ISSN 1000-0933
CN 11-2031/Q

FS5R

PEESZES 7
rh E R B A A ZT Fhuls
4 4 8 B & tH hi



L) A 7 %R

®*'>
' 1) (SHENGTAI XUEBAO)
R R I #3355 F9H 203FE5H (#FAT)
=l V¢

AR EIE 5 FRILEGR
TS B SRR RN BT o oeereemeen et KW, e E, Tk (2637)
R ERBAB L EMAENESFHIRA I oo WA, E M, AHEH (2645)
A A A F AR E RO S R HEE -oveeeveee oW B.F B % (2656)
P AR A K B EIR ceeeeeeeee e et THE D8 EYE (2665)
MESEMES
T N TRAN K 508 B PR R B AR 5 Kb LA AU G R oy e X, E R, AR, % (2676)
BB AU B I H] B 2 eevee e WO LKE AL KB (2684)
SIRBETFE RS AL T FASEFETEEBELHMOT R EHH KB, P, % (2695)
ENEFERRARPEFEXT ST H RS AENGALME e Ao, EEHR,EEE,F (2703)
BB F R Aot K S AR B AR JA] 52 R AT AR A R L e ke, mE, R, E (2712)
I B B A U ST T AR SR 35 B B 08 e e vveeeernn e e e e e e BRI, AR, % (2719)
REVEW AR & T D AT A BTG B eereerrerneeiaeaan, kB ESFELL E A4 (2728)
AR At 7 7 B R 8 B AR B B «oeeeeeeeeeeeee e WA AR Bk % (2734)
A FEEhmpetc ANBITET AR B GTRA N KD TF RLGE G o,

....................................................................................... %%‘}Xﬁ’gjﬂ(%’%%’% (2744)
R LI IR AT AR T AT B S vnernneernnrrnnernnneiernneainns ¥TE E2ZE, FHE, % (2754)
e BHEMESRES
AT RS 5 GIS 3t L ABRAESRZARIRSMALTAL oovoveeneeenns MER, REE FEE £ (2761)
KIT O BARUEIRG B RAIGAT R B K FHARIRE G emeeeeeennnnns AR, KA, N K=, % (2768)
KL a BARE B E ERNBARRE EZRBAAREGH D e MM, E B, FE =, % (2780)
WO LEIT O BARVE IR A M B T O IR A 9B T v e vemeeeneeee et x %,Eﬁﬁt,%i,% (2790)
AN 09 R IR M KA RAGF) D RE E A AL S IRBE I F AR Faverevrnneneeenes M BEPRET, AP ERFE, % (2803)
Ay 3B AT R IR R BRI A I e x| MM, B R I, % (2816)
KMBENFMHTARTEAFI R EIHESALEAFZRFHXE e T, R, % (2825)
Tl AR M S 3 £ H) AR K AL B AUBR KL IR A G v e eeeeee 7 B ORME, N F,F (2835)
1958—2008 F K & i K G LA ARBEJBERABEDL  ovvevmmremnneniieiien, & = ARE HIER,F (2845)
ENERE S SN S E Y PUE R SR LRV L OT 2 RN REE BRR K H, % (2856)
Ly ely B RARA? R & M oAb BE 00 SR 25 M Am AR B AT oo HRE, ERIT,KXE, % (2867)
7 ) T F 25 R SR B e AR B A Bt B ARG B R e e AL, K—F,% (2877)

BT R Zh D RAMR R R AYF G G AHAE e HFHE,E &, RIEE (2886)



=W XIS EIRAE DS

KO AR ZS B TR o eevvnrrrrnneeemneeeritee e e e e e e e e e e ea e WL R TEE (2896)

AT CISHXP-RARZFR L3 AL ZEBBRBRMNALTAN ooveeerreneenn FEEH, 2 R BES (2907)

BREGFELES

BREM T BRI T RILIET ERBA A R, B, RBE,% (2919)

AL

28 5B LA E T 44K Degl & @ Bife D1 B @ 6% v BRI AEI oo
....................................................................................... g MAN WAL, (2930)

AR CO, REZWMT FFFL D Ert @BRIGHA Y0 LT oveemneeeens FNE,RAEF B EHE,F (2936)

BFIEARSECN 11-2031/Q # 1981 # m * 16 * 308 # zh * P * ¥90. 00 * 1510 * 32 % 2013-05

EEEEEEEEEECEEEEE

SEEBE A Y B —— R AR AR TR IR A T, R 7E e JEUR S LU Y — Rh R e A HA B R 2
AR A, AR K S, B3R R b R TR L, R L i 2 A
VEHL I R 5200—4300m , B2 PRSI, S 30 e ST T A, AT R K Bk 293—430mm B /N E HERE
i) AL 5 S ) RV V) 55 T 25 1A 609 —90% , JFL r /[Nl e e ) 43 A T AR K, 3 R A T I v D
o R TERA 2R, RS R AP R B HOIE R E

HERERRE: FREAEE ol k2 E-mail: cites. chenjw@ 163. com



533 45 9 1 S = & il Vol. 33,No. 9
2013 45 H ACTA ECOLOGICA SINICA May,2013

DOI: 10. 5846/stxb201202130182

w7, IELEL, BTE, B—Fh RRBELXT /N SRR Degl HEFIREAN D1 S AR KoK AR A T /R T 422541, 2013,33(9)
2930-2935.

Zheng J J, Zhao H J, Hu W W, Zhao X J, Zhao Y D. Effect of heat and high irradiation stress on Degl protease and D1 protein in wheat chloroplasts and
the regulating role of salicylic acid. Acta Ecologica Sinica,2013,33(9) :2930-2935.

= iEEEXTINFZ MK Degl & 5 EgFN
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R, RaA", A, RTH R—JF

((T?#ii?lkj(%ﬁi WEHFAABE BN 450002)

FE  LI/NE SFMEDT 58 bk SR 0.3 mmol/L 7KAZER (SA) VW Pl A S S 1 /INZZ it ) LAZK AL S ot R 3647 3 AR [+

B"Jj‘ﬁmwi-ha‘{u%r“ﬁme‘ﬁﬁ(zs °C,600 pmol m™ s™" )2 h FiRHEIE(38 °C, 1600 p mol m™ s~ )2h\.aj~/ﬂ%§j=g‘cz h J5 8 Tl
TEE AR TR E 3h, M ARRDGIRAAAET /D i'%ﬂféiﬁiﬂ@ Degl & M D1 A M PS T INHEAY 2L K SA BITRFIRLN; ,

/n%i‘%%,ﬁﬁngﬁfﬁﬂj}l_%‘ﬁ Degl 25 FIBGA D1 85 IR, PS TTDIRE R A rT i ts . 55 %0 REAH B, 7KA% R Tk 3R X R g 41

SR T /N A Degl R FIREA DI 3R A AR, AE R R 1) PS T RYDEALERCR (Fo/Fm) LB GAL2EECR (DPST) |

LA R OG5 3R (Pr) , T EMAR B AR 385 T PS TTIIREMIKE .

KR /NAE s RGN KGR ; Degl 8 1ANE; D1 211 ; PS Il Tihg

Effect of heat and high irradiation stress on Degl protease and D1 protein in

wheat chloroplasts and the regulating role of salicylic acid

ZHENG Jingjing, ZHAO Huijie ", HU Weiwei, ZHAO Xuejuan,ZHAO Yidan
College of Life Sciences, Henan Agricultural University, Zhengzhou 450002, China

Abstract: Wheat is one of the most important food crops in China and its production is crucial to ensure national food
security. In the north of China, wheat plants often suffer from heat and high irradiation stress during grain-filling stage,
leading to damage in photosynthetic apparatus and reduction of yield. Especially, the reaction center in photosystem II (PS
Il ) is prone to various environmental stresses, and the extent of damage depends on the balance between injury and repair.
The repair of PSI needs fast turnover of D1 protein, which is the key component of PSII. During the repair of PSI,
damaged D1 protein must be degraded and subsequently replaced by new copies quickly. It is well known that Degl
protease plays an important role in cleavage of damaged DI protein. However, the dynamic change in Degl protease under
heat and high light stress is still largely unclear. In this study, we used wheat cultivar “ Aikang 58” to determine the effects
of heat and high light stress on Degl protease and D1 protein levels and PS Il performance and further the regulation role of
salicylic acid (SA) in the repair of PSII. Wheat leaves of grain-filling stage were pretreated with 0. 3 mmol/L SA and
distilled water (as control ) respectively and then subjected to three temperature and irradiation treatments: moderate
temperature and irradiation (25°C , 600 pmol m™>s™", MTI) for 2h, high temperature and irradiation (38°C , 1600 w mol
m~” s, HTI) for 2h, and HTI following by 3h MTI. Fluorescence parameters were measured using a chlorophyll

fluorometer. The levels of Degl protease and D1 protein were analyzed by western-blotting analysis. The results showed that
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HTI treatment resulted in degradation of Degl protease and D1 protein and reversible damage to PSII function. Compared
with control, pretreatment with SA not only retarded degradation of Degl protease and DI protein, maintained higher
potential photochemical efficiency ( Fv/Fm) , actual photochemical efficiency (@PS1l ), electron transfer rate ( ETR) of
PSTl and net photosynthetic rate (Pn) of wheat leaves under HTI, but also accelerated the recovery under non stress
condition. It suggests that SA could protect photosynthetic apparatus of wheat against combined stress of heat and high

irradiation to some extent via maintaining the turnover of D1 protein.

Key Words: wheat; heat and high irradiation stress; salicylic acid; Degl protease; DI protein; PSII performance

N R EI T B F LR EVEY . FEE P I BUVE RN | /N2 R R T R A RO A A 3
BHZE e, SEOCE RIS it R Dhgeid BB FRi R 32 B, s BRI, I /N R RO AR
W28 T Tz 60E, ERYBEEH R ERGE T (PST) SO b i 1 5555 22 Tl 55 405 3 ) o6 ke
A AR EE 2 A R B TN RS E B PSTT R —F 2 W RE AL AR, K
PS4 25 FhEE B, D185 PR 8 B 05 0 5 B80T, & bR PRI I ) HL B B AT TP B s e oY
TEIEH R T R AR D1 & A0 A AR T sha8 Pz, T — B3R5 T 506 T 8is0t 5 HAh
WIS NPt i, D1 R A 0 gtk Sl 2ot A s R, P80 PS TR o0 FORESR > SR8l PS T &
5, 3240 D1 R A B R AR08 & B FE DU R 56k ™ Aro Z5UYV R D1 A — B2 R0 E w2
RARGAAL X PR L AREAE D1 8 8 8 B IR, 72 8 LT B R ML T R AR REf# . Degl J2f TS %
(AR i A ) 22 5 R B P g, 2 £ 5 DL 2R IR R B A — " IR, IR ST B 451 Degl 25 AN
DI AW BA T X,

IKBAIE (salicylic acid,SA) — A KIRHIE S0 F, EXHEN Y B RESR TEEEH 2,
B2 549 S5 a Rk RN 1, AMTBLE BB VR A — Rl B E 347 7 R EFSE, 4 Lopez-
Delgado %' 2 LU A EON AP RIF R T — RSV IS, KB SA BB 5 D88 A i S | s Ry 7 9+ 2
INFE O AR A B T IRTE, ASSCIESE T R ESEOE I R /N SR Degl B BRI D1 8 (YA IE & SA
HIPEYER, BAER T REANE SA X6 HUR B RGP HLEE L R A 7 i R BUCP L 1 R i L S B0 A 4
1 #R5H®
1.1 R RS b

RIS T 2009—2011 4F-AE] i A lb K 2E RN el X 4T, Lh/INEE (Tritivum: aestivum L. ) ShFVEEDL 58 il Ie
ML, R R TR SRR R, 405 30 em, NAE 30 om, EEHFZ 19 ke, T 10 A 15 HIGF &R S
W ARG b S R A R 3 AR, RIUK R R B it . TR/ D K EITAEIS 20d (FES IR ) 5 22 vk oy
KPR, —2H 50 0. 3 mmol/L ZKAZIR (SA) , —ZHWTKAE N Xf B, B RIS 1 W, I ZEmiiE 3 d, 54 K
B AR BT AU E A AR R A G IR A # . (D& B IR TP 45658 (25 °C, PFD 2 600 wmol m™ s~ ,MTI)
2 h; @EREEEHNA (38 °C,PFD 1600 wmol m™ s~ HTI)2h; @ iRsR G (HTL) A 2 h & BEAE Rk 0] &
B R A6 (MTD) FPKE 3 h(R) . #EEH 1000W #AT AL BT B T — 28 b BT At i bkl 2
)1 B — B R 10 em MBI IR /KA , DLk G T Bt & a0 5 AR 5 IR R R R (/N2 Tz
WA SRR BT EOR , HRAS AL BEABAR TR il —3 40 T it 4 3R 5O S EORDE A HOR I 2 |, —3B
AT BN AR % T Degl E A D1 A& I
1.2 WEmHS %

1.2.1  RFERBARIBCIER 1 & w e

2 HRER A A 0 R 1 4 ) 48 BN T Ak B8 194 1 9% T 4 2K A A B I i A T 8 B A (% 300

mmol/L FEHE 5 mmol/L MgCl,,1 mmol/L EDTA,10 mmol/L NaF,50 mmol HEPES-NaOH,pH {H 7.5) #17%)
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W, SR AWZ LA LIRS 1500 ¢ B0 4 min, FTASU0HE HZE 0PI B( 7 5 mmol/L JERE 5 mmol/L MgCl, , 10
mmol/L NaF, 10 mmol/L HEPES-NaOH ,pH {f 7.5) B¥FIFPES 1 ¥K,3000 g 5.0 3 min, f/i b SRR EI7
TE/ D ZE P C (100 mmol/L FEME,5 mmol/L NaCl, 10 mmol/L MgCl,, 10 mmol/L NaF,10 mmol/L HEPES-
NaOH,pH {8 7.5) i BN B 4 CHET, FripE i e TR A h 4 o 8 A il e >R 2% B i 5
WL DL BSA fENFRER
1.2.2 SDS-PAGE & Western Blotting 43#7

2 BURAR O 2522 B 7 IR A T, R 15% %5 6 mol/L JREE (143 B (pH 8. 8) Fl 5% M4 e (pH {1 6. 8) ,
TEISEVRIERE S I A S5 BB RE SR 22 0P (% 2% SDS 5% B-$i 3k L 20% H i 0. 01% T ik L Je
0. 125 mol/L Tris-HC1,pH 1H 6.8) ,100 C ZKIAALFE 3 min, 10000 r/min Z.L> 1 min, BIKEFES S S ng HH
BRI B ise i R-250 YL@ e f 2 PVDF IR EAT S il B

£ Western blotting 43471, —Hi 7B A 444 D1 25 1 2 sa BEHUIR T Degl 8 B HTA (Agrisera /A F] 2
) o TP E AR AR IC R ST . SR DG B I R B 1 R AR
1.2.3 SEAHCEATEARA PS I HL 148 R

K H Chlorolab-2 % HL# & 4t ( ¥ & Hansatech 23 &) ;=) e psl FH, 1% 126 T8 %K ( H,0—DCPIP) H
Clark-%8 FE#% 4% Tripathy I Mohanty'®' 1975 ¥ #E47 , I WK 2H BN : MgCl, 3 mmol/L, NaCl 10 mmol/L, DCPIP
400 pmol/L, Hepes-NaoH (pH A 7.0) 50 mmol/L, ¥ A iRAEE 25 C, ik 600 pmol m™ s™", M4 Uk &
10 pg/mL,
1.2.4 WHRIOSH

H FMS-2 ik ipif i 2726 64Y ( Hansatech, UK) , 2208 Genty =y B 2 AR O SR, Rk
P (Fm) WEIE RN T H K AT ARG (Fo) BTGRP (Fo) GG N T Fe RPEN (Fm') AR ROGIE W A5 TR
I ASGOEHREE (Fv') , LIRS (Fs) Stk R 8h 112 280, TEME Fm F1 Fo I, Wy RS I& B 20 min, 11
8PS I W SOLR TR (Fo/Fm) AFRDET PS 1T BYSEBREY TR (@PS ) o SEAEEsR A 400 mol
m”s™ ARG EE A 8 000 wmol m™ 7',

1.3 st
iz H Excel 2003 4788038, e B EE 5 IR,
2 BERG54HH

2.1 EIESEET Degl &AM DI & H A28 & SA B985 15

Degl JE—F RIS T ATP B I, 07 TRBERBER, 775724 D1 E AP 87Y], 78 DI A
R LA E AR . L B 2 5 R AT LA Y SR E I A B 2 h S /NEE I R Degl 2K A
DI A R A M, SR N, & TIEYIE FRE 3h J5, Z8 & A i LA (B8 T Whin 2 3 2
B, FK AL ER A it 7 (W) A EE, SA T AT fifi /N 22 76 i iR O e T RIS 4E 5455 1 Degl
D1 ik, FWISME SA AT U] Degl F1 D1 AR A R TS24 06 S WU B & .
2.2 iR PS IOGAFRBOR A0 K SA IH 5 1E

3 FE 4 435 BoR PS T R IEAL2ERCR (Fo/Fm) FISEBREAL AR (DPS ) A fk, AT LAE H 7E
R ERENE T 1) Fo/Fm A @PS T ¥ B 5 FEAL 7EE BB H S TR I3 h )5, Fo/Fm @PS T A R
mIF; R PS I ZZ2 8 1 Al 4 . SR IAL BB i e (W) AH EG, SA FURE B AAE it e 7 s T RO T 447
EEE Y Fo/Fm 0 @PS 11K i BN TR E M Fo/Fm R @PS LAY EITF, 320 SA %f PS IES] T — & %
PYEM .
2.3 ERSERYENT PS T HL AL A B A s R W 5 M0 K SA [R5 R0,

S K6 L, E iR T BN B A PS T HL P45 8 R g A o R A%, 2 3h
JEIA BT L TE . SoKTRARERN: B (W) AH LG, SA FALBER F i) PS T HL 4% 33 Fige e & OR 4ERE R R K7, &
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B 1 /INEMSE Degl & BEEH Western blotting 552 (A) #1418
HEE(B)

Fig.1 Western blotting of Degl protease in wheat chloroplasts
(A) and the relative contents ( B)

W (water) ; 7K Fi40 B A XF BRAR B ; SA (salicylic acid) : 0. 3mmol/L
SA FiAbH A bk

1.0
aw
L & SA
0.9 T
0.8 [ %
L
0.7 r :::L::

0.6 [

04 r

BR ALK FViFm

031

021

MTI HTI R
FeIRAEBESAF Condition of temperature and light
B3 HiRELI PSHRKENERE(Fo/Fm) FFINR K
B (SA , salicylic acid) B985 % AL
Fig.3 Effect of heat and high light on maximum photochemical
efficiency (Fv/Fm) of PSII and the regulatory effect of salicylic

acid
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ow
X100 — aSA
= g
= 80 I
z=
EAN
T 60
L
— QO
) g 40 |
(5]
o
=
g 20¢
Q
~
MTI HTI R
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B2 /INEMLEZE D1 B Western blotting 558 (A) FIHEXT &
2(B)
Fig.2 Western blotting of D1 protein in wheat chloroplasts ( A)

and the relative contents (B)
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Fig. 4
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Effect of heat and high light on actual photochemical
efficiency (®PPSII ) of PS I and the regulatory effect of salicylic

acid
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JeE A FEAE Y A KR B A B R A, o Xt g U A AR B R L TR B R,
PS I AT /K B AT B i, SR e A~ S 0 ke 3 B AR T SR, e vt | 50 S50 58 AR
WHESSH L A E R MR RE R G A 1R TR TRE 1 I, 36 P A 7 AR R e, MTiT i85 B PS 1T
BRI D1 HE A AR A, el A SR AR, B A2 s, A AL B . & Tl A
MBS A PLBE A KR AT, WAL R A A RSO S LI, Dol sl G A il i) 2 A= e 1 AT Tt —
ARSI H R

20
ow
200 8L SA
180 W . I
| o
~ v aSA T =~ 167 :-:-:-é
= 160F [ T N R 8
Tup (A = [ [EEE T
gm0 [ ﬁy } e T ol [ Z 28g
g Lol [ T g B _
g 120 B e T
< A & 10 [ e
£ 100} e 3% i
= =) 8t
M 80t &
% 60 2
dr £
Mogof I
B
20t Zr
MTI HTI R MTI HTI R
JeRAL B A JCIAL B A
Condition of temperature and light Condition of temperature and light
BEs5 SiEELX PSI B FEBER(LTR) WM E SA BT El6 BHiRERI/NEMFELGEE(Po) KK SA HET
Fig.5 Effect of heat and high light on electron transfer rate Fig.6 [Effect of heat and high light on net photosynthetic rate
(ETR) of PSII and the regulatory effect of salicylic acid (Pn) of wheat leaves and the regulatory effect of salicylic acid

Bl AR AR e i O BRI )OG5 A 7 1) B X | il A SS BAR T 5 8 OG &
MU BIRER . A SO 45 R 3R U], 7 sl sd oG iE T, A DL 8 & & R R, 0 3 7 55 3240 D1 2R A Y
HHMZ — Degl S, SIFEES, PS I DhREM B 1 , RIAE J TG R (Fo/Fm) SEBRGAGRL
F(OPSI) WAL (ETR) MEOLE R (Pn) B 3E N, BRI R AT 0 Bt f 8 TR 5%
PR RE 3h 5, LiRTEAR A AR RIS, TR R E 2 MEAR R N T2 DL ARG,
Bl Deg ( XF% DegP) Fl FisH F MR FR . Deg J& T 222 1R & [ i ( serine protease ) , Ifii FtsH J& T4 T ATP
W& BB BT AT, Deg KA 14 AL AR, Hr Degl ™) Deg2! DegS Hl Deg8'™”
TSGR D1 HAREAE , I 2 506IIR PSITAESR . A SR /INZZ Sk v Degl 25 1 il 19 22 AL HEA T
TR, BTG SRR T DI &R BB E R DL S, 7 KT TAE,

IKAAIR (SA) J&—FPi FAE Y LD AL (915 55 437, il FAMNEY SA 7T LA i IR 5 4 e
SV W R R 1 ARSI, R 0.3 mmol/L SA AR H/INZZ I R AS{UAT LA g
il Degl & G D1 & FHREME, M EH AT DU R RGE ¥ 5E T Degl £ FIEGF D1 & A & & IKE, FI, g
TE R RS CIA T B2 3h I, SA T B 7 B 4EFRR 8GR 1Y Fo/Fm (@PS 1L ETR F1 Pn, BLH] SA B A
Hek/NAZ PS I b tasE  IRIPOCE DU IPE T
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