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Fig. 1S. The effect of different Δτ waiting times on the STSF-induced rise of the variable Chl a fluorescence of T. vulcanus PSII CC in the presence of 40 µM DCMU. Kinetic traces recorded at 5°C, fluorescence transients induced by double STSFs (applied at 1-s intervals) followed by three MTSFs. Traces in black, red and blue indicate respectively the effects of the trains of simultaneously fired flashes (Δτ = 0 µs) and STSFs separated by 10-µs and 10-ms waiting times (Δτ); the MTSFs were 200 ms long. The Fv/Fm of the sample was 0.7 ± 0.01. The inset shows the effects after the first double-STSF excitation.
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Fig. 2S. Room temperature steady-state fluorescence emission spectra of T. vulcanus PSII CC in solution (PSII) and embedded into different lipid membranes (TM lipid and PC-PE); excitation wavelength 440 nm. The spectra are normalized to the maximum fluorescence intensities.
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Fig. 3S. Fluorescence decay kinetics of T. vulcanus PSII CC in solution and embedded in TM lipids measured in F0 and Fm states.



Fig. 4S. Decay-associated fluorescence emission spectra of T. vulcanus PSII CC in solution (A), embedded into TM lipids (B) and PC-PE membranes (C) – in Fm state; the spectra are obtained by global lifetime analysis of the fluorescence decays recorded at room temperature with 632-nm excitation.

Table 1S. The half-rise times (Δτ1/2) and the Fv/Fm parameter values of the double-STSF induced fluorescence increments of different batches of T. vulcanus PSII CC in solution (with residual detergent concentration, below the CMC), with 0.03% β-DDM and embedded into different lipid membranes, and of pea thylakoid membranes and T. vulcanus cells – in the presence of 40-μM DCMU at 5°C and at room temperature (23°C). For PSII CC containing samples, identical batch numbers refer to identical PSII CC batches. The Δτ1/2 values were obtained from a logistic function fit of the dependence of the F1-to-F2 increment on the Δτ waiting times; the ± values in case of Δτ1/2 indicate the error of the fitting, in case of Fv/Fm mean values ± SD (n = 3–5). 

	Sample / lipid
	Batch No.
	Temperature [°C]
	Δτ1/2 [ms]
	Fv/Fm

	PSII CC
	1
2
3
4
1
	5
5
5
5
23
	1.46 ± 0.22
1.05 ± 0.16
1.62 ± 0.60
2.84 ± 1.87
1.09 ± 0.35
	0.70 ± 0.01
0.68 ± 0.01
0.64 ± 0.02
0.63 ± 0.02
0.82 ± 0.02

	PSII CC / 0.03% β-DDM
	6
	5
	1.22 ± 0.28
	0.63 ± 0.01

	PSII CC / PC
	1
2
1
	5
5
23
	2.04 ± 0.76
0.84 ± 0.27
0.55 ± 0.12
	0.70 ± 0.02
0.66 ± 0.02
0.67 ± 0.02

	PSII CC / PC-PE
	5
	5
	2.16 ± 0.99
	0.63 ± 0.01

	PSII CC / TM lipids
	3
4
6
	5
5
5
	0.13 ± 0.04
0.37 ± 0.13
0.14 ± 0.04
	0.64 ± 0.02
0.58 ± 0.02
0.46 ± 0.02

	T. vulcanus cells
	1
2
	23
23
	0.11 ± 0.04
0.06 ± 0.01
	0.14 ± 0.01
0.39 ± 0.02

	Pea thylakoids

Spinach thylakoids
	1
2
3
	5
5
5
	0.31 ± 0.11
0.18 ± 0.06
0.27 ± 0.08
	0.71 ± 0.01
0.68 ± 0.01
0.59 ± 0.01



The decreased Fv/Fm values in case of T. vulcanus cells are due to the dependency of this ratio on both the excitation and detection wavelengths. Santabarbara et al. (2019) have shown that these dependencies arise from overlapped contributions from the emissions of PSI, PSII and the external antennas. Batch 1 was excited with a Xe flash lamp (white light), while batch 2 was excited with a 635-nm COB LED array. In both cases the emission was detected above 720 nm, where the Fv/Fm spectrum disposes a trough (Santabarbara et al. 2019). Phycobilisomes, being excited above 520 nm, largely contributed to the fluorescence emission. In whole cells, we cannot rule out that a substantial part of PSII reaction centers are in closed state, e.g., due to the presence of QA– and QBH2.

Table 2S. Fluorescence emission peak ratios of PSII in different environments. Values are represented as the mean ± standard error (n = 3).

	Samples
	F686/F695

	PSII CC
	0.78 ± 0.02

	PSII CC / TM lipids
	1.17 ± 0.03

	T. vulcanus cells
	1.08 ± 0.02

	isolated thylakoid membranes
	1.07 ± 0.04



Reference
Santabarbara S., Monteleone F.V., Remellia W. et al.: Comparative excitation-emission dependence of the FV/FM ratio in model green algae and cyanobacterial strains. – Physiol. Plantarum 166: 351-364, 2019.
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