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Abstract : Cinnamoyl-CoA reductase (CCR, EC 1.2.1.44) catalyses the reduction of cinnamic acid CoA esters into their
corresponding aldehydes, the first step of the phenylpropanoid pathway specially dedicated to monolignol biosynthesis.
A cDNA clones encoding CCR have been isolated from Panax ginseng C.A. Meyer and its expression was investigated
in response to abiotic stresses. The cDNA, designated PgCCR which is 865 nucleotides long and has an open reading
frame of 590 bp with a deduced amino acid sequence of 176 residues. The PgCCR encoded protein possesses substantial
homology with CCRs isolated and cloned from other sources; the highest identity (51.8%) was observed with CCR from
Tomato (Lycopersicon esculentum). Under various stress conditions, expression patterns of the PgCCR were highly
induced in adventitious and hairy roots by several abiotic stresses. These results indicated that PgCCR plays protective
role against diverse environmental stresses.
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INTRODUCTION

Lignins are complex phenolic compound. It provides
mechanical support to plant tissues and confer hydro-
phobicity to vascular elements, which allows the
conduction of water and solutes. In addition, induced lig-
nification is plant defense response to environmental cues
such as wounding, mechanical stress or pathogen attack1).
Lignins are formed by intracellular synthesis of the
monolignol precursors (p-coumaryl, coniferyl, and sinapyl
alcohols). These are responsible for the formation of p-
hydroxyphenyl, guaicyl (G) and syringyl (S) units of the
lignin polymer, which coordinate the deposition of other
cell wall components2). The biosynthesis of lignin ini-
tiates from the common phenylpropanoid pathway, begin-
ning with phenylalanine and leading to cinnamoyl CoAs
which are the common precursors of wide range of phe-
nolic compounds3). These CoA esters can be led into the
lignin branch pathway to produce monolignols via two
reductive steps catalyzed by cinnamoyl CoA reductase

(CCR, EC 1.2.1.44) and cinnamoyl alcohol dehydroge-
nase (CAD, EC 1.1.1.195). 

The first cDNA encoding CCR was cloned from Euca-
lyptus gunnii, a woody angiosperm. In E. gunnii CCR
gene was demonstrated high expression in lignifying tis-
sue, i.e. vascular cambium and differentiating xylem4).
The role of CCR and potential applications of manipu-
lated CCR gene expression in different plants have been
investigated in transgenic tobacco, poplar, eucalyptus and
arabidopsis5). McInnes et al. (2002) also reported a con-
stitutive expression of the ryegrass CCR gene with a vary-
ing expression level in different organs6). 

Till now there was no report on CCR in ginseng plant.
Korean ginseng (Panax ginseng C. A. Meyer) is one of
the most valuable oriental medicinal plants and is widely
used in Asian countries as well as among the overseas.
Ginseng root has ginsenosides, glycosylated triterpenes,
which are considered to be the main active compounds
and provide resistance to stress, disease and exhaustion7).
Despite the medicinal importance of ginseng, few
molecular studies have been conducted on the bioactive
molecules present in this plant. Therefore, isolation and
characterization of CCR from P. ginseng are essential for
the further understanding of molecular biological mecha-
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nisms to protect the plants. Here we focused on the isola-
tion of PgCCR and investigated its expression profile
against various abiotic stresses.

MATERIALS AND METHODS

1. Plant Materials
Panax ginseng adventitious roots and hairy roots were

collected from Ginseng Genetic Resource Bank, Kyung
Hee University and cultured in Gamborg's medium (B5
medium) supplemented with 3% sucrose and 2 mg/L
indole butyric acid (IBA) and Murashige & Skoog (MS)
suspension medium without any hormone respectively.
Both the roots were maintained by regular subculture in
every 4 weeks. Abiotic stress treatment was carried out
with one month- sub cultured roots.

2. RNA isolation and construction of a cDNA library
The total RNA was isolated from the P. ginseng root tis-

sue frozen and ground in liquid nitrogen. The poly (A)+

RNA was isolated via oligo-dT-cellulose chromatography
using an mRNA isolation kit (Stratagene, http://www.strat-
agene.com). A commercial cDNA synthesis kit (TriplEx2,
Clontech) and a GigapackIII Gold packaging extract
(Stratagene, http://www.stratagene.com) utilized in the
construction of the cDNA library, in accordance with the
instruction manual provided by the manufacturer (Clon-
tech, http://www.clontech.com). The fractions containing
cDNAs larger than 500 bp were recovered, and used as a
cDNA library construction.

3. Sequence analyses
The sequence of PgCCR was analyzed using softwares

BioEdit, Clustal X, Mega3 and the other databases listed
bellow; NCBI (http://www.ncbi.nlm.nih.gov/BLAST), Pro-
tParam (http://us.expasy.org/tools/protparam.html), HMMTOP
(http://www.enzim.hu/hmmtop), SOPMA (http://npsa-pbil.
ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_server.
html) and Prosite (http://www.expasy.ch/prosite/).

4. Stress treatment
To investigate the response of PgCCR to various

stresses, one month sub cultured adventitious and hairy
roots were used. For treatment with 10 mM salicylic acid
(SA), 100 mM salt (NaCl), chilling and wounding,
ginseng roots were cultured in suspension media contain-
ing each stress compound at 25oC for 48 hr. Chilling
stress was applied by exposing the adventitious and hairy
roots to a temperature of 4oC. Each treatment sample was

collected at time points 0, 2, 4, 8, 12, 24 and 48 hr post
treatment, respectively. All treated plant materials were
immediately frozen in liquid nitrogen and stored at -70oC
until required.

5. Semi-quantitative RT-PCR analysis 
Total RNA was extracted from stress treated adventi-

tious and hairy roots of P. ginseng using RNeasy mini kit
(Qiagen, Valencia, CA, USA). For RT-PCR, 2 ug of total
RNA was used as a template for reverse transcription.
Oligo (dT) 15 primer (0.2 mM) (INTRON Biotechnology,
Inc., South Korea) was added and the mixture was heated
for 5 min at 75oC. Then reaction mixture was incubated
with AMV Reverse Transcriptase (10 U/ul) (INTRON
Biotechology, Inc., South Korea) for 60 min at 42oC. The
reaction was inactivated by heating the mixture at 94oC
for 5 min. PCR was then performed using a 1 ul aliquot of
the first stand cDNA in a final volume of 25 ul containing
10 pmol of specific primers for coding of PgCCR gene
(forward, 5'-GGA ACA GTC CGA AAT CCA GA-3';
(reverse) 5'-TCA TCA ATG ACC TCG TCA GG -3' were
used. As a control, the primers specific to P. ginseng actin
gene were used. (forward, 5'- CGT GAT CTT ACA GAT
AGC TTG ATG-3'); (reverse, 5'- AGA GAA GCT AAG
ATT GAT CCT CC-3'). PCR was carried out using 1 U of
taq DNA polymerase (Solgent Co., South Korea) in a
thermal cycler programmed as follows: an initial denatur-
ation for 5 min at 95oC, 30 amplification cycles [30s at
95oC (denaturation), 30 s at 58oC (annealing), and 90 s at
72oC (polymerization)], followed by a final elongation for
10 min at 72oC. Actin gene was used as an internal con-
trol to normalize each sample for variations in the amount
of RNA used.

RESULTS AND DISCUSSTION

1. Isolation and characterization of a cDNA encod-
ing PgCCR

As part of a genomic project to identify genes of P. gin-
seng, a cDNA library consisting about 20,000 cDNAs
were previously constructed. A cDNA encoding Cin-
namoyl-CoA Reductase (CCR), designated PgCCR, was
isolated and sequenced. The sequence of PgCCR has been
deposited in GenBank under accession number FJ002428.
As shown in Fig. 1, PgCCR is 865 bp in length, and it has
an open reading frame (ORF) of 590 bp nucleotides with
a 154 nucleotide upstream sequence and a 120 nucleotide
downstream sequence. The ORF of PgCCR starts at
nucleotide position 155 and ends at position 745. A motif,
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NWYCY, was present in this nucleotide sequence, which
was proposed to be involved in the catalytic site of CCR8).

PgCCR encodes a precursor protein of 221 amino acids.
The calculated molecular mass of the matured protein is
approximately 24.39 kDa with a predicated isoelectric
point of 5.6. In the deduced amino acid sequence of
PgCCR protein, the total number of negatively charged res-
idues (Asp + Glu) was 26 while the total number of posi-
tively charged residues (Arg + Lys) was 22 (ProtParam).

2. Homology and secondary structure analysis of
PgCCR

A GenBank Blastp search revealed that PgCCR has the
highest sequence homology to the Tomato (Lycopersicon
esculentum) CCRs (AAY41879) with 51.8% identity and
84% similarity. Fig. 2 shows a amino acid sequence align-
ment of PgCCR and other closely related CCRs. PgCCR
also shares sequence homology to Codonopsis lanceolata
CCRs (BAE48787) (50.8% identity and 82% similarity),
Potato (Solanum tuberosum) CCRs (AAN71761) (50.4%
identity and 82% similarity) and (Linum album) CCRs
(CAD29427) (49.8% identity and 83% similarity).

Secondary structure analysis and molecular modeling
for PgCCR were performed by SOPMA. The secondary
structure analysis revealed that PgCCR consists of 95 α-
helices, 22 β-turns jointed by 29 extended strands, and 75
random coils. This is highly similar to the secondary

Fig. 1. Nucleotide sequence and deduced amino acid sequence
of a PgCCR cDNA isolated from P. ginseng. Numbers
on the left represent nucleotide positions. The deduced
amino acid sequence is shown in single-letter code
below the nucleotide sequence. The asterisk denotes the
translation stop signal. The underlined amino acid
sequence indicates the putative catalytic site of CCR.

Fig. 2. Multiple alignment of the deduced amino acid sequence of PgCCR with those of CCR genes from other plants; L. esculentum
(AAY41879), C. lanceolata (BAE48787), S. tuberosum (AAN71761), L. album (CAD29427), P. trichocarpa (CAC07424) and P.
tomentosa(AAR83344). Sequence data was obtained from GeneBank listed and aligned using DDBJ Clustal Wand GeneDoc.
Gaps are marked with dashes.
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structure of CCRs of Tomato (Lycopersicon esculentum),
which contains 138 α-helices, 24 β-turns jointed by 45
extended strands and 125 random coils; to Codonopsis
lanceolata CCRs, which contains 134 α-helices, 18 β-
turns jointed by 47 extended strands and 137 random coils
and to Potato (Solanum tuberosum) CCRs, which contains
134 α-helices, 24 β-turns jointed by 42 extended strands,
and 132 random coils (Fig. 3).  

Neighbor-joining method9) was used for construction of
phylogenetic tree based on CCRs amino acid sequences.
Phylogenetic tree revealed that PgCCR belongs to a dicot
group, such as potato, tomato, Codonopsis lanceolata,
Linum album and shares the highest homology with the
CCR from tomato. The dicot CCRs are well separated
from the group of CCRs from monocot and the CCRs of
monocot plants show a relatively close relationship

between each other (Fig. 4).

3. Differential expressions of the PgCCR under var-
ious abiotic stresses

The expression patterns of the PgCCR under various
stresses, such as stress-related chemicals, SA (10 mM),
NaCl (100 mM), chilling and wounding, were investi-
gated by RT-PCR.

In case of adventitious root using SA treatment, PgCCR
was induced at 2 hrs post treatment and the transcript lev-
els reached maximum at 8 hrs and thereafter decreased
remarkably (Fig. 5A). As shown Fig. 5B, the transcrip-
tional expression of PgCCR in response to salicylic acid,
was strongly expressed at 48hr post treatment in hairy
root. Lignifications can be important component of the
defense response leading to resistance10,11). In the case of
pathogen attack, stimulation of enzyme activities involved
in the more specific lignin pathway was correlated with
increased lignin synthesis12). Dong et al. (1991) explained
that genes involved in the early or later steps of
lignifications (phenylpropanoidand monolignols synthesis)
are up-regulated in response to pathogen infection13). Lig-
nin imparts strength to cell walls and impedes the degra-
dation of wall polysaccharides thus acting as a major
line of defense against pathogens, insects and other
herbivores14). Together, these reports can explain that our
PgCCR is expressed against SA and this gene may be
related with defense against pathogens like that. 

In adventitious root under salt stress, a transcript level
of PgCCR was induced at 2 hrs post treatment and
expression pattern maximum at 12 hrs (Fig. 5A). In case
of hairy root, PgCCR was induced at 4 hrs post treatment,

Fig. 4. A phylogenetic tree based on amino acid sequence, showing the phylogenetic relation between PgCCR and other plant CCRs. The tree
was constructed using the Clustal X method (Neighbor-joining method) and a bar represents 0.1 substitutions per amino acid position.

Fig. 3. Comparison of secondary structure of CCR by SOPMA. (a)
PgCCR (FJ002428), (b) Tomato (Lycopersicon esculentum,
AAY41879) (c) Bellflower Codonopsis lanceolata (BAE48787),
and (d) Potato (Solanum tuberosum, AAN71761).
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after that it was gradually decreased until 24 hrs, and then
the transcript level reached maximum at 48 hrs (Fig. 5B).
Kim et al. (2005) also found that CCR in Codonopsis lan-
ceolata induced by salt stress15). 

In chilling stress there was no change in the transcript
levels of PgCCR gene in both adventitious and hairy root
(Fig. 5A, B), and there is no report on CCR expression
against chilling.

Under wounding stress of adventitious root, PgCCR
expression was strongly induced at 2 hrs and then gradu-
ally increased until 24 hrs post treatment (Fig. 5A) and in
case of hairy root, the expression pattern of PgCCR was
remained same in between 4-12hrs and then increased at
48 hrs post treatment. Benards et al. (1992) reported that
wounding enhances the biosynthesis of phenylpropanoid
compounds, lignin precursors, in Solanum tuberosum16).
Hawkins et al. (1996) found that lignin and suberin were
also deposited in response to wounding in the xylem stem
tissue of E. gunnii plants4). Furthermore, CCR gene in
Lolium perenne induced by wounding6). This relation
revealed that PgCCR was responded for wounding stress. 

It is the first study about isolation and expression
analysis of CCR gene from Panax ginseng. PgCCR
strongly induced by SA and wounding stress in
adventitious root, and also induced by salt stress. In case
of hairy root, expression of this gene is very weak, but it
is also induced by those stresses. Therefore, expression
levels of PgCCR to all the stress reagents reveals that
CCRs gene may play protective role in plants against
wounding and SA stresses. We will continuously study
further to find relations between PgCCR and biotic stress.
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