
Introduction

The phenylpropanoid pathway plays a key role in plant
growth, development and interaction with the
environment. One of the products of this pathway is
lignin, which is a major component of secondary cell
walls. This three-dimensional aromatic polymer arises
from the polymerization of p-coumaryl, coniferyl and
sinapyl alcohols catalyzed by peroxidases (1). It also plays
essential roles in the strengthening and

impermeabilization of the cell walls and provides chemical
barriers against pathogenes (2).

A high lignin content in plant material causes
monetary and environmental costs in its removal from
wood in the paper and pulp industries. In addition, the
presence of lignin limits the digestibility of forage crops
(3). The reduction of lignin content and changes in its
composition by manipulation of some enzymes involved in
this pathway have been widely investigated. Down-
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Abstract : Caffeic acid O-methyltransferase (COMT) is a methylation enzyme involved in the early stages of lignin biosynthesis. To
examine the effect of antisense expression of a heterologous COMT gene on lignification, an antisense construct of a cDNA encoding
a caffeic acid O-methyltransferase (pOMT8) from Stylosanthes humilis Humb., Bonpl. & Kunth Fabaceae was transferred into
tobacco via Agrobacterium tumefaciens. A large number of kanamycin-resistant shoots were recovered after transformation, and
randomly selected putative transgenics were analysed for  stable integration of the transgene into their genomes. The analyses
demonstrated that antisense expression of pOMT8 resulted in reductions in total COMT activity, which was correlated with reduction
in the lignin content of the transgenic plants. The amount  of lignin in one of the transgenic lines decreased by  62% compared with
untransformed  control plants.
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T�t�ndeki Ligninin Kafeik Asit O-metiltransferazÕÝn Antisens AnlatÝmÝ ile AzalmasÝ

�zet : Kafeik asit O-metiltransferaz (COMT), lignin biyosentezinin erken aßamalarÝnda g�rev alan bir metilasyon enzimidir.
Lignifikasyonda heterolog kafeik asit O-metiltransferaz (COMT) geninin antisens anlatÝmÝnÝn incelenmesi i�in, Stylosanthes humilis
Humb., Bonpl. & Kunth FabaceaeÕden izole edilen COMT cDNAÕsÝnÝn antisens formunu kodlayan gen (pOMT8) Agrobacterium
tumefaciens aracÝlÝÛÝ ile t�t�ne aktarÝlmÝßtÝr. Transformasyon sonrasÝ kanamisine dayanÝklÝ bir�ok bitkicik elde edilmiß, rastgele
se�ilen ve transgenik olduÛu varsayÝlan bitkicikler genomlarÝndaki COMT varlÝÛÝnÝn belirlenmesi i�in analiz edilmißtir. Transgenik
bitkilerde yapÝlan analizler, pOMT8Õin antisens anlatÝmÝ sonucu COMT aktivitesinde g�zlenen azalmanÝn lignin miktarÝndaki azalma ile
ilißkili olduÛunu g�stermißtir. Transgenik bitkilerden birinde lignin miktarÝnda kontrol bitkiye kÝyasla %62 azalma g�zlenmißtir.

Anahtar S�zc�kler: Antisens anlatÝm, kafeik asit  O-metiltransferaz, lignin biyosentezi.
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regulation of phenylalanine ammonia lyase (PAL) (4),
caffeic acid O-methyltransfrase (COMT, EC 2.1.1.68.) (5,
6), and cinnamyl alcohol dehydrogenase (CAD) (7) have
resulted in changes in the content and composition of
lignin in transgenic plants. 

COMT is a bifunctional enzyme responsible for
catalysing methoxylation of the lignin precursors to form
ferulic and sinapic acids in the lignin biosynthesis pathway
(1). In dicotyledonous plant species, such as poplar (8),
tobacco (6) and alfalfa (9), COMT sequences of
Stylosanthes humilis Humb., Bonpl. & Kunth are highly
conserved (10). For instance, a COMT cDNA clone from a
tropical pasture legume, S. humilis (pOMT8), shows 74%
DNA sequence homology to the corresponding tobacco
OMT genes (tobacco1 and tobacco2) (10,11). Therefore,
heterologous antisense constructs from these species can
be potentially employed to suppress the expression of
COMT and alter lignin monolignol synthesis in
transformed tobacco plants (8). 

Using a heterologous gene construct we investigated
the effect of antisense inhibition of tobacco COMT on
lignin content. We report here that antisense expression
of 35S-pOMT8 reduced the COMT activity and modified
the content of lignin in the stems of transgenic tobacco
plants. 

Materials and methods

Binary vector and plant transformation 

A binary vector construct (35S-pOMT8) was kindly
provided by Dr. John M. Manners, CRC, for Tropical
Plant Pathology, the University of Queensland, Australia.
The construct carries a cDNA clone (1.2 kb) of the
Stylosanthes humilis COMT gene (pOMT8 Genbank
accession no: 236109) in antisense orientation between
the CaMV 35S RNA promoter and the polyadenylation
signal (3Õ) of the tmr gene of Agrobacterium tumefaciens
in pGA643 (Figure 1; 12). 

The binary vector was mobilized into A. tumefaciens
strain LBA4404 via triparental mating using pRK 2013 as
a helper plasmid (13). This Agrobacterium was then used
to infect leaf discs of tobacco (Nicotiana tabacum L. cv.
Samsun) according to Horsch et al. (14). The
regeneration and selection of transformed shoots were
performed on Murashige-Skoog (MS) medium (15)
containing 1 mg/l BAP, 0.1 mg/l NAA, 100 mg/l
kanamycin and 400 mg/l cefotaxime. Regenerated shoots
were grown in a growth cabinet under a 16-h
photoperiod at 26¡C. The untransformed control tobacco
leaf discs were also regenerated under the same
conditions without antibiotics.

Molecular analyses 

Genomic DNA was extracted from transformed and
untransformed plant leaves according to Edwards et al.
(16). The presence of the transgene in the genome of
putative transformants was confirmed by polymerase
chain reaction (PCR). A forward primer (5Õ TGA GCA AAG
AAG CTC GCA TGG GAG 3Õ), which anneals internally to
the 35S promoter, and a reverse primer (5Õ GTC GAA
CAT CTG TTA CTC TTA CTC TG 3Õ), which anneals
internally to the tmr terminator, were used to amplify the
pOMT8 gene located on the T-DNA region of pGA643.
PCR was performed in a volume of 25 µl and included an
initial denaturation step at 94¡C for 4 min, followed by
35 cycles at 94¡C (1 min), 52¡C (1 min), 72¡C (1.5 min)
and ended with a 10 min extention step at 72¡C. For
Southern blot analysis, total genomic DNA (6 µg) from
transformed and untransformed control plants was
digested with EcoRV, fractionated on a 0.9% (w/v)
agarose gel and subsequently transferred to a positively
charged nylon membrane (Boehringer Mannheim,
Germany) by electroblotting. The DNA was immobilized
to the membrane by UV exposure for 10 min. A PCR
amplified DNA fragment corresponding to the full length
of the pOMT8 gene was labelled with digoxigenin-dUTP
(DIG-dUTP) using a non-radioactive DIG DNA labelling kit

Reduction of Lignin in Tobacco Through the Expression of an Antisense Caffeic Acid O-methyltransferase

222

RB Pnos

npt II

nospA

35S

Hind III

OMT8

Hind III

LB3' 5' 7'

Figure 1. Schematic representation of the T-DNA region of the pOMT8 antisense construct in the binary vector pGA643. 35S, 35S RNA promoter
of cauliflower mosaic virus; nosP, promoter of the nopaline synthase gene; nospA, terminator of the nos gene. RB, LB are the right and
left borders of the T-DNA.



(Boehringer Mannheim) and used as probe for Southern
hybridization. Probe labelling, hybridization, washing and
immunological detection of hybridized DNA were
performed according to the manufacturerÕs instruction
(Boehringer Mannheim). The washing procedure was
performed under stringent conditions.

COMT enzyme assay 

For COMT enzyme assays, total proteins from stem
tissue taken from the top internode of the 4-month-old
greenhouse grown tobacco plants were extracted by
grinding in liquid nitrogen. The ground tissue was
homogenized with cold extraction buffer (100 mM
Tris.HCl, pH 7.5, 2 mM EDTA and 5 mM DTT). The
homogenate was clarified twice by spinning in a
microcentrifuge at 12 000 g at 4¡C for 30 min and the
supernatant was used for enzyme assays. The amount of
protein was quantitated using bovine serum albumin as
the standard according to the Bradford assay (17).

The COMT activity assay was performed with 100 µl
of stem extract using 1 ml of sodium phosphate buffer
(pH 7.5) containing 3 mM caffeic acid as substrate and
50 µM triated S-adenosyl-L-(methyl-14C) methionine (3.7
kBq/assay) as methyl donor (18). The assay reaction was
incubated at 37¡C for 1 h and the reaction was stopped
with 10 µl of 9 M sulphuric acid. The reaction mix was
blotted onto Whatmann GF/C filters (glass microfibre)
under vacuum and unused radioactivity was removed by
a series of washes with 5-10% trichloroacetic acid.
Finally the filters were air-dried and 14C-labelled ferulic
acid was measured by LKB Wallac 1212 Rackbeta liquid
scintillation counter.

Determination of total lignin content

The amount of total soluble lignin was determined
using the thioglycollic acid (TGA) method with stem
extracts of transgenic and control plants (19). The plant
tissue was ground in liquid nitrogen and dried for 4 h at
105¡C, and then 750 µl of distilled H2O, 250 µl of 37%
HCl and 100 µl of TGA were added to 50 mg of baked
plant material. The homogenate was incubated for 3 h at
80¡C and centrifuged at 12 000 g for 10 min. The pellet
was washed with distilled H2O and resuspended in 1 ml of
1 M NaOH and shaken for 16 h at 4¡C. The homogenate
was centrifuged for 10 min, and the supernatant was
collected and mixed with 200 µl concentrated HCl. The
mixture was incubated at 4¡C for 4 h and centrifuged as
before. Following centrifugation, the pellet was dissolved

again in 1 ml NaOH and the absorbance of the samples
was measured at 280 nm. In this technique, the high
phenolic material of plant cell wall is removed as a
methanol-insoluble fraction by NaOH and TGA.

The insoluble lignin was assayed in stem samples
using the Klason method (20). Two hundred mg of fresh
tissue was ground with liquid nitrogen, mixed with 200
ml of H2SO4 and incubated for 1 h at 37¡C. The
homogenate was autoclaved for 1 h after the addition of
56 ml of dH2O and dried for 4 h at 100¡C. The dried
material was mixed with KBr and the pellet disc was
characterized by infrared spectroscopy (Perkin Elmer
983) between 400 and 4000 cm-1.

Results and Discussion

Expression of heterologous antisense gene for
COMT in tobacco

In this study, a heterologous antisense construct of
the COMT gene from S. humilis was introduced into
tobacco plants to assess the potential of this construct in
reducing the total lignin content. Following inoculation
with Agrobacterium, 210 kanamycin-resistant plants
were recovered. Thirty-five putative transgenic tobacco
plants were randomly selected and used for analyses of
COMT activity and lignin content. All biochemical analyses
were performed with 4-month-old transgenic and control
plants grown under similar growth conditions. No
significant phenotypic or developmental differences were
observed in these plants.

In order to confirm the transgenic status of the
selected plants, tobacco plants were first analyzed by PCR
for the presence of the pOMT8 gene. Observation of a
PCR product with an expected size (1.2 kb) of the
pOMT8 gene on an agarose gel suggested that the gene
was integrated into the genome of the transgenic tobacco
plants. No PCR product was observed when DNA from
untransformed control plant was used as template
(Figure 2). Stable integration of the pOMT8 into the
transformed tobacco plants was also confirmed by
Southern blot analysis. This analysis, which was
performed using DIG-dUTP labelled pOMT8 as probe,
confirmed that few copies (one or two) of the transgene
were stably integrated into the genome of the tobacco
plants (Figure 3). 
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Reduced COMT activity is correlated with reduced
lignin content in transgenic plants

Randomly selected tobacco plants transformed with
an antisense construct of 35S-pOMT8 was analysed for
any change in endogenous COMT activity. The COMT
activity was determined using 14C-labelled ferulic acid in
the stem extracts of tobacco plants. These analyses
showed that the total COMT activity was reduced in most
of the transgenic plants but the level of reduction varied
from one plant to another (Figure 4). The highest
reduction in COMT activity was measured in transgenic
line O3, the COMT activity of which was 68% less than
that of the control plants (Figure 4). Analysis of lignin by
the TGA method showed that the total lignin in this line
was also 62% lower than that of untransformed control
plants (Figure 5). The levels of lignin in transgenic lines
transformed with pOMT8 differed from all
transformants. In total, the reduction of the amount of
lignin in the transformed plants ranged from 17% to
62% of the average lignin content measured in control
plants. The correlation between reduced COMT activity
and reduced lignin content was highly significant (r=78,
p>0.01). These results suggested that the inhibition of
COMT activity resulted in reduced lignin in the stems of
transgenic plants. However, it is not known whether the
monomeric composition of the lignin in these transgenic
plants also changed. These results are also in agreement
with those of a previous study by Ni et al. (21), who
reported that expression of chimeric antisense lucerne
COMT genes caused a 15% reduction in the amount of
lignin in transgenic tobacco plants. However, other
studies have reported changes only in the monomeric
composition of lignin as a result of inhibition of COMT
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Figure 2. Transgene-specific amplification products (1.2 kb) were
obtained by PCR analyses of transformed tobacco lines
(lanes 1-6) with the specific primers of 35S promoter and
tmr terminator. Hae III digested φX174 was used as DNA
size marker (M); 1353, 1078, 872, 603É(Promega
Coorporation).

Figure 3. Southern blot analysis of transgenic tobacco (lanes 1-6)
and untransformed control (lane 7) plants. Genomic DNA
(6 µg) from each plant was digested with EcoRV, blotted
onto nylon membrane and hybridized with non-radioactive
digoxigenin labelled pOMT8 as probe. Hind III digested
lambda was used as size marker.
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Figure 4. COMT activity towards caffeic acid
determined in 4-month-old tobacco
lines (O1-O6) transformed with 35S-
pOMT8 and untransformed control (C)
plants. The COMT activity is expressed
as a percentage of the mean value of
control plants. Each bar is the mean of
triplicate assays done on the same
plant. The error bars represent
standard deviations.



activity without significant changes in total lignin content
(6, 22). Similarly, Zhong et al. (23) reported that
reduction of OMTs by antisense constructs altered both
lignin content and composition in tobacco plants.

We also examined stem extracts of transgenic and
untransformed control plants by infrared (IR)
spectroscopy to determine whether the subunit
composition of lignin had changed. These analyses did not
show any detectable differences in the composition of
lignin between transgenic and untransformed control
plants (data not shown). More lignin reduction in lignin
content in transgenic plants may be necessary to obtain
differences by IR spectroscopy analysis.

Our results indicate the feasibility of the inhibition of
tobacco COMT activity by antisense expression of a
heterologous COMT gene. It is possible that more
substantial reductions in lignin content can be achieved by
inhibition of the activities of other enzymes involved in
lignification. However, a certain amount of lignin is
essential for the plant to maintain its normal physiological
functions, and therefore reduction of lignin content below
a certain level may not be attainable.
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Figure 5. Amount of total lignin determined by TGA
method in 35S-pOMT8 transformed (O1-O6) and
untransformed tobacco (C) plants. Each bar is the
mean of triplicate assays done on the same plant.
The error bars represent standard deviations.
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