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Abstract: [Objective]lExtreme environmental stresses can induce reactive oxygen species (ROS) that
generate oxidative stress at the cellular level in plants. Plants have developed diverse defensive mecha-
nisms for scavenging oxidative stress. 2-Cys peroxiredoxins (2-CP) protein has been known as a mem-
ber of peroxiredoxins (Prxs) which can remove ROS and protect the photosynthetic membrane from oxi-
dative damage in plants, but their functions under abiotic stress are not clear. As a foundation for further
studying on the application of fruit stress tolerance genetic engineering, the function of Zj2-CP gene en-
coding a 2-Cys peroxiredoxins from Ziziphus jujuba Mill. was analyzed under drought and salt stresses.
[Methods]To test the Zj2-CP responses to abiotic stress, seedlings of jujube were treated under differ-
ent PEG (0.5 MPa, 0.8 MPa and 1.2 MPa) and salt (50 mmol - L'!, 100 mmol - L"*and 300 mmol - L")
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stresses. The leaves were sampled for expression analysis at different times (15 min, 1 h, 3 h and 6 h).
The total leaf RNA was extracted by CTAB (Hexadecyl trimethyl ammonium Bromide). The primers
were designed according to the gene Zj2-CP sequence. The expressions of Zj2-CP under PEG and salt
stresses were tested by gRT-PCR (Quantitative real-time quantitative PCR). To detect subcellular local-
ization of Zj2-CP protei. The fusion vector named PEZR(K)-Zj2-CP-LNY with a 35s promoter and YFP
tag constructed in our previous studies was transformed into Agrobacterium tumefaciens strain
LBA4404, which then was transformed into Arabidopsis to obtain stable transgenic lines of Zj2-CP us-
ing agrobacterium- mediated method. YFP fluorescence was recorded under a confocal laser scanning
microscope (Leica TCS SP5). Three stable overexpression transgenic lines were used to verify the func-
tion of Zj2-CP under stress tolerance, and the survival rate and the length of primary root with 9-day-
seedlings of transgenic and wild Arabidopsis plants were analyzed under NaCl (150 mmol - L*) and man-
nitol (100 mmol - L*and 300 mmol - L") stresses.[Results]gRT-PCR analysis showed that under lower
concentration of PEG stress (0.5 MPa and 0.8 MPa), the expression level of the target gene increased
with time. On the contrary, under higher concentration, the relative expression of the gene was the stron-
gest and reached the maximum at 15 min, and then decreased with time because of cell membrane dam-
age under the higher concentration stress. The relative expression of the target gene in jujube seedlings
showed a similar trend, first reaching the maximum at 1 h and then decreasing with time. Moreover,
with the increase of salt concentration, the expression of Zj2-CP gene in jujube gradually increased. We
examined the subcellular localization of Zj2-CP in stable transgenic Arabidopsis plants under a fluores-
cence confocal microscope. Fluorescence was mainly detected in the cell membrane and cytoplasm in
leaves and stems, but was only found in the cell membrane in root. Particularly, the signal was detected
in the cell membrane and cytoplasm of stomata guard cells. The stress tolerance showed that the seed-
lings grew well in the MS culture medium, but under the 150 mmol - L * salt stress the survival rate of
transgenic plants was 8%, whereas the rate of wild type was 90%. The length of primary root of trans-
genic plants was 1.08 cm and 0.42 cm under 100 mmol - L*and 300 mmol - L* PEG stress, respectively,
while that of wild type reached 1.48 cm and 0.92 cm. Stress tolerance pointed out that the transgenic
plants showed lower survival rate than the control, and the length of primary root of transgenic plants
under drought stress was significantly shorter than the control. The results also indicated that the pheno-
type of three stable transgenic lines was different, but only one line was significantly different, and the
reason may be that the signal was detected in one stable transgenic line, but the exogenous gene was si-
lenced in other two transgenic lines. [Conclusion] The gene of Zj2-CP was located in cell membrane
and cytoplasm, and the expression could be induced by PEG or salt stresses, which indicated that Zj2-
CP was involved in different signal pathways responding to abiotic stress. This study exhibited Zj2-CP
was likely related to drought and salt resistances, and Arabidopsis thaliana overexpressing of Zj2-CP in-
creased the sensitivity to drought and salt stress. Overall, the gene of Zj2-CP maybe plays a negative
regulatory role in resisting drought and salt stress.
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Fig. 1 Expression patterns of Zj2-CP in leaves of jujube after PEG (A) and NaCl (B) stress
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Fig. 2 Subcellular localization of Zj2-CP protein in leaf(A), stem(B), root hair(C), root (D) of transgenic plants
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A. The phenotypes of wild type and transgenic lines after NaCl
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difference between the transgenic line and the wild line at 0.01 proba-
bility level (t-test). WT. Arabidopsis wild type; OE1, OE2 and OE3.

three individual Zj2-CP overexpression lines. The same below.
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Fig. 4 Comparison of seeding survival between Zj2-CP
plants and wild type under NaCl stress
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Fig. 5 Comparison of the growth of Arabidopsis seedlings
between wild type and Zj2-CP overexpression lines after
different concentrations of mannitol stress
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WT. Arabidopsis wild type; OE1, OE2 and OE3. Three individual
Zj2-CP overexpression lines.
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Fig. 6 The observation of fluorescence signal in plants
under NaCl (A) and mannitol (B) stress

3 Wi

Prxs ZKIETEAR N A 2 A B2, fEEY)
PRI 200 PRLAZ S0 R J5 B0 A A 5 2 v 24 A
HAFAER, 2-CP AR Jyid Al 5 i it 2 — 09,
DRI HLA Prxs (O SRRRAE , FEAE AN S R 2 H
HA SRS 1, Z B AATTE M. 2-CP Rk
2R P RN S5 4 AN TR T AN R o B 98 3R B 2-
CPE—MME R, AR T S M A 1) 2%t 4 21
Hll  BURAE A SRR . WnTE K S R LY 2-
CP BSAL 7 M- &g A v W 21 H A7 AE Y, 2% & ) Vir-
prx 5 A7 T -Gk s, {H A BF 50 R BLAE AR )
(1) R 22 ot e A 21 2 B 1 2-CP. T AW 7L AE
B AR AR (AR ZE RN 85 R B T Zj2-CP [AF1E
ELAS V2 I 2 AE DR TR 40 i ot & IR Zj2-CP 3R 3R
15 XA FTN BB FT 45 SR T AR I, DRI 75 S 1)
ReH T HE— 2B 5T

2-CP 1E Ny —Fh i S b B 1 RE 05 A3 20 9 Ak
PR HLO AR 4 B AL S A0 AR N
Rk EBEE MR AE KR B ARS8 1 R A
A5, AL Eg 77 R BILIK) 2-Cys PrxA Al 2-Cys PrxB [
EI AR K, P 2-CP Rk = N BE,
EASER RN, EREAERZMT,2-CP
(1) 2232 et It 2 s ) 348 o v vy, T 7 95 i R
TR AR e R, HARA RS2 B, MR RA
Hr5e B 1) Th2-CP 7 NaCl JifiE Ab B 12 h F1 48 h J5 3%
R I AR 6 hinf RIA & NP, T R
W, ABA 7E— & FEFE L REWE 3N 2-CP Ja 2 F 1%
PEAE LR IA B R A, EH I TR
VIl I8 2 SR N 2-CP 136 K1, R R IA &
52 BT R A 5 S, 2-CP 2R B A i G R
ik, R 2-CP IEM Y B FE R R AR H .

TEYITE 2 2 i e i AR N 2 7= A B 10
TP AR S B AL B . AR FE R, MAE Ak
52 FAAAIIT , 2-CP [ B (1 45/ 42 I IR
AR ARG, T B N — M5 5 7% &
JE SR ARG HLAIE, U AE A R AR A R A
PLRE T At2-cp S5 DA , {6 2 56 DR AR Ak i s L R 41 P
TR AR, ERAMEHEEY S T, T
TR G, G VrprxL (17 HE R R T RE S 4R e AR AR 4 Y
ROS B B , 1M HLiE Be 88 AF h 4 T AR CR P R R 1
JeE R FALEIPY, 754 R 5 rpid ik 2-CP [FAE 42
e B R R ST A AN s LR Y, FERLRE T AR K
FIHA , #0144 P 2-CP 1A 2R i 2 38 im A A 11 44k 457
P, XU TS5 SRR I, 2-CP fEAH A IE B S AL i
AR R E AR . 2-CP e Y 32 3 AL 15497 I
G BRI E R B 2 2T 2 A W ia i 2 7 ge
JELFIAH LR AR R R FUAR 2D, T AE AR ST F R
it 3R IE Zj2-CP 14 I 1 4t ik BRI R o) 5200 v 2
38 PRI RBURR A

2-CPAEAMIR A Z M8 (prx T -1V)H P,
TEAEDR N 3 A0 )2, X BRI SR A 5 A AN R
Mg iE R IR L E R B AN, 2-CP/EMEY
Z B E B R B R R N2 B R A SR
i 1 BT 2 715 1 B R 21 A B PR AR 4 A T ATE AR D,
TEAHE 5T R I I 2Rk Zj2-CP 3 i T % 5 DA AE ik
o 5 v R e Y BB FERE A P AR R P i ia
bR PR B SR AR A X R R AL AT AS B
o FEPRAEZ BT 2RISR MG IR N £ 72 A R 2410



56

Sk el 7, S5« AU 2- - Dt R S AL SR ik X] Z2-CP 2T AN ER A R I D e B 703

PR N, 2-CP AR 9 — i R Ak 4 1 S8 AL M ) S B
MW B A TR A 72 22 B HL0,, AT ] 42
Z 5 FIEARYTT B A SR b8 N A SCHIE JE AR
AT

4 #& B

AN )R B2 1) PEG FH 25 1 18 e 6 1R T8 15 5 ¢ AR
AR Zj2-CP R BRIk, g /s 1% 5 R ] g &
PP A Sh 0 B E B . X SRAG R EE A
PR IR R AT T 5 LA s 25 R R, i 3R
1% Zj2-CP 1) 6 B2 KRR R 3G 0 17 R ko 5 R0 v 28
38 ) U

S L References:

[11  FEZiE, Al A S A RO T IE R [J]. Ze Bk 2 il
%,2008,14(5): 27-29.

NAN Zhirun, FAN Yuexian. Advance of researches on catalase
in plants[J]. Anhui Agricultural Science Bulletin. 2008, 14(5):27-
29.

[21 RIS RO, B AE, kA Y S S A S R AL
HI[3]. A= T A2 244, 2001, 17(2):121-125.

DU Xiumin, YIN Wenxuan, ZHAO Yanxiu, ZHANG Hui. The
production and scavenging of reactive oxygen species in plants
[J].Chinese Journal of Biotechnology,2007,17(2): 121-125.

[3] BONOS S A, MURPHY J A. Growth responses and perfor-
mance of Kentucky bluegrass under summer stress[J]. Corp Sci-
ence,1999,39(3): 770-774.

[4] DIETZKJ,JACOB S,0ELZE M L,LAXA M, TOGNETTI V,
BAIER M, FINKEMEIER I. The function of peroxiredoxins in
plant organelle redox metabolism[J]. Journal of Experimental
Botany,2006,57(8): 1697-1709.

[5] KINNULAYV L,LEHTONEN S,SORMUNEN R, KAARTEEN-
AHO R, KANG S W, RHEE S G, SOINI Y. Overexpression of
peroxiredoxins [ , I ,III, V and VI in malignant mesothelioma
[J]. Journal of Pathology, 2002 ,196(3): 316-323.

[6] SAKAMOTO A, TSUKAMOTO S, YAMAMOTO H, UEDA-
HASHIMOTO M,TAKAHASHI M, SUZUKI H, MORIKAWA
H. Functional complementation in yeast reveals a protective role
of chloroplast 2-Cys peroxiredoxin against reactive nitrogen spe-
cies[J]. The Plant Journal ,2003,33(5): 841-851.

[7] CAPORALETTI D, D’ ALESSIO A C, RODRIGUEZ R J,
SENN A M, DUEK P D, WOLOSIUK R A. Non-reductive mod-
ulation of chloroplast fructose-1, 6-bisphosphatase by 2-Cys per-
oxiredoxin[J].Biochemical and Biophysical Research Communi-
cations ,2007,355(3): 722-727.

[8] WOOD Z A, SHRODER E, HARRIS J R, POOLE L B. Struc-

ture, mechanism and regulation of peroxiredoxins[J]. Trends in

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Biochemical Sciences,2003,28(1): 32-40.

Sy A, EARRT, SR, REZR AR PRI T 0],
ol R, 2000, 25(1): 20-23.

MA Quanlin, WANG Jihe, ZHANG Chunming, WU Chunrong.
Investigate on drought resistance mechanism of Ziziphus jujuba
[J]. Journal of Gansu Forestry Sciences and Technology, 2000,
25(1): 20-23.

Ben A, XN, E 8w M R, TR 2 4L R R
FUREIE[J]. YT AR 2441, 2016, 11(28): 47-50.

DUAN Yuanjie, LIU Haigang, MENG Fuxuan, YANG Yujiao,
ZHOU Jun. Research progress in tissue culture of chinese jujube
anther[J]. Acta Agriculturae Jiangxi,2016,11(28): 47-50.

RO PVETE, A, R R DT G L 3RE AR R I
IR B #AI]. th PE AR, 2017, 4(45): 636-638.

LIANG Qian, SUN Huiying, LI Yilu, WANG Yanping, XUE
Xiaofang, GAO Peng. Present situation and suggestion of jujube
cultivation in china[J]. Journal of Shanxi Agricultural Sciences,
2017,4(45): 636-638.

R ERKGE , AN R A 2 ] ZJH3 Y T S T ik
[9]. AEHAE R, 2010(11): 101-107.

MENG Yuping, CAO Qiufen, SUN Haifeng. Cloning and selec-
tion of housekeeping gene ZjH3 for Ziziphus jujubalJ]. Biotech-
nology Bulletin,2010(11): 101-107.

SCHMITTGEN T D, LIVAK K J. Analyzing real-time PCR da-
ta by the comparative C(T) method[J]. Nature Protocols,2008,3
(6): 1101-1108.

YL REY, B IREST AT A, R, WOR &
W 2-F e Ui AL G SR R R Zj2-CP B AR WA B2 o0 it K
FALBARIIM ). 7> TR & M, 2015, 13(7): 1545-1552.
LUO Huizhen, DENG Shu, XIAO Rong, ZHANG Chunfen,
REN Ying, GUO Huina, MENG Yuping, CAO Qiufen. Bioinfor-
matics Analysis and construction of the plant expression vector
of Ziziphus jujuba 2-Cys peroxiredoxin (Zj2-CP) [J]. Molecular
Plant Breeding, 2015, 13(7): 1545-1552.

W2, B8 IKANE SET, Sk E ST AR, R, BKOR,
el 2 5460 38 2% 1R R R A O S A A i 2
(ZiGPX) 1 % 53 3Rk L Thfie 43 B [3]. wh L A&olkfL 4, 2015, 48
(14): 2806-2817.

XIAO Rong, LUO Huizhen, ZHANG Xiaojuan, DENG Shu,
ZHANG Chunfen, REN Ying, MENG Yuping, CAO Qiufen,
NIE Yuanjun. Differential expression and functional analysis of
glutathione peroxidase gene from jujube (ZjGPX) under drought
and salt stresses[J]. Journal of Integrative Agricultture, 2015, 48
(14): 2806-2817.

REDDY M S, DINKINS R D, COLLINS G B. Gene silencing in
transgenic soybean plants transformed via particle bombardment
[J]. Plant Cell Report,2003,21(7): 676-683.

DIETZ K J,JACOB S, OELZE M L,LAXA M, TOGNETTI V,
BAIER M, FINKEMEIER I. The function of peroxiredoxins in

plant organelle redox metabolism[J]. Journal of Experimental



704 P )

{1 %364

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Botany,2006,57(8): 1697-1709.

DIETZ K J. Plant peroxiredoxins[J]. Annual Review of Plant Bi-
ology,2003,54(1): 93-107.

BAIER M, DIETZ K J. Primary structure and expression of
plant homologues of animal and fungal thioredoxin- dependent
peroxide reductases and bacterial alkyl hydroperoxide reductases
[J]. Plant Molecular Biology, 1996, 31(3): 553-564.

BAIER M, DIETZ K J. The plant 2-Cys peroxiredoxin BAS1 is
a nuclear- encoded chloroplast protein: its expressional regula-
tion, phylogenetic origin, and implications for its specific physi-
ological function in plants[J]. The Plant Journal, 1997, 12(1):
179-190.

CHO C W, CHUNG E,HEO J E,SO H A,CHOI H K, KIM D
H,CHUNG Y S, CHAE H A, LEE J H. Molecular characteriza-
tion of a 2-Cys peroxiredoxin induced by abiotic stress in mung-
bean[J]. Plant Cell, Tissue and Organ Culture, 2012, 108(3):
473-484.

GAO C, ZHANG K, YANG G, WANG Y. Expression analysis
of four peroxiredoxin genes from Tamarix hispida in response to
different abiotic stresses and exogenous Abscisic Acid (ABA)
[J]. International Journal of Molecular Sciences, 2012, 13(12):
3751-3764.

HORLING F, DIETZ K J. Type Il peroxiredoxin C,a member
of the peroxiredoxin family of Arabidopsis thaliana: its expres-
sion and activity in comparison with other peroxiredoxins[J].
Plant Physiology and Biochemistry,2002,40(6/8): 491-499.
HORLING F, LAMKEMEYER P, KONIG J, FINKEMEIER I,
KANDLBINDER A, BAIER M, DIETZ K J. Divergent light-,
ascorbate- , and oxidative stress-dependent regulation of expres-
sion of the peroxiredoxin gene family in Arabidopsis[J]. Plant
Physiology, 2003, 131(1): 317-325.

PHILIP Z, MATTHIAS H H, LARS H, WILHELM G. GENE-

[26]

[27]

[28]

[29]

[30]

[31]

[32]

VESTIGATOR: Arabidopsis thaliana microarray database and
analysis toolbox[J]. Plant Physiology, 2004 ,136(1): 2621-2632.
BAIER M, STROHER E, DIETZ K J. The acceptor availability
at photosystem | and ABA control nuclear expression of 2-Cys
peroxiredoxin-A in Arabidopsis thaliana[J]. Plant Cell Physiolo-
gy»2004,45(8): 997-1006.

KIM SY,JANG HH,LEEJR,SUNG N R, LEE H B,LEE D
H,PARK D J, KANG C H,CHUNG W S,LIM C O,YUN D J,
KIMW Y, LEE K O, LEE S Y. Oligomerization and chaperone
activity of aplant 2- Cyperoxiredoxin in response to oxidative
stress[J]. Plant Sciences,2009,177(3): 227-232.

DAT J, VANDENABEELE S, VRANOVA E, MONTAGU M
V, INZE D, BREUSEGEM F V. Dual action of the active oxy-
gen species during plant stress responses[J]. Cellular and Molec-
ular Life Sciences,2000,57(5): 779-795.

KIMM D,KIMY H,KWON S Y,JANG B Y,LEE SY,YUN
D J,CHOJH,KWAK S S,LEE H S. Overexpression of 2-cyste-
ine peroxiredoxin enhances tolerance to methyl viologen-mediat-
ed oxidative stress and high temperature in potato plants[J].
Plant Physiology and Biochemistry,2011,49(8): 891-897.

KIM K H, ALAM I, LEE K W, SHARMIN S A, KWAK S S,
LEE SY,LEE B H. Enhanced tolerance of transgenic tall fescue
plants overexpressing 2-Cys peroxiredoxin against methyl violo-
gen and heat stresses[J]. Biotechnology Letters, 2010, 32(4):
571-576.

BAIER M, DIETZ K J. Protective function of chloroplast 2-cys-
teine peroxiredoxin in photosynthesis. Evidence from transgenic
Arabidopsis[J]. Plant Physiology, 1999, 119(4): 1407-1414.
CHANG T S, JEONG W, CHOI S Y, YU S Q, KANG S W,
RHEE S G. Regulation of Peroxiredoxins [ activity by Cdc2-me-
diated phosphorylation[J]. Journal of Biological Chemistry,
2002,227(28): 25370-25376.



