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1. Bioreactor

Figure S1: Image of the experimental bioreactor.
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2. Isolation, cultivation and phylogenetic analysis of Pseudanabaena FS39

Isolation and cultivation. Strain FS39 (Fig. S2 and S3) was isolated from a biofilm growing in a sulfidic

spring emerging from the Frasassi cave system, Italy  (1), by plating diluted samples on BG-11 agar

medium.  When growth was observed,  isolated filaments  were transferred to  anoxic  liquid Pfennig’s

medium I supplemented with 1 mM total sulfide (∑H2S). Upon growth in this medium, filaments were

picked under an inverted microscope and dilution series in BG-11 medium were done. Cyanobacteria

growing in the tube with the highest dilution were transferred into sulfide gradient medium. Specifically,

the cyanobacteria were transferred into BG-11 agar (0.2 %, 50 °C),  stirred and poured onto a solid

sulfidic (10 mM) agar plug. Individual colonies along the sulfide gradient were picked and transferred to

liquid BG-11 again. The complete procedure was repeated until the cyanobacterial strain was the only

phototrophic  microorganism in  the  culture  and populations  of  contaminant  heterotrophic  bacteria  in

actively growing cultures were minimized according to microscopy (cyanobacterial-cell:other-cell ratio

>200). Unfortunately, we were not able to obtain an axenic culture, because in the complete absence of

contaminant heterotrophic bacteria proliferation of the cyanobacterial filaments was suppressed. During

the whole  isolation procedure,  the  cultures  were incubated under fluorescent  lamps mimicking solar

radiation (Envirolight, USA) at 200 µmol photons m-2 s-1 and at a temperature of 15 °C. For maintenance,

cultures were kept in the same conditions like for isolation and transferred every 6 weeks alternating to

fresh BG-11 and sulfidic medium. Cultures for the bioreactor incubations were grown in standard B-

HEPES medium except for deviating NO3
- and HCO3

- concentration (4 and 8 mM, respectively).

Phylogenetic  analysis.  Biomass  was  harvested  from  20–30  mL of  the  cyanobacterial  cultures  by

centrifugation (3000 g, 15 min). DNA was extracted as previously described (2). The partial 16S rRNA

gene sequence was amplified using the cyanobacteria-specific primers CYA106F and CYA781R (3). The

partial sequence of the functional gene sqr encoding sulfide:quinone:oxidoreductase was amplified using

primer SQR-G1-475F and SQR-G1-964R  (4). DNA extracted from the original strain of  Oscillatoria

limnetica from Solar Lake (5) served as a control for sqr amplification. Final concentrations of reactants

in the polymerase chain reaction (PCR) and duration and temperature of the amplification steps for 16S

rRNA and SQR partial sequences were used as described in Nübel et al. (1997) and Pham et al. (2008),

respectively. 

The PCR product of the partial 16SrRNA sequence was purified using the QIAquick PCR purification kit

(Qiagen). For sequencing the same cyanobacteria-specific reverse and forward primers were used and

analyzed  on  an  Applied  Biosystems  3130xl  DNAsequencer.  The  consensus  partial  16S  rRNA gene

sequence  was  created  in  BioEdit  and  is  deposited  in  the  European  Nucleotide  Archive  under  the

accession number LM993811.

The sequence was submitted to BLAST (http://www.ncbi.nlm.nih.gov/BLAST/), which revealed that the

strain is closely related to several  Pseudanabaena spp., including  P. catenata UAM 412,  P. mucicola

PMC269.06, P. biceps PCC 7429 and Pseudanabaena sp. PCC 7408. Identities were above 95%, which
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placed our strain within the genus boundaries of Pseudanabaena. Furthermore, the partial sequence had

more than 99% identity with P. biceps PCC 7429 and Pseudanabaena sp. PCC 7408.

For phylogenetic analysis the 16S rRNA sequence was aligned with SINA (6), and was merged with the

SILVA SSURef_NR99_115 dataset  (7) for further processing using software package ARB  (8). Along

with the strain FS39 16S rRNA gene sequence, 35 full-length 16S rRNA gene sequences from other

cultivated  strains  belonging  to  the  Pseudanabaenaceae family  were  selected  for  phylogenetic  tree

reconstruction.  Several  treeing  algorithms  (neighbour  joining,  maximum  parsimony,  and  maximum

likelihood) with and without alignment position and base conservation filters were applied, and each

attempt returned almost identical tree topologies. Phylogenetic tree reconstruction confirmed that the

sequence forms a distinct cluster with other Pseudanabaena spp. (Figure S4). 

Figure S2: Pseudanabaena strain FS39, as seen in a light microscope. Scale bar is 5 µm.

Figure S3: DAPI stained  Pseudanabaena FS39 filaments. Red colour represents autofluorescence, blue colour
DAPI fluorescence. (A) Culture grown without stirring formed biofilms. (B & C) Subsamples of Pseudanabaena
FS39 culture taken during a bioreactor run. When grown in stirred culture and in the exponential growth phase
filaments are shorter and do not form aggregates. Scale bar is 10 µm.
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Figure  S4:  A phylogenetic  tree  showing  the  position  of  the  cyanobacterial  strain  FS39  (Frasassi  FS39)
sequence with respect to other members of Pseudanabaenaceae family. The tree was calculated using RAxML
version  7.0.4,  with  a  GTRGAMMA model,  a  10%  cyanobacterial  base  conservation  filter,  and  with  1000
bootstraps. The strain FS39 sequence was added later to this tree using the ARB parsimony insertion tool, again
applying  the  10% base  conservation  filter.  The  two  Gloeobacter  violaceus sequences  serve  as  the  out-group.
Bootstrap values are only shown when they were above 60%, the bar indicates 0.01 substitutions per nucleotide
position.
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3. Oxygenic photosynthesis in Pseudanabaena FS39
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Figure S5:  Oxygenic photosynthesis by  Pseudanabaena FS39. Shown are oxygen concentrations (O2) and the
corresponding rates of oxygenic photosynthesis (oxyP, calculated as oxyP = dO2/dt) measured in the bioreactor in
the absence of sulfide in the dark and during illumination by orange and red light  (total  irradiance  200 µmol
photons m-2 s-1; split equally between the orange and red light).
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Figure S6: Oxygenic photosynthesis by Pseudanabaena FS39 as a function of irradiance (I) in the bioreactor.
The total irradiance was split equally between the orange and red light. Fitting by the model of Eilers and Peeters
(9) gave Im  = 553 µmol photons m-2 s-1, Ik  = 198 µmol photons m-2 s-1 and Pm = 140 µM O2 h-1 (Pm is biomass-
dependent).
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4. Inhibition of oxygenic photosynthesis in Pseudanabaena FS39 by DCMU

Figure  S7:  Dynamics  of  total  sulfide  (ΣH2S)  and  oxygen  (O2) concentrations  in  the  bioreactor  with  in
Pseudanabaena FS39 before and after the addition of  DCMU. Measurements were performed in the dark and at
irradiances of 50 µmol photons m-2 s-1 and 200 µmol photons m-2 s-1.
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5.  Effects  of  the  spectral  quality  of  light  on  oxygenic  and  anoxygenic  photosynthesis in

Pseudanabaena FS39

We measured rates of oxygenic P (oxyP) and anoxygenic P (anoxyP) dependent  on [H2S] under the

exposure to different spectral qualities of light. Specifically, we used red light (λmax = 690 nm) to target

Chlorophyll a (Chl a), which is the main light-harvesting pigment in PSI (10). PSII excitation energy is

mainly  provided  by  accessory  pigments,  the  phycobilins  (Pb)  in  the  phycobilisomes,  and  only

peripherally by Chl  a  (10). To target Pb,  we used orange light  (λmax = 590 nm). Independent  of the

spectrum used, the overall photon flux was kept the same (200 µmol photons m-2 s-1).

During constant orange illumination, anoxyP increased with [H2S] following Michaelis-Menten (MM)

kinetics below the light-specific [H2S] threshold (range A) and then remained constant at a light-limited

value  of  AnoxyPmax  (range  B  in  Fig.  S8A).  Conversion  of  the  rates  of  O2 production  and  ∑H2S

consumption into electron equivalents (e-) according to Eqs. 1 and 2 for oxyP and anoxyP, respectively,

revealed  that  the  sum  of  electrons  transported  remained  constant  at  132  µM  e- h-1 throughout  the

experiment, regardless of [H2S]. Only the partitioning between anoxyP and oxyP changed. The sum of

the rates of CO2 and nitrate assimilation/reduction was constant in this experiment irrespective of the

source of electrons, i.e., of the type of photosynthesis (~120 µM e- h-1; Fig. S8A; Table S1).

In contrast to orange illumination, the sum of the electron transport rate during constant red illumination

did  not  remain  constant  over  the  complete  range  of  [H2S]  (Fig.  S8B).  Specifically,  at  low [H2S]  a

complex relation between anoxyP and oxyP was observed. We divided this pattern into operational [H2S]

ranges A1, A2, A3 and B. AnoxyP followed the MM-kinetics over the concentration ranges A1, A2 and

A3 and remained constant at AnoxyPmax in the [H2S] range B. OxyP in range A1 was constant (OxyPmax1)

and lower than anoxyPmax. Intriguingly, the rates of oxyP abruptly increased going from range A1 to A2

and remained constant at a higher level (OxyPmax2). However, the overall sum of photosynthetic electron

transport rates and the corresponding CO2 fixation rates reached their maximum only in the [H2S] range

A3. In this range the sum of electron transport by oxyP and anoxyP remained constant at AnoxyP max (694

µM  e- h-1).  As  observed  also  during  orange  illumination,  the  sum of  the  rates  of  CO2 and  nitrate

assimilation/reduction was constant in this [H2S] range (635 µM e- h-1; Fig. S8B, Table S1).

During exposure to a mixture of half the intensity of red light and half the intensity of orange light

described above (red+orange light),  which more realistically  resembles  ambient  light  conditions,  we

observed a similar complex pattern as during red illumination (Fig. 3 and S7C). The exceptions were a

shift in the maximal values of oxyP and anoxyP (Table S1) and in the boundaries of the operational

ranges A1-B (Fig. 3 and S7C).

In summary, the spectral quality of the light had no effect on the MM kinetics of ∑H2S oxidation (Fig.

S8). It however impacted the maxima of oxyP and anoxyP (Table S1). Additionally, we observed that the

partitioning between oxygenic and anoxygenic P followed different patterns dependent on [H2S]. 
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Figure S8:  Rates of anoxygenic (anoxyP) and oxygenic (oxyP) photosynthesis, and the sum of nitrate and
carbon dioxide assimilation rates,  in  Pseudanabaena FS39  as a function of H2S concentration. Shown are
measurements during exposure to (A) orange light, (B) red light, and (C) orange and red light. In all cases the total
photon flux was 200 µmol photons m-2 s-1. Modeled rates are represented by the thick lines. Annotations on top of
panels  B  and  C  indicate  the  operational  [H2S]  ranges  (A1,  A2,  A3,  B)  of  the  complex  switch  between  the
photosynthetic modes. Panel C additionally shows variable fluorescence yields (F’ and Fm’) and the corresponding
effective  quantum yield of  PSII  (Y),  which was measured  with  a  fibre-bundle connected to a  pulse amplitude
modulated fluorometer (Diving-PAM, Walz, Germany). Specifically, fluorescence yields during actinic illumination
just before (F’) and at the end (Fm’) of a saturating pulse (duration 0.8 s, intensity ~2000 µmol photons m-2 s-1) were
used to calculate the effective quantum yield of PSII at each time point as Y = (Fm’ – F’)/Fm’ (11).
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6. Model  for the kinetic regulation of anoxygenic and oxygenic photosynthesis in  Pseudanabaena

FS39 via the redox state of the plastoquinone pool

We propose the following simplified model of kinetic regulation of anoxyP and oxyP in Pseudanabaena

FS39  as  a  mechanistic  basis  for  the  outcompetition  of  oxyP by  anoxyP and  for  the  conspicuous

enhancement of oxyP at low [H2S] in the operational range A2 (Fig. S8). Using the model we show that

the complete regulation of the switch between oxyP and anoxyP can be explained based on very limited

regulation mechanisms: (i) the affinity of SQR to H2S, (ii) the resulting redox state of the PQ pool and

(iii) light energy harvested in PSI and PSII, wherein H2S indirectly induces state transition via the redox

state of the PQ pool allowing redistribution of this energy, which can lead to the increase of oxyP. We

also show that the condition at which the switch between oxyP and anoxyP occurs can be predicted from

a very simple relationship between [H2S] and available light.

6.1 Formulation of the rate laws

The model focuses on the central component of the anoxygenic and oxygenic photosynthetic electron

transport chain, namely the PQ pool, which is where both pathways intersect (Fig. 4). Specifically, the

ratio of the reduction rate of PQ by SQR (kanoxy in Fig. 4) and the reduction rate of PQ by PSII (koxy)

directly translates into the partitioning between anoxygenic and oxygenic electron transport, respectively,

whereas the rate of PQ oxidation (kPSI) corresponds to the sum of both processes, i.e., the rate of electron

flow through PSI.

The rate of PQ reduction by SQR (kanoxy) depends on (i) the H2S oxidation rate by SQR (kH2S in Fig. 4)

and (ii) the affinity of SQR to oxidized PQ according to

kanoxy=νmax

[H 2 S ]

K M+[H 2 S ]

PQox

K SQR+PQox

, (S1)

where PQox refers to the oxidized part of the total PQ pool and KSQR describes the affinity of SQR towards

this oxidized PQ pool. KM (38 ± 1.2 µM) and vmax can be derived by fitting the data below AnoxyPmax in

Figs. 2, 3 and S7 with Eq. S1 assuming PQox >> KSQR.

The reduction rate of PQ by PSII (koxy) is  described similarly using an affinity (KPSII) towards  PQox.

Additionally,  koxy depends on the rate of exciton generation by the light energy harvested in PSII ( IPSII),

for which we assume a linear relationship to electron transport at a given redox state of the PQ pool for

the non-saturating light intensities used in our experiment. Taken together, we get

koxy=I PSII

PQox

KPSII+PQox

(S2)

for the reduction kinetics of the PQ pool from the PSII side. In this equation the term IPSII describes the

maximum of koxy, i.e., OxyPmax.
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The sum of both electron transport pathways, i.e., the total rate of photosynthetic electron transport (kPSI),

is formulated as

k PSI=I PSI

PQred

KPSI +PQred

, (S3)

where  IPSI is the rate of exciton generation in PSI and  PQred is the pool of reduced PQ. The term  IPSI

corresponds to the maximum kPSI, which is AnoxyPmax.

The model is solved by finding a steady state solution to the differential equation

dPQred

d t
=kanoxy+koxy−kPSI , (S4)

which describes the rate of change in the reduced fraction of the plastoquinone PQ pool (PQred) as a

result of its reduction by PSII and SQR and oxidation by PSI. When finding a solution the sum of the

reduced and oxidized fractions of the PQ pool are constant, i.e., PQred + PQox = PQtot. The kinetic laws

that control the rates of reduction (kanoxy and koxy) and oxidation (kPSI) of the PQ pool depend on the H2S

concentration ([H2S]),  the rate at  which  excitation energy is  harvested and converted to the flow of

electrons through the electron transport chain by PSI (IPSI) and PSII (IPSII), and the redox state of the PQ

pool, as given by Eqs. S1–S3. 

Since  PQred is  expressed  in  mol  electrons  L-1 s-1,  the  rate  of  H2S  consumption  and  O2 production

corresponding to the rate of anoxygenic (kanoxy) and oxygenic (koxy) P is given as

d [H 2 S ]

dt
=−β

kanoxy

2
, (S5)

d [O2]

dt
=

koxy

4
. (S6)

Here,  the  factors  2  and  4  correspond  to  the  amount  of  electrons  transferred  per  molecule  of  H 2S

consumed and molecule of O2 evolved, respectively, and the factor β relates the depletion of H2S from

the total sulfide pool to the change in H2S concentration and thus depends on the pH (e.g., β = 1/1.7 at

pH=7, β = 1/8.2 at pH=8). For a given value of [H2S], IPSI and IPSII, the steady-state redox state of the PQ

pool is calculated by setting dPQred/dt = 0 in Eq. S4, from which the corresponding rates of oxygenic and

anoxygenic P are calculated using Eqs. S1–S3. 

The  numerical  implementation  of  this  model  revealed  a  remarkably  good  agreement  with  the

experimental data when setting the affinity constant  KPSII to an at least two orders of magnitude higher

value than the affinity constant of SQR, KSQR (compare Fig. 2A and B). Based on this we conclude that

anoxygenic P in Pseudanabaena FS39 has a kinetic advantage over oxygenic P.
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6.2 Excitation energy transfer between PSII and PSI

Our  data  shows  that  OxyPmax abruptly  increases  in  the  [H2S]  range  A2  during  red  and  red+orange

illumination (Fig. 3, S7B and S7C). According to our model, an increase of OxyPmax (Eq. S2) can only be

caused by an increase in the harvested photon flux. We propose that  this increase in light  energy is

caused by state transition from state 1 to state 2, whereby in state 2 the two photosystems PSI and PSII

are able to redistribute excitation energy  (12). Due to the combined activity of SQR (kanoxy) and oxyP

(koxy)  the  PQ pool  can  become  reduced.  When  their  sum reaches  a  certain  threshold,  leading  to  a

correspondingly highly reduced PQ pool, a state transition might occur. This threshold indirectly depends

on H2S, because [H2S] governs kanoxy (Eq. 3). We hypothesize that energy transfer from PSI to PSII leads

to the increase of koxy in state 2 (going from range A1 to A2). This is consistent with the measurements of

variable fluorescence, where we found that the H2S-induced increase in oxygenic P was accompanied by

a decrease in the effective quantum yield of PSII, Y (Fig. S8C). The decrease in Y is indicative of a more

reduced PQ pool, which induces state transition allowing the energy redistribution needed to enhance

oxygenic P. 

For the implementation of state transition into our model, we postulate that for the given external photon

fluxes of the red (Ir) and orange (Io) light, the rates of exciton generation at the reaction centre of the PSI

and PSII are given, respectively, as 

I PSI=t αo Io+(1−f )(1−r )αr I r , (S7)

I PSII=(1−t)αo I o+r αr I r+ f (1−r)αr I r . (S8)

The parameters αo and αr describe how the externally available photons of the respective colour are

harvested and converted into quanta of excitation energy (excitons) that eventually result in the supply of

electrons from the reaction centre to the electron transport chain. Since the unit of the photon flux is mol

photons m-2 s-1 and the unit of the electron generation rate is mol e m -3 s-1, the unit of αo and αr is mol

electrons (mol photon)-1 m-1, or shortly m-1. The factors t, r and f parameterize how the excitation photon

energy is harvested and distributed between the two photosystems depending on the redox state of the PQ

pool, i.e., for the two possible states 1 and 2 (Fig. S9). Specifically, the factor t describes the fraction of

the excitons generated by the orange light that drive PSI, while the complementary fraction (1– t) drives

PSII. This factor is 0 in state 1 and 0<t<1 in state 2. Similarly, factors r and f describe the distribution of

the excitons derived from the red light between the two photosystems; in state 1,  f=0 and r (generally

0<r<1) describes the fraction of the excitons generated by the Chl a-containing antennae associated to

PSII, while the complementary fraction (1–r) is generated by Chl  a associated to PSI. In state 2, the

factor f>0 describes the fraction of these excitons generated by Chl a associated to PSI that is transferred

to PSII.

As  follows  from Eqs.  S1–S3,  IPSI and  IPSII generally  describe  the  maximal  rates  of  anoxygenic  and

oxygenic P, reached when the PQ pool is fully reduced (PQred ≈ PQtot) and oxidized (PQox ≈ PQtot). The
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measured values of these maximal rates are given in Table S1 for the different illumination conditions.

Because Eqs. S1–S3 and S7–S8 make it possible to find expressions for these maximal rates (see Table

S1,  last  column), we combined these expressions with the measured maximal rates of anoxygenic and

oxygenic  P to  estimate  the  values  of  the  model  parameters  r, t, f,  αr and  αo. Specifically,  for  the

cyanobacterial  biomass  used  in  the  bioreactor  experiments  we  obtained αr =  4 m-1 and  αo =  2 m-1.

Furthermore,  to  simulate  the  experimentally  observed  abrupt  decrease  in  oxygenic  P  at  low  H2S

concentrations (compare Fig. S10 with Fig. S8B-C; transition from A2 to A1), we additionally had to

assume that the parameters t and f depend on the redox state of the PQ pool as

t=tmax

PQred

K t+ PQred

,  (S9)

f =f max

PQred

K f +PQred

, (S10)

where  tmax = 0.334,  fmax =  0.13,  Kt ≈ 0.1PQtot and  Kf ≈ 0.01PQtot,  while the parameter  r  = 0.14 was

independent of the PQ pool redox state. This gave an excellent agreement with the experimental data

(compare Figs 2A and 3 with Figs. 2B and S9, respectively).

Taken together, our model predicts that for the studied Pseudanabena strain FS36 (i) about 14% of the

utilized red light drives PSII while the remaining 86% drives PSI, (ii) under fully reduced PQ pool (state

2) about 33% of the excitation energy harvested by phycobilins associated with PSII (orange light) is

transferred to PSI while about 13% of the excitation energy harvested by Chl  a-containing antennae

associated with PSI (red light) is transferred to PSII.
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Figure S9:  Schematic diagram of the photosynthetic electron transport pathways in  Pseudanabaena FS39.
The pathways  driven by oxygenic and anoxygenic photosynthesis intersect in the plastoquinone (PQ) pool. The
redox state of the PQ pool depends on the balance between the rates of electron transport from PSII (oxygenic
photosynthesis, koxy) and SQR (anoxygenic photosynthesis, kanoxy) to PQ and from PQ to PSI (kPSI). The rates koxy and
kPSI are determined by the light energy availability and the corresponding exciton generation in PSII (given by IPSII)
and PSI (given by  IPSI),  respectively.  Our data can be explained if,  upon a transition to state 2 triggered by a
sufficiently  reduced  PQ pool,  a  certain  fraction  of  the excitation energy  generated  by the accessory  pigments
associated with each photosystem is transferred to the other photosystem, as indicated by the dashed arrows: orange
for energy transfer from PSII-associated phycobilins (Pb) to PSI, red for energy transfer from PSI-associated Chl a
to PSII. The magnitude of this transfer  is defined by the factors  t  and  f.  In state 1,  i.e.,  when the PQ pool is
sufficiently oxidized, no such transfer occurs and both t and f are zero.
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Figure  S10:  Simulation  of  oxygenic  and  anoxygenic  photosynthesis  in  Pseudanabaena  FS39  under  red
illumination. Rates are plotted as a function of H2S concentrations for external irradiance of 200 µmol photons m-2

s-1. Simulated data reproduce well the main features of the experimental data (compare with Fig. S8B).
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Table S1: Rates of oxygenic and anoxygenic photosynthesis in Pseudanabaena FS39 under different combination of illumination by red and orange light.

Io
* Ir

* [H2S] range State t§ r f§ P† (µM e- h-1) Corresponding equation‡

200 0 0 – high [H2S] 2 0.33 n.a. n.a. OxyPmax = AnoxyPmax = 132 oxyPmax = AnoxyPmax = kPSI = t αo Io

0 200 A1 (0 – low [H2S]) 1 n.a. 0.14 0 OxyPmax1 = 115 oxyPmax1 = koxy = r αr Ir

0 200 A2 (low – medium [H2S]) 2 n.a. 0.14 0.13 OxyPmax2 = 205 oxyPmax2 = koxy= r αr Ir + f (1–r) αr Ir

0 200 B (high [H2S]) 2 n.a. 0.14 0 AnoxyPmax = 694 anoxyPmax = kPSI =  (1–r) αr Ir

100 100 A1 (0 – low [H2S]) 1 0 0.14 0 OxyPmax1 = 255 oxyPmax1 = koxy = αo Io +  r αr Ir

100 100 A2 (low – medium [H2S]) 2 0 0.14 0.13 OxyPmax2 = 300 oxyPmax2 = koxy =  αo Io + r αr Ir +  f (1–r) αr Ir

100 100 B (high [H2S]) 2 0.33 0.14 0 AnoxyPmax = 413 anoxyPmax = kPSI = t αo Io +  (1–r) αr Ir

* Photon flux in µmol photons m-2 s-1 (r = red light, o = orange light).
§ Factors describing the excitation energy redistribution between PSII and PSI (see schematic diagram in Figure S9). n.a. = not applicable.
† Experimentally determined rates.
‡ Expressions for the maximal rates of photosynthesis, as derived from the model (Eq. S1-S3 and S7-S10).
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6.3 Conditions determining the switch from anoxygenic to oxygenic P

Since  the  switch  between  oxygenic  and  anoxygenic  P  in  Pseudanabaena FS39  appears  to  be

exclusively kinetically controlled, the remaining important question is: can it be predicted from the

environmental conditions to which a single cell of Pseudanabaena FS39 is exposed? Our data show

that  the  critical  parameter  defining  whether  or  not  oxygenic  P  occurs  is  the  threshold  sulfide

concentration, [H2S]thr (Fig. 2 and 3). This threshold can be well approximated as the point where the

curve characterizing the dependence of SQR activity on H2S intersects the line characterizing the

maximal anoxygenic P at the given light. Using Eqs. S1–S3, this intersecting point is calculated as 

[H 2 S ]thr=K M
λ

1−λ
, (S11)

where λ = IPSI /vmax. It is important to note that both IPSI and vmax depend on the cyanobacterial biomass

in the experimental reactor. However, as will be shown in the following, their ratio λ does not.

Specifically, let us assume that the concentration of the cyanobacterial biomass in the reactor,  B, is

given as  the chlorophyll  a  concentration (e.g.,  mol  Chl  m-3),  which is  common in photosynthetic

research.  Under this assumption,  the parameters  αo and αr,  which determine the conversion of the

externally available flux of orange and red photons, respectively, into electrons that pass through the

photosystems I and II (see Eqs. S7-S8) can be written as 

αi=ηi σi B , (S12)

where  ηi is  the  quantum  efficiency  of  photon-to-exciton  conversion  (expressed  in  units  of  mol

electrons (mol photons)-1),  σi is the effective cross-section of the pigment-containing antennae that

captures  the  photons  (expressed  in  m2 (mol  chl)-1),  and  i=o and  i=r for  orange  and  red  light,

respectively. Thus, α in Eqs. S4-S5, is expressed as a product of fundamental properties of the photon-

capture apparatus of the cell (η and σ) and the cellular biomass in the bioreactor (B). A quick check of

units gives that α is in mol e- (mol photon)-1 m-1, as required.

In a similar way, the parameter vmax can be written as

νmax=
ρmax δSQR

χchl
B , (S13)

where  ρmax is  the maximal rate of H2S oxidation by a single molecule of the SQR enzyme under

substrate non-limiting conditions (expressed in units of mol e- s-1 (mol SQR)-1), δSQR is the density of

the  SQR  enzyme  in  a  cyanobacterial  cell  (expressed  in  mol  SQR  cell-1)  and  χchl is  the  cellular

chlorophyll content (expressed in mol chl cell-1). Thus,  vmax in Eq. S1 is expressed as a product of

fundamental properties of the SQR enzyme (ρmax), of the cell (δSQR and χchl) and of the cellular cellular

biomass in the bioreactor (B). A quick check of units gives that vmax is in mol e- m-3 s-1, as required.
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Combining Eqs. S7, S12 and S13, we obtain that the parameter λ is independent of the cyanobacterial

biomass, B, and given by 

λ=t κo I o+(1− f )(1−r )κr I r , (S14)

where

κi=
ηiσ i χchl

ρmax δSQR
. (S15)

The parameters  κi (i=o and  i=r for orange and red light, respectively, as above) can be calculated if

each  of  the  individual  parameters  involved  is  quantified  separately.  Although  this  is,  at  least  in

principle, experimentally possible, it would go far beyond the scope of this study. Nevertheless, by

combining the complete set of H2S threshold values determined experimentally at the different light

conditions (Table S2), we were able to determine these parameters empirically as κo = 2200 m2 s (mol

photons)-1 and κr = 5050 m2 s (mol photons)-1.

Taken  together,  equations  S11  and S14-S15  show that  there  is  a  direct  relationship  between  the

externally available light  (Ir and  Io)  and the threshold H2S concentration below which the studied

Pseudanabaena FS39 starts performing oxygenic P. This simple relationship makes it possible to link

environmental  parameters  (light,  O2 and  H2S)  with  the  fundamental  processes  that  shape  them

(oxygenic and anoxygenic photosynthesis).

Table S2: Comparison of predicted and measured threshold H2S concentrations below which  Pseudanabaena
FS39 starts performing oxygenic photosynthesis.

Io
* Ir

* λ† Predicted [H2S]thr
† Measured [H2S]thr

100 100 0.450 32 40

25 25 0.113 5 4.5

200 0 0.147 6.7 6.7

0 200 0.754 119.5 120

100 100 0.450 32 32

* Photon flux in µmol photons m-2 s-1 (r = red light, o = orange light).
† Calculated from Eq. S8 and S11 using the following parameters values: t = 0.334, r = 0.142, f = 0.13, κo = 2200
m2 s (mol photons)-1, κr = 5050 m2 s (mol photons)-1.
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