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Introduction

Changesin light quality could cause selective excitation of photosystem Il (PSII) or
photosystem | (PSI) leading to an imbalance in energy distribution between the two
photosystems. It iswell-known that photosynthetic organisms develop acclimation responses
to maintain the photosynthetic efficiency upon the spectral changesin light environment
(Fujitaet a., 1994). The mechanism known as state transition regulates the distribution of
excitation energy between two photosystems to compensate the uneven excitation.
Furthermore, photosystem stoichiometry is also modulated upon the changesin light quality.
However, information on transcriptional regulation under different light qualitiesis restricted
to only a few photosynthetic genes both in higher plants (Glick et a., 1986; Pfannschmidt et
al., 1999) and cyanobacteria (Bissati and Kirilovsky, 2001). In this study, we overviewed the
complete profile of gene expression of Synechocystis sp. PCC 6803 during the acclimation to
different light quality by using DNA microarray technology.

Materialsand Methods

Two types of the wild-type strain of Synechocystis sp. PCC 6803, PCC (motile, glucose
sensitive) and GT (non-motile, glucose resistant) were used in this study. Cellswere grownin
volumes of 50 ml in test tubes at 25 uE m™?s™. For preparation of the yellow light
preferentially absorbed by PSII (PSII light), colored fluorescent lamp (FLR20S-Y -F/M -P;
National, Osaka, Japan) was used. Thered light preferentially absorbed by PSI (PSI light)
was obtained by filtering white light through a red filter (Kyowa paraglass 102k202; Kyowa
Gas Chemical, Japan) and a blue filter (SUMIPEX 703; Sumitomo Chemical, Tokyo, Japan).
Change in phycocyanin/chlorophyll ratio that is atypical acclimation response to different
light qualities was observed under these light conditions within 24 h after the change of light
quality. DNA microarray experiments were performed as described in Hihara et al. (2001).
RNA gel blot analysis was performed using the DIG system (Roche, Mannheim, Germany)
according to the manufacturer’ s instruction.

Results and Discussion

For DNA microarray experiments, cells grown in white light were transferred to PSII or PS|
light conditions. Total RNA wasisolated after 30 min, 3 h and 16 h after the shift to either
light quality. cDNA derived from cells grown under PSII and PSI light were labeled with
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Cy5 and Cy3, respectively, and hybridized with CyanoCHIP ver.0.8 (TaKaRa, Kyoto, Japan).
There were only alimited number of genes whose expression levels were influenced by the
change of light quality both in GT and PCC strains in contrast to the case of the change of
light intensity (Hihara et al., 2001). Table 1 showsthelist of genes whose transcript levels
were much higher under PSII light conditions than under PSI light conditions.

Table 1. List of genes whose transcript levels were much higher under PSII light conditions than
under PSI light conditions.

Duplicate results obtained from upper and lower part of the microarray are shown for each
experimental condition. Induction of more than two fold is shown by shadowed box.

GT30min GT3h GT 16h PCC16h

induced transiently
10008 amm oniumimethylammonium permease (amtd)| 2,14 2301 162 169135 154|110 1.11

sir2 075 10kD chaperonin (grafsh 200 187|200 1%1])087 109123 1.11
slr2076 60kD chaperonin 1 (gra&L) 162 158|184 178|0%2 082|052 095
511816 303 ribosomal protein 313 (rpsi3) 157 132|202 175|100 143|141 193
5545437 305 ribosomal protein 317 (rpsl7) 195 165[192 237|128 134|135 147
sir(03190 f-lactamase (HaOXA-3) 100 1141232 264|141 170|062 0981
induced continuously

sili471 epeG 244 3111269 306) 161 191 )210 236
={11472 1.5 114|187 190)1.16 116|208 199
s{11799 503 ribosomal protein L3 (rpd3) 182 167175 14%] 136 179 255 285
{11807 505 ribosomal protein L23 (rpl2d) 1.6% 172|177 150|188 184|232 240
s{11802 503 ribosomal protein L2 (rpi2) 183 149|161 149|143 169|208 232
511804 303 ribosomal protein 33 (rpsd) 171 188|122 142|170 143 ]251 225
gll1805 508 ribosomal protein L16 (rpllf) 171 1541181 205]141 146|176 195
511807 508 ribosomal protein L24 (rpi24) 185 186|182 220]140 157 |18% 1.90
s{11808 503 ribosomal protein LS (rpd5) 189 166|110 1.15]14% 184|209 245

induced later
{10227 peptidyl-prolyl ciztrans isomerase B (ppif) 120 145119 181 ]181 156|209 1354

sH0533 trigger factor (fig) 124 129|182 187)]152 152 |23% 257
10027 S-adenosylmethionine synthetase (metX) 1.00 104 | 17% 218|217 196|244 250
{11069 S-ketoacyl-acyl carner protein synthase (fbF)|1.20 1201161 160 ) 1.81 166 |206 168
s{11096 303 ribosomal protein 312 (rpsll) 1.34 130202 172]2.10 2.14 |317 3.04
sH1800 303 ribesomal protein 38 (rpsd) 146 152 |15% 115)1.82 172|218 204
{11818 B4 polymerase alpha subunit (rpod) 143 144 [ 161 139|172 136 |260 2461
{11000 protein synthesis elongation factor Tu (fufd) 1.26 128141 106)1%2 188|225 211
{11406 fermichrome-iron receptor () 0&e0 0771077 0é6 | 331 382|237 1.83
sir0513 periplasmic iron-binding protein 086 105|121 102|279 264|211 239
slri 205 iron transport protein (sufd) 108 101145 145|221 206|165 249
sirl 302 ferrous iron transport protein B (feo ) 087 0841080 073|240 152|232 241
sird 237 cytosine deaminase (codd) 1.13 1251138 1.17]180 183|181 201
si1830 112 120 1.1% 105)1.87 166 |211 2.29
slrl 484 075 082065 075|202 195231 165
slrl 854 119 120|153 12%)215 211|187 182

induced only in PCC strain
sf10017 glutam ate-1-semialdehyde aminomutase{keml) 102 102|129 099150 1271220 240

siri 030 Mg chelatase subunit Chll (chif) 103 097|101 092|123 094|227 2.03
sil0628 psak 119 126163 137]147 155203 180
s{11743 505 ribosomal protein L11 (rpll 1) 1.53 151124 122163 168|268 254
sH 1810 503 ribosomal protein Lé (rpdd) 1.53 1550108 143]144 126|208 187
sll0577 L16 117 (1.28 108|166 142|200 210

It may be noted that ribosomal operons were induced. Genes involved in some metabolic
pathways and iron transport were also up-regulated. Although transcript levels of many
photosynthesis-related genes were maintained nearly constant, sl11471(cpcG2) that encodes
rod-core linker protein of phycobilisome showed remarkable induction. Table 2 shows the
list of genes preferentially expressed under PSI light conditions. Induction of chIN and some
unidentified ORFs was prominent. psbA genes were a so induced, which is consistent with the
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Table 2. List of genes whose transcript levels were much higher under PSI light conditions than under
PSII light conditions.

Duplicate results obtained from upper and lower part of the microarray are shown for each

experimental condition. Induction of more than two fold is shown by shadowed box.

GT30min GTzh GT16h PCC16h
induced transiently
sH0525 212 212|201 143|174 155|147 139
51834 220 1541211 2463]142 141|122 146
0815 135 147 (261 213|166 176 |17% 138
slI702 a6 126|227 238|167 176|121 115
sir0474 CheY subfamily 1.3 143|213 235|129 153]1.80 183
siri437 146 123(213 219|167 168|148 141
induced continuously
sH0283 254 170317 246|248 216 | 1.83 226
sH0301 428 2601204 235|185 227|134 180
s0872 172 210187 213)]2.38 227|216 232
si1514 16 6 kDa small heat shock protein (sp 77 177 15% 169 195|250 246|141 130
sir(656 160 200|246 316|173 214|201 200
fr07 50 protochlorophillide reductase subunit (ekdd) 208 242|228 21012323 220|262 (2.15
siritid 198 184 (368 410|221 193|205 180
induced later
sidi222 141 177 (1% 210|157 173|204 173
sll1224 hydrogenase small subunit (hoxl) 118 144214 235|141 186|171 217
sHISLS 130 154183 215|255 246|224 222
si1796 cytochrome ¢33 (pat) 141 14% 144 146|222 211 )172 201
slil&62 112 118119 146|175 192|206 208
5111804 chloride channel protein 168 166|187 213|204 189|163 1467
s 1867 photosystem IT D1 protein (psbA ) 0523 103127 127])237 216|201 1284
sir0373 132 141175 184|17% 179|220 237
sir(376 137 127147 144|220 149|222 207
sir(885 118 133(145 240158 222293 181
siri (68 161 176|174 206|335 245 |z20% 281
sird 311 photosystem I D1 protein (pebdd) 1.22 106129 137]208 215|185 179
siri 397 132 132234 261|175 196|225 207
sirif28 083 08%|244 Z208)| 326 260|203 170
sirif29 143 107208 216|255 247|225 196
sir2 010 183 154 (235 207|167 197|171 133
55011 122 135145 141222 211|188 178
induced only in PCC strain
siri 667 125 11%) 183 136|146 1891 24% 2469
slrlfitid 111 112 087 0%4)] 152 167|250 229

observation of Bissati and Kirilovski (2001). The gene expression profiles of PCC and GT
strains were similar, although they showed quite different physiological responses to changing
light qualities. For instance, phycocyanin/chlorophyll ratio is much higher in PCC strain.

Moreover, PCC strain, but not GT strain, modulates PSII/PS| ratio under different light

gualities (not shown). These differencesin PCC and GT strains should be due to other factors

than transcriptional regulation.

We further examined transcript level of 911471 (cpcG2) that were preferentially induced
under PSII conditions by RNA gel blot analysis. Asshownin Fig. 1A,
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Fig.1 Transcript levels of cpcG genes under different light qualities. The top panel shows the RNA
g;el blot analysis of cpcG1 and cpcG2 transcripts under different light qualities. Sizes of transcripts are
own by arrows. The profile of rRNA stained with ethidium bromide is shown as a control for equal

RNA loading.

PCC strain only transiently reduced the transcript level under PSI light conditions. On the
other hand, in GT strain, the transcript was remarkably up-regulated under PSII light
conditions and totally disappeared under PSI light conditions (Fig. 1B). About 1.4 kb of
Sl11471-1472 transcript was also observed in addition to 0.75 kb of sl11471 transcript. In
contrast to cpcG2, gene expression of cpcG1l (slr2051) was not influenced by light quality
(Fig. 1C). cpcG genes are known to exist as a multigene family in cyanobacteria (Glauser et
al., 1992). However, the physiological role of each copy has not been determined. In
Synechocystis sp. PCC 6803, cpcG2 gene may have some special role in acclimation to
different light qualities such as energy transfer to PSI. Accumulation of cpcG2 transcript was
largely repressed by addition of both DCMU and DBMIB (not shown), indicating that its
expression is modulated by the redox state of cytochromebg/f complex. Further
characterization of thisgeneis now in progress.
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