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Sub-cellular Localization of ROS-scavenging System in Rhododendron
Leaves under Heat Stress and H,O, Pretreatment
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Abstract: In order to make clear the response mechanism of antioxidant defense to heat stress at the subcel-
lular level and hydrogen peroxide-induced heat tolerance of rhododendrons, we used three Rhododendron
cultivars with different heat tolerance as experimental materials to analyze the effects of heat stress and
H, O, pre-treatment on the level of reactive oxygen species (ROS) and the activities of antioxidant system
in the chloroplasts, mitochondria and cytosol of Rhododendron leaves. The results showed that: (1) the
order of the three Rhododendron cultivars according to their heat resistance were R. obtusum ‘Yanzhimi’,
R. ‘Hongyue’ and R. ‘Hongshanhu’, respectively. (2) Under heat stress, the subcellular distribution of

H,0O,: cytosol > chloroplast > mitochondria. There was no significant difference in the production rate of

superoxide radical (O, ) in three subcellular organelles. The MDA content in cytosol was the highest in
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three Rhododendron cultivars, the subcellular distribution of MDA in R. ‘Hongyue’ and R. ‘Hongshan-
hu’ was the same with H,O, distribution, but MDA in the mitochondria of R. obtusum ‘Yanzhimi’ was
higher than that in the chloroplast. (3) Under heat stress, the order of superoxide dismutase (SOD) and
peroxidase (POD) activities in R. obtusum ‘Yanzhimi’ and R. ‘Hongshanhu’: cytosol > chloroplast >
mitochondria, however in R. ‘Hongyue’, the order was cytosol > mitochondria > chloroplast. The sub-
cellular distribution of catalase (CAT) in R. obtusum ‘Yanzhimi’ was the same with R. ‘Hongyue’, their
CAT activity in the mitochondria was higher than that in the cytosols and chloroplasts, but in R. ‘Hongs-
hanhu’ the activity of CAT in the chloroplasts was the highest. (4) H,O, pretreatment could improve the
heat tolerance of rhododendron seedlings by enhancing the antioxidant defense ability of reducing the per-
oxidative damage under heat stress especially for the seedlings with poor heat tolerance. The results indica-
ted that the subcellular distributions of ROS, MDA and antioxidant enzymes were different among three
cultivars. The distribution of MDA was not completely consistent with that of ROS, and the chloroplasts
of heat-sensitive cultivars R. ‘Hongyue’ and R. ‘Hongshanhu’ were more susceptible to oxidative damage
than those of R. obtusum ‘Yanzhimi’. The effects of H, O, pretreatment on the level of ROS and the activ-
ities of antioxidant enzymes in subcellular organelles appeared to be different among the three cultivars.
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Fig.1 Morphological changes of three Rhododendron cultivars after 3 days under heat stress
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Table 1 MDA content in different sub-cellular fractions of three Rhododendron cultivars under
heat stress and H, O, pretreatment
MDA & MDA content/(pmol/g)
fin SV 40 Jifd 26 53 —

Cultivar Sub-cellular fraction Xif B = B e Ho O2 + =5 ¥ il e
Control Heat stress H, O, + Heat stress

-2 44 Chloroplast 0.24140.071a(c) 0.614+0.177a(b) 0.592+0.097a(b)

bz

Yﬁ?j;hﬁli 2 ki & Mitochondrion 0.82340.020a(b) 0.98640.112a(b) 0.82940.032a(b)
4 M5 5T Cytosol 1.54540. 066a(a) 1.67640. 105a(a) 1.46940. 071aa)

%44 Chloroplast 0.18840.050b(c) 1.076+0. 123a(b) 0.53440. 114b(b)

HZIH 2 ki & Mitochondrion 0.84940. 044a(b) 0.87840. 080a(b) 0.84240.078a(b)

ongyue
2 i % 5T Cytosol 1.30040. 106b(a) 2.24440. 289a(a) 1.82040. 092ab(a)
4344 Chloroplast 0. 62640. 005a(b) 0.76840.013a(b) 0.76740.098a(b)
4 y

Hoﬂ—;ﬁﬁihu 2 ki & Mitochondrion 0.67640.036a(h) 0.76140.028a(b) 0.71440.023a(b)
20 i % i Cytosol 1.848+0.030b(a) 2.834=+0. 247a(a) 2.654=40.074a(a)
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Note: Different normal letters within the same row indicate significant difference among the control, heat stress and H;O; + heat stress

treatments at 0. 05 level (P<C0. 05); The different letters in the brackets within the column indicate difference among the chloroplast, mito-

chondrion and cytosol of the same cultivar. The same as below
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Table 2 O, " production rate in different sub-cellular fractions of three Rhododendron cultivars under
heat stress and H, O, pretreatments
O, " 7=/ % O, * Production rate /(pmol « g7 « min™!)
fin 7. 240 it 21 53 —

Cultivar Sub-cellular fraction Xif B == B e H O2 + =5 V5 i
Control Heat stress H, O, + Heat stress

244 Chloroplast 0.99940. 004b(a) 1.058+0.103a(a) 1.04740. 013a(a)

b

Y}:]Er?zuh%ni 2 ki & Mitochondrion 1.025+0. 004a(a) 1.062+0.021aCa) 1.033+0.005a(a)
20 % i Cytosol 1.03340. 015a(a) 1.03940.017a(a) 1.03740. 004a(a)

4344 Chloroplast 1.02040. 006a(a) 1.045+0.016a(a) 1.02240. 005a(a)

HéT'H 2 ki & Mitochondrion 1.035+0.010aCa) 1.053+0.026a(a) 1.039+0. 004a(a)

ongyue
41 L 15 5 Cytosol 1.01540. 007b(a) 1.08640. 017a(a) 1.03740. 018ab(a)
2344 Chloroplast 1.05240. 005a(a) 1.082+0.026a(a) 1. 04840. 007a(ab)
&

Hoigﬁﬁilxu 2 i & Mitochondrion 1.027+0.004a(a) 1.082+0.023a(a) 1.077+0.008a(a)
il L %5 5T Cytosol 1. 025+0. 011b(a) 1. 14340. 009a(a) 1. 029=+0. 009b(b)
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Table 3 H,0O, content in different sub-cellular fractions of three Rhododendron cultivars under
heat stress and H, O, pretreatment
H,0, &1 H, 0O, content. (mmol/L)
fin A I 240 Jif 2 53 - —
ultivar Sub-cellular fraction Qs fep fim Hp 1E 2Oz 1 5y fm W} 1H
Culti Sub-cellular fracti it B j T 1 361 H, O, + 5 i i
Control Heat stress H; O, + Heat stress
2344 Chloroplast 0.26740.005b(b) 0.30340.002a(b) 0.27140.004b(b)
L ax
jff;‘hﬁn 2k & Mitochondrion 0.258+0.002b(b) 0.28240.008a(bh) 0.260740.005b(b)
21 % JF Cytosol 1.05240. 016b(a) 1.12440.017a(a) 1.15440. 023a(a)
2344 Chloroplast 0.25540. 009a(b) 0.26840.003a(b) 0.25740.007a(b)
Hgﬂ 2k & Mitochondrion 0.242+0.002c(b) 0.260=0.002a(bh) 0.253740.001b(b)
ongyue
4 %5 57 Cytosol 0.6890.017c(a) 0.831+0. 005a(a) 0.752240.016b(a)
2344 Chloroplast 0.27140. 006a(b) 0.28440.012a(b) 0.27940. 004a(b)
Ho%gﬁ?ihu £ ki /& Mitochondrion 0.250+0. 003a(b) 0.263+0.004a(b) 0.256+0.006a(c)
A% 5 Cytosol 0.90640.013b(a) 1.005+0.007a(a) 0.91040. 002b(a)
x4 BEPERHNLO MAETINHEBEMMHFSTMAEASF SOD iFH
Table 4 SOD activity in different sub-cellular fractions of three Rhododendron cultivars under
heart stress and H, O, pretreatment
SOD 1 ¥ SOD activity (U/g)
i V41 i 2 43 —
Cultivar Sub-cellular fraction X | PN H, O, + & 18 W if
Control Heat stress H, O, + Heat stress
244 Chloroplast 22.614+1.467b(b) 30. 75142, 877ab(b) 33.88141. 142a(b)
[=%r29
HHEHT& . 2 BifA Mitochondrion 21.67540. 614a(b) 24.370%1.633a(b) 25.783%2.015a(c)
Yanzhimi
A% i Cytosol 106. 808 +0. 135b(a) 110. 955+3. 007ab(a) 115.571+2.379a(a)
244 Chloroplast 21.948+0.707b(b) 29.812+1.710a(b) 29.969+1. 733a(b)
Hélﬂ £ BifA Mitochondrion 24, 804+1. 288b(b) 33.098+2.721a(b) 35.44640. 865a(b)
ongyue
45 5T Cytosol 81.455+7. 278b(a) 90.923+5. 817ab(a) 106. 18246. 596a(a)
244 Chloroplast 23.044+1.223b(b) 27.895+2. 715ab(b) 33.72543. 412a(c)
H(f};ﬁ?ihu £ BifA Mitochondrion 21.63541.635a(h) 22.692+1.905a(b) 22.88741.334a(b)

20 i % i Cytosol

97.02741. 390b(a)

104.14742. 309a(a)

104. 38241. 656a(a)
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Ji > It S A > SR A H v T 38 40 i i T 5 e
SRz ) 25 O L HER B TR T
H, O, il 4b ¥ f5 40 g v 5t th POD 3 1 W 2% & T it
ERURFIZRRIAR . 2T A7 0 40 MV TR © 2T A
SRR 5y POD T M e i il 36 J5 ¥ 0 35 386 n i 7
H, O, i 4b B J5 S35 B AR 2 X0 BRKOF , 45 5 Fid
HoAdl 4y POD 36 4 76 = il W 38 J5 0 HL O, 74 28
Je 5% R e E T B AR AR, DL S SRR 3 AN
Y 5 A i I 20 4 43 POD 3% 1 1R 4% LA 40 i v J5
A 8 A 15 e T B 3E T SRR POD 335 4 78 i 4 R 34
RO A TR TR TR BT B A IR T R
. FEE TN E A Hy O, WAL HS , bR i $4 5 Fh A
AU S RS0 414y POD 35 1 2 3% TH 0 I B 22 0
HRAN oAy iR 45 20 43 POD T P16 B 748 4k

2.4.3 CAT&EM 6 B/, 5 SOD f1 POD ik
PEAE L, 45 & BRI 41 4 43 1 CAT 36 4 7E 45 4b 23
AR LR S A o L T AR R IR B B 4
M2 5y CAT WG PEFEXT BEAAE T 3 A4 4 v il 1t 2%
SRS A 0 R 2 B R 2 kLR > A1 i % T
U 3 NS ¥ R N B R i UM E R = A S
T 7E Ho O, Wb B 2 B A I S 44 = 40 i %5 5 >
LR SRR RN LR AR 22 S B 3 i 45 2 A BRI
SRS CAT TG PETE m iR I8 J5 48 /. 78 HL O,
Tk 35 25 4 0 CAT 6 P SO [F R 42 L OF 12
E = N0 GO T2 U 4 W Rl O S e
CAT TG PEFE A Ab B 45 10 F 3 IR 2 SR B S ik >
2 s 5 > I S A B ASCAE R U B R & 2H 0 =2 1R
CAT {f P2 57 0 3 s ik CAT 36 PE7E &5 i i 38

JG T B B3, 6 H,O, Fidb B s 1% v 8w,
SRR VR R 40 B 3 T TE T 30 S 38 Bk B i 3
Jna7E HoO, Wb 35 CAT EM s s, b o 2
VTR IR L PR ¢ ST INE A R A5 TR 45 T
HNLZ 5y CAT 36 P 32 B0 40 B 75 Jo > 2k > 2k
Kifk, HAH 225 R E fEmiRla s 3 M52
B CAT {& M2 %AW 78 H O, HiAb3 5 RN
LRIk 3 T R R A0 s i R ik
CA'T 76 M7 5 T W J5 b X B8 A BT 42 8, 78 HL O,
A RS R M TR B R AR AR R A B KO
LRk CAT 5 PE7E o 8 o 38 J5 48 (HOR 1 3%, 76
H, O, Filib 3 5 75 P 1 25 $2 & s 40 il it CAT % 1
T 1 36 5 5 %t B L i R R I AR HL O, T
PR S CAT 36 M A B - {3 5 BTG 3% 22
5o AT UL T AR A TR A AL Y S R R BRARE TR 3
AN AN LH 4 CAT 3 1 22 5% R B35, & i W aa
Jo 2R R AR 20 v TR b CAT % M 8 3 v T 4
A5 T AR B h FTE R M G 2 R RN B
H, O, b P 5 i #5k: B LS 0k o 3 o o i 3T
AT ol R AR U LR R R B CAT 3 1 it
s AL L LU A AL 5y CAT 3 M K
FEXTIES AR E, CTHARE LA /T2 A
2 CAT {EPER Z o IR S & 1 s 78 HL O, b3
J5 + 3 ANKEBE SR A 2H 4y CAT 36 M3 L s v i 3 b
PR E RN, HaA B R KM, UiWISMIE H, O, 81
St CAT 363, 85 T ROS B85 bR 68 71+
Rk AV RS 1 Ao S0P A B L XoF i v A BG &) 7 1) Tt A

i 5 AR

x5 BREPER HLO, FAET 3 MHEBRFMHF&ETHEAS S POD F

Table 5

POD activity in different sub-cellular fractions of three Rhododendron cultivars under

heart stress and H, O, pretreatment

POD i 1 POD activity (U/g)

i WV 41 i 21 43 —
Cultivar Sub-cellular fraction X iR F=lry H, O, + & i e
Control Heat stress H, O, + Heat stress
244 Chloroplast 14.509+3.597a(hb) 25.037+5.278a(b) 17. 36444, 879a(h)
=%
HWEHT&‘ . 2 BifK Mitochondrion 11.662=+2.075a(b) 21.070+3. 355a(h) 14.089+2. 696a(h)
Yanzhimi
A% i Cytosol 35.99743. 586a(a) 37.40541.897a(a) 36. 96544, 029a(a)
244 Chloroplast 14. 14245, 622a(a) 24.736+2.260a(b) 21.161+5. 404a(b)
Hélﬂ £ BifA Mitochondrion 16. 22544, 065a(a) 28.873+2.086a(h) 22.26545.029a(b)
ongyue
A% i Cytosol 22.614+4.136b(a) 54.28044.921a(a) 37.015+6.098ab(a)
244 Chloroplast 12.01542.588b(b) 35.766+7.861a(a) 21.077+3.676ab(b)
Ho%gffii:)jlhu £ BifA Mitochondrion 14.7194+3. 332a(b) 22.963+4.730a(b) 19.074+3.577a(b)
4 M5 5T Cytosol 34.932+7.913a(a) 42.730+14. 823a(a) 37.661+6. 846a(a)
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Table 6 CAT activity in different sub-cellular fractions of three Rhododendron cultivars under

heart stress and H, O, pretreatment

CAT it CAT activity (U/g)

e T
Heat stress

H O + & i by 3et
H;O; + Heat stress

1.47740.549b(b)
2.649+0. 328a(a)

2.42940.188b(a)

3.29440. 009a(a)
2.69040. 225a(h)

3.15440. 110a(ab)

0.56140.088b(c)
3.390£0. 173a(a)

2.10040. 139b(b)

2.04240. 354a(b)
3.89720. 373a(a)

2.81440.136a(b)

i A SV 40 Jifd 26 53
Cultivar Sub-cellular fraction Xt HE
Control
-2 44 Chloroplast 1.18740. 387b(a)
b £ i f Mitochondri 1. 42340, 174b(a)
Yanzhimi 25 R0 itochondrion .423+0. h(a
41 i % i Cytosol 1.51840. 079c(a)
%44 Chloroplast 1.235+0.118b(a)
H(%Jr:lfyue 2 % & Mitochondrion 1.53340. 674b(a)
M F Cytosol 1.439+0. 148c(a)
4344 Chloroplast 1.821+0. 100a(b)
Y ’

Hoﬂ—;iyl}f'??ihu 2 ki & Mitochondrion 0.85240. 060b(c)

20 i % i Cytosol

3.01140. 108a(a)

2.04340. 114a(a)
1.677+0. 130b(a)

1.91140. 388b(a)

1.83640. 319a(b)
6.020£0. 455a(a)

2.683740. 342ab(h)

3 4hig e
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