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Abstract-Partially purified catechol O-methyltransferase from pampas grass (Cortadrria selloana) catalyzes the 
methylations of substrates at both theit- mrra and puru positions, This capability was shown, by heat treatments, 
to arise from a less stable m-O-methyl-transferring activity and a more stable p-O-methyltransferring activity. 
tested against protocatechuic acid. When acting upon caffeic acid. the preparation catalyzes a reaction of solely 
az-0-methyltransfer (in contrast to the mixed methylation of this substrate exhibited by rat liver catechol O- 
methyltransferase). A small degree of in-O-methylation of monophenolic substrates also occurs. 

INTRODUCTION 

CONSTITUENTS as diverse as the lignin of wood, the anthocyanin flower pigments, and O- 
methylated catechol acids, that may be involved in metabolic regulation,’ are methylated 
bycatechol 0-methyltransferase. ‘J Some degree ofcharacterization of the enzyme was early 
reported,2,4 and the importance of its purification became evident when, as reported here, 
two distinguishable enzyme activities-namely meta- and p-0-methylation-were found in 
enzyme preparations from pampas grass (Cortaderia selloana). 

With caffeic acid (3,4_dihydroxycinnamic acid) as substrate, methylation occurred where 
it most usually occurs in natural constituents at the hydroxyl group meta to the side chain. 
This m-0-methyltransferase activity has since been found (or in some cases assumed, with- 
out positive distinction being made between ferulic and isoferulic as product) in several 
organs of many plantsL9 and in cell cultures of parsley.” 

* Part VIII in the series, Enzyme Reactions with Phenolic Compounds. For Part VII see Finkle, B. J., Nozaki, 
M. and Fujisawa. H. (1971) Pkytockrmisrry 10, 235. Preliminary reports of portions of this work have appeared.3 

‘ FINKLE, B. J. (1967) PkenoLic Compounds and Metabolic Regulation (FINKLE, B. J. and RUNECKLES, V. C., eds.), 
p. 9, Appleton-Century-Crofts, New York. 

* FINKLE, B. J. and NELSON, R. F. (1963) Biochim. Biopkys. Acts 78, 747. 
3 FINKLE, B. J. and KELLY, S. H. (1970) Plant Pkysiol. 46, 43; (197 1) Fed. Proc. 30, 1305. 
4 FINKLE. B. J. and MASRI, M. S. (1964) Biockim. Biopkys. Acta 85, 167. 
’ HESS, D. (1964) Z. Naturfirsck. 19b, 447. 
6 GLASS, A. D. M. and BOHM, B. A. (1972) Pkytochemistry 11,2195. 
’ SHIMADA, M., OHASHI, H. and HIGUCHI, T. (1970) Phytockemistry 9, 2463. 
a SHIMADA, M., FUSHIKI, H. and HIGGCHI, T. (1972) J. Japan Wood Res. Sot. 18, 43. 
9 MANSELL, R. L. and SEDLR, J. A. (1971) Pkytockemistry 10, 2043. 

lo EREL J. HAHLRRWK. K. and GRISTBACH. H. (1972) Biockim. Biopkys. Acttr 268, 313. . . 



Yet an additional action, p-0-methylation of catechoiic substrates (other than caffeic 
acid), has been reported in pampas grass,4 in iil’~.i~~~ ho~~lc~~ii.’ 1 and in peyote.” an acti- 
vity required for the synthesis of compounds such as hcsperidin and some alkaloids. When 
the pampas grass enzyme was tested against several substrates, the ~u:/J ratio of mcthyla- 
tion was found to vary among them. 

This paper describes a study of the 0-methyltransferases in pampas grass to resolve 
whether the activities arise from a single enzyme having both IH and /J capabilities. or from 
a mixture of 0-methyltransfcrases, each one spccif& for a given ring position. However. 
the usual procedure of separation and purification carried out on the initially stable prcp- 
aration led to enzyme instability after only a few steps. Data arc prcscntcd that. while they 
cannot be considered as proof of the physical presence of separate enqmrs. do suggest 
this. particularly in showin g a greater stabilitv of the P-O-n7eth~l~~tili~ activity. 

TA~H.I. I, Sljrc IFI< 2~ ~,“ITII~S 01 ill.< KVST,\LI.I/I I) t-1 KI LI( .,\I) 1S01 I.RI I I( \I 111s~ 

RI.Sl’L-rS 

In order to define the main products from caffcic acid methylation, two 4.0 ml portions 
of the ether-extracted pampas grass [Mr-‘“C] reaction product were dissolved in 10.0 ml 
ethanol, as described in the Eupcrimcntal. In one portion 100 mg fcrulic wcrc dissolved. 
in the other portion 100 mg isoferulic. Each portion was cvaporuted to dryness in N,. re- 
crystallized. washed. dried and a few milligrams weighed out ftor scintillation counting. The 
effects on specific activity of serial recrystallizations of each portion of pampas grass prod- 
uct are shown in Table 1. Methylation took place cntireiy at the w position (>997”,,, 01 
the 0-methylating reaction) to yield ferulic. as had been similari~ indicated for the cnryme 
obtained from apple.’ This same methylating specificit\- was confirmed b\, rcchromalo- 
graphing extracts of each of the ferulic and isofcrulic arcas of a thin-laqer chromatogram 
of the original extracted reaction product. with the addition of both acids as markers. 
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Scans showed no trace of radioactive isoferulic from either rechromatographed area. 
Activity in the combined extracts of the isoferulic spots was, by scintillation counting, less 
than 0.1% of that found for ferulic. 

Results from the action on caffeic acid of catechol 0-methyltransferase obtained from 
rat liver, reacting under similar conditions are also shown in Table 1. The rat liver prep- 
aration was carried through the 0.5 saturated ammonium sulfate step (dialyzed) of Axelrod 
and Tomchick. ’ 3 The liver enzyme products, recrystallized to constant specific activity, 
were ferulic and isoferulic acids, with the m:p ratio of about 13 :7. 

Productsfiom protocatechuic acid 

0-methylation of protocatechuic acid by pampas grass preparations was confirmed4 
and found to proceed at about l/10 the rate for caffeic acid (see below). It was also con- 
firmed that. unlike caffeic, protocatechuic acid is methylated at both its hydroxyls. Separ- 
ation of the two products vanillic and isovanillic acids by long-bed chromatography was 
demonstrated in a previous publication.14 

TABLE 2. DIFFERENTIATION OF 0-METHYLATING ACTIVITIES* 

Time at 45’ 
(min) 

Activity in vanillic 
’ fcpm) 

Activity in isovanillic 
(cpm) 

Fraction of total 
in vanillic 

0 2350 5489 0.30 
3711 4926 0.43 

10 1334 4574 D23 
1683 4634 0.27 

20 805 4491 0.15 
921 5801 0. I 4 

__-__ 

* Portions ofenzyme were heated at 45’ for the time intervals shown, then incubated 6 hr with protocatechuic 
acid and [‘4C]S-adenosyl-mcthionine. Radioactivity of the extracted and chromatographed products was deter- 
mined by scintillation counting as described in the text. 

Detection qf m- crmi p-0-rllrth?,ltr,an,~fei-uses 

During,assays of the products from protocatechuic acid, the ratio of vanillic to isovanil- 
lit varied with incubation time at 37” (see ref. 14 Fig. 2, where 6 and 24 hr incubations 
are represented by the upper and lower curves, respectively), indicating that two methylat- 
ing enzymes might be involved. The same conclusion was also suggested by purification 
steps (unpublished) which resulted in a preferential loss of m-methylating activity. 

Heat stability trials on a dialyzed enzyme preparation (03-0.5 saturated ammonium sul- 
fate fraction, in 0.001 M phosphate buffer, pH 7.4) indicated 50” for 10 min as giving about 
half-activity. When portions of enzyme were heated in a 45” bath for intervals as shown 
in Table 2, then incubated with protocatechuic acid in the presence of [‘4C]S-adenosyl- 
methionine as methyl donor, the results on product formation showed that heat treatment 
produces a large differential decrease in m-methylating activity. In another experiment, 
heating at 50” for 20min reduced the amount of vanillic formed to a trace, while the 
amount of isovanillic was reduced by less than 40%. These findings thus indicate the pres- 
ence of a less stable m-0-methyltransferring activity in conjunction with a more stable p-O- 
methyltransferring activity. 

I3 AXELKOD, J. and TOMCHICK, R. (1958) J. Viol. Chrm. 233, 702. 
I4 KELLY. S. H. and F1hlKL.r. B. J. (1971) J. Chro~naroq. 63, 438. 



Although the presence of two methylating enzymes is very likely. the ratio of products 
found could, however, also have been influenced by any further reactions. enzymic or 
nonenzymic. that would degrade the prodLLcts formed. Such reactions have been observed 
in crude animal tissue preparations.’ 5 We designed an experiment to determine if the 

above products. once formed. are subject to degradation, transmeth?-lation, or other 

changes that might affect the II~:~I ratio. Particularly in question was the stability of vanillic 

in the system. since there alwa),s appeared a decrease in the \,anillic~~-isovarlillic ratio during 

extended incubation periods. 
The stabilities of vanillic and isovanillic in the incubation system (enzyme: (1.3 -0.5 satu- 

rated ammonium sulfa& fraction) were tested. [I%!+‘3C]vanillic at a concentration of 

1.3 ,IM but of 154fold grcatrr specific activity than that of other radioactive compounds 
present in routine assays was used so as to augment radiochemical dctcction of dcgrada- 
tion products that might be formed in small amount. Incubation was with the usual com- 
bination of assay reagents, cxccpt that nonradioactive S-adenos)lmethjollille and no pro- 
tocatechuic acid was used. After incubation periods of 2 and 6 hr. the mixtures ~vcre acidi- 
fied. extracted \vith ether. and chromatographcd with added kno~zn acids added to each 

sample, after which the appropriate regions wcrc scraped off. the scrapings were extracted, 
and then counted in the scintillation spectrometer. In spite of inaccuracies introduced by 
an involved methodology used on material of low total activity. the results of two separate, 
identical experiments clearly showed no significant loss of radioactivit) from vanillic after 
incubation with cn/yme for 2 hr (7% and 570 cpm in the two experiments. respectively) 
or h hr (769 and 605 cpm. respect~vclq). Omission of cnzymc gave the same results. No 
other radioactive material separated on the chromatograms. Counts scraped from the iso- 
vanillic region of these chromatograms yield4 a total of only 7~ 14 cpm (cnzymc present). 
After 2 hr or 6 hr of incubation vanillic remained neither degraded nor isomerizcd by expo- 
sure to the enzyme extract. Likcwisc. tests with high specific activity rM~~-“C)isovanillic 
in the mixture showed no significant degradation or tn~nsmeth~lation. These findings con- 
firm that the O-mcth\,lated products arc stable. 

In order to set if di-O-methylation of a catechol could occur with these enzymes, meth- 
ylation of several monophenolic compounds was tested using a 0.3 0% saturated 
ammonium sulfate enzyme fraction. Table 3 shows that some of the monophenols arc 
active and indicates the relative rates of activity of the rnrymc preparation against such 
substrates and against caEic (designated as IOO”,, activity) and protocatechuic acids. /?I- 
Coumaric acid (3-h~drox~,cinnamic acid) and isoferulic. contrary to findings on a parslq 
enzyme, I0 were mcthylatcd (although at a lower rate than caRtic acid). HoL\ever. no meth- 
ylation of coumaric acid and ferulic was observed. A confirmatory L‘speriment was run 
in which [r-“C]ferulic (04X1 mCi~‘mmol) and [x-’ 5C]isoferulic (0.1 16 mCi mmol), labeled 
in the side-chain to avoid loss oflabcl in cast the mcthoxyl group \sas exchanged out. were 
used as substrates (046 mM in these experiments). On chromatograph! of the samples 
containing [z-14C]ferulic, the nell-separated region of the possible reaction product 
dimethoxycinnamic acid showed no radioactivity. By contrast. under the same conditions. 
O-methylation of rrr-“ CJisoferulic at its free nlczto-hydroxyl group !,icldcd over 600 cpm 
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of dimethoxycinnamic acid, the formation of this product being confirmed by co-chromat- 
ography. 

During determinations of the blank samples in Table 3 (enzyme omitted; also substrate 
omitted), it was found that the particular substrate affected the degree of extraction of 
radioactive compounds during assay. This resulted in some variation in blanks that was 
taken into account as footnoted in the table. Other monophenolic compounds tested but 
not shown in the table (namely, m- and p-hydroxybenzoic, vanillic and isovanillic) were 
also tested as substrates. These compounds yielded insufficient radioactivity of samples 
(coupled with the described variation in blanks) to derive conclusions as to their methyla- 
tion. A lowered degree of activity of these substrates might, indeed, have been expected 
by analogy (based on the lesser activity of protocatechuic acid as compared to that of caf- 
feic acid, see Table 3). 

TAIW 3. RCLATIVF ACTIVITIFS OF 0-MFTHYLTKANSFIK TO I~HIWIK SI MXATIS* 
_____ __-.-._ __~ ~___ 

Net activity 
2 hr 6 hr 

Compound (cpm) (%J @Pm) C!,) 
_____ 

Caffeic acid 8354 100.0 19 009 1 ootl 
Ferulic acid --t 
p-Coumaric acid 
Isoferulic acid 1474 18 3805 20 
m-Coumaric acid 937 11 2439 13 
Protocatechuic acid I 156 14 2965 I6 

-___ __- _____ _. _~_ _.___ __~_ 

* Conditions of determination of activity are described in the text. Blanks were run both with enryme omitted 
and substrate omitted. to reconcile a substrate-related variability in the ether extractions. 

t Activities of less than 3”<I not included hecause of substrate-rclatcd variability of blanks. 

DISCUSSION 

Although catechol 0-methyltransferase preparations from pampas grass or other whole 
plant tissues’ have not lent themselves to extensive purification, our results support the 
presence of two types of catechol 0-methyltransferase activity in pampas grass, of different 
specificities toward the position of 0-methylation. One of these, more labile, attacks sub- 
strates at the m position with respect to the side chain and is particularly active toward 
caffeic acid. The other, more stable, attacks the p position of many of the same substrates 
(e.g. protocatechuic acid), thus offering control of the alternative possibilities of either m- 
or p-0-methylated products; but no p-methylating activity takes place when caffeic acid 
is the substrate. Although attempts to separate and purify the m and p activities failed due 
to lability of the m enzyme activity, a distinction was achieved through their differential 
inactivation even at near-ambient temperatures. The observed distinction is most directly 
interpreted as the operation of two separate enzymes, cdtechol nz-0-methyltransferase and 
catechol p-O-methyltransferase. However. the possibility must also be entertained that 
some temperature modification of a single emymc. such as a conformational change or the 
degradation of a position-orienting co-factor could give the observed effect. The apparent 
presence of two specialized activities here appears as a different situation from that of the 
animal liver cdtechol O-m~thyltrunsfcrnsc(S-~~d~~~~~~~II-i~c‘thionine:catechol O-methyltrans- 
ferase, E.C. 2.1.1.6). Liver enzyme has been taken through several treatments beyond the 
crude extract, with unvarying m:p methylation ratio after successive steps, for given sub- 
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strate conditions.’ ‘,lb Before purification, however, assay mixtures containing crude liver 
extract did show a varying ratio of 111 and p products which was demonstrated as being 
due to degradation of methylation products.’ 5 Examinations of pampas grass prep- 
arations for degradation of m- or p-0-methylated products proved negative, thus further 
supporting the suggestion that separate, specific enzymes arc involved. Again. unlike the 
liver enzyme. pampas grass 0-methyltransferase preparations show no activity toward the 
p position when cafieic acid is the substrate (see Table 1). 

The exclusively m-methylation of caffeic acid by pampas grass cnzymc preparations is 
consistent with the major role of this substrate in lignin biosynthesis.‘* ” In-O-Methy- 
lated catechol units also appear widely in plant constituents other than lignin. thus ofrering 
a widespread function for a catechol m-0-methyltransferase. The irl rirro participation of 
such an enzyme in forming tlavonoids has been described.‘.‘“.” 

At the same time the presence of a I?-0-methyltransferase active on some catechol sub- 
strates would make possible the alternative, if rarer. controlled formation of [I-O-mcthy- 
lated compounds in the same plant. hesperidin (in citrus fruits) for cxamplc. and several 
alkaloids. A catechol p-0-mcthylating enzyme active in 2Vc~~.i~rc~ ho~,tl(~r~ii conforms to the 
presence there of p-0-methylated alkaloids.’ ’ 

The finding of phenol 0-methyltransferasc activity in the preparation could account fol 
the biosynthesis both of mono-0-methylated phenols and di-0-methylated catechols. The 
solely r+methylation toward monohydroxycinnamic acids observed in pampas grass prep- 
arations may bc a result of these substrates b&g specifically hydroxycinnamic acids. The 
obscrvcd attack on nl-monophenols may be by the same cnzymc that. at ;I greater rate. 
attacks catechols. or alternatively. may represent the activity of a sepal-ate monophenol 
,I+O-methyltransferase. Heating experiments on pampas grass preparations suggest that 
a single en;ryme acts both upon n!-monophenols and catechols. but Iresolution of the ques- 
tion will have to await further purification steps. 

EXPERIMENTAL 
Ertrac~iun qfer~y~ze. Vegetative stalks of pampas grass were gathered during March to August by cutting 

just above the base. The mature, dark green portions of leaves were trimmed away and the light-colored. more 
succulent portions of stalk wcrc stored in plastic bags at - 34 

The highly fibrousgrass is best cut and ground in the frozen state. Extraction was accomplished \vith a Scrvall 
Omnimlxer. an Acme Juicer. or. for multi-kilogram extractions. a stainless steel Fltr mill with blades set in the 
shc.~l-in: position. For the latter. htalks ofgl-ass \\crc emheddcd in bu1Tc1 and l’ro/~~n to - U Ibc,lorc hcln~ ground 
in the prechilled mill. Several passes of the fibrous, icy mush through the mill ga~r adcquarc rccoverk of activity. 
The wt 0.05 M NaHCO,+ I ‘:;, ascorbic acid buffer used for extraction was about I.5 Y the li. wt of pampas 
grass. (NH,JZSO, was added to the strained extract to give a 03 saturated soln. This mixture. or the supernatant 
after -emoval of the ppt, is stable in the Irefrigerator or for many. months in the frozen state. The enLyme was 
also stable when stored frozen as a filtered ppt after further preclpltatlon with 0% saturated (NH&SO,. In some 
experiments the enzyme was carried through a second (O.i~O.5 saturated) (NHJ)ZS04 preciplt:Ltion step. 

.W~~SWCIW~I~ ofrnzy!r?e ucti~~it~~. The reaction mlwtur’e consIsted of 6.3 mM substrate. Z-5 mM MgCl,. 14 mM 
ascorbic acid. 0.7 mM tDTA. 250 mM p~~t;t~siurn phosphate buffed-. :knd nn aliquot co/ en/! rnc of rate lirnitine 

‘* HWWLJM. R. U.. FLOKSTRA. .I. H.. Dl.\vt.k. L. 1. and BAIL, C. D. (1953)./. Uic~l C-/WUI. 210, 633. 
I” SHIMADA. M.. FUSHIKI, H. and Hlc;rctri. T. (1973 P/i~rochr,l~i.srr~, I I, 7247 
"' BRACNS, F. E. and BRAI:US. I>. 4. (1960) T/W C/wuli.stry of I.i~q,~~iu. SuppI Vol.. p, I57 (Table I 1 /. Academic 

Press. New York. 
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amount (unpublished data), to which was added [Me-“%]S-adenosylmethionine (as the iodide) (0.125 mCi/ 
mmol, 2.0 mM final concentration) to start the reaction (final vol., 0.5 ml; pH 7.6). After an incubation period 
at 37”, 0.2 ml 1 M HCI was added and the mixture was extracted with ether. A 5.0 ml aliquot of ether was added 
to the sample, the mixture was swirled for 10 set in a Vortex mixer, then after 15 min 4.0 ml of extract was with- 
drawn into a counting vial. With substrates other than caffeic acid (notably protocatechuic acid and mono- 
phenols) three additional extractions with 5.0 ml ether were made. The ether extract was evaporated to dryness, 
after which its radioactive components could be determined directly by scintillation countingz3 or transferred 
onto TLC strips (see below) for separation of components. Radioactivity on the chromatogram was determined 
with a Packard Chromatogram Scanner, with platform modified for handling long strips. More precise data were 
obtained by scraping off the separated radioactive areas into counting vials for scintillation counting. Blanks 
on the assay were ordinarily run with enzyme omitted. 

Chromatography. For the difficult separation of methylated isomers, a method of near-horizontal long-bed 
TLC was developed.“’ The extracted sample was transferred onto a glass strip coated with micro-crystalline 
cellulose and developed in toluene-HOAc-H,O (125: 72: 3) for 8-48 hr. 

Sidr-chain Mwlrdjmdic and isoferulic acids. [r-“C]Ferulic and [a-‘4C]isoferulic were synthesized from vanil- 
lin and isovanillin. respectively. and [2-‘4C]malonic acid following the method of Vorsatz.24 

E/t:!~rtrric, ’ ~c‘-O-1~1~,/111.1~/1il)j1 o/ (r///c,ic, (I( rd /r~. /~I’~X/IKI i~l~,,~ri/~~,lrrrc~,~. ,\ pc~rtl~~n of I NH,),%>, (0+3 0% wttur- 
ated) precipitated enzyme was dissolved in 0.2 M potassium phosphate buffer (pH 7.3) and dialyzed in several 
changes of 0.1 M buffer. To a soln containing 2.0 mg caffeic acid in 0.5 ml of 1 M buffer, and 01 ml of 0.1 M 
NaHCO,, 05 ml 0.1 M MgCl,, 0.2 ml 1% ascorbic acid. and 0.6 ml H,O was added 0.9 ml dialyzed enzyme and 
finally SO/d of 0.08 M [M+14C]S-adenosyl-methionine (I.8 pc). After holding at 37” overnight. the mixture con- 
taining radioactive mcth>latcd products was made acid \rith HC’I and cstrac~cd ~cpcatcdl> \\ 111~ ~,thc~-. alicr which 
the ether extractables were dried and dissolved in IO.0 ml ethanol. 

Formation and pul~cationof[Me-‘4C]~~~liic and isoaanil(ic acids. [Mr-‘4C]Vanillic and [Me-‘4C]isovanillic 
were prepared by enzymatic i4C-O-methylation of protocatechuic acid using pampas grass catechol O-methyl- 
transferase (0.3-0.5 satd. (NH&SO, fraction, dialyzed) under conditions similar to those of enzyme assay but 
using [‘4C]S-adenosylmethionine of specific activity 1.93 mCi/mmol, 15.4-foid greater than that of a routine 
assay. In this way, radioctive vanillic and isovanillic were produced of high enough activity to allow their later 
use in detecting degradation products under conditions simulating normal assay runs. Reaction mixtures were 
incubated for 6 hr, then acidified and extracted. The combined extracts were chromatographed on several TLC 
strips with no added vanillic or isovanillic carrier. The separated products, detected with the Packard Scanner, 
were scraped off, extracted with O-5 ml of ethanol followed by 2 ml of ether repeated several times, the extracts 
were evaporated to dryness, and stored at -20”. Chromatograms of aliquots of either purified product (30% 
700cpm) yielded no significant activity at the position of the other isomer (c 5%. by scintillation counts of 
extracts of scrapings). 

Synthetic nonradioactive phenolic acids used as substrates were kindly supplied by Dr. J. Gorse of this labora- 
tory. Other compounds were from commercial suppliers. 
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23 LOEWUS, F. A. (1961) Intern. J. Appl. Radioat. Isot. 12, 6. 
24 VORSTAZ, F. (1936) J. Prakt. Chem. 145 (n.f.), 265. 


