Supplementary Table 1: Primers for the mutants and plasmids.
	Primer
	Sequence
	DNA

	P1

P2

P3

P4
	5’-ATACTCGAGGTAGAAGCCCAGGAATGC-3’

5’-CAAGATATCCTTATCCACCCGTTGACCA-3’

5- ACAGATATCGAAGTTACTCCCCGCTTTGT-3’

5- AGCTCTAGACTAACCGCCCACTTTTACTA-3’
	pBlue-(rep3)-str

	P5

P6

P7

P8

P9

P10
	5’-CACCTCGAGATGAGTGTTAAGGCAAGTGGTGGCAG-3’

5’-ACAGGATCCCTTATCCACCCGTTGACCAATGTCTT-3’

5’-CAAGGATCCGAAGTTACTCCCCGCTTTGT-3’

5’-CGCTCTAGACTAACCGCCCACTTTTACTA-3’

5'-CGCCAGGGCCCTTCCAATGAT-3'

5'-CTTATCCACCCGTTGACCAAT-3'
	pBlue-(arm2/rep3)-str

	P11
	5’-CGACTCGAGCTACCCCAGAGCTATTTCAATGC-3’
	pBlue-(rep2/rep3)-str

	P12
	5’-GCAGGATCCAAATTTGACGCTGGTGCCGGTAT-3’
	

	P13
	5’-ACAGGATCCGGTGAAAGCTCCACCCAGGC-3’
	

	P14
	5’-CAGTCTAGAGGTGGGGAAACGACGGTAGG-3’
	

	P15
	5’-CACCTCGAGATGAGTGTTAAGGCAAGTGGTGGCA-3’
	pBlue-(arm2/rep2/rep3)-str

	P16
	5’-CACGGATCCACCCCGCAGATAGGGCACTGTTTCT-3’
	

	P13
	5’-ACAGGATCCGGTGAAAGCTCCACCCAGGC-3’
	

	P14
	5’-CAGTCTAGAGGTGGGGAAACGACGGTAGG-3’
	

	P17

P18
	5'-TACGATCGCCCGTTACCGGATCAACACG-3'

5'-GGCTTCTACCCCTAGACCCCGCAGATAGGGCACTG-3'
	pBlue-(arm2(6-36)/rep3)-str


	P19

P20
	5'-AATCCTAGCAAACGACCTGCTCCCTTTAAC-3'

5'- CTGGGCAAAGGTGGTGATGAACTGGGGAAC -3'
	pBlue-(arm2(37-67)/rep3)-str

	P21

P22
	5'-AGTGCTGTGGGCGAATTTCCCGGTAGTTTGG-3'

5'-GCGGGTTTCTTTCGGGAAAATGGCCCCAAAT-3'
	pBlue-(arm2(68-98)/rep3)-str

	P23

P24
	5'-ACCAGCGTCAAATTTGGTGAAAGCTCCACC-3'

5'-GGGATTGCCTACTTGGTTATTAACCGCCGG-3'
	pBlue-(arm2(99-129)/rep3)-str

	P25

P26
	5'- TTTAGCTACAGCGCTCCTTTCCGCAAAG -3'

5'-GGCTTCTACCCCTAGACCCCGCAGATAGGGCACTG-3'
	pBlue-(arm2(6-17)/rep3)-str

	P27

P28
	5'-CAGTTCATCACCACCTTTGCCCAGTACGAT-3'

5'-GAGATCTTGTTGCATCCCCCAGTTGCGGCA-3'
	pBlue-(arm2(18-28)/rep3)-str

	P29

P30
	5'-TACGATCGCCCGTTACCGGATCAACACG-3'

5'-GGGAACTTTGCGGAAAGGAGCGCTGTAGCT-3'
	pBlue-(arm2(29-36)/rep3)-str


Supplementary Table 2: Comparison of the Characterization of the PBSs, state transition and NPQ of different ApcE-mutants in the Synechocystis PCC 6803. 
	Mutant strains
	Sucrose density gradients with PBS
	Absorbance

(20 C)
	Fluorescence by excitation at 580 nm
	State transition

I
	State transition

II
	NPQ

	
	
	A650
	A620
	CCPC/ CAPC
	CPBS(μmol)
	max (nm, 20 C)
	max (nm, 77 K)
	
	
	

	Δ(rep3)
	Zone 12
	0.150
	0.100
	0.217
	1.465
	664
	683
	Y
	Y
	Y

	
	Zone 22
	0.130
	0.100
	0.304
	1.000
	668
	684
	
	
	

	
	Zone 32
	0.049
	0.100
	1.562
	7.169
	668
	684
	
	
	

	Δ(arm2/rep3)
	Zone 4S9
	0.069
	0.100
	1.029
	3.700
	658
	666
	N
	N
	N

	
	Zone 5S9
	0.018
	0.100
	-
	1.000
	646
	656
	
	
	

	Δ(arm2(6-36)/rep3)
	Zone 42
	0.061
	0.101
	1.318
	5.590
	658
	666
	N
	N
	Y

	
	Zone 52
	0.017
	0.100
	-
	1.000
	642
	654
	
	
	

	Δ(arm2(6-17)/rep3)
	Zone 62
	0.051
	0.100
	1.834
	5.272
	644
	666
	Y
	N
	Y

	
	Zone 72
	0.017
	0.100
	-
	1.000
	646
	656
	
	
	

	Δ(arm2(29-36)/rep3)
	Zone 82
	0.051
	0.100
	1.834
	7.044
	644
	666
	Y
	N
	Y

	
	Zone 92
	0.017
	0.100
	-
	1.000
	642
	654
	
	
	

	Δ(arm2(37-67)/rep3)
	Zone 6S10
	0.109
	0.099
	0.430
	1.000
	661
	665
	Y
	N
	Y

	
	Zone 7S10
	0.024
	0.100
	37.430
	1.570
	650
	656
	
	
	


Spectra were recorded in KPB (0.8 M, pH 7.2). Fluorescence emission spectra were generated under excitation at 580 nm. Y：The State transition and OCP-mediated non-photochemical were registered in mutants. N: Had the opposite meaning to Y. 2: The entire data were shown in Table S4. S9: The data were shown in Figure S9. S10: The data were shown in Figure S10. -: The data were negative value. The CPC and APC concentration were determined which is described in detail in materials and methods. The trimer moles of the PBSs were determined according to the equation: (CCPC + CAPC)  V. V: Sample volume for the PBSs were taken from different sucrose gradient. The different fractions of the PBSs of the same mutant were normalized according to the minor fraction (moles) = 1 μmol. All the data are derived from the results of three independent experiments.

Supplementary Table 3: The parameters of the rapid light response curve of Synechocystis WT and mutants.
	Strain
	Alpha

(electrons photons-1)
	 Ik 

(μmol m-2 s-1)
	ETRmax
(μmol m-2 s-1)

	WTa
	0.13±0.002
	77.93±7.182
	590.07±61.222

	WTb
	0.10±0.007
	50.5±3.041
	511.07±43.831

	(rep3)b
	0.05±0.001
	26.84±1.102
	551.63+31.418

	(arm2/rep3)b
	0.00
	0.73±0.153
	2476.73±271.503

	(arm2(6-36)/rep3)b
	0.009±0.002
	6.47±0.058
	518.57±59.241

	(arm2(37-67)/rep3)b
	0.03±0.001
	12.87±0.833
	488.03±20.651

	(arm2(68-98)/rep3)b
	0.06±0.006
	28.7±0.346
	476.43±41.858

	(arm2(99-129)/rep3)b
	0.03±0.002
	15.33±2.570
	494.63±71.420

	(arm2(6-17)/rep3)b
	0.01±0.003
	7.03±2.043
	594.5±88.557

	(arm2(18-28)/rep3)b
	0.02±0.001
	9.4±0.854
	495.8±65.936

	(arm2(29-36)/rep3)b
	0.01±0.002
	6.27±0.306
	484.03±48.535


Dark-adapted cells containing 30 μg Chl mL-1 were irradiated with various intensity of light (0 – 1400 µmol photons m2 s-1). Saturating pulses were separated by 30 seconds with 2000 μmol photons m-2 s-1. Data are presented as mean ± standard deviation (SD) from n=3 independent experiments.

a: The cells in the measuring system grew in 0 mM sucrose. b: The cells in the measuring system grew in 10 mM sucrose.

Supplementary Table 4: The parameters of the Photosynthetic of Synechocystis WT and mutants.
	Strain
	F0
	Fm
	Fv/Fm

	WTa
	0.44±0.009
	0.64±0.012
	0.32±0.009

	WTb
	0.37±0.005
	0.51±0.004
	0.27±0.005

	(rep3)b
	0.21±0.005
	0.27±0.014
	0.24±0.027

	(arm2/rep3)b
	0.59±0.001
	0.61±0.002
	0.02±0.002

	(arm2(6-36)/rep3)b
	0.68±0.012
	0.79±0.012
	0.14±0.004

	(arm2(37-67)/rep3)b
	0.47±0.031
	0.53±0.035
	0.11±0.006

	(arm2(68-98)/rep3)b
	0.25±0.004
	0.31±0.003
	0.22±0.017

	(arm2(99-129)/rep3)b
	0.35±0.008
	0.44±0.011
	0.2±0.012

	(arm2(6-17)/rep3)b
	0.79±0.036
	0.83±0.039
	0.05±0.06

	(arm2(18-28)/rep3)b
	0.51±0.009
	0.56±0.011
	0.09±0.002

	(arm2(29-36)/rep3)b
	0.97±0.024
	1.01±0.021
	0.03±0.004


Dark-adapted cells containing 3 μg Chl mL-1 were performed saturating pulses with 2000 μmol photons m-2 s-1. F0, the minimal fluorescence level, which is registered under the non-actinic amplitude-modulated light of a low intensity in the dark-adapted cells. Fm, maximum fluorescence yield after dark-adapted by performing saturation pulses, when all PSII reaction centers are closed. Fv/Fm = (Fm-F0)/ Fm. Data are presented as mean ± standard deviation (SD) from n=3 independent experiments. 

a: The cells in the measuring system grew in 0 mM sucrose. b: The cells in the measuring system grew in 10 mM sucrose.

Supplementary Table 5: Absorbance and fluorescence characteristics of WT and other mutant cells.
	Strain
	Absorbance 

(20 (C)
	Fluorescence by excitation at 580 nm

(Fluorescence by excitation at 430 nm)

	
	max (nm)
	A680/A626
	max (nm, 20 (C)
	max (nm, 77 K)

	WT
	626, 682
	1.0
	656, 683

(660, 684)
	649, 665, 684, 695, 723

(649, 685, 697, 724)

	(rep3)
	626, 682
	1.3
	656, 683

(684)
	649, 684, 695, 723

(649, 685, 697, 724)

	(arm2/rep3)
	626, 682
	1.3
	643, 658

(660, 684)
	647, 661, 680, 723

(646, 663, 686, 697, 723)

	(arm2(6-36)/rep3)
	626, 682
	1.3
	661 

(660, 684)
	649, 664, 694, 723

(646, 662, 683, 696, 724)

	(arm2(37-67)/rep3)
	626, 682
	1.3
	661

(684)
	649, 662, 685, 721

(646, 662, 685, 697, 723)

	(arm2(68-98)/rep3)
	626, 682
	1.3
	645, 658

(684)
	649, 684, 695, 721

(646, 685, 697, 723)

	(arm2(99-129)/rep3)
	626, 682
	1.3
	661

(684)
	649, 663, 684, 695, 723

(646, 660, 685, 697, 723)

	(arm2(6-17)/rep3)
	626,

682
	1.3
	661

(660, 684)
	649, 663, 681, 721

(647, 665, 684, 697, 724)

	(arm2(18-28)/rep3)
	626,

682
	1.3
	661

(660, 684)
	649, 663, 681, 721

(647, 668, 686, 697, 724)

	(arm2(29-36)/rep3)
	626,

682
	1.3
	661

(660, 684)
	649, 664, 682, 723

(647, 665, 686, 697, 724)


5 minutes dark-adapted cells containing 5 μg Chl mL-1 were suspended in 40% glycerol in 25 mM of Hepes-NaOH, pH 7.5, before the 77 K fluorescence were measured. 

Supplementary Table 6: Comparison of the Characterization of the PBSs, state transitions and NPQ of different ApcE-mutants in Synechocystis PCC 6803. 
	Mutant strains
	Sucrose density gradients with PBS
	Absorbance

(20 (C)
	Fluorescence by excitation at 600 nm


	State transition

 I
	State transition

II
	NPQ

	
	
	A650
	A620
	CCPC/ CAPC
	CPBS(μmol)


	max (nm, 20 (C)
	max (nm, 77 K)
	
	
	

	WT
	Zone 1S10
	0.092
	0.100
	0.606
	1.000
	661
	670
	Y
	Y
	Y

	
	Zone 2S10
	0.047
	0.100
	2.173
	9.773
	660
	684
	
	
	

	(rep3)
	Zone 12
	0.150
	0.100
	0.217
	1.465
	664
	683
	Y
	Y
	Y

	
	Zone 22
	0.130
	0.100
	0.304
	1.000
	668
	684
	
	
	

	
	Zone 32
	0.049
	0.100
	1.562
	7.169
	668
	684
	
	
	

	(arm2/rep3)
	Zone 4S9
	0.069
	0.100
	1.029
	3.700
	658
	666
	N
	N
	N

	
	Zone 5S9
	0.018
	0.100
	-
	1.000
	646
	656
	
	
	

	(rep2/rep3)
	Zone 6S9
	0.070
	0.100
	1.002
	2.707
	658
	666
	--
	--
	--

	
	Zone 7S9
	0.022
	0.100
	-
	1.000
	646
	656
	
	
	

	(arm2/rep2/rep3)
	Zone 8S9
	0.046
	0.100
	2.276
	3.958
	644
	666
	--
	--
	--

	
	Zone 9S9
	0.024
	0.100
	37.430
	1.000
	646
	656
	
	
	

	(arm2(6-36)/rep3)
	Zone 42
	0.061
	0.101
	1.318
	5.590
	658
	666
	N
	N
	Y

	
	Zone 52
	0.017
	0.100
	-
	1.000
	642
	654
	
	
	

	(arm2(37-67)/rep3)
	Zone 6S10
	0.109
	0.099
	0.430
	1.000
	661
	665
	Y
	N
	Y

	
	Zone 7S10
	0.024
	0.100
	37.430
	1.570
	650
	656
	
	
	

	(arm2(68-98)/rep3)
	Zone 8S10
	0.155
	0.100
	0.200
	1.389
	664
	683
	Y
	N
	Y

	
	Zone 9S10
	0.095
	0.100
	0.571
	1.000
	668
	684
	
	
	

	
	Zone 10S10
	0.048
	0.100
	2.078
	5.172
	660
	684
	
	
	

	(arm2(99-129)/rep3)
	Zone 11S10
	0.104
	0.100
	0.480
	1.297
	661
	683
	Y
	N
	Y

	
	Zone 12S10
	0.081
	0.100
	0.767
	1.000
	672
	684
	
	
	

	
	Zone 13S10
	0.044
	0.100
	2.510
	5.746
	660
	684
	
	
	

	(arm2(6-17)/rep3)
	Zone 62
	0.051
	0.100
	1.834
	5.272
	644
	666
	Y
	N
	Y

	
	Zone 72
	0.017
	0.100
	-
	1.000
	646
	656
	
	
	

	(arm2(29-36)/rep3)
	Zone 82
	0.051
	0.100
	1.834
	7.044
	644
	666
	Y
	N
	Y

	
	Zone 92
	0.017
	0.100
	-
	1.000
	642
	654
	
	
	


Spectra were recorded in KPB (0.8 M, pH 7.2). Fluorescence emission spectra were generated under excitation at 580 nm. Y: State transitions and OCP mediated non-photochemical quenching were registered in mutants. N: Had the opposite meaning to Y. S9: The data were shown in Figure S9. 2: The data were shown in Figure 2. S10: The data were shown in Figure S10. -: The data were negative value. --: The data had not yet been measured. The CPC and APC concentration were determined which is described in detail in materials and methods. The trimer moles of the PBSs were determined according to the equation: (CCPC + CAPC) ( V. V: Sample volume for the PBSs which taken from different sucrose gradient. The different fractions of the PBSs of the same mutant were normalized according to the minor fraction (moles) = 1 μmol.
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Supplementary Fig. 1. The sequence and structural of Arm2 in Griffithsia pacifica and Synechocystis sp. PCC 6803. (A) Homology of Arm2 between Griffithsia pacifica and Synechocystis sp. PCC 6803. (B) The structural of Arm2 of Griffithsia pacifica. (C) The modelled structural of Arm2 of Synechocystis sp. PCC 6803. In B and C, Cyan is Arm2(6-17); Orange is Arm2(18-28); Violet is Arm2(29-36); Green is Arm2(37-67); Light pink is Arm2(68-98); Magenta isArm2(99-129).[image: image2.jpg]EMw12 34 5





Supplementary Fig. 2. Mutants segregation in the Synechocystis PCC 6803 mutants. Confirmation of (rep3) (A), (arm2/rep3) (B), (rep2/rep3) (C), (arm2/rep2/rep3) (D) and partially Arm2-truncated mutants (E and F) by PCR. (A): lanes 1, 2: PCR products of WT, (rep3) by using primer P1 and P4. (B): lanes 1, 2: PCR products of WT, (arm2/rep3) by using primer P5 and P10. (C): lanes 1, 2: PCR products of (rep2/rep3), WT by using primer P11 and P14. (D): lanes 1, 2: PCR products of (arm2/rep2/rep3), WT by using primer P14 and P15. (E): lanes 1, 2, 3, 4, 5: PCR products of WT, (arm2(6-36)/rep3), (arm2(37-67)/rep3), (arm2(68-98)/rep3),(arm2(99-129)/rep3) by using primer P11 and P14. (F): lanes 1, 2, 3, 4: PCR products of WT, (arm2(6-17)/rep3), (arm2(18-28)/rep3), (arm2(29-36)/rep3) by using primer P11 and P14. MW: 1 kb DNA ladder.
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Supplementary Fig. 3: The polypeptide composition of the PBS-containing zones. M denotes the protein mass marker lane. A and E: lane 1, lane 2, lane 3 were corresponding to Zone 3S3, Zone 4S3, Zone 5S3 in Table S2, respectively. B: lane 1, lane 2 were corresponding to Zone 43, Zone 53 in Table S2, respectively. C: lane 1, lane 2 were corresponding to Zone 63, Zone 73 in Table S2, respectively. D: lane 1, lane 2 were corresponding to Zone 83, Zone 93 in Table S2, respectively. F: lane 1, lane 2 were corresponding to Zone 42, Zone 52 in Table S2, respectively. G: lane 1, lane 2 were corresponding to Zone 62, Zone 72 in Table S2, respectively. H: lane 1, lane 2 were corresponding to Zone 82, Zone 92 in Table S2, respectively. I: lane 1 was corresponding to Zone 2S3 in Table S2. J: lane 1, lane 2 were corresponding to Zone 6 S3, Zone 7 S3 in Table S2, respectively. K: lane 1, lane 2, lane 3 were corresponding to Zone 8S3, Zone 9S3, Zone 10S3 in Table S2, respectively. L: lane 1, lane 2, lane 3 were corresponding to Zone 11S3, Zone 12S3, Zone 13S3 in Table S2, respectively. 
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Supplementary Fig. 4: Growth characteristics of WT, Δ(rep3) and Arm2-truncated mutants. In culture of WT (dark yellow, ■), Δ(rep3) (dark, ●), Δ(arm2/rep3) (red, ▲), Δ(arm2(6-36)/rep3) (blue, ●), Δ(arm2(37-67)/rep3) (dark cyan, ▲), Δ(arm2(68-98)/rep3) (LT magenta, ▼), Δ(arm2(99-129)/rep3) (magenta, ◄), Δ(arm2(6-17)/rep3) (cyan, ■), Δ(arm2(18-28)/rep3) (orange, ●) and Δ(arm2(29-39)/rep3) (violet, ▲)  mutant. The cells grew in the standard BG11 under white LL of 20 μmol photons m-2 s-1 and 10 mM glucose were added (B, C and D) or no added (A). The data were the average of three independent measurements with standard error and showed Δ(rep3) strain grew photoautotrophically at the similar rate as the WT, by contrast, the Δ(arm2/rep3) and other Arm2-truncated strains were incapable of photoautotrophic growth because of their lower photosynthetic capacities, and grew photomixotrophically in culture media that were supplemented with 10 mM glucose. Traces are from one representative experiment and are consistent with the results from two other independent biological replicates (n=3).
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Supplementary Fig. 5: Room temperature fluorescence emission spectra upon excitation at 430 nm (A，B，C) or 580 nm (D，E，F) of the Synechocystis WT and mutant cells. The spectra of WT (dark yellow), Δ(rep3) (dark) and Δ(arm2/rep3) (red) were normalized at the fluorescence maxima (A/D) and the spectra of Δ(arm2(6-36)/rep3) (blue), Δ(arm2(37-67)/rep3) (dark cyan), Δ(arm2(68-98)/rep3) (LT magenta) and Δ(arm2(99-129)/rep3) (magenta) (B/E) or Δ(arm2(6-17)/rep3) (cyan), Δ(arm2(18-28)/rep3) (orange) and Δ(arm2(29-36)/rep3) (violet) (C/F) were recorded for the cell sample equalized by the chlorophyll concentration and normalized on the Δ(rep3) mutant cells spectra main maxima. All cells were obtained from the growth at OD730 of 0.8 under white LL (20 μmol·m-2·s-1), and then measured. More data were shown in Table S3. The Δ(6-36)、Δ(37-67)、Δ(68-98)、Δ(99-129)、Δ(6-17)、Δ(18-28)、Δ(29-36) were the shortened version of Δ(arm2(6-36)/rep3)、Δ(arm2(37-67)/rep3)、Δ(arm2(68-98)/rep3)、Δ(arm2(99-129)/rep3)、Δ(arm2(6-17)/rep3)、Δ(arm2(18-28)/rep3)、Δ(arm2(29-36)/rep3). Spectra are from one representative experiment and are consistent with the results from two other independent biological replicates (n=3).
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Supplementary Fig. 6: 77 K fluorescence emission spectra upon excitation at 430 nm (A, B, C) and 580 nm (D, E, F) of the the Synechocystis WT and mutant cells. The spectra of WT (dark yellow), Δ(rep3) (dark), Δ(arm2/rep3) (red), Δ(arm2(6-36)/rep3) (blue), Δ(arm2(37-67)/rep3) (dark cyan), Δ(arm2(68-98)/rep3) (LT magenta), Δ(arm2(99-129)/rep3) (magenta) , Δ(arm2(6-17)/rep3) (cyan), Δ(arm2(18-28)/rep3) (orange) and Δ(arm2(29-36)/rep3) (violet) were recorded for the cell sample equalized by the chlorophyll concentration and normalized on the Δ(rep3) mutant cells spectra main maxima. All cells were obtained from the growth at OD730 of 0.8 under white LL (20 μmol·m-2·s-1), and then measured. More data were shown in Table S3. The Δ(6-36)、Δ(37-67)、Δ(68-98)、Δ(99-129)、Δ(6-17)、Δ(18-28)、Δ(29-36) were the shortened version of Δ(arm2(6-36)/rep3)、Δ(arm2(37-67)/rep3)、Δ(arm2(68-98)/rep3)、Δ(arm2(99-129)/rep3)、Δ(arm2(6-17)/rep3)、Δ(arm2(18-28)/rep3)、Δ(arm2(29-36)/rep3).Spectra are from one representative experiment and are consistent with the results from two other independent biological replicates (n=3).
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Supplementary Fig. 7: Room temperature absorption spectra of the Synechocystis WT and mutant cells. The WT (dark yellow), Δ(rep3) (dark) and Δ(arm2/rep3) (red) (A) or Δ(arm2(6-36)/rep3) (blue), Δ(arm2(37-67)/rep3) (dark cyan), Δ(arm2(68-98)/rep3) (LT magenta) and Δ(arm2(99-129)/rep3) (magenta) (B) or Δ(arm2(6-17)/rep3) (cyan), Δ(arm2(18-28)/rep3) (orange) and Δ(arm2(29-36)/rep3) (violet) (C) were obtained from the growth at OD730 of 0.8 under white LL (20 μmol·m-2·s-1), and then the spectra were measured. More data were shown in Table S2. Spectra were normalized at the chlorophyll peak position (682 nm). The Δ(6-36)、Δ(37-67)、Δ(68-98)、Δ(99-129)、Δ(6-17)、Δ(18-28)、Δ(29-36) were the shortened version of Δ(arm2(6-36)/rep3)、Δ(arm2(37-67)/rep3)、Δ(arm2(68-98)/rep3)、Δ(arm2(99-129)/rep3)、Δ(arm2(6-17)/rep3)、Δ(arm2(18-28)/rep3)、Δ(arm2(29-36)/rep3).Spectra are from one representative experiment and are consistent with the results from two other independent biological replicates (n=3).
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Supplementary Fig. 8: Electron micrograph of negatively-stained PBSs isolated from Δ(arm2(6-36)/rep3) (left) and Δ(rep3) (right) mutants. The PBSs of Δ(arm2(6-36)/rep3) mutant obtained by ultracentrifugation which were a major fraction at 0.25 M sucrose gradient. The PBSs of Δ(rep3) mutant obtained by ultracentrifugation which were a major fraction at 0.75 M sucrose gradient. The scan bar equals 200 nm.
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Supplementary Fig. 9: Characterization of the PBSs of Δ(rep3), Δ(arm2/rep3), Δ(rep2/rep3) and Δ(arm2/rep2/rep3) mutants in the Synechocystis PCC 6803. Sucrose gradient ultracentrifugation (A), absorption (B, E) and fluorescence emission spectra at room temperature (C, F) and 77 K (D, G) of the PBSs of the four mutants. The samples (B, C, D) of Δ(rep3) (Zone1, black), Δ(arm2/rep3) (Zone4, red), Δ(rep2/rep3) (Zone6, green) and Δ(arm2/rep2/rep3) (Zone8, wine) were taken from 0.25 M sucrose gradient, those (E, F, G) of Δ(rep3) (Zone2 and Zone3, solid and dash black), Δ(arm2/rep3) (Zone5, red), Δ(rep2/rep3) (Zone7, green) and Δ(arm2/rep2/rep3) (Zone9, wine) were taken from 0.5-0.75 M or 0.75 M sucrose gradient. The absorption spectra were normalized at 620 nm while the fluorescence emission spectra were normalized at their main peak position. All fluorescence emission spectra were measured by excitation at 580 nm. Traces are representative of n=3 independent experiments.
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Supplementary Fig. 10: Characterization of the PBSs of WT, Δ(rep3), Δ(arm2(37-67)/rep3), Δ(arm2(68-98)/rep3) and Δ(arm2(99-129)/rep3) mutants from Synechocystis PCC 6803. Sucrose gradient ultracentrifugation (A), absorption (B, E, H) and fluorescence emission spectra at room temperature (C, F, I) and 77 K (D, G, J) of the PBSs of WT, Δ(rep3), Δ(arm2(37-67)/rep3), Δ(arm2(68-98)/rep3) and Δ(arm2(99-129)/rep3) mutant. The samples (B, C, D) of WT (Zone1, dark yellow), Δ(rep3) (Zone3, black), Δ(arm2(37-67)/rep3) (Zone6, dark cyan), Δ(arm2(68-98)/rep3) (Zone8, LT magenta) and Δ(arm2(99-129)/rep3) (Zone11, magenta) were taken from 0.25 M sucrose gradient, the samples (E, F, G) of Δ(rep3) (Zone4, black), Δ(arm2(37-67)/rep3) (Zone7, dark cyan), Δ(arm2(68-98)/rep3) (Zone9, LT magenta) and Δ(arm2(99-129)/rep3) (Zone12, magenta) were taken from 0.5 M or 0.5-0.75 M sucrose gradient and those (H, I, J) of WT (Zone2, dark yellow), Δ(rep3) (Zone5, black), Δ(arm2(68-98)/rep3) (Zone10, LT magenta) and Δ(arm2(99-129)/rep3) (Zone13, magenta) were taken from 0.75 M or 1 M sucrose gradient. The absorption spectra were normalized at 620 nm while the fluorescence emission spectra were normalized at their main peak position except for the normalization at 654 nm in J. All fluorescence emission spectra were measured by excitation at 580 nm.Traces are representative of n=3 independent experiments. 
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Supplementary Fig. 11：State transitions in WT, Δ(rep3), Δ(arm2(6-36)/rep3), Δ(arm2(37-67)/rep3), Δ(arm2(68-98)/rep3) and Δ(arm2(99-129)/rep3) mutants. The fluorescence changes were followed with a PAM fluorometer. Dark-adapted cells containing 3 μg Chl mL-1 in BG11 were induced with blue LL (55 μmol photons m-2 s-1) and orange (609 nm) LL (20 μmol photons m-2 s-1). Typical experiments are shown for WT (A), Δ(rep3) (B), Δ(arm2(6-36)/rep3) (C), Δ(arm2(37-67)/rep3) (D), Δ(arm2(68-98)/rep3) (E) and Δ(arm2(99-129)/rep3) (F) mutant cells. Saturating pulses were separated by 30 seconds with 2000 μmol photons m-2 s-1.Traces are from one representative experiment and are consistent with the results from two other independent biological replicates (n=3).
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Supplementary Fig. 12: Changes in Fluorescence Levels induced by different intensities of Blue Light and dark recovery of quenched fluorescence Measured in a PAM Fluorometer. Dark-adapted Synechocystis Δ(rep3) (black, A), Δ(arm2(6-36)/rep3) (blue, B), Δ(arm2(37-67)/rep3) (dark cyan, C), Δ(arm2(68-98)/rep3) (LT magenta, D) and Δ(arm2(99-129)/rep3) (magenta, E) mutant cells were illuminated abidingly with strong blue light intensities (460 nm) at 127 (squares), 307 (circle), 503 (triangle) μmol photons m-2 s-1 to induce the quenched state. (F) Dark-adapted cells of five mutants shown above containing 3 μg Chl mL-1 were illuminated directly with white HL (20 μmol photons m-2 s-1) for 5 minutes and then kept in darkness. Saturating pulses were separated by 30 seconds with 2000 μmol photons m-2 s-1. Chloramphenicol was present during all experiments. Traces are from one representative experiment and are consistent with the results from two other independent biological replicates (n=3).
