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ABSTRACT

A full-length ¢cDNA (PPrx1) encoding peroxidase has been isolated and its nucleotide
sequence determined from flower bud in ginseng plant (Panax ginseng). A PPrx1 ¢DNA is
1192 nucleotides long and has an open reading frame of 1062 bp with a deduced amino acid
sequence of 354 residues (pI 7.53). The deduced amino acid sequence of PPrxI matched to
the previously reported peroxidase protein genes. The PPrxl showed a high similarity with
the 64% identity with peroxidase of N. tabacum (AAKS2084). In the phylogenetic analysis
based on the amino acid residues, the PPrxI was closer with peroxidase of G. max

(AAD37376).
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INTRODUCTION
Peroxidases perform essential metabolic roles in
most living organisms. Their functions include
detoxification of hydrogen peroxide, generation of
antimicrobial compounds and other contributions to a
variety of biosynthetic process. These enzymes are
widely distributed among plants, animals and

microorganisms (Everse et al., 1991).
Plant peroxidases exist as a large family of isozymes

and they have been implicated in a broad range of

physiological processes (Hiraga et al., 2001). The cell
wall appears to be a major site for defense related
peroxidase polymerization reactions such as
lignification (Hammerschmidt and Kuc, 1982),
suberization (Espelie et al., 1986), cross-linking of
structural cell wall proteins (Bradley er al., 1992), and
dimerization of ferulate esters (Ikegawa et al., 1996).
These classical peroxidases belong to class III of the
plant peroxidase superfamily (Welinder, 1992) and are

secretory enzymes found in the extracellular space or in
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the vacuole. They possess a signal peptide necessary for
routing to the endoplasmic reticulum, and some of them
possess also a C-terminal extension which may be
responsible for vacuolar targeting, as has been shown
for some plant proteins (Neuhaus, 1996).

During the last decade, several molecular biology
approaches have been developed to isolate, characterize
and study the expression of peroxidase genes in plants.
In A. thaliana, since the characterization of the first
genes by Intapruk et al. (1991), numerous genes
encoding peroxidases have been identified through the
different expressed sequence tag (EST) sequenéing
projects and have already been reported (Capelli ef al.,
1996; Tognolli et al., 2000). In the present study we
the cDNA cloning,

characterization of PPrx] from flower bud of Panax

describe and molecular

ginseng.

MATERIALS AND METHODS

Four-year old Panax ginseng plants grown at field
were used. Flower buds attached in the upper region
were cut with a scalpel and immediately frozen in liquid

nitrogen and stored at -80 C further use.

RNA purification and cDNA library construction
Total RNA was isolated from ginseng flower buds
using aqueous phenol extraction procedure as described
by Morris et al. (1990). Tissues were frozen and ground
in liquid nitrogen prior to extraction of RNA. Poly (A)*
RNA was isolated by oligo (dT) cellulose column using
the Poly(A) Quick mRNA isolation kit (Stratagene,
US). A commercial cDNA synthesis kit was used to
construct library according to the manufacture’s
instruction manual (Clontech, US). To produce single-
stranded cDNA appropriate for directional cloning 5 yg
of poly (A)* RNA was primed with an oligo (dT)
primer. Double-stranded cDNA was produced using
RNase H and E. coli DNA polymerase. After ds cDNA
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synthesis by primer extension, cDNA was digested with
Sfi I and then size-fractionated through a Chroma spin-
400 column. Size-selected cDNA was ligated into A
TriplEx2 vector and was packaged in vitro using
Gigapack III Gold Packaging Extract kits (Stratagene,
US). Fractions containing cDNA greater than 500 bp
were recovered and this library was amplified once to
yield a final titre of 2 X 10° pfu mg"'.

Sequence analysis

The pTriplEx phagemids for peroxidase cDNA were
excised from the ATriplEx2 and used as templates for
sequence analysis. The cDNA insert was sequenced
using the 5” and 3’ sequencing primer by an automatic
DNA sequencer (ABI prism 3700). Nuéleotide and
amino acid sequence analyses were performed using
DNASIS program (Hitachi). Comparison of sequences
to DNA and protein databases at NCBI was performed
using the blast algorithm of Altschul et al. (1990).

Sequence alignment and phylogenetic analysis

We used Clustal W (1.82) with default gap penealties
to perform multiple alignment of peroxidases isolated in
ginseng and previously registered in other plants
(Thompson et al., 1994). Based on this alignment, a
phylogenetic tree was constructed according to the
UPGMA method.

RESULTS AND DISCUSSION

Korean ginseng (Panax ginseng C. A. Meyer) is one
of the most medicinally important herb. Ginseng has
many beneficial bioactive effects on human health.
However, cultivation and breeding of the plant is very
difficult, because it requires at least 4-year cultivation
period for root harvest. Ginseng plant during the long
cultivation time endure against various environmental
stresses and pathogen attack. To acquire the gene

expression profiling in the flower bud of ginseng, we



Molecular Cloning of Peroxidase of Panax ginseng

GGAACACCAAAAGAGAATCAACACA@TQECTgCT%CnITAéCTTCTTT%@GCTCTCT%;T 60
ACAAA 120
CETCETTETCECTgCTETTgCAETTETAETTJA%QA%TT%QATGTQgCﬁgAQEC g TC
TCCACCTATAGTGAAGGGACTTTCATTGGCTTTCITTGATICTACCTGTCCTAAGCTTGA 180
P AP Y GQA g LTTg L g FFED g‘ T CP KULE
AJCCATTGTTAG AGCTT GITCAAGGCTGATATCGGCCAAGCTGCTGG 240
T RO TR M TR T VR R
ATTGCTCgGACTCCACTTCCATGATgGCTTTGTCCAGgGAgGTGATGCﬁgCGGTTTTGCT 300

CGACgGTgCCECCAGT8GACCAgCGGAA@AGnATGCAgCEQCﬁ@ACCTQQGTTTGAG%EC 360

AAAGGCATT ATCGAAGATCTCCGTC GTGCACAAGCAATGCGGTAAAAT 420
K g F C%CG?TC} E 8A E CH RGAgAﬁV H K 8AAb G K | ,

TGTCTCCTGTGCCGATATCACT T GCAGTTGTTTTGICCGGT 480
S e A S S S
CCCAAACTACgAAGTCgCATACgGAAGACGCGACgGTCTCCAATTTGCAAC%QGACAQEC 540
C%CACTAGCCAACCTTCCTCCACCATTT CCAAT%CAACC%CCAT%?TCAA%%C%?TTGT 600

N L P P F

CACAAAAAATTTCGACCCTACCGACGTGGTCGCGCTATCTGGGGCCCACACAATTGGACT 660
TKNFODPTDVYV E L S 8 AAHT I GL

TAGCCATIGTAGTICTITTATTCGTCGCTTATTCCCGACCCAAGACTCTACAATGGCGCA 720
S HCS g F 1T RRL FPT 8 D ST ﬁ@ A Q

AAGCTTTGCAAAAGACCTCAGAATCACTTGTCCAACAAATACAACCGACAACACAACTAA 780
S F g AQAAD LR 1T g PTNTTDNTTN

CCTAGACTTTCGAACTgCAAATGTGTTCGAT@ACAAGTATTATGTGGACCTTGTTAATCG 840

LODOFRT NV FD K'YyvoDLVNR

AgAAgGGCTGTTTACGgCTGAC&AGGACTTGTTCACTGATAATAGGACTCGGGGCATTGT 900
FTDNRTRG IV

TACTAGTTTTGCTAATAAT AGACCTTGTT CGAGAAGTTTGTGAATGCAATGTTAAA 860
S F A 8 TET V N A M K

T
Aﬁ GgGGSAGETGéGCSTGETG%CGgGC%CAgAAgG%gAGﬁTﬁgGﬁgGﬁ@AﬂgGﬁgCQ&T 1020
TAAGAATTCGAATAATTTGTTCTTGTCAACTGTGGTGGAAGAGGGGATGGAGAATTTGTT 1080
K N Tg NN L F L g T VVEE g MENLL
AgGA;TTIGAGGGTGACTATGGGTGTTATTATGTAATCTTGCTGATTGTGCGTTACCCTT 1140

TTGTATGTTTTTGTTGTTTCAAGCCTTTGAAAATAAAGTAGTCTTTTTGACC 1192

Fig. 1. Nucleotide and deduced amino acid sequence with the open reading frame from 26 to 1090. The positions of
nucleotides are shown on the left and the positions of amino acids under the below. Asterisk shows the termination
codon. The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequencing
Database under the accession number AB232686.
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Panax MASTLTSLSSLFFFFSSLSLLLYHLHVSEAQT-PP 1 VKGLSLAFFDSTCPKLES | VAKQL 59
Glycine ~————ARSSAYPLFL | SSILF | SHI YASQVEAKPPVVKGLSYSFYSKTCPKLES | VRKHL 55
Nicotiana ——-MAS I TLSSFAASLLL ILSVNFYQTEAQGTQP | VKGLSWTFYDSI CPNAES| IRSRL 56
Spinacia ~——MAATKG—-FPL 1L VLSSL | | GLSQGQST | PVWPGLSYTFYSSSCPGLOF | |RGHL 53
Linum ——~==MAPTSSHVVALT I MLSAVLFASTTTAQ | PAPAKGMSWTFYKSSCPKLES| I TKRL 55
Euphorbia ———————MASKLVLVSCLLVAFWFCA | EAQTKPP | VNGLSWTFYKSSCPKVES | 1QKEL 52
Triticum ————~MARAPLLAAL VVAVVVASSL GHGASAAEPPVARGL SFDFYRRTCPRAES | VRGFV 55
: : R DR k% L % :
Panax EKEFKAD | GRAAGLLRLHFHDCFVQGCDASVLLDGSASGP-SEKNAPPNLSLRAKAFT 1T 118
" Glycine KKVFKDDNGQAPALLR | FFHDCFVQGCDGSLLLDGS——P-SERDQPANGG IRTEALQT! 111
Nicotiana - QQVFRQD|GQAAGLLRLHFHDCFVQGCDGSVLLDGSASGP-SEKDAPPNLTLRQQAFRIT 115
Spinacia WQ ! FQSDL TQAAGLLRLHFHDCFVQGCOGSVLLDGSASGP-SEKEAPPNLTLRAQAFK | 112
Linum KEVFKKD | GQAAGLLRLHFHDCFVEGCDGSVLL TGSAGGPSAEQGSPPNLSLRKEAFRT 1 115
Euphorbia KKLFKKDVEQAAGLLRLHFHDGF VL GCDGSVLLNGSAGGP-SEQSELPNLSLRKQAFK (V. 111
Triticum QDAVRKD | GLAAGLLRLHFHDCFVQGCDASVLLDGSATGP-GEQQAPPNL TLRPSAFKAV 114
R .: * *_’***:.****** ***‘*:** s %* .*: L x LRk k] N
Panax EDLRRQVHKQC-GK | VSCAD | TALAARDAVVLSGGPNYQVPYGRROGLQFATRQATLANL 177
Glycine DDIRA! | HKEC-GR1VSCAD! TVL AARDSVFL TGGPDYAVPLGRROGLSFST--SGTSOL 168
Nicotiana EDLRRRVHRDC~GRVVSCAD | TA| AARDSVFLSGGPDYDLPLGRROGLNFATRNETLANL 174
Spinacia NDLRALVHQQC-GRVVSCAD| TALAARESVFLAGGPF YWVPLGRRDGLNFATLSDTLANL 171
Linum DDLRARVHKEC~-GRVVSCSD 1 VALAARDSVVLSGGPKYQVAL GRRDGTTLVTQDTTLANL 174
Euphorbia NDLRALVHKEG-GPVVSCSO 1 VAT AARDSVVLTGGPKYDVPLGRROGVKFAEVNATFEHL 170
Triticum NOIRDRLERECRGAVVSCAD | LALAARDSVVVSGGPOYRVPLGRRDSRRFATRQOVLSDL 174
CRIk D Dlk ok TkkkIkk  ThkkIlk Dlkkk k] dkkk | L *
Panax PPPFANTTT | LNSLVTKNFDPTOVVAL SGAHT | GLSHCSSF | RRLFPTQDSTMAQSFAKD 237
Glycine PKPENTTGVTLDAFAAKNFOVTDVVALSGAHTFGRAHCGTFFNRLSP-L DPNMDKTLAKQ 227
Nicotiana PPPSFNASA ILTSLATKNF TPTOVVALSGGHT | G1 GHCTSFTERL YPNQDPSMDKTFANN 234
Spinacia PPPSFNTGQLLDSLANKKLNATDLVALSGGHT | GI SHCTSFTDRLYPTQDPTMAQTFANN 231
Linum PPPFATTGT | LSSLATKNLNPTDAVALSGAHT | G SHCSSFTDRL YPNQDPSMDQTFAKN 234
Euphorbia VGPTANVTT | LAKL ARKGLDTTDAVSLSGGHT | G| GHCTSFTERLYPSQDPTLOKTFANN 230
Triticum PAPSSNVPSLLALLRPLGLDATOLVT I SGGHT | GRAHCSSFEDRLFPRPOPT INPPFLAR 234
* * Dookk kIlkk kklk  kk Ik kk kx|
Panax LRI TCPTNTTONTTNLDFRTPNVFONKYYVOLVNRQGLFTSDQDLFTONRTRGI VTSFAN 297
Glycine LQSTCPOANSGNTANLD | RTPTVFONKYYLDLMNRQGVF TSDQDLLNDKRTKGLVNAFAL 287
Nicotiana LKNTCPTSNSTNTTVLD | RSPNKFONKYYVDLMNRQGLF TSDQDLYTDRRTRGIVISFAI 294
Spinacia LKVTCPTATTNATTNLD |RTPNVFONKYY | DLMNRQGLFTSDQDLYTDSRTKD | VISFAL 291
Linum LKATCPQAATTDN-1VD | RSPNVFONKYYVOLMNRQGLFTSDQDLYTDSRTRGI VTSFA! 293
Euphorbia LKRTCPNVNTENSTFLDLRTPNEFONRYYVDLMNRQGLF TSDQDL YTOKRTRQ VIDFAV 290
Triticum LKGTCPAKGTORRTVLDVRTPNVFONQYYVDLVNREGLFVSDQDLFTND I TRPIVERFAR 294
kD kkk . Dk ke lh dkkde hkldkkIAkIkIk kkkkk L kD [k ok
Panax NQTLFFEKFVNAMLKMGQLSVL TGTQGE | RGNCSVKNS—~——- NN-———LFLSTVVEEGM 348
Glycine NQTLFFEKFVDAT | KLSQL DVL TGNQGE | RGKCNVYNA-————RK~—-SLL TSVVEEVWV 338
Nicotiana NESLFFEEFVNSM | KMGQLNVL TGTQGE | RANCSVRNS————ANYNLLLSTSVAEEQ-Q 348
Spinacia NQNLFFQKF | DAMVKMGQLNVL TGTQGE | RANCSVRN-————-ANSNLHLKSVVE 1DQEQ 345
Linum NQTLFFEKFYVAMIKMGQ | SVLTGKQGE | RANCSVTNS——~—~AKVQTSSFLEEAVEEAV 348
Euphorbia NQTLFYEKF | | GMIKMGQLEVVTGNQGE | RNDCSFRNS~~———D~~——NYLVSVTDEES 340
Triticum SQROFFEQF GVSMGKMGQMRVATSDLGEVRRNCSARNPGPAAADEL QWPSFVQT | VDAAA 354
DoRIlIk kD kD ok k| kkIk k% :
Panax ENLLGF- 354
Glycine QLVDQF- 344
Nicotiana RTWSE |- 354
Spinacia QTLSQF- 351
Linum ELLAGMR 355
Euphorbia GSSSELR 347
Triticum ERLG— 358

Fig. 2. Alignment of the amino acids residues of PPrx/ (AB232686) with those of peroxidase genes from other plants;
N. tabacum (AAKS52084), L. vsitatissimum (AAB02926), S. oleracea (CAA71490), E. characias (AAS97959), G. max
(AAD37376), and T. aestivam (AAMS88383).
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Triticum aestivum

(AAMBB383)

Panax ginseng
(AB232686)

Glycine max
(AAD37376)

Nicotiana tabacum
(AAK52084)

Spinacia oleracea
(CAAT71490)

Linum usitatissimum
(AABD2926)

Euphorbia characias
(AASO7959)

Fig. 3. Phylogenetic relationship of the peroxidase protein family from P. ginseng and other plants. Phylogenetic
analysis is based on the deduced amino acid sequences of peroxidase genes from various plant species. The branch
lengths are proportional to divergence, with the scale of 0.1 representing 10% change.

performed expressed sequence tags (EST) analysis.

A full-length cDNA library of flower bud was
constructed using 5ug of poly (A)+mRNA. Generated
ginseng flower bud ESTs were compared against all
sequences in the nonredundant database at the NCBI
using the program BLASTX, which compares translated
nucleotide sequences with protein sequences. A full-
length peroxidase protein homolog of analyzed EST
clones was isolated and full sequenced and named with
PPrxl. The PPrxl gene was 1192 nucleotides long and
possess an open reading frame of 1062 bp with 25 bp
5'-untranslated region (5’UTR) and 102 bp 3’ UTR
(Fig. 1). BLASTX database searches with the PPrx]
sequence gave peroxidase proteins from various
organism as the top 100 best matches. The PPrxl
cDNA encodes a protein of 354 amino acids with a
predicted molecular mass 38814 Da (pI 7.53) (Fig. 1).

-159-

The deduced amino acid sequence of PPrxl cDNA was
compared to other related peroxidase gene products
registered previously (Fig. 2). The PPrxI protein
sequence shared the highest similarity (64%) with N.
tabacum (AAKS52084), followed by 63 % with L.
usitatissimum (AABO02926). We compared the
phylogenetic relationships of the PPrx] with those of
the eukaryotic peroxidase protein registered previously
(Fig. 3). The PPrxl was clustered with ribosomal
protein of G. max (AAD37376).

We have isolated and characterized of peroxidase
gene from flower bud in ginseng plant. Peroxidase is
very important protein for defense against pathogen
attack, salt tolerance and oxidative stress. Further
characterisation of ginseng peroxidase gene is required
to understand their physiological roles in the flower bud

of P. ginseng.
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