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Abstract: The effects of seawater stress on metabolism of reactive oxygen species ( ROS) and chlorophyll ( Chl) in
chloroplast of two spinach cultivars, Yuanye spinach ( seawater sensitive cultivar) and Helan No. 3 ( seawater tolerant
cultivar) were investigated by hydroponics. The results showed that production rate of superoxide radical (0, ), content of
hydrogen peroxide (H,0,) and malonaldehyde (MDA) in chloroplast of two spinach cultivars were remarkably increased by
seawater with higher rate in cv. Yuanye; Under the stress of seawater, the activity of anti-oxidation enzyme such as

superoxide dismutase ( SOD), ascorbic acid peroxidase ( APX) and glutathione reductase ( GR), and the content of
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antioxidant such as ascorbic acid ( AsA) and glutathione reduced ( GSH) in chloroplast of cv. Yuanye were lower than
those of cv. Helan No.3, while peroxidase (POD) activity in chloroplast of cv. Yuanye was higher than that of cv. Helan
No. 3; The supplement of methyl viologen (MV) , the photo-oxidant, enhanced the production rate of O, , the content of H,
0, and MDA in chloroplast of two spinach cultivars, while the addition of AsA, the eliminator for ROS, decreased ROS
level and alleviated oxidization of plasmolemma. The content of chlorophyll b ( Chlb) , chlorophyll a ( Chla) and precursor
of Chl such as protochlorophyll ( Pchl ), Mg-protoporphyrin IX ( Mg-ProtoIX ), protoporphyrin IX ( Proto IX ) and
uroorphyrinogenlll ( Urolll ) was remarkably decreased, but the content of porphobilinogen ( PBG) and $-aminolevulinic
acid (ALA) was increased by the stress of seawater, which lead to inhibition for Chl synthesis, and the inhibition was
aggravated by MV and eliminated by AsA. Chlorophyllase ( Chlase) activity in the leaves of cv. Yuanye was improved while
it was not influenced in the leaves of Helan No. 3 under seawater stress. The Chlase activity in the leaves of cv. Yuanye was
more greatly affected by MV treatment than that of Helan No. 3, however, Chlase activity of two cultivars was not influenced
by AsA. These results suggest that ROS is closely related to Chl metabolism, which not only injure plasmolemma but also
inhibit the process of transformation of PBG to UroIll as a result of Chl decomposition. In seawater tolerant cultivar ( cv.
Helan No.3), the ROS elimination is mainly depended on SOD and AsA-GSH system, which could alleviate oxidation
injury of ROS to chloroplast membrane and inhibition of Chl synthesis, and Chlase activity was less influenced by seawater
stress; while in seawater sensitive cultivar (cv. Yuanye), it is mainly depended on SOD and POD, which has limited
ability to eliminate ROS and lead to accumulate mass ROS to severe oxidation injury of chloroplast membrane and inhibition

of Chl synthesis, and Chlase activity was significantly improved by seawater stress, which enhanced Chl decomposition.

Key Words: seawater; spinach( Spinacia olerancea L. ) ; chloroplast; reactive oxygen species; chlorophyll
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TR0 155 T )38 3 0 D 7K R ol B - SR TR Ak S b < 7722 3 5 U K P R R B 9
W, BEEh &l 26. 64g°L_1 ,PH 7.8, BABEF5HM N :Na* :349. 98 mmol - L, ™! ;Cl™ :410. 14 mmol - L, ;
Mg2+ .40.20 mmol -1~} ;SOi_ :21.15 mmol-L" ;Ca2+ .7.61 mmol-1.7" ;K™ :6.83 mmol - L.7"

1.2 AhEEE

R T 2007 458 HE 11 HERRERI A AERENST. BEMEKEE RIS, R85 2 #0
BAT : O WK E ) S-SR ROS AR B ma 2 AN fh 43 5113 2 A3, B 1/2 Hoagland & 37 (X
X,EC{H 0.14 ds-m ™' ,pH 7.3) FI{ 40% ¥ 7K ) 1/2 Hoagland 35k (43X ,EC {4 1.77ds*m ™" ,pH 7.6) ,
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KB Ab B AR A& 40% 17K ) 1/2 Hoagland E IR H , ALFEEE 3 KL 6 REBUEK B A K R Z T H5
4 35 5 i R ECGEEE AR, T8 AH S H8 AR ; @ WK e T B RSO (MV) FIPTIR LR (AsA ) XF 338 it R
Chl RRIFEIREEM o 2 FFR 231 8 ~4b#E . 1/2 Hoagland & FF¥k (X HE X, CK) ;1/2 Hoagland EJFEW + 1 wmol
L' MV(CK + MV) ;1/2 Hoagland % 3 ¥# + Smmol - L.™" AsA (CK + AsA) ;1/2 Hoagland & 3 ¥ + 1pmol - L™
MV +5mmol-L™" AsA (CK + MV + AsA) ; & 40% ¥ 7K [¥) 1/2 Hoagland E 3£ W (T) ; & 40% g /K1 1/2
Hoagland EF£¥K + 1wmol -L ™" MV (T +MV) ;% 40% ¥ 7K f] 1/2 Hoagland W + Smmol-L ™" AsA(T + AsA) ;
5 40% ¥37K i) 1/2 Hoagland EF5¥ + 1pmol - L~ MV +5mmol-L ™" AsA(T + MV + AsA) , #/KEFRFEE 2 XK,
3B 1 pmol MV Al Smmol -L™" AsA M-t , MV B il FIABI %00 0.05% Tween 20 ¥4 , % B& F A
BN 0.05% Tween 20 fIE/KALHE 24 h J5§ MV A3 ) — - HEAK F Smmol - L™" AsA T BEHE , 55— Ak
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MR BRI R, T AR BEIA S 1mg. ml ", I E M-SR SE R, SERERIKE] 90%
1.3.2 O, AR BEYE KRS (SOD) 1& 1 1t AL ¥ s (POD) 1 1

F10.05mol-L™" \pH 7. 8 HYBHERZE vk (PBS) Fi B 414 2 ~ 5 £%)5 , B 4 I (protein ) & B R Fi % Dl 5
Wk 0, P R R EZE S B J7 3% , #4467  nmol - min ~'-mg ™'+ Chl; SOD ¥ 3% Fl F 2% E %™
Jrid, LAID ] 20 pumk (NBT) S AL R 50% FEFE Ry 1 ME S 842 (U) , A U-min ™' g ™" protein 375 ; POD
TR AR A B B, L 1 min £ 557 F AL 470 nm F OD {H25 4k — B J1 801 (U) , Bk
U+min " g " protein,
1.3.3 H,0,&%

FH 0.2mol - L ™" f¥§ HCIO, #4314 3 1%, 218 Uchida 267 {73500 52 , A wmol - mg ™" Chl 7R,
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Fi 5% =8B (TCA) FBEMH4GHK 3 1%, 2 18 Heath Fl Packer ™" [y 25 :I5E , A wmol - mg ™' Chl 7R,
1.3.5  Hish i ERd ALY (APX) (A6 H BRIE 5 (GR) 15

F0.05 mol - L™" f K, HPO,-KH, PO, Z& #h ¥ (pH7. 0) Fi B4 44 2 ~ 5 4%, APX 1% ¥ % F§ Nakano #l
Asada® FEERE , BEIETELL wmol AsA -min~'+g ' protein 75 ; GR {§ 1S M Foyer I Halliwell ™! () 533 | fil§
WL wmol NADPH - min " g " protein 75 .
1.3.6 HRMAR(AsA) H &

HARFRI 15 B LB 5% H TCA sk, 2 RS0k > BTk 7 g iis2 , LA mg-g ™"+ Chl R,
1.3.7 &AM H K (GSH) A LRI B H K (GSSG) & &

I 5% B KRR R R G 3 £, 218 Ellman™™ {757 55 , 86714 mmol-g ™" Chl /R,
1.3.8 Chl &EIAEY RS &

M4 % a(Chla) M43 b(Chlb) & & FAREIRBUEN &, AR AR K mg-g~'. FW; IR IX ( Proto
IX) EEJEANBRIX ( Mg-ProtoIX) . JEi -4 Z & ( Pchl) 3% i Hodgins H1 Van Huystee 75317, FRAMHRJE T ( Uro
10 ) #1fE 2,2 )5 (PBG) 5 R il Bogorad f7 1:'™! , 8- S M AR (ALA ) W & 2 FR RO 3, B Fm
H pgrg FW,
1.3.9 Chlase }F1E

PABESE Chl g R EY) , 2 B8 Margaret™ 75 :I5E , 8847 wmolChl+min g “FW
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Fig.1 Effects of seawater stress on production rate of O, , content of H,0, and MDA in chloroplasts of spinach

Y B -3 3% B, control of Yuanye spinach; Y + S[R3 3% 40% M /K ¥ BE AL #H,40% concentration of seawater treatment of Yuanye spinach;H:
722 3 5%}, control of Helan No.3; H + Y:fif 2% 3 5 40% g /K # BE AL B ,40% concentration of seawater treatment of Helan No. 3 ; [&] H A [R5
BERREFABE(P < 0.05),Same letters meant no significant difference at P <0.05 level within the charts

2.2 igKMHEXEESEM 4R {K SOD POD 5 PR R

WK B S 3 K, B A 7 22 3 5 MR fA P SOD 15 (18 2) 2051 L AH B X HE 32 5 21. 35% Al
14. 11% ;855 6 K, [BIM-3 38 Lot BE B3 A 49. 78% T 722 3 5 Lot BB B 3 325 30. 12% , g7k i
T, B M- gLk A POD &4k (18 2) FFETH i, BB 58 3 K LA IRAE R 54. 38% , B 56 6 K HUXT 4R
118.23% ;7 7 22 3 5 ° ZEMpIA 26 3 RExT IR B2 1R = 89. 49% , i 55 6 K W] B FA%, A U X B R =
21.21% o AT, MK E T, TRtk S < fi7 22 3 57 SR AR KB ) SOD {1, X O, Y& BR AE J1 K T 1B M- 3%
3K, T POD 5 PEFEALBEER 6 KF R, XF H, 0, BRAES1/INT B I 2
2.3 IKMHEX RS SRR P APX \GR {E PRI RN

WK SR, B B3 SR fA APX T 1 (18] 3) B3 TR, 28 3 KIS 6 K 5B IR A% 66. 90% Fil
75.76% , T ‘ i £ 3 57 M-4gfk APX {5 B E TR, 56 3 KAIEE 6 KA B IR 12 = 86. 03% 71 75. 52% ; GR
EPE(E 3) 5 APX AR, Bl M- B3 4R i GR 6 PEBON IR, T ° 47 22 3 5 Bex IR4R R o AT AL, WK e
T, 23 5 A AR ) APX A GR {1k, %) H, 0,75 BRAE 78058 ; B i 3231 i 4 1k APX il GR 351
W, %F H,0, 15 BRAE 1855 , AT 20 H, O, 7E 4R (A KRB R
2.4 /K MHEX PSSR AsA (GSH & B M GSH/GSSG HL{E IR

KA T, B 3SR AsA S8 (& 4) TEABRGE 56 3 KA 6 Rk B00 IR B EFEAIK 36. 14% Hl
48.19% T 7% 3 5" FEMRESE 3 R GXRERABE 5 6 KRB B EWER25.52% ;GSH(E 4) 5 AsA
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Fig.2 Effects of seawater stress on activity of SOD and POD in chloroplasts of spinach
Y : B M- 335 IR, control of Yuanye spinach;Y + S [B -3 3% 40% ¥ /K #e BEAL Bl ,40% concentration of seawater treatment of Yuanye spinach;H;
fif 24 3 S5 %¢ i, control of Helan No.3; H + Y7 2% 3 5 40% W /K ¥k FE AL #H,40% concentration of seawater treatment of Helan No. 3 ; [ 1 4H ] 5~
BRIRNZEFALEZE(P < 0.05) ,Same letters meant no significant difference at p <0.05 level within the charts
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Kb BT ] Time of treatment (d)

B3 MoK bhaE 3 gt Sk py APX 1 GR 15 5% 0
Fig.3 Effects of seawater stress on activity of APX and GR in chloroplasts of spinach
Y : [B M-3% 32X B, control of Yuanye spinach;Y + S [B M35 40% W /K ¥ BEAL P ,40% concentration of seawater treatment of Yuanye spinach; H .
722 3 5%}, control of Helan No.3; H + Y:fif 2% 3 5 40% g /K # BE AL B ,40% concentration of seawater treatment of Helan No. 3 ; [&] H A [R5
BRREFABFE(P < 0.05),Same letters meant no significant difference at P <0.05 level within the charts.

HBLL 45k P GSH A BEAEALSIUR 45 3 NS 6 K 4) BBt HAMEAE 21. 619 71 37.06% , i * 722 3
B3 REMIEERABE, 5 6 KE I 19.97% ; I H-H5EM-5tk GSH/GSSG HfE( [ 4) TEALBEJG
53 T 6 4P RIHT IR BBV 72. 22% A1 74.06% T 2% 3 B ZEALBELS 6 K S HAER AR BE,
AL KA R, ¢ 2% 3 2 45k AsA I GSH B UM R AE B 5/ F B0 3, 96 HL GSH/GSSG LU f
ARE B, 4555 T GSH 5 GSSG 2[4
2.5 HEKME R MV 1 AsA eI O; 7= B H, 0,1 MDA A A KB W

I 5 25 R MK T 2 AR AR O 724 % H,0, 7 MDA & RARRHEH AT 1, %1 &
R MV 4S8 45k O] 74 336 (H, 0, il MDA & B UAIRHE AT 1,16 AsA AbSBIIMERHE N T 1,
M MV + AsA KbFREZEAAE MV L FRAIG; 7K BE T, MV  AsA Fil MV + ASA L3 F) 5 00 -5 X BEAE L. 15 B ZK
I S 452 P ROS K AR, MR ot 0 P T8 s MV A B3 — 5 ROS B, LR ok 8L AL e
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J&l, M0 AsA AT LATE BRER > ROS, i BB d A AR BE R AR

0Oy OGy+S EZH M H+S

9 12 5
gL = ab ab
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w 6 = 2 08 = .
el = ®E A= iil .l ¢ .
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Fig.4 Effects of seawater stress on the content of AsA and GSH, the ratio of GSH/GSSG in chloroplasts of spinach
Y : [B M-3% 32X B, control of Yuanye spinach;Y + S [B M35 40% W /K ¥ BEAL P ,40% concentration of seawater treatment of Yuanye spinach; H .
722 3 5%}, control of Helan No.3; H + Y:fif 2% 3 5 40% g /K # BE AL B ,40% concentration of seawater treatment of Helan No. 3 ; [&] H A [R5
BERREFABE(P < 0.05),Same letters meant no significant difference at P <0.05 level within the charts

O O AHX = Az H MDA &R
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Fig.5 Effects of MV and AsA on relative value of production rate of O, , content of H,0, and MDA in chloroplasts of spinach under seawater stress

CK: 1/2 Hoagland #3573 (X1 #%) ,1/2 Hoagland solution (control) ; MV 1pmol-L ! F15£48KE, 1 wmol-L ™! methyl viologen; AsA: Smmol-L "
HUIRIMAR , Smmol+ L~ ascorbic acid; T; 4 40% ¥§7/K ) 1/2 Hoagland E35%, 40% concentration of seawater in 1/2 Hoagland solution

2.6 /KA MV AsA X}3E5€M F Chlb Chla K Fij{£&%) i Pchl ,Mg-protolX . ProtoIX .UroIll \PBG #il ALA &
B
1 R R, KA 2 3SR SRR B A Chlb  Chla, Pchl  Mg-protolX | ProtoIX | Uro Il & & EAH N
Xf FRREAR, T PBG #1 ALA & & FH, Hdh 722 3 5" i 5 Uro I & & Y R AR BE /I T [ M358, 40 30l R A1
12. 50% 1 25. 34% , YA K8 T 2 D EESEM AR Chl & B2, I B * 722 3 5 2 BHAR B/ T [ - g
Ko TEXFHRZEAFT , MV AbFEXS Chl R {4y 5 & & R0 5 K AL BAR L, {5 MV 59 BEI0 AR BE R T /K AL 25
AsA LbFR{SER M ESE Chl BTAYIBR & B3 W22 3 5" B MV + AsA i 2 3SR & i J Chlb, Chla,
Pchl ,Mg-protoIX , ProtoIX , Uro Il & B HL A4 MV b3 A 4@ &, T PBG #1 ALA & BERE(R. KA T, &
AE3EXT Chl B (A & B R0 5 X5 BREE AR, AT I, /K e i g 3 M - Chl & 52 BIBHAT, © fif 22 3
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5 ZBHARE/NT B33 MV JE—25 il T 2 FHAREE , AsA #B53 2/ T X FhBEASE
2.7 VW/KMRET MV AsA XHE3EM R Chlase J&PEHIF 0
K e B2 1R R S i Chlase WEPE (& 6) , TR fif 22 3 5" BA B BN . 7EXT BRI K
T ,MV HI MV + AsA fb38 P 2 32 5 R -3 35 i - Chlase 154, M AsA XM HEHBHBEM, ‘W23 5 %4
XTRESAE T , MV AsA Fll MV + AsA fb3E3555%} Chlase J&PE3H B B2 MK AL B R , MV 1 MV + AsA I 42
& Chlase &M, T AsA X EE A HEZ 0,

F1 HAKEMET MV, AsA 3 EM F HE R SRR BRI
Table 1 Effects of MV and AsA on Chl precursors content of spinach leaves under seawater stress

Chlb Chla Pchl Mg-ProtoIX Proto[X Urolll PBG ALA
ﬁjﬁmms (mgrg™'FW)  (mg-g™'FW)  (pgg”'FW)  (pgg”'FW)  (pgg”'FW)  (pgg”'FW)  (pgrg”'FW)  (pgg™'FW)
H Y H Y H Y H Y H Y H Y H Y H
CK 0.202b 0.350a 0.537b 0.815a 0.379b 0.475b 0.250b 0.265b 0.646b 0.639b 13.423b 14.831a 10.558d 10.161f 0.782d 0.835f

CK+MV  0.144d 0.250d 0.428¢ 0.695d 0.263d 0.402d 0.141d 0.197d 0.398d 0.520d 3.624e 6.607e 12.806c 12.145d 3.454a 5.543a
CK+AsA 0.253a 0.358a 0.648a 0.804a 0.418a 0.480b 0.309a 0.267b 0.721a 0.753a 15.613a 15.079a 11.346d 10.825ef 2.483b  1.546e

(iKA::’lV 0.157¢ 0.30lc 0.467cd 0.772b 0.301c 0.470b 0.192¢ 0.245¢ 0.488c 0.553cd 6.593d 9.409d 11.219d 11.484de3.031ab 4.948b
T 0.165¢ 0.296c 0.482¢ 0.727be 0.265d 0.436¢ 0.141d 0.241c 0.365¢ 0.578c 10.022¢ 12.977b 13.633bc 13.600c 1.523¢  1.298d

T+MV 0.106e 0.256d 0.322f 0.679d 0.209¢ 0.303f 0.118f 0.211d 0.316f 0.467¢ 4.321e 7.220e 15.716a 17.832a 3.560a  3.8l1lc
T +AsA 0.193b 0.338b 0.556b 0.759b 0.253d 0.551a 0.139¢ 0.286a 0.382d 0.642b 12.868b 14.758a 14.836ab 13.972bc2.448b  1.564d

T+MV
+AsA

Y: B33, Yuanye spinach; H; fif 2 3 %5, Helan NO.3; Chlb; H4%Z& b, chlorophyll b; Chla; H4¢% a, chlorophyll a; Pchl; JFUH-4¢ZER, protochlorophyll;
Mg-protolX; Z£JFNMKIX , Mg-protoporphyrinX ; ProtoIX: JRAMMKIX, protoporphyrin[X; Uro Il : FRPMWKJR II, uroorphyrinogen I; PBG: fH % 2 i, porphobilinogen;
ALA: S-FILFH)LRR, d-aminolevulinic acid
FHFEFIMHFAERERLERABE(P < 0.05) Same letters meant no significant difference at P < 0.05 level in same line within the table

0.143d 0.291c 0.456d 0.719¢ 0.247d 0.38%¢ 0.149d 0.248b 0.360e 0.553cd 6.593d 10.162¢ 13.997b 14.526b 2.515b  3.432¢
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Fig.6 Effects of MV and AsA on Chlase activity of spinach leaves under seawater stress
CK: 1/2 Hoagland 3% (X&) ,1/2 Hoagland solution ( control) ; MV 1wmol+L ™' FAZEEeHS , 1 umol-L ™" methyl viologen; AsA: Smmol-L ™!
HUIRIMER , Smmol+L~! ascorbic acid; T 4 40% ¥§7K i) 1/2 Hoagland 35, 40% concentration of seawater in 1/2 Hoagland solution

3 itig
AR T EEIRES, SRS I(PS B FEER T TRAMARERARALEAN, HEE
0, , 3 p = £ Hofh ROS 411 H,0, J2 [ fy 3£ (OH) BB A (10,) % WA iy EHREERHGED
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FEIEFET YA A ROS B4 55BN T 3h A V45 , T A AL T 5 e T, X Fh A5 E 2 B0E,
3 ROS K& BB WA EALVE RIS 3, AR T RE > 710 Chl %R BBk IR, T MDA &5 B2 [ B
Ui A REERR T o WKERA T 2 NSRRI SRR O P AR, H,0, KA R, MG {A 32 3
1rE , FEARARS ALY MDA & BRI, A2 B Sk iE . Bt ROS KB F/ER WA ML
BEHEAR BB RS, B BRI EM. ZEMAY D SOD ¥ O, B fbA: i H,0,H1 0,, 885 M1
POD ,CAT APX %550 i H,0, T ZEf#% ROS 555 . SOD i3t BRIA W N O, Hyifk, $3 H,0, K&
A R R H, O, BEAOTE E A REAR B3R 5 , 22 R A H, 0, AT SRIA Y O, S = I PE B s iy OH™ | S35
WY R EREIRG . BTHSEF RS CAT, K H,0, EERBIFHIFMMRER AL . WKk
T, M2 3 5 IR ARRER 1) SOD TR, BEE A RUERR O, ,IF H APX 1 GR {& 1 B2 & , X H,0, B H
SREVERREE S , HE— PR T H,0, 5F|4 O, [Bi ™4 "OH [ 7] B , DA T {8 -G {4 B R AL B3 5 2 , MDA &
ST R R AR 5 T (B o SR AR Mg K B 5 6 K SOD JEME TR, Xt O, KITEBRAE J1REAK, [RlAT, APX Al GR %
P TR, {H POD {&EHELE A S 3 RFISH 6 RIBET &, 1HE H,0, EZMK# T POD, BT POD 27EH L
FAREHE R (ALY ) B R ME B 19 H,0,M) | T K& H,0, IS B fE /1A IR, T 3k H,0, 57
A& 0, PL=HE OH, ffi M-S (R B AL 1 475 N ., MDA & B3l BEBR . WFFTIAH POD (VE FLELXIUE TR,
—EAARPYER, B —H25 Chl KM% ROS 174, I BE5 | K AR Sk, AV = 2B —E B
By, B — R E RS Y o AT, B Mg 3 AR ik POD 35 PEAE R, ZE T BR ROS FA [R] Bt AT BB 5] 2
Chl Fff . FRZERRE, Wg/K AT , K A fi 22 3 5° MK N TER ROS 24K T SOD APX Hl
GR, %} ROS FiF R AE 155 5 v /K SURR S R [R5 2 224Kt SOD i POD, % ROS HTE BRBE I AR , AT
1AL ROS KEFRR , W MR IR F R K

AsA EM RN EZRHUEAN], BRI B R #E R ROS, I s MR BEH AsA BEfSIRIE APX 5 2%
RS, AR SHA N H,0, TR . GSH RPN EE M AR KE STtk AsA F%
SEE—— WU S PR I BRA S ( DHAR) B4 o Wk bha T, B 336404 Py AsA I GSH SR B E
TRE, A2 3 5 ARG SR 6 R T BRI BT B 0R BB M SR, i © 5 22 3 5 FEMg Kb
T BB AERFLRIK T AsA L fRIIE T APX 5 R HYJIRY), F APX TE PE AR I 7E B /K F 5 [RI B, GR & PR A
5,1 GSSG 38 JFY i % f ity GSH'™', GSH 2y DHAR 428 T 75 2 BJIRA , B AsA FEAE AR, S T AsA-
GSH B R His e , EEMEHEER T 0, \H, 0,5 ROS, #—2B /N T ROS Xf &K% . AT I,
‘223 5 HER{A N AsA (GSH ,GR APX EMAMER, fRIET AsA-GSH B REMmRsEE . Mok, Y&
P 9 GSH/GSSG HLfE A A F 438 B E T AP A& P9 438 i AR I3RS, R m H o . Mk g
T, B g S Gk A Py GSH/GSSG 1% T W, 18 B UL IR R PR R BN , T PE AR T “ 7 22 3 5" B (LA
,GSSG k)5 GSH BF% IEF , 4+ T MK N & 3& AR RIS, 3215 T Hm .

Chl A& W, N & R ( Glu) —ALA—PBG— Uro Il —Proto[X—Mg-Proto [X—Pchl—Chla—Chlb , & — %
FIEGA AL R, AR — A A DR RS T, RS LART A RT A R SRR, B AT A R Smb ™,
ARG LR FE W, KA T 2 SRS A A B ALA (PBG & 50 B4R &, T Uro AN 22 J5 MR IA4) R
Proto[X .Mg-ProtoIX .Pchl Fi ChlaChlb & EXF&AK, Vi A 330 B Chl f)-& B 5% A &S 7E PBG [A] Uro I i) %%
b, AR RIS RN Y & /NE) A RIS . Santos 2NN, A T H 28 Chl &8 F M ALA 7
RS BT, 18 i3k 22 53 1 L R T BB S B R R BVE I RD BN [ k. MV 2 —Ff il 2% KA MEBR 0], AR
FINLER R R A0 et B AR AL 1 2, AT SEE A F 40 ), B NS KB TRYEA
A iiiE I BFFEER LA MV VR TR TS 405 AsA B—Fh EZRHUAR], /T LAIERR 0, F H,0,, 1 A5 Bt &
AP MV ZbEEANE T ALA F1 PBG L2 #E— &K T Urolll . ProtoIX . Mg-ProtoIX . Pchl F1 ChlaChlb &
&, UL MV 35k 1 ROS 3% Chl & W3R PBG [ Uro I %4k i 3Z BHAZ BE N EE , AT 33 Chl & &3
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—PEAK, T AsA JEIVERR ROS Mg T X R 3Z BHARBE, Chl S &4 BT B Ft. AL, oK i 5| e g S - S A
N ROS FHE , 512 Chl & BUZ M, 2 53 Chl & BFEEMEZEREFZ —, H B I HALLE PBG [ Uro M #%4k,
BT fir= 3 5’ M iERR ROS RE 1 EGR , 2 BHAR B LU R i 33848 . BF9E 3R, M\ PBG 2| Uro Il /) Ji i 75 22
JIE £, 2% J i3 2 g ( PBGD ) 1 SR b ok J T & B ( UROS) BB 192 5, PBGD 1E ML FEMR S Chl & Z A
M AT, WK A T, ROS ZE B3 H-4R 4 p93@ g 4] PBGD &1, i 3152 PBG [ Uro I #% L3 M.,
H—HREET Chl & &,

Chl (AR5 Chlase & BV R, 7E Chl FEMRHI“Pa0” BARKIE — S T E/ERY . £,
Chlase EA MR, KW 5825 6] B FR AT RE RS EB RN IRE 2 — 3 H MW 7E T Z 3 Chlase
B B A T BB 2 Chl M AR IR B B > — 1 AR B8 5 M SR TR ARTE R AR ; FIR , A4
RN H,0, 5 EHMUHX, RE Y EEMRER T AR5 R L0, wKMa T, B iEsent A
Chlase {54 8 2 & X H8 , 1  faf 2% 3 %5 ° it J Chlase {5 4% A BB A8 {0 ; 3+ H 2 R M A4k )y H,0,F1
F, MV IR T H,0,3F 5 8 i AsA 1EBRF 4 H,0, , {H B -3 32 41K Py H, O, A% & B AEXT AL HE 5%
HTREE T 22 35 UL K a8 1 BR SR i g ) H,0, KEFR R, 5 3h THERN EEHE, 23
4R {R FLA% , Chlase JETEFH =, NI T Chl (& ;T “ #7223 5" MSRANEF 8 KK AsA-GSH 1A R4, ¥ H,
O, KB FRAE J158 , AR B RIE ST , FFOR T T BB A SR iR 254 , T {5 Chlase 75 4% B 828 1L, (HAE 1
K8 T, MV F1 MV + ASA LbFEf “ 722 3 5’ Chlase {&PE B E T, Al BB-5 K& ROS & M S {4 L%
FXo AW, KA EES T B 3SR R, NITIE 2 Chlase 1EMEFH &, Chl 43 i , T 7K Joir 8
Xt faf 22 3 57 i - Chlase 3& PRI E /N

Chl [ f#403% Chl BEAEREARA Chl Y L PR B . EiRArirep , A48 2 ROS 32 Chl &M% M
/i T Chlase {32 R -2 Chl & R, #)8 TEHEREAE , LA a5 Chl FEfF , B A ToAE R
B o BFFEIN N, ERE T Y6A i e 32 B, i R G RESE Chl 5548 =425 (Chl’) , Chl’ @5t i T R AE B
B2 0,741 0,4 ROS, TR ZE F R K RS , #E— 2514 Chl Fef'™ o i bRk, Wk e T ,2 N3k
St SRR REZ 2] T A LA , Chl & B AH R PRI, 3R B AL e 2 1 BBk i - Chl PR EE R R
Z—o BAEM/KME T, B3 Chl & BEREAR2 A A2 B Chlase T P32 5 38 2 S AL R (1 ¥R — 7 T
RIEFFVER, LUK ROS tnfaf&f# Chl, HFX 77 M RER D, ot 2R AT FZE B .

25 Lk gk EhE T, B3R SRAR PN ROS 5 Chl AR5 VIAH & , A AGHE 1 M-SR B i S Ak 475 5 Chl B
fi# , T EL{# Chl & B PBG [a] Uro I 551k 25 SR 2 B, Ml ¥ /K S b “ fir 22 3 5" SRR N 1EBR ROS F @ T
SOD #1 AsA-GSH T R 4, 1 BRBE B8, 42 T ROS X M-SR A IR i B AL 35145 70 Chl & A ZBHARE , 3 H.
7K B X Chlase {54 1 SZ M /DN 5 TV 7K BRI I 9 38 i SRR B B ROS E 24K T SOD #1 POD,
X ROS HITERRBE A PR, NI 23 T ROS KB R, MR K A #5115 Chl & B ZBHFEE ™ &, It B
YK e B3 3R T Chlase {44, BT Chl F#fi# .
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