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Effect of Cupric Ion on the PSIl Activity in Isolated Chinese
Cabbage Chloroplasts

Park, In Ho
(Department of Biology, Dong-A University, Pusan)

ABSTRACT

Copper inhibied PSIl-mediated O evolution (H:O—DCIP, H.0—+§iMa) but not PSI-
mediated Oz uptake(DCIP. Asc.—~MV) in isolated Chinese cabbage chloroplasts. Copper
toxicity on P8Il -mediated O: evolution was higher at alkaline condition than at acidic condi-
tion and was inhanced by light illumination after copper treatment. The increased toxicity by
light {llumination was not recovered by subsequent dark treatment. The inhibitory effect of
copper on H:O—DCIP reaction was higher than that on H:20—+SiMo reaction. This result
suggests that there may be another inhibitory site of copper on PSIl other than water
oxidizing side of PSII.

# @

Tl o] BEEE, £ Alddy, Akl dbd e, 2o Aol o] miES-el JE &
R4 CuSOs, copper-8-quinolinolate, Z-& 2-hydroxy-1,4-naphthoquinone, 2-chloro-3-
hydroxy-1.4-naphthoquinone, Bis(ethylendiamine) bis(dodecylbenzenesulfonate) 532 5%
el 2 ol AMEH L gl Eof 8 U oddoR AT T 9ok (Suzuki, 1976). Tl
A1E W 2] Plastocyanin® ¥ F&£59 H-4] o] 7| 5} (Katoh et al., 1962) ¥+F4] 4 &
&7r40 25 BEEES ] f15 7) £81= =k (Mengel and Kirkby, 1987) z}eke] &A1& -
ZRo 15A4EY Fgd st A4S At Aoz deH el Tl AMmIEE &
FEERE A5t (Cedeno-Maldonado et al., 1972;Samuellsson and Oquist, 1980;Shioi et
al., 19872:1978h:Uribe and Stark, 1982) EHFRENL A& stod] Homann, 1969;Park and
Kwon, 1986; Shioi er al., 178b;Vierke and Struckmeier, 1977) T-2| 2] A&l ¥-2] 2l =3l 7| <]
el A= o] A YA eth Vierke Struckmeier(1977)-2 Cu?* 7} thylakoid®] 7%l #
#FE doA AR ES AN F ek e, o]’ Cutel HEEFAL Cur'AE
T RREAES H T A9 Z2 51 (Cedeno-Malonado ef al., 1972) Cut*+= K572 BEBFEES
# B ohvzl AL ukwl Al Bsta) & abe) &2 (Samuelsson and Oquist, 1980) FEES BEELE

AF & EE FRAEEad T (1987)2 Qe A%
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ke = 91 © v (Sandman and Boger, 1980) o]l ojal 459 4t 3k el A#l 7 et
o ek dhgleh. Shioi%(1978 ab)-& Cu#] KRl it Ashrsle REHL
DPC(Diphenylcarbazide) B TF-HEEMS Atolell EAM 3P KR [l A= Tl 7t ferredoxin? 2
ghe 2.4 ferredoxinoll 4 NADP* 22| BETHERKE =t shvha A2 sk et el o)A
74=) 2] EEol 4= HO—DCIP(2, 6~ dichlorophenolindophenol ) [K sl ol 3t Cu?*e] o 3F&-
ZAE R ol A g Curel AFEHKR HEBVWE ZAEIE-E & XRTEES vebd
£ H0—DCIPF3-3}+ H:O—SiMo(Silicomolybdate)dh-8-8 FAloll &4 vl w3t B ¢iet
R AR A= Bl g vl S EHEA A ) BETEEEE 5 BR1EKE] 571 8= HO—~
DCIPKEs} H.O—~SiMo el o3k Cur*9] A8 &=b-& vl Zalx Curtoll 2|3k 24 Al &l
of 3k ks o pHe o 3Fg A4Sk Cuttell &8 Al 7F F wbgell A oh2A] vEbdE &gl

24 ok
HE Y EE

sEgmml. Bl A A7 o3 (Brassica campestris L.ov.A8) % 8] 4 53§ Kuwabara 9+
Murata(1982)8] 52 Bt fhistdd ot W F o 30~50 grd T 2& Eofl Al A st AA
3 S5l g FF E A de] 100 mM Sucrose, 200 mM NaCle F4l= 25 mM
Tricine-NaOH(pH 7.4) k%&£ 90~100 mlet Al 71027t 3 ek. o] nhs & 167 2
AZZ o 3g F delzl e 3,000 X goll 537 A B sled Al yym AAE
2 oAl 22 shgofol] gehsle] 500 X goll A 147k 4R 5k A2k -g A A 4
Al G 3,000 x4 58z fAdReistgel. o] HAEL ohs] HSN(300 mM Sucrose,
10mM NaCl, 0.05 % BSA, 50 mM HEPES-NaOH)$-388 (pH 7.6)] et A EiFR
HE 557 mlE 1.5~2. 0mgH 5§ 235k o] AT E 4o A SHEEBARE 5
et 99 £ @R 0~4°Colld Agage

CuSORTE. 2.5ml] HSNSHZ-&4o] BEFREE] 190 ug® =5 3 % 4 FFE9 CuSOs
Gl & Arbated oF5,000lux] ¥F-5Y 5l 2087k AR & F4A BFHRER EREEA
Agstgeh BRI, BRI, KR+ TEEEMEN AT Cod) RS T 43
(Table 1)ell A CuSO.} FeCy(K-ferricyanide) 7t 7o) 318 79 Fme] A giabe] Qojyk
i, Cur*ol] &5l Ascorbater| Bt o EAFER 7T Hoi vt B 2 (Weissberger and Lu valle,
1944)8-8-8-o0 i &] Cuz* % A A 8l7] 938t CuSOE & 2|3k F 5 sloll 2087k wh=] 3t 4|
22 gl st AA417 & 200 uMS EDTAZ EE Avt £35 % $4-2 300 mM Suc-
rosefel 0.2 vh4] glekalw 4Rl slg ek oleb2 Al A AR 2y A¥E £ AAES
HSN$HFE o] #ehilA BFEEEENES ANE AHEstgeh

TFNEEERT. SEERE BFEEEMEL Clak® 4 O.EM(YSI 53 Oxygen moni-
tor, U.S.A. )3 A3l BAFBAER T BERKES2H4 HEG L KESYE 2.5ml
o] HSN&HERW (pH7.6)ol 190 pg] FEFEFREo] XA A KFKI+1T F4L 2
4 mM FeCy ¥ uncoupler24] 12mM NH.ClE A7HE & 448 BFES o o® 5339
I KFHRTE 242 0.2 mM Simos A7+ste Lt A48 o 54354 0. 3mM DCIP
£ A7lske 2t BRY ez 2R KRI1S 4L BEREY 1.24xM
DCMU, 0. 1mM NaN;, BEFS8788 24 0.05 mM MV(Methylviologen), ETHBEZ4 0.
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|,|

3 mM DCIP2} 10 mM ascorbate s # 71ke] -5 & BR o= 23140k 92 BE:
tungsten lamp(100V, 300W, Koken Co., Japan)9] ¥-& C—43 %E% &l (Kenko Co., Japan)
21 em® E& B39 F oF 34,000 lux7t FA S L 25°Cell 4 2RI, AHL 38
fe LARgell T8k

EGFER FEHEFEFELS Amon(1949)2) whdol alghel. 20 .19 L elae
80 % acetoned-Y 3} E 3] of 347 F 645 nme} 663 nmoll A T FEN ] FHEE A4
o} (Shimadzu UV—240, Japan) EHREES 4E4ch

— g

R Y EE

2| g o LT 200 M2 CuSOE A 7Fska 2087 RBHE 5 T t)1] o] & 4] H 5o
BEFEEEES ZAT 23 KR DA HO—~SIMO2] 7%= & 49%, H.O—+DCIPY 2%
< 2 57%2 ANE Vel g o ¥R I (DCIP. Asc—MV) 4] 4= ok 13% Sobals A3k
2 25 =H(Table 1). CuSOAE F AU E 1 HEFER7 velbs AL Cutr}

Table 1. Effect of cupric sulfate on the photosynthetic electron transport activity

O: evolution or uptake( zmol O»mg chl - hr)

Treatment" H:0—FeCy+NH(CI H:0-SiMo  H:O»DCIP  DCIP.Asc.~+MV
PS T+1 PS I PsS II Ps I
None —EDTA 167.01+23,18 61.28+3.46 73.9716.22 233.83% 8.04
+EDTA 173. 091+ 28. 34 69.31%£6.15 72.671L7.39 272.11425,91
200 4 M —EDTA 81.411+14,17 30.9145.24 31.65+4.60 264, 14% 6.23
CuS0s4
+EDTA 87.10x17.69 31.94+6,95 39.20+3.42 312.22£10.42

* The chloroplast suspension was illuminated for 20 min under each treatment and then washed twice with
0.3M sucrose solution in the presence or absence of 200 M EDTA.

thlakoid®ll 2 §3}¢ (Cedeno-Maldonado et al., 1972;Uribe and Stark, 1982)u}ehg <= ¢l 77 3
Allel] o8 CuSO:2 Cur*ZE7 velubx] et =22 MVell tlgk A=l Z el 7l 3A [ 9] 5
Z BFXERY 28 A Shiois (1978 a;b)o] %/‘f}ﬁ& alebke] FR Iofl W3t Cur* o] HEL
fir7} ferredoxinll $171#)Eell DCIP. Asc+MVib-g-0| kg 9bx]¢k-27 2t} Thylakoidol]

L&Al A Curt g A AEI 918 Al H A EDTAE A 713 A Sl £ Fulo] 2o 9%}

A 8] 5ol F HErt gEA 0T Hol Trle]-20] ferredoxin® —SHEE] 2 &sl=A =2
(Friedman, 1973;Orme-Johnson, 1973) %% M2 ¢ vl o] —sH7 o 7l Ags 7t
4 (Vierke and Struckmeier, 1977)% 9 etz & 4 glzlch o) S}7-e CuSO.S] E 77t T o
el 71el3ke A= E Falabrl 9 ste] 6X107°8 CuSO., CuCl, CuCNQ:):E 72 2] st
o KRl A Eahs 248 At A 7kl b&%0) 5402 HO—DCIPEHE-S k2%
Aol 8H T HoO—~SiMo W& &F 12—15% A sl st oh(kFaLa). o] A5 A3} 4] el
“ 2k H.O—SiModt--oll gt a7t &3] 7Zede ngch

A 7kA FEL] Tulo) &g HiFMl 22 she) 2085k KRHI T S 7 24

e

FA}
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Fig. 1. Inhibitory effect of cupric sulfate on the pho- Fig- 2. Time course of photosynthctic O2 evolution
tosynthetic Oz evolution at various concentr- activity during the incubation with 60 M
ations. The O2 evolution was measured after cupric sulfate; ®—® (H20 — SiMo) and

BN :0~+DCIP), in dark; O—O(H:0
—+$iMo) and [1—{J(H20—+DCIP), in light
at 25 C.

20 finutes incubation,

392 ; KR Mol B3t Mg Felo] &4 FEFrld] salstd AR S7ksbad ok (Fig. 1),
200 p M8 CuSOE Helstd < of o 715% 9 AE Lo %2 FEA 4= HO—~DCIP
Ko HO—SiMoZ A vl sle] o] & 231 & 9haS & F glgleh ol 9jzhg 5 kgl o
g A &2 ZM v Cwt s X EEEE A2 S 24T A4 E ] E Aole He
J EYg AL & 5 2 3icH(Table 1).

Cuztell €3F ¥EMEES AE CutAlel & KBRS H$3E A%
Maldonado ef al., 1972). & A& % KR M FEEAEHA X T & B o
23} = YRS 3T cwre] A oS ZApet ek 2 A l—Cu”?ﬂ 3 FEpEoll A vk
251 L A Al 7o) A del] whal bkl sl 7h FbE o] 25% "ro'ﬂ 2 531 ok 20%
HEe A E ugtou KT WAl dtg2 7% Curell 28t A8 Azlrt 4 o] ) el wat
4] Z7letd H.O—DCIPFEE A= 52% A8 2a& Ve ¢ 2 HO—SiMoR el A =
k5% AT A8l % vVebdgleh(Fig. 2). Cur™S FEFHE Helsle] KTl whalghe 24
2215 As) Lrt o] & ohA) Bl WA A A€ Z4o] F 57 £ Y=xE A5
$obe) BT D BEsgel wWAlele Al 7HE 2l gt Al §¢ AR A5k gk el o 5l
5 729 AL A BE ohA] BEEel WAl s E stE AR SEE R gtk (Table
2). & 7k7kx] pHAAl A HF% NSt olofl sl Feleol-2) Ao L3 £4HE 23 HO—~
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Table 2. Photosynthetic Q2 evolution activity after incubation with cupric aulfate at various light/dark

time condition

Conditions H:0—+DCIP % HoO—+8iMo %
None - no incubation 52.27* - 61.78* -
None 20D/0L* 51.29 100 61. 80 100
20L/OD 47.18 92 58.50 94. 62
60uM CuSQOa 20D/0OL 35.65 69. 50 58. 86 95. 20
20L/0OD 20.00 39.00 43.54 70.42
5L/15D 26.68 52.00 4458 72.11
15D/5L 24,05 46.90 44 57 72.10
10D/10L 21.84 42. 60 44,17 76.30
10L/10D 22.15 43.20 45,60 73.80

* Unit; gmol O2/mg chlhr

** L or D means the incubation time(min)under the different light (L) or dark (D) conditions respectively.
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I, Bazzaz® Govindjee(1974)% DCIPETLRES ol 3k Pb*r 2] A& 2Fgo] pH 7.8 A= =
] e v} pH 6. 5ol A= A s abdo] vehxlgfg ¥ ohlzl TEEL] PbAsHA] 23]
7 Ao —7}:;}4; 213l et Dilley®l Rothstein(1967)-& Mn™, Zn**, Cu?*, Co™, Ni**
5 ofF okl &% THEO MET A4S BEKATO A ehit B S50 22
E 37} \J-E]-l;l-D]-J_ 3+ Murrakami®} Packer(1970)% EeM:MEM:0) 1t KTl A thylakoid®
gZo] Dol st Vierke®t Struckmeier(1977)2 Cut7 ol Feol] Agsla o 2
Qo] thylakoid®] #EERYEMEZL Aol de =4 BT EEMEN] Atz Y ustgrl. 22l
vl & A AxF Be Cottell K BETHEBEREET delio] =9 #iER #bList
o o] fEMel kel A Vield TREHE b skl el o vkl delRo) =9 #Eibay BL
o] ¥5led Murakami®l Packer(1970)& BEEBEHE KT A F50] dojuba o 74 st
T A siike] delrtelm d1glEdl, Cu7) olelgt Heldo]me] +584g dosn
(Dilley and Rothstein, 1967) o] 2o} BEER = BRI =t ateled & Foel 4 gzliol=
o] &l Ate] viepd o ol TR A el Ado) vehd 5+ d&= A7 A BN A Cutd
REFEA A vehis BE 2 REASH] o177 wlEojrh
=2 A A KR Z4E debl= 7 ubgod A E A vlas) 2o, 2E 273}
ol 4 H:O—DCIPRE3-ll 43k Cu*"e] =3 Eslrt HuO—SiMoKfEoll ¥l 8led ZA] viebibe
(Tablels 1,2; Figs. 1,2,3,4) o]2b2& Asl Curte] o]v] A 1371752 A=A g 5
A A A Az ofwd ohE 71 3E F3le As) £33 Vel A5AE Al gebal 4
g 4 0171101,]_ HAe dgulo v wlAA) S Fgloma oo ] v] B T A
shoba Aksgheh

] =

SEEst 3 R G E RESSE W viehe RARETHEERY BiAdLdE 24619
of. CurtAElel Yste] FA I (H0—DCIP, H0—SiMo)EtEe] Asi=lgln, 34 I (DCIP. Ase.—
MV)EHEL o7t S = goh Coutte] Axlad gA| el fdt A A3k BT 2 A7l 424 FellA &
Al Webgow, ol ga $213 A A BEEREA 95t 3 Ys]x) orekel BA 245 Jeh = 2
7} 4b-8-% H:0—DCIPYF-S-¢] H.0—+SiModk3¢l] vldll o £ Asi & kel ol Cu?t7t FA 9 &
el 7] Ty A g e ool o) ot A P E AT SeAlS vepdichn & 4 ol
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