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Abstmct-The substrate speciEcity of S-adenosylmethioniue-catec~o~ 0-methyltransferase (EC 2.1.1.6) 
extnct& fxom sh0~t3 of bamboo and pop<a~ was mw& with that of the O-m&&ansfemse pz+en1 in 
the $x& flssue OF mmnosperms. Thebamboo anh p@ar 0-me1by>\mnsferases were ‘IDI&I ID%. mem 

specific for 3&dihydroxy-, 3,4,5_trihydroxy- and 3,4-dihydroxy-5-methoxycinnamic acids. The rate of for- 
m&on 01 <mqilc a&h’rrom5+&roq%ni&c a&Xmfne in tiitro Tea&on wasEounh’ro’~~ea~n~~na~ 01 
fem_i& a&?i&m c&T&c a&&. -un”tue citer’rraa& Sirceh’irssue a’rZz&&&%q, one o”‘t~eflmuuq~~. 8th 
not methylate 3,4,%trihydroxycinnamic and 3,4-dihydroxy-5-methoxycinnamic acids but only 3+dihydroxy- 
cirnnatic z&b. 

INTRODUCTION 

THE ~NCORFORA~~~ of the methyl group of methionine into the methoxyl groups of lignin 
w;bs Srst demon~s&ed by B~esxu~ et al? usiog b%x\q #W&S. Since then, the QCCUXX~BCQ of 
S-adenosylmethionine-catechol 0-methyltransferase (E.C. 2.1.1.6) in higher plants has been 
reported by several workers. 2-6 The present authors have investigated the role of the 
0-methyltransferase catalysing the formation of ferulic and sinapic acids during lignification 
in growing bamboo.7 

In connexion with the biosynthesis of lignins of different plants, interest has also been 
focused on the fact that the lignins of angiosperms largely contain guaiacyl units whereas the 
lilgrins 05 angiosperms con&>n boYn springy% a& guGacy1 groqs. However, it has no1 ye% 
bteen betermjneb what ‘iactoTs tiekemjne: t!e%e WeTences. The pIesent papr Irescri’Des the 
enzyme-catalysed methylation of various hydroxycinnamic acids and the substrate specificity 
ofF 0-methyltransferases from bamboq, po_ular and ginkgo in relation to the metabolic dif- 
ferences between angiosperms and gymnosperms. 

RESULTS 

Figure 1 shows the time course for formation of 0-methylated hydroxycinnamic acids 
by O-methyltransferase from bamboo shoot. The rate of formation of sinapic acid @A) from 
5hydroxyferulic acid (5HFA) was found to be much greater than that for ferulic acid (FA) 
from caf& a&d {CA). 3,4,5-Trih~&~q&marnti atid (TCA) was a1s0 f&m+ to be &&nt 
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as a substrate and gave both 5-HFA and SA; for the first 10 min after the start of the enzymic 
reaction only 5-HFA was formed from TCA. However, when SA formation begins, the rate 
is higher than that of 5-KFA. Thus, the lag phase observed in the formation of SA suggests 
that the two me&z-hydroxy1 groups of TCA are not methylated at the same time, but that 5- 
HFA is an intermediate. The amount of SA formed from TCA was greater than that of FA 
from CA after 90 min of incubation. 

Figure 2 shows the time course for methylation of 5-HFA and TCA by sliced tissue from 
bamboo shoot. 5HFA administered to the sliced tissue decreased as SA rKas farmed. The 
amount of SA reached a maximum after 2 hr and then decreased. TCA incubated with the 
tissue was converted to both SA and 5-HFA, which is consistent with the results described 
above. The amount 05 SA formed ‘irom 5-HFA was mu&greater than thal FromTCA, which 
is also similar to the results from the in vitro experiments. 

Table 1 shows the results of experiments on the methylation of hydroxycinnamic acids by 
O-metkj&r~~ski~~Us W&&Xl fkW?1 .-&w&s &- k%Wxr, %!LWZl p,.?.?&X. A@<% & GWL &U Ye, 
that the amounts of SA formed from 5-HFA in the bamboo and the poplar enzyme systems 

Amount* 

Substrate 
I > 

Product formed Poplar Bamboo 

Caffeic acid 
5-Hydroxyferuhc acid 
3,4,5-Trihydroxycinnamic acid 
3,4,5-Tri&droxyciMamic acid 

Ferulic acid 
Sinapic acid 
5-Hydroxyferulic acid 
Sinapic acid 

100 loo 
335 200 

33 35 
31 45 

* ‘Tne an-an.m&- Crfprucfu~Ys are express& as rf&uve vakte LYdseXf on ryrtr arrroum~ crf&rmk- acad iktriecf. 
The amounts of ferulic acid formed in the poplar and the bamboo enzyme systems were found to be 6.4 pg 
and 4.3 @g/30 min of incubation. The enzymatica~ly formed products were determined as described in the text. 

are twice and three times, respectively, greater than the amount of FA formed from CA. On 
the other hand, the amounts of SA and 5-HFA from TCA in both systems are much less. 

In order to know in more detail a’oout substrate s~eGifki@ of the bamboo 0-m.&&rzins- 
ferase, the effectiveness of various phenolic compounds as methyl group acceptors was 
examined. Rf values and other data were used as criteria for identification. Purification of 
the enzyme was attempted but no satisfactory results were obtained because the activity was 
readily lost. 

Table 3 shows how the various phenolic compounds were methylated. CA, 5-HFA and 
TCA are effective as substrates as described above. Chlorogenic acid (caffeoylquinic acid) 
was also indirectly methylated, giving feruloylquinic acid. On the other hand, p-hydroxy- 
cinamk acid and is&A ~3-hydro7ey-4-m~~oRycinnamic acid) wwe not metlqG&& Simi- 
larly, neither iso-FA nor 3,Cdimethoxycinnamic acid was formed from CA. Other phenolic 
compounds listed in Table 3 were not utilized as methyl group acceptors. 

In order to examine the participation of 0-methyltransferase in formation of gymno- 

sperm lignin precursors, attempts were made to prepare cell-free extracts of the enzyme from 
various ~mnosy>erms in&i&ng Ginlcg 0 Moba but without succeSs. Tk%xekR, sliced tissues 
of Podocarpus macrophylla, Pinus strobus, Cryptomeria japonica and shoots of G. biloba were 
used directly. It was shown by radioautography using either CA-2-i4C or methionine-‘4CH, 



T
A

B
L

E
 2.

 
R
f
 V

A
L

U
E

S A
N

D
 C

O
L

O
U

R
 R
E

A
C

T
IO

N
S O

F 
A

U
T

H
E

N
T

IC
 

C
O

M
PO

U
N

D
S 

X
 

Z
 

R
,
 v

al
ue

s 
C

ol
ou

rs
 

C
om

po
un

ds
 

(I
)*

 
(2

)*
 

(3
)*

 
In

 u
.v

. 
(A

)t
 

@
9t

 

p-
C

ou
m

ar
ic

 
ac

id
 

0.
04

 
05

3 
p-

M
et

ho
xy

ci
nn

am
ic

 
ac

id
 

0.
83

 
0.

71
 

C
af

fe
ic

 a
ci

d 
0 

0.
28

 
Fe

ru
lic

 
ac

id
 

03
5 

0.
39

 
Is

of
er

ul
ic

 
ac

id
 

0.
15

 
0.

27
 

3&
D

im
et

ho
xy

ci
nn

am
ic

 
ac

id
 

07
2 

04
3 

3,
4,

5-
T

ri
hy

dr
ox

yc
in

na
m

ic
 

ac
id

 
0 

0.
17

 
5-

H
yd

ro
xy

fe
ru

lic
 

ac
id

 
0 

0.
21

 
Si

na
pi

c 
ac

id
 

02
5 

0.
27

 

p-
H

yd
ro

xy
be

nz
al

de
hy

de
 

0.
27

 
A

ni
sa

ld
eh

yd
e 

@
96

 
Pr

ot
oc

at
ec

hu
al

de
hy

de
 

0 
V

an
ill

in
 

08
4 

Is
ov

an
ill

in
 

0.
59

 
V

er
at

ra
ld

eh
yd

e 
@

80
 

5-
H

yd
ro

xy
va

ni
lli

n 
0.

08
 

G
al

la
ld

eh
yd

e 
0 

Sy
ri

ng
al

de
hy

de
 

@
80

 

(1
Y

 (4
)*

 

p_
H

yd
ro

xy
be

nz
oi

c 
ac

id
 

0.
01

 
A

ni
si

c 
ac

id
 

0.
74

 
Pr

ot
oc

at
ec

hu
ic

 
ac

id
 

0 
V

an
ill

ic
 

ac
id

 
0.

08
 

V
er

at
ri

c 
ac

id
 

0.
67

 
G

al
lic

 
ac

id
 

0 
Sy

ri
ng

ic
 

ac
id

 
0.

88
 

Pi
no

sy
lv

in
 

02
7 

Pi
no

sy
lv

in
 

m
on

om
et

hy
l 

et
he

r 
0.

90
 

(4
Y

 

0.
35

 
@

89
 

0.
01

 
0.

78
 

0.
67

 
0.

92
 

- - - 

0*
14

 
- 0.
50

 
0.

97
 

- - 0 0.
21

 
0.

98
 

da
rk

 v
io

le
t 

da
rk

 g
re

y 
bl

ue
 

br
ig

ht
 

bl
ue

 
bl

ue
-v

io
le

t 
fa

in
t 

bl
ue

 
bl

ue
 

lig
ht

 b
lu

e 
gr

ee
n-

bl
ue

 

ye
llo

w
-b

ro
w

n 
ye

llo
w

-b
ro

w
n 

gr
ey

 
da

rk
 

br
ow

n 
gr

ey
-b

ro
w

n 
pi

nk
 

(5
)*

 
In

 u
 .V

. 
(B

)t
 

(c
)t

 

s-
7 

re
d-

br
ow

n 

ye
llo

w
-b

ro
w

n 
br

ow
n 

bl
ue

 
re

d-
vi

ol
et

 
vi

ol
et

 
re

d-
br

ow
n 

- 0>
8 

0.
84

 
0.

78
 

0.
92

 
0 0 C

l0
 

(5
)*

 

0.
28

 
0.

84
 

0.
02

 
0.

42
 

0.
78

 
- - - 

da
rk

 

lig
ht

 b
lu

e 
bl

ue
 

da
rk

 
da

rk
 

da
rk

 

In
 U

.V
. 

(B
)t

 
(D

)i
 

lig
ht

 b
lu

e 
lig

ht
 b

lu
e 

ye
llo

w
 

br
ig

ht
 

ye
llo

w
 

re
d-

bl
ue

 
ye

llo
w

 

br
ig

ht
 

ye
llo

w
 

bl
ue

-g
re

y 
or

an
ge

-y
el

lo
w

 
ye

llo
w

 

ye
llo

w
-b

ro
w

n 
br

ig
ht

 
ye

llo
w

 
ye

llo
w

-b
ro

w
n 

ye
llo

w
-b

ro
w

n 
ye

llo
w

-b
ro

w
n 

ye
llo

w
-b

ro
w

n 
br

ow
n-

or
an

ge
 

br
ow

n-
or

an
ge

 
br

ow
n-

or
an

ge
 

br
ig

ht
 

ye
llo

w
 

br
ig

ht
 

ye
llo

w
 

gr
ey

-g
re

en
 

ye
llo

w
-b

ro
w

n 
ye

llo
w

 
gr

ey
-b

lu
e 

gr
ey

-b
ro

w
n 

* 
So

lv
en

ts
 

us
ed

 f
or

 p
ap

er
 

ch
ro

m
at

og
ra

ph
y:

 
(1

) 
to

lu
en

e-
A

cO
H

-H
Z

0 
(4

: 
1:

 5
, 

or
ga

ni
c 

la
ye

r)
; 

(2
) 

2%
 A

cO
H

; 
(3

) 
C

H
C

ls
-A

cO
H

-H
I0

 
(2

: 
1:

 1
, o

rg
an

ic
 

la
ye

r)
; 

(4
) 

be
nz

en
e-

H
C

O
O

H
-H

Z
0 

(5
00

: 
1:

49
, 

or
ga

ni
c 

la
ye

r)
; 

(5
) 

be
nz

en
e-

M
eC

O
E

t-
H

C
O

O
H

-H
Z

0 
(4

50
: 

50
: 

1:
 4

9,
 o

rg
an

ic
 

la
ye

r)
. 

t 
C

ol
ou

r 
re

ag
en

ts
: 

(A
) 

di
az

ot
iz

ed
p-

ni
tr

oa
ni

lin
e;

 
(B

) 
di

az
ot

iz
ed

 
su

lp
ha

ni
lic

 
ac

id
; 

(C
) 

2,
4_

di
ni

tr
op

he
ny

lh
yd

ra
zi

ne
 

in
 2

 N
 H

C
I 

so
lu

tio
n;

 
(D

) 
2%

 F
eC

&
. 



0-Methyltransferases involved in the biosynthesis of lignins 2467 

that O-methyltransferase is present in all of the gymnosperms tested and that FA-2J4C and 
FA-014CH, were formed respectively. Formation of FA-0i4CH, suggests that the methyl 
group of methionine-14CH, was transferred to the meta-hydrorcyl group of CA. The 
methylation did not require addition of ATP or S-adenosylmethionine to the incubation 
medium. When 5-HFA-2-i4C, or TCA and methionine-14CH3 were incubated with the 
sliced tissue of shoots of G. M&a, neither radica&e SA nor 5-KFA was formed. It was 
found that CA-2-14C was selectively methylated yielding only PA-2J4C when radioactive 
CA and 5-HFA were simultaneously incubated in the same reaction medium. If any SA had 
been formed, it would have been detected between FA and the origin on the chromatogram. 

TABLET. SPECIFICMETHYLATIONBYBAMBOO~METHYLTRANSFERASJZ 

Substrate Expected product Result 

Ctieic acid 
5-Hydroxyferulic acid 
3,4$Trihydroxycinic acid 
3,4,5Trihydroxycirmamic acid 
Chlorogenic acid* 
p-Coumtic al53 
Caffeic acid 
IscikuXc acid 
p-Hydroxybenzoic acid 
Protocatechuic acid 
Protocatechuic acid 
Gallic acid 
p-Hydroxybenzaldehyde 
Protocatechu-aldehyde 
Protocatechu-aldehyde 
Iscov!LiXm 
5-gL~dra~vvanillin 
Ga&&%?j* 
Gzi%&&& 
Pinosylvin 

Ferulic acid + 
Sinapic acid + 
5-Hydroxyferulic acid + 
Sinapic acid + 
Feruloylquinic acid + 
p-MethoxycinnanGc atid 
Isoferulic acid 
3,4Dimetlraxycinramic acid 
Anisic acid 
Vanillic acid 
Yeratric atid 
Syringic acid - 
Anisaldehyde - 
Vanillin - 
Isovanillin - 
Yeratrtibehyne 
Sytiuga~de~de 
5-~j&Y?X~WiYi?i>>i? 
S3kTg&.&&by& 
Pinusylvin munum&yktZrer 

* The reaction mixture containing chlorogenic acid (1 pmole) as a substrate was incubated for 30 min at 
30” as described in the text. After the addition of 0.5 ml of 10% HCl, the mixture was extracted with 20 ml 
EtOAc. The EtGAn fraction was di-vided into two equal portions. One was submitted to paper chromate- 
graphy in toluene-AcOH-Hz0 (4: 1: 5, upper layer) in order to determine free ferulic acid originally contained 
in the reaction mixture; however, none was present. The other portion was submitted to HCl-hydrolysis and 
ferulic acid liberated from any enzymatically formed feruloylquinic acid was determined as described in the 
text. The amount of ferulic acid after hydrolysis was found to be 2.2 pg. 

DISCUSSION 

It is well known that angiosperm lignins consist of guaiacyl, syringyl andp-hydroxyphenyl 
units whereas gymnosperm lignins contain mostly guiacyl units with small amounts of 
p-hydroxyphenyl units.*-” It has been reported, however, that some conifers exceptionally 
contain considerable amounts of syringyl units. g Although formation of the syringyl nucleus 
izF .aRRXJ2& tD CZ?XYE%?~ -X&E’ %‘DTbZZZ’j=> EPD&D%DD D5 b&k’33 $CZ’ZtJ t&?hB, fE’E ZW&2ZQ.kZO Ds 
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its formation has not yet been elucidated. Higuchi and Browni showed that labelled FA 
and 5-HFA were efficiently incorporated into the syringyl nucleus of wheat lignin, indicating 
that hydroxylation of FA occurred at the 5-position and the subsequent methylation of 
5-HFA to SA. Hess demonstrated the transformation of FA-014CH3 into SA-0’4CHj in 
seedlings of red cabbage.” However, evidence for the occurrence of 5-HFA and “FA-5- 
hydroxylase” in plants has not yet been obtained, although plant 0-methyltransferases methy- 
late 5-HFA to SA.6-7 The moiety of 5-HFA ring occurs naturally in forms such as petuni- 
din14 and plicatic acid. is If one assumes that 5-HFA is a natural precursor for syringyl groups 
in lignin, it is suggested that one of the reasons for difficulty in its detection is possibly due to 
its being bound to the O-methyltransferase. 5-HFA formed from TCA was rapidly further 

methylated yielding SA even when the level of 5-HFA was quite low, 
Figure 1 and Table 1 show that a larger amount of SA was formed as compared with FA 

and suggest that SA should accumulate in considerable amounts in plant tissue. However, 
SA could not be detected as easily as FA in growing bamboo, perhaps because SA is rapidly 
incorporated into lignin in the tissue. Figure 2 shows, however, that SA accumulated in the 
tissue only when a sufficient amount of 5-HFA was supplied. This suggests that the reaction 
rate observed in vitro would not necessarily occur in the living plant. Table 3 confirms the 
previous results’ that bamboo 0-methyltransferase works only with the 3- or 5-hydroxyl 
group in 3,4dihydroxy- and 3,4,5_trihydroxycinnamic acids. On the other hand, hydroxy- 
benzoic acids, hydroxybenzaldehydes and other phenolics were not effective as methyl group 
acceptors. However, Hess5 reported that protocatechualdehyde, protocatechuic and gallic 
acids, and esculetin were methylated by cell-free extracts from Petunia and Finkle et al. 
observed a similar methylation reaction in a grass. Although Finkle et aZ.’ and Hess5 recog- 
nized para-methylation patterns and para-methylated substances, such as anetholei6 and 
Nerine,” occur in some plants, nopara-methylation was observed with the bamboo enzyme. 
As for methylation of 3,Cdihydroxycinnamic acid, Finkle i* found that it was methylated 
only at the 3-position, which is consistent with the present results. It is not clear what factors 
are involved in determination of meta- and para-methylation. One of the factors may be a 
requirement for magnesium ion, which could affect enzyme-substrate orientation by cross- 
linking between p-hydroxyl group of catechols and S-adenosylmethionine, as proposed by 
Senoh et aLI9 Consequently, the meta-hydroxyl group is substituted by the methyl group of 
S-adenosylmethionine yielding meta-methylated products. Variations in the pH value of the 
reaction medium can also influence the ratio ofpara- and meta-methylated products in some 
compounds.‘g The differences in substrate specificities between animal and plant O-methyl- 
transferases have been summarized by Daly.20 

From these results, it is clear that 0-methyltransferases involved in the biosynthesis of 
lignin precursors such as ferulic and sinapic acids do not act upon other phenolic compounds 
such as alkaloids and flavonoids. Moreover, the results with sliced tissue of ginkgo shoots 

I2 T. HIGUCHI and S. A. BROWN, Can. J. Biochem. Physiol. 41, 613 (1963). 
I3 D. HESS, Plunta 60, 568 (1964). 
I4 G. M. ROBINSON and R. ROBINSON, Konstitution und Vorkommen der Organ&hen Pflanzenstoffe (edited by 

W. KARRER), p. 685, BirkhBuser-Verlag (1958). 
I5 J. A. F. GARDNER, B. F. MACDONALD and H. MACLEAN, Gun. J. Chem. 38,2387 (1960). 
I6 K. KANEKO, Chem. Pharm. BUN. 10, 1085 (1962). 
” J. D. MANN, H. M. FALE~ and S. H. M~DD, J. Biol. Chem. 238, 3820 (1963). 
” B. J. FINKLE, private communication. 
l9 S. SENOH, J. W. DALY, J. AXELROD and B. WITKOP, J. Am. Chem. Sot. 81, 6240 (1959). 
*’ J. W. DALY, Phenolic Compounds andMetabolic Regulation (edited by B. J. FINKLE and V. C. RUNECKL~), 

Appleton-Century-Crofts, New York (1967). 
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show that gymnosperm 0-methyltransferase selectively methylates CA in the mixture of CA 
and 5-HF& a& in&&e onto reas~rr fur&e rrr&%o2&?iE~~ b&wucrr g-rm-ross and 
angiosperms during lignification. For the formation of syringyl nuclei in angiosperm lig- 
nins, FA must be first hydroxylated at the 5-position, giving 5-HFA, which is subsequently 
methylated to SA. This process can be considered as a diverging step which differentiates 
angiosperms from gymnosperms and is hence related to the biochemical evolution of plant 
lignins. 

However, if SA or sinapyl alcohol is artificially supplied to gymnosperms, they might be 
incorporated into gymnosperm lignins. Reznik,2’ on the other hand, did not observe any 
incorporation of syringin into spruce lignin. In view of his observation and the present result 
it is suggested that syringyl compounds are not necessary for the formation of gymnosperm 
lignins. Furthermore, as shown in Scheme 1, gymnosperms may not contain the enzyme 
systW2i-L ” +& %XTXr&!??~ ?KsJ&& %&rl %W.Z~ +.?A WI&Z*+?%. T+f% ?ZiW&+&& 
differences between angiosperms and gymnosperms may be as follows: 

(1) Gymnosperms may lack one or more of the series of the enzymes including(b), (c), (d), 
or (e) (Scheme 1). Gymnosperm 0-methyltransferase may methylate only CA. 

(2) Angiosperm 0-methyltransferase may consist of two enzymes; one for CA and an- 
other for 5-HFA. 

fl3> The enzyme system, \f>ingymnosperms may not reduce SA to sinapyl aIcoM. 
(4) Peroxidases and phenoloxidases in gymnosperms may differ from those in angio- 

sperms in that the former utilizes only coniferyl alcohol and that the latter both 
coniferyl alcohol and sinapyl alcohol. However, this possibility seems to be ruled 
out because peroxidases and phenoloxidases generally have a broad spectrum of 
substrate specificity. 

Accordingly, gymnosperms may regulate their metabolism in order to utilize only guaiacyl 
prec~~%~~ $%i~+& wX, <,r,&+$ &.&&, =&.$ ‘uvt~~ wIytf SJ&& WB~~B& W& 5-HE+ 
are administered to the plants. This may correspond with a tendency of cells to synthesize 
only necessary precursors and to convert unnecessary substances in other ways. 

PHENYLALANlNE 
(TYROSINE) --f-----f CA -% FA (b) (5-HFA) % SA -% Sinapyl alcohol 

I ? (e) 
(ANGIOSPERMS) + 

Lignins 

I (0 
r Conifkryl alcohol 

(ANGIOSPERMS AND GYMNOSPERMS) 

SCHEME 1. METABOLIC PATHWAY OF LIGNINS IN ANGIOSPERMS AND GYMNOSPERMS. 
(a), (c), 0-Methyltransferase; (b), FA-5-hydroxylase; (d), (f), enzyme systems involved in reduction of the 

hydroxycinnamic acids; (g), peroxidases or phenoloxidases. 

Saniples a&Reagents 
EXPERIMENTAL 

lF~esl6amhaa s~aois ar ~~~~~stac~y~_udescens @Gis$ a& P. retik’afa cMa&k& young &~oots OZ 
Populus nigra were used as representatives of angiosperms for the preparation of O-methyltransferase. 

I1 H. REZNIK, Biochemistry of Wood (Proceedings of the ZVth International Congress of Biochemistry, Vienna) 
(edited by K. KRATZL and G. BILUK), p. 70, Pergamon Press, Oxford (1958). 
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Young shoots of the maidenhair tree (Ginkgo bilobu) and Podocarpus macrophylla Maki and seedlings of 
Cryptomeria japonica and Pinus strobus were employed as representatives for gymnosperms. 

Caffeic, ferulic, 5_hydroxyferulic, sinapic and 3,4,5-trihydroxycinnamic acids were synthesized from the 
corresponding benzaldehydes and malonic acid according to the method of Neish.** Labelled cinnamic acids 
were prepared in the same way by use of malonic acid-2-I%. 

Extraction of 0-Methyltransferase from Plants 

Extraction of O-methyltransferase from bamboo shoots were carried out as described in the previous 
paper.’ O-Methyltransferase in young shoots of Pop&us nigru was extracted as follows; 100 g of young shoots 
were cut into small pieces, homogenized at about 4” in a Waring blender with an equal weight of 0.1 M Tris 
buffer solution (pH 7.3) containing dithiothreitol (10 mg) and NaBH4 (40 mg). The homogenate was filtered 
through gauze and the filtrate was centrifuged at 5500 g for 20 min. To the supernatant solution solid 
(NH&SO4 was added to 0.8 saturation. The precipitate was dissolved in a small amount of 0.01 M Tris buffer 
solution (pH 7.5) and the solution was passed through a Sephadex G-25 column to remove (NH4)$04. The 
eluate containing enzyme protein was collected and used for the assay of O-methyltransferase activity. 

Assay of 0-Methyltransferase 

The reaction mixture usually contained the following components: 0.1 ml each of 0.01 M of sodium caffeate 
(1 pmole), 0.04 M of MgC& (4 pmoles), 0.04 M sodium ascorbate (4 pmoles), 0.005 M Sadenosylmethionine 
iodide (0.5 pmole), 0.2 ml of 1 M Tris buffer solution (pH 8.0) and l-2 ml of the enzyme solution. The reaction 
mixture was incubated at 30” for 30 min. After the enzymic reaction was stopped by addition of 0.5 ml of 
10% HCl, the mixture was extracted with 3 x 5 ml portion of Et*O. The Et20 was removed and the residue 
was chromatographed on paper in toluene-AcOW-Ha0 (4: 1: 5, upper layer). The reaction product, i.e. 
ferulic acid in this case, was detected in U.V. light. The fluorescent band on the chromatogram was cut out and 
the product eluted with 5 ml of 95 % EtOH at 50” for 10 min. The amount of eluted ferulic acid was deter- 
mined by the measurement of absorbancy at 323 nm. When 5-hydroxyferulic acid (5-HFA) was used as a 
substrate, sinapic acid (SA) was formed and was separated by paper chromatography and determined at 
325 nm. When 3,4,5_trihydroxycinnamic acid was used as a substrate, the quantities of the components and 
the enzyme solution for the methylation reaction were doubled and at the end of incubation the reaction mix- 
ture was divided into two equal portions. One was used for the determination of SA and the other was sub- 
mitted to paper chromatography in CHC13-AcOH-H,O (2: 1: 1, lower layer) and eluted 5-HFA was deter- 
mined by the measurement of absorbancy at 326 nm. 

Examination of 0-Methyltransferase Activity with Plant Tissue 

Sliced tissue (5 g) of young shoots of bamboo, Podocarpus macrophylla (Maki) and Ginkgo biloba and seed- 
lings of Cryptomeria juponica and Pinus strobus were incubated at room temp. for 1 hr with a reaction medium 
(1 ml), containing 0.5-l mg of the substrate (hydroxycinnamic acids, 0.30-0.5 PC, but non-labelled hydroxy- 
cinnamic acids were used when incubated with the tissue of bamboo shoot) and 0.25-0.5 pmole of S-adenosyl- 
methionine or methionine-14CHp (I PC) instead. At the end of incubation the product was extracted with hot 
80% EtOH, and after paper chromatography it was identified and determined as described above. 

Identification of Methylated Products 

FA, 5-HFA and SA were identified and determined as described above. Their R, values are given in Table 
2. However, when the other phenolic compounds were used as substrates, as shown in Table 2 the expected 
methylated products were checked by comparison of their R, values, fluorescence under U.V. lamp and colour 
reactions with those of the authentic compounds. When a radioactive methylated product was obtained, it 
was identified by autoradiography with the chromatogram scanner (Aloka PCS-4). 
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