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Molecular Isolation and Characterization of the 2CysPrx Gene from Salicornia herbacea

Suk-Kyu Kim”, Sang Ok Chung2 , Gil-Jong Na”
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A A E ot e FA oto e A= B 2US 2ASEAL g AEH 20 9§ {5 2CysPrx
FARE ZR2YT $ AEG L 240 0 2CysPrx AR WA Aol dfsto] 2AREATH FAA o Hgt
7 dE2A Q] AEHAE i AEHARA FEUiY Woto] Fagt 2¢oR et Stk FEuH 9 ot
i3t NaClo| otA sk 7%2 Uebgil, 229 ol 278 NaClo] §le ez 2=tk F5utt FofofA
HA L= 2002 98%9 Wotes HA AEF L0 fREE A SEIE F 2CysPrx 49| cDNAS
et AT 23} 275709 ofulleito 2 o] FojA] Qlal = O AIAHQl A7]E 7HAAL glon EARFE 30.1kDa

o Uehyt) 2CysPrx §AAE Ad B2 old) SR & 715 EAshs Aow vehdaL, 679 A=
7749] oo @ LA o] Qth. gPCRY| 93t 2CysPrx G A HAAES HAF ATt 3.5% NaClZ} 40mM H,0,
) ZA A AAEo] 74 %7 UET, DL@0T)T TSuM ABA He] 2o AL A F 84\7ke] o)
AAHES BYon, AL@C)NAL S5 Ho] Yojuhx| e Ao ety Sk oja] 87 AR o
oe) fEEL T2 $Axe] 2RYe AESL Yt

F20f: GUAE, HESE, BFAEY A HOtE, HIA IS

ABSTRACT

This study is focused on the investigation of the genes which are induced by various stresses of the halophyte
Salicornia herbacea. One of the factors influencing in the germination of Salicornia herbacea is salt stress.
The highest germination rate was found in the condition without NaCl, and the upper limit of the NaCl
concentration for the germination of Salicornia herbacea was 7%. The optimal temperature of 20 C showed
a germination rate of 98%. Among genes induced by stress the 2CysPrx gene was cloned and analyzed for this
study. The 2CysPrx gene has two cysteine conserved residues and is composed of 275 amino acids with
molecular weight of 30.1kDa. The 2CysPrx gene appeared to be one copy in the genome and consists of 6 introns
and 7 exons. Quantitative real-time PCR revealed that the highest transcription rate induced by NaCl and H,O,
appeared to be at the concentration of 3.5% NaCl and 40mM H,O, respectively. The amount of transcript
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induced by high temperature(40 C) and 75uM of ABA was respectively highest. The gene at low temperature

(4°C) appeared not to be expressed. We are conducting to clone other peroxyredoxin genes induced by various

environmental stresses.

KEY WORDS: HALOPHYTE, SALT CONCENTRATION, ENVIRONMENTAL STRESS, GERMINATION

RATE, PEROXIREDOXIN
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(o et al., 2002). FErt] o et A= Foll Bl F=
Qt aldolase 8- A} 1‘%94 -1 v‘i‘—@.(Cha t al., 2003),

T ol FEHE AHANEES Al ARl G
LO}OII 2713t Glutathione S-transferase(GST) A 4
(Bang et al., 2002), 550t F&E0A SOD fAZA
24 A = 9249 FAF7HKim ef al, 2009), &
o] o] ghaksl Fato ek 9 (Han and Kim, 2003) 50|
et

HEA Y EAS kst Al E4E Hols HEA|ThHA|
2 YA oA 478 AL D5l BREY, Ao
AR s {2 A Y EAS 1CysPrx, 2CysPrx, Type I Prx,
293 PrxQ7F ek o718 o A A 10709 PrxE
ot & 3}l 97 A7h uHA ] 9 ch(Horiling ef al, 2002). &
= HEA g =4S HEH AILHQ JA7E 7HA AL §leH

=

1CysPrx+ 17}, 2CysPrx, Type I Prx, PrxQ+ & 719 A
AH|Ql A7 E EZ3stch(Dietz, 2003; Laura et al., 2004).
=9 2CysPrx= He|oF AgA oA A5l S=Y 5
oo, ofu:Al A A7 AhpCs} Al W mwel
Tpx¢} =2 FAMAS R t}(Baier and Dietz, 1996). A&
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2. RNA =& % full-length cDNA
2 total RNAL: 457 44417 50}
TRI reagent(Sigma, USA)E A-&3}o] +
AT Z5YH 3= RNA AojA A7
I3 % A (Beckman, USA)E o] %
, PrimeScript™ st strand cDNA
synthesis kit(TAKARA, Japan)E AR8-3}¢] Ist strand cDNA
= 489t} oligo dTE W&3 Zebo|w(GGAATTC
CGCTCTAGAGCGGGATCCCGGAAGCTTCTTTTTTT
TTTTTTTTTT)E A &ste] 2CysPrx 5429 full-length
cDNAE A5} 2CysPrx 3429 ¢cDNAE 45}
7] $3 GenBank(http://www.ncbi.nin. nih.gov/)o] 4] o}u]
Al 4G AASe] HEH FEQINLS BT 5 X
eho|n} 2 A|2sto] partial cDNA A9 813 F RACE-
PCRYH S o] &3}9] full-length cDNAE At o
SDNAE gAsH7] Y&l 5-Full RACE Core set(TAKARA,

oz

&

Table 1. 2CysPrx primer sequences used for RACE-PCR in
this study

cDNA region Primers Sequence(5'—3")

Conserved

. . 2Cys2
region primers

GGGCAMACYTCATCNGGGTT*

GGAATTCCGCTCTAGAGCGGGATCCCGGAAGC
TTCTTTTTTTTTTTTTTTTT
GGAATTCCGCTCTAGAGC

CGGGATCCCGGAAGCTTC
TGATGTAACCAAGTCCGTCG
TGTTCTAATCCCAGACCAGG
(P)TTCATCAACACTGCGGCCAA
TCTCAAATTCACCATGACGG
GAGAAAACGCTGTCGATGGA

2CysS1 TGATGTAACCAAGTCCGTCG

2CysS2 TGTTCTAATCCCAGACCAGG

Sh2CysF GAGAAGCGACAATGGCTTCCGCAGCAT

Sh2CysR GGCATACTATGAGACAATTTAAATGGC
* N: A+T+G+C, M: A+C, Y: C+T

KSQT

KSQl1
KSQ2
2CysP1
2CysP2
2CysRT
2CysAl
2CysA2

3'-raced
primers

S'-raced
primers

Open Reading
Frame

Japan)Z o] &3} tH(Table 1).
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£3}9] total RNAE F+%3F & PrimeScript™ Ist strand
cDNA synthesis kit(TAKARA, Japan)E A}-83}¢] ¢cDNA
£ 34319} qRT-PCR(quantitative real time PCR) HH-3-
< 93t9] ABI StepOne Real Time PCR System(Applied
Biosystems, USA)Z} TAKARA SYBR"Premix EX Taq™
(TAKARA, Japan)2 AF2-35}%th. Endogenus control2 %
St 9 actin FHAE ARE-SEGITH(Table 2).

Table 2. Primer pair sequences used in the qRT-PCR

name Primer Primer sequence(5'-3")
Sh2CysPrxRTF ~ ACAGCGTTTTCTCGCACCTT
2CysPrx Sh2CysPrxRTR ~ GATCACCCAAACCACCAGATTT
. ShActinRTF CTCTGCCATTGAGAAGAACT
Actin ShActinRTR GATACCAGCAGCTTCCATAC

a1 —
Z2af H 13
1. SS0tC| Yorgo| S olxlE By

1) NaCl s&

NaCl 5= 270 tg Fartt] 9] doh&2 12417 &
o] 0% NaClo| A 4%9] Wol-&-& B¢ o 1.75%~14%7}
A 8] s oAl ot A] oFgkth. 24417 & Holhg2 0%
NaClo| A 8%, 1.75%%} 3.5% NaClo A 1%9] dro}&-2
Belom 7% o]/4F2 NaCl F=ofl A Wobx|x] ¢kokrt. 36

AZE 3 drobg2 0% NaClo A 70%9] Hot&S Hele
1.75% NaClo| A 31%, 3.5% NaClo| A 18%9] dro-&<
o 7% NaCl oA o A= BrobE| 2] ¢kokct. 4847
3 0% NaClof Al 90%9] Brobg-& Ao 1.75%2 3.5%
NaClo| A ZHzF 59%9} 18%9] HFo}-2-S H g om 724 7¢
5 22u0tr] 9] dol£-2 0% NaClo| Al 97%, 1.75% NaCl
oAl 83% 1E] il 3.5% NaClojA] 54%9] Hop&S Ko
AlZro] A akghol whel 23| FbstE ASE YERRT
St 7% NaClof| A 9] "rop-&-2 60A] 7k 0] % 2%9] Hrop-g&
S Bdon 10.5% NaClo| A= 1%, 14% NaCloj A= gt
ob¥| 7] ororrh 2+ A 69 T 0% NaCly} 1.75% NaCl
oA 27k 98%%t 95%¢] WotgS YEten 3.5%
NaClol| A 88%2] &7} %PO} tom 79 Fofl= 91%9]
HolgS Kol FEutt e Wotge PR st e
£ wEA dolstr =9 FEH S 3.5% NaCloj A A
2t A abol| wheh w2 ot Kol AAAH 9 sfete e
0| o7l o]Rold Ao R wddEt g FEo| o
£ ot e Wotg o A= 7%9] NaCl2 eyt on
4%, 5%, 6% NaCl F=o| 4] HotgS gelsf & At

79 A ¥ S50y Wor&E 4% NaCloj A 60%, 5%
NaCloj A 31% 12]3l 6% NaCloj| 4] 8%2] Hro}-&-& Hoj
g sl =2 dEFEA = Wolrt 2 o]Fo]x] 7|
U ACRE Ueyth(Figure 1).
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Figure 1. Comparison of germination rate of S. herbacea
under various NaCl concentration.Seeds were
germinated only in less than 7% NaCl
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(Figure 2). G&vtt el Wopgo] #g AF= Jo et al,
(2002)9]] 93] E1E o™ 1.5% NaCl = A 30%2)]
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Figure 2. Seeds of S. herbacea treated with more than
7% NaCl for 7 days can be germinated when
transferred in 0% NaCl solution
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2% 279 B2 FEohr]e] Wobg S AT F 4T
A wrobe x| gkgron] 10Col4 8%, 15ToIA 30%, 2
0o A 86% 71231 2570 A 82%7} Wotahelck. 48417k
A3 5 4TI 4%, 104 34%, 15TAA 54%, 20T
o4 92%, 25N 86% 7t Horargion, @=ol Gt 5
B4 th¥se] $A7 Wbl 72417 4T 6%,
10T oA 48%, 15 ColA 86%, 20T A 98% 1|1l 2
STOIA 86%7) Wolstglth. ol e @ AR vTolR o
FEuhre] wol2 9% L& 24 10T o)A Hojof
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Figure 3. Comparison of germination rate of S. herbacea
under various temperature
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1) ES0tC| 2CysPrx RHA B2 U S

EEutt] 2CysPrx $AAE gA35}7] 98] GenBankol
sEHNE AE FY 2CysPrx ofn|leAt A F HEE
of i 35 obulwdt A9 vhgoR xefoln g A2}
I PCRE dsto] A2 HE A7|E FH5L o] & 54
© 2 5 RACEQ} 3 RACEE A A|5}o] 2CysPrx 4 A #}2]
full-length ¢cDNA 7] A 49-& 223514 th(Accession No.
KU847997). 2CysPrx {42k ofulic it A dof 2719 &
ZH A 2E R 2715 Z36aL Qlth. cDNA H7| 49L&
1,181bpE o|Foj ] ¢lom T 2E 1Y 3sl= ORF(Open
Reading Frame)= 275709 ofn|Aib-S &3 3lslal glo
o], thal g o] Bzpeke 30.1kDao|t}. 2CysPrx & &+ Yo
EAshs HEH AlLH QL 2719 3= 128¥ 2} 2509 A
ofn| =AM Hof 233l Qlth(Figure 4).
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(1) 2CysPrx 42 G714 E &4
S50t 2CysPrx HA479] @714 DL 1,181bpo] T 5
UTRL 57bpo|® ORFE 825bpo| i 3 UTRS 299bpo|t}.
5t 2CysPrx 9] ofu|ical A Y-E d o] H o] Ao A
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Sh 2CysPrx  —-MASAASE- -SHINSPHEN BETNESLPSM AaASSLSLPE EFSHTEEIVSP ---NENGERE

At 2CysPrx MSMASIASSS SETEESSSRV LLPSK 8BS LISFEVSFER II1FBSSASSS
Cj 2CysPrx --MAGSATE- -ASEFSINEBK BLFSS K B-TSTESIEN SL-NENTEFHE
Cn 2CysPrx  —-MABSAAS- —PREISSHES BEPAESHNPP- —————— 1ASA EFSRTEALEK ---SELEERK

M 2CysPrx —-MAGSAAS- —TREESLEEK BLSNS LS B--REBRISK
Mo 2CysPrx | —MABSAP—- -—RIEBSEHES ARSCHSKMPL ASI-—-FPEE BFSOEERIAK
Te 2CysPrx --MAGSAAST THMEISSHER BESAR

70 80 40
Sh 20ysPrx  cEP--BRSE BP---RESAS BNESENVRAS AC
At 2CysPrx

€7 2CysPrx
i 2CysPrx
dfn 2CysPrx
An 2CysPrx
Te 2CysPrx

Sk 2CysPrx
At 2CysPrx
7 2CysPrx
i 2CysPrx
Mn 2CysPrx
An 2CysPrx
Te 2CysPrx

Sh 2CysPrx
At 2CysPrx
7 2CysPrx |
i 2CysPrx YFIVS

M 2CysPrx 1mm YEINSDVTE
An 2CysPrx RKSGGLGDLE YELISD

Te 2CysPrx |

Sh 2CysPrx
At 2CysPrx |
Cj 2CysPrx |
i 2CysPrx
M 2CysPrx
Mn 2CysPrx |
Te 2CysPrx

Figure 4. Alignment analysis of the deduced amino acid sequences of 2CysPrxs in S. herbacea(KU847997) and
other plants. The accession numbers is C. jubata (ADX30686.1), N. nucifera (XP010246607.1), M. notabilis
(XP010104788.1), A4. thaliana (NP187769.1), C. melo (XP008442899.1), T. cacao (XP007027930.1). The
white asterisks indicate the conserved cysteine residues, and black asterisks indicate the thiol cysteine
activity site
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2CysPrx Nelumbo nucifera

2CysPrx Theobroma cacao

2CysPrx Cucurmis melo

2CysPrx Morus notabilis

o

2CysPrx Salicorrnia herbacea

2CysPrx Caragana fubata
2CysPrx Arabidopsis thaliana

—
0.02

Figure 5. Phylogenetic analysis of 2CysPrxs using the program MEGA6 in S. herbacea and other plants.
Bar below diagram represents genetic distance

Sfelal] 919 Al BRG 4
S A A DNAE 2CysPrx cDNAES

YAt &5

s
AltE A

EcoR |

Xba 1l HindII

Bkl =
Lkl =

2kb =»

0.5k = é

Figure 6. 2CysPrx Southern blot analysis of
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