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Effects of high temperature and strong light on chlorophyll fluorescence, the D1
protein, and Degl protease in Satsuma mandarin, and the protective role of
salicylic acid

QIU Cuihua', JI Weiwei', GUO Yanping™ "

1 Department of Horticulture, Zhejiang University, Hangzhou, Zhejiang 310029, China
2 College of Horticulture, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract; Photosynthesis is the key physiological process for crop yield and quality. Environmental stresses, especially
light and temperature stresses, are important limiting factors for photosynthesis. Light and heat stress often co-occur under
natural conditions, especially during day time in summer when temperatures and light intensity can reach 30—40°C and
1000—2000 wmol-m™s™", respectively. Such combined stresses severely restrict growth and photosynthesis of plants in
many regions of the world, and have more severe effects than either stress alone. Satsuma mandarin ( Citrus unshiu Marc. )
is widely cultivated in the Yangtze River Valley. For growth of citrus species, the optimum temperatures are between 22 and
30°C, and the saturation light intensity ranges from 600 wmol+m™s™' to 800 wmol-m™s™'. The decreased photosynthesis
resulting from high temperatures and strong light has become a serious problem for citrus cultivation because of decreased
yield. Although the effects of high temperature or strong light on photosynthesis have been studied, less is known about their

combined effects on photosynthesis. We selected 3-year-old Satsuma mandarin plants to study the effects of high temperature
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(38°C) and strong light (1600 pmol - m™-s™") on chlorophyll fluorescence parameters and the relative contents of D1
protein ( the reaction center protein of photosystem II ) and Degl protease in leaves. Fluorescence parameters were
measured using a chlorophyll fluorometer, the DI protein and Degl protease were analyzed by Western-blotting, and
hydrogen peroxide (H,0,) was detected using the 3 ,3-diaminobenzidine-uptake method. We also investigated the effects of
exogenous hydrogen peroxide (H,0,) and salicylic acid (SA) on leaf parameters under high temperature and strong light.
The results showed that the initial fluorescence (F,) significantly increased when Satsuma mandarin leaves were exposed to
high temperature and strong light for 4 h, whereas the maximal photochemical efficiency of PSII (F /F, ), electron
transport rate (ETR) and quantum yield of PSII (@, ) decreased. The relative content of Degl protease decreased when
the D1 protein degraded, while simultaneously, H,O, accumulated in the leaves. Analysis of the fast phase of chlorophyll
fluorescence kinetics showed that exogenous H,0, increased the (F,~F, )/(F —F ) value (the number of non-reductive
Q; centers in PSIL ), but decreased the slope of F, to F (the redox state of Q, in the activation center of PSIL ). Thus,
exogenous H,0,increased the PS I photoinactivation ratio. The F /F , ETR, @, , and relative contents of D1 protein
and Degl protease also decreased, compared with their respective values in the control. These parameters include: the slop
from F, to ¥, (F,=F,)/(F,-F,), F/F,, ETR, @, and relative contents of D1 protein and Degl protease were
somewhat decreased by exogenous SA under high temperature and strong light. These results suggested that the
accumulation of H,0, induced by high temperature and strong light caused the net contents of D1 protein and Degl protease
to decrease by inhibiting protein synthesis, and the decrease in Degl protease further limited the D1 protein turnover, which
resulted in damage to the PSII reaction center in Satsuma mandarin leaves. These results also indicate that exogenous SA

could protect the photosynthetic apparatus against photo-damage in Satsuma mandarin leaves.

Key Words: Satsuma mandarin; high temperature and strong light; chlorophyll fluorescence; D1 protein; Degl protease;

hydrogen peroxide
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Fig.1 Changes of chlorophyll fluorescence parameters in Satsuma mandarin leaves under interactive impacts of different combinations of

light and temperature
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Fig. 2 Changes of D1 protein and Degl in Satsuma mandarin
leaves under interactive impacts of different combinations of light
and temperature for 2 h and 4 h were analyzed by SDS-PAGE
and Western-Blotting
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Fig.3 The accumulation of H, O, in Satsuma mandarin leaves under interactive impacts of different combinations of light and temperature
for 4 h
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Fig.4 Effects of exogenous salicylic acid and hydrogen peroxide on chlorophyll fluorescence parameters in Satsuma mandarin leaves under

high temperature and strong light
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Fig.5 Effects of SA and H, O, on Kinetic curves of chlorophyll a
fluorescence fast phase in Satsuma mandarin leaves under high

temperature strong light conditions
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Table 1  Effects of SA and H,0,on parameters of chlorophyll fluorescence fast phase (¥,~F,)/(F -F,) and slope of F; to F, in Satsuma

mandarin leaves under high temperature strong light conditions

AL Treatments (F=F,)/(F,-F,) F, B F, 5} Slop from F to F,
H,0 0.372+0.014 b 0.077+0. 008 b
H,0,/(10 mmol/L) 0.51320.018 a 0.027£0.002 ¢
SA/(1 mmol/L) 0.2310.015 ¢ 0.1870.015 a

Fr /NG FRE N [ 2R B E] B9 22 57 3 (P<0. 05)

2.6 [ERIEE T ANEAKAGIR AN AL SO B R R 1 R
A5 A SA Fil Hy0, 4 38 °C i 1600 wmol »m™ s ™ #5632 HAEF 30 min J&, D1l Degl & A9
K6, SXHH H,0 ML, it 5 A H,0, B, H D1 Fl Degl & 134N [, T BRI FE 4351158 35% F141% ;
LA SA J5 MR DI H Degl & i AMEEA R R, S or i) ETF T 53% F151% , W W, H,0, T DI
il Degl BEff#, MiSME SA A F]F D1 Fl Degl BIA AL,
3 i A H0 H,0, SA
VIEDC(F,) S PS TSI H 0 kb T 58 4 s 11 ' ,
SRR F, L P T R L S, — —_— -
F, FRSMERMEIAA L FEARLE T, miRseot
i F e LTHETRE(E A) KR T EiEEEERH 2 h
Je B3 T IR N A PS ISR s B 25 36 B

Degl

® 180
W, F/F, T REER R PS IO AL R0% , B 5 150 ]
TR ROCRE T T 1™ PR, T S0l
FEA PRI . — A TIRER T I, B PS IR z o 7 i
DI A DU Sl SRR R P LR — 2 2§ eof ;
PS I K2R A BEIR ) ARBFE LS4 F, (A8 AL T DA % 20!
I RS A F/F, R BRI 1B) 5 PS IR R =0
P PR A 6, T 2 e TR B R AN FE S R F £ 0o .
P FBATRESURICA IR Tl AR b 2 2T
TUD TR W R AT B PS I St 8] ¢
RO AN ARRBOLC AR B PS T T (5 | .
HEBRETING By A T (G0 % TR B T 88 %) T
(1 1C,D) ikt PS TR B F O @it 8 |
TARIE, =0 H,0 H,0; A
TERSSEAYIT, DI 2 R R PS TT RV 0 HEAR Treatment conditions

ERP TR — 3% WO RWEECs 5 HE  E6 SREETIMNEAKGER(SA) S5 H,0, 3R MEHH Ao
AW ABERES D1 8 (12 R A v befi, B DI [ DU Dest SRR
@ lzjﬂj}iaﬂt% E'jj(gfﬂ/:t E,J {ﬁ ‘@%ﬁ?émm] DI % Fig.6 Effects of SA and H, O, on relative content of D1 and
—] N E‘ N °

. . Degl in Satsuma mandarin leaves under high temperature and
FAR I PS B A RTHR A A OHFE A D1 K , ) _
Fﬁlﬁﬁ'a?g Desl E lﬁ| ﬁ% 15[5] 1E| &ﬁiy\% Eﬁ D strong light conditions for 30 min
SRl eg = 18 A P POS AR RENCMT ;B DLl Degl AN 6ik; BIHUNE G R
KEFIEAZE DI S S A PS T BT 1, s sl 122 57 58 4k ( P<0.05)
FrsH ZE P BERT B0/ S D1 EE PR FEAR S
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SEREE T RGN, mIREOEHA T D1 E A R BRI, Degl 2 S AY S B FRAR (1 2)  HEM AR AR
Degl HHEFES S T DI AYJEFE , vT BE R B I A] 0 s iR 50 6 5 BAEF i Degl 25 1B S BEIR , 1M AS BE 4k 22
WAz D1 & A BRE T D1 & AR HHLEIE A 15 T — st

WA RT | Zord iR A T 5 f I N A b Hy0, KEFLR (K 3) X —45 1 58 N/ E
AR pR AT UMD , SR TSRO S HARE R MR BT AL 2R Gz SR, FTRE T RS R R R A S
W 2 ) R B 2570, TET R 219 H,0,, S50 H,0, AR, Wi kR M2 H,0, 1T A& LS HL A
PEBESR R E I H A EZ RN, 36 MG P D1 B A A BCR I HRIR A PS T B E 7%,
WS KB, 55X (H,0) M kL, 51 AZME H,0, BTN EEM M F & sl e s BAER G, F /F, ETR @,
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VERTS BARA S 555 0 56 R A K, HE R EE T 51 ASMNE SA AR M &M F 1y F /F, ETR Fl
Doy ( 4) 1 255 T IR 1 HAME SA BIAAAEA A §] T = iRt Ir sy D1 8RR, ORRE T RGR 1Y Degl
B ABEEE A TEYER PSR 0 Bl 2 E T (3R 1,8 S, 6) o TRIILHEI SA RESF-FAH 4% i 9 A 1%
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