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fET AL Brh, Horp 4 K 2 500 B8 E KR )
(Membré et al., 2000; Bernier and Berna, 2001;
Lane, 2002). GLPsLjfeZ A, {HE5H) E# Mcupinid
FWR A o cupinl ZOR B G SR g . A
BUNEANE . P E KR E G A PR IRk
B AR AL ), WSk S Bk EE F (Druka et al.,
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g 25 & 4 J& B 1 1) 5 )P (motifs)(Dunwell, 1998;
Membré and Bernier, 1998).
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1 MR5FE

1.1 ##

SRR N f R TF (Arabidopsis thaliana L.)2SHi &% %
ARk glp13(SAIL-433-H06, W35 [ 81 75 I+ 4= )
PEYR o) A LY AR AL (WT)(BHE L A= &, Co-
lumbia type).

1.2 FHik

1.21 HIEITHIESR

BB IR T IE1.5 mLE O, e 75% L1
HEE1=27080, PRI %ISR BN #E3-565r Bl ToBE
KPS T, FAR Sk s F A0 K B 1 MS T 14 85 77 5
(1.5%E8E, 0.8%FiflE, pH 5.8) 1. #):. 4°CHAL2
K, HEDCREEIRN . ) )$22°CM8°C(/K), 16
NI G RE/B/ININE R, FH BT A R O YR EAT O B
B,

1.2.2 GLP13EEBREHIEHIGE

I FH GLP13 %% 5 tE 51 ¥ (F:5'-CTCGAGATGGAA-
GCAAACACTTTG-3"; R: 5-ACTAGTTCAATGTTC-
ATTAGACATG-3)#fTPCRY 1 . HAKY BIFL - dn
i 94°CARYE24) 4l 94°C 30%5, 58°C 304, 72°C 2
Gy, 30MIEIR; 72°CIEMM105 Bt PIRR NI 48T
AR, TR I BH P v B R, ORI I A 1 BORE T
Spel 5 Xhol AUEF Y, FL5 FAH [7] P i i dfg L) 4k 22 1))
PBAR A IE B A KT T FDH5a, 7 1% H BH M 5 b,
1332 GLP 13 A i ik 81K 35S::GLP13. H2 MU
v [ FURL, &4k A AT 1R Agrobacterium  tumefaciens
EHA105, 76447 3R (Bar) R A4 - (Rif) [ 55 72 5
PRI TR, U TPCRY E . FRITE AL
#%(Clough and Bent, 1998)%% 4L 4= A filpa 7+, Wehh
TJEAEE50 ug-mL" Barffis 5 F TR L. KT
PR 2 LI AR, AR A S R R T RIS TOAR,
Ak 22 0 1 42 T24R 5 PR A7 4l A5 PR Bl 11 A S 360 44 )
#%H .

1.2.3 HEZBMV)LE

B 5 A [ A 5 s 15 R 28 K (methy | viologen, MV)
FIMS 55 % 5k, K K 1# 5 IIWT . glp 138k 4 35S::
GLP13(1 i 35 53 4l T Bl s — B & 4l 31 55 97 2 I,

IS R BT IR WA SRS, BRI SR
RIIP TR T e R IR, JESEERT R MR
KRG, Rralmife i EaR b B AR 7R H
ERMERA . BRI, KAEMS TR A K4R
(K1 i 8142 FIMS AR 5 &5 MVIIMS PR _E, 14
JRGEVHFETIRR VI EE 4 (n>30, H R 3K).

1.24 MHERRASBHNE
PFAEMS i EA K7 RERARRN S E IR L/
Tk R K2 LI B RS aS Hh, E3—A B
A B TR E A5 pmol-L™ MV (£70.01%
(M), BB AE25°C, JeE R 30 umol-m™s™
AR BE R 80% I N T M40 W AT e AL AL B, £
R S 1) o ¥ A SEE 6 o AR R — SR AR,
P SV TV R R I B E 550 umol-L™
MV H (7570.01% ki), AR R 58 4312 B AEMV
WP HL R B e s R R R R 7
SR, FF LR SR A T 28 TRk Ak 38 4 X6 R

FH Wk vb i i 292 5% 4 PAM 101-103(Walz, Ef-
feltrich, Germany )il & I 2r 22 5¢ 62 5. BRI E 7Y
P I 10408k H595%(0.04 umol-m™-s™")ill
EHIRYGF,, HWAEIKE 000 pmol-m™2s™ (ki
i T) 200 ) I S e K 9 e Fr, 3 B4 FH Y658 4200
umol-m™s™ . #5% KAk 2% AL K FIF, 1R s Gray %
(1997) 1 2 it 4.

125 FEERT-PCRAH

BN OB AEMS AR B A K2 WT L glp 131
35S::GLP13Mikk, HH R T % 450 pmol-L™" ()
MV, 53 AL EE2F14 /NI (LA A A FR A A o) i) o
i3 A FE S BCRERR S i, TR 4RI 7K 43, I
WG R4 T—80°C. K TrizolyZ: 2 B RNAJ Jx i
K JCDNAH T RT-PCRAM T -

2 HR5WE

21 GLP13ERAZSFHIBIERRIE

12 AEAG B 2ET 5T v, AR IR RG24 4 Rl
HHr ) %58 T 324N AtGLPsF142 /> OsGLPsHE: A [+]
i, | ] GENEVESTIGATOR % #® J& 43 #7 & IR,
GLP13W REZ i S RIE. A T — P RAr
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Figure 1 RT-PCR analysis of the expression of GLP13 in
the wild-type Arabidopsis seedlings treated by the oxidative
stress of 0.8 ymol-L™" methy! viologen

Numbers in the figure indicated the time of methyl viologen

treatment (unit: hour).
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B2 I GLP13ik a3 25 R (glp 13) Ik R IA HE AR (35S::GLP13) ()R BRI L R R 75 4 #r
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Figure 2 RT-PCR and phenotypic analysis of Arabidopsis GLP13 knock-down mutant (g/p73) and over-expression plant
(35S::GLP13)

(A) A knock-down mutation in GLP13, the arrowhead indicated the position of the T-DNA insertion; (B) Analysis of GLP13 ex-
pression in wild-type (WT) and glp13 plants; (C) Analysis of GLP13 expression in wild-type and GLP13 over-expression
(35S::GLP13) plants; (D) Representative seedlings of wild-type and glp13 plants grown under normal condition; (E) Representa-
tive seedlings of wild-type and 35S::GLP13 plants grown under normal condition
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T GLP13 L IR Jp # B AT &R, 1438 — A4 A
GLP135:KI3UTRIX MR A& AR SALK-0, & RIB%HE %
i 126 I 13 31 S AR pA () Al B R R, IR0 1 PCR# & 1
FEAAL S (F2A) . FITIRT-PCREN GLP 137 58 A0 48
BB R (0 R IE K, RIS AR v GLP131¥ i
Sk K VAT BT R B& (knock-down), {H 3% 47 58 4= il B3
(knock-out)(|¥12B). 45 RKW], iZT-DNAJEARAL A
&N GLP133E IR 1 iy S8 AR 44, BLAE IE W A K 4%
PER B A B (WT )R GLP1 3558 58 45 14 (glp 13) i & 7Y
B W] 8 2% R (KI2D).

FAN, BATIEH T 35S::GLP135d # ik # Ak,
AT A2 B0 R T SR A A B DR R IR, 28 5 IR 25 0
24045 B4l 5448 5 HEAT 1 2 ERT-PCRAM . 454
WoR(K2), 35S::GLP13idKiEM Mk GLP131f1 ik

MS+1.0 pmol-L~" MV
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P A AT Y .
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KSR 8 i T AE R (KI2C), (HAE IR AE KA N
e R RN 35S::GLP13HE & 1) 36 24 % A1 B ok 22 ¢ (&
2E).

2.3 MV3tglp13#F g & FUIRCRIRZNE

N T WFFT GLP 134 K4 N %ot S8 Ak Bl 36w [ o (14 5 R,
HFIHI GLP 135k PRI 1) i ik 5 A2 A& glip 1 3HF 58 H XMV (1)
Wi 25 R ILglp 130 MV S UK (1&13) . B A= R AT
glp 135 ALAAAE X AR (A S MV IFIMS P-4 ) -1
R AR A WA 5 22 5 (I3A, B)o {H FHAS ) R 5 o 155
FIMV Ak glp 1 3FNEF A7, B MVIK FE B T+, P
B SRR LA, Hoglp 13ik /45 5
. WTE£0.6 umol-L™ MVIFISERL b, glp135848 14
W R Sk R PIT R % U B AR B 1/6(EI3C)
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PIMSH; 7R3t Ll R I AR AOR I TR EARE BT 1 L%, (D) EIBH ARK ISt i (3 E R BT A1)

Figure 3 The seed germination and seedling growth of glp73 plants are sensitive to the methyl viologen (MV) treatment

(A) The seeds of glp13 and wild-type (WT) germinated and grown for 10 days in the MS medium (left) and MS medium containing
1.0 ymol-L™" MV (right); (B) The growth of primary roots of gip73 and WT grown for 10 days on MS medium containing a range of
concentrations (0, 0.3, 0.6, 1.0 and 1.5 pmol-L™") of MV; (C) Seedling greening ratios of glp13 and WT plants grown for 10 days
on MS medium containing a range of concentrations (0, 0.3, 0.6, 1.0 and 1.5 pmol-L™") of MV; (D) The statistics of primary root

length in figure B (data are means of three replicates)
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35S::GLP13MAMRF Pl M, A1/ NI 52 1 B (3K E R BUOT-H4(E)

Figure 4 Effect of methyl viologen (MV) oxidative stress on the seed germination, primary root growth and F./F,, of Arabidopsis
GLP13 over-expression plant (35S::GLP13)

(A) The seeds of 35S::GLP13 and wild-type (WT) germinated and grown for 10 days in the MS medium (left) and MS medium
containing 1.0 pmol-L™" MV (right); (B) The statistics of primary root length of WT and 35S::GLP13 grown for 10 days on MS
medium containing a range of concentrations (0, 0.3, 0.6, 1.0 and 1.5 pmol-L™") of MV; (C) Changes of F./F,, in two-week-old

35S::GLP13 and WT plants after 10 umol-L™' MV treatment at different time. Data are means of three replicates.

[F) B 3 R FH 0 AR 2B K S B R T B A= B R glp 1311
FERE MV R W 3 o 25 B IMV S 2 41043 B A= 240
gip 13RI K (KI3B). MMVIKSE 40.3 umol-L™' I,
PP AR AR K 0.81 em, S XFIE /3, Tiglp13HR
KA NK0.43 cm. BEEMVIKR BN, W I
GRELAS ST, MVIREE 41.5 umol-L™'IN, glp13HRK: 45
$900.14 cm, 2924 B 2B AR 1 — - (EI3D).

2.4 MV GLP1383RiEE k35S :GLP13tR{<F0
HEERASEHMEIN

3 T bS5 GLP131 Thig, FIH GLP133E K
RIEHAAR3ES: :GLP1 3 4L XMV I Y . 45 3 %
B, B 5 35S :GLP13ME AR AE Bl 1 & BT %

SAHAN 3 (EI4A) . MV IS 2 9081 B 4 7 f 358S::
GLP13 1 It K-, 35S::GLP13 5B /ERAHLL AT — &
Fitk. MMVIKEE 40.3 umol-L7'I, B 2E AR K- 4y
0.81 cm, I RIAHEFLFEARIIMRAK K1.12 cm, {HFH
FEMVIKEERIR I, PR 2 B 56, MMV
90.6 umol-L7I, P IO K L B B (F4B) . Hk
AL, GLP13JE N R IATE — e A bn] DLER ke bk
SHEAR IR FEMV(£1.0 umol-L™" )kt ik .

AN, N T W GLP 133 R4 MV A AL it T i
YOS VR ZHOE RIS, 110 umol-L™ MV}
GLP13B 51k ALK 35S:: GLP 13H1 8 A4 R R bk HE4T
AL, RE60 BIEURE I FEIE 1 P F (1 4C) . &5
R, EIEEEKEMT, B4 T 35S::GLP13
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(K Fu PO R GE N K SR A2 B 20K ) 214 0.8
{HAEMVAL B FEoh, 35S::GLP13IKF,IF,FF 4 1 %,
BLIAMVIR G 3E B T PSIZh R0 . MVAb#E2407)
B, B AR SRR (K F P 3930 1 B T 51%
MI37.9%, P2 [ Lk 3% % 5+ (P<<0.05). 454tk
RMVMA T 358::GLP13IPSIIT) g A e, & Wit
HERAE GLP13JE DT LA ey A6 3 1 Al 4 06 5 WL
R E TE

2.5 MVARIE X & 1 BB S B B JRiX A R0

A 526 A L 2 52 BERT-PCREG AR I T MV AL # 5 #
AL glp 13537844 N GLP1 38 e iA A FE b AL i i
AHECSDT, FSD1. CAT1IMUGT71CTH £k
BL(EI5). g5k, SEAERIAALL, SMVALEE4/ N
J5i 111 35S::GLP 13 #k h Hit A AL il R AL FSD 11 &
ik B, mCAT1. CSDTMUGT71C1{KIEKTAE
35S::GLP13. glp13fEf AL RIA bk = # 2 1) A WA i

26 itit

26.1 BEFXHALRERRLEKgIp13RGLP13
HBFRIEFE L (3 & 1 B 18 B4 i 52

CANGLPSIIREZ AT, RIAE A B 454 8 1 sl 52 16k
¥ 1j6¢(Patnaik and Khurana, 2001). {4, —u&
GLPs H A7 Sz AL B (Lane et al., 1993; Lane,
2000), —YSGLPsH A ALY B AL (SOD) g
;e ATIAEAE S AR N B g = A2 H,04(Bernier and
Berna, 2001). X R AW ST A L GLPs /1 1 HL 4 B
A N5 T B A EE A o 8k I e R 2 8 TR /)
# (Triticum aestivum). K3z (1) GLPSIIE ] GLPs i
O3 AE A P R A K R G R b A AR
(Schweizer et al., 1999; Christensen et al., 2004,
Zimmermann et al., 2006). ItAMIF57% HGLPsYES
S a3 a7 A EEEER, e oK
(Zea mays) U PR IL /N R FZIEIN, RERG iR
T KX R KU 47 (Ramputh et al., 2002); 7E 7
RIEFHE )Y Kk (Manduca sexta)s)y HL (1) &
(Nicotiana attenuata)™, &k FILKINaGLPIF#R
LM (Hermsmeier et al., 2001); i@ #i% F
FEPRIUCER 1) T VL DU B b g NaGLPEE R, /b
HoOL 7742, NI T M. sexta® HuUif) ki & 1 (Lou

WT glp13 35S::GLP13
0 2 4 0 2 4 0 2 4(h
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Figure 5 Analysis of the expression of oxidative
stress-related genes in wild-type(WT), GLP13 knock-down
mutant (glp73) and over-expression (35S::GLP13) plants
treated by 50 umol-L™" methy! viologen

Numbers in the figure indicated the time of methyl viologen
treatment (hours).

and Baldwin, 2006). [X ik, % J5 I 1 iF 4 % W,
GLPs HJ fil ih Ho0,f5 5 42 U T AE A 1B 1%
IRANFEH, HH0 & WL 1 -OHEES 5 2 B 1)
O3RN B 1) A2 5t DA K 4 L (¥ A i (Fryer et al.,
1998), Xf T iZ L %A . AWFFEI, MVAL
FHG UL R 7T R 3R R R AL A glp 131 B AL A A
TR R EAT W B (B3A). {EHHIMVALE glp 1351
PR S, BEAE MVIR JE 6 T P 8 7 AR S R A oy
Lb S5 R 32 AR B Bk s, HLglip 139k /N 75 58 B 2 (1
3B-D). HEFAERIALL, GLP13HE 3 IA e 5L X A bk
35S::GLP13%MVHA L HLH — & Pt (& 4B). &
2, GLP133ik & F i M glp1358 42 /A% MV ik 38 ft
J&, 1 GLP 1311 K IA F AL AR MV il R I,
KW GLP13ME K Z 5 M N A AL iiE, MV
SA A P L T I 38 A% 1) I R 4R R T

2.6.2 GLP13EE7EHE YN 5 & 1k Brie i3 12 H B 1
RS

%4 (reactive oxygen species, ROS)UIiEHA LY
1 25 7 (superoxide radical, O%7). ¥ [ g1 (hydroxyl
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radical, OH-)f1id 441k 5 (hydrogen peroxide, H,0,)
SEAE Ay AR R ] AR A (R AL 2R A4
Tk A A 0 Tl A 5 A [) T 40 P 25 DA B 8 AL e (1 HE
B KRG RS AW A, fEIEH KL, ROS
(R A2 BTG BRAL T8 (R T HPIRAS, R AN 20 41 i
T8 AR - (HMIROS I AR BGEE H 41 2R B A AL A R
KR Sy, ROSIILEAT A P S AR 5211048 41 i 38 52 44
A o MR R KR B R 2 5 FA R
INEL (AR EHEE D i ) 52 . 48 h ROS ™ Ak
5 bR Z B P g T8, A3 BROS K & A2 L,
FE ) A B 52 S8 At VP 2 0F 503K B ROSKT 4N il A7
W R FHAE, e S\, RBRMIERRE
VE R T 5 S 5 1 0 2R 98 0 4 i DINAVEE B 284 R i i 1ok
FAGSEING, N7 S04 Mo 5 4 A D) RE PRI IR, 517k
TR TG AHIIET . e VE A % DL A ]
NI TE b, HE 208 SR A i 5T T B A=) i
ICEE P H 5 Ao AR, AR K S IR A i R T i
TS R ALE] . SODMICAT & 244y
T AT B . CSDT. FSD1RICAT1/EROS
Wi 2K PR, A AL ) IR T S A B 2 e R v ke A
(Mittler, 2002; Scandalios, 2005). F&ATHIHFFT 45 5
R, EIEFBN T, REMVIRab#, FSD1/E
GLP138 3 15 i B DR R B vh 1) 60k & g ey, 10 A1
9lp 137 R AR, M FMVARERA N, B AR
glp 135 ALK [ GLP131 8 & iE M kk th FSD 1) R ik 1)
B BE M B, DL R IR e 5 AR bk 5 ok W
o I, IRATTHEN GLP13%: X F] fig il it 54w FSD1
[P IA T A 32 2 5 0 T % S A 8 TR BT I Y
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Function of GLP13 in Response to Plant Oxidative Stress in
Arabidopsis

YuanﬁangTéng1,UngHth1,GuHan<3ao2,ﬁthDu2,Lang\%ngz,ChengweiYangT
7Depan‘ment of Biological Engineering and Biotechnology, Huaqiao University, Xiamen 361021, China; 2College of Life
Science, South China Normal University, Guangzhou 510631, China

Abstract Germin-like proteins (GLPs) comprise a large family of soluble extracellular matrix glycoprotein, which is
similar to wheat germin and plays an important role in growth and development and in biotic and abiotic stress responses
of plants. To understand the role of GLP13 in planta, we investigated its expression patterns; isolated and characterized a
knock-down mutation in the GLP713 gene (named glp73); and constructed overexpression GLP13 plants (named
358::GLP13). Compared to the wild type, the glp 73 mutant showed a lower cotyledon green ratio and more restrained root
growth when 3 different types of plants were treated with methyl viologen (MV); however, the cotyledon green ratio was
higher and the root growth less restrained in 35S::GLP13 plants. The chlorophyll fluorescence parameter F,/F, of
35S::GLP13 plants decreased slower than in the wild type after 2-week MV treatment of seedlings. The expression of
oxidative stress response genes (CSD1, FSD1, UGT71C1 and CAT1) were analyzed by semi-quantitative RT-PCR; the
expression of FSD1 was increased in 35S::GLP13 plants, with no differences in the expression level of CAT1, CSD1 and
UGT71C1 among 3 different types of plants after 4-hr treatment with MV. Our results indicate that GLP13 plays an im-
portant role in response to oxidative stress in Arabidopsis.

Key words Arabidopsis, germin-like protein, methyl viologen, oxidative stress
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