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ABSTRACT

The influence of respiration on photosythetic electron transport were investigated in the wild
type and psaB mutants from Synechocystis sp. PCC6803.

The amount of glucose uptake in the wild type was proportional to the glucose concentration
added in wild type and less than that of psaB mutants in the dark. It was suggested that psaB
mutants more depend on the glucose than the wild type.

It was investigated how the activities of isocitrate dehydrogenase(IDH) and glucose-6-phos-
phate dehydrogenase (G6PDH) were changed. The activities of IDH were very low. While, the ac-
tivities of G6PDH were much higher than that of IDH. These results agree to the reports that ex-
ogenous glucose was dismilated aerobically via Oxidative Pentose Phosphate Pathway in hetero-
trophic cyanobacteria. PsaB mutants showed high G6PDH activity in the presence of glucose as
well as in the dark and high respiratory activities especially in the dark.

It was also investigated how photosynthetic electron transport activities were changed. PsaB
mutants showed higher photosynthetic electron tranasport activities than wild type in the pres-
ence of glucose as well as in the dark.

In the results, it was proposed that photosynthetic electron transport between PS 1 and PS 1
was complemented by respiratory electron transport through the NADPH generated by Oxidative
Pentose Phophate Pathway in psaB mutant from Synechocystis sp. PCC6803.

Key words: Photosynthetic electron transport, Respiration, Synechocystis sp. PCC6803, psaB mu-
tant, Glucose uptake, IDH, G6PDH, Respiratory electron transport activity.
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BEAEL A B FHA Aol g3 W AUXE 38 YA 2 vire Aol ol F
Aoz e F e, shue ¥ duvxE ATP NADPHE Hl3o] Fi= Bukgo|n &
shube o] ATPS} NADPHE &4 5381280 ofaf COE ©4352 #9A)7) e ALgste
uk-golch,

Cyanobacterias 4t4E EAAI|= FEA A9 AFolt). o|AL 15 A&7 HASHA
photosystem(PS) I 3 I & 7}% 2 ¢9lt}. Cyanobacteria®] A] ‘Z-scheme’ 9] 334 A 2 A A
= PSToAN 29 FEZ A7 ARE PSI2 HZF A= ££4¢ NADP+d| A&sit} o
AL AgAle Holste cytochromes(cytochromes bgf and bss), quinones(e.g. plas-
toquinone), plastocyanin §& EFe oz 43} 3 wiAAI EAT 714 cyto-
chrome bs/f complex® "]E&=2]o}e] cytochrome b/c complex$} §A}8}8 cytochrome
G PSI-& AT o] 5 Folles AR o) 48 Adsle UAAER Qo] &
giaol= w1 Atolo] FAzY] 7|8ty Fm Tl FA st PR W& = WA ATPase
o o8 ATP7F A7tk ¥le3d Axdge PS I, 07} 2% #ojsiy o] 243l7} NADP*
o] FA3 A4S H AdFHo] Yo}, £&8FH AAAL L PS [ #oste] 314ks) ukg

AFEA7E e A JHE EASc olu FAE3 A3 Y AYE R A
ol ¥ ARt AaE o o3& T3 AAHG LS 472 + U

AEL o] FFAAET ol7} S F(respiration) & F3te] 4P BFo] o iz A&
o &9 AYAR] 7FE F2 R AE g JUAE ded Utk o] 3FH
BEEL dvtd BAGA o2 BEAL FYF g4 ARAY vra] 3FL 4stE B
HHolrt. TFL AF @FglEoly AR 2ZRE F5% glucose 5 B82S 4, TCA
cycle, Oxidative Pentose Phosphate Pathway(58t% 214t 218} 312) = oje] gdsl2 B3
B2E B3 AR E et} o] Wx (3F) AxRAGA 7 Bodsin, ol2 41314 Qlatsie gt
o B AAADAE dEtEol s g EA3th 55 ARAZA L Ao s o7 o]
Aol BUAT, o)A 74 ZAME R E cyanobacteriad] M & 3F AAAGEA o A5} - Y AR
E0] ggtZol= oA HAF AT wEt 3 F ARG A= BEAE AgAd - 1S
ste Aoz AT SFo e F(light) o] AAZLE 5 3855 B AAHGA 437
ol BT A7t %ol =AM FEA ARALEAY pastoquinone, cytochrome bs /f, cyto-
chrome csi(plastocyanin) ] 3F AxRA o] #Asts, 2 FHHE A0 ol SQRA F
AUr(Scherer et al., 1988; Peschek. 1987). watr Z&Ad el PSI A dg" Az} 330
9] NAD(P)HelA Agd Axle 4% WA A< -plastoquinone, cyt bs/f, cyt Css
(plastocyanin)-& X 1L cyt css(plastocyanin) ol A, E& 9] A$L cyt aas(cytochrome oxi-
dase) & 3te] Atxel AAE Aedtn FFA e A9E PS1 & A3 FNR(ferredoxin : NADP+
oxidoreductase) ol 2]} NADPH7} AAl = A B}, '

3F AAAZAY 9 3982 NAD(P)HE &), ¢z A NADPHE At3}= FNR
9] dehydrogenaseo] 2Js|lA dojut Aol YZHATHScherer ef al, 1988). FZ oA

8
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NADPHE &3}& 9| &3 tAl A2 & B3l A==, %ol glucosed ¥ol v 4
$& 58t 24t At 327 A dralE i HA2E wol E4A 1 vk FEA AAA
g@As & AxAgAe) g, Flight)o] TFE A= b o]AL b F 714
2 daga ok AAE Fo] FNRE NADPT reductaseE 843l A NADPHS] 4tsls 7+
AAZgE Aol EX/= PS I # eyt aas(cytochrome oxidase) 7} Z=poll thsl A4 s,
o] cyt oxidase? turn overE ZAAIA YA 3cn A3

B A7 Ad8A82 Cyanobacterium Symechocystis sp. PCC6803% PS1I 2l reaction
center?] PSA-B @A o] EdWo|FEZ B uH A Park ¢f al., 1992). o] EdHo|FES
wild type4] blue-green color2t= t}& blue, green, olive, orange, yellow colorg Wt 42
Az FFA 7179 723 48 T PS1 Y subunit [ o] ge] Bz, F3g Mo AR
2 e a3 i et gz H3E hA S BEATH(A, 1993). S ol
B3 7ol 2A Wale 38 283 FU1E EA 2 B A uig bstE eug A
o2 AAZY, B¥3) FgA Az AGAY TF ARAGA FE5FgEe AE 1y,
FEA Azl AgAo) o] Abo] S o EFo] TS F AL HRIth ofof F =117 glucose

2™

il

Z7¢& 25, £F9 7]1de] H glucosed] FF F3E Lot i, o] glucosed £33t
5F ARAEA 98 NADPHE #|F3l& carbon catabolism pathway & 373 3t7] 913}

key enzyme activity® ZAFSITh 282 3 H5F9] Wste} old] wE AAA LT HaE &
o} ®.gkr}.

2 oy

1. AE AR

Cyanobacterium Synechocystis sp. PCC68032] wild type®} psaB mutant strain?l A3-1,
B20, D1, G42 A3 A8z ARt ol EAW|FE Synechococcus sp. PCC70024] psaB
gene A}olo]l chloramphenicol acetyl transferase(CAT) geneo] A4d® | AE, catrige
mutagenesis®] WA O & Synechocystis sp. PC6803°) A3t WHE 07 straine]t}, o] strain
& F3rA ol PS T o]ite] 471 PST EdWolF2 » ¥ 3 vk (Park ef al., 1992).

2. HjekxZ

Azl wke Kratz 5 (1995) 8 3 Jurgens 5 (1985) ol weh 3314w}, Plate culture
= BG-119] 1.5%9] agar’doll A vjksln, t& £8-& 98 A4 wlx)o & glucose?} 1.5% A
718 medium ColA wjkdith A wjIFA] wilF =& 30TCoI® FHE 20pmol /m?
sec3to| A 130rpm e & shaking culturedtcl, A E 9] 32 0Dyl E2=7F1.285Y o
3Ac) psaB SAWo)FY 7 -$-& chloramphenicol(Cm)ol] WA& A== wj=]d] CmE
5mg /L7} S Al A7}k wf gt

28y A £ ARE 1.5% glucose’t A7 medium CE A@=stgm, o]RAL light-
grown heterotrophic condition(L+G+)el A A& AEE B2yttt ez AR &= 1.5% glu-
coseZ} H75 A 922 medium C2 AN @E3te] 7] 2pell Hold F, 1.5% glucoset H7H= A
e medium CE A EE3ITE o] AL ThA] shaker Holl A 3413 o] 4} incubationsleq, light
ol A glucoser} Q= wlx oA =&+ A E(L+G— ;light-grown autotrophic condition) 2
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Rt}
Dark AefollAe] w2 culture flaskol A W& xdsle] i sl o] & dark-grown
heterotrophic condition(L—G+)2.2 H gt}

3. Glucose uptake

2z} vj ok 26 A cell(400.l A=)l glucoseS Hol HFEE7F 100Mo] A d}, 30T
oA 60% 7} incubation@rl. Uptake® glucose®-& Somogyi-Nelson(Plummer D, T,
1978) &] el 9J3] ODgooll Al FH =& A st

4. Enzyme assay

1) Glucose-6-phosphate dehydrogenase(G6PDH) assay

Bagch 5 (1989) 2] w ol ulzl a13td o}, 8% cellS 50mM Tris /HCI buffer (pH 7.5)
2 Ax Aggstsict. ol A& French pressureE ©]-8-3t] 15,000psiol A 33 AA)ste] Az
20,000x g= A4 E ATt o] A9 4F AL crude extractZ 3F5 T}

Assay mixture= Tris /HCl buffer(pH 7.5) 135.M, NADP* 0.5.M, MgCl, 10.M, glu-
cose-6-phosphate 20,MZ ] H%F 1.5mL7} § =2 st o] assay mixtureoll 200xg pro-
tein7}#9] crude extract®& Wo] WH&-& A|ZEHTE ODyollA EFBxL 9 wWzlg, A
NADPH®] %& 43ttt

z} Al 8.9 protein®- bovine serum albumin(BSA)-g T2 WA 3l Lowry S (1951)
Wi ol whel ODgpoll A &3 3Hd ot

2) Isocitrate dehydrogenase(IDH) assay

Papen 5 (1983) 2] ¥ )3l ODs® 3t H3lZ NADPH A A &S =3 st AA st
gkg- g2 FHF 1.5mlo]l A st @l d 200.g3 33mM KH,PO, /KOH buffer (pH 7.0),
4mM MgCl,, 1M NADP*, 1.7mM isocitrateo]t}, ¥H-3-2 crude extract® 7}adto 2 A zba}
Ao} old crude extract:= 9] G6PDH assay w9} S2l3t Wb o 7 ZH| 3o}

5. Respiratory activity &3

Adhikary ¥ (1990) o] wsl o] w2t =8 sttt Dark AFefoll A 1.5% glucose 2] medium C<t
9] intact cello} F4+38l= A4 %E Clark-type O, electrode & 2339}, Clark-type O, elec-
trode (Hansatech, U.K) 2} oxygen monitor (YSI Model-5300) 2 40C, 4tA4 9] #H3lZo 2 =7
stk AtAo] Mal#e 40cd w X3 £& 4AF 0.19.M /ml(mM) L 71F0. 2 ated At
3ttt

6. Photosynthetic electron transport activity2] &3

Méenpad 5 (1988) ¥ Dzelzkalns¥} Bogorad(1988) 2] w18 W sie] =83l Q )l 23t
2+2 French pressure(15,000psi) 71 cell & 608 E<¢F 15,000rpmol A QA1 B-g) 5te Apsol
FHsted AArk, FFAH AAPGE9 24L& Clark-type O, electrode(Hansatech, U.K)
oxygen monitor (YSI Model-5300) 2 40°C, 33 1720, M /m2o| A AH4o] Wglako 7 =4 3519

o ofd

O
o o ox
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el WatEre 400 W Ti 82 A2 0.19M /ml(mM) S 7)1202 sha] #2+a

L

40mM K-phosphate buffer(pH 7.6), 0.1mM MgCl,, 5mM NH,Cl, 1mM NaCl, 0.6mM
NaN:;& 7182 -8 &40 2 &3t} Whole chain activity¥= o] 7]& wh-2-al o) 0.12mM methyl
viologen(MV) & #H7lgle 45 Atke] W3lgor 23319 o0, photosystem [ ac-
tivity (InterPS+PS 1 )& ¥Hg &<do] 0.0lmM DCMU, 0.12mM MV, 0.5mM DQH,(Dur-
oquinone)& 2o e e 4o Walgo 2 2819t} Photosystem Il activitys wk-g-of
o 0.25mM p-PD(p-phenylenediamine), 0.5mM FeCy(ferricyanide(K salt))& d7}slo at
Aste 4a@g 29390 Samples] F& 30~50ug chl /mIAE ssich.

Z o

1. Glucose uptake
B wild-typeol A glucose FX Fulol] m& FE e A4S Loty Atk (Fig. 1). 200M -
7] B4l STk

glucose uptake

8
= -0.35071 + 3.8983e-2x RAZ2 = 0.989
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Fig. 1. Glucose uptake of wild type from Synechocystis sp. PCC6803, which were grown under the
L+G — culture condition.
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Table 1. Glucose uptake of wild type cells from Synechocystis sp. PCC6803, which were grown under
different culture conditions

Culture Uptaken glucose conc.? Relative
conditions (nmol. glucose /min. mg protein) uptake activity®
L+G— 0.202 100
L+G+ 0.292 145
L-G+ 0.294 146

2 Uptaken glucose concentration was measured in lhr after 100M glucose added.
b This value is relative to L+G — culture condition(assumed as 100)

Z+r wjeF 27 &, light-grown autotrophy(L+G—), light-grown heterotrophy(L+G+),
dark-grown heterotrophy(L—G+) ol A wild-type2] glucose &% %AHS Table 1¢] e
Aok, o)A BHA, AA, glucoseE o] v %3 cell(L+G+, L—G+)o] glucoser} glE vl
2 Ad RA(L+G-) BT} F4F0] 45% 713 BAdth E4), glucoseE ¥ wjA A =}
2 celle] 3%, F=(light or dark) el el F5 = glucoseFS 7] ¥z ginh 1
U psaB EAHO|F9 glucose e Hol gle ¢2TY o Wo] & rr dyiyoz

7}al oh(Fig. 29 (a)<} (b) vlm).
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Fig. 2. Glucose uptake of wild type and psaB mutants from Synechocystis sp. PCC6803, which were
incubated with 100.M glucose added in the light(a), in the dark(b).
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Fig. 3. The changes of G6PDH activity by the time in the wild type and mutants from Synechocystis sp.
PCC6803, grown under the different culture conditions,
(a) L+G—, (b) L+G++, (c) L—G+.
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Fig. 4. The respiratory activity of wild type and j)saB mutants from Symechocystis sp. PCC6803, which
were incubated in the light or dark.

2. Glucose catabolism enzyme activity Z=A}
5= glucose?] catabolism key enzyme© 2 FAH &, TCA cycled] isocitrate de-
hydrogenase(IDH)Sl- 5EbT o)Ak A+3) 3] 2 9] glucose-6-phosphate dehydrogenase(G6PDH)
o] FHEE FAMSATHFig. 3).
IDHS S EE o7le] AAHA gerovy, Mukd oz wjgkzo] Faglel vi¢ ZA vet
st
Wild-type®] G6PDH &4< 29, light 3ol E glucoseE EA-& = (L+G+)7F ol
Z3) ke W(L+G—)rot 84 Ekh(Fig. 39 (a),(b) Hli). zehrt glucose?} AT e
dlo] ¢l W(L—G+) & Zasta, glucosert gl light7} e el (L+G )2k &40] A<
v] =3 th(Fig. 39 (b), (c)¥]i). psaB EAMIFE Ro] g ), glucoseE FolFH WA
2 #Ao] Eolg IL(Fig. 39 (a), (b) HlaL), o710 F2AE dark Y E THE —Zr“q(Flg 3
9] (¢)), 84L& vlssiAY %zt Srhak i

3. Respiratory activity

Respiratory activity® 233t th(Fig. 4). Dark-heterotrophic culture(L—G-+)¥ w7}
light el {L+G+)d W2} B202 A3l 2uoll A 6w 7t=] S7Hglch Wild-typeeo] 7}
Z @ol F7Hch
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Fig. 5. The photosynthetic electron transport activity in whole chain of wild type and psaB mutants
from Synechocystis sp. PCC6803, which were incubated under the different glucose conditions;
no glucose /glucose added.

4. Photosynthetic electron transport activity

Wo] 9= A (L4+G—, L+G+)olA #34 AAd G5l et glucosed] FF& Fotr st
t}(Fig. 5, 6, 7).

Light-grown autotrophic culture(L+G—)dllA psaBEA™e]F 2] whole chain, PS I,
PSI activity:= wild-typeel Bls] 2% Ztvh(Fig. 5, 6, 7 i), GlucoseE FolA M Fd
Light-grown heterotrophic culture(L+G+)ell A, psaBEA™ |57t wild-typeR.t} &2 F
<7} A H(Fig. 5, 6, 7 H]aL).

Whole chaindl A glucose?} 8-S B (Fig. 5), EW)F D12 glucoses % FA5
o] whole chain®] activity7} ®-% Felxth

Interphotosystemell A1 PS I 74A19} activity® R (Fig. 6), glucoses o] F& o,
wild-typeo)t} S0l Auka o 2 EolHth 53], G49) A JUH 22 ol S

PSI o AzAS S0} 1) X = glucoseo] @ &S »wd (Fig. 7), mutant A3-1, B202 activity
7} Z7v8t9 3, wild type& 2313 A2
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Fig. 6. The photosynthetic electron transport activity between interphotosystem and PS I of wild
type and psaB mutants from Synechocystis sp. PCC6803, which were incubated under the differ-
ent glucose conditions ; no glucose /glucose added.

AzA g5l vlXe F(light) 2] FFE FARR Az (not shown), F& FA &L dark-
grown heterotrophic culture(L—G) ol Al A3 Q] AR} AL F0] F7 el o)

B Ao M= Synechocystis sp. PCC68032] wild-type} psaB S| FA B34 AA
AgA ) o]go] & W TFo] v TS Lol Bl ol & H8 # =17 glucose 2
S 24 3l TE9 71Z o] HE glucosed] §5 FFE Lol ki, o] glucosed &3]3t
3E AAAGA 398 NADPHE A| &3l carbon catabolism pathwayS 7 s}7] 13}
TCA cyclee] IDHS} 583 14t 4tsl 32 9] G6PDHE 43l gi49 AT E ZHH3A
o) g3 35F Wl ol mE HWAHET S "es gol nopt

Synechococous$} Symechocystis %o &= photoheterotrophic growthdle Aol Htha B 1=
H(Rippka et al., 1979). LB Synechocystis sp. PCC68032] -3, wild-type?] glucose =
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Fig. 7. The photosynthetic electron transport activity in PSI of wild type and psaB mutants from
Synechocystis sp. PCC6803, which were incubated under the different glucose conditions; no glu-
cose /glucose added.

Zujo] W E5E 200LM7HA) vlE Ao 2 Fr1etAtH(Fig. 1), F2ANA gz & o,
Zd| ulz} uptake activity7} #W3r} wvissHAY € v 27}t shEd(Smith, 1982),
Synechocystis sp. PCC6803<] A%+ 719 v %3l tH(Fig. 2 (a), (b) ¥l). 2 psaB EA
Wolz=o] A2 wild-typeell Hl&) Lol sleuE Ayt o] HHE FFo] wild-typeRth
wotth(Fig. 2(a), (b)H]). o] AL psaB gened] EAMolZ Q17 o]/4Fo), Synechocystis Sp.
PCC68039] glucose &8 Lol 91 o oL isiA dojuiA 39, 4F 27 & F H
glucosedl| )&= & JF A 7F 2 UE o2 FHdn.

F 2% = glucose®] catabolism key enzyme 2.2, TCA cycle] IDHS} 587 <14t 43} 3]
29 GEPDHE NAsAth 3714 4 9 AT Acetobacter suboxydansol] ] NIAAE A&
m, TCA cycleo] @A B4AT A$, B581E ¥ A28 583 4 4135 32 & 0|88
t}z @t}(Greenfield and Claus, 1969). IDHS} G6PDHE #47+9] tiAl A2l &= 24 &
o] (Voet and Voet, 1990), Cyanobacteriadll Al NADPol &3 o]t} (Papen et al., 1983).
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BHEE ZAS 23, IDHY EX45€ W% @AY A wudsi(not shown), ol x|
G6PDHE & A E 2 29 HFig. 3). o] A2 Synechocystis sp. PCC6803°] Synechocystis 6714
2 19] 9 heterotrophic cyanobacteria®} mlZ7}RIE, 9 Bo|A HolFE glucose?] aerobic
matabolisme] 222 583 <14t 418} 32 & o] &% th= B 15 (Peschek, 1987) 2 X gt}

dzA Aol o ATPE 3§ AAAGAE 53 283 14t Aol os) A
H}(Smith, 1982). Wt G6PDHel| 9] 271 NADPHE & AxAEA 2 AA FAA =
71 et} psaB EAWMO)F = glucoseE ¥ol UL Wl 53] ¢xY o GEPDHY &4 =7}
E4tHFig. 3). AFA o Z TFo 93 4 FFHOE T FFS Yol A, AR d4=d
o o 3Fo] &t rh(Fig. 4).

et 22 A Aog BEUE FPAHY AAAE S £t Ligt-grown autotrophic
culture(L+G —) 9l A psaB &AM o] F 9] whole chain, PS I, PSI activity+ wild-typeel ¥l
& =% AdcH(Fig. 5, 6, 7). psaB genes] Al F3}, PST PSS9 FZo sl dof
@G A3tg A=), o) 22 Park 5 (1992) 9] B 119} 4] 3o},

Cyanobacteriaol] A 334 A=} A& A}&L plastoquinone @A A 55 AARAE At
A2 Fek(for review, see Peschek, 1987). Mi % (1992) Synechocystis sp. PCC6803
2] wild type3} NAD(P)H dehydrogenase 23 & ¥Ho|F oA P7009] redox kineticsE £ 3}
o], NAD(P)H dehydrogenase”’} 35 A x}2] plastoquinone 222 Hgleof| #add Aojzla
etatH ), meba] B AgoA = glucosed Bol ZFE VMR E, o1zl FFA HArA 2l
v 2 L Ldotr sttt 43 A3, glucoseE ¥ol F3U& W) whole chain#t PST 9] 334
ARG 5ol 7189tk (Fig. 5, 6). 53], psaB EAH|F o] B4 AAAL Tl 1L 7}
At PSII 9] A9, PSI7F #84 ARG A& A plastoquinone® v} 2hsl 39l 19
7F ol &Y S ZA 2A & FHolg d 43l 992 wild typed FRA AAA
@50l FopA 1 EAHolF = Fetxth(Fig. 7). ©|2& NADPH”} plastoquinoneo] obd ot
E B AAdG dAS S8 PSIo oS F7, plastoquinone & & Eo]-& AR} 7 &0
Al feed backel ¢l&] dTFS 3
M7= F BAER olyr ARG AN 22 visA 9] WalE 71 o1, &3] cytochrome
bs /f complex®] W37t AAAD 5o 2HAR AgTrhm At oh

2 A¥o] Ay BAE St B W], Synechocystis sp. PCC68032] psaB EA o] F
A gl glucoseE 7] AR AR % F o, o] glucose= TCA cyclerth= 583
3} 3|28 E3lo] 298 NADPHE A|#3le= Aoz 3 Hr) =3 o) NADPHE 3
HAEAE B3l 3T AAAGE BEsie ALz M, v 380 F4 A
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