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Analysis of Pigments and Thylakoid Membrane Proteins in
Photosystem I- Mutants from Synechocystis sp. PCC6803

Jeon, Eun Kyung and Nam-Kee Chang
Dept. of Biology Education, Seoul National University

ABSTRACT

Pigments and thylakoid membrane proteins were investigated in wild type and PS I~ mutants
from Synechocystis sp. PCC6803. Comparing morphological features, B2 was less fluorescent than
the other strains. The contents of chlorophyll a were propotional to the FNR activity in thylakoid
membrane., The FNR activity of mutants was lower than that of wild type. In the result of
pigments analysis, mutants had smaller cholophyll a than that of wild type. The major carotenoid
was found to be g-caroene, but zeaxanthin was barely detected in thylakoid membrane of mutants,

The polypeptide, 14.8kD was detected by electrophoresis in mutants. It was considered to be
the modification of 15.4kD in wild type. Membrane polypeptides of 17.6 and 19.7kD were not
detected in mutants. In the result of western blotting, subunit I was detected in all strains, but
subunit [I was barely detected in mutants. Subunit I was not detected in B2 at all.

In view of the results so far achieved, the changes of contents of chlorophyll and zeaxanthin
were affected by the defficiency or modification of functional domain in subunit I. Also the modi-
fication in subunit I affected the subunit [I- binding site in PS 1. As the result, efficiency of
photosynthesis was decreased.

Key words: Synechocystis sp. PCC6803, PS 1- mutant, Photosynthetic efficiency, Pigment,

Thylakoid membrane proteins, Subunit I, II.
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g o) g HFFol A= W78kl Fulol] oste] ATP7F §A4€Th

PSHe) tist A7 g3 Ay ik PSIT9 whe-Zale il thula o] Betao|
ok orie] vEE FAH S vt (Pakasi ef al., 1988; Philbrick e al., 1988), ©] & core pro-
tein cyanobacteria®} g2 &7k v]-¢ & FAM-E& etk A2 PS¢ 2= purple
bacteria®] Ao A zpMS] 8 H rH(Deisenhofer e al, 1985: Michel and Deisenhofer,
1988).

FHPS 12 9 o) gz Hof g BuscHSuhller, 1989). Core protein
complexE F71¢ 82-83kD2} subunit2 FAEo] glon w& §A3 ERS Vel gt}
ol B8 = d5L% stEEH ol =9 2 AAEY gL oln YA e subunitS ¥ 2
gt Aok et olof] & A F T2E A AT Fol o, B PSIo] fAH 7
Z2 Hof vk 48 A drh(Ford and Holzenburg, 1988; Witt e al., 1987).

FH A2l SAste Mae IA 4549 NHRE =S B 3t o] 2 YRS
A3t A ELe U FF8ke 7158 30, 53] 24 ak vreEAdA YouxE A
AR Z HEA 7= 23 715S 33,

Cyanobacteriadl A& G& 4 az} w854 *J,‘ii I 71%S Fsiy, 1529 gy
@22 b EA 542 @i=vh(Parson, 1982). 1
o A4aE ETFshe @844 xanthophyll2 %“*‘HD} 7+EE| 0] <
photooxidation& WA3tn PF2AH EA3 AUxE AATE Aoz F8Ad Utk
(Harms, 1987). p-carotene luteino]u} thE xanthophyllHths whSZA o)A oLz S A
st B g3 ojn, o9} FAISE BAE Y WA 2 A xanthophylle] Y29 fucoxanthin
R peridinin®] WA Agd) £ &S vebd T R ok (Rowan, 1989). W FE2] 2]
EolX& p-caroteneo] 7H¢ FH3 FLE2E|mol=8 &8t} Cyanobacteriad]A] PS I o] ¢
49 90%, 7t2Elx0]=29] 90%, phycocyanin®] 15%7} A& ttw B.15) 1 ¢ltH(Carr and
Whitton, 1982).

gl daE duds IFAEH) B FHOE V15e £ A2 449 2
31 e B4 vude LU e A7) o Rl U P Lo AP UnA=:
107e] i) WA Faid slov), shEl o) =ol AT i VAL 44 Aol

450 Bt Vainstein ef al., 1989; Bassi ef al., 1990).

ol Addud e Wil AHF FAZ AT Yt Romer ef al., 1990; Kotzabasis et
al., 1989). #= Chl b mutanto] A ¥ Aol ostdl B Maol vy ae] 43528
°] &9 macrodomains ] Fdol 4 &g v|X vt B s AcH(Garab, 1991).

B2 780 15 2EY M4 dwid E@A7t cyanobacteriast §-AFHS vheRITH
(Rusckowski, 1980). o]l A4 wuid R g T3ty 7| Ao F28 Yo =g
o AAH I ArHGuikema, 1983). A&} o}H = M At A B o) Ao o)t B A
AL gl

mheta 2 AP HPA B E cyanobacteriadl Symechocystis sp. PCC68038] PST & &2
BB A BE EAROIFE o] &stATh o1 E EdMelFE wild type2 blue-green color
o= tHE blue, green, orange, Yellow colorE Wi mutantEo] 4A =t olgs Axs
sl £ o, A 77 T2 AEEL] WilE B Mo FYEE St o 4
At PSTolME PSR Aao) Agstes Awrt Aavty S8A JLe udste, PSI
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o] 28435 % mutantsol| A FQ WAl FEALS FIRE| 0| EE BA 5o oo w2 gt
Ho] WEE vn A7sl¥th. 28 3 psaB gene productell 4] mutagenesis2 13k o} o] o
H7] &l olE subunit7} BelZolz oA Ao AstertE sty st
Western blotting ¥#-& o] £5}o subunit I, 19 238 o5 ZA}slg )

2 o =
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1. Strain

Synechocystis sp. PCC6803 wild type® PS I- mutant strian¢! B2, G1, G3, G4& A @A =
2 AEE9gd. PS I° mutants© Synechococcus sp. PCC 70029 psaB gene Afolol
chloramphenicol acetyl transferase(CAT) geneo] #4Y¥ #AAE catridge mutagenesis 2]
WA O 2 Synechocystis sp. PCC 68030 4+ 3te] 95 o]z straino| vH(Kim ef al., 1992).

2. 2t x=A

Az w2 Kratz 5 (1955) 2] 3 2} Jurgens 5(1985) 9 wlel 436t} Plate cul-
turex= BG-113 1.5% 9] agarAoll Al wjokstm, liquid cultures glucose 1.0~3.0%7F A 714
media Coll A vjFslit), Cell harvestinge ODip@l Zhe] 1.0 =Y o) =33t PS I- mu-
tant¥ 74l chloramphenicol(Cm) resistantd}= 2 #]x]o] Cm< 5mg /L A=7} §A4 A
7¥ste] wj st Aot

3. g2to| Ha

o] 2 Omata 5 (1983) 9] 3hH 3 Bullerjahn 5(1986) & bR -2 W& sle] S84t}
AEE £33 & 50mM Hepes /30mM CaCl, &=-8-9 (pH 7.5) .= A& 3} French press-
wreZ 33] AA st MEE A=), ofw o] oFal2 15,000 psielth 32,000gE 1417 B9 94
By st 89 A X E sucrose step gradientE &) 1 99| loading 3t t}. Step gradient
£ 7} ol &9l 80% sucrose 2mlE g3, I 9ol 60% sucrose 3ml, 50% sucrose 3ml, WY
o] 39% sucrose 2ml-& ol F0]EATH A EE loadingdF £ 130,000g 2 16417+ S AR
3t damo)lzwre B3t o] 50mM Hepes /30mM CaCl,® Al ¥ 3} 32,000g= 1413t

B9 YA EE 8t sucroseE A A

4. e E H
zt Age] ¥Ad L= hovine serum albumin(BSA)S I vmAZ o Lowry ©
(1951) ol we} Agpoll A &7 31 ok

5. elg}33 0| =9}9] FNR(ferredoxin-NADP reductase) 4 & =35}

Schwartz 5 (1966) 2} ¥ #} Allen(1974) &} i o2 2319t} 50mM Tris, 100uM pot-
assium ferricyanade reaction €% 8<% 2ml& spectrophotometere] W& 3 A8 50ulE ¥ &
th 20 yl NADPH+E #713F 3 Aol M 33t Ferricyanide @] extinction coefficient &

1.0(mM.cm)te]c},
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6. Thin-layer chromatography

A a8) 2L Omata 5 (1983) 2] W& o]838l4 95% acetone ¥ methanol 2 voltexing
iced| A9l incubationg 3W o] wrEs FEaUrh Mio RS 93 thinlayer
chromatography = Hager 5 (1966) 2 ®# 3} Bullerjahn $ (1986) € ¥ &8 3}] =859}
TLCE silica gel& 4%l Art 5n358 AMg3Hon, &mi& iscoctane : 2-propanol(16:1
vol /vol) & AHE3ATh o] RE B L o5& FolA 8514} Belr) d & 2] &A=
AA Aol ol Mio] 2bslel dAg WxIsH T 2 E bands Fo] 293 1) (chloro-
phyll, xanthophyll, echinenone-2 acetone; zeaxanthin ethanol; f-carotene n-hexane) <l
¥ £ (5000g) & 282 A AIEH silica gele AAsATh 2 MAo] EHL Rfgh 2 &4
*!*JE Aoz 215 ¥ T, FHFE Jensen 5 (1959) 7 Hager = (1970) 9] uh o] wiat A
H EF5atgeAe FrE2 s Jt2E o= A F4u17 o)A 9] extinction ef-
ficient+= xanthophylle] 2160(Goodwin, 1976), zeaxanthino] 2480(Davies, 1976), echine-
none©] 2340, f-carotene 25920|t}, FE 4 Jaffrey 5 (1968) 2] W ol whel Ageoll X =4
ste] A st

7. 7| HE 2t hyFe| e

A7) 852 Laemmli®] W (1970)°) wel LDS PAGEE 4334t} Stacking gel# re-
solving gel 181 reservior buffere SDStH4l LDS® mA gt} Stacking gele 5%
acrylamide 2 3}™ resolving gel-2 12.5%& ©] &3t} Gel loading sample] 8| = $] 73
oA dejz A gl sample buffers 1:1 ¥]&o] = A o3 oL , loading&}>7] Aol oF 1& <t
B ol HF A&EZE Ath Gel runninge 4ColA F58 AYL 4W/mmz o 1247
A= ssigiet. gl de] 2d P =& gel scanner(pharmacia) & o] &3k vl A S}

8. 22|E oty E oM subunit 1,0 wale] =&

o]+ Chithis % (1989) 9 ol olate] a5t} Hel® Yalzole atehul Aol subunit
I,I¢ AL o] 83}t alkaline phosphatased] SAEZ ZASA T $) A A HolA gel
‘golx el g d-g PVDF 2to g2 £31t}, o]& 39mM glycine, 48mM Tris, 0.037% SDS, 20%
methanol2 74 € transfer ¢43 89S ALE-ste] A4 3319tk AFE 0.65mA /cm?
22 dAsA ZHolxH ’\]7J° oF 1.5~2A1F A= =2 3t} o]F PVDF =& JLoA] of
30~60% = AXAZ F, Al A2} antibody <} ¥H-3-AZ1t}, o|ul, blocking solutiont 87 oF
2A1ZE Bt kS-S AT Eﬂ 4ol A HH38] W-gAZlc) whgo] 2 PVDF 9& t}A] PBS
solution 250mlZ 33| = M2 g} oju) A7k 139 oF 108 H == 3t} o] PVDF e
150mM NaCl, 50mM Tris-Cl(pH7.5) €9 200ml2 10%¥ E%F incubationA] # 4] azide 2+ phos-
phate 4&E& AAAZ &9 A= ¥ A23 antibody$he] AT phosphatest
azide7} §1+ blocking soln. ol 4] ¥-g-AlZIt}. ol antibody®] HE FEL& 0.5~5.0 pug /ml=
Pt whE2 AJ2elA oF 1A AE &k HFAF] EEojFh o] PVDF 2%e thA] 150mM
NaCl, 50mM Tris-Cl(pH7.5) 200ml 2 4-Lo]l 4 108 3 % incubationdtt}. o] HY-S 33 Ax
Wk5 2o}, Subunit I, 1) ¥7-2 alkaline phosphatase® 3% 7)& 2 BCIP /NBTE A}
o 718894e 4 NBT stock soln. 66ul¢} alkaline phosphatase $+3&<1 10ml, BCIP
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stock soln. 33ulE ©ldle wET o) 7|2 gAS

[+
o A} wrg-Al71t}. Band”} YERH PVDF
A2 gk},

0.1ml /cm? PVDF uo] 5 A 9he thg 42
.5M EDTA(pH7.0) 200ul, PBS soln. 50ml
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1. gejjo] at=t

FatEv A FBFErHE ]88t Synechocystis sp. PCC68039] wild type(Wt) 2} 4% 9

N
mutants(B2, G1, G3, G4)E #&slt)h. #e dAn|7Z x 1,000 vis 2 #23 A7E Fig. 19
el Aok 7 strainse] A& Blws] & o, Wt, G1, G3, G4= |53 H=E4-8 w2y, o]
otE gy oz Box F2AS udrh Strains®] =)= Wto] ¢k 2.5umelm, Gl, G3, G4
strain® o] 9} FARFA T 284 B2= ol Bl k7 Fei.

E

Fig. 1. Light micrographs of wild type(Wt) and PSI mutants from Synechocystis sp. PCC 6803. Strains
are (A) Wt (B) B2 (C) G1 (D) G3 (E) G4. Bar represents 10um,
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P33 A (x400) 2.2 #&S 2} strain®] 42 Fig. 291 velisich G3, G4—‘5 Wt} o
23 32 JehQ o G1e ojrtt o3 38 udrh 5A4 s B2e e A W
A e AR eyt

2. 9t 22|

Synechocystis sp. PCC68032] wild type(Wt)®} 4% 9] mutants(B2, G1, G3, G4)° %<
Ultra centrifuge® #2138 Z3} ZE strainol] 5719 td7} 2al= v (Fig. 3). Omatast
Murata(1983) 2] B9} vlms] & of, thAddA w= F24S Yell+ phycocyanine]w, U
WA w xH4e] phycoerythrino] ok, Al A o 24 Axatoln, T wE 52

i} RS
M el Qepzmol=utolth 744 oba el W AT o g walch B2 strainol A 2t We] A& o}
£ straino] 4 2} ks Lepsteh

=
Kol
=

Fig. 2. Fluorescence micrographs of wild type(Wt) and PSI mutants from Synechocystis sp. PCC 6803.
Stains are (A) Wt (B) B2 (C) G1 (D) G3 (E) G4. Bar represents 25um,
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Fig. 3. The separations of the membrane fra-
ctions by ultracentrifugation. Strains
are (A) Wt (B) B2 (C) G1 (D) G3 (E)
G4. Bands are (1) cell wall (2)
thylakoid membrane (3) cell membrane
(4) phycoerythrin (5) phycocyanin.

Chlorophyll (ug/mg protein)
FNR activity (nmol NADPHy/mg protein-min)

Gt
Strains

Chiorophyd E FNR activity

Fig. 4. Histogram of chlorophyll content and
FNR activity of thylakoid membrane in
wild type(Wt) and PSI mutants from
Synechocystis sp.PCC 6803.

Fig. 5. Thin-layer chromatography of pigments in thyla-

koid membrane on silica gel plates in the solvent;
isooctane :2-propanol, 16:1 (vol /vol). Strains are
(A) Wt (B) B2 (C) G1 (D) G3 (E) G4. Pigments
are (1)(2)(3) xanthophyll (4) chlorophyll a (5)
zeaxanthin (6) echinenone (7) f-carotene.
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3. galFo|=ate HE49 & 9l FNRe M5k el

Synechocystis sp. PCC6803¢] wild type(Wt) 3} 43 9] mutants(B2, G1, G3, G4l Egt30]
zute] 249 4 ¢ FNRY 4= 9slgE AU 4549 &2 WtolA 91.25ug
chl /mg protein® 2 7}4 = A Jelgtth PSI- mutantd] A& Gl, G4, G3, B29] ¢£o= 242}
65.24, 49.70, 44.47, 19.18ug chl /mg protein®. 2 WtR = &2 o]t} FNR FA4 == Wt
ol A 48.71nmoINADPH, /mg protein ming el ey PSI- mutante A& olut} 2
42 B9tk ZF PSI- mutanto| A= G, G4, G3, B29] «£2.2 7+7} 28.26, 24.92, 21.81,
12.24nmoINADPH, /mg protein min©.2 vhehytth, o] A& Az =4 el ool uelsho) FNR
9] =7 YeEhE A& ¢ & AAHFig. 4).

1) glatTo|Ente] Ma B4

Synechocystis sp.PCC6803<] wild type(Wt) 2} 4% 9] mutants(B2, G1, G3, G4)} €ztz9]
z=uto] M2 TLC(thin layer chromatography)2 £413 23, =% 7719] bandsE ¥ 3}
AH(Fig. 5). 2@ & A4 $4-2 Jensen(1959) ¥ Hager(1970) o] wat Rfzts} S529
Ed JYe viwste =835k Band 1, 2, 32 xanthophyll, Band 4= M) §E4 30]
™, Band 5, 6, 7& Z}Zt zeaxanthin, echinenone, B-carotene 2 FAEH UL Eo|sIARE
band 59] zeaxanthine Wt &2 PSI- mutanto] A& & T = ekgdct, 229 2k A4
o] Fe WtS 7|F2 2 Table 1°] WE£&2 YRRt Wtoll Blste] PSI- mutantl| A& 7}
ZE|xolx g o] Fon, 53] zeaxanthin®] FF-L & o] & et 2t straind ol A
FIR2E o]z FfF EX= Fig. 7o YA 38 F 22 B-carotene ] H| &0 713 =
o, 2 t}-2& xanthophyll2] B]&°] 2 A Jelyi),

2) 228 Mool AHER 2N

gl A B9 Mio] AHEY kg ALY Fig. 69 YEl Tt A xanthophyll2 <
430~485nmoll A F4Ert 24 velgten, B 924 a2A) ¢F 438nm, 670nmo A
peakE UERAAT}. CE zeaxanthin® 2 415~420nm A=A E4=7} =9, DE echinen-
one®2 500~510nm AXA Hol FF=E HI wlxRtez ExE f-carotenel =
490~500nm F=A H FFTE etk ZF Mie] A F4973-2 Rowan(1990) 2]

Table 1. Percent distribution of pigments in thylakoid membrane of PSI mutants from Synechocystis sp.
PCC6803 with respect to the wild type

Distribution of pigments (% Wt)

Pigments

B2 Gl G3 G4
p-carotene 95.61 97.33 98.64 99
Echinenone 76.43 72.05 70.08 82.67
Zeaxanthin 0.3* 0.2* 0.2* 0.1*
Xanthophyll 82.56 46.23 38.04 42.67

Chlorophyll a 21.03* 68.54 48.74 54.47
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Fig. 7. Histogram of carotenoid distribution
in thylakoid membrane of wild type
(Wt) and PSI~ mutants from Synecho-
cystis sp.PCC 6803.
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5. Thylakoid membrane2| 2} cufal 249
Synechocystis sp.PCC68032] wild type(Wt)z} 4% 2] mutants(B2, G1, G3, G4)W da}510)
= oo A 25% LDS-PAGEZ &3 A3}E Fig. 89 Jehiich B4 AL <k 17.6,

M | WMJ\M

A‘M’ \N\/WW\\\J WM
Wl

b3

t

w

2

\
1 A
SUANIN TR o
£ . I .. 1 |
A 8 c b e WJ\A]\U/J\/‘WW\}‘K\\A [
13.3 18.2 24 45 66 (kD)

Fig. 8. Polypeptide patterns of thylakoid membranes Fig. 9. Densitiometer scans of the elec-
in wild type(Wt) and PSI~ mutants from trophoretic patterns on thylakoid
Synechocystis sp.PCC 6803. (A) marker (B) membraneof wild type(Wt) and
Wt (C) B2 (D) G1 (E) G3 (F) G4. PSI~ mutants from Synechocystis

sp.PCC 6803.
(K D) (KD)
66—
53—
(a) b
(D) 02—
144

Fig. 10. Immunoblotting of PSI~ subunit in thylakoid membrane of wild type(Wt) and PSI~ mutants
from Synechocystis sp.PCC 6803.
(a) Immunoblotting of PSI-subunit I. Strains are (A) Wt (B) G3 (C) G4 (D) G1 (E) B2,
(b) Immunoblotting of PSI-subunit II. Strains are (A) Wt (B) G3 (C) G4 (D) G1 (E) B2.
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18.2, 19.7kD2] A Tl o] Wtgo A& el 2t PST- mutantell A& ¢F 18.2kDH = 9] o
WA vlg o2 Vel =3 ¢k 133, 15.4kDE] w2 PSI- mutanto A= H.0]%)
gokom, 14.1, 14.8kD A= B S 2 5= AT}k o2 § x}ol S gel scanninghe] 7} whul
2] 2y s vastd B Ay, 2 ARE 48 5 JAH(Fig. 9).

PSI complex®] @& Fo| A subunig I 3 subunit 119 ©d A% E western blotting o
2 ZAME 29 subunit 19 @& Wt alAAA 2 mutantsl A& B2EH o Z AR 5
AUAH(Fig. 10-(a)). Z2i} subunit 9] A& 2 oito]l dE2A VebttHFig, 10-(b)).
Mutantol M = Wt} th2A) &Fo] &x]5 At} &3] B2 A& subunit 17} &A% =] ¢kt

= o

B AT M= Synechocystis sp.PCC 68039 wild typedt PSI-mutants®} Sejd B4, AA
2 gatzolevute] gl Wby oS vl alske] Rt
WA 7} strain®] FefZQ EAAS BN, FFENFoZ EA% A9 M2 OE EAS
ettt 3] B2 mutanty 24
tante] 4ol Aolz AR,
B

.

€24 FNRe| Z4=E 2Abe] 2 23, M= vEidd 34

FNR 249 454 ag o] Wtoll Hls)

(1992) ¢] B 319} ] sy
]

= Aoz X T 4 U

e o

dwtd oz AMAhE FS 8 oA F23F 7HE Tk ol A G249 71EE
2R U F Utk E AFAAME 7 strain®] defRolswte] MA BXE EAste] Bt
o g4EAe £EXE HFAFOE mutantdll A HA YElgton, £ FHZRE|kxo|=& f-caro-
teneo = &l Wt3 H|wstd mutantse] JF2E]xo]= ko] fiAZ How =3
zeaxanthin®] #eFo] vl-¢- & 2ol & Uedt), ol datmo| = o ZAjsts PS 1 729

]
o
MY = APo| Mo AFE Wal5te] degradations x| stH L 4 ),
Moy diixoz wNAdn ZAFPste 1 VTS TP JELS FREREE
lipophilicdte] 2tehul A o] A=A domainol] &3] 3AY lipidete] 712 &0 &4 3k (Harms,
1985). A F84 FA 1,194 chlorophyll-binding proteine] #a . on, =3 S0
ATFE &3l carotenoid-binding proteino] A% 1 A tH(Bassi ef af., 1990; Harms, 1985).
HT Symechocystis sp.PCC67142] AP =E oF 45kD9] carotenoid-binding proteino] 53 = S}
© v (Bullerjahn and Sherman, 1986), Caron and Brown{(1987)¢] X 1o 2]3H <F 16~20kD
o] MAaAF duldoe] &gt AYeEATt. I5 A Eo A= LHC(light harvesting com-
plex) 8} CP(core protein)ol] thRE-o] Q& 49 7} 2E| o] =7} AgE o] 9t} Vainstein 5
(1989) 9] w ol o|&tH PS [olA MAE F& subunit o] 285 0] vy, i), o}&A 7=
EA Miol AFsta = @A 2 domainel] e B9 ¥l gloh

¥ Ao AE mutantse] Behmol=ug R stel, o & 1719F Wl ols) 2 vptwa
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ES 2gsigdoh 2899 gehad £ mutantso] A& 14.8kD7} £ At o] wild typed]
15.4kD Tl A o] mutagenesis® <13t W3S o] YEld Aoz FHE ), %23 17.6, 19.7kD
o] ekl AE L mutantsol] M E RolA &t o= PS [ & 43t o 2L subunitE°]
o]} FAtsH o B Jehe Aoz 2 w(Golbeck, 1987), PS 19| subunit I ¢ HE
© 2 2138 domaing W3tz 7)o 2%l small polypeptideZt 2R o] Ueld Aoz +
AH}
T3 o)fs PSI ZAFgvuidEe 2H-S Lolrry] 93] Western blotting9] W

o7
subunit I, 09 28e At ) Subunt T L wild type # 9 o}l mutantso A& &7
<t 28] 3 subunit 02 immunoblottingdr A3}, AutA © 2 mutantsol] A= wild types
gz2A 2% gAH A 53] B2oll A= subunit 117} &A1= A ¢4t
2 AHe A3 AgE 25t 2 w), PS 194 subunit I ¢ mutagenesis& &3 func-
tional domain?] W3le HFELe FIRE o= ZFS Wi AR M. I
subunit ¢ Agdx Fg& mzledatn A4, 2, of7id vis) A immunological
study & E3to] Yo A sibunitE 9] A3 HEET o} B3 Aiko] de o] A A
T7F e ojHoF & Fo|t},

H 2

cule] A uhy AL wZEYTh FEH SN B2e FEAL mn o3 HBS
Wi getzZeol=do N &4 a9 §%F 3% FNRY 4 =& A= ¥)#H 3
o, FNR9 #A T+ mutantol X FEZH o2 WA Yelstth Zo| mE 4
A7, 484 mutantol A A JeEtRTE F8 JHEE|xo|=& f-carotene
zeaxanthin mutantg] datzm ol =9toll A A elydo)

A719E 02 mutantol A 14.8kDe] wreiAo] Bl g dch, ESF 15.4, 17.6, 19.7kDe] =k
AELS mutantol] A €5 R &Utr Western blottinge] A3}, subunit I & 2 E strainoi A
X5 913, subunit I1& mutantol A A% ©A 5 Ack B2¢lA & subunit I 7} X152 ek

el

A#A O 2 mutagenesisE £3F PS I -subunit I ¢ functional domain® ¥sl= 4&4 9
Fr2E|wo)zo] BExo] Q3L u|x], subunit 19 A3 E WEE o7l Aoz AlsdT)
ol AAHo g FPAH AEoE &S VX o g,

ol

0=
|_'g'i1_-

rek

1. Allen, J. F. and D. O. Hall, 1974. The relationship oxygen uptake to electron transport
in photosystem I of isolated chloroplast: the role of superoxide and acorbate. Biochem,.
Biophys. Acta. 579-585.

2. Bassi, R. and F. A. Wollman. 1990. The chlorophyll binding proteins with antenna
function in higher plants and green algae. Plant Physiol.

3. Bassi, R. and F. A, Wollman, 1990. The chlorophyll a /b proteins of photosystem II in



1997  Synechocystis sp. PCC6803-& ©] & & Photosystem I mutants®] M4 2 =alzo]=dt thul

4.

™
e

A 57

the Chlamydomonas reinhardtii. Planta,

Bullerjahn, G. S. and L. A. Sherman. 1986. Identification of carotenoid-binding protein
in the cytoplasrﬁic membrane from the heterothrophic cyanobacterium Symechocystis
sp. strain PCC 6714. J. of Bacteriology. 167: 396-399.

. Caron, L. and J. Brown. 1987. Chlorophyll-carotenoid protein the heterothrophic

cyanobacterium Synechocystis sp. strain PCC 6714. J. of Bacteriology. 167: 396-399.

. Caron, L. and J. Brown, 1987. Chlorophyll-carotenoid protein complexes from the Dia-

tom, Phaeodactylum tricorrnutum: Spectrophotometric, pigment and polypeptide analy-
ses. Plant Cell Physiol. 28(5): 775-785.

7. Carr, N. G. and B. A. Whitton, 1982. The Biology of Cyanobacteria 19: 201-202.

10.

11

12.

13.

14.

15.

16.
17.

18.

19.

20.

. Chithis, P. R., P. A, Reilly and N. Nelson. 1989. Insertional inactivation of the gene

encoding subunit I photosystem I from cyanobacterium Symechocystis sp. strain PCC
6803. J. Biol. Chem. 264: 18371-18385.

. Deisenhofer, J., K. Miki, R. Huber, and H. Michel. 1985. Structure of the protein

subunits in the photosynthetic reaction centre of Rhodopseudomonas viridis at 3 A resol-
ution, Nature, 318: 618-624.

Golbeck, J. H. 1987. Structure, and function and organization of the photosystem I re-
action center complex. Biochemical et Biophysica. 895: 167-204.

Ford, R. C. Monomeric photosystem I reaction centre complexes. EMBO J. 7:
2287-2293.

Grarab, G., J. Kieleczawa, J. C. Sutherland, C, Bustamante and G. Hind. 1991. Orga-
nization of pigment-protein complexes into macrodomains in the thylakoid membranes
of wild type and chlorophyll b-less mutant of barley as revealed by circular dichorism,
Photochemistry and Photobiology. 54: 273-291.

Guikema, J. A., and L. A. Sherman. 1983. Chlorophyll-protein organization of mem-
brane from the Cyanobacterium Anacystis nidulans. Archives of Biochemistry and Bio-
physics. 220: 155-160.

Hager, A. and B. T. Mayer. 1996 Planta. 69: 198-217.

Hager, A. and H. Stransky. 1970. Identification of pigment. Arch. Microbiol, 71:
132-163.

Jaffrey, S. W., 1968. Biol., Bull., Mar. Biol., Lab., Woodshole, 135: 141148.

Jensen, A, 1959. Quantitative determination of carotene by paper chromatography.
Acta Chem. 13.

Jurgens, U. J. and J. Weckesser. 1985. Carotenoid-containing outer membrane of
Synechocystis sp.PCC6714. Journal of Bacteriology. 164: 384-389.

Kim J. S., S. Y. Choi, Y. M. Park, M. D. Abarca, O. Vallon, N, K, Chang and L.
Bogorad. 1992. Structural and functional study of photosystem I using Cyanobacterium
Synechocystis sp. PCC6803 mutants. Photosynthesis Research. 34: 131.

Kotzabasis, K., M. P. Schuring and H. Senger. 1989. Occurrence of protochlorophyll
and its phototransformation to chloraphyll in mutant C-2A" of Secuedesmus obliguus.



58

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.
31

32.

33.

34.

35.

36.

=Y 3R ANBALS

Physiologia. Plantarum. 75: 221-2262.

Laemmli. 1970. Cleavage of structural proteins during the assembly of the head of Bac-
teriophage T4. Nature, 227: 680-685.

Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R, J. Randull, 1951. Protein measure-
ment with the folin phenol reagent J. Biol. Chem. 193: 265-29624.

Michel, H. and J. Deisenhofer. 1988. Relevance of the photosynthetic reaction center
from purple bacteria to the structure of photosystem II, Biochemistry, 27: 1-7.

Omata, T. N. Murata. 1983. Isolation and characterization of the cytoplasmic
membranes from the blue-green alga (cyanobacterium) Amacystis wnidulans. Arch
Microbiol. 139: 113-116.

Pakasi, H. B, J. Williams and C. J. Arntzen, 1988. Targeted mutagenesis of the psbE
and psbE genes blocks photosynthetic electron transport: evidence for a functional
role of cytochrome b in photosystem II. EMBO J. 7: 325-332.

Parson W, W, 1982. Photosynthetic bacterial reaction centers, Ann. Rev. Biophys.
Bioeng. 11:57-80.

Philbrick, J. B., and B. A. Zilinskas. 1988. Cloning, nucleotide seqeunce and mut-
ational and lysis of the gene encoding the photosystem II manganese-stabilizing poly-
peptide of Synechocystis 6803. Mol. Gen. Genet, 212: 418-425.

Romer, S., K. Humbeck, and H. Senger. 1990. Relationship between biosynthesis of
carotenoids and increasing complexity of photosystem in mutant C-6D of Scenedesmus
obliguus. Planta. 182: 216-222.
Rouskowaski, M., and B. A. Ziliankas. 1980, Plant Physiol. 65: 3925-3964.
Rowan, K. S. 1989. Photosynthetic pigments of algae. Cambridge Univ. press. 158-160.
Schwartz, M. 1966. Light induced proton gradient links electron transport and
photophosphorylation, Nature, 219: 915-919,

Schller, V. H., I. Svendsen and B. Lindberg-Moller. 1989. Subunit composition of
photosystem I and identification of center X as a [4fe-4S] iron sulfur cluster. J. Biol,
91: 468-478.

Siefermann-Harms, Dorothea. 1985. Carotenoids in photosynthesis location in
photosynthetic membranes and light-harvesting function. Biochemica et Biophysica
acta. 811: 325-355.

Siefermann-Harms, Dorothea. 1987. The light harvesting and protective functions of
carotenoids in photosynthetic membranes, Physiol. Planterium. 69: 561-568.

Vainstein, A., C. C. Perteson and J. P. Thornber, 1989. Light harvestig pigment
proteins of photosystem I in Maize. J. Biol. Chem. 264: 4058-4063.

witt, I, H. T. Witt, S. Gerken, W. Saenger, J. P. Dekker, and M. Rogner. 1987.
Crystallization of photoactive protein complex from the cyanobacterium Synechococcus
sp. FEBS Lett. 221: 260-264.



