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Abstract : The oxidation of glycolate to glyoxylate, a key step in plant photorespiration, is carried out by the peroxisomal
flavoprotein glycolate oxidase (EC 1.1.3.15). To investigate the altered gene expression and the role of GOX in ginseng
plant defense system, a cDNA clone containing a GOX gene designated as PgGOX was isolated and sequenced from
Panax ginseng. The cDNA was 692 nucleotides long and have an open reading frame of 552 bp with a deduced amino
acid sequence of 183 residues. A GenBank BlastX search revealed that the deduced amino acid of PgGOX shares a high
degree homology with the Glycine max (95% identity). In the present study we analyzed the expression of PgGOX under
various environmental stresses at different times using real time-PCR. The results showed that the expressions of PgGOX
increased after various treatments involving salt, light, cold, ABA, SA, and copper treatment. 
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INTRODUCTION

Glycolate oxidase (EC 1.1.3.15, GOX) is a flavin
mononeucleotide (FMN)-dependent α-hydroxy acid-oxi-
dizing protein. In plants, the enzyme is located in the per-
oxisomes and performs a key step in photorespiration,
which is metabolically coupled with photosynthetic CO2
assimilation (i.e. Calvin cycle). The reaction catalyzed by
the enzyme can be divided into two half-reactions. In the
first half-reaction glycolate is oxidized by the flavin, and
in the second part of the reaction, FMN is reoxidized by
oxygen and hydrogen peroxide is formed.1)

In animals, the enzyme is located in the liver peroxi-
somes and is involved in oxalate production. As charac-
terized by CO2 release, photorespiration is apparently
counter productive to the Calvin cycle and may account
for at least 20% loss of net CO2 assimilation in C3
plants.2) However, despite its seemingly negative impact,
this pathway is believed to play various functional roles in
plants. First, from an evolutionary point of view, it may
act as an ancillary metabolism to compensate for the futile
withdrawal of ribulose-1,5-bisphosphate from the Calvin

cycle under aerobic conditions by serving as a carbon
recovery system reconverting 2-phosphoglycolateto 3-
phosphoglycerate.3) More interestingly, a growing body of
evidence has shown that photorespiration functions in
amino acid metabolism,4) nitrate reduction,5) stress resis-
tance,6) and signal transduction.7) The complete photores-
piratory C2 cycle needs a number of enzymes which are
localized in three types of organelles, i.e. chloroplasts,
peroxisomes, and mitochondria.8) 

There were several reports that GOX was responsive to
abiotic stress.9-11) To the best of our knowledge till now
no research has been done on GOX in ginseng plant.
Panax ginseng C. A. Meyer, commonly known as ginseng,
one of the most medicinally important herb in the family
Araliaceae. Ginseng root has been used extensively in
Korean and Chinese medicine and has become increasingly
popular in the western world for its alleged tonic effect and
possible curative and restorative properties.12) The main
active components of Panax ginseng are ginsenosides,
which have been shown to have a variety of beneficial
effects, including anti-inflammatory, antioxidant and
anticancer effect.13) The cultivation of ginseng is trou-
blesome and a period of 4-6 years is required to harvest
the roots. Moreover, ginseng is a shaded-grown crop, thus
it is susceptible to oxidative stresses that may seriously

* Corresponding author. E-mail: dcyang@khu.ac.kr
Phone: 031-201-2688, Fax: +82-31-202-2687



250 Shohana Parvin et al. J. Ginseng Res.

affect its growth. Despite the medicinal importance of
ginseng, few molecular studies have been conducted on
the antioxidant compounds present in this plant. Here we
focused on the isolation of PgGOX and investigated its
expression profile against various abiotic stresses.

MATERIALS AND METHODS

Plant Materials
Korean ginseng (Panax ginseng C. A. Meyer) cv.

“Hwang-Sook” seeds (provided by Ginseng Genetic
Resource Bank, Korea) were used and cultured 3-week-
old plantlets were used for the treatments and nucleic acid
extractions, as described previously.14) Panax ginseng
hairy roots were also collected from Ginseng Genetic
Resource Bank, Kyung Hee University. To investigate the
response of PgGOX gene to various abiotic stresses, one
month sub cultured hairy roots were used for the
treatments and nucleic acid extractions, as described
previously.15)

RNA Purification and Construction of a cDNA library
Total RNA was isolated from P. ginseng using the aque-

ous phenol extraction procedure as described by Morris et
al., 1990.16) Poly (A)+ RNA was isolated by oligo (dT)
cellulose column using the Poly(A)+ Quick mRNA isola-
tion kit (Stratagene, US). A commercial cDNA synthesis
kit was used to construct library according to the manu-
facture's instruction manual (Clontech,US). Size-selected
cDNA was ligated into λ TriplEx2 vector and was pack-
aged in vitro using Gigapack IIIGold Packaging Extract
kits (Stratagene, US).

Nucleotide sequencing and sequence analysis
pTriplEx phagemids were excised from the λpTriplEx2

and used as templates for sequence analysis. The 5’ ends
of cDNA inserts was sequenced by an automatic DNA
sequencer (ABI prism 3700 DNA sequencer, Perkin-
Elmer, USA). Sequences shorter than 100 bases were dis-
carded. Homologous sequences of Glycolate oxidase EST
is searched in the GenBank and databases using a
BLASTX algorithm. Nucleotide and amino acid sequence
analyses were performed using DNASIS program (Hita-
chi). These deduced amino acid sequences were searched
for homologous proteins in the databases, using BLAST
network services at the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/BLAST). We used
ClustalX to perform multiple alignment of Glycolate oxi-
dase isolated in ginseng and other species which were

previously registered. Based on this alignment, a phyloge-
netic tree was constructed according to the neighbor-join-
ing method, using the MEGA3 programs. Bootstrap
analysis with 1,000 replicates was also conducted in order
to obtain confidence levels for the branches. The protein
properties are estimated using ProtParam (http://us.expasy.
org/tools/protparam.html).

Abiotic stress treatments
To investigate the response of the PgGOX gene to var-

ious stresses, the P. ginseng plantlets were treated with
abiotic stimuli in about 3 weeks after zygotic embryo ger-
mination. For chemical stress or plant hormone treat-
ments, the plantlets were placed for various periods in MS
media containing indicated concentrations of chemicals;
100 mM NaCl, 500 µM CuSO4, and light. To monitor the
effect of light stress, plants were kept in the white light
with intensity of about 500 µmol m-2 s-1 and in the light
with normal (40 µmol m-2 s-1). Hairy roots were also
treated with 100 µM abscisic acid (ABA), 10 mM sali-
cylic acid (SA) and chilling. Chilling stress was applied
by exposing the roots to a temperature of 4oC. Stress
treated plantlet samples were collected at intervals of 1, 4,
8, 12, 24, 48 and 72 hrs. Hairy root samples were col-
lected at intervals of 1, 2, 4, 8, 12, 24, and 48 hrs. In all
cases, stress treatments were carried out on the MS media.
Control plants were grown at 25oC under a 16h photope-
riod. The stressed plant materials from all completed
treatments were immediately frozen in liquid nitrogen and
stored at -70oC. 

Real time quantitative RT-PCR
Total RNA was extracted from plantlets and hairy roots

of P. ginseng using RNeasy mini kit (Qiagen, Valencia,
CA,USA). For RT-PCR, 200 ng of total RNA was used as
a template for reverse transcription using oligo (dT)15
primer (0.2 mM) and AMV Reverse Transcriptase (10 U/µl)
(INTRON Biotechnology, Inc., Korea) according to the
manufacturer’s instructions. Real-time quantitative PCR
was performed using 100 ng of cDNA in a 10-µl reaction
volume using SYBR® Green Sensimix Plus Master Mix
(Quantace, Watford, England). The following specific prim-
ers were using to perform real time-PCR: 

F1-5'- TCA GGT GCA GAG GAT CAG TGG AC-3' and
R1-5'- CCT GAA GGA GAG TAT GCA ACA GCA-3'.

The housekeeping gene encoding actin protein was used
as a control in the experiment, which was amplified with
the primers forward, 5'-CGT GAT CTT ACA GAT AGC
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TTG ATG A-3'; reverse, 5'-AGA GAA GCT AAG
ATT GAT CCT CC-3'. The thermal cycler conditions
recommended by the manufacturer were used as follows:
10 min at 95oC, followed 40 cycles of 95oC for 10 s, 58oC
for 10 s, and 72oC 20 s. The fluorescent product was
detected at the last step of each cycle. Amplification,
detection, and data analysis were carried out with a Rotor-
Gene 6000 real-time rotary analyzer (Corbett Life Science,
Sydney, Australia). Threshold cycle (Ct) represents the
number of cycles at which the fluorescence intensity was
significantly higher than the background fluorescence at
the initial exponential phase of PCR amplification. To
determine the relative fold differences in template
abundance for each sample the Ct value for PgGOX was
normalized to the Ct value for â-actin and calculated
relative to a calibrator using the formula 2ㅡ∆∆Ct. Three
independent experiments were performed.

RESULTS AND DISCUSSTION

Isolation and characterization of a cDNA encoding
PgGOX

From our expressed sequence tags (EST) analysis of a
cDNA library, which was prepared with the root of P. gin-
seng, we identified a cDNA clone encoding a glycolate
oxidase gene. We named this gene PgGOX (P. ginseng
glycolate oxidase); its nucleotide sequence is presented in
Fig. 1A. The PgGOX cDNA was 692 nucleotide long and
had open reading frame of 552 bp. This ORF encodes a
glycolate oxidase protein of 183 amino acids, beginning
at the initiation codon ATG (Position 133) and ending at
the stop codon TAG (Position 684) of the cDNA. The
sequence of PgGOX has been deposited in GenBank
under bankit 1253328. By calculating the hydrophathy
value by the method of Kyte and Doolittle (1982),17) we
found that PgGOX is hydrophobic (Fig. 1B). 

The C-terminus of ginseng glycolate oxidase, -P-R-L-
G-R-R-E-D-A-, differs from the element -S-K-I- thought
to be decisive for important into peroxisomes (Fig. 2).
Based on experiments with the gene of firefly peroxisomal
luciferase,18,19) to the concept that a C-terminal sequence -
S-K-L may be required as signal for the import of cytosolic
precursors into peroxisomes. Enzymes of peroxisome-
related glycosomes were found to be distinguished from
their cytosolic counterparts by unique cationic structures.20)

The -S-K-L signal21) and positively charged clusters near
the C-terminus of proteins22) were also considered as
prerequisites for targeting plant glyoxysomes. However,
isocitratelyase23) and hydroxipyruvate reductase24) do not

contain this sequence while other enzymes are characterized
by this element.21) In ginseng glycolate oxidase, the motif
-PR-L- found one time internally (Position 51). However,
a repetition of -P-R-L-, separated by one or two hydrophobic
amino acids, turns out to be a striking feature. Although
only a small number of sequences is available, and
although conservation is not strict, we suggest that this
motif may be an essential structural feature for protein
incorporation into plant peroxisomes.

The calculated molecular mass of the matured protein is
approximately 20.61 kDa with a predicated isoelectric
point of 9.6. In the deduced amino acid sequence of
PgGOX protein, the total number of negatively charged
residues (Asp+Glu) was 18 while the total number of pos-
itively charged residues (Arg+Lys) was 24 (ProtParam). 

Homology analysis of PgGOX
Sequence analysis by BLASTX program in NCBI data-

base revealed that the amino acid sequence of PgGOX

Fig. 1. PgGOX sequence analysis. (A) Nucleotide and deduced
amino acid sequence with the open reading frame from
200 to 751. The position of nucleotides is shown on the
left. Black box shows the transcription start codon and
termination codon. (B) Hydropathic index analysis of
PgGOX deduced amino acid sequence. Hydrophobic
domains are indicated by positive numbers; hydrophilic
domains are above line and hydrophilic domains are
below.
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shared high identities with known GOXs from other plant
species, such as Glycine max (BAG09382, 95%), Mesembry-
anthemum crystallinum (AAB40396, 94%), Brassica napus
(AAV28535, 93%) and Nicotiana tabacum (AAC33509,
92%).

An alignment of glycolate oxidase sequence available
from NCBI and Genebank libraries was performed using
the clustral method. The multiple alignments revealed
regions of high homology as illustrated in Fig. 2. A phy-
logenetic analysis of different plants and same group of
animal has been carried out using the clustal method (Fig.
3). Secondary structure analysis and molecular modeling
for PgGOX were performed by SOPMA. The secondary
structure analysis revealed that PgGOX consists of 41.53
α-helices, 8 β-turns jointed by 33 extended strands, and
66 random coils.

Differential expressions of the PgGOX under various
abiotic stresses

In the current work, ginseng plantlets and hairy roots
were treated with several types of environmental stresses,
salt (150 mM NaCl), CuSO4 (500 µM), light, chilling
(4oC), ABA (100 µM) and salicylic acid (10 mM), to
assess how they influenced expression of PgGOX (Fig. 4

& 5).
Fig. 4 shows expression of PgGOX against various

abiotic stimuli in plantlets. In the case of salt stress, the
transcripts of PgGOX enhanced rapidly within 1 hr, and
reached 26.21 folds at 24 hrs, then decreased to 23 fold

Fig. 2. Multiple alignment of the deduced amino acid sequences of PgGOX with GOX from other species. Alignment of sequences was
performed using Clustal X. Amino acid positions are shown on the right. Identical amino acid residues in all sequences are
indicated by asterisks. Red and brown box resides represents conserved C-terminal motif.

Fig. 3. Phylogenetic tree based on amino acid sequence, showing
the phylogenetic relation between PgGOX and other
species GOXs. Neighbor-joining method was used and
the branch lengths are proportional to divergence, with
the scale of 0.1 representing 10% changes.
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after 48 hrs of post treatment (Fig. 4A). Shin et al.
(2004)25) was observed similar result in Mesembryanthemum
crystallinum plant. During light stress treatment, the tran-
scription of PgGOX was gradually increased from 1hr to
4hrs, decreased after that, and then again increases to
show maximum accumulation at 24 h (8.21-fold). Simon
et al. (2004)10) also reported that, tobacco GOXs involved
in light stress responses. Light-dependent transcript
accumulation has been shown for several photorespiratory
genes, such as those encoding the peroxisomal enzymes
GOX,26) hydroxypyruvate reductase (HPR)27) and the H-
protein of the mitochondrial glycine decarboxylase complex.
Possible involvement of phytochrome and additional
photoreceptor(s) in mediating the light effect on the

expression of photorespiratory genes has been inferred
from the effects of red, far-red and blue light on the
stimulation of peroxisomal enzyme activities28) and on
HPR mRNA accumulation.27) Under copper stress, PgGOX
was highly expressed (9.48-fold) after 8hrs treatment and
then decreased. 

Fig. 5 shows expression of PgGOX against various
abiotic stimuli in hairy root samples. In case of absicic
acid (ABA) stress (Fig. 5A), mRNA was highly induced
after 2 hrs and maximum 11.45 fold transcripts were
found at 48 hrs post treatment. Fig. 5B shows the PgGOX
expression against salicylic acid stress. It appeared that
PgGOX was up regulated by salicylic acid at the early

Fig. 4. Expression of PgGOX mRNA in plantlets treated with
various stresses. A-Salt stress, B-Light stress and C-
Copper stress. The error bars represent the standard
error of the means of three independent replicates.

Fig. 5. Expression of PgGOX mRNA in hairy roots treated with
various stresses. A-absicic acid (ABA) stress, B-
Chilling stress and C-salycilic acid (SA) stress. The
error bars represent the standard error of the means of
three independent replicates.
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stage after treatment. At 1 hr post treatment, the expression
of the gene was 2.03- fold, and the expression maintained
at higher level than the control during 2-12 hrs. However,
PgGOX expression dramatically decreased to 1.4-fold at
24 hrs. Chilling treatment induced the PgGOX expression
at initial time point and maximum 10.24 folds were
noticed at 4 hrs, and then decreased to 0.92 folds after 48
hrs post treatment (Fig. 5C). 

It is well known that ABA is known to play a role in
adaptation to abiotic environmental stresses including
desiccation, salinity and low temperature. Peroxisomal
GOX, which is common to all eukaryotic cells, partici-
pates in the tricarboxylic acid (TCA) cycle. Some enzymes
of TCA cycle are known to be sensitive to oxidative inhi-
bition.29) Thimm et al. (2001)30) also demonstrated that
several enzymes in TCA cycle were induced with in 3
days of Fe-deficient growth, indicating an increase in res-
piration in response to Fe deficiency. It is possible that
because of abiotic stresses generate a burst of ROS. In
order to repair the damage generated by ROS, plants bal-
anced this oxidative stress by the activity of non-enzy-
matic antioxidant (tocopherol, ascorbic acid and beta
carotene) and oxidant tissue enzymes (super oxide dismu-
tase, catalase and glutathione peroxidase) which together
prevent reactive oxygen species formation but tissue oxi-
dant enzymes mitigate the damage caused by cells31). The
use of advanced molecular approaches has revealed a num-
ber of detoxifying and antioxidant genes coding for pro-
teins/enzymes that play crucial roles in defense response.

Taken together, the results suggest that glycolate
oxidase is a ubiquitous enzyme in plants, involving in a
range of metabolic processes depending on its subcellular
location. We describe for the first time the isolation and
characterization of glycolate oxidase gene from Panax
ginseng. We also study of various environmental stresses
about glycolate oxidase. PgGOX was sensitive to various
abiotic stresses, indicating that this gene was related with
response to stress. The expression of PgGOX was increased
after treatments of salt, light, chilling, ABA, SA, copper
treatment. We will continuously study further to find
relations between PgGOX and abiotic stress and then
produce the transformant by re-introduction of PgGOX
into P. ginseng. These approaches will improve our
understanding of the role of GOX in plant-environment
interactions.
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