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Light is essential for photosynthesis in plant. In general, the regulation of light-responsive
promoter (LRP) is related to plastid genes expression. However, the extent to which illumination
controls plastid gene expression varies depending on plant species and the developmental stages of
the tissue. The LRP is able to enhance the transcription rate of genes. Some Photo-regulated motif
are localized in the upstream of light-regulated promoter. Such as the GATA motif, G-box
(CACGTC/G), I-box (GATAA) and GT-1 box (GGTTAA) sites which interact with the cis-acting
elements. It has shown that SBPase is a key regulator of carbon flux in Calvin cycle and the redox
active cysteines are responsible for the regulation of SBPase catalytic activity by light.

A comparison of the wheat and Arabidopsis SBPase gene sequences revealed that they are 79%
identity. Then, the algal has around 73% and 80% identity with SBPase from higher plants and C.
reinhardtii, respectively. Study on the mechanism of LRP to increase the rate of carbon fixation and
production in Chlorella pyrenoidosa.

Key words: light-responsive promoter, cis-acting elements, Calvin cycle, Chlorella pyrenoidosa,
sedoheptul ose-1, 7-bi sphosphatase.
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(A) Preparation of total RNA (TRIzol total RNA isolation kit, GIBCO BRL)

Chlorella cells were homogenized in 1 mL of TRIzol reagent per 100 mg of sample using a
mortar and pestle at liquid nitrogen temperature. The homogenate was centrifuged at 12,000xg for
10 min at 4°C and the supernatant was collected. After incubation for 5 min at room temperature,
0.2 mL (-20 °C) cold chloroform was added. It was followed by shaking vigorously by hand for 15
sec and incubating at 25 °C for 3 min. The sample was centrifuged again at 12,000xg for 15 min at
4°C. The colorless upper aqueous phase was collected and RNA was precipitated by mixing with
0.5 mL of isopropanol. The RNA pellets were washed with 1 mL of 70% ethanol and briefly air
dried for 5-10 min, then dissolved in DEPC (diethylpyrocarbonate)-treatment water.

(B) First-strand cDNA synthesis (First-strand cDNA synthesis kit, Amersham,UK)

Place the RNA sample in a microcentrifuge tube and add RNase-free water, if necessary, to
bring the RNA to the approciate volume (8 ul). Heat the RNA solution to 65 °C for 10 min, then
chill on ice. Gently pipette the Bulk first-strand cDNA reaction mix to obtain a uniform suspension.
(Upon storage, the BSA may precipitate in the mix; this precipitate will dissolve during incubation).
The appropriate volume of the Bulk first-strand cDNA reaction mix (5 ul) was added to a sterile 1.5
or 0.5 ml of microcentrifuge tube. Adding 1 ul of DTT solution, 1 ul of your chosen primer at the
appropriate concentration, and the heat-denatured RNA to this tube. Pipetting up and down several
times to mix the complex and incubated them at 37°C for 1 hour. The completed first-strand cDNA
reaction product was ready for immediate second-strand cDNA synthesis or PCR amplification.

(C) Conserved cDNA fragment preparation

The extracted total RNA was used as a template of RT-PCR to synthesize the first strand
cDNA. Two degenerated primers, sense primer 5-CACGAGTTCCTGCTGATGGAT/CGACG-3,
and antisense primer 5-TGCCA/GTACAG/TGTACTCCTCA/GAAGCG-3' were used. The
annealing temperature was 45 °‘C and proceeded for 35 cycles. The conserved sequence region of
SBPase was 450 base pairs in length. Finaly, full length of cDNA was cloned by 5-RACE and



3-RACE techniques.

(D) 5-RACE system (Rapid Amplification of cDNA Endskit, GIBCO BRL)

First-strand cDNA synthesis. The mixtures, total RNA (1-5 pg), SBPase gene-specific primer
(2.5 pmoles, 5-GCAAGCCCTCACCGATCTCTG-3) and DEPC-treated water, were incubated
70°C for 10 min then chilling on ice for 1 min. To add the following components, 1xPCR reaction
buffer, 25 mM MgCl,, 10 mM dNTP mix and 0.1M DTT, in the order to the previous mixtures, and
mixed gently at 42 °C for 1 min, then added 1l (200U) of SuperScript Il reverse transcriptase to
react at 42°C for 50 min in the tube. To purify the cDNA by the spin column, adding 120 pl of
binding buffer to the First-strand cDNA synthesis reaction, then transferring to spin column and
centrifuged at 13,000xg for 20 sec. To add 0.4 mL of cold wash buffer into the spin column and
centrifuged at 13,000xg for 20 sec, and this step was repeated 3 times. It was necessary to wash 2
times with 0.4 mL of 70% ethanol then spin briefly. Finally, adding 50 pl of pre-heated to 65°C of
sterile ddH0O to elute the cDNA by centrifugation at 13,000xg for 20 sec. The purified cDNAs (10
ul) were tailed by adding 2 mM of dCTPR, 1xtailing buffer, then incubated at 94°C for 3 min and
chilling on ice for 1 min and added 1 pl of terminal deoxynucleotidyl transferase (TdT) to react at
37°C for 10 min. These tailing of cDNAs were amplified by PCR and nested PCR methods,
individualy.

(E) 3-RACE system

First-strand cDNA synthesis was as described in Section 2. The 5 pl of first-strand cDNASs
were mixed with 3 gl of 2.5 mM dNTP, 5 pl of 10xPCR reaction buffer, 2 pl of 10 uM oligo-d(T)s
primer, 2ul of 10 uM SBPase specific primer (5-CTATGACCAGCGCACTGAGATCTGC-3)
and 0.5 pl of Tag DNA polymerase (TaKaRa). The final volume was up to 50 ul by adding sterile
ddH,0. The programs of PCR were proceeded by 35 cycles of denaturing at 94°C for 1 min, 45C
for 1 min, and 72°C for 2 min.

(F) Primer Extension Analysis

The purified oligodeoxynucleotide primers are designed and utilized in this anaysis
experiments. They are complementary to nucleotide positions of the RNA-like strand of the SBPase
gene. Primers (30 ng) were labeled at the 5” end using T4 polynucleotide kinase and y-32P-ATP. A
total of 10°dpm of **P-labeled primer was co-precipitated with either chloroplast RNA (2.05 x 10°
plastids/reaction) or with total cellular RNA (12 to 14 pg). The annealing and primer extension
reactions were conducted as normal method, except fina deoxynucleotide triphosphate
concentration was 400 uM.



Bl - : 5 5-RACE ¥ 3-RACE ~ ;3 :% 78 2_ -] 3% & (Chlorella pyrenoidosa) SBPase 7 > £ cDNA
2 F] & 71]: 1507 bps

CACTGCATITGCCACCCGTACTCAAACCGCAGCAGGCTGCGTGGCCCAGCAGGCCTCAGCAAAGGGCGTTGTGCG
TCCCTTTGCTGGTAAGGCCACCGTGAAGGTCGTGGCCTCAGCCCGCCAGAGCACCTTTGCAGGCAATGGCGTCTTTACAG
CACCCACCCAGCAAAGCATGCGTGGCATGCGTGCTGCTTCACGCAGGAGCGCTGTGACAACCAAGGCAAAGCTGGGAAAC
TCCCTCGCTGAGTTCCTGGGGGAGGCAACCCCTGACACCAAGCTGCGCCAGCTTCTGATGAGCATGTCCAAGGCACTCCG
CACAATCGCCTTCAAGGTCCGCACGGCTTCATGCGCTGGTACCGCCTGCGTGAGCAGCTTTGGTGACGAGCAGCTGGCTG
TGGACATGCTGGCTGACAAGCTGCTGTTCGAGGCTCTCCGCTTCTCACATGTGTGCAGGTACGCCTGCTCAGCGGAGGTC
CCTGAGCCAGTTGATGTTGGTGGAGAAGGCTTCTGTGTGGCCTTCGACCCACTGGACGGCAGCAGCATTGTTGACACAAA
CTTCGCTGTGGGCACCATCTTTGGTGTGTGGCCCGGTGACAAGCTCAAGGACATTGATGGCAGGCAGCAGGCTGCTGCTG
GTATGGGCATCTATGGTCCCCGCACCGTGTTCTGCCTGGCAGTTGCTGGCTACCCCGGCACTCACGAGTTCCTGCTGATG
GATGACGGCAAGTGGGTGCATGTGAAGGAGACCACAGAGATCGGTGAGGGCAAGCTGTTTGCACCCGGGAACCTGAGGGC
CACCTTTGACAACCCAGCCTACGAGCGCCTCATCAGCCACTACCTGGGAGAGAAGTACACACTGAGGTACACTGGTGGTA
TGGTCCCAGATGTGTTCCAGATCATTGTCAAGGAGAAGGGTGTGTTCACAAACGTCACCAGCCCAAGCACAAAGGCAAAG
CTCCGTATCCTGTTCGAGGTTGCCCCTCTCGCTCTGCTTGTTGAGAATGCTGGTGGTGCCAGCAGCTGTGACGGCAAGTG
TGTGTCAGCCCTGGACATCCCCATCCTAAACTATGACCAGCGCACTGAGATCTGCTTCGGTAGCATCGGCGAGGTCAGGC
GCTITGAGGAGTACCTGTATGGCAACTCACCTCGCTTCAGCGTCGCCAACGAGCTAGAGGCCAACCCTCGCCAG@GCG
TTGTCATGTTGTCAGCACCCCTCCCACCAGCAGTGGCTGCGTTGCCGAACATGGTGCACAACAGCCAGCAAGCGATGATG
GGGCACAAGGCATGCTGCTGCAGCTGCAAAACCCATTGAGGAGGTCTTGTATGCTTGTGTTGGGACCCTGAGAAGAACAG
TACGTATAGCAAGTAGGCTGGTTTGAGTGTGGGTTGGCCAACTGCATTAAGTGCATGGGGCCAATGGGGAAGCGGTGTTT
GGTAAAGTGGTCGGCCACTGAGCCTGCAGTGATTTGTAACTGGTACAGACTGCCAAAAAAAAAAAAA

Bl=: ¥ 72 -] 7k % (Chlorela pyrenoidosa) SBPase =7 > £ amino acids & 71: 398 aas

MATAFATRTQTAAGCVAQQASAKGVVRPFAGKATVKVVASARQSTFAGNGVFTAPTQQSM
RGMRAASRRSAVTTKAKLGNSLAEFLGEATPDTKLRQLLMSMSKALRTIAFKVRTASCAGT
ACVSSFGDEQLAVDMLADKLLFEALRFSHVCRYACSAEVPEPVDVGGEGFCVAFDPLDGSS
IVDTNFAVGTIFGVWPGDKLKDIDGRQQAAAGMGIY GPRTVFCLAVAGY PGTHEFLLMDD
GKWVHVKETTEIGEGKLFAPGNLRATFDNPAY ERLISHY LGEKY TLRY TGGMVPDVFQIIV
KEKGVFTNVTSPSTKAKLRILFEVAPLALLVENAGGASSCDGKCVSALDIPILNYDQRTEICF
GSIGEVRRFEEYLY GNSPRFSVANELEANPRQ

Bl=: 5 5-RACE- ;%7 2| 7t & (Chlorella pyrenoidosa) SBPase x#: + errupstream % i» 5
7| & % 1 172 bps.

GCTACAGAGTGCTTTACGTGCGCGTGATGCTCGGGTGCGCTGATCAACCATCCGTCATTG
AGTTGCAGAGTTAACGTCAAGCCTCGCTTGCTTTGCAGCCCGTATGCTTGCCCTTCTTGC
AGCTGTTAAACCCCAGCAGCAGCGCACTTTATTTCGGCAAATAATAGGCGGT



Blw : #3782 ) 2k % (Chlorella pyrenoidosa) SBPase =17 cDNA 5 71 #2 Chlamydomonas
reinhardtii 2. SBPase cDNA (1610 bps, X74418)'- #.7 80% 4p Ie & [Identities = 737/917 (80%),
Gaps = 2/917 (0%)]
Query: # % Chlorella pyrenoidosa SBPase cDNA
Shjct: + # Chlamydomonas reinhardtii SBPase cDNA

Query 243  CCTCGCTGAGTTCCTGGGGGAGGCAACCCCTGACACCAAGCTGCGCCAGCTTCTGATGAG 302
CEETEEErereeee et eerer teere eee b treeere et 0 e
Sbjet 239 CCTGGCTGAGTTCCTGGTCGAGGCCACCCCCGACCCGAAGCTGCGCCACGTGATGATGAG 298

Query 303  CATGTCCAAGGCACTCCGCACAATCGCCTTCAAGGTCCGCACGGCTTCATGCGCTGGTAC 362
R e R N e R R RN R R R R RN N R RO AR RN
Sbjet 299 CATGGCTGAGGCCACCCGCACCATCGCCCACAAGGTCCGCACCGCCTCGTGCGCCGGTAC 358

Query 363  CGCCTGCGTGAGCAGCTTTGGTGACGAGCAGCTGGCTGTGGACATGCTGGCTGACAAGCT 422
R R R e A RN R RN R N RN R R A AR RN R RN
Sbjct 359 CGCCTGCGTGAACAGCTTCGGCGATGAGCAGCTGGCCGTCGACATGGTGGCTGACAAGCT 418

Query 423  GCTGTTCGAGGCTCTCCGCTTCTCACATGTGTGCAGGTACGCCTGCTCAGCGGAGGTCCC 482
FEEEETEETEEr 1 R NN e R R R R B NN R
Sbjct 419 GCTGTTCGAGGCCCTGAAGTACTCGCACGTGTGCAAGCTGGCCTGCTCCGAGGAGGTGCC 478

Query 483  TGAGCCAGTTGATGTTGGTGGAGAAGGCTTCTGTGTGGCCTTCGACCCACTGGACGGCAG 542
R e e N N N R RN A R R RN A NN RN R IR AN R N
Sbjct 479 CGAGCCCGTGGACATGGGCGGGGAGGGCTTCTGCGTGGCCTTCGACCCCCTGGACGGCT - 537

Query 543  CAGCATTGTT-GACACAAACTTCGCTGTGGGCACCATCTTTGGTGTGTGGCCCGGTGACA 601
ottt teeerer e erer e e e e e e 1
Sbjct 538  CGTCATCGTCCGACACCAACTTCGCCGTGGGCACCATCTTCGGCGTGTGGCCCGGCGACA 597

Query 602  AGCTCAAGGACATTGATGGCAGGCAGCAGGCTGCTGCTGGTATGGGCATCTATGGTCCCC 661
FEEE T T CEE T e e te rerree e e trrerr
Sbjct 598  AGCTGACCAACATCACCGGCCGCGAGCAGGTGGCTGCCGGCATGGGCATCTACGGTCCCC 657

Query 662  GCACCGTGTTCTGCCTGGCAGTTGCTGGCTACCCCGGCACTCACGAGTTCCTGCTGATGG 721
FEEEEEEEreerer e N NN R R NN RN R RN RN
Sbjct 658  GCACCGTGTTCTGCATTGCCCTGAAGGACGCCCCCGGCTGCCACGAGTTCCTGCTGATGG 717

Query 722  ATGACGGCAAGTGGGTGCATGTGAAGGAGACCACAGAGATCGGTGAGGGCAAGCTGTTIG 781
FEEErerreerer e ee reererreeer b treer e e e e e
Sbjct 718 ACGACGGCAAGTGGATGCACGTCAAGGAGACCACCCACATCGGTGAGGGCAAGATGTTCG 777



Query 782  CACCCGGGAACCTGAGGGCCACCTTTGACAACCCAGCCTACGAGCGCCTCATCAGCCACT 841
CEEEer teeeer o rreererr terere e e e e e e e e ereer 1
Sbjet 778 CCCCCGGCAACCTGCGCGCCACCTTCGACAACCCCGCCTACGAGCGCCTGATCAACTTCT 837

Query 842  ACCTGGGAGAGAAGTACACACTGAGGTACACTGGTGGTATGGTCCCAGATGTGTTCCAGA 901
RN R R R R N A e N A A e N R A R R AR
Sbjct 838  ACCTGGGCGAGAAGTACACCCTGCGCTACACCGGCGGCATCGTGCCCGACTTGTTCCAGA 897

Query 902  TCATTGTCAAGGAGAAGGGTGTGTTCACAAACGTCACCAGCCCAAGCACAAAGGCAAAGC 961
CEEEEEEErEeree e reerere et eee t e e bt reerr 1
Sbjct 898  TCATTGTCAAGGAGAAGGGTGTGTTCACCAACTTGACCTCGCCCACCACCAAGGCCAAGC 957

Query 962  TCCGTATCCTGTTCGAGGTTGCCCCTCTCGCTCTGCTTGTTGAGAATGCTGGTGGTGCCA 1021
R RN NN e R e A e R R e AR R R A N N B RN
Sbjct 958  TCCGCATCCTGTTCGAGGTTGCTCCCCTGGCCCTGCTGATCGAGAAGGCCGGCGGTGCCT 1017

Query 1022 GCAGCTGTGACGGCAAGTGTGTGTCAGCCCTGGACATCCCCATCCTAAACTATGACCAGC 1081
R R RN R RO AR R R RN RRA NN RN
Sbjct 1018  CCAGCTGCGACGGCAAGGCCGTGTCCGCTCTGGACATCCCCATCCTGGTGTGCGACCAGC 1077

Query 1082 GCACTGAGATCTGCTTCGGTAGCATCGGCGAGGTCAGGCGCTTTGAGGAGTACCTGTATG 1141
FEEE TEEErrrr 1 CEEEEEEEEEEE e terre e teer |
Sbjct 1078  GCACCCAGATCTGCTACGGCTCGATCGGCGAGGTCCGCCGCTTCGAGGAGTACATGTACG 1137

Query 1142 GCAACTCACCTCGCTIC 1158
FEETEE T e
Sbjet 1138 GCACCTCGCCCCGCTIC 1154

BT : #<% 7 2 -] 3k & (Chlorella pyrenoidosa) SBPase 7 amino acids & 7] Chlamydomonas
reinhardtii 2. SBPase amino acids (X74418)'* #.5 77% 4p I & [ldentities = 286/367 (77%),
Positives = 318/367 (86%), Gaps = 3/367 (0%)]

Query: # % Chlorella pyrenoidosa SBPase amino acids

Shjct: + # Chlamydomonas reinhardtii SBPase amino acids

Query 23  KGVVRPFAGKATVK - - VVASARQSTFAGNGVFTAPTQOXXXXXXXXXXXXXVTTKAKLGN 80
+ VP G+A VASA SFG VTA + SR R SRR+AV T+AK+G+
Sbjct 19  RSAVAPKMGRAATAPVVVASANASAFKGAAV-TARVKASTRAARVQSRRTAVLTOQAKIGD 77

Query 81  SLAEFLGEATPDTKLRQLLMSMSKALRTIAFKVRTASCAGTACVSSFGDEQLAVDMLADK 140
SLAEFL EATPD KLR ++MSM++A RTIA KVRTASCAGTACV+SFGDEQLAVDM+ADK
Sbjct 78  SLAEFLVEATPDPKLRHVMMSMAEATRTIAHKVRTASCAGTACVNSFGDEQLAVDMVADK 137
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