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Abstract—Caffeic acid-O-methyltransferase activity was assayed in the callus and suspension cultured cells of tobacco.
Lignification of cells was observed only in a kinetin (10™% M) culture and not in an auxin (10"M 24-D or
1073 M IBA) culture. Enzyme activity in the kinetin cultured cells was much higher than in the stock culture
and the rise in enzyme activity coincided with the onset of lignification.

INTRODUCTION

Morphological differentiation of xylem elements from
cultured plant cells have been studied, but the biochemi-
cal regulation of lignification is little understood. Using
cultured cells for such studies has several advantages;
the control of environmental conditions, homogeneous
tissue and the mass production of lignified cells. Ferulic
acid and sinapic acid have been shown to be potent lig-
nin precursors in tracer experiments with radioisotopes
[1] and since the discovery of S-adenosylmethionine:ca-
techol-O-methyltransferase (OMT, E.C.2.1.1.6) in plant
cambial tissue [2], this enzyme has been considered an
important factor in lignin biosynthesis. We have, there-
fore, examined the metabolic activity of xylem differen-
tiation in cultured tobacco cells and the role of OMT
as a controlling factor in lignification.

RESULTS AND DISCUSSION

The levels of auxins and cytokinins in the medium
greatly affect the growth of plant cells. Generally, a high
concentration of kinetin inhibits growth [3] and pro-
motes differentiation and organization of cultured cells
or tissues [4]. We have observed this same effect in the
TBS5 callus of tobacco. In a kinetin (1073 M) culture,
the growth of callus was suppressed (Fig. 1). Among a
number of treatments combining various IBA and kine-
tin concentrations, the calluses on media containing
107*M of kinetin showed repressed growth, but after
30-50 days of culture, shoots were regenerated adventi-
tiously and after 15-20 days of culture, organized xylem
elements appeared. In contrast, very few unorganized lig-
nified cells were scattered through IBA cultured tissue.
Changes in the OMT activity and the percentage of ligni-
fied cells to the whole tissue are shown in Fig. 1. In
both types of culture, OMT showed two peaks of activity
during 30 days. The first occurred on the 2nd day after
transfer in both and the second maximum was reached
on the 20th day in the kinetin culture, but in the IBA
culture a lower activity peak appeared after 10 days. In

the kinetin culture, lignified cells increased markedly
with the second rise in OMT activity, while the IBA
cultured callus had a relatively low and constant number
of lignified cells (Fig. 1).

Similar results were obtained with T5S cultured cells
of tobacco in suspension. As with TB5 callus, similar
patterns of growth and OMT activity were obtained dur-
ing the culture of the T5S cells. Lignified cells appeared
only in the kinetin culture. The percentage of these cells
increased from 0-5% in 2,4-D cultured cells to 2-8% in
15 day-old kinetin cultured cells. In a kinetin culture
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Fig. 1. Growth rates of calluses (triangles), the percentage of

lignified cells (crosses) and the OMT activity of cells (circles)

in an IBA culture (a), and in a kinetin culture (b) of TBS
callus.
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of T5S cells, most lignified cells did not differentiate into
tracheids but had thickened secondary walls with lignin,
while most lignified cells in kinetin cultured TB5 callus
differentiated into xylem elements. Many more lignified
cells were observed by phloroglucinol-HCI staining than
by chromic acid tréatment in the kinetin culture of T5S
cells. During successive kinetin cultures of T5S cells,
changes in OMT activity maintained the pattern
observed for the TBS callus, and rigid aggregates of cells
gradually increased. Tracheids were differentiated con-
tinuously in these aggregates with successive passages.
Shoot formation appeared at about the 4th passage in
the kinetin culture.

Microscopic .observations of kinetin cultured TBS
callus suggest that cell division occurs before xylem dif-
ferentiation. Fosket (5] has reported the inhibition of
wound xylem formation by FUdR, mitomycin C and col-
chicine. In pea root segments, cell division in the cortical
cells is induced by auxin-cytokinin treatment and this
division is followed immediately, or after one more divi-
sion cycle, by tracheary element formation [4]. These
data suggest that DNA synthesis or cell division is a
prerequisite for xylem differentiation. The period of ligni-
fication appears to be limited, however, to a particular
stage of growth in kinetin cultures. The percentage of
lignified cells reached a maximum at the 20th day of
a kinetin culture (Fig. 1), though the total number of
lignified cells increased after the 20th day. This indicates
that the period from the 15th-20th day in the kinetin
culture is the time at which lignification selectively
occurs, The second rise in OMT activity is apparently
related to lignification. The first rise in OMT activity
may be the effect of transplantation because enzymes of
phenolic acid biosynthesis (phenylalanine ammonia lyase
(PAL), cinnamic acid-4-hydroxylase, etc.) are reported to
be induced after the transfer of cells to new media [6,7].

Enzymes of phenolic acid biosynthesis, including
OMT, are also known to be induced by light [8,9]. Un-
der our dark conditions, however, OMT activity rose
in the kinetin culture. Several reports have suggested that
these enzymes, including PAL [10] and OMT [11,12],
might be involved in the control of lignification, though
negative data have also been reported on the contribu-
tion of OMT to lignification in wheat plants [13].

There appear to be unknown steps between lignifica-
tion and tracheid differentiation, and between the
appearance of tracheids and vessel elements in the bio-
synthesis of lignin, but this is the first report, using cul-
tured cells, which shows the contribution of OMT to
lignin biosynthesis.

EXPERIMENTAL

Tissue culture. Tobacco (Nicotiana tabacum var. Bright Yel-
low) callus TBS was induced at our laboratory in 1972 from
pith tissue of matured tobacco plants by 107°M indole-
butylic acid (IBA) on the basal medium of Linsmaier and
Skoog [14] with 19 (w/v) agar, 3% (w/v) sucrose, thiamine
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and inositol. It was subcultured on the same medium every
20 days in the dark at 26° (IBA culture). T5S strain [15]
of the same variety of tobacco was subcultured every 13 days
in a liquid medium containing 107 M 2,4-D with reciprocal
shaking of 120-130 rpm (2,4-D culture). Other factors in the
medium were the same as those used in the culture of TBS
strain. These 20-day old IBA cultured calluses and 13-day old
2,4-D cultured cells were transferred, respectively, to agar and
liquid media containing 10~° M kinetin (no auxins). TBS cul-
tures were started with an inoculum of 1-5g on 20 ml of new
agar medium in a 100 ml flask. Liquid cultures of T5S cells
were started at a density of S x 10* cells/ml in 50 ml of new
medium in a 300 ml Erlenmeyer flask.

Number of cells and lignified cells. The number of cells in
an aliquot of callus or suspended cells was determined using
chromic acid digestion [5]. Lignified cells, including tracheids
or vessel members, were darker coloured under the UV micro-
scope.

Extraction and assay of OMT. Deep frozen tobacco callus
or cells was homogenized and extracted using the method of
Shimada et al. [15]. The centrifuged supernatant of the extract
was used as the crude enzyme. The reaction mixture consisted
of 012 ymol of [Me-!*C]-S-adenosylmethionine (0-20 mCi/
mmol), 0-25 ymol of caffeic acid, 5 umol of MgCl,, 5 umol of
Na-ascorbate, 50 ymol of K-Pi buffer (pH 7-5) and enzyme
solution in a total volume of 500 ul. After the reaction, the
radioactive product was extracted using the method of Shi-
mada ez al. [16].
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