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Table 1. The presence/absence of genes for C; uptake systems and microcystin synthesis in

cyanobacteria.

C; uptake systems

Strain Origin Bicarbonate CO, mic;rggg/sstin
BicA SbtA BCT1 NDH-1;  NDH-I,4
8 Microcystis strains Sandrini et al. (2014) + + + + + +/—
Microcystis PCC 7806  Sandrini et al. (2014) + - + + + +
11 Microcystis strains Sandrini et al. (2014) - + + + + +/=
ancbgigg cylindrica GBR (Cambridge) + - ? + + -
Anabaena sp. 90 FIN (Lake Vesijarvi) - - + + + +
Anabaena sp. PCC USA  (Moss Beach, B + + + + B
7108 California)
ﬁr_}_a(t:)geg&mvariabilis USA (Mississippi) +, # + + + + -
Q‘SS::E(;E?;{] flos- o (Lake Kasumigaura) - - + + + -
Elllei?f_ogyz 13 gardhii NOR (Lake Kolbotnvatnet) - + + + + +
EIII@XPCI::](HAX 3jgardhii NOR (Lake Kolbotnvatnet) - - + + + +
Elﬂkt_%q(rz Sgl%ardhii FIN (Lake Steinsfjorden) - + + + + +
Ellla\l;]f_og;rz 98p rolifica FIN (Lake Steinsfjorden) - - + + + +
Ellﬂﬁog\'(rz 1§g/z;rdhii FIN (Lake Langsjon) + - + + + +
Planktothrix mougeotii FIN (Lake Steinsfjorden) - - + + + +
NIVA-CYA 405
EIII@E-O(;Q;K 4(%0"“% FIN (Lake Steinsfjorden) - - + + + +
E‘Iﬁyﬁog;rz Zgl;escens FIN (Lake Steinsfjorden) - - + + + +
Ellla\l;]f?éwz sféolifica FIN (Lake Steinsfjorden) - + + + + +
Synechocystis sp- PCC Usa (california) " " " " " -
Synechococcus P PRI (Magueyes Island) + + - + + -

PCC 7002

Synechococcus sp.
PCC 7942

USA (Texas)

+

+

+

+

The C; uptake systems SbtA, BCT1 and NDH-I; have a high substrate affinity and low flux rate, whereas BicA
and NDH-1, have a low substrate affinity and high flux rate.
The model cyanobacteria Synechocystis PCC 6803, Synechococcus PCC 7002 and Synechococcus PCC 7942 are
shown for comparison with sequenced Microcystis, Anabaena, Aphanizomenon, and Planktothrix strains.
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+ indicates that the gene is present. - indicates that the gene is absent. # indicates that only a small fragment of
the gene is present. ? indicates that a similar gene is present, but it is not clear if it encodes for the BCT1 bicarbonate
transporter (cmpABCD), or possibly a different transporter.

The origins of the strains are indicated with three-letter codes of the different countries (ISO 3166-1 a-3).

The presence of C; uptake genes is based on high similarity of the protein sequences with the reference protein
sequences in Microcystis PCC 7806, Microcystis NIES-843, Synechocystis PCC 6803, Synechococcus PCC 7002
and Synechococcus PCC 7942. The presence of microcystin genes indicates potentially toxic strains.
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Table 2. Activation energies (Ea ) and Qs values of the growth rates of eight cyanobacteria and
eight green algae. The values are calculated from the increase of growth rate with temperature, in

the range of 20-27.5°C, based on data from Lirling et al. (2013).

Cyanobacteria Ea Qo
Anabaena sp. PCC7122 0.58 1.92
Aphanizomenon gracile 0.64 2.40
Cylindrospermopsis raciborskii CIRF-01 0.75 2.56
Microcystis aeruginosa PCC7941 0.54 2.21
Microcystis aeruginosa CYA140 1.23 4.63
Planktothrix agardhii CYA116 0.51 1.93
Planktothrix agardhii CYA126 0.50

Synechococcus elongatus PCC6301 0.83 2.75
Green algae

Ankistrodesmus falcatus CHL8 1.03 1.35
Chlamydomonas reinhardtii CHL13 0.85 1.26
Desmodesmus bicellularis CCAP276/14 0.37 1.92
Desmodesmus quadricauda UTEX614 0.46 2.99
Monoraphidium minutum 0.21 1.83
Scenedesmus acuminatus UTEX415 0.11 1.69
Scenedesmus maximus SAG39.81 0.37 4.09
Scenedesmus obliguus SAG276/3a 0.05 1.10
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Figure legends

Fig. 1. Seasonal changes in phytoplankton population density (green line), dissolved CO,
concentration ([CO], black solid line) and pH (grey dash-dotted line) in Lake Volkerak during
two consecutive years. The black dashed line is the expected dissolved CO, concentration
([CO2*]) when assuming equilibrium with the atmospheric pCO, level. Blue shading indicates
that the lake is supersaturated with CO,, whereas red shading indicates undersaturation. In the
months July-October, the cyanobacterium Microcystis comprised 75-98% of the phytoplankton
population. Adjusted from Verspagen et al. (2014b).

Fig. 2. Cyanobacterial growth and inorganic carbon chemistry at two different pCO, levels.
Left panels: Chemostat experiment with low pCO, of 200 ppm in the gas flow and 500 pmol L™
bicarbonate in the mineral medium. Right panels: Chemostat experiment with high pCO, of
1,200 ppm in the gas flow and 2,000 umol L™ bicarbonate in the mineral medium. Both
chemostats were inoculated with Microcystis CYA140. (A,B) Microcystis biomass (expressed as
biovolume) and light intensity penetrating through the chemostat (lour). (C,D) Dissolved COg,
bicarbonate and carbonate concentrations. (E,F) pH. Symbols represent measurements, lines
show model predictions. Adjusted from Verspagen et al. (2014b).

Fig. 3. Schematic overview of the CCM in cyanobacteria. Five different C; uptake systems are
known in cyanobacteria, including the ATP-dependent bicarbonate uptake system BCT1, two
sodium-dependent bicarbonate uptake systems (BicA and SbtA) and two CO, uptake systems
(NDH-13 and NDH-I;). The C; uptake systems differ in their affinities and flux rates.
Accumulated bicarbonate is converted to CO, by carbonic anhydrases (CA) in the
carboxysomes. CO; fixation by RuBisCO leads to the formation of 3-phosphoglycerate (3PG),
whereas the reaction with O, (photorespiration) produces toxic 2-phosphoglycolate (2PG). The
dashed lines indicate CO, leakage from the carboxysome, which can partly be intercepted by the
CO; uptake systems.

Fig. 4. Effect of temperature (expressed as 1/(kT), where k is Boltzmann’s constant and T is
absolute temperature in degrees Kelvin) on the growth rate of the cyanobacterium
Aphanizomenon gracile (squares) and the green alga Scenedesmus acuminatus UTEX415
(circles) as determined in batch cultures (data from Lurling et al. 2013).

Fig. 5. Model prediction of competition between buoyant cyanobacteria and sinking diatoms
and green algae, as a function of water-column depth and turbulent diffusion. The boundary line
between the region of cyanobacterial dominance and the region where diatoms and green algae
win depends on the ratio of the time scale of turbulent mixing and the vertical flotation velocity
of the buoyant cyanobacteria. Hence, the exact position of this boundary line will vary among
different species of cyanobacteria. For details, see Huisman et al. (2004).

Fig. 6. (A) Hypothesized patterns of resource limitation, at different atmospheric CO, levels
and nutrient loads. The arrows indicate that rising atmospheric CO; levels will cause a shift from
carbon to nutrient limitation in systems with a low nutrient load (black arrow), but from carbon
to light limitation in systems with a high nutrient load (white arrow). (B) The extent to which
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1283  phytoplankton biomass will increase with rising CO; levels will depend on the nutrient load.
1284  Adjusted from Verspagen et al. (2014a).
1285
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