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ABSTRACT

The formation of chlorophyll-protein complexes (CP-complexes) during the greening
of rape cotyledons (Brassica napus cv. Yongdang) was investigated by the SDS-poly-
acrylamide gel electrophoresis. The total chlorophyll content and Chl a/b ratio were also
determined. In addition, the effccts of dark treament on the CP-complex patterns during
greening have been examined with respect 10 their photosynthetic electron tramsport
activity. Greening has brought about the increase in total chlorophyll content and the
decrease in Chl a/b ratio, but there have been no changes in Chl a/b ratio after 24
hrs of greening. The light-harvesting chlorophyil a/b-protein complex (LHCP-complex)
was predominant during the Initial greening period. Thereafter, the amount of chloro-
phyll a-protein complex (CP I-complex) was gradually increased. Twenty-four-hr dark
treatment immediately after illumination for 6 hrs and 12 hrs resulted in the increase
of the Chl a/b ratio and the CP I complex, otherwise the decrease of the LHCP-complex.

The LHCP/CP I ratio was gradually decrcascd with further greening, and appeared no
change after 48 hrs illumination. The investigation of the photosynthetic electron trans-
port activity indicated that photosystem (PS) II activity (H;O——p—PD*FeCy#¥)
did not change, but the activity of PS [ was increased suddenly due to the dark treat-
ment. The data suggests that the increase of CP I-complex may result in that of P-
700, that is, the increase of P5 I activity.

& CP-complex of o4l ©-& =] 4o] SDS-PAGE & FiH& dox z 9l o, chlorophyll

RPHE 19824E80 LT BIEM7E DRG] FTHELeE o) Felxl A4,
* : p-PD; p-Phenylencdiamine
** : FeCy; polassium ferricyanide
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9] 3 CP-complex J)&e] 3 @& ¥ x7t 2l (Tanaka and Tsuji, 1982 ; Hiller and
Goodchild, 1981 ; Apel and Kloppstech, 1980). #%3 LHCP 2 3} Chl b & Ao =
AzEo] gitixz <3 ¢l vl (Lichtenthaler et al, 1981). &3 cucumber #od & o] &2
S ‘%Oﬂ Al greening A e AEES chlorophyll & (49} seedling o] gHA
gl 2 9l 3 CP-complex 59| {7} B .5 9 o (Tanaka and Tsuji, 1981, 1982, 1983). a8}
Argyroudi-Akoyunoglou ef al. (1982) & greening =7]¢] 3 2& Fddo] 23 Chl bg] 7+
&7b dejutr] ok A LHCP o4 72tag & ®9iw, LA chlorophyll-protein a (CPa)
complex eF 42K dalton polypeptide 7} HEpnst= A 22 PST unity} MEY S =wstg
vz A4 EL Chl agt bE A4 aRE £ 9=z, =g 4A)4 LHCP g}
CP1& =4 YR (Tanaka and Tsuji, 1982). 3% K-S 955 we .
Chl a/b ¥l g-& Zr&= #WipEiES] CP-complex o A zArsl vl glv}(Genge ef al., 1974).
Dlke 235 Ch I b7t LHCP g4 Doz H A4 FoA= LHCP = Chl b 43
ol dAAA H9E ¢ g2E vebdnh. G 5A A uhdE = 24 F CP-complex 84
Z olsf8t7] 95t A = greening Aol o9zt REFEY CP-complex & #FHarde] I g
shetan Shlvh. &2 Rifhidpel 499 greening At CP-complex & HAHE 2 w
3 kg vh(Park ef al., 1982).

= Eine nrf‘ﬂ A& FIfAste] greening o] Yo o] whet i#sti= CP-complex 5 33k

I o] Ee A 2 ETEE SRS Sk E 2ASte @ greening A F9
Ae 2 Qg ] o] W aloka e 44-%5|}0i"ﬂ greening z7]¢] 2a3 9h2A e QX o)
HAA L ol&f sty sty =, 4FA LFA Z9AE CP-complex 5o o4& Fhsl= S5
A o

e B A%

P SHIERE (FhRARge 2 5 L 43T (Brassica napus cv. Yongdang)
& Hoagland &9l A 54zt A 3te] 7| & wbg, vl = Hhlidfyg 25°Cell 4 750 ft-c 2
Fgl3te] creening 471 & EEEHRE @A e A1$s ethylenediaminetetra-
acetic acid (EDTA), NH.CI, ascorbate 4¢& E. Merckjil A Fo|9lon, =z #2] gL
Sigma 7l A F& A&

s=uak Aut 0l CP-complex g, Greening o] 2t 3 §41 88 Qo)A Lee et al. (1983)
o Fikol vhel AEAS HEEste] JUMER FiE HE }%01"54 Sk AR E 24
o A 50 mM Tricine-KOH &2 (pH7.9) Iml 2 A&E=E 7] 3£, 1,300 2 1045H 4

A A A pellet-& SDS; Chle] 10~40:1¢] =A 0.0625 M Trls-HCl gt (pHG6.8, 1%
SDS 3o oA #HEAA 1,300 g4 3058 44 Qg G, A d (CP-complex

FE£5)% 0.0620M Tris-HCL gh2-al (pH 6.8, 10% glycerol, 5% mercaptoethanol 4l 2%
SDS z8h)e] Aad A3t BERAE ABE A v

EEE ®H. Laemmli(1970) FEg wdste] SDS-PAGE & fhisteet. Geld =42
separation gel 2] %% 0.375M Tris-HCI(pH 8. 8) &%&9llo] 10% acrylamide, acrylamide: N,
N’-methylene-bis-acrylamide 3= 37.5: 1(W/W), 0.1% SDS, 0.025% N,N, N, N’-tetrame-
thylethylenediamine (TEMED) (V/V), 0.025% ammonium persulfate 7} =7 &9 5, stac-
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king 36‘14 A% 0.125°M Tris-HCL(pH 6.8) @5 dd| 4% acrylamide & A}-&3t5 = sl
I~ 249 e, Gel o] 7o) = separation gel -2 5cm 2 stz 20| stacking gel -9: icm
= A 0}912‘34, AZz dEAe 0.025M Triset 0.192M glycine(pH 8.3)e] 0.1% SDS
E sty el W79 EL stacking gel & 1mA/tube 2 separation gel & 3mA /tube 2
6°Coll A 9008 AAsgrt. Gelake] CP-complex®] 42 gel scanner(Gilford 250
spectrophotometer) 2 675nm o] A A A8} ov], ChlH7iE 279 ake] 650 nmoj 4 <
] scanning 8} e, Gel f39] Z band 8] &<+ specirum & 3] Shimadzu UV-360 spectro-
photometer 2 400~700 nm 7}=] scanning 5}5] o},

RALBEMY R, SHEY ke Y9l ez Lee of al. (1983)8] ko] ¢ sbed Clark-type
electrode & O, W3tekg &7 349 o}

BRE AE. 954 L2 Harbone (1973) ike] whe} HlwEsig 2, Chl a/b vl $o] Z2
7 Foll & (ratio>>6) Ogawa and Shibata(1965) Jjgkel wha} 666 nm of 4] Beckman model 24
spectrophotometer 2 {fil5z sl of.

wR 2 EE

Greening off ut2 Chl 8 #. H¥3ls] 44 Ad L Yoo &AL =, chlorophyll
o &8 Bt 3 2ol W2 Chl a/b JhzZ8g zalelgich(Table 1). Chla g be) Saro
greening =[] 7tol] ube} Fala o Wpnsig ew Chl a/b u] 2o Az o2 Fraslyg o)
ol X2 o8 29 greeningi§ o]} Chlst ¥ Chl a/b u 23t §ALgE FAle ol
h(Lee ef al, 1983), Chl a/b 5] $9] 4% Bel= 8 A7 ok 3:1¢] ¥ 22 Sxat &
A AGe A 10642 A9 e ¢ 4 gk BT greening A7 F 24 A7 FHAT
4 H:flidrel == Chl#e =7 gM oo, 453] Chl ad 1014 Chl bgl Zrazl a3
Chl a/b v o] Jeld o2 Zopxi Aoz Jeyel(Table 1). o 9}2 & HHES greening

Table 1. Chlorophyll content and Chl a/b ratio before or after dark incubation of the illuminated

cotyledons. Etiolated rape seedlings were exposed to continuous light (CL). Subsequ-

ently, seedlings were incubated for 24hr in the dark(CLD). Each value represents
the mean of three samples

Greening Total Chl a Chl b Chl a/b  Chl a/TC Chl b/TC
time (hr) ChI(TC) (ng/g. fr. wt) ratio (%)
6CL 53.7 43.8 9.9 4.4 8l.6 18.4
6CLD 38.2 35.3 2.9 12.1 92. 4 7.6
12CL 134.2 105.8 28. 4 3.7 78.8 21.2
12CLD 72.6 58.8 13.8 4.3 81.0 19.0
18CL 289.6 226.6 63.0 3.6 78.2 21.8
18CLD 146. 4 117.2 29,2 4.0 80.1 19.9
24CL 512.0 382.0 129.8 2.9 74.6 25.4
24CLD 327.2 248.8 78. 4 3.2 76.0 24.0
48CL 649. 8 479. 2 170. 6 2.8 73.7 26.3
48CLD 446. 4 331.4 115.0 2.9 3 25.7

P (Bhr~12hr)ol 4] YA stg 0w 481 greening(554:8] A S8t Ad 2 713)9 7 %o
© Aol = £5tm Chl ash b #HLMS o9& #ikE 2T 4 gk Chl 2o

#h
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st AL ARAAEY - AN A Chle] FRAA H= o)
71e1@ Aol®, Chl be] FAF 4= <13 Chla/b Tk Aze dAd F92
Chl be =37+ Chl a ¥} /}_-*—b] o1} Chlb o] F2738] %
Akoyunoglou et al., (1982)8] B 7.8} —3l= Ao g HFeloh,

CP-complex 2| H7|HE pattern. Fig.1 & 7 CP band 58] &< spectrum £ &}yl A o]
th, Z#Ed CP-complex & pattern & =7 LI§78] 18] ¥ = (Anderson ef ol 1978 ; Markwell
et al., 1978)5 7 —F= v} CP] complex ] 7§
1 (PS1)¢] reaction center complex 2 <= (Thornber, 1975) Chlorophyll a-protein
complex & &Ik dA g =3 CPI =&

LHCP 24+ PSI PSId A9 light
harvesting 7] & zr: complex 2 3 37 (Anderson et al.,

b% 3 FHEE JoEE band s FEITRE
£ ey o ¥ peak & Ay e
well ef al., 1978). A7 T

_;

676nm of A FH=-f & ¥ photosystem

ri o

I ﬂ

L

1978 ; Thornber, 1975)= =} Chl
670nm #fef 652nm of A e Bhte] peak
LHCP 2] =3« el ®oko]c}(Park ef ol., 1982 ; Mark-
A el CP-complex & <42 675nm & 650nm of A
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Fig. 1. Absorption spectra of CP-complexes separated Fig. 2. Densitometer tracings of CP-com-
by SDS-PAGE from rape cotyledon. plexes at 650nm and 675nm.

77+ scanning ¥}9 vr (Fig.2). ©]& 7 peakd Chl b gze] AT LotE 7} lom,
Chle] 4% 248 $ 9=t FA9 &5 spectrum(Fig. 1)l o} 7Ee] Chl bel o3 4
& ko] LHCP 7} CP] 7 free chlorophyll(FC) band of v]&] =S8 2 5+ v LIl
9] ¥ 3= (Anderson et al., 1978 ; Argyroudi-Akoyunoglou and Castorinis, 1980) ¢l ‘31 s
LHCP ¢ %% Chl a/b7} 1.0~1.5

2 CP1S A% A9 7.0 ol AE
o] 7% LHCP ] ¥4

AxZ AL Chl a8k b v <8 &g el Ho
1}eElY 675nm ol 4 Rolwl peak 7b CI-"' I o] FC band
Fejo] Y& peak & vepd g 4  girh
Greening T}EO| w}S pattern @{k. ] seedling 9] greening A z}el o}
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Fig. 3. Densitometer tracings (675nm) of CP-complexes isolated by SDS-PAGE. Five-
day-old etiolated seedlings were illuminated for 6hr (6CL), 12hr (12CL), 24hbr
(24CL) or 48hr (48CL). After illumination, seedlings were placed in the dark
for 24hr (6CLD, 12CLD, 24CLD or 48CLD).

HalokAg SDS-PAGE Jie g ket 3, o] & 675nm o] 4 scanning 8 &ZEE = Fig.31}
7tk CP I3 LHCP-complex 5 band E¥ greening =Heo]7ke] wlel AAA ez 271ty
o 3] greening Z7|o| main peak ¢l LHCP(Tanaka and Tsuji, 1983)7} greening 6 A
7k R 12 A7k A] CP T 5 8] 25te] £ o] 2ot &2 £5 peak T vpebigleh, §4 greening
gAEE FA =] g seedling & AR of A] CP-complet pattern% FARF A A | ¢
el o8k B 4 99 (Fig.3). Tradescantiac 42 FEste] <rx=z]4 CPI= CPI <
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) Chlash bs] A &Aq &le] Lelrbn od 99 BSole CPLeo] 7173 total
chlorophyll of )& ekZv)r) dojrto] B e glvh(Adamson ef al., 1980). E& o] =

38 FALANAE BF chloophyll ) A28 e Lol G B CPIY oL
Qeigo] 2= 9o (Tanaka and Tsuji, 1983). & 4#2) 3% %3 499 greening w7

W2 24 A7k A 2 greening 27 fis] CPI—~1 F717F dejvtz Ak LHCP
o ootk Aol —@es AAAETE dAeA chlorophyll & FAsA i Ao
2 g 48 6} Fig. 39 &%= Tanaka and Tsuji(1983)8] Z 3ol A BEo] b ol 4
A =2 chlorophyll &) &8 dejitx] ez CPI 9 chlorophyll & o2 halale] 2 3hs)
%7 chlorophyll 2. $8 Hold & FABH, =@ Mol LHCPS) @7 doldez »
o} LHCP apoprotein @ 2 28] @do]x} & Chl az} CP] apoproteino] &4

o7 AEslch g greening o] AE o] HY A= Ao o] == (48 4 7} greening)
GANAE AS) FFA AHT w0l FAG(Figs). oAT FEL e 45T 4
2 o EH v lﬂ“"-_ﬁ] 7] Aol = thylakoid membrane o] 2] CP-complex £2] —&f7} obF &

Mk

T _h‘
¥
ol

A Az gA =T olwfe] gzzle A Chl brp sz o] sbe} Chl br} chak
4Fxlo] 9= LHCP 9.4 Zbirl o 1Lr}b]—(AI‘gyroudi-Akoyunoglou et al., 1982 ; Tanaka
and Tsuji, 1983), 4t 4 A7 &3] w2y F24 75z LEH A o &

™, ofrtE ® & chlorophylie] qtAsl= o] 44 =E9 apoprotein & 2 F-8 meojxx] &
& Aoz AH o Hrh, z#lv}; apoprotein #ifre] =# - Aal=e] Chl be] =7 &
s AlelA] me (aERe] gl o]o] A EAch dejA HE AdAE £E T
glr}h. CP-complex 2] ¢tAe] 2 o3l o)}k e el Wales Table 14 Chl k= [y
e & o G4 LA" e Hof gy Aoz ofAA. =g LHCP 9} grana stac-
king = =L 3 A 7 glo] LHCE 7} grana lamellae & 4] 2 holding ¢} adhesive force
B2A {EFE Aozt Alch¥l 9l m(Argyroudi-Akoyunoglou ef al., 1982), Arntzen(1978)2
grana stacking 9] g < & =3 gle] LHCP 7} stacking processo <eolg ot
AR AT vk AUk, 2B 2= greening 27]9 o] ehzh-& Hiy7} thylakoid 7} o}2] grana
lamellae 725 5£23] 253 X&) REET Aol Lol gl dejrle Aoz Az
H .

CP-complex 2| Chl ¢4#. CP-complex 52] Chl o] w2 Fifirz Table 20]4 2 wlsl
7zto] LHCP 7} main band -& w e} Fx CP[ complex &) Chl 2& greening = o] zhof] v}
g FAS Er719e 2o &), g3 ¢A S 2 918 CPI ¥ LHCP complex o] Chl ske]
= greening Z7]< CPIB] #2435 Minel LHCP 9 #d Blége Hg=d o= Fig. 3
st = A3teltt. o] LHCP/CPT ¥ €2 & w greening z7]9 HIlrt A< A9
of ®l&] =3l OO}%% 1912 o 4 glof. FCe #-¢ CP-complex 2 5-8] Chlo] A& 5
o] ARA ez AZTHA JAHel Rz glon], A3 thylakoid membrane of 4 total Chl
2] 25~50% A= A gt (Anderson ef al., 1978). =& ¥ F Chl.L CP-complex &4
Fosbe SDS 42] detergent 2 4] thylakoid membrane ©.2 £ 8 24 ¥ =, free B deter-
gent-complexed chlorophyll o] A:@xl vtz v 7= 9 vh(Markwell ef al,, 1979). £ A& 3
74 FC-complex & Chl 5347} 40~70%2 =& &A% 292 CP-complex 7} £<b7%k
Aejolz Add o2 SDSA & ko] Fe Aol VdE Aoz AAsoqeh o]2ld AR

LE, rd'l‘.l
1
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Table 2. Distribution of chlorophyll among the CP-complexes of 5DS-solubilized thylakoids,
obtained from eticlated rape cotyledons exposed to continuous light(CL) and then
transferred to darkness(CLD)

Greening Distribution of chl. (%) LHCP/CP 1
time (hr) CPIL LHCP FC LHCP+FC ratio
6CL 1.3 11.5 70.5 82.1 8.85
6CLD 9.8 9.8 60. 8 70.6 1.00
12CL 9.4 20.5 55.5 76.0 2.18
12CLD 13.5 15.2 54.1 69.3 1.13
24CL 9.6 30.8 50.6 81.4 3.21
24CLD 14.5 26.8 49.3 76.1 1.85
48CL 16. 8 24.8 43.6 68.3 1.48
48CLD 19.4 25.2 39.8 65.0 1.30

Table 2 o] Al ¥.5-0] greeninge] A% 7 =]oj7te] W} FC-complex ] Chl 575zt A

Zolzt A o2 mol greening o] & CP-complex 7} Br} EqtA d& Ftlste =
F AT

BT fEE ii%’lﬁﬁE"l g, 0sle 34 A9 4 greening AVIFIR PST. PST & P5
1+ 19 jEMsgs Table 33} zvh. Lee ef al.,(1983) Mz seedling o of &) whadt
A% ETUE MBS 983 B2 o, greening 4 A%olA peak & BPow 2 ol F
8 47k FAE 2o wgx, Chl a/b v]& A greening 847k LI 3:19 2
g g8 & ERIA FAAGS A%E 2447k o] Folok Chl a/b ¥ o] A9 —
A 2 # = (Table 1), BFUEME o4 1247 ol Fdeok AxAq Age tehle
Ao= wob S BRAA0l 2ol e AT ASE AR £Y Kb A
o ARAA L A5 A s e obge FWEG cH(Table 3). A= seedling 9] ©]
4 CP1-complexs Mipnet LHCP complex 8] jf4r& P-700/Chl v] & 2 # A=Ay
Zab beldt G5B CP I -complex ) 9bX =] & <13 &7Fe} P-700/Chl ¥ &2 &7 9 PSI
iEtee) Zrhst A R ou)d Ete] X3 gl v (Argyroudi-Akoyunoglou et al., 1982 ; Tanaka
and Tsuji, 1983). & {Ee B5dA= B2 ot CP[ -complexs] Hrpel 4] =3
o greening il PS1 il F71E & # g ch(Table 3). =&y Pl 48 &
Az Estn ofFd KEE X @%edl ole WY FiEel H.O—p—-FD-+

o

o

Table 3. Electron transport activities of the isolated chloroplast of the illuminated seedlings
exposed 10 continuous light(CL) and then transferred to darkness(CLD). The activity
was measured as O, evolution (PS Il and PS II+D) or uptake (PS I) at a light
intensity of 600W /m?

Greening PS II _ PS I PS II+1
time (hr) increased increased increased
CL. CLD rate(%) CL CLD rate(%) Cl.  CLD rate(2)
pmole Op/mg chlhr
6 186.6 196. 4 5.8 522.2 727.5 39.3 211.6 250.0 18.1
12 111.3 111.2 — 262.5 454. 9 73.3 107.1 152.2 42.1
24 111.6 102.6 — 242.2 243.6 0.6 106.3 107.5 1.1
48 119.7 112.7 - 182.4 180.8 - 119.7 116.6 -
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FeCy @4 &40l m g oo = water splitting enzyme o] SEE ¥, o] BFY 2% U
o4 F=d 3 EiE4E 7] @ S (noue ef al., 1974)% Ao 2 Ak o7& AFAE HO
— DCPIP**= PS| 4.2 e 2x (Argyroudi-Akoyunoglou ef al., 1982)8} —F3t
9. @ PST+1 iGHe PSI SfHoi: gsh} ga 27488 39e d, o PS]
BAY E=o Zrld| AelstA] gt AT 5 olzlvh
B el 4E8e "ol f3 Aol greening 2 e wlE vha X Hu} Chl S35 %o
CP-complex 5] Hind-& < + sion], A AAd 252 greening 'fﬂﬂﬂ@/ Zh) el
T iGe Fela =2 L A o ‘ 5 o
1 Q

[rs)

o g FEL HA %L & = 9. = greening 27

= LHCP 7} main complex 91 & viehllgl =, #35) obx gl 5 Q8 LHCP-complex 8] Zh4-

8} CP -complex ] &71& B 4 9/gch o] LHCP cross-linking ¢| grana stacking ¢

ik eqlol e} A zhd (Arnzen, 1978)¢] whel greening 7o & o}F 4273 stacking o] ]

FolA =] gre- ihylakoul membrane ol 4] LHCP 7} PST unit 9} r&e4A Aoz, A<

EiEg AHE JolEe]l =52 apoprotein o] &= & chlorophylle] £7] Heixd
o

F 9lLo] 7]elE Aelrh

e =

4 499 greeningd] =& CP-complex & iF{2 SDS-PAGE ] {ks §H%:slx Chl&fi ¢ Chl
a/b ¥ &g A AEIAT. =8 greening Fo] iFA =l st CP-complex of @Al 0}% # =z
#hgl om] o] B2l wWelT BIEMECS WEkET A}, Greeninge] #tF= =gl Chle % 9
o] Chl a/b s €2 #AHe] 2447 g g3 23 &7 9 CP-complex & LHCP 7} main
complex o) g o= CP [ -complex 8 ifrns} greeningo] o] =hel o] FelZct. =l 647k 8 124
7 JEEEHE 34 24 A7 BREE QT g@ke FHel tedes] Chl a/b #[ge Trtrh o Folxl
ow [Ee] CPI-complex s FZa Zrle} LHCP-complex 8] x4zl vheluicl. =3 ofd =&
LHCP/CP1 W& <4 CPI9 Igjnst LHCP S 2 s §44 243 £ ¢ g5t 284
grecning o] JIEfFH o zbell wielh olddq B A2 4o 48414 greenings{olE o] ol #
{b% el ghsrh. olek MAFete] MTMEEES 24T v, PST EiEe 42 dstd 4%
57 ]Fé' vehd g =, PST #EfE (H.0—p-— PD+PeCy)—~ vigks)y gelth. olg st A4z CPI—compIeX
o Ry pinE P-700 8 BvbE Mk olmelete] PST iE#S] Gt webd g AAE = 2.
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