






















































































































































































































































































































































































































































































Appendix C 

Due to large amount of supporting information available for the study conducted in Chapter 3. 

all these information will be made available in a soft-copy (eD format), attached to the back of 

this thesis, rather than as hard-copy. 

File name : Appendix e 

: Microsoft Excel File type 

Description : The total peptides lists identified in each workflow 

The lists of peptides found in each protein-peptide prefractionation workflows, as well as the 

use of difference search databases are included in the eD. Following are the brief description of 

each sub-document within Appendix C. 

Excel sub-document Workflows used Database used * 

(1) SeXNR SeX-only NR 

(2) sex SYN SeX-only SYN 

(3) IEFNR IEF-only NR 

(4) IEF SYN IEF-only SYN 

(5) ID-SeXNR ID-SeX NR 

(6) ID-SeX SYN ID-SeX SYN 

(7) WAX-seXNR WAX-SeX NR 

(8) WAX-SeXSYN WAX-sex SYN 

(9) IEF-IEFNR IEF-IEF NR 

(10) IEF-IEF SYN IEF-IEF SYN 

(11) WholeNR Whole-cell lysate NR 

(12) Whole SYN Whole-cell lysate SYN 

(13) sex 40 NR SeX-only (40 fractions) NR 

(14) sex 40 SYN SeX-only (40 fractions) SYN 

(15) Total All workflows NRand SYN 

Note: * NR refers to non-redundant database 

SYN refers to Synechocystis sp. pee 6803 single genome database 



Appendix E 

Example Calculation of Quantitative iTRAQ Ratio 

Note: All the equation and calculation steps here are adapted from the ProQuant Software 

Tutorial (Applied Biosystems). 

Protein name : Photosystem I subunit II, PsaD (slr0737) 

Species : Synechocystis sp. PCC 6803 

Source : Experiment 6 in Chapter 4 

The confidently identified PsaD peptides with their quantitation ratio (Ratio 115: 114) and the % 

Error are listed as below. 

Peptide sequence 
1) I GQNPEPVTIJ 
2) IGQNPEPVTIJ 
3) IGQNPEPVTIJ 
4) IGQNPEPVTIJ 
5) IGQNPEPVTIJ 
6) IGQNPEPVTIJ 
7) VYPSGEVQYLHPADGVFPEJ 
8) VYPSGEVQYLHPADGVFPEJ 

0/0 
Confidence 

99 
99 
96 
99 
99 
90 
86 
95 

Locus 
4.1.807.2 
5.1.664.2 
4.1.728.3 
9.1.532.3 
5.1.817.2 
10.1.596.3 
6.1.1007.2 
7.1.922.2 

Ratio 
115:114 
0.3638 
0.3766 
0.3863 
0.4020 
0.4523 
0.6016 
0.7468 
0.7708 

% Error 
5.81 
4.73 
9.81 
7.13 
7.77 
8.85 
13.25 
8.11 

First of all, we need to convert the working space into the log space, such as 10glO. Here we 

define x as the 10glO (peptide ratio). 

Ratio 
Peptide seguence 115:114 x 

1) IGQNPEPVTIJ 0.3638 -0.4391 
2) IGQNPEPVTIJ 0.3766 -0.4241 
3) IGQNPEPVTIJ 0.3863 -0.4131 
4) IGQNPEPVTIJ 0.4020 -0.3958 
5) IGQNPEPVTIJ 0.4523 -0.3446 
6) IGQNPEPVTIJ 0.6016 -0.2207 
7) VYPSGEVQYLHPADGVFPEJ 0.7468 -0.1268 
8) VYPSGEVQYLHPADGVFPEJ 0.7708 -0.1131 

Average 0.5125 -0.3097 

Then, we could determine the weighted mean of log ratio, Y1og, using the following formula: 

N 

L(wi xxJ 
1=1 • where Wi = 11% Error ......... (Equation E 1) 

N 

LW, 
i=l 



And b = (1.0661)2 / 0.1546 

= 7.3517 

Using the effective base, b, we could determine the weighted standard deviation, SD
w

. 

Weighted standard deviation, SDw 
SD 

= b 0.5 ......... (Equation E4) 

= 0.1359 / (7.3517)°·5 

= 0.0501 

The antilog1o of SDw is known as error factor, EF = Antilog 1o (0.0501) 

= 1.1223 

After determining the relative protein ratio and its standard deviation, it is important to bear in 

mind reporting the value in log space and linear space is different from each other. 

In log space => -0.3336 ± 0.0501 

In linear space => -2. 16-fold with EF of 1.12, or (-2.42, -1.92)* 

* The upper limit of the ratio is detennined by -2.16 x 1.1223 = -2.42 

* The lower limit of the ratio is detennined by -2.16 -:- 1.1223 = -1.92 

Examples of PsaD protein when plotting on the graphs, with its error/standard deviation, in 

different spaces (log and space). 

0.45 2.6 ~ 
0.40 2.4 

i 0.35 ! ~ 

PsaD Protein 0 2.21 PsaD Protein 
0.30 ~ 

.2 ro 2.0 j .-
0.25 cr ro .... cr ro 1.8 

Cl 0.20 (1) 

0 c: 
.....J ::J 1.6 

0.15 
0.10 1.4 

0.05 1.2 

0.00 1.0 
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Light:Dark Light:Dark 
Ave MS/ (116:114) (117:114) ORF Protein N arne Log AYe 

MS Log Log SD 
Ratio SD 

Ratio SD Ratio 

carbon dioxide 
concentrating mechanism 

slr1839 protein CcmK homolog 4, 3 0.331 0.197 0.314 0.210 0.322 0.203 
putative carboxysome 
assembly protein 
ribulose bisphosphate 

slrOO12 carboxylase small subunit 15 0.294 0.082 0.312 0.081 0.303 0.082 
rbcS 
ribulose bisphosphate 

slrOO09 carboxylase large subunit 57 0.l38 0.029 0.168 0.030 0.153 0.030 
rbcL 
carbon dioxide 
concentrating mechanism 

s111031 protein CcmM, putative 4 -0.072 0.062 -0.065 0.065 -0.068 0.063 
carboxysome structural 
protein ccmM 
carbon dioxide 

s111028 concentrating mechanism 26 -0.058 0.027 -0.115 0.020 -0.086 0.023 
protein CcmK ccmK2 

Cellular Processes 
slr0374 cell division cycle protein 2 0.438 0.227 0.471 0.151 0.454 0.189 
s111712 DNA binding protein HU 28 0.355 0.062 0.376 0.055 0.365 0.058 

slr1198 antioxidant protein 50 0.236 0.058 0.259 0.055 0.247 0.056 

slr1516 superoxide dismutase sodB 54 -0.029 0.011 -0.014 0.011 -0.021 0.011 

slr0757 
circadian clock protein KaiB 

2 0.113 0.004 0.185 0.057 0.149 0.031 
homolog kaiB 1 

sslO707 
nitrogen regulatory protein 19 0.008 
P-II glnB 

0.068 0.002 0.070 0.005 0.069 

slr1894 
probable DNA-binding 

8 -0.032 
stress protein 

0.025 -0.010 0.012 -0.021 0.019 

slr0925 
single-stranded DNA- 2 -0.043 
binding protein ssb 

0.051 -0.017 0.094 -0.030 0.072 

s1l1463 
cell division protein FtsH 

2 -0.430 
fisH 

0.021 -0.396 0.045 -0.4l3 0.033 

Energy Metabolism 

slrl329 
ATP synthase beta subunit 
atpB 

8 0.168 0.096 0.198 0.105 0.183 0.101 

s111326 
ATP synthase alpha chain 
atpA 

23 0.000 0.037 0.014 0.036 0.007 0.036 

slr0898 
ferredoxin--nitrite reductase 6 0.039 0.084 0.059 0.070 0.049 0.077 
nirA 

s1l1499 
ferredoxin-dependent 5 -0.001 0.065 0.038 0.060 0.018 0.062 
glutamate synthase glsF 

sll1987 
catalase peroxidase cpx, 10 0.010 0.036 0.019 0.045 0.015 0.040 
katG 

Folding, Sorting and Degradation 
ATP-dependent Clp 

0.405 0.065 0.385 0.078 slr0164 protease proteolytic subunit 8 0.365 0.091 

clpP4 
0.309 0.054 0.302 0.053 slr2076 60kD chaperonin groELl 23 0.295 0.052 

60 kDa chaperonin 2. 
0.308 0.087 0.279 0.083 

s110416 GroEL2, molecular 18 0.250 0.079 

chaperone groEL-2 
s110533 trigger factor 4 0.241 0.103 0.278 0.107 0.259 0.105 
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ORF 

slrOl72 

slr0670 

slr0058 

slr0923 

slr2025 

slr0455 

ssr1528 

slr0049 

slr1273 

slr1852 

s110272 

slr0821 
s110529 

s111526 

slr0244 
slr0729 

s111414 

ssr2998 

s111654 
slr1649 

slr1161 

slr1780 

slr0146 
slr0147 

s111188 
s110781 

s110051 
slr0605 

Protein N arne 

(IMP dehydrogenase) 

(universal stress protein) 
(Polyhydroxyalcanoate 
granule associated protein) 
(putative 30S ribosomal, 
Ycf65-like protein) 
hypothetical protein 
(Polyhydroxyalcanoate 
granule associated protein) 
hypothetical protein 

(short chain dehydrogenase) 

hypothetical protein 
hypothetical protein 

hypothetical protein 
(thiamine Sulfur transferase) 
(transketolase) 

hypothetical protein 

hypothetical protein 

hypothetical protein 

hypothetical protein 
hypothetical protein 

hypothetical protein 
hypothetical protein 

hypothetical protein 
hypothetical protein YCF54 
ycf54 
hypothetical protein 
hypothetical protein 

hypothetical protein 

hypothetical protein 
hypothetical protein 

hypothetical protein 

Lipid Metabolism 

slr1 051 enoyl-acyl-carrier-protein 
reductase 

s111945 1-deoxyxylulose-5-
phosphate synthase 

ss12084 

slr1020 

slr2089 

acyl carrier protein acpP 

sulfolipid biosynthesis 
protein SqdB sqdB 

squalene-hopene-cyclase 
shc 

Nucleotide Metabolism 

s111035 

slr1622 

s111815 

s111852 

s111043 

sll0421 

uracil 
ph osp h oribosy ltransferase 

soluble inorganic 
pyrophosphatase ppa 

adenyl ate kinase adk 
nucleoside diphosphate 
kinase 
polyribonucleotide 
nucleotidyltransferase 

adenylosuccinate lyase purB 

MS/ 
MS 

5 
2 

3 

8 

2 

3 

5 
8 
2 

13 

8 
3 

6 
6 

11 

23 

6 

9 

2 
7 
9 

5 

3 
3 
10 

2 

2 
4 

3 

2 

4 

11 

13 

2 

8 

3 

6 

10 

4 

Light:Dark 
(116:114) 

Log 
Ratio 
0.368 

SD 

0.091 
0.315 0.106 

0.351 0.008 

0.251 0.162 

0.238 0.140 

0.241 0.019 

0.196 0.091 
0.190 0.048 

0.143 0.020 
0.186 0.118 

0.168 0.018 
0.193 0.056 
0.173 0.116 
0.137 0.137 

0.141 0.077 
0.109 0.065 

0.067 0.018 
0.062 0.013 

0.063 0.195 
0.015 0.066 
0.002 0.033 

-0.031 0.028 

0.009 0.141 
-0.038 0.015 
-0.063 0.025 
-0.108 0.018 

-0.107 0.029 

-0.128 0.067 

Light:Dark 
(117:114) 

Log 
Ratio SD 

0.402 0.121 

0.394 0.098 

0.306 0.019 

0.312 0.150 

0.279 0.119 

0.267 0.045 

0.264 0.069 
0.226 0.050 
0.242 0.012 
0.204 0.123 
0.203 0.013 
0.167 0.032 
0.184 0.136 
0.185 0.133 
0.158 0.073 

0.154 0.062 
0.096 0.023 
0.098 0.018 
0.054 0.296 
0.065 0.050 
0.028 0.035 

0.010 0.058 

-0.043 0.189 
-0.012 0.034 
-0.054 0.018 

-0.051 0.064 
-0.059 0.031 

-0.073 0.057 

Ave 
Log 

Ratio 

0.385 
0.354 

0.329 

0.259 

0.254 

0.230 
0.208 
0.193 
0.195 

0.186 
0.180 
0.178 
0.161 
0.149 
0.132 
0.081 
0.080 

0.058 
0.040 
0.015 

-0.010 

-0.017 
-0.025 
-0.059 
-0.080 
-0.083 
-0.101 

Ave 
SD 

0.106 
0.102 

0.013 

0.156 

0.129 

0.032 

0.080 
0.049 
0.016 
0.120 
0.016 
0.044 
0.126 
0.135 
0.075 
0.064 
0.020 
0.016 
0.246 
0.058 
0.034 

0.043 

0.165 
0.024 
0.022 
0.041 

0.030 
0.062 

0.131 0.117 0.145 0.128 0.138 0.122 

0.134 

0.104 

0.102 

0.028 

0.375 

0.256 

0.254 

0.186 

0.069 

-0.080 

0.003 0.137 0.005 0.135 0.004 

0.014 0.116 

0.023 0.104 

0.023 -0.021 

0.063 

0.040 

0.025 

0.047 0.436 0.061 

0.086 0.301 0.087 

0.096 0.271 0.087 

0.031 0.197 0.023 

0.089 0.067 0.095 

0.039 -0.036 0.033 

0.110 

0.103 

0.003 

0.038 

0.032 

0.024 

0.406 0.054 

0.279 0.087 

0.263 0.092 

0.192 0.027 

0.068 0.092 

-0.058 0.036 
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Light:Dark Light:Dark 
Ave 

ORF Protein Name 
MS/ (116:114) (117:114) Ave 
MS Log Log 

Log 
SD 

Ratio 
SD 

Ratio 
SD Ratio 

phycocyanin alpha 
s111663 phycocyanobilin lyase 2 0.298 0.190 0.336 0.l08 0.31-; 0.14c) 

related protein 
s110258 cytochrome c550 psb V 20 0.330 0.112 0.295 0.117 0.3l3 0.115 

slr1986 
allophycocyanin beta 

170 0.250 0.032 0.276 0.030 0.263 0.031 
subunit apcB 

s111194 
photo system II 12 kDa 

19 0.228 0.024 0.276 0.030 0.252 0.02: 
extrinsic protein psbU 

s110928 a11ophycocyanin-B apcD 42 0.229 0.037 0.269 0.042 0.249 0.040 

sl11579 
phycobilisome rod linker 

38 0.225 0.044 0.246 0.045 0.235 0.045 
polypeptide cpcC2 
phycobilisome core-

slr0335 membrane linker 82 0.209 0.039 0.231 0.038 0.220 0.039 

polypeptide apcE 

s110947 
light repressed protein A 

8 0.l55 
homolog lrtA 

0.117 0.181 0.125 0.l68 0.l21 

sl11580 
phycobilisome rod linker 76 0.l42 
polypeptide cpcCl 

0.046 0.l81 0.048 0.l62 0.047 

slr2051 
phycobilisome rod-core 66 0.134 
linker polypeptide cpcG 1 

0.039 0.l64 0.041 0.149 0.040 

s110427 
photo system II manganese- 11 0.l08 
stabilizing polypeptide psbO 

0.072 0.l29 0.082 0.118 0.077 

slr1643 
ferredoxin-NADP 24 0.096 
oxidoreductase petH 

0.075 0.l26 0.078 0.111 0.077 

slr1459 
phycobilisome core 
component apcF 

9 0.019 0.023 0.048 0.027 0.034 0.025 

slr0737 
photosystem I subunit II 11 -0.346 0.053 -0.347 0.061 -0.346 0.057 
psaD 

slr1834 
P700 apoprotein subunit Ia 12 -0.637 0.048 -0.640 0.033 -0.638 0.040 
psaA 

Pomhyrin and Chloro12hy11 Metabolism 

light-dependent NADPH-
slr0506 protochlorophyllide 4 0.402 0.l16 0.475 0.l37 0.439 0.l27 

oxidoreductase por 

porphobilinogen synthase 
0.108 0.042 0.092 0.047 

s111994 ( 5-aminolevulinate 6 0.076 0.052 

dehydratase) hemB 

s110017 
glutamate-I-semi aldehyde 
aminomutase hemL 

11 0.004 0.035 0.030 0.046 0.017 0.041 

coproporphyrinogen III 
0.001 -0.098 0.056 -0.096 0.028 

s111185 oxidase, aerobic (oxygen- 2 -0.094 

dependent) hemF 

Pyruvate Metabolism 
pyruvate dehydrogenase 

s111841 
dihydrolipoamide 4 0.499 0.071 0.515 0.080 0.507 0.075 
acetyltransferase component 
(E2) 

slr1934 
pyruvate dehydrogenase E1 7 0.227 0.076 0.272 0.082 0.250 0.079 
component, alpha subunit 

slll721 
pyruvate dehydrogenase E1 9 0.162 0.102 0.l89 0.109 0.175 0.105 
component, beta subunit 
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Light:Dark Light:Dark 
AYe MS/ (116:114) (117:114) Ave ORF Protein N arne Log MS Log Log SD 

Ratio 
SD 

Ratio 
SD Ratio 

nucleic acid-binding protein, 
slr1984 30S ribosomal protein S 1 3 -0.060 0.025 -0.114 0.017 -0.087 0.021 

homolog nbp 1 ,rps 1 b 

slll 097 
305 ribosomal protein 57 

3 -0.118 0.034 -0.069 0.038 -0.094 0.036 
rps7 

s111816 
305 ribosomal protein 513 3 -0.152 0.046 -0.030 0.067 -0.091 0.057 
rps13 

Trans20rt and Binding Proteins 

slr1890 bacterioferritin 12 0.295 0.032 0.326 0.038 0.311 0.035 

s111341 bacterioferritin 4 0.109 0.048 0.166 0.038 0.l37 0.043 
periplasmic protein, putative 

slll762 
polar amino acid transport 12 -0.072 0.031 -0.048 0.031 -0.060 0.031 
system substrate-binding 
protein 
perip1asmic protein, ABC-

slr0447 
type urea transport system 4 -0.079 
substrate-binding protein 

0.014 -0.050 0.023 -0.065 0.019 

urtA 

Note: Hypothetical proteins with close similarity to another organism(s) with known functional group(s) 

were in parentheses. 
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O.5hrD:24hrD IhrD:24hrD 1.5hrD:24hrD 

ORF Protein Name 
MSI (115:114) (116:114) (11 ::114) 
MS Log Log Log SD SD SD Ratio Ratio Ratio 

s111393 
glycogen (starch) 

3 -0.060 0.041 -0.116 synthase glgA 0.084 0.038 0.033 

slrl176 
glucose-I-phosphate 

13 -0.172 0.058 0.037 0.028 ad en y 1 y ltransferase -0.154 0.06-

Carbon fixation 

carbon dioxide 
s111028 concentrating mechanism 10 -0.259 0.039 0.118 0.026 -0.170 0.016 

protein CcmK ccmK2 

carbon dioxide 
s111 029 concentrating mechanism 7 -0.184 0.092 0.167 0.055 -0.151 0.095 

protein CcmK ccmKl 

carbon dioxide 
concentrating mechanism 

s111031 protein CcmM, putative 5 0.037 0.076 0.243 0.050 0.139 0.062 
carboxysome structural 
protein ccmM 

s111525 phosphoribulokinase prk 14 -0.203 0.097 0.062 0.059 -0.117 0.065 

ribulose bisphosphate 
slrOO09 carboxylase large subunit 44 -0.414 0.053 0.041 0.042 -0.315 0.039 

rbcL 

Cellular processes 
slr1198 antioxidant protein 31 -0.120 0.061 0.103 0.074 0.005 0.057 

slr1516 
superoxide dismutase 

34 -0.134 
sodB 

0.017 0.032 0.017 -0.072 0.015 

Energ):: Metabolism 

s111499 
ferredoxin-dependent 

3 -0.244 0.059 0.005 0.028 -0.120 0.065 
glutamate synthase glsF 

s111987 
catalase peroxidase cpx, 
katG 

2 -0.179 0.187 -0.139 0.114 -0.064 0.124 

slr0898 
ferredoxin--nitrite 

2 -0.220 0.186 0.003 0.329 -0.076 0.314 
reductase nirA 

ferredoxin-thioredoxin 
ssr0330 reductase, variable chain 2 -0.153 0.060 0.051 0.005 -0.019 0.114 

ftrV 

Folding, Sorting and Degradation 

s110020 
ATP-dependent C1p 

3 -0.309 0.081 0.033 0.066 -0.297 0.039 
protease ATPase subunit 

DnaK protein 2, heat 

s110170 
shock protein 70, 

6 -0.150 0.030 0.047 0.039 -0.066 0.050 
molecular chaperone 
dnaK2 

s110408 
peptidyl-proly1 cis-trans 2 -0.328 0.025 0.124 0.011 -0.216 0.041 
Isomerase 

s111621 AhpC/TSA family protein 32 -0.246 0.028 0.006 0.029 -0.233 0.026 

slr0623 thioredoxin trxA 8 -0.263 0.052 0.012 0.041 -0.151 0.038 

slr0659 oligopeptidase A 2 -0.070 0.025 0.130 0.098 -0.041 0.027 

slr1251 
peptidyl-pro1yl cis-trans 

3 -0.020 0.049 0.103 0.034 0.037 0.038 
isomerase 
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O.5hrD:24hrD IhrD:24hrD 1.5hrD:24hrD 

ORF Protein N arne 
MS/ {115:1l4} {1l6:1l4} {1l7:1l4) 
MS Log Log Log 

SD SD SD Ratio Ratio Ratio 
Nucleotide Metabolism 

s110368 
uracil 

2 
phosphoribosyltransferase 

0.093 0.077 -0.029 0.090 0.062 0.115 

s111 043 
polyribonucleotide 

6 -0.l71 0.037 -0.069 0.035 
nucleotidyltransferase 

-0.l72 0.023 

s111852 
nucleoside diphosphate 

11 -0.294 
kinase 

0.047 0.161 0.023 -0.146 0.051 

slr1622 
soluble inorganic 

3 -0.323 
pyrophosphatase ppa 

0.039 0.017 0.040 -0.254 0.033 

inosine-5'-
slr1722 monophosphate 5 -0.149 0.094 0.015 0.048 -0.107 0.060 

dehydrogenase 

Other 

s110576 
putative sugar-nucleotide 

10 -0.188 
epimerase/ dehydratease 

0.046 0.019 0.023 -0.210 0.044 

s110588 unknown protein 6 -0.017 0.012 0.248 0.011 0.043 0.014 

s111009 unknown protein 2 0.800 0.044 -0.016 0.006 0.871 0.087 

s111130 unknown protein 3 -0.186 0.036 0.002 0.016 -0.120 0.044 

s111559 
soluble hydrogenase 42 7 -0.368 0.077 0.196 0.055 -0.263 0.084 
kD subunit 

s111873 unknown protein 12 -0.001 0.099 -0.039 0.048 0.053 0.109 

slr1852 unknown protein 4 -0.260 0.027 0.008 0.051 -0.175 0.026 

slr1854 unknown protein 2 0.155 0.012 -0.227 0.056 0.153 0.054 

slr1855 unknown protein 15 -0.218 0.065 0.001 0.044 -0.188 0.055 

slr1963 
water-soluble carotenoid 
protein 

7 -0.229 0.132 0.072 0.028 -0.186 0.054 

slr2002 
cyanophycin synthetase 3 -0.015 0.066 0.086 0.063 0.117 0.053 
cphA 

ss12296 
pterin-4a-carbinolamine 2 -0.268 0.147 0.149 0.029 -0.417 0.082 
dehydratase 

ssr1853 unknown protein 2 0.075 0.066 0.001 0.036 0.145 0.003 

Pentose PhosQhate Path wax 

s110329 
6-phosphogluconate 4 -0.201 0.133 0.217 0.062 -0.052 0.166 
dehydrogenase 

s110807 
pentose-5-phosphate-3- 2 -0.411 0.061 0.099 0.047 -0.307 0.021 
eplmerase rpe 

s111070 transketolase 8 -0.207 0.046 0.061 0.014 -0.133 0.041 

slr1793 transaldolase 6 -0.279 0.099 0.061 0.044 -0.228 0.096 

Photos)'Ilthesis 
s1l0199 plastocyanin petE 3 -0.295 0.092 0.651 0.050 -0.309 0.064 

s1l0258 cytochrome c550 psbV 12 -0.022 0.036 0.014 0.035 0.011 0.017 

photosystem II 0.041 0.024 
s110427 mangan ese-stabi lizin g 7 -0.001 0.027 0.035 0.012 

polypeptide psbO 

s110928 allophycocyanin-B apcD 25 -0.292 0.052 0.114 0.046 -0.109 0.043 

s110947 
light repressed protein A 6 -0.141 0.l77 -0.142 0.037 -0.l37 0.232 

homolog lrtA 



O.5hrD:24hrD IhrD:24hrD l.ShrD:24hrD 

ORF Protein N arne 
MS/ {l1S:114} {116:114} {117:114} 
MS Log 

SD 
Log Log 

Ratio Ratio 
SD 

Ratio SD 

slr1894 
probable DNA-binding 

14 -0.176 0.044 0.041 0.009 -0.109 0.050 stress protein 

Signal Transduction 

s111590 
two-component sensor 

3 -0.375 0.077 0.151 0.025 -OA05 0.074 
histidine kinase hik20 

s1r2024 
two-component response 

2 -0.123 0.043 -0.118 0.055 -0.091 0.092 
regulator Che Y subfamily 

TCA cycle 
s1r0665 aconitate hydratase 2 -0.357 0.109 0.051 0.066 -0.248 0.037 

slr1289 
isocitrate dehydrogenase 

8 -0.239 0.033 0.026 0.032 -0.067 0.038 
(NADP+) icd 

Transcription 

s111787 
RNA polymerase beta 

9 -0.244 
subunit rpoB 

0.054 -0.070 0.090 -0.187 0.050 

s111789 
RNA polymerase beta 

7 -0.122 
prime subunit rpoC2 

0.085 -0.144 0.046 -0.076 0.092 

slr1265 
RNA polymerase gamma-

3 -0.110 
subunit rpoCl 

0.029 0.156 0.068 -0.176 0.067 

slr1856 
phosphoprotein substrate 

2 -0.431 
of icfG gene cluster 

0.054 0.097 0.015 -0.377 0.021 

Translation 

s110145 
ribosome releasing factor 4 -0.072 0.014 0.023 0.022 0.035 0.013 
fIT, rrf 

s111099 elongation factor Tu tufA 45 -0.089 0.055 0.083 0.028 0.007 0.061 

s111260 
30S ribosomal protein S2 10 -0.298 0.109 0.004 0.028 -0.259 0.154 
rps2 

s111425 proline-tRNA ligase proS 3 -0.215 0.022 -0.073 0.009 -0.076 0.045 

s111745 
50S ribosomal protein 2 -0.147 0.039 -0.035 0.022 -0.058 0.045 
L10 rpllO 

s111746 
50S ribosomal protein 17 -0.373 0.050 0.108 0.024 -0.404 0.053 
L12 rp1l2 

s111812 
30S ribosomal protein S5 5 0.036 0.043 -0.033 0.035 0.006 0.022 
rps5 

s111816 
30S ribosomal protein 9 0.046 0.028 -0.175 0.044 0.125 0.019 
S 13 rps13 

s111821 
50S ribosomal protein 3 0.103 0.018 0.160 0.066 0.136 0.027 
L13 rp1l3 

slr0193 
RNA-binding protein 4 0.003 0.017 -0.191 0.024 0.135 0.015 
rbp3 

slr0434 elongation factor P efp 6 -0.259 0.022 0.026 0.022 -0.167 0.014 

slr0744 
translation initiation 
factor IF-2 intB 

4 0.061 0.015 0.027 0.052 0.051 0.056 

slr1356 
30S ribosomal protein S 1 2 -0.118 0.097 -0.166 0.418 -0.033 0.165 
rps1a 

slr1463 
elongation factor EF-G 29 -0.115 0.036 -0.011 0.026 -0.069 0.029 

fus 
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Appendix H 

The list of 150 proteins found in Experiment 2 in Chapter 6 via iTRAQ analysis. This set of 

experiment consists of 'prolonged' time-points derived from the dark cycle: 1 hr, 6 hr and 11 hr 

against the common reference of 24 hr dark. The ratio is expressed in Log IO unit, whereas the 

error is estimated in standard deviation (SD). 

IhrD:24hrD 6hrD:24hrD llhrD:24hrD 

ORF Protein N arne 
MS/ {llS:1l4} {1l6:114} {1l7:1141 
MS Log 

SD 
Log 

SD 
Log 

SD Ratio Ratio Ratio 
Amino Acids Metabolism 

s110080 
N-acetyl-gamma-glutamyl-

2 0.221 0.015 -0.130 0.009 0.075 0.039 
phosphate reductase argC 

s110220 
L-glutamine :D-fructose-6-

2 -0.093 0.033 -0.119 0.092 -0.052 0.028 
P amidotransferase glmS 

s111058 
dihydrodipicolinate 4 -0.064 0.053 -0.032 0.025 0.001 0.016 
reductase dapB 

s111363 
ketol-acid 7 0.011 
reductoisomerase ilvC 

0.031 0.026 0.022 0.031 0.033 

NADH-dependent 
s111502 glutamate synthase large 4 -0.047 0.030 -0.075 0.023 -0.008 0.026 

subunit gltB 

s111750 urease alpha subunit ureC 2 0.088 0.006 -0.121 0.009 -0.004 0.019 

s112001 leucine aminopeptidase 5 -0.020 0.018 -0.037 0.010 -0.031 0.026 

probable branched-chain 
0.033 0.052 0.006 slr0032 amino acid 2 -0.015 0.036 -0.054 

aminotransferase 

slr0288 
glutamate--ammonia ligase 
gInN 

9 0.211 0.038 0.181 0.055 0.206 0.035 

slr0452 
dihydroxyacid dehydratase 
ilvD 

2 -0.119 0.012 -0.102 0.047 -0.053 0.049 

slr0543 
tryptophan synthase beta 
subunit trpB 

2 0.135 0.001 -0.150 0.053 0.108 0.033 

slr1756 
glutamate--ammonia ligase 
gInA 

27 0.066 0.046 -0.022 0.023 0.039 0.021 

A TP synthesis 

s111326 
ATP synthase alpha chain 10 0.015 0.019 -0.133 0.029 -0.056 0.018 
atpA 

Carbohydrate Metabolism 

s110158 
1 ,4-alpha-glucan branching 6 -0.050 0.045 -0.053 0.027 -0.004 0.019 
enzyme glgB 

0.013 -0.201 0.001 
s110945 glycogen synthase glgA 2 -0.078 0.007 -0.178 

s111213 GDP-fucose synthetase 2 -0.033 0.018 0.022 0.010 0.022 0.055 

s111356 glycogen phosphorylase 17 -0.090 0.023 -0.072 0.016 -0.056 0.014 

glucose-I-phosphate 17 -0.031 0.042 -0.044 0.025 -0.008 0.028 
slr1176 adenylyltransferase 

Carbon fixation 
carboxysome formation 2 -0.120 0.001 -0.253 0.076 0.031 O.O?,) 

s110934 protein CcrnA ccrnA 
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ORF 

slr0161 

slr0623 

slr1251 

slr1641 
slr2075 
slr2076 

Protein N arne 

twitching motility protein 
PilT pilT1· 

thioredoxin trxA 

peptidyl-prolyl cis-trans 
Isomerase 

ClpB protein clpB 1 

10kD chaperonin groES 
60kD chaperonin groELl 

Glycolysis 

sll0018 

s110920 

s1l1275 

s111342 

slr0394 

slr1349 

slr2094 

fructose-bisphosphate 
aldolase, class II fbaA, fda 

phosphoenolpyruvate 
carboxylase ppc 

pyruvate kinase 2 

N AD(P)-dependent 
glyceraldehyde-3-
phosphate dehydrogenase 
gap2 

phosphoglycerate kinase 
pgk 

glucose-6-phosphate 
Isomerase 

fructose-1,6-
Isedoheptulose-1, 7-
bisphosphatase fbpl 

hypothetical proteins 
s110051 hypothetical protein 
s110272 hypothetical protein 
s110359 hypothetical protein 
s111188 hypothetical protein 
s111414 hypothetical protein 

s111526 hypothetical protein 
slr0038 hypothetical protein 
slrO 11 0 hypothetical protein 
slr0244 hypothetical protein 
slr0729 hypothetical protein 

slr0923 hypothetical protein 
YCF65 ycf65 

slr1161 
slr1590 
slr1649 

slr1780 

ssr2998 

hypothetical protein 

hypothetical protein 
hypothetical protein 

hypothetical protein 
YCF54 ycf54 

hypothetical protein 

Lipid Metabolism 

slr0015 lipid A disaccharide 
synthase 

slr1020 
sulfolipid biosynthesis 
protein SqdB sqdB 

IhrD:24hrD 6hrD:24hrD 11hrD:24hrD 
MSI (115:114) (116:114) (117:114) 
MS --~L-og----~----~L~O~g~~~-----L~o~g~~~--

2 

11 

7 

3 

13 
7 

9 

3 

3 

18 

31 

3 

12 

6 
4 
14 
6 

3 
3 
4 

2 
12 
15 

3 

5 

5 

7 

6 

2 

4 

Ratio SD Ratio SD Ratio SD 

0.069 

0.059 

-0.020 

-0.077 

0.186 
-0.048 

0.046 

-0.028 

-0.118 

-0.074 

0.021 

-0.063 

0.023 

-0.048 
0.160 
0.017 
-0.095 

0.019 
-0.087 
0.020 
-0.092 
-0.141 
-0.032 

0.025 

-0.013 
-0.007 
-0.006 

-0.009 

-0.043 

0.089 

0.086 

0.035 

0.050 

0.040 

0.034 
0.036 
0.024 

0.082 

0.016 

0.018 

0.022 

0.021 

0.012 

0.055 

0.013 
0.017 
0.075 
0.044 

0.039 
0.071 
0.055 
0.003 
0.026 
0.047 

0.012 

0.020 
0.025 
0.039 

0.025 

0.024 

-0.142 

-0.080 

-0.017 

-0.105 
-0.171 
-0.045 

-0.126 

-0.055 

-0.003 

-0.193 

-0.059 

-0.032 

-0.130 

0.081 

0.060 

0.021 

0.067 
0.040 
0.059 

0.029 

0.019 

0.010 

0.034 

0.019 

0.011 

0.037 

-0.051 

0.005 

0.010 

-0.031 
0.011 
-0.128 

-0.047 

-0.032 

-0.081 

-0.142 

-0.018 

-0.012 

-0.054 

0.04-

0.025 

0.024 

0.030 
0.024 
0.033 

0.032 

0.059 

0.024 

0.019 

0.020 

0.023 

0.022 

-0.010 0.011 -0.004 0.011 
-0.199 0.024 0.123 0.016 
-0.109 0.036 -0.036 0.022 
-0.034 0.049 -0.039 0.078 
-0.125 0.027 0.024 0.017 
-0.052 0.030 -0.095 0.030 
0.039 0.018 0.075 0.030 
-0.159 0.040 -0.132 0.056 
-0.130 0.025 -0.125 0.031 
-0.195 0.028 -0.100 0.031 

-0.211 0.016 -0.063 0.049 

-0.079 
-0.204 
-0.074 

0.012 

-0.088 

0.026 
0.024 
0.023 

0.016 

0.01:2 

-0.001 
-0.059 
-0.025 

0.037 

-0.082 

0.025 
0.030 
0.053 

0.030 

0.013 

0.025 -0.295 0.003 0.007 0.005 

0.028 0.017 0.055 0.057 0.100 
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IhrD:24hrD 6hrD:24hrD IlhrD:24hrD 

Protein N arne 
MS/ {l1S:114} {116:114} {117:114} ORF 
MS Log Log Log 

Ratio SD 
Ratio SD 

Ratio SD 

s111194 
photosystem II 12 kDa 

10 0.128 0.023 -0.172 0.028 0.037 0.022 extrinsic protein psbU 

s111577 
phycocyanin beta subunit 

158 0.390 0.024 -0.048 0.011 0.163 0.012 cpcB 

s111578 
phycocyanin alpha subunit 

276 0.418 0.016 -0.128 0.010 0.210 0.010 cpcA 

s111579 
phycobilisome rod linker 

13 0.211 0.035 -0.009 0.035 0.066 0.021 polypeptide cpcC2 

s111580 
phycobilisome rod linker 

57 0.107 0.025 -0.084 0.032 -0.054 0.014 
polypeptide cpcCl 

phycobilisome core-
s1r0335 membrane linker 70 0.087 0.020 -0.038 0.016 -0.035 0.014 

polypeptide apcE 

slr0737 
photo system I subunit II 

8 -0.334 0.050 -0.373 0.036 -0.163 0.035 
psaD 

s1r0906 
photo system II core light 2 -0.593 0.005 -0.619 0.045 -0.205 0.029 
harvesting protein psbB 

slr1459 
phycobilisome core 

8 0.055 
component apcF 

0.049 -0.076 0.017 0.022 0.014 

slr1643 
ferredoxin-NADP 26 -0.029 
oxidoreductase petH 

0.044 -0.052 0.025 -0.060 0.021 

slr1834 
P700 apoprotein subunit Ia 6 -0.291 0.085 -0.350 0.067 0.043 0.072 
psaA 

slr1986 
allophycocyanin beta 84 0.208 0.049 -0.094 0.035 0.070 0.042 
subunit apcB 

slr2051 
phycobilisome rod-core 24 0.074 0.042 -0.043 0.026 -0.015 0.023 
linker polypeptide cpcG 1 

slr2067 
allophycocyanin alpha 28 -0.003 
subunit apcA 

0.147 -0.231 0.122 -0.161 0.136 

ss13093 
phycobilisome small rod 6 0.240 
linker polypeptide cpcD 

0.030 -0.050 0.014 0.004 0.013 

ssr2831 
photo system I subunit IV 
psaE 

2 -0.227 0.018 -0.274 0.016 -0.176 0.008 

ssr3383 
phycobilisome small core 4 0.363 0.051 -0.176 0.031 0.176 0.032 
linker polypeptide apcC 

Pomhyrin and chloro12hyll metabolism 

s110017 
glutamate-1-semialdehyde 3 -0.003 0.050 -0.052 0.036 -0.1 01 0.018 
aminomutase hemL 

coproporphyrinogen III 
s1l1185 oxidase, aerobic (oxygen- 4 -0.106 0.043 -0.076 0.036 -0.077 0.023 

dependent) hemP 

porphobilinogen synthase 
0.152 0.024 0.035 0.034 0.102 0.023 

s111994 ( 5-aminolevulinate 4 
dehydratase) hemB 

Pyruvate Metabolism 
dihydrolipoamide ') -0.007 0.082 -0.043 0.046 -0.040 0.019 

slr1096 dehydrogenase 

RegulatoD' control 
nitrogen regulatory protein 

10 0.139 0.041 0.006 0.038 0.177 0.031 
ss10707 P-II glnB 
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IhrD:24hrD 6hrD:24hrD 11hrD:24hrD 

ORF Protein N arne 
MSI (115:114) (116:114) (117:114) 
MS Log Log Log SD SD SD Ratio Ratio Ratio 

slr1463 elongation factor EF-G fus 15 -0.068 0.025 -0.065 0.024 -0.056 0.023 

nucleic acid-binding 

slr1984 
protein, 30S ribosomal 

2 -0.051 0.000 -0.135 0.000 -0.052 0.046 protein S 1 homolog 
nbp1,rps1b 

TransQort and Binding Proteins 

phosphate-binding 
s110680 periplasmic protein 2 0.118 0.000 0.044 0.028 0.059 0.031 

precursor (PBP) 

s111341 bacterioferritin 2 0.063 0.119 -0.328 0.094 0.030 0.037 

periplasmic protein, ABC-

slr0447 
type urea transport system 

3 0.100 0.024 -0.136 0.026 0.022 0.021 
substrate-binding protein 
urtA 

slr1890 bacterioferritin 8 0.239 0.032 -0.142 0.031 0.098 0.026 
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12.5hrL:24hrO 13hrL:24hrO 13.5hrL:24hrO 

ORF Protein Name 
MSI {115:114} {116:114} {117:114) 
MS Log Log Log SO SO SO Ratio Ratio Ratio 

carbon dioxide concentrating 

s111031 
mechanism protein CcmM, 

3 -0.063 0.026 0.129 putati ve carboxy some 0.038 -0.082 0.03-

structural protein ccmM 

s111525 phosphoribulokinase prk 5 -0.423 0.073 -0.094 0.038 -0.468 0.086 

Cellular Processes 
slr1198 antioxidant protein 22 -0.282 0.066 -0.024 0.041 -0.360 0.053 
slr1516 superoxide dismutase sodB 15 -0.148 0.021 0.009 0.011 -0.201 0.013 

Energy Metabolism 

s111499 
ferredoxin -dependent 

2 0.378 0.389 0.043 0.063 0.424 0.370 
glutamate synthase glsF 

s111987 
catalase peroxidase cpx, 4 -0.575 0.093 -0.113 0.056 -0.542 0.052 
katG 

slr0898 
ferredoxin--nitrite reductase 5 -0.125 
nirA 

0.019 -0.023 0.013 -0.061 0.014 

Folding, Sorting and Degradation 

DnaK protein 2, heat shock 
s110170 protein 70, molecular 4 -0.254 0.024 0.006 0.040 -0.280 0.022 

chaperone dnaK2 

peptidyl-prolyl cis-trans 
s110227 isomerase B, periplasmic 3 -0.103 0.058 0.006 0.013 -0.107 0.043 

protein ppiB 

s110408 
peptidyl-prolyl cis-trans 2 -0.118 0.279 0.021 0.009 -0.127 0.309 
Isomerase 
60 kDa chaperonin 2, 

s110416 GroEL2, molecular 6 -0.017 0.117 -0.047 0.048 -0.018 0.099 

chaperone groEL-2 
s111621 AhpC/TSA family protein 15 -0.303 0.032 -0.009 0.017 -0.278 0.039 

slr0623 thioredoxin trxA 8 -0.392 0.162 0.025 0.030 -0.490 0.192 

slr1251 
peptidyl-prolyl cis-trans 5 -0.089 0.028 0.027 0.036 -0.088 0.021 
Isomerase 

slr2075 10kD chaperonin groES 8 -0.089 0.050 -0.113 0.037 -0.146 0.044 

slr2076 60kD chaperonin groEL1 3 0.160 0.036 0.024 0.046 0.196 0.042 

Glycolysis 

s110018 
fructose-bisphosphate 4 -0.544 0.028 -0.069 0.014 -0.587 0.028 
aldolase, class II fuaA, fda 

NAD(P)-dependent 
sl11342 glyceraldehyde-3-phosphate 6 -0.440 0.055 -0.276 0.004 -0.441 0.099 

dehydrogenase gap2 

slr0394 phosphoglycerate kinase pgk 11 -0.274 0.029 -0.041 0.032 -0.344 0.047 

slr1349 
gl ucose-6-phosphate 3 -0.156 0.012 0.012 0.004 -0.099 0.028 
Isomerase 

slr2094 
fructose-1,6-/sedoheptulose- 7 -0.135 0.110 -0.054 0.033 -0.12Q 0.164 
1,7 -bisphosphatase fupI 

Hypothetical Proteins 
s110051 hypothetical protein 3 -0.085 0.009 -0.030 0.028 -0.077 0.023 

s110359 hypothetical protein 6 -0.259 0.057 -0.159 0.020 -0.203 0.05"7 

sll1526 hypothetical protein 3 -0.142 0.032 -0.021 0.019 -0.120 0.057 
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12.5hrL:24hrD 13hrL:24hrD 13.5hrL:24hrD 

ORF Protein N arne 
MS/ (115:114) (116:114) (117:114) 
MS Log Log Log 

Ratio SD 
Ratio SD 

Ratio SD 

Photosynthesis 
s110258 cytochrome c550 psbV 6 0.001 0.036 0.029 0.038 -0.096 0.064 

s110427 
photosystem II manganese-

4 -0.188 0.107 -0.033 0.040 -0.156 0.090 stabilizing polypeptide psbO 

s110928 allophycocyanin-B apcD 14 -0.572 0.069 -0.006 0.026 -0.721 0.045 

s110947 
light repressed protein A 

4 -0.064 0.312 -0.270 0.037 -0.116 0.272 homolog 1rtA 

s111194 
photo system II 12 kDa 

15 -0.325 0.089 0.014 0.016 -0.392 0.128 extrinsic protein psbU 

s111577 
phycocyanin beta subunit 

18 -0.282 0.073 0.283 0.039 -0.295 0.072 
cpcB 

s111578 
phycocyanin alpha subunit 

79 -0.457 0.038 0.168 0.011 -0.412 0.041 
cpcA 

s111579 
phycobi1isome rod linker 

7 -0.334 0.119 0.131 0.064 -0.418 0.081 
polypeptide cpcC2 

s111580 
phycobilisome rod linker 

32 -0.266 0.065 0.067 0.015 -0.294 0.083 
polypeptide cpcC 1 
phycobi1isome core-

slr0335 membrane linker 46 -0.183 0.042 0.021 0.011 -0.206 0.040 
polypeptide apcE 

slr0737 
photo system I subunit II 

3 -0.442 
psaD 

0.137 -0.564 0.027 -0.472 0.158 

slr1459 
phycobilisome core 

5 -0.561 
component apcF 

0.129 0.076 0.043 -0.617 0.104 

slr1643 
ferredoxin-NADP 14 -0.129 
oxidoreductase petH 

0.058 0.052 0.018 -0.108 0.062 

slr1834 
P700 apoprotein subunit Ia 
psaA 

8 -0.507 0.043 -0.722 0.048 -0.523 0.064 

slr1986 
a11ophycocyanin beta subunit 
apcB 

41 -0.380 0.080 0.130 0.018 -0.396 0.068 

slr2051 
phycobi1isome rod-core 

16 -0.262 
linker polypeptide cpcG 1 

0.051 0.023 0.056 -0.327 0.057 

slr2067 
allophycocyanin alpha 
subunit apcA 

24 -0.214 0.048 0.075 0.012 -0.206 0.055 

Pomhyrin and Ch1oroQhy11 Metabolism 

coproporphyrinogen III 
slll185 oxidase, aerobic (oxygen- 3 -0.159 0.039 -0.097 0.025 -0.178 0.036 

dependent) hemF 

porphobilinogen synthase (5-
-0.465 0.032 0.107 0.013 -0.369 0.016 

s111994 aminolevulinate 4 
dehydratase) hemB 

Pyruvate Metabolism 

dihydro1ipoamide 
slr1096 

dehydrogenase 
3 -0.138 0.044 0.000 0.035 -0.080 0.029 

Regulatory Control 
nitrogen regulatory protein 12 -0.351 0.086 0.124 0.025 -0.280 0.074 

sslO707 P-II glnB 

ReQlication and ReQair 
0.016 -0.582 0.087 

s1ll712 DNA binding protein HU 5 -0.446 0.071 -0.224 
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Appendix J 

The list of 150 proteins found in Experiment 4 in Chapter 6 via iTRAQ analysis. This set of 

experiment consists of 'prolonged' time-points derived from the light cycle: 13 hr. 18 hr and 23 

hr against the common reference of 24 hr dark. The ratio is expressed in Log lO unit, whereas the 

error is estimated in standard deviation (SD). 

13hrL:24hrD 18hrL:24hrD 23hrL:24hrD 

ORF Protein N arne 
MS/ {l1S: 1141 {116:1141 {117:114} 
MS Log 

SD Log 
SD 

Log 
Ratio Ratio Ratio 

SD 

Amino Acids Metabolism 

s111058 
dihydrodipicolinate reductase 

3 -0.094 0.071 -0.037 0.042 -0.086 0.042 
dapB 

s111363 
ketol-acid reductoisomerase 

2 -0.038 0.001 -0.079 0.019 0.009 0.022 
ilvC 

s111502 
NADH-dependent glutamate 

3 -0.038 0.053 -0.004 0.036 0.037 0.046 
synthase large subunit gltB 

s111682 alanine dehydrogenase 2 -0.087 0.021 -0.093 0.014 -0.045 0.025 

s111750 urease alpha subunit ureC 4 0.142 0.073 0.145 0.090 0.167 0.078 

senne 
s111931 hydroxymethyltransferase 2 -0.039 0.064 0.062 0.044 0.055 0.022 

glyA 
s112001 leucine aminopeptidase 2 -0.121 0.011 -0.081 0.022 -0.063 0.007 

slr0288 
glutamate--ammonia ligase 
gInN 

8 0.155 0.018 0.173 0.022 0.215 0,030 

slr0543 
tryptophan synthase beta 2 0,095 0.030 0.077 0,002 0.127 0,030 
subunit trpB 

slr1756 
glutamate--ammonia ligase 
gInA 

15 0.082 0.042 0.120 0.049 0.119 0.040 

A TP synthesis 

s111326 
ATP synthase alpha chain 6 -0.064 0.023 0.026 0.046 0.012 0,046 
atpA 

carbohydrate Metabolism 

s110158 
1,4-alpha-glucan branching 6 -0.013 0.046 -0.020 0,040 0.003 0.044 
enzyme glgB 

s110945 glycogen synthase glgA 3 0.078 0.038 0.047 0.040 0.021 0,044 

s111212 
GDP-mannose 4,6- 2 0.051 0.114 0.071 0,017 0,061 0.003 
dehydratase 

0.032 0.014 0,022 
s111213 GDP-fucose synthetase 5 -0.023 0.040 -0.005 

sl11356 glycogen phosphorylase 9 -0,075 0.013 -0.1 02 0,013 -0.069 0,026 

slr0984 
CDP-glucose 4,6-
dehydratase rfbG 

3 0.783 0.046 0.714 0.040 0.678 0,062 

slr1176 
glucose-I-phosphate 
adenylyltransferase 

13 -0,023 0,038 -0.027 0.029 -0.001 0.028 

Carbon fixation 

s111 028 
carbon dioxide concentrating 18 -0.031 0.022 0.010 0.020 -0.002 0,026 
mechanism protein CcmK2 

s111 029 
carbon dioxide concentrating 2 0.017 0,089 0.143 0.012 0.172 0.003 
mechanism protein CcmK1 
ribulose bisphosphate 

0.026 0.143 0.029 0.165 0.029 
slrOO09 carboxylase large subunit 42 0.113 

rbcL 
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ORF 

s110272 
s110359 
s1l1188 
s1l1526 
slr0038 
slr0049 
slr0147 
slrOl72 
slr0244 
slr0455 
slr0689 
slr0729 
slr1161 
slr1649 
slrl780 
ssr2998 

Protein N arne 

hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein YCF54 
hypothetical protein 

Lipid Metabolism 

slr1020 sulfolipid biosynthesis 
protein SqdB sqdB 

slr2089 squalene-hopene-cyclase shc 
ss12084 acyl carrier protein acpP 

Nucleotide Metabolism 
s110421 adenylosuccinate lyase purB 

s111043 polyribonucleotide 
nucl eoti dy 1 transferase 

s111815 adenyl ate kinase adk 

s111852 nucleoside diphosphate 
kinase 

slr1622 soluble inorganic 
pyrophosphatase ppa 

Other 

s110245 

s110576 

s110588 

s110617 

s110872 
s111130 
s111305 

s111559 

s111583 

s111785 

s111873 
slr0476 
slr1852 
slr1855 

probable GTP binding 
protein 
putative sugar-nucleotide 
epimerase/ dehydratease 

unknown protein 
plasma membrane protein 
essential for thylakoid 
formation vipp 1 
unknown protein 
unknown protein 
probable hydrolase 

soluble hydrogenase 42 kD 
subunit 

unknown protein 

periplasmic protein, function 
unknown 

unknown protein 
unknown protein 
unknown protein 
unknown protein 

13hrL:24hrD 18hrL:24hrD 23hrL:24hrD 
MS/ (115:114) (116:114) (117:114) 
MS lLr'o~g~=-=-';:.L.--~L---':o!...:::g~~~---:L~o~g~~~-

4 

6 
8 
5 
2 
2 
3 
3 
8 
2 
2 
10 
2 
10 
3 
8 

3 

Rati'o SD SD SD Ratio Ratio 
0.197 0.045 0.211 0.026 0.175 0.035 
-0.085 0.112 0.002 0.100 0.033 0.113 
-0.093 0.033 -0.105 0.031 -0.069 CJ.032 
-0.035 0.024 -0.020 0.073 0.045 0.029 
0.038 0.051 -0.104 0.074 0.046 0.019 
-0.184 0.213 -0.158 0.199 -0.103 0.246 
-0.280 0.050 -0.243 0.019 -0.190 0.041 
-0.054 0.039 0.103 0.049 0.103 0.035 
-0.261 0.041 -0.202 0.038 -0.142 0.030 
-0.065 0.006 0.004 0.022 0.117 0.033 
-0.085 0.005 -0.066 0.051 -0.129 0.043 
-0.031 0.052 -0.055 0.059 -0.047 0.047 
-0.063 0.018 0.038 0.014 0.052 0.015 
-0.058 0.024 -0.062 0.026 0,006 0.019 
0.034 0.003 0.035 0.070 0.091 0.076 
-0.159 0.024 -0.067 0.012 -0.010 0.021 

0.154 0.100 0.154 0.197 0.098 

8 0.022 0.033 0.063 

0.036 

0.023 
0.028 

0.039 0.013 
5 -0.094 0.011 0.004 

2 -0.066 0.001 -0.052 

5 0.063 0.069 0.028 

3 0.231 0.103 0.216 

7 0.123 0.028 0.138 

5 0.100 0.046 0.101 

2 

9 

5 

2 

2 

3 
2 

9 

2 

4 

15 
2 
7 
4 

-0.093 0.043 

-0.078 0.030 

0.107 

-0.011 

0.344 
0.041 
0.026 

0.175 

0.007 

0.042 

0.347 
0.138 
0.030 

0.044 

-0.081 0.208 

-0.097 0.098 

-0.114 0.026 
-0.087 0.010 
-0.132 0.086 
-0.101 0.027 

-0.067 

-0.046 

0.170 

0.031 

0.387 
0.016 
0.071 

0.164 

-0.023 

-0.095 

-0.108 
-0.049 
-0.067 
-0.061 

0.052 

0.127 

0.143 

0.025 

0.056 

0.001 

0.048 

0.023 

0.007 

0.340 
0.116 
0.038 

0.048 

0.287 

0.070 

0.015 
0.049 
0.037 
0.068 

0.028 0.036 

0.023 0.004 

0.038 0.060 

0.242 0.081 

0.149 0.032 

0.063 0.072 

-0.071 

-0.002 

0.172 

0.030 

0.347 
0.025 
0.070 

0.175 

-0.071 

-0.041 

-0.086 
0.11' 
-0.030 
-0.016 

0.001 

0.038 

0.019 

CJ.022 

0.335 
0.104 
0.007 

0.036 

0.261 

o .O..\...\. 

0.018 
0.084 
0.026 
0.02..\. 
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13hrL:24hrD 18hrL:24hrD 23hrL:24hrD 

ORF Protein N arne MS/ (115:114) (116:114) (117:114) 
MS Log Log Log SD SD Ratio Ratio Ratio SD 

Pomhyrin and chloroQhy11 metabolism 

s110017 
glutamate-1-semialdehyde 

7 0.161 0.029 0.089 0.048 aminomutase hemL 0.138 0.039 

coproporphyrinogen III 
s111185 oxidase, aerobic (oxygen- 3 -0.133 0.012 -0.130 0.038 -0.113 0.043 

dependent) hemF 

porphobilinogen synthase (5-
s111994 aminolevulinate dehydratase) 5 0.155 0.064 0.155 0.047 0.225 0.055 

hemE 

slr0536 
uroporphyrinogen 

2 0.320 0.142 0.219 0.134 0.204 0.143 decarboxylase hemE 

Pyruvate Metabolism 

slr1096 
dihydrolipoamide 

2 0.004 0.069 0.054 0.100 0.011 0.053 
dehydrogenase 

Regulatory Control 

sslO707 
nitrogen regulatory protein P-

15 0.093 0.021 0.107 0.025 0.105 0.024 
II glnB 

Re:glication and ReQair 

s111463 
cell division protein FtsH 

3 -0.054 
ftsH 

0.002 -0.069 0.040 -0.038 0.044 

s111712 DNA binding protein HU 9 -0.047 0.059 0.032 0.060 0.139 0.081 

slr1894 
probable DNA-binding stress 

6 -0.101 
protein 

0.019 -0.063 0.013 -0.015 0.016 

Signal Transduction 

s111590 
two-component sensor 4 0.079 
histidine kinase hik20 

0.029 0.139 0.033 0.139 0.022 

TCA cycle 
s110401 citrate synthase 2 -0.078 0.121 -0.046 0.146 0.001 0.073 

slr1289 
isocitrate dehydrogenase 

6 -0.025 0.050 -0.013 0.056 0.029 0.052 
(NADP+) icd 

Transcri:gtion 
s111626 LexA repressor 6 -0.085 0.029 -0.098 0.026 -0.079 0.045 

s111787 
RNA polymerase beta 
subunit rpoB 

2 0.020 0.168 -0.155 #DIV/o! 0.068 0.004 

s111789 
RNA polymerase beta prime 
subunit rpoC2 

2 -0.128 0.041 -0.068 0.003 -0.044 0.053 

slr0638 
glycyl-tRNA synthetase 
alpha chain glyQ 

2 -0.040 0.003 -0.016 0.016 0.018 0.063 

slr1265 
RNA polymerase gamma- 2 -0.027 0.005 0.040 0.034 0.005 0.023 
subunit rpoCl 

slr1859 anti-sigma f factor antagonist 5 0.073 0.079 0.117 0.104 0.091 0.068 

Translation 

s110145 
ribosome releasing factor fIT, 2 -0.010 0.002 0.034 0.004 0.007 0.002 
rrf 

s110320 probable ribonuclease D 2 0.055 0.012 -0.015 0.024 0.015 () .O4~ 

sl11099 elongation factor Tu tufA 23 0.052 0.048 0.089 . 0.047 0.101 0.040 
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Appendix M 

The relative gene and protein expression profile for the 26 selected genes across the 12 hour 

dark and light cycle. The shaded area refers to the dark cycle while the un-shaded area is the 

light cycle. The y-axis measures the relative protein expression in Log lO unit relati ve to the 

expression of the 24 hr dark time-point. 

Note: 

1) The protein time-points at O.S-hr dark and l.S-hr dark for s110018 and s111626 are 

unavailable from the iTRAQ experiments. 

2) The protein time-points of 12.S-hr dark and 13 .S-hr light for s1r2002 are unavailable from 

the iTRAQ experiment. 

3) The proteomics profile of s111226 is not available from the iTRAQ experiment. 
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Appendix N 

The full list of 170 confidently identified proteins (~2 MS/MS) in Chapter '7. with their relative 

abundance at various Pi-reduced levels. The relative protein ratio is shown in IOglO space with 

the error estimation in standard deviation (SD). All relative ratios are against control phosphate­

replete culture (l00% Pi). 

10% Pi 3%Pi 0.3% Pi 

ORF Protein N arne 
MS/ Log 

SD 
Log 

SD 
Log 

MS Ratio Ratio Ratio 
SD 

Amino Acids Metabolism 

s110902 
ornithine carbamoyltransferase 

2 -0.122 0.088 0.084 0.062 0.130 0.040 
argF 

s111058 
dihydrodipicolinate reductase 

3 -0.171 0.037 -0.220 0.064 -0.219 0.072 
dapB 

s111234 adenosylhomocysteinase 5 -0.107 0.060 0.210 0.160 0.203 0.169 

s111363 
ketol-acid reductoisomerase 

3 0.508 
ilvC 

0.112 0.248 0.174 0.334 0.054 

s1l1682 alanine dehydrogenase 2 -0.309 0.057 -0.196 0.009 -0.147 0.039 

s111750 urease alpha subunit ureC 2 -0.193 0.011 -0.096 0.005 -0.155 0.029 

s1l1958 
histidinol phosphate 2 -0.132 
aminotransferase hisC 

0.006 -0.063 0.033 -0.056 0.031 

s111981 acetolactate synthase ilvB 2 -0.008 0.036 0.183 0.019 0.128 0.004 

slr0032 
probable branched-chain 2 0.102 
amino acid aminotransferase 

0.079 0.242 0.061 0.202 0.066 

slr0370 
succinate-semialdehyde 3 0.073 0.259 0.174 0.297 0.077 0.351 
dehydrogenase (NADP+) 

slr0452 
dihydroxyacid dehydratase 
ilvD 

3 0.170 0.075 0.323 0.087 0.509 0.069 

phosphorybosilfonnimino-5-

slr0652 
amino- phosphorybosil-4- 2 0.165 0.000 0.357 0.044 0.387 0.010 
imidazolecarboxamideisomera 
se hisA 

slr0676 adenylylsulfate kinase cysC 4 -0.037 0.089 0.129 0.075 0.059 0.101 

slr0710 
glutamate dehydrogenase 
(NADP+) gdhA 

3 0.198 0.083 0.205 0.065 0.125 0.154 

slr1756 
glutamate--ammonia ligase 8 0.388 0.109 0.415 0.143 0.327 0.142 
gInA 

Carbohydrate metabolism 

s110158 
1,4-alpha-glucan branching 2 0.182 0.013 0.170 0.075 0.103 0.051 
enzyme glgB 

s111356 glycogen phosphorylase 5 0.342 0.143 0.359 0.129 0.243 0.162 

s1ll358 
putative oxalate decarboxylase, 3 -0.155 0.108 -0.022 0.125 0.045 0.114 
periplasmic protein 

slr1096 
dihydrolipoamide 2 0.431 0.183 0.501 0.207 0.620 0.209 
dehydrogenase 

slr1176 
glucose-I-phosphate 3 -0.032 0.067 0.086 0.085 0.157 0.132 
adenyl y 1 transferase 

slr1857 isoamylase 2 -0.131 0.079 -0.012 0.067 0.062 0.055 

C02 Fixation 
sl11525 phosphoribulokinase prk 12 0.188 0.070 0.203 0.063 0.154 0.074 

carbon dioxide concentrating 
0.151 0.311 0.153 

slll 029 mechanism protein CcmK 5 0.255 0.142 0.206 

ccmK1 
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ORF 

s110272 
s110274 

s110529 
sll0588 

s110822 
s110995 
s111106 
s111118 
s111130 

s111188 
s111201 
s111526 
s111873 

s111891 
slrOOOI 
slr0013 

slr0244 

slr0376 
slr0476 

slr0605 

slr0606 
slr0729 

slr0923 

slrl 034 

slr1590 
slrl612 
slrl704 

slrl780 

slrl847 
slr1852 
slr1855 

slr2032 

sslO385 
ssl2501 
ssr1528 

ssrl853 

Protein N arne 

hypothetical protein 
(Pentapepti de) 
(Transketolase) 

hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
(Cupin superfamily) 

(Putati ve transposase) 

(CheR methyltransferase) 
hypothetical protein 
hypothetical protein 
(Flavin reductase like domain) 
hypothetical protein 
(Universal stress protein 
family) 
hypothetical protein 
hypothetical protein 
(putative glutathione S­
transferase) 
(Glycosyltransferase family) 
hypothetical protein 
hypothetical protein YCF65 
ycf65 
hypothetical protein YCF41 
ycf41 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein YCF54 
ycf54 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein YCF23 
ycf23 
hypothetical protein 
hypothetical protein 

hypothetical protein 
hypothetical protein 

Lipid Metabolism 

slrl992 glutathione peroxidase-like 
NADPH peroxidase gpx2 

s110067 

s1l1621 

slr0435 

slr1994 

glutathione S-transferase 
gl u tathi on -dependent 
peroxidase, type II 
peroxiredoxin 
biotin carboxyl carrier protein 
of acetyl-CoA carboxylase 
accB 
PHA-specific acetoacetyl-CoA 
reductase phaB 

MS/ 
MS 

4 

2 
.::;. 

2 

2 
2 
12 

2 
2 
2 

2 
2 

3 
3 
5 
2 

2 

2 
2 

2 

2 

11 

3 

4 

2 

2 
2 

3 

2 
9 
3 

4 

2 

2 
3 
5 

9 

3 

8 

3 

3 

10% Pi 
Log 

Ratio so 

0.203 0.172 
0.224 0.002 
0.335 0.050 
-0.449 0.020 
-0.922 0.307 
0.058 0.081 
0.105 0.086 
-0.336 0.026 
-0.023 0.139 
-0.057 0.706 
0.185 0.150 
-0.097 0.021 

-1.477 0.115 
0.248 0.156 
0.446 0.058 
-0.329 0.l81 

-0.479 0.023 

0.636 0.181 
0.287 0.052 

0.059 0.005 

0.182 0.013 
0.187 0.097 

-0.048 0.087 

0.279 0.072 

0.177 0.067 
0.154 0.068 
-0.239 0.007 

-0.031 0.371 

-0.084 0.041 

0.l43 0.201 
-0.052 0.079 

0.l85 0.105 

0.588 0.137 
0.665 0.243 
0.600 0.l01 
0.235 0.190 

3% Pi 
Log 

Ratio so 
0.175 0.212 
0.257 0.010 
0.394 0.029 
-0.228 0.010 
-0.895 0.353 
0.127 0.132 
0.232 0.097 
-0.237 0.062 
0.121 0.191 
-0.076 0.787 
0.232 0.175 
-0.096 0.089 
-1.585 0.333 
0.415 0.166 
0.584 0.055 
-0.082 0.207 

-0.258 0.041 

0.860 0.l50 
0.443 0.015 

0.059 0.037 

0.310 0.010 
0.358 0.093 

0.091 0.067 

0.366 0.079 

0.246 0.037 
0.724 0.180 
-0.067 0.010 

0.001 0.370 
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Appendix B 

Due to large amount of supporting infonnation available for the study conducted in Chapter 3, 

all these infonnation will be made available in a soft-copy (eO fonnat), attached to the back of 

this thesis, rather than as hard-copy. 

: Appendix B 

: Microsoft Excel 

File name 

File type 

Description : The total proteins lists identified in each workflow 

The lists of proteins found in each protein-peptide prefractionation workflows, as well as the use 

of difference search databases are included in the eo. Following are the brief description of 

each sub-document within Appendix B. 

Excel sub-document Workflows used Database used * 
(I) SeXNR SeX-only NR 

(2) SeXSYN SeX-only SYN 

(3) IEFNR IEF-only NR 

(4) IEF SYN IEF-only SYN 

(5) ID-SeXNR ID-SeX NR 

(6) ID-SeX SYN ID-SeX SYN 

(7) WAX-seXNR WAX-SeX NR 

(8) WAX-SeXSYN WAX-sex SYN 

(9) IEF-IEFNR IEF-IEF NR 

(10) IEF-IEF SYN IEF-IEF SYN 

(11) WholeNR Whole-cell lysate NR 

(12) Whole SYN Whole-cell lysate SYN 

(13) sex 40 NR SeX-only (40 fractions) NR 

(14) sex 40 SYN SeX-only (40 fractions) SYN 

(15) Total NR All workflows NR 

(16) Total SYN All workflows SYN 

Note: • NR refers to non-redundant database 

SYN refers to Synechocystis sp. pee 6803 single genome database 
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AppendixD 

Due to large amount of supporting infonnation available for the study conducted in Chapter 4, 

all these infonnation will be made available in a soft-copy (CD fonnat), attached to the back of 

this thesis, rather than as hard-copy. 

File name 

File type 

Description 

: Appendix 0 

: Microsoft Excel 

: The proteins lists of each replicate analyses 

The lists of proteins found in each technical, experimental (iTRAQ) and biological replicates are 

included in the CD. Following are the brief description of each sub-document within Appendix 

D. 

Excel sub-document Replicate types Experiments Label 

(1) Tech I Technical 115:114 

(2) Tech 2 Technical 2 115:114 

(3) Tech 3 Technical 4 116:117 

(4) Tech 4 Technical 6 115:114 

(5) Tech 5 Technical 6 116:117 

(6) Bioi 1 Biological 4 116:115 

(7) Bioi 2 Biological 4 117:115 

(8) Bioi 3 Biological 5 116:115 

Excel sub-document Replicate types 
Replicate 1 Replicate 2 

Exp Label Exp Label 

(9) iTRAQ I Experimental 3 117:114 4 115:114 

(10) iTRAQ2 Experimental 7 116:114 8 115:114 

(11) iTRAQ 3 Experimental 9 116:114 10 115:114 
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Ratio 
Pe~tide seguence 115:114 % Error w xxw 

1) IGQNPEPVTIJ 0.3638 5.81 0.1721 -0.0756 
2) IGQNPEPVTIJ 0.3766 4.73 0.2114 -0.0897 
3) IGQNPEPVTIJ 0.3863 9.81 0.1019 -0.0421 
4) IGQNPEPVTIJ 0.4020 7.13 0.1403 -0.0555 
5) IGQNPEPVTIJ 0.4523 7.77 0.1287 -0.0443 
6) IGQNPEPVTIJ 0.6016 8.85 0.1130 -0.0249 
7) VYPSGEVQYLHPADGVFPEJ 0.7468 13.25 0.0755 -0.0096 
8} VYPSGEVQYLHPADGVFPEJ 0.7708 8.11 0.1233 -0.0139 

L 1.0661 -0.3557 

Weigl)ted mean oflog ratio, Y Jog = -0.3557/ 1.0661 

= -0.3336 

From here, we could antilog lO the Y10g to get the linear space quantitation ratio for protein PsaD. 

:.Linear space ratio, Y = Antilog lO (-0.3336) 

= 0.4639 

However, the Y value of 0.4639 can sometimes cause confusion since protein ratio in linear 

space does not have even distribution below and above 1.00. Therefore it is recommended to 

express any Y values below 1.00 as: 

-! ......... (Equation E2) 
y 

PsaD protein ratio thus is -110.4639 = -2.1556, 

i.e. a 2.16-fold down-regulation was calculated. 

Then we need to calculate the effective base, b, using the following formula: 

(N r Iw; 
b= ;=1 , where Wi = 1/% Error ......... (Equation E3) 

N 

Iw; 2 

;=1 

Pel!tide seguence % Error w ~ x 
1) IGQNPEPVTIJ 5.81 0.1721 0.0296 -0.4391 
2) IGQNPEPVTIJ 4.73 0.2114 0.0447 -0.4241 
3) IGQNPEPVTIJ 9.81 0.1019 0.0104 -0.4131 
4) IGQNPEPVTIJ 7.13 0.1403 0.0197 -0.3958 
5) IGQNPEPVTIJ 7.77 0.1287 0.0166 -0.3446 
6) IGQNPEPVTIJ 8.85 0.1130 0.0128 -0.2207 
7) VYPSGEVQYLHP ADGVFPEJ 13.25 0.0755 0.0057 -0.1268 
8} VYPSGEVQYLHPADGVFPEJ 8.11 0.1233 0.0152 -0.1131 

1: 1.0661 0.1546 
Standard deviation, SD 0.1359 
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Appendix F 

The list of 199 proteins identified in the 24 hr light against 24 hr dark study conducted in 

Chapter 5. The average relative protein expression is expressed in Log lO unit, whereas the error 

is estimated in standard deviation (SD) based on 2 technical replicates in an iTRAQ experiment. 

Light:Dark Light:Dark Ave 
ORF Protein Name 

MS/ {1l6:114} (1l7:1l4) 
Log 

Ave 
MS Log 

SD 
Log 

SD Ratio 
SD 

Ratio Ratio 
Amino Acids Metabolism 
sll1981 acetolactate synthase ilvB 2 0.326 0.089 0.354 0.094 0.340 0.092 

serine 
sll1931 hydroxymethyltransferase 4 0.348 0.070 0.330 0.097 0.339 0.083 

glyA 

slr1992 
glutathione peroxidase-like 

2 0.185 0.088 0.345 0.011 0.265 0.049 
NADPH peroxidase gpx2 

sll0080 
N-acetyl-gamrna-glutarnyl-

6 0.183 0.071 0.222 0.056 0.202 0.064 
phosphate reductase argC 

sIr0543 
tryptophan synthase beta 2 0.181 0.006 0.166 0.040 0.173 0.023 
subunit trpB 
phosphorybosilfonnimino-

sIr0652 
5-arnino- phosphorybosiI-4-

3 0.156 0.213 0.l77 0.198 0.167 0.205 
imidazolecarboxamideisome 
rase hisA 

slr1756 
glutamate--ammonia ligase 

40 0.151 0.076 0.164 0.080 0.158 0.078 
gInA 

sll1908 
D-3-phosphoglycerate 

10 0.114 0.040 0.142 0.049 0.128 0.044 
dehydrogenase serA 

sll1750 urease alpha subunit ureC 4 0.113 0.053 0.118 0.090 0.115 0.072 

slr0288 
glutamate--ammonia ligase 7 0.110 0.031 0.l05 0.054 0.107 0.042 
gInN 

sll2001 leucine aminopeptidase 6 0.088 0.130 0.l01 0.l37 0.095 0.l33 

slr0585 
argininosuccinate synthetase 2 0.012 0.049 0.056 0.034 0.034 0.042 
argG 

sll1363 
ketol-acid reductoisomerase 11 0.002 0.081 0.030 0.087 0.016 0.084 
ilvC 

sll1502 
NADH-dependent glutamate 3 -0.015 0.010 0.032 0.022 0.009 0.016 
synthase large subunit gltB 

slr0452 
dihydroxyacid dehydratase 9 -0.035 0.076 O.Dll 0.079 -0.012 0.078 
i1vD 

sIr0370 
succinate-semialdehyde 4 -0.047 0.101 0.022 0.104 -0.013 0.102 
dehydrogenase (NADP+) 

5111172 threonine synthase thrC 2 -0.082 0.026 -0.060 0.023 -0.071 0.024 

slr0032 
probable branched-chain 3 -0.144 0.011 -0.029 0.021 -0.087 0.016 
amino acid aminotransferase 

sIr0963 
ferredoxin-sulfite reductase 

3 -0.115 0.038 -0.091 0.029 -0.103 0.033 
sir 

Carbohydrate Met~bolism 

slr0809 
dTDP-glucose 4,6- 2 0.128 0.078 0.272 0.051 0.200 0.065 
dehydratase rfbB 

s1l1212 
GDP-mannose 4,6- 3 0.126 0.190 0.165 0.217 0.146 0.204 
dehydratase 

s1l1213 GDP-fucose synthetase 5 0.061 0.054 0.070 0.054 0.065 0.054 

Carbon Fixation 
sll1525 phosphoribulokinase prk 28 0.451 0.041 0.484 0.040 0.468 0.041 
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Light:Dark Light:Dark 
Ave 

ORF Protein N arne MSI {116:114} {117:114} 
Log Ave 

MS Log 
SD 

Log SD Ratio SD 
Ratio Ratio 

slr0161 
twitching motility protein 

2 0.131 0.298 0.186 0.293 0.158 0.296 PilT pilTl 
slr2075 10kD chaperonin groES 19 0.194 0.040 0.215 0.040 0.205 0.040 
slr0623 thioredoxin trxA 24 0.151 0.052 0.171 0.055 0.161 0.054 

sll0408 
peptidyl-prolyl cis-trans 

7 0.111 0.022 0.153 0.028 0.132 0.025 isomerase 

sll0057 
heat shock protein GrpE 

8 0.117 0.061 0.119 0.065 0.118 0.063 
grpE 
DnaK protein 2, heat shock 

sll0170 protein 70, molecular 19 0.090 0.057 0.128 0.054 0.109 0.056 
chaperone dnaK2 

slr1641 ClpB protein clpB1 6 0.050 0.034 0.061 0.026 0.055 0.030 
pilus biogenesis protein 

slr0063 
homologous to general 

2 0.032 0.023 0.047 0.032 0.039 0.028 secretion pathway protein E 
pilBI 

s1l1694 
pilin polypeptide PilAl 

4 0.016 0.021 0.023 0.032 0.019 0.026 pilAI 

sll0020 
A TP-dependent Clp 

13 -0.013 0.044 -0.011 0.049 -0.012 0.047 protease ATPase subunit 

slr1251 
peptidyl-prolyl cis-trans 

10 -0.055 0.016 -0.026 0.018 -0.041 0.017 
isomerase 

s1l1621 AhpCn'SA family protein 13 -0.131 0.014 -0.156 0.022 -0.143 0.018 

Gl~cogen Metabolism 
sll0945 glycogen synthase glgA 2 0.015 0.040 0.104 0.020 0.060 0.030 

slr1l76 
glucose-I-phosphate 

29 -0.020 0.030 0.022 0.029 0.001 0.029 adenylyltransferase 

sl10158 
1,4-alpha-glucan branching 

8 -0.015 0.122 0.004 0.119 -0.006 0.120 enzymeglgB 

sll1356 glycogen phosphorylase 10 -0.090 0.034 -0.070 0.041 -0.080 0.038 

s1l1393 
glycogen (starch) synthase 

4 0.086 0.058 0.147 0.050 0.117 0.054 
glgA 

s1l0726 phosphoglucomutase 2 -0.173 0.040 -0.150 0.014 -0.162 0.027 

QI~,"Ql~~is 
slr0752 enolase 3 0.608 0.266 0.726 0.209 0.667 0.237 

s1l0018 
fructose-bisphosphate 24 0.310 0.080 0.336 0.079 0.323 0.079 
aldolase, class II fbaA, fda 
NAD(P)-dependent 

sll1342 glyceraldehyde-3-phosphate 34 0.277 0.058 0.321 0.054 0.299 0.056 
dehydrogenase gap2 

slr2094 
fructose-l,6-/sedoheptulose-

32 0.204 0.037 0.226 0.037 0.215 0.037 
1,7-bisphosphatase fbpI 

slr0394 
phosphoglycerate kinase 

24 0.118 0.075 0.139 0.079 0.128 0.077 pgk 

slr1349 
glucose-6-phosphate 

7 0.087 0.092 0.120 0.094 0.103 0.093 
isomerase 

slr0301 
phosphoenolpyruvate 

4 0.052 0.078 0.056 0.062 0.054 0.070 synthase 

s110920 
phosphoenolpyruvate 

3 -0.026 0.011 0.029 0.023 0.001 0.017 
carboxylase ppc 

H:xJ2otheticai Proteins 
s1rOO01 (flavin reductase-like) 4 0.523 0.135 0.582 0.151 0.553 0.143 
sll0359 (transcriptional regulator) 14 0.490 0.079 0.521 0.080 0.506 0.080 
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Light: Dark Light: Dark 
Ave 

ORF Protein N arne MSI {116:114} p17:114} 
Log 

Ave 
MS Log 

SD 
Log 

SD Ratio SD 
Ratio Ratio 

slrl722 
inosine-5'-monophosphate 

5 0.029 0.065 0.053 0.074 0.041 0.070 
dehydrogenase 

s110368 
uracil 

3 -0.090 0.032 -0.063 0.028 -0.076 0.030 
phosphoribosyltransferase 

Other 

s111784 
periplasmic protein, 

2 0.453 0.016 0.436 0.012 0.444 0.014 
function unknown 

ss12296 
pterin-4a-carbinolamine 

4 0.305 0.082 0.326 0.073 0.316 0.077 
dehydratase 

s1l1305 probable hydrolase 2 0.271 0.149 0.269 0.191 0.270 0.170 
slrl719 DrgA protein homolog 4 0.157 0.059 0.194 0.042 0.175 0.050 

plasma membrane protein 
s110617 essential for thylakoid 2 0.156 0.042 0.176 0.012 0.166 0.027 

formation vipp 1 

s1l1559 
soluble hydrogenase 42 kD 

15 0.146 0.037 0.178 0.038 0.162 0.037 
subunit 

s1l1130 unknown protein 9 0.087 0.046 0.089 0.051 0.088 0.049 
S111830 unknown protein 3 0.025 0.045 0.052 0.038 0.039 0.041 

slr1963 
water-soluble carotenoid 

31 0.008 0.046 0.020 0.047 0.014 0.047 
protein 

s110872 unknown protein 9 0.020 0.075 0.000 0.057 0.010 0.066 
sll0588 unknown protein 4 -0.010 0.010 0.017 0.010 0.004 0.010 

sll0576 
putative sugar-nucleotide 

23 -0.052 0.018 -0.013 O.oI7 -0.033 0.017 
epimerase/ dehydratease 

sll1873 unknown protein 13 -0.084 0.025 -0.034 0.021 -0.059 0.023 
slrl855 unknown protein 5 -0.070 0.Ql8 -0.082 0.035 -0.076 0.027 

s1l1536 
molybdopterin biosynthesis 

8 0.129 0.036 0.141 0.028 0.135 0.032 
MoeB protein moeB 

Pentose Phosl1hate Pathwa:x: 
glucose 6-phosphate 

slr1734 dehydrogenase assembly 3 0.225 0.092 0.316 0.127 0.271 0.109 
protein opcA 

slr0194 
ribose 5-phosphate 4 0.201 0.035 0.220 0.030 0.211 0.032 
isomerase rpiA 

s1l1070 transketolase 40 0.168 0.070 0.193 0.069 0.180 0.070 

sll0329 
6-phosphogluconate 7 0.108 0.090 0.108 0.094 0.108 0.092 
dehydrogenase 

slrl793 transaldolase 5 0.047 0.061 0.055 0.091 0.051 0.076 

Photosynthesis 

ssr3383 
phycobilisome small core 

5 0.695 0.022 0.728 0.020 0.711 0.021 
linker polypeptide apcC 

sll0199 plastocyanin PetE 20 0.454 0.064 0.512 0.078 0.483 0.071 

s1l1577 
phycocyanin beta subunit 

294 0.447 0.025 0.463 0.026 0.455 0.026 
cpcB 

s111578 
phycocyanin alpha subunit 

389 0.437 0.022 0.451 0.021 0.444 0.021 
cpcA 
photosystem II reaction 

sl11398 center 13 kDa protein 3 0.420 0.410 0.436 0.413 0.428 0.412 
psb28,psbVV,psbI3,ycf79 

slr2067 
allophycocyanin alpha 

65 0.393 0.073 0.392 0.077 0.392 0.075 
subunit apcA 

ssl3093 
phycobilisome small rod 

11 0.365 0.053 0.381 0.086 0.373 0.069 
linker polypeptide cpcD 
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Ligbt:Dark Light:Dark 
Ave 

ORF Protein Name 
MS/ (116:114) (117:114) 

Log Ave 
MS Log 

SD 
Log 

SD Ratio SD 
Ratio Ratio 

Signal Transduction 
response regulator for 

slr0947 
energy transfer from 

5 -0.016 0.102 O.Qll 0.095 -0.003 0.098 
phycobilisomes to 
photosystems rpaB, ycf27 

sll1590 
two-component sensor 

7 -0.086 0.031 -0.101 0.016 -0.093 0.023 
histidine kinase hik20 

TCA Cycle 
sll0401 citrate synthase 8 0.122 0.054 0.141 0.065 0.131 0.059 
slr0665 aconitate hydratase 7 0.039 0.042 0.017 0.048 0.028 0.045 

slr1289 
isocitrate dehydrogenase 

12 -0.065 0.027 -0.012 0.022 -0.039 0.024 
(NADP+)icd 

Transcription 

slr1859 
anti-sigma f factor 

7 0.121 0.063 0.171 0.044 0.146 0.054 
antagonist 

sll1818 
RNA polymerase alpha 

9 0.122 0.107 0.158 0.111 0.140 0.109 
subunit rpoA 

slr1265 
RNA polymerase gamma-

11 0.115 0.046 0.125 0.055 0.120 0.051 
subunit rpoel 

s1l1789 
RNA polymerase beta prime 

3 0.112 0.159 0.101 0.170 0.107 0.165 
subunit rpoC2 

s1l1787 
RNA polymerase beta 

7 -0.007 0.030 0.025 0.050 0.009 0.040 
subunit rpoB 

ssr1600 
similar to anti-sigma f factor 

2 -0.036 0.003 0.006 0.055 -0.015 0.029 
antagonist 

s1l1626 LexA repressor 9 -0.131 0.065 -0.109 0.056' -0.120 0.061 

Translation 

s1l1802 
50S ribosomal protein L2 

2 0.431 0.091 0.474 0.082 0.452 0.086 
rpl2 

s1ll744 
50S ribosomal protein L1 

11 0.340 0.057 0.366 0.059 0.353 0.058 
rpll 

sll1261 elongation factor TS tsf 7 0.310 0.088 0.320 0.101 0.315 0.094 

s1l1743 
50S ribosomal protein LII 4 0.280 0.034 0.311 0.030 0.295 0.032 
rplll 

ss13436 
50S ribosomal protein L29 

2 0.208 0.574 0.216 0.619 0.212 0.597 
rpl29 

s1l1804 
30S ribosomal protein S3 

3 0.185 0.022 0.210 0.073 0.197 0.048 
rps3 

s1l1099 elongation factor Tu tufA 60 0.168 0.046 0.216 0.049 0.192 0.048 

slr1463 elongation factor EF-G fus 18 0.150 0.063 0.173 0.065 0.161 0.064 

slr1356 
30S ribosomal protein S 1 

10 0.124 0.100 0.140 0.106 0.132 0.103 
rpsla 

s1l1807 
50S ribosomal protein L24 

5 0.121 0.041 0.140 0.033 0.131 0.037 
rpl24 

s1l1260 
30S ribosomal protein S2 

10 0.106 0.047 0.115 0.043 0.110 0.045 
rps2 

s1l1244 
50S ribosomal protein L9 

3 -0.014 0.045 -0.005 0.069 -0.010 0.057 
rpl9 

s1l1746 
50S ribosomal protein L12 

41 -0.020 0.078 -0.030 0.082 -0.025 0.080 
rpll2 

slr0434 elongation factor P efp 5 -0.063 0.010 -0.039 0.019 -0.051 0.014 
slr0193 RNA-binding protein rbp3 8 -0.090 0.026 -0.050 0.020 -0.070 0.023 

s110145 ribosome releasing factor rrf 2 -0.082 0.008 -0.064 0.003 -0.073 0.006 
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Appendix G 

The list of 150 proteins found in Experiment 1 in Chapter 6 via iTRAQ analysis. This set of 

experiment consists of 'transient' time-points derived from the dark cycle: 0.5 hr, 1 hr and 1.5 

hr against the common reference of 24 hr dark. The ratio is expressed in LogJO unit, whereas the 

error is estimated in standard deviation (SD). 

O.5hrD:24hrD IhrD:24hrD 1.5hrD:24hrD 

ORF Protein Name 
MS/ (115:114) (116:114) (117:114) 
MS Log Log Log 

Ratio 
SD 

Ratio 
SD Ratio 

SD 

Amino Acids Metabolism 

N-acetyl-gamma-
sl10080 glutamyl-phosphate 2 -0.191 0.036 -0.023 0.039 -0.108 0.065 

reductase argC 

sll0927 
S-adenosylmethionine 

2 -0.187 0.108 0.015 0.004 -0.060 0.125 
synthetase 

sll1058 
dihydrodipicolinate 

3 -0.218 0.061 -0.021 0.053 -0.287 0.055 
reductase dapB 

sll1363 
ketol-acid 2 0.053 0.222 -0.228 0.278 0.176 0.271 
reductoisomerase ilvC 

NADH-dependent 
sll1502 glutamate synthase large 2 -0.099 0.048 0.014 0.015 -0.065 0.008 

subunit gltB 

sll1682 alanine dehydrogenase 2 -0.173 0.042 -0.064 0.004 -0.110 0.007 

sll1150 urease alpha subunit ureC 2 -0.519 0.180 0.173 0.000 -0.451 0.084 

probable branched-chain 
slr0032 amino acid 12 -0.164 0.030 -0.015 0.040 -0.121 0.025 

aminotransferase 

slr0288 
glutamate--ammonia 4 -0.057 0.041 0.176 0.055 -0.113 0.053 ligase gInN 

slr0452 
dihydroxyacid 

5 -0.349 0.049 -0.082 0.010 -0.231 0.021 dehydratase ilvD 

slr0963 
ferredoxin-sulfite 

3 -0.165 0.109 -0.095 0.043 -0.103 0.051 reductase sir 

slr1756 
glutamate--ammonia 17 -0.375 0.113 0.147 0.033 -0.286 0.085 ligase ginA 

slr2088 
acetohydroxy acid 

2 0.051 0.000 0.024 0.005 -0.022 0.032 synthase ilvG 

A TP synthesis 

sll1326 
ATP synthase alpha chain 4 -0.119 0.027 0.013 0.034 -0.069 0.022 
atpA 

slr1329 
A TP synthase beta 

6 -0.104 0.036 -0.076 0.047 -0.017 0.014 
subunit atpB 

Carbohydri!te Metabolism 

sll0158 
1,4-alpha-glucan 

7 0.021 0.025 0.028 O.oI8 0.044 0.035 
branching enzyme glgB 

sll0945 glycogen synthase glgA 5 -0.158 0.063 -0.022 0.013 -0.090 0.054 

sll1212 
GDP-mannose 4,6-

3 -0.328 0.129 0.005 0.046 -0.228 0.079 
dehydratase 

s1l1213 GDP-fucose synthetase 2 -0.040 0.011 0.002 0.019 -0.010 0.036 

sll1356 glycogen phosphorylase 12 0.014 0.034 0.003 0.034 0.062 0.036 
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O.ShrD:24hrD IhrD:24hrD l.ShrD:24hrD 

ORF Protein Name 
MS/ {l1S:114} {116:114} {117:114} 
MS Log SD 

Log SD Log 
SD 

Ratio Ratio Ratio 
slr1641 ClpB protein clpB 1 2 -0.355 0.094 -0.051 0.015 -0.278 0.064 
slr2075 10kD chaperonin groES 3 -0.252 0.348 0.292 0.073 0.019 0.286 
slr2076 60kD chaperonin groEL 1 7 0.174 0.024 0.018 0.027 0.200 0.047 

Glycolysis 
sll0593 glucokinase 2 -0.137 0.005 -0.047 0.026 -0.118 0.Q38 
S1l0726 phosphoglucomutase 2 -0.066 0.051 -0.038 0.014 -0.064 0.020 
sll1275 pyruvate kinase 2 2 -0.247 0.019 -0.015 0.007 -0.245 0.021 

NAD(P)-dependent 

sll1342 
glyceraldehyde-3-

7 -0.041 0.023 -0.018 0.017 0.029 0.013 
phosphate dehydrogenase 
gap2 

slr0394 
phosphoglycerate kinase 

21 -0.062 0.046 0.056 0.028 0.037 0.037 
pgk 

slr1349 
glucose-6-phosphate 

5 -0.087 0.117 0.069 0.060 -0.094 0.101 
isomerase 

fructose-1,6-
slr2094 /sedoheptulose-1,7- 26 -0.063 0.047 0.046 0.031 0.017 0.050 

bisphosphatase fbpI 

hYl20thetical I2roteins 
sll0274 hypothetical protein 4 -0.212 0.085 0.011 0.022 -0.107 0.031 
sll0529 hypothetical protein 2 -0.007 0.017 0.120 0.139 -0.134 0.001 
sll0735 hypothetical protein 2 -0.074 0.008 -0.081 0.003 0.000 0.004 
sll0822 hypothetical protein 2 -0.107 0.151 -0.329 0.260 -0.090 0.138 
sll1106 hypothetical protein 8 0.005 0.176 -0.127 0.028 0.109 0.098 
sll1188 hypothetical protein 5 -0.104 0.050 -0.092 0.028 -0.113 0.039 
sll1526 hypothetical protein 6 -0.196 0.029 -0.015 0.015 -0.lO6 0.017 
slrOOOl hypothetical protein 3 -0.631 0.055 -0.157 O.oI1 -0.594 0.044 
slr0038 hypothetical protein 2 0.076 0.151 -0.089 0.101 -0.010 0.114 
slr0244 hypothetical protein 9 -0.019 0.Dl1 -0.073 0.016 0.036 0.014 
slr0453 hypothetical protein 5 -0.079 0.051 -0.117 0.032 -0.041 0.049 
slr0689 hypothetical protein 3 -0.045 0.101 -0.069 0.085 -0.014 0.089 
slr0729 hypothetical protein 11 -0.234 0.072 -0.078 0.048 -0.117 0.040 

slr0923 
hypothetical protein 4 -0.157 0.283 0.103 0.093 -0.126 0.053 
YCF65 ycf65 

slr1220 hypothetical protein 3 0.095 0.093 -0.170 0.076 0.130 0.042 
slr1649 hypothetical protein 7 -0.229 0.043 0.026 0.026 -0.199 0.034 

slr1780 
hypothetical protein 

2 0.017 0.013 -0.324 0.144 0.139 0.018 
YCF54ycf54 

ssl2781 hypothetical protein 2 -0.152 0.135 -0.012 O.oI8 -0.089 0.154 

ssr1528 hypothetical protein 3 -0.332 0.074 0.097 0.076 -0.233 0.067 

ssr2998 hypothetical protein 7 -0.230 0.Dl8 -0.064 0.038 -0.105 0.007 

Lil2id Metabolism 

slr2089 
squalene-hopene-cycIase 

2 -0.245 0.020 0.078 0.006 -0.169 0.062 
shc 

ssl2084 acyl carrier protein acpP 2 0.032 0.006 0.087 0.024 0.162 0.008 

Metabolism of CQfil!,~tor and Vitamin 

sll1282 riboflavin synthase beta 4 -0.100 0.031 -0.144 0.045 -0.095 0.055 
subunit ribH 
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O.5hrD:24hrD IhrD:24hrD 1.5hrD:24hrD 

ORF Protein Name 
MS/ (115:114) (116:114) (117:114) 
MS Log 

SD 
Log 

SD 
Log 

SD Ratio Ratio Ratio 

slll194 
photosystem II 12 kDa 

17 -0.219 0.086 0.091 0.035 -0.073 0.081 
extrinsic protein psbU 

s1l1577 
phycocyanin beta subunit 

59 -0.200 0.042 0.508 0.038 -0.169 0.042 
cpcB 

sll1578 
phycocyanin alpha 

138 -0.335 0.044 0.336 0.021 -0.192 0.038 
subunit cpcA 

sll1579 
phycobilisome rod linker 

14 -0.257 0.045 0.176 0.034 -0.145 0.039 
polypeptide cpcC2 

s1l1580 
phycobilisome rod linker 

44 -0.275 0.043 0.052 0.023 -0.181 0.033 
polypeptide cpcCl 

phycobilisome core-
slr0335 membrane linker 62 -0.191 0.034 0.077 0.021 -0.151 0.035 

polypeptide apcE 

slr0737 
photosystem I subunit II 

7 -0.412 0.Ql5 -0.377 0.029 -0.269 0.049 
psaD 

slr1459 
phycobilisome core 

4 -0.378 0.071 0.084 0.Ql5 -0.351 0.034 
component apcF 

slr1643 
ferredoxin-NADP 

32 -0.137 0.042 0.066 0.019 -0.096 0.033 
oxidoreductase petH 

slr1834 
P700 apoprotein subunit 

8 -0.736 0.046 -0.526 0.021 -0.606 0.021 
IapsaA 

slr1986 
allophycocyanin beta 

73 -0.320 0.026 0.185 0.027 -0.222 0.032 
subunit apcB 

slr2051 
phycobilisome rod-core 

28 -0.237 0.060 0.152 0.050 -0.168 0.058 
linker polypeptide cpcG 1 

slr2067 
allophycocyanin alpha 

39 -0.026 0.052 0.189 0.022 0.036 0.052 
subunit apcA 

ssl3093 
phycobilisome small rod 

5 -0.043 0.105 0.246 0.067 0.219 0.125 
linker polypeptide cpcD 

ssr3383 
phycobilisome small core 

7 -0.110 0.109 0.157 0.032 0.172 0.109 
linker polypeptide apcC 

Pomhyrin and chloro~hyll metabolism 

coproporphyrinogen III 
s1l1185 oxidase, aerobic (oxygen- 5 -0.111 0.009 -0.014 0.022 -0.086 0.Q15 

dependent) hemF 

porphobilinogen synthase 
s1l1994 ( 5-aminolevulinate 3 -0.480 0.038 0.346 0.022 -0.414 0.049 

dehydratase) hemB 

slr0536 
uroporphyrinogen 

4 -0.275 0.097 0.143 0.048 -0.157 0.031 
decarboxylase hemE 

P~!l!vl!te Metabolism 

slrl096 
dihydrolipoamide 

2 -0.144 0.038 -0.085 0.139 -0.106 0.010 
dehydrogenase 

Re!:ulatorv control 

ssl0707 
nitrogen regulatory 

18 -0.318 0.075 0.128 0.044 -0.199 0.080 
protein P-II glnB 

R~lication and R~air 
s1l1712 DNA binding protein HU 7 -0.052 0.153 0.023 0.141 0.050 0.178 
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O.5hrD:24hrD IhrD:24hrD 1.5hrD:24hrD 

ORF Protein Name 
MSI (115:114) (116:114) (117:114) 
MS Log Log 

SD 
Log 

Ratio 
SD 

Ratio Ratio 
SD 

Tri!n~Qort lIDd Bingin~ frQ!~ins 
phosphate-binding 

sll0680 periplasmic protein 6 0.213 0.034 0.096 0.029 0.207 0.035 
precursor (PBP) 

sll1341 bacterioferritin 4 -0.380 0.059 0.108 0.005 -0.136 0.038 

nitrate/nitrite transport 
sll1450 system substrate-binding 4 -0.244 0.089 -0.089 0.043 -0.124 0.027 

protein nrtA 

periplasmic protein, 

s111762 
putative polar amino acid 

2 0.145 0.006 -0.125 0.010 0.151 0.078 
transport system 
substrate-binding protein 

periplasmic protein, 

slr0447 
ABC-type urea transport 

9 -0.145 0.047 -0.034 0.044 -0.043 0.049 system substrate-binding 
protein urtA 

slr1890 bacterioferritin 4 -0.365 0.052 0.278 0.028 -0.258 0.042 
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IhrD:24hrD 6hrD:24hrD I1hrD:24hrD 

ORF Protein N arne 
MS/ {l1S:114} {116:114} {117:114} 
MS Log 

SD Log SD 
Log 

SD 
Ratio Ratio Ratio 

carbon dioxide 
sll1028 concentrating mechanism 16 0.021 0.047 -0.006 0.047 0.105 0.041 

protein CcrnK ccrnK2 

carbon dioxide 
sll1029 concentrating mechanism 3 0.058 0.085 0.016 0.091 0.049 0.109 

protein CcrnK ccrnKI 

sIl1525 phosphoribulokinase prk 9 0.151 0.060 -0.220 0.031 -0.014 0.036 

ribulose bisphosphate 
slrOO09 carboxylase large subunit 36 0.079 0.021 -0.136 0.016 -0.017 0.019 

rbcL 

ribulose bisphosphate 
s1rOOl2 carboxylase small subunit 5 0.065 0.097 -0.050 0.045 0.049 0.054 

rbcS 

Cellular processes 

sll1633 
cell division protein FtsZ 

2 0.027 0.094 -0.017 0.039 0.070 0.036 
ftsZ 

slr1198 antioxidant protein 23 0.081 0.066 -0.092 0.034 -0.005 0.042 

slrl516 superoxide dismutase sodB 28 0.015 0.016 -0.058 0.015 0.018 0.009 

EneriY Metabolism 

sll1499 
ferredoxin-dependent 

2 0.016 0.044 -0.038 0.035 -0.086 0.132 
glutamate synthase glsF 

sll1987 
catalase peroxidase cpx, 

3 -0.143 0.041 -0.116 0.041 -0.027 0.023 
katG 

slr0898 
ferredoxin--nitrite 

3 -0.030 0.016 -0.033 0.023 -0.011 0.028 
reductase nirA 

Folate Biosynthesis 

molybdopterin 
sll1536 biosynthesis MoeB protein 2 0.134 0.141 -0.189 0.003 -0.007 0.138 

moeB 

EQIs1ini. SQI1ini smg Qeimlliltion 

sll0020 
A TP-dependent Clp 

9 -0.069 0.033 -0.076 0.025 -0.038 0.021 
protease ATPase subunit 

sll0057 
heat shock protein GrpE 

2 -0.044 0.016 -0.085 0.022 -0.157 0.033 
grpE 

DnaK protein 2, heat shock 
sll0170 protein 70, molecular 10 -0.020 0.019 -0.072 0.026 0.002 0.017 

chaperone dnaK2 

sll0408 
peptidyl-prolyl cis-trans 

3 0.053 0.008 -0.062 0.028 -0.003 0.016 
isomerase 

60 kDa chaperon in 2, 
sll0416 GroEL2, molecular 5 -0.051 0.011 -0.054 0.040 -0.046 0.023 

chaperone groEL-2 

sIl1621 AhpCITSA family protein 26 -0.045 0.017 -0.001 0.011 -0.012 0.020 

sl11694 pilin polypeptide PilAI 2 0.179 0.039 0.000 0.034 -0.009 0.022 
pilAl 

sll1703 protease IV 2 0.174 0.023 0.018 0.062 0.152 0.003 
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IhrO:24hrO 6hrO:24hrO 11 hrO:24hrO 

ORF Protein Name 
MSI (115:114) (116:114) (117:114) 
MS Log Log Log 

Ratio 
SO 

Ratio 
SO 

Ratio 
SO 

slr2089 
squalene-hopene-cyclase 

5 -0.006 0.019 0.004 0.009 0.003 0.018 
shc 

ssl2084 acyl carrier protein acpP 3 -0.005 0.055 -0.002 0.058 0.051 0.070 

Ny&;leotige M~abQlism 

sll0421 
adenylosuccinate lyase 

3 -0.038 0.036 0.019 0.002 0.013 0.047 
purB 

sll1043 
polyribonucleotide 

5 0.026 0.090 -0.054 0.048 -0.012 0.079 
nucleotidyltransferase 

sll1852 
nucleoside diphosphate 

5 0.149 0.038 -0.062 0.041 0.079 0.031 
kinase 

slr1612 
soluble inorganic 4 0.382 0.095 0.017 0.004 0.097 0.130 
pyrophosphatase ppa 

Other 

sll0245 
probable GTP binding 

3 -0.149 0.014 -0.060 0.006 -0.039 0.017 
protein 

s1l0446 unknown protein 2 0.002 0.017 -0.175 0.065 -0.139 0.049 

sll0576 
putative sugar-nucleotide 

5 -0.100 0.018 -0.004 0.017 -0.049 0.014 
epimerase/dehydratease 

sll0588 unknown protein 5 0.156 O.oI5 0.190 0.012 0.264 0.007 
s1l0872 unknown protein 8 0.200 0.018 0.264 0.013 0.343 0.Dl5 

sll1130 unknown protein 4 -0.006 0.092 -0.078 0.021 -0.061 0.048 

sll1559 
soluble hydrogenase 42 kD 

10 0.218 0.039 -0.080 0.040 0.133 0.022 
subunit 

s111785 
periplasmic protein, 

2 -0.180 0.023 -0.074 0.050 -0.088 0.076 
function unknown 

sll1873 unknown protein 14 -0.078 0.027 -0.024 0.029 -0.089 0.028 
slrl852 unknown protein 6 -0.010 0.035 0.033 0.038 0.030 0.045 
slr1855 unknown protein 6 -0.060 0.050 -0.062 0.040 -0.023 0.020 

slr1963 
water-soluble carotenoid 

19 -0.038 0.025 -0.071 0.Dl5 -0.029 0.019 
protein 

slr2002 
cyanophycin synthetase 

2 0.065 0.014 -0.016 0.045 0.013 0.019 
cphA 

ssl2296 
pterin-4a-carbinolamine 3 0.123 0.013 -0.200 0.046 -0.024 0.019 
dehydratase 

Pentose PhQsRlll!te P!llhw~ 

sll0329 
6-phosphogluconate 

3 0.038 0.026 0.008 0.009 0.113 0.021 
dehydrogenase 

s111070 transketolase 20 0.084 0.043 -0.047 0.016 0.034 0.013 

slr1793 transaldolase 3 0.014 0.082 -0.032 0.034 0.068 0.036 

PhQtosynthesis 
sll0199 plastocyanin petE 6 0.537 0.183 -0.098 0.047 0.082 0.063 

s110258 cytochrome c5S0 psbV 7 0.113 0.086 -0.018 0.024 0.095 0.068 

photosystem n manganese-
sl10427 stabilizing polypeptide 2 -0.014 0.261 -0.072 0.113 0.002 O.DlS 

psbO 

s110928 allophyeocyanin-B apeD 46 0.207 0.027 -0.170 0.021 0.069 0.034 

s110947 
light repressed protein A 

3 -0.230 0.025 -0.200 0.059 -0.281 0.093 
homolog IrtA 
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IhrD:24hrD 6hrD:24hrD 11 hrD:24hrD 

ORF Protein Name 
MS/ (115:114) (116:114) (117:114) 
MS Log Log Log 

Ratio 
SD 

Ratio 
SD 

Ratio 
SD 

ReQlication and ReQair 

s111463 
cell division protein FtsH 

5 -0.088 0.047 -0.158 0.037 -0.179 0.009 
fisH 

sl11712 DNA binding protein HU 7 0.029 0.054 -0.159 0.016 -0.099 0.046 

slr1322 
putative modulator of 

3 -0.021 0.033 -0.063 0.030 -0.017 0.034 
DNA gyrase; TldD tldD 

slr1894 
probable DNA-binding 

7 -0.053 0.Q35 -0.073 0.015 -0.030 0.015 
stress protein 

Si!:nill Tr~mdy!;;tiQIl 

sll1590 
two-component sensor 

5 0.099 0.016 -0.056 0.042 0.088 0.015 
histidine kinase hik20 

TCA cycle 
slr0665 aeonitate hydratase 4 0.035 0.011 -0.039 0.026 -0.031 0.027 

slr1289 
isocitrate dehydrogenase 

9 -0.078 0.025 -0.072 0.041 -0.068 0.025 
(NADP+) icd 

TranscriQtion 
sll1626 LexA repressor 8 -0.112 0.027 -0.084 0.029 -0.033 0.028 

sill 787 
RNA polymerase beta 

7 -0.072 0.038 -0.064 0.046 -0.035 0.033 
subunit rpoB 

s1l1789 
RNA polymerase beta 

3 -0.101 0.044 0.003 0.046 -0.077 0.020 
prime subunit rpoC2 

slr1265 
RNA polymerase gamma- 2 0.024 0.019 -0.021 0.041 -0.008 0.024 
subunit rpoCl 

slrl859 
anti-sigma f factor 

5 0.084 0.076 -0.189 0.025 -0.046 0.069 
antagonist 

Translation 

sll0145 
ribosome releasing factor 

3 -0.069 0.042 -0.015 0.029 O.DII 0.Dl8 
frr, rrf 

sll1097 
30S ribosomal protein S 7 

2 0.056 0.022 -0.010 0.Ql8 0.042 0.014 
rps7 

sll1099 elongation factor Tu tufA 35 0.049 0.030 -0.040 0.028 0.004 0.018 

sll1260 
30S ribosomal protein S2 

5 -0.037 0.067 -0.162 0.017 -0.197 0.050 
rps2 

sl11553 
phenylalanyl-tRNA 

2 0.160 0.209 -0.204 0.029 0.075 0.108 
synthetase pheT 

sl11744 
50S ribosomal protein L1 

2 -0.036 0.026 -0.212 0.022 -0.107 0.023 
rpll 

sl11746 
50S ribosomal protein LI2 37 -0.092 0.014 -0.073 0.017 -0.048 0.011 
rpll2 

sl11804 
30S ribosomal protein S3 

" 0.060 0.046 -0.104 0.073 0.019 0.036 
rps3 

... 

sll1812 
30S ribosomal protein S5 

2 -0.044 0.063 0.036 0.013 0.023 0.004 
rps5 

sll1816 30S ribosomal protein S 13 
2 -0.125 0.057 -0.107 0.007 -0.201 0.047 

rps13 

slr0193 RNA-binding protein rbp3 7 -0.129 0.016 -0.094 0.016 -0.132 O.Dli 

slr0434 elongation factor P efp 4 -0.002 0.014 0.007 0.016 0.005 0.010 
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Appendix I 

The list of 120 proteins found in Experiment 3 in Chapter 6 via iTRAQ analysis. This set of 

experiment consists of 'transient' time-points derived from the light cycle: 12.5 hr, 13 hr and 

13.5 hr against the common reference of 24 hr dark. The ratio is expressed in LoglO unit, 

whereas the error is estimated in standard deviation (SD). 

12.ShrL:24brD 13hrL:24brD 13.SbrL:24brD 

ORF Protein Name 
MS/ {l1S:114} {116:114} {1l7:1l4} 
MS Log 

SD 
Log 

SD 
Log 

SD Ratio Ratio Ratio 
Amino Acigs M~tat!olism 

sll1363 ketol-acid reductoisomerase 
6 -0.355 0.088 0.055 0.020 -0.327 0.075 

i1vC 

sll1502 
NADH-dependent glutamate 

3 -0.248 0.051 -0.057 0.027 -0.274 0.077 synthase large subunit gltB 
sll1750 urease alpha subunit ureC 2 -0.361 0.018 0.044 0.015 -0.220 0.015 
sll200 I leucine aminopeptidase 2 -0.401 0.114 -0.007 0.002 -0.451 0.103 

slr0032 probable branched-chain 2 -0.135 0.050 0.001 0.102 -0.057 0.005 
amino acid aminotransferase 

slr0288 
glutamate--ammonia ligase 

5 -0.057 0.055 0.168 0.036 -0.040 0.063 gInN 

slr0452 
dihydroxyacid dehydratase 

3 -0.505 0.010 -0.081 0.024 -0.561 0.062 ilvD 

slr0963 
ferredoxin-sulfite reductase 3 -0.207 0.071 -0.034 0.035 -0.139 0.090 sir 

slr1756 
glutamate--ammonia ligase 

17 -0.436 0.064 0.049 0.020 -0.444 0.063 ginA 

A TP Synthesis 

sll1326 
A TP synthase alpha chain 16 0.177 0.019 -0.080 0.019 0.050 0.028 
atpA 

slr1329 
A TP synthase beta subunit 

3 0.125 0.243 -0.181 0.047 0.079 0.297 atpB 

Ci![bobydral~ M~labQlism 

sll0158 
1,4-alpha-glucan branching 

5 -0.027 0.060 0.004 0.040 -0.004 0.068 
enzymeglgB 

sll0945 glycogen synthase glgA 3 -0.066 0.106 -0.031 0.042 -0.052 0.080 
s1l1213 GDP-fucose synthetase 5 -0.071 0.026 0.041 0.015 -0.005 0.023 
sll1356 glycogen phosphorylase 10 0.082 0.042 -0.003 0.020 0.135 0.037 

UDP-N-
acetylmuramoylalanyl-D-

slr0528 glutamate--2, 6- 2 -0.023 0.018 -0.040 0.004 0.019 0.049 
diaminopimelate ligase 
murE 

slr1l76 
glucose-I-phosphate 

6 -0.195 0.046 -0.01l 0.025 -0.193 0.087 
adenylyltransferase 

Carbon Fixation 

carbon dioxide concentrating 
s1l1028 mechanism protein CcrnK 19 -0.289 0.024 0.058 0.014 -0.059 0.024 

ccmK2 
ribulose bisphosphate 

slrOO09 carboxylase large subunit 19 -0.421 0.123 -0.067 0.019 -0.416 0.116 
rbcL 
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12.ShrL:24hrD 13hrL:24hrD 13.ShrL:24hrD 

ORF Protein Name 
MS/ {l1S:114} {1l6:114} {117:114} 
MS Log 

SD 
Log 

SD 
Log 

SD 
Ratio Ratio Ratio 

slr0038 hypothetical protein 4 0.191 0.125 -0.047 0.036 0.132 0.146 
slr0244 hypothetical protein 3 -0.135 0.033 -0.269 0.058 -0.156 0.007 
slr0453 hypothetical protein 4 -0.061 0.086 -0.024 0.047 -0.042 0.079 
slr0689 hypothetical protein 2 -0.002 0.002 0.042 0.003 0.065 0.007 
slr0729 hypothetical protein 9 -0.267 0.106 -0.075 0.024 -0.271 0.136 
slr1590 hypothetical protein 2 -0.027 0.010 -0.051 0.010 0.016 0.027 
ssl0352 hypothetical protein 2 0.115 0.048 0.096 0.016 0.145 0.044 
ssr2998 hypothetical protein 4 -0.583 0.023 -0.105 0.023 -0.634 0.049 

Lipid Metabolism 
slr2089 squaJene-hopene-cyclase shc 2 -0.210 0.001 0.098 0.026 -0.291 0.110 
ssl2084 acyl carrier protein acpP 3 -0.006 0.021 -0.135 0.020 -0.135 0.022 

Nl.!s;leQtiQ~ M~i!12Qii~m 

sll0368 
uracil 

2 -0.061 0.004 0.073 0.010 0.061 0.029 
phosphoribosyltransferase 

sll0421 adenylosuccinate lyase purB 3 -0.208 0.075 0.046 0.012 -0.118 0.075 

slll043 
polyribonucleotide 3 -0.331 0.042 -0.007 0.020 -0.377 0.036 
nucleotidyltransferase 

sll1852 
nucleoside diphosphate 

2 -0.355 0.079 0.085 0.022 -0.460 0.077 
kinase 

slrOI85 
orotate 2 -0.152 0.040 -0.123 0.033 -0.100 0.020 
phosphoribosyltransferase 

slrl622 
soluble inorganic 2 -0.362 0.065 0.097 0.010 -0.485 0.208 
pyrophosphatase ppa 

slrl722 
inosine-5'-monophosphate 

2 -0.113 0.140 0.009 0.068 -0.098 0.140 
dehydrogenase 

~ 

sll0245 
probable GTP binding 

2 -0.173 0.019 -0.095 0.006 -0.152 0.044 
protein 

sll0576 
putative sugar-nucleotide 

6 -0.205 0.021 0.014 0.020 -0.166 0.035 
epimerase/dehydratease 

sll0588 unknown protein 6 -0.072 0.026 0.195 0.012 -0.067 0.022 
s1l0872 unknown protein 2 -0.424 0.190 0.199 0.005 -0.383 0.113 

sll1559 
soluble hydrogenase 42 kD 

3 -0.285 0.132 0.123 0.017 -0.233 0.159 
subunit 

sll1583 unknown protein 3 0.039 0.033 -0.110 0.012 0.080 0.045 

sll1785 
periplasmic protein. function 3 0.014 0.052 -0.061 0.043 0.013 0.052 
unknown 

slJ 1873 unknown protein 16 0.077 0.087 -0.047 0.025 0.116 0.091 

slr1852 unknown protein 11 -0.035 0.141 -0.022 0.039 -0.029 0.138 

slr1855 unknown protein 9 -0.138 0.058 -0.030 0.031 -0.140 0.049 

slr1963 
water-soluble carotenoid 

15 -0.253 0.030 -0.019 0.018 -0.307 0.048 
protein 

P~DtQ~~ ebQ~l2bDte eDtbwi!~ 

sll0329 
6-phosphogluconate 

2 -0.120 0.006 0.033 0.004 -0.083 0.054 
dehydrogenase 

sill 070 transketolase 8 -0.367 0.026 -0.006 0.017 -0.388 0.029 
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12.ShrL:24hrD 13hrL:24hrD 13.5hrL:24hrD 

ORF Protein Name 
MS/ {l1S:114} {116:114} (117:1l4} 
MS Log 

SD 
Log 

SD 
Log 

SD 
Ratio Ratio Ratio 

slr1894 
probable DNA-binding 

9 -0.256 0.109 -0.024 0.015 -0.286 0.085 
stress protein 

ICA CYkl~ 
slr0665 aconitate hydratase 2 -0.045 0.103 -0.014 0.015 -0.090 0.024 

slr1289 isocitrate dehydrogenase 
4 -0.031 0.066 -0.026 0.049 0.018 0.097 

(NADP+) icd 

Transkription 
sll1626 LexA repressor 14 -0.249 0.044 -0.036 0.034 -0.244 0.041 

5111787 
RNA polymerase beta 

3 0.014 0.062 -0.178 0.117 0.010 0.070 
subunit rpoB 

5111818 
RNA polymerase alpha 

2 -0.138 0.023 -0.062 0.053 -0.126 0.001 
subunit rpoA 

Translation 
sll0145 ribosome releasing factor rrf 6 -0.022 0.029 0.024 0.033 0.005 O.oI5 

sll1097 
30S ribosomal protein S7 

9 0.001 0.034 -0.003 0.017 0.062 0.016 
rps7 

5111099 elongation factor Tu tufA 23 -0.278 0.066 -0.003 0.016 -0.267 0.045 

5111260 
30S ribosomal protein S2 

4 -0.262 0.065 -0.069 0.016 -0.349 0.066 
rps2 

5111261 elongation factor TS tsf 3 -0.151 0.169 -0.001 0.062 -0.153 0.176 

5111744 
50S ribosomal protein L 1 

3 -0.592 0.130 -0.205 0.006 -0.619 0.066 
rpll 

5111746 
50S ribosomal protein LI2 

16 -0.626 0.056 -0.004 0.016 -0.428 0.046 
rpll2 

5111812 
30S ribosomal protein S5 

3 0.061 0.025 -0.043 0.029 -0.012 0.025 
rps5 

5111816 
30S ribosomal protein S 13 

5 0.129 0.020 -0.117 O.oI7 0.162 0.031 
rps13 

5111821 
50S ribosomal protein Ll3 

2 0.076 0.032 -0.113 0.007 0.090 0.014 
rpll3 

5lr0193 RNA-binding protein rbp3 3 -0.008 0.024 -0.177 0.012 0.076 0.011 
slr0434 elongation factor P efp 2 -0.338 0.042 -0.022 0.007 -0.389 0.086 
slr1463 elongation factor EF-G fus 18 -0.246 0.026 -0.022 0.013 -0.302 0.039 

nucleic acid-binding protein, 
slr1984 30S ribosomal protein S 1 3 -0.234 0.119 -0.025 0.029 -0.207 0.138 

homolog nbp1,rpslb 

Imn~~Qn ilDd aindinl,! f[Ql~iDS 
phosphate-binding 

sll0680 periplasmic protein 7 0.276 0.022 0.180 0.034 0.303 0.033 
precursor (PBP) 

5111341 bacterioferritin 3 -0.509 0.042 -0.021 0.027 -0.711 0.076 
nitrate/nitrite transport 

s1l1450 system substrate-binding 4 -0.173 0.114 0.052 0.018 -0.118 0.075 
protein nrtA 

periplasmic protein, putative 

s111762 
polar amino acid transport 

4 -0.082 0.046 -0.150 0.035 -0.067 0.068 
system substrate-binding 
protein 

periplasmic protein, ABC-
slr0447 type urea transport system 5 -0.069 0.Q15 0.017 0.027 0.007 0.021 

substrate-binding protein 
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13hrL:24hrD 18hrL:24hrD 23hrL:24hrD 

ORF Protein Name 
MSI {l1S:114~ {116:114~ {117:114~ 

MS Log 
SD 

Log SD 
Log 

SD 
Ratio Ratio Ratio 

carbon dioxide concentrating 

sll1031 
mechanism protein CcmM, 

5 0,090 0,058 0,088 0,051 0.068 0,050 
putative carboxysome 
structural protein ccmM 

sll1525 phosphoribulokinase prk 12 0,080 0,038 0.157 0.034 0.224 0.036 
ribulose bisphosphate 

slrOO12 carboxylase small subunit 4 0,084 0,097 0,157 0.067 0,168 0.057 
rbcS 

Cellular Processes 

sll1633 
cell division protein FtsZ 

3 -0,063 0.Q18 -0,034 0.045 0.013 0.028 
ftsZ 

slr1198 antioxidant protein 28 0,022 0,062 0,068 0.063 0.070 0,050 

slr1516 superoxide dismutase sodB 41 -0,008 0,017 -0,005 0,020 0.019 0.018 

Folate Biosynthesis 

sll1536 
molybdopterin biosynthesis 

4 -0,075 0,141 0,005 0,090 0.007 0.087 
MoeB protein moeB 

EQigiDI::. SQlliDI:: WIg Q~i:mgl!liQn 

sll0020 
ATP-dependent Clp protease 8 0.088 0,061 0,027 0,069 0.006 0.061 
ATPase subunit 

sll0057 
heat shock protein GrpE 

2 0,004 0,032 0.057 0.094 0.002 0.040 
grpE 
DnaK protein 2, heat shock 

sll0170 protein 70, molecular 14 0.029 0,032 0,070 0.039 0,076 0.030 
chaperone dnaK2 

sll0408 
peptidyl-prolyl cis-trans 

3 -0,005 0,014 0.080 0,057 0.158 0.041 
isomerase 

sll1621 AhpCITSA family protein 25 -0,076 0,010 -0,053 0.01l -0.044 0.014 
sll1694 pilin polypeptide PilAl piiAI 2 0,057 0,028 0.177 0,032 -0.008 0.033 

slr0542 
ATP-dependent protease 

3 0,042 0,011 0.061 0.035 0.082 0.036 
ClpP clpP 

slr0623 thioredoxin trxA 18 -0,002 0,048 0.013 0.041 0,040 0.040 

slr1251 
peptidyl-prolyl cis-trans 

3 0.011 0,022 0.021 0.028 0.045 0.036 
isomerase 

slrl641 ClpB protein cJpBl 2 0.068 0.026 0,001 0.030 0.071 0.030 
slr2075 1 OkD chaperonin groES 11 0,066 0,068 0.132 0.061 0.215 0.060 
slr2076 60kD chaperonin groELl 6 -0.071 0.100 -0.035 0.075 0.054 0,066 

Glycolysis 

sllOO18 
fructose-bisphosphate 

11 0,013 0,061 0.016 0.046 0.045 0.052 
aldolase, class n fbaA, fda 

NAD(P)-dependent 
sll1342 glyceraldehyde-3-phosphate 13 -0.245 0.021 -0.173 0.028 -0.029 0.024 

dehydrogenase gap2 

slr1349 
g)ucose-6-phosphate 

8 0.074 0.053 0.075 0.052 0.094 0.048 
isomerase 

s1r0394 phosphoglycerate kinase pgk 27 -0,034 0,032 -0.007 0.034 0.030 0.025 

slr2094 
fructose-l,6-/sedoheptu)ose-

14 -0.042 0.066 0.000 0.057 0.051 0.044 
1,7 -bisphosphatase fbpI 

hypothetical proteins 
sll0051 hypothetical protein 5 -0,052 0.013 -0.066 0.012 -0.043 0.011 
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13hrL:24hrO 18hrL:24hrO 23hrL:24hrO 

ORF Protein Name 
MS/ ~115:114) ~1l6:114} ~117:114} 

MS Log 
SO 

Log 
SO 

Log 
SO 

Ratio Ratio Ratio 

slr1963 
water-soluble carotenoid 

19 -0.066 0.014 -0.039 0.017 -0.025 0.021 
protein 

slr2002 
cyanophyein synthetase 

2 0.179 0.027 0.113 0.055 0.187 0.047 
ephA 

Pentose PhosRhate Pathwa~ 

sll0329 
6-phosphoglueonate 

4 -0.039 0.062 0.017 0.042 0.033 0.025 
dehydrogenase 

sll0807 
pentose-5-phosphate-3-

2 0.016 0.102 -0.065 0.192 -0.051 0.160 
epimerase rpe 

sll1070 transketolase 19 0.057 0.058 0.092 0.049 0.099 0.047 
sll1479 6-phosphogluconolactonase 3 0.105 0.127 0.120 0.128 0.128 0.101 
slr1793 transaldolase 2 0.004 0.139 -0.009 0.161 0.075 0.050 

Photosynthesis 
sll0199 plastocyanin petE 6 0.302 0.077 0.280 0.064 0.300 0.029 
sll0258 cytochrome c550 psbV 14 0.099 0.036 0.096 0.041 0.094 0.041 

sll0427 
photosystem II manganese-

6 -0.029 0.053 0.077 0.049 0.106 0.043 
stabilizing polypeptide psbO 

sll0928 allophyeocyanin-B apeD 39 0.194 0.034 0.239 0.Q38 0.288 0.029 

sll0947 
light repressed protein A 

4 -0.305 0.011 -0.228 0.026 -0.199 0.004 
homolog lrtA 

sll1194 
photosystem II 12 kDa 

15 0.105 0.041 0.130 0.036 0.165 0.045 
extrinsic protein psbU 

s1l1577 
phycocyanin beta subunit 

141 0.317 0.027 0.302 0.024 0.285 0.022 
cpcB 

sll1578 
phycocyanin alpha subunit 

242 0.434 0.020 0.420 0.019 0.414 O.oJ9 
cpcA 

sll1579 
phyeobilisome rod linker 

12 0.252 0.047 0.247 0.026 0.241 0.030 
polypeptide cpcC2 

sll1580 
phyeobilisome rod linker 

60 0.173 0.027 0.159 0.023 0.165 0.027 
polypeptide cpcCl 
phycobilisome core-

slr0335 membrane linker polypeptide 68 0.077 0.021 0.099 0.021 0.118 0.020 
apcE 

slr0737 
photosystem 1 subunit II 11 -0.481 0.040 -0.214 0.043 -0.270 0.036 
psaD 

slr0906 
photosystem II core light 

2 -0.650 0.168 -0.322 0.095 -0.491 0.095 
harvesting protein psbB 

slrl459 phycobilisome core 7 0.106 0.025 0.105 0.034 0.143 0.034 
component apcF 

slr1643 
ferredoxin-NADP 

26 0.000 O.oJ8 -0.022 0.012 0.002 0.014 
oxidoreductase petH 

slr1834 
P700 apoprotein subunit la 

11 -0.652 0.072 -0.308 0.031 -0.484 0.041 
psaA 

slrl986 
allophycocyanin beta subunit 

85 0.203 0.026 0.221 0.026 0.214 0.022 
apcB 

slr2051 
phyeobilisome rod-core 

29 0.000 0.037 0.037 0.038 0.088 0.030 
linker polypeptide cpcG 1 

slr2067 
allophycocyanin alpha 

18 0.054 0.037 0.084 0.030 0.022 0.034 
subunit apcA 

ssl3093 phycobilisome small rod 
7 0.030 0.018 0.166 0.014 0.270 0.026 

linker polypeptide cpcD 

ssr283l 
photosystem I subunit IV 

3 -0.418 0.017 -0.170 0.028 -0.240 0.006 
psaE 
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13hrL:14hrD 18hrL:14hrD 23hrL:14hrD 

ORF Protein Name 
MS/ {l1S:114} {116:114~ {117:114~ 

MS Log 
SD 

Log 
SD 

Log 
SD 

Ratio Ratio Ratio 

sll1260 
30S ribosomal protein S2 

10 -0.044 0.021 -0.007 0.030 0.025 0.029 
rps2 

s1l1744 
50S ribosomal protein LI 

2 -0.028 0.132 0.028 0.144 0.076 0.103 
rpl1 

s111746 
50S ribosomal protein LI2 

49 -0.099 0.019 -0.091 0.017 -0.072 0.013 
rpl12 

s111804 
30S ribosomal protein S3 

3 0.126 0.014 0.106 0.045 0.164 0.030 
rps3 

s111812 
30S ribosomal protein S5 

4 -0.087 0.062 -0.068 0.076 -0.060 0.069 
rps5 

sl11816 
30S ribosomal protein S 13 

2 -0.001 0.015 -0.041 0.Q15 0.000 0.009 
rps13 

slr0193 RNA-binding protein rbp3 8 -0.199 0.032 -0.150 0.018 -0.124 0.Q15 
slr0434 elongation factor P efp 8 -0.046 0,018 ,.0.058 0.017 -0.015 0.021 

slr0744 
translation initiation factor 

2 -0.058 0.039 -0.130 0.007 -0.116 0.003 
IF-2 infB 

slr1356 
30S ribosomal protein S 1 

5 -0.178 0.081 -0.129 0.126 -0.059 0.052 
rps1a 

slrl463 elongation factor EF-G fus 8 -0.046 0.021 -0.045 0.021 -0.038 0.024 

TransQort and Binding Proteins 
phosphate-binding 

s110680 periplasmic protein precursor 2 0.220 0.036 0.114 0.026 0.107 0.021 
(PBP) 

sll1341 bacterioferritin 3 0.074 0.225 0.053 0.197 0.042 0.112 
nitrate/nitrite transport 

s111450 system substrate-binding 7 0.106 0.034 0.076 0.022 0.031 0.053 
protein nrtA 
periplasmic protein, ABC-

slr0447 
type urea transport system 

2 0.055 0.092 0.055 0.045 0.068 0.049 
substrate-binding protein 
urtA 

slr1234 protein kinase C inhibitor 2 0.435 0.030 0.351 0.050 0.320 0.033 
slr1890 bacterioferritin 7 0.179 0.042 0.178 0.032 0.186 0.042 
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AppendixK 

The relative protein abundance of the 82 proteins found in all 4 (iTRAQ) experiments in Chapter 6 across the period of 12 hr light and 12 hr dark cycles. All time-

points must have at least 2 or more MSIMS spectra. The ratio is expressed in Log lO unit relative to the common reference of 24 hr dark, whereas the error is 

estimated in standard deviation (SD). 

ORF ProteiaNa_ 
Dark eyc:le (Lee Ratio) Ligbt c:yc:le (Log Ratio) Dirk cyc:le (SD) Light cycle (SD) 

0.5 I I.S 6 II U.5 13 13.S 18 23 O.S I I.S 6 II 12.5 13 13.5 18 23 

Ami!¥! Acg MctaboliD 

5111363 
ketol-acid 

0.293 0.01l 0.415 0.026 0.031 -0.449 -0.038 -0.420 -0.079 0.031 0.222 0.031 0.271 0.022 0.033 0.088 0.001 0.075 0.019 0.022 
reductoisomerase ilvC 

NADH-dependent 
sll1502 glutamate synthase large -0.160 -0.047 -0.126 -0.075 -0.008 -0.229 -0.038 -0.255 .0004 -0.008 0.048 0.030 0.008 0.023 0.026 0.051 0.053 0077 0.036 0.046 

subWIitgltB 
5111750 urease alpha subunit ureC -0.604 0.088 -0.536 -0.121 -0.004 -0.263 0.142 -0.122 0.145 -0.004 0.180 0.006 0.084 0.009 0.019 0.018 0.073 00\5 0.090 0.078 

slr0288 
glutamate-ammonia ligase 

-0.021 0.211 -0.078 0.181 0.206 -0.071 0.155 -0.053 0.173 0.206 0.041 0.038 0.053 0055 0.035 0.055 00\8 0.063 0022 0.030 
ginN 

slrl7S6 
glutamate-ammonia ligase 

-0.455 0.066 -0.366 -0022 0.039 -0.404 0.082 -0.411 0.120 0.039 0.113 0.046 0.085 0.023 0.021 0.064 0.042 0.063 0.049 0.040 
ginA 

AIPSyntbcsjs 

sll\326 
A TP synthae alpha chain 

-0.117 0.015 -0.067 -0.133 -O.OS6 0.192 -0.064 0.066 0.026 -0.056 0.027 0.019 0.022 0.029 0.018 0.019 0.023 0.028 0.046 0.046 
atpA 

Carbobvdrale MetaboIiaD 

sllOISI 
1.4-elpha-gluc:an branching 

-0.057 -0.050 -0.034 -0.053 -0.004 -0.044 -0.013 -0.021 -0.020 -0.004 0.025 0.045 0035 0.027 0.019 0060 0.046 0.068 0.040 0.044 
enzymeglsB 

sl1094S g1ycop synthase glgA -0.214 -0.078 -0.146 -0.178 -0.201 0.044 0.078 0.057 0.047 -0.201 0.063 0.007 0.054 0.013 0.001 0106 0038 0.080 0040 0.044 

1111113 GDP-fucole synthetue -0.074 -0.033 -0.045 0.022 0.022 -0.135 -0.023 -0.069 -0.005 0.022 0.011 0.011 0.036 0.010 0.055 0.026 0.040 0.023 0.032 0.022 

sl1I3S6 g\ycopa phosphorylase -0.071 -0.090 -0.030 -O.on -0056 0.011 -0.075 0.063 -0.102 -0.056 0.034 0.023 0.036 0016 0.014 0.042 0013 0037 0013 0026 

*1176 
g1uc:ose-l-pIIOIIpbate 

-0.241 -0.031 -0.222 -0.044 -0.008 -0.207 -0.023 -0.205 -0.027 -0.008 0.058 0.042 0.067 0.025 0.028 0.046 0.038 0.0117 0.029 0.0211 
ldenylyllnlnsfcrale 
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ORF Protti. Na_ 

Carbon fJXBtion 
sll1525 phosphoribulokinase prk 

carbon dioxide 
slll028 concc:ntrating mechanism 

protein CemK ccmKl 

ribulose bisphosphate 
slr0009 carboxylase large subunit 

rbcL 

Cellular processes 

Dark cycle (Loc Ratio) Li&"t cnl!(Log Ra!ioL __ J) .... k cydc: (SDL Light cyde (SD) 

0.5 1.5 (j II 12.5 13 13.5 II 2J 0.5 1.5 (j 11 12.5 13 13.5 18 2J 

-0.114 0.151 -0028 -0220 -0.014 -0.249 0080 -0.294 0.157 -0.014 0097006000650.031 0.0360.0730038008600340036 

-0.355 0.021 -0.267 -0.006 0 105 -0.378 -0.031 -0.148 0.010 0.105 0.039 0047 0016 0.047 0041 0024 0.022 0.024 0.020 0.026 

-0.376 0079 -0.277 -0.136 -0017 -0.242 0.111 -0.236 0143 -0.017 0.053 0.021 0039 0016 0019 0123 0026 0.116 0.029 0029 

sir 1198 antioxidant protein -0.142 0 081 .(l017 -0.092 -0.005 -0.237 0022 -0315 0.068 -0.005 0061 0066 0.057 0.034 0042 0066 0.062 0053 0.063 0050 

sir 1516 superoxide dismutase sodB -0.150 0 015 -0089 -0058 0018 -0 164 -0008 -0217 -0005 0018 00170016001500150009 n021 00170013 n020 (l018 

Folding. SOI1ing and Degradation 

silO I 70 

sll0408 

5111621 

5h0623 

slr12S1 

slr2075 

slr2076 

Glycolysjs 

DnaK protein 2, heat shock 
protein 70, molecular 
chaperone dnaKl 

peptidyl-rrolyl cis-Irans 
isomerase 

AhpCfTSA family protein 

thloredoxin trxA 

peptidyl-prolyl cis-tran.~ 
isomerase 

10kD c:hlperomn grof,S 

60kD chlperonm groEl.1 

NAD(P~ndent 

sll I 342 glyc:eraldehyde-3-
phosphate dehydrogenase 
gap2 

s1r0394 phosphoglycerate kinase 
pgk 

slrl349 ~I\lC0se-6-phosphale 
ISOI'IICrase 
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-0217 

-0.399 

-0.297 

-0216 

-0.143 

-0358 

0.109 

-0020 

0053 

-0045 

0059 

.(l020 

0.186 

.(l048 

-0133 

-0287 

-0.284 

-0103 

-0087 

-0087 

0.135 

-0072 

-0062 

-0.001 

-0080 

-0017 

-0171 

-0.045 

0002 

-0.003 

-0.012 

0005 

0010 

0011 

-0.128 

-0232 

-0.144 

-0.370 

-0419 

-0105 

0090 

0.065 

0029 

-0.005 

-0.076 

-0002 

0011 

0066 

-0.071 

-0257 

-0.153 

-0.345 

-0517 

-0104 

nOB 

0101 

0070 

0080 

-0053 

01113 

0021 

0132 

-0035 

0002 

-0003 

-n012 

OOOS 

o OJ(J 

(JOII 

-0.1211 

0.030 0.019 0.050 0026 

0.025 0.008 0.041 0028 

0028 0017 0.026 0011 

(JOS2 (J(JS(J 00311 0060 

0049 11040 0038 0021 

o 348 0036 0 2116 0 (J40 

0024 0024 0.047 0059 

0.017 

0.016 

0020 

0025 

0024 

0024 

O.OB 

0.024 0.032 0022 0039 (J030 

0.279 0.014 0309 o (JS7 0.041 

0032 0010 OOl9 o (JII (l014 

0162 (J048 0192 0041 0040 

00211 O(J22 (J021 o (J211 (l(l36 

o 050 0068 0044 0(J61 O(l60 

0036 0100 0.042 0075 0 (J66 

-0097 -0074 -0028 -0.193 -0.142 -0410 -0245 -0411 -0173 -014200230.022 OOIl 0.0340.019 005S 00210.09900280024 

-0.097 0.021 0.002 -0059 -0018 -0.267 -0.034 -0.337 -0007 -00111 0.046 0.021 0.037 0.019 0020 0029 0.032 0.047 0.034 0.025 

-0.219 -0.063 -0226 -0.032 -0.012 -0094 0074 -0.037 0075 -0012 0117 0012 0.101 0.011 0023 0012 0.053 0028 0.052 0048 



ORF ProteiD Name 

fructose-I,6-
slr2094 Isedoheptulose-l,7-

bisphosphatase tbpl 

hypothetical proteins 

5110588 hypothetical protein 

sll1526 (CheR methyltransferase) 

sll1873 hypothetical protein 

5b0038 

slr0244 

slr0729 

slrl852 

slrl855 

ssr2998 

(Mitochondrial energy 
transfer proteins signature) 

(Universal stress protein 
family) 

hypothetical protein 

hypothetical protein 

(N-acylglucosamine 2-
epimerase) 

hypothetical protein 

LjPid Metabolism 

slr2089 

ssl2084 

squa1ene-hopeneclase 
she 
acyl <:arTier protein acpP 

Nuc!egtjde Mctabo!jsm 

sllI043 

sill 152 

slrl622 

~ 

slIOS76 

polyribonucleotide 
nucIeotidyllransferase 
nucleoside diphosphate 
kinase 
soluble inorpnic 
pyrophosphatase ppa 

putative sup-nucleotide 
epimmseldebydratease 
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Onk cycle (Log Ratio) Light cyde (Log Ratio) 

0.5 1.5 6 II 12.5 13 13.S 18 

-0.086 0.023 -0.006 -0. \30 -0054 -0.123 -0042 -0.118 0.000 

-0.109 

-0.269 

-0.039 

0.184 

-0.086 

-0.188 

-0.278 

-0.279 

-0.210 

-0.329 

-0.059 

-0.075 

-0.307 

0.041 

-0.308 

0.156 

-0087 

-0078 

0.020 

-0.141 

-0.032 

-0010 

-0060 

-0043 

-0.006 

-0.005 

0.026 

0.149 

0.382 

-0.100 

-0.049 

-0.179 

0.014 

0.099 

-0.031 

-0.071 

-0.193 

-0.249 

-0.085 

-0.254 

0.071 

-0.077 

.. (USB 

0.111 

-0.330 

0.190 

-0.052 

-0.024 

0.039 

-0.130 

-0.195 

0.033 

-0062 

-0.088 

0.004 

-0.002 

-0.054 

-0.062 

0.017 

-0.004 

0.264 

-0.095 

-0.089 

0.075 

-0.125 

-0.100 

0.030 

-0.023 

-OOB2 

0.003 

0.051 

-0.012 

0.079 

0.097 

-0.049 

-0.160 

-0.156 

0.011 

0.276 

-0.126 

-0.223 

-0.145 

-0.209 

.. 0.637 

-0.286 

0.035 

-0.261 

-0.317 

-0.358 

-0.296 

0.107 

.. 0.035 

-0.114 

0.038 

-0.261 

-0.031 

-0.132 

-0.10 I 

-0.159 

0.022 

-0.094 

0.063 

0123 

0.100 

-0078 

-0.156 

.. 0.134 

0050 

0.217 

-0.147 

-0.226 

-0.139 

.. 0.211 

-0.688 

-0.367 

-0.095 

-0.307 

-0.421 

-O.4B2 

-0.257 

0.170 

-0.020 

-0.108 

-0.104 

-0.202 

-0.055 

-0.067 

.. 0061 

-0.067 

0.063 

0.004 

0.028 

0\38 

0.101 

-0046 

Oark cycle (SO) Light cycle (SO) 

23 0.5 1.5 6 II I2.S 13 13.S 18 23 

-0054 0.047 0055 0.050 0.037 0.022 0 110 0.066 0.164 0.057 0.044 

0.264 

-0.095 

-0.089 

0075 

-0.125 

.. 0.100 

0.030 

-0023 

-0.082 

0.003 

0.051 

0.012 

0029 

0.099 

0.QI5 

0.071 

0.027 

0.014 

0.017 

0.109 

0.012 

0.030 

0.029 

0.151 0.055 0.114 0.QI8 

O.QII 0.026 0.014 0.025 

0.072 0.047 0.040 0.028 

0.027 0.035 0.026 0.038 

0.065 0.050 0.055 0.040 

0.QI8 0.024 0.007 0.012 

0.020 0.019 0.062 0.009 

0.006 0.055 0.008 0.058 

0.007 

0.030 

0.028 

0030 

0.031 

0.031 

0.045 

0.020 

0.0\3 

0.QI8 

0.070 

0.026 

0.032 

0.087 

0.007 

0.024 

0.026 

0.022 

0057 

0.091 

0.023 

0073 

0.015 

0.019 

0.029 

0018 

0.125 0.051 0.146 0.074 0.019 

0.033 0.041 0.007 0.038 0.030 

0.106 0.052 0.136 0059 0.047 

0.141 0.086 O. \38 0.037 0.026 

0058 0.027 0.049 0.068 0024 

0.023 0.024 0.049 0.012 0.021 

0.001 

0.021 

0.033 0.110 0.023 O.OP 

0.011 0.022 0.028 0.036 

-0.012 0.037 0.090 0.023 0.048 0.079 0.042 0.069 0.036 0.127 0.060 

0.079 0.047 0.038 0.051 0.041 0.031 0.079 0.028 0077 0.025 0032 

0.097 0.039 0.095 0.033 0.004 O. \30 0065 0.046 0208 0056 0072 

-0.049 0.046 0018 0044 0.017 0014 0.021 0.030 0035 0048 0038 



ORF 

5111559 

slrl963 

Prot~iII N._ 

soluble hydrogenase 42 ltD 
subunit 

water-soluble carotenoid 
protein 

Pentose Phosphate Pathway 

5110329 

5111070 

6-phosphogIucooate 
dehydrogenase 

transketolase 

Photosynthesis 

5110258 

sll0427 

5110928 

5110947 

5111194 

5111577 

5111578 

5111579 

sill 580 

slr0335 

slr0737 

slrl4S9 

cytochrome c5S0 psbV 
photosystem II manganese­
stabilizing polypeptide 
psbO 
.lIophycocyanin-B apeD 

light repressed protein A 
homolog IrIA 

pho~Memll 12kDa 
extrinsic protein psbU 
phycocyanin beta subunit 
cpeB 
phycocyanm alpha subunll 
cpeA 

phytobihsome rod linker 
polypeptide cpcC2 

phycobilisome rod linker 
pol~plide epcC I 
phycobihsome tore­
membrane linker 
polypeptide apcE 
photosystem I subunit II 
psaD 
phycobihsome core 
component apcF 
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0.5 

-0.346 

-0.339 

-0.380 

-0.185 

0.076 

-0049 

-0.198 

-0.229 

-0.183 

-0317 

-0252 

-0.222 

-0.220 

-0.182 

-0.368 

-0.407 

Duk (yd~ (Loa R8tio) 

1.5 , 11 

0.218 -0241 -0.080 0.133 

-0038 -0296 -0071 -0029 

0.038 -0.231 0.008 0.113 

0.084 -0.110 -0.047 0.034 

0.113 0.109 -0018 0.095 

-0014 -0007 -0072 0002 

0.207 -0016 -0170 0.069 

-0230 -0224 -0200 -0.281 

0.128 -0036 -0172 0.037 

0390 -0286 -0048 0163 

0418 -0109 -0128 0210 

0211 -0109 -0009 o ()(>6 

0.107 -0.127 -0.084 -0054 

0.087 -0.142 -0038 -0035 

-0.334 -0226 -0.373 -0.163 

0.055 -0.380 -0076 0.022 

LiCbt (yd~ (Log R.tio) Dull (yde(SD) Ligbt (yd~ (SO) 

12.5 13 U.5 18 2.J 0.5 1.5 6 11 12.5 13 U.5 18 23 

-0.232 0175 -0.181 0164 0.133 0.077 0039 0084 0.040 0022 0.02 0.044 0.159 0048 0036 

-0300 -0066 -035·, -0.039 -0029 0132 0025 0054 0.015 0019 0030 0014 0.048 0.017 0021 

-0.192 -0.039 -0.155 0.017 0.1 \3 0.133 0.026 0.166 0.009 0021 0.006 0.062 0.054 0.042 0025 

-0303 0.057 -0325 0092 0.034 0.046 0.043 0.041 0.016 0.013 0026 0058 0.029 0049 0.047 

0.071 0.099 -0026 0.096 0095 0.036 0086 0.017 0.024 0.068 0.036 0.036 0.064 0041 0.041 

-0.183 -0029 -0151 0077 0002 0027 0261 0.024 0.113 0015 o 107 0053 0090 0.049 0043 

-OJ71 0.194 -0521 0.239 0.069 0.052 0.027 0.043 0.021 0.034 0069 0.034 0045 0038 0.029 

-0099 -O.l05 -0151 -0228 -0281 0.177 0.025 0.232 0.059 0093 0312 0.011 0272 0026 0004 

-0233 o lOS -0300 0130 0037 0086 0.02.' O.OR I 0.0211 0022 0089 0.041 0 128 003(, 0045 

-0248 0317 -0261 0302 0163 0042002400420011 0012 o 07J 0 027 0072 0024 0022 

-0191 0434 -0146 0420 0210 0044 0016 0038 0010 0010 0038 0020 0041 0019 O()19 

-0213 0252 -0297 0247 0.066 0.045 0.035 0.039 0035 0.021 01190047 OORI 00260030 

-0.160 0173 -0.189 0159 -0.054 0.043 002S 0.033 0.032 0.014 0065 0.027 00R3 0.023 0.027 

-0.126 0.077 -0150 0.099 -0.035 0034 0.020 0.035 0.016 0.014 o 042 0021 0040 0 021 0020 

-OJ6O -0.481 -0389 -0.214 -0.163 OOiS O.OSO 0.049 0.036 0.035 o 137 0.040 0.158 0.043 0.036 

-0531 0.106 -0.587 o lOS 0.022 0.071 0.049 0.034 0.017 0.014 0.129 0.025 0 104 0.034 0.034 



ORF 

slrl643 

slrl834 

slrl986 

slr20S1 

slr2067 

Protein Name 

ferredoxin-NADP 
oxidoreductase petH 

P700 apoprotein subunit la 
psaA 

a1lophycocyanin beta 
subunit apeB 

phycobilisome rod-core 
linker polypeptide cpeG I . 

allophycocyanin alpha 
subunit apcA 

Porphyrin and chlorophyll metabolism 

coproporphyrinogen III 
sIll 185 oxidase, aerobic (oxygen­

dependent) hemF 

porphobilinogen synthase 
slll994 (5-aminolevulinate 

dehydratase) hemD 

Pyruyatc Mc!aboljan 

slrl096 
dihydrolipoamide 
dehydrogenase 

Rm""9'Y Control 

1510707 
nitrogen rqulatory protein 
P-II sJnB 

RcPjgMjon pi Rpjr 

slIl712 

.... 1.94 

DNA binding protein HU 

probable DNA-binding 
stress protein 
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Dark ~ydf (Log Ratio) Light ~ydf (Log Ratio) Dark ~yde (SD) Light ~ycl~ (SD) 

0.5 1 1.5 6 11 12.5 13 13.5 18 23 o.s 1.5 6 II l2.s 13 u.s 18 23 

-0.232 -0.029 -0.191 -0.052 -0.060 -0.182 0.000 -0.160 -0.022 -0.060 0.042 0.044 0.033 0.025 0.021 0.058 0.018 0.062 0.022 0.014 

-0.501 -0.291 -0.371 -0.350 0.043 -0438 -0.652 -0.453 -0.308 0.043 0.046 0.085 0.021 0.067 0072 0.043 0072 0.064 0.031 0.041 

-0.297 0.208 -0.198 -0.094 0.070 -0.306 0.203 -0.323 0.221 0.070 0.026 0.049 0.032 0035 0.042 0.080 0.026 0.068 0.026 0.022 

-0.315 0.074 -0.246 -0.043 -0.015 -0286 0.000 -0.351 0.037 -0.015 0.060 0.042 0.058 0.026 0.023 0.05 I 0.037 0.057 0.038 0030 

-0.218 -0.003 -0.156 -0.231 -0.161 -0.234 0.054 -0.227 0.084 -0.161 0.052 0.147 0.052 0.122 0.136 0.048 0.037 0.055 0030 0.034 

-0.203 -0.106 -0.177 -0.076 -0.077 -0.194 -0.133 -0.214 -0.130 -0.077 0.009 0.043 0015 0.036 0.023 0.039 0.012 0.036 0.038 0.043 

-0.674 0.152 -0.608 0.035 0.102 -0.417 0.155 -0.321 0.155 0.102 0038 0.024 0.049 0.034 0.023 0.032 0.064 0.016 0047 0055 

-0.066 

-0.307 

-0.046 

-0.270 

-0.007 

0.\39 

0.029 

-0.053 

-0029 

-0.188 

0.056 
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ORF 

lCAcycle 

slrl289 

Translation 

sll0145 

5111099 

5111260 

5111746 

sll1812 

sll1816 

slrOI93 

slr0434 

slrl463 

Protrn. N ... r 

isocitrate dehydrogenase 
(NADP+)icd 

ribosome releasing factor 
frr,rrf 

elongation factor T u tufA 
30S ribosomal protein S2 
rps2 
50s ribosomal protein L12 
rpl12 

30S ribosomal protein S5 
rps5 
30S ribosomal protein S 13 
rpsl3 

RNA-binding protem rbp3 

elongation factor P efp 

elongation factor EF-G fus 

l!lllB!Ort DOd Bjodjna Proteins 
phosphate-binding 

5110680 periplasmic protein 
precursor (PRP) 

sll1341 

slr0447 

bacterioferritin 
periplL.mic protein, ARe­
type urea transport system 
substratc-blndlng protein 
unA 

300 
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-0236 

-0.721 

0017 
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-0.4 n 

-0.031 

Ligbt c:yde (Log R.tio) 

13 13.5 18 
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0.074 

0055 

0019 

-0029 

-0212 

-0324 

-0.523 

-0056 

0279 

0054 

-0413 

-0327 

II 3-13 

-II 616 
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AppendixL 

The relative mRNA (transcript) abundance of the 26 genes investigated in Chapter 6 across the period of 12 hr light and 12 hr dark cycles. All time-points were 

repeated with at least 3 replicates. The 23S rRNA was used as housekeeping gene, and each ratio is normalised against the 23S rRNA. The relative ratio is expressed 

against 24 hr dark sample in Log lO unit. The error is estimated in standard deviation (SD). 

ORF Gene •• me 
Dark ~ycle (Ratio) Light ~ycIe (Ratio) Dark cycle (SO) Light cycle (SO) 

O.!! I I.S 6 II 12.!! 13 13.S 18 23 O.S I I.S 6 II 12.S 13 U.S 18 23 

fructose-bisphosphate 
sll0018 aldolase, class II tbaA, -0.085 -0.174 -0.054 -1.271 -0.643 0.087 0.189 0.224 -0.469 -0.314 0.025 0.086 0.032 0.188 0.048 0.086 0035 0.064 O. \03 0.061 

fda 

phosphate-binding 
sl10680 periplasmic protein -0.333 -0.185 -0.079 -1.034 -0.846 0.401 0.318 0,390 -0,204 -0.111 0.043 0.049 0.091 0.053 0.066 0.040 0.062 0.025 0044 0,043 

precursor (PBP) 

hydrogenase subunit of 
5111226 the bidiredional 0.178 0.010 0.007 -0.302 -0.303 0.058 0.222 0.383 -0095 0.009 0.068 0,026 0.\07 0.053 0.099 0.118 0.075 0,098 0038 0072 

hydrogenase hoxH 

s1l1260 
30S ribosomal protein 

-0.096 -0.125 -0.062 -\.214 -0.936 0,036 0.274 0.114 -0.690 -0.766 0.066 0.080 0.154 0.136 0.128 O. \05 0.121 0.089 0091 0120 
S2 rps2 

NAD(P)-dependent 

sill 342 
g1yceraldehyde-3-

-0.061 -0.188 0.102 -1.416 -0.820 0.072 0.256 0.244 -0.187 -0.105 0.062 0.070 0.015 0.056 0.018 0.108 0.043 0038 0.034 0.026 
phosphate 
dehydrogenase gap2 

sll I 577 
phycocyanin beta 

0.145 -0.075 0.021 -1.855 -1.126 0.112 0.307 0.384 -0.245 -0.184 0.033 0.018 0.030 0.122 0.046 0.036 0.039 0.029 0133 0.043 
subunit cpc8 

slII712 
DNA bindina prulcin -0.037 -0.496 -0.014 -1.445 -1.142 0.002 0.247 -0.015 -0.053 -0.143 0.080 0.131 0.011 0.127 0,108 0006 0.042 0025 0042 0.062 
HU 

sill 746 
SOS ribosomal prulcin 

-0.005 -0.018 o,on -1.390 -0.803 -0. ISO 0.223 0.031 -1.060 -0.883 0.055 0.048 0.041 0.026 0,074 0.024 0.037 0.042 0.061 0.028 
LI2 rplI2 

sill 852 
nucleoside diphosphate 

-0.071 -0.154 -0.120 -0.876 -0.776 0.211 0.351 0.212 -0.589 -0.676 0.049 0.047 0.107 0.033 0.046 0.075 0089 0.049 0.099 0048 
kinue 
porphobilinogen 

1111994 
synIhase(S-

-0.153 -0.254 -0.089 -1.394 -0.961 0.257 0.325 0.483 -0.203 -O.IS3 0080 0.093 0.078 0.151 0.080 0.039 0.079 O.oII 0.088 0.081 _inoIevulinate 
dehydratase) hemS 
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ORF GU" •• Dle 

slrt>434 

slr0394 

slrl349 

slrl622 

51r2094 

slr2002 

5111502 

5111194 

51rl834 

51rl963 

5110945 

5111356 

51r2076 

5110170 

5110947 

5111626 

elongation factor P efp 

phosphoglycerate 
kinasergk 

gluc0se-6-phosphate 
isomerase 

soluble inorganic 
pyrophosphatase ppa 

fructose-I ,6-
Isedoheptulose-I.7-
bisrhosphatase (bpI 

cyanophycin synthetase 
cphA 

NADII-dependent 
glutamate synthase 
large subunit gltB 

photosystem II 12 kDa 
extrinsic protein psbU 

P700 apoprotein 
subunit 18 psaA 

water-soluble 
carotenoid protein 

glycogen synlhase glgA 

glycogen phosphorylase 
60kD chaperonin 
amELi 
DnaK protein 2. heat 
shock protein 70, 
molecular chaperone 
dnaK2 

light repressed protein 
A homolog IrIA 

LexA repressor 
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-0.155 
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-0022 

-0.108 
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-0014 
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-0.435 

-0352 
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-1007 

-0.684 

-1.065 

0.052 

-1023 

-0.102 

\I 
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-1.125 

-0.832 

-0.392 
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-0.318 

-0.783 

"()442 

-0.674 

-0823 

-0.515 

0.266 

-0.772 

-0.269 

12.5 

0.111 

0.456 

0.208 

0.219 

0.118 

0.097 

-0085 

0196 

0167 

-0014 

() 038 

-0409 

-0.145 

-0.450 

-0.896 

-0.321 

Licht cycle (Log Ratio) 

u 
0.136 

0529 

0296 
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0.287 

0.292 

0259 

0.608 

0.623 

0012 

0113 

-0422 

-0.197 

-0.317 

-0.726 

-0.244 

13.5 

0.233 

0483 
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0.347 

0.231 

0.249 

0239 

0.118 

0418 

0023 

-0080 

-0.013 

-0.287 

-0526 

-0.540 

-0.332 

18 

-0.387 

-0012 

-0031 

-0.411 

-0233 

0.088 

0291 

0.260 

0.233 

-0623 

-0353 

-0513 

-I 144 

-0.788 

-1.037 

-0544 

Dark cycle (SO) 

2.J O.S I.S 6 

-0402 0051 0.125 0157 0069 

-0125 0042 0088 0.018 0.015 

-0170 o III 0 064 0 061 0 065 

-0.337 0067 0.039 0.018 0.048 

-0325 0.020 0.064 0.043 0.048 

0104 0.190 0.237 0.070 0.097 

0.283 0046 0154 0108 0177 

0.145 0092 0.168 0.060 0 156 

0236 0.101 0054 0.085 0065 

-0445 0016 0017 00\5 0.042 

-0462 0072 0066 0086 0.382 

-0.484 0073 0091 0026 0.091 

-0.992 0.034 0.088 0.048 0.020 

-0.566 0071 0.026 0.279 0.009 

-0.S20 0.108 0.068 0.240 0.031 

-0.548 0.123 0.052 0098 0.005 
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0050 
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0065 
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0044 
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Light cycle (SO) 
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0073 
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OlD 

0045 
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0159 

0037 
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0092 

18 23 

0056 0.157 

0021 0040 

0042 0086 

0115 0143 
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0047 011·1 

o 107 0.107 
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10-/_ Pi 3-/_ Pi 0.3-/_ Pi 

ORF Protein Name 
MS! Log SD Log SD Log SD MS Ratio Ratio Ratio 

slrOOO9 
ribulose bisphosphate 36 0.448 0.064 0.505 0.075 0.529 0.057 
carboxylase large subunit rbcl 

!>lrOO12 
ribulose bisphosphate R 0.189 0.114 O.:!31 0.096 0.131 0.107 
carboxylase small subunit rbcS 

slr0783 triosephosphate isomerase tpi :! 0.578 0.059 0.530 0.056 0.494 0.015 

Energv MetabQlism 
hydrogenase subunit of the 

sll1226 bidirectional hydrogenase 1 0.129 0.050 0.379 0.044 0.309 0.054 
hoxH 

sll1326 A TP synthase alpha chain atpA 8 0.155 0.059 0233 0.063 0.534 0.052 

slrl329 
A TP synthase beta subunit (, 0.041 0.086 0.104 0.088 0.380 0.101 
atpS 

slrl622 
soluble inorganic 

~ -0.346 0.062 -0.164 0.026 -0.145 0.007 
pyrophosphatase ppa 

rQldiDIii. SQOiDIii. J2~&[adlliQD 
DnaK protein 2. heat shock 

5110170 protein 70. molecular II 0.115 0.0Q9 0.298 0.099 0.396 0.118 
chaperone dnaK2 

sll0416 
60 kDa chaperonin ~. GroEU. I:! 0.165 0.088 0.373 0.076 0.493 0.071 molecular chaperone groEl-:! 

sll0430 
HtpG. heat shock protein QQ. 1 0.155 0.045 0.490 0.162 0.584 0.253 molecular chaperone htpG 

slrOl64 
A TP-dependent Clp protease :! 0.309 0.050 0.712 0.031 0.876 0.021 proteolytic subunit c1pP4 

slrOI65 
A TP-dependent Clp protease 1 0.053 0.110 0.338 0.155 0.615 0.192 proteolytic subunit clpP3 

slr0623 thioredoxin tnA 6 0.344 0.125 0.348 0.126 0.435 0.1 17 
slrll3!) thioredoxin tnS 1 0.Q31 0.066 0.099 0.082 0.111 0.083 

FKBP-type peptidyl-prolyl cis-
slr1761 trans isomera.'iC. periplasmic ~ 0.34:! 0.329 0 . .$()6 0.340 0.430 0.317 

protein 
511'2075 10kD chaperonin groES 7 0.173 0.071 O.26i 0.09& 0.433 0.089 
511'2076 60kD chaperonin groEL 1 18 0.193 0.047 0.493 0.046 0.616 0.045 

GlycQlysis 

sllOOl8 
fructose-bisphosphate aldolase. =: 0.328 0.101 0.685 0.100 0.519 0.318 
class II thaA. fda 

sll0395 phosphoglycerate mutase 1 -0.006 0.105 0.104 0.106 0.346 0.195 

5110593 glucokinase 2 0.040 0.175 0.029 O.ISO ..0,(104 0.123 
NAD(P)-dependent 

5111342 glyceraldehyde-3-phosphate 9 0.212 0.101 0.345 0.117 0.327 0.122 
dehydrogenase gap2 

slr0394 phosphoglycerate kinase pgk 11 0.342 0.070 0.175 0.072 0.028 0.092 

slr0752 enolase 5 0.806 0.177 1.173 0.178 1.170 0.181 

slr0884 
glyceraldehyde 3-phosphate S 0.234 0.051 0.656 0.058 0.671 0.062 
dehydrolenase I NAD+ gapl 

811'1349 jlucose-6-phosphale isomerase 8 -0.035 0.073 0.081 0.062 0.141 0.061 

slr2094 
fructose-I.6-/sedoheptulose- 8 0.382 0.124 0.373 0.125 0.198 0.132 
1.7-bisphosphatase fbpl 

HXWtbetical Proteins 
sll0051 hypothetical protein 2 -0.176 0.047 -0.360 0.032 -0.451 0.080 

11110230 hypothetical protein 3 0.395 0.171 0.493 0.164 0.447 0.157 
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10%) Pi 3% Pi 0.3% Pi 

ORF Protein Name 
MS/ Log 

SD 
Log 

SD 
Log 

SD MS Ratio Ratio Ratio 
glutathione peroxidase-like 

slrl171 
NADPH 

3 -0.213 0.012 0.000 0.010 0.l11 0.019 
peroxidase,glutathione 
peroxidase gpx1 

Metabolism of Cofactors and Vitamins 

sll1536 
molybdopterin biosynthesis 

2 -0.087 0.013 0.163 0.033 0.451 0.024 
MoeB protein moeB 

Nucleotide Metabolism 
slll018 dihydroorotase pyrC 2 -0.489 0.205 -0.472 00409 -0.480 0.246 
slll815 adenyl ate kinase adk 7 0.191 0.047 0.097 0.077 0.306 0.078 
sill 852 nucleoside diphosphate kinase 4 -0.047 0.076 -0.006 0.076 0.092 0.050 

slrl722 
inosine-5'-monophosphate 

4 0.352 0.171 0.382 0.210 0.424 0.201 
dehydrogenase 

Other 
plasma membrane protein 

sll0617 essential for thylakoid ... -0.254 0.l92 -0.l69 0.166 -0.175 0.141 .) 

formation vipp 1 
sll0654 alkaline phosphatase 7 0.200 0.099 0.326 0.087 0.356 0.102 
sll0656 extracellular nuclease nucH 8 0.455 0.162 0.618 0.187 0.642 0.192 
sll 1 009 iron-regulated protein frpC 2 0.449 0.001 0.516 0.006 0.453 0.019 
s1l1284 esterase 3 0.127 0.056 0.044 0.065 0.064 0.074 

s1l1559 
soluble hydrogenase 42 kD 

6 0.142 0.124 0.081 0.139 0.039 0.141 
subunit 

s111633 cell division protein FtsZ ftsZ 3 0.005 0.119 0.133 0.126 0.280 0.120 
sl11825 aklaviketone reductase 4 0.178 0.058 0.390 0.100 0.371 0.089 
slr1l98 antioxidant protein 30 0.296 0.049 0.443 0.054 0.553 0.042 
slr1516 superoxide dismutase sodB 12 -0.048 0.046 0.160 0.052 0.380 0.{)68 
slr1719 DrgA protein homolog 14 0.543 0.057 0.712 0.060 0.780 0.059 

slr1853 
carboxymuconolactone 

2 0.075 0.450 0.509 00423 0.689 0.287 
decarboxylase 

D-alanyl-D-alanine 
slr1924 carboxypeptidase, periplasmic 2 0.242 0.063 0.387 0.016 -0.134 0.070 

protein 

slr1963 
water-soluble carotenoid 

5 0.082 0.l01 0.197 0.084 0.231 0.105 
protein 

Pentose Phomhate Pathwa~ 

sll0329 
6-phosphogluconate 

12 0.176 0.063 0.361 0.084 0.342 0.084 
dehydrogenase 

s1l1070 transketolase 25 0.310 0.105 0.333 0.112 0.326 0.112 

sll1479 6-phosphogluconolactonase 4 -0.049 0.094 0.044 0.075 0.143 0.104 

sll0807 
pentose-5-phosphate-3-

5 0.684 0.068 0.669 0.066 0.738 0.067 
epimerase rpe 

slr0453 putative phosphoketolase 10 0.148 0.055 0.366 0.046 0.326 0.050 
glucose 6-phosphate 

slr1734 dehydrogenase assembly 2 0.499 0.127 0.763 0.115 0.820 0.136 
protein opcA 

slr1793 transaldolase 5 0.527 0.086 0.755 0.098 0.792 0.094 

slr1843 
glucose 6-phosphate 

3 -0.161 0.041 -0.066 0.043 -0.081 0.038 
dehydrogenase zwf 
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10% Pi 3% Pi 0.3% Pi 

ORF Protein N arne 
MS/ Log 

SD 
Log 

SD 
Log 

SD MS Ratio Ratio Ratio 

slr1856 
phosphoprotein substrate of 

3 -0.376 0.013 -0.233 0.067 0.016 0.063 
icfG gene cluster 

slr1859 
phosphoprotein substrate of 

4 -0.009 0.017 0.233 0.007 0.449 0.013 icfG gene cluster 

Translation 
peptidyl-prolyl cis-trans 

sll0227 isomerase B, periplasmic 2 -0.019 0.021 0.265 0.010 -0.048 0.010 
protein ppiB 

sl11099 elongation factor Tu tufA 19 0.051 0.065 0.124 0.079 0.105 0.081 
sll1261 elongation factor TS tsf 2 0.331 0.180 0.476 0.142 0.728 0.092 
s1l1425 proline-tRNA ligase proS 2 -0.054 0.168 0.185 0.065 0.260 0.099 

sll1746 
50S ribosomal protein LI2 

4 0.279 0.189 0.661 0.199 1.199 0.192 rpl12 
slr0434 elongation factor P efp 4 -0.165 0.033 -0.098 0.028 0.075 0.044 
slrIl 05 elongation factor EF-G fus 2 -0.047 0.179 -0.018 0.149 0.142 0.149 
slr1463 elongation factor EF-G fus 2 0.158 0.134 0.164 0.138 0.246 0.171 

ssl3436 
50S ribosomal protein L29 

2 0.077 0.056 0.275 0.047 0.747 0.010 rpl29 

TransI!ort and Binding 

sll0680 
phosphate-binding periplasmic 

13 -0.270 0.120 -0.085 0.141 -0.277 0.131 protein precursor pstS 1 

sll1341 bacterioferritin brfA 6 0.010 0.033 0.076 0.050 -0.058 0.044 

s1l1450 
nitrate/nitrite transport system 

4 -0.089 0.042 -0.188 0.036 -0.301 0.069 substrate-binding protein nrtA 

periplasmic protein, ABC-type 
slr0447 urea transport system 9 -0.360 0.062 -0.263 0.061 -0.245 0.059 

substrate-binding protein urtA 

iron transport system substrate-
slr0513 binding protein, peri plasmic 10 -0.349 0.138 -0.336 0.146 -0.887 0.157 

protein 
slr1234 protein kinase C inhibitor 4 0.173 0.062 0.213 0.059 0.387 0.073 

slr1247 
phosphate-binding periplasmic 

7 -0.122 0.145 0.260 0.180 0.249 0.166 protein precursor pstS2 

slr1295 
iron transport system substrate 

5 -0.368 0.091 -0.634 0.104 -0.824 0.094 
binding protein futAl 

slr1452 
sulfate transport system 

10 -1.074 0.068 -1.055 0.065 -0.995 0.072 
substrate-binding protein sbpA 

slr1890 bacterioferritin brtB 4 0.081 0.095 -0.042 0.105 -0.362 0.113 

mercuric transport protein 
ssr2857 periplasmic component 2 0.602 0.088 0.761 0.077 0.872 0.098 

precursor atx 1 

Unknown Proteins 

s1l1380 
periplasmic protein, function 

2 -0.099 0.053 -0.102 0.045 -0.255 0.023 
unknown 

s1l1837 
periplasmic protein, function 

2 0.268 0.089 0.503 0.008 -0.021 0.092 
unknown 

slr2144 
periplasmic protein, function 

3 0.671 0.205 0.846 0.217 1.168 0.210 
unknown 

Note: Hypothetical proteins with close similarity to another organism(s) with known functional group(s) 

were in parentheses. 
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