose; (c)
Sephacryl S-200; (d) hydroxyapatite.

Fig. 3. Elution profile of O-methyltransferase from DEAE-cellulose
and meta and para methylating
activity of peaks I and II against
caffeic acid and quercetin.
F ra c tio n

no.

Table II. Some characteristics of the two forms of tobacco culture O-methyltransferase a.
Characteristics

Fraction I

Fraction II

Molecular weight
Pi
pH optimum b
Inhibition by PCMB
(1 m M ) c
Iodoacetate (20 m M )
Methylation ratios

74,000 ±7%

70,000 ± 6 %
6.3
8.3

73
Caffeic

Esculetin Quercetin

Meta/para
Para/meta

11.13
0.09

1.59
0.63

6.1

7.3
22

68
20

0.15
6.78

Caffeic

Esculetin Quercetin

3.32
0.30

0.68
1.46

a Fractions No. 52 and 57, respectively (Fig. 3).
b For caffeic acid and quercetin, respectively.
c Values are percent of control; assayed in absence of EDTA.

0.07
14.80
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resolved into ra-directing (m -lp -ratio 11.1) and pdirecting (p-/m -ratio 14.8) peaks against caffeic acid
an d quercetin respectively; though th e la tte r was
less su b strate specific th a n its meta count3rpart to
th e ex ten t of being able to catalyze significant
m ethylation of esculetin and caffeic acid, (b) There
were significant differences between the two forms
of th e enzyme in their pH optim a and th eir behav
iour tow ards SH-group inhibitors (Table II). The
meta directing OMT was more sensitive to p-chlorom ercuribenzoate inhibition th a n its para counter
p a rt, while th e reverse was observed w ith iodoacetate. (c) SDS-acrylamide gel electrophoresis of
bands 2&3 (not shown) seemed to indicate th a t th e
la tte r are n o t charge isomers or isoenzymes, b u t
tw o distinct proteins w ith electrophoretic mobilities
correspondong to 7 0 —75 K range and appear to be
interm ediate among those reported for other OMT’s
[5, 10, 12, 14]. (d) More conclusive evidence for th e
existence of two discrete enzymes was obtained
from mixed substrate experim ents using purified
OMT preparation (hydroxyapatite fraction). The
results shown in Table I I I indicate th a t th e additive
effect observed when quercetin was added to caffeic
acid is in sharp contrast w ith th e decreased activ ity
obtained after th e addition of either esculetin or
d aphnetin. This result is in agreem ent w ith kinetic
th eo ry [29] which dem onstrates th a t a t near sa tu ra t
ing su b strate concentrations, a higher activ ity is
observable in the presence of two substrates th a n
w ith either one alone, if the system contains sepa-
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Table III. Methylating activity of the hydroxyapatite eluate
against mixed substrates a.
Substrate and
concentration
Quercetin
Esculetin
Daphnetin

Relative activity [cpm/assay'lb
0.0 m

M

16 485
( 100 %)
16 670
( 100 %)
16 850
( 100 %)

0.08 m

M

23 540
(143%)
11 640
(70%)
13 650
(83%)

0.2 m

M

34 150
(207%)
9 630
(58%)
10 750
(64%)

a The standard assay contained 0.2 m M caffeic acid (con
t r o l 100 %) to which the indicated substrate concentra
tions were added and assayed as described in the Methods
section.
b Counts represent total methylating activities.

ra te enzymes m ediating th e reactions of both sub
strates.
To our knowledge, th is is the first reproted in 
stance where th e meta and para directing OMT’s
have been isolated and partially characterized. This
finding together w ith th e report on th e presence in
R uta graveolens cell culture of tw o distinct enzymes
catalyzing th e O -m ethylation of linear furanocoum arins a t th e ortho an d meta positions [10] add to
our knowledge of O -m ethylation a t th e different
positions of phenolic rings.
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