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Carbon and energetic metabolism of Synechococcus sp.
PCC7942 under photoautotrophic conditions
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Abstract: Metabolic flux analysis is a very powerful tool to understand CO, fixation and light energy utilization of microalgae
during photoautotrophic cultivation. A comprehensive network structure for the autotrophic growth of Synechococcus sp. PCC7942
was proposed, and the carbon and energetic metabolism under different incident light intensity was investigated based on metabolic
flux analysis in this paper. These results showed that CO, fixation was the main energy and reducing potential trap which accounted
for 85% and 70% of the total energy and reducing potential consumption respectively. We also found that the cell yield and the
maximum cell yield based on ATP synthesis were maintained 2.80 g/mol and 2.97 g/mol respectively under the appointed incident
intensity. But the cell yield on absorbed light energy their corresponding energy conversion efficiency were descended with the
increasing of incident intensity.
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Table 1 Generation and utilization of ATP and NAD(P)H
in the autotrophic culture of Synechococcus sp. PCC7942
(mmolATP/(g-h))

Incident intensity (umol/(m?s))

86.7 47.3 25.2
ATP production
Photophosphorylation 13.80 13.34 13.06
Direct ATP 0.42 0.48 0.43
Oxidative phosphorylation 0.83 1.07 1.30
ATP consumption
Calvin Cycle 12.77 12.56 12.70
Synthesis of cell mass 1.49 1.61 1.40
Maintenance 0.78 0.71 0.69
NAD(P)H production
Photophosphorylation 4.60 4.45 4.35
Intermediary metabolism 0.54 0.62 0.70
NAD(P)H consumption
Calvin Cycle 3.58 3.51 3.56
Synthesis of cell mass 0.53 0.56 0.51
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Table 2 Energy utilization of Synechococcus sp. PCC7942
in the autotrophic culture

Incident intensity (umol/(m*s))

86.7 47.3 25.2

Cell yield based on ATP production

rarp (mmol /(g-h)) 15.11 14.89 14.30
Y.rr (g/mol ATP) 2.77 2.80 2.82
y}4x (g/mol ATP) 2.92 2.94 2.97
Cell yield based on light energy absorption

E., (kJ/(g'h)) 9.98 6.23 3.84
Yy (107 g/kJ) 4.18 6.69 10.85
ne (%) 4.62 7.28 11.35
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Appendix |

Biochemical reactions for flux estimation

Calvin cycle and pentose phosphate pathway

(1) H,0+CO,+RuDP = 2G3P

(2) G3P+ATP +NADPH +H = GAP +ADP +NADP +Pi

(3) 2GAP+ H,0 = F6P +Pi

(4) F6P < GO6P

(5) G6P+2NADP+H,0 = Ru5P+ CO,+2NADPH+
2H

(6) F6P+GAP = X5P+E4P

(7) E4P+GAP+ H,0 = S7P+ Pi

(8) S7P+ GAP = R5P +X5P

(9) R5P = Ru5P

(10) X5P= Ru5P

(11) RuS5P + ATP = RuDP + ADP

Glycolytic pathway and uncomplete tricarboxylic acid

cycle

(12) G3P < PEP+H,0

(13) PEP+ ADP = PYR +ATP

(14) PYR+NAD + COA = ACCoA + NADH +CO, + H

(15) PEP +CO, +ADP = OAA +ATP

(16) OAA + AcCoA +H,0 < ISOCIT +CoA +H

(17) ISOCIT + NAD < aKG +NADH +CO,

(18) OAA +NADH +H < FUM + NAD +H,0

(19) FUM + FADH2 + ATP + CoA < SUCCoA +
ADP +Pi +FAD

Oxidative phosphorylation (P/0=2)

(20) NADH+0.50,+2ADP+2Pi+2H = H,0 +NAD +
2ATP

Journals.im.ac.cn

(21) FADH, +0.50, +ADP +Pi +2H = H,0 +FAD +
ATP

Miscellaneous reaction

(22) ATP = ADP

Light reactions

(23) 2H,0+2NADP +2ADP +2Pi +0.125APF =
2NADPH + 2H +2ATP+0O,

Biosynthesis of macromolecules

(24) G6P +2ATP = CAR

(25) R5P+1.235ASP +2.185GLN+0.61GLY+1.22FTHF
+0.61CO, +8.68 ATP+0.765SNAD=RNA+2.185GLU
+0.845FUM +1.22THF+8.68 ADP+8.68Pi+0.76SNADH
+0.765H

(26) R5P +1.22ASP +2.06GLN +0.5GLY +1.22FTHF
+0.5C0O, +NADPH +0.78NAD +8.22ATP =
DNA +0.72FUM +2.06GLU +1.22THF +8.22ADP
+8.22P1 +0.78NADH +NADP +0.78H

(27) 0.07888ALA+ 0.05193AGR + 0.02902ASN +
0.09701ASP + 0CYS + 0.07362GLU + 0.02356GLN
+ 0.0723GLY + 0.01534HIS + 0.05127ILE +
0.08151LEU + 0.0631LYS + 0.01578MET +
0.03812PHE + 0.06573PRO + 0.03155SER +
0.07493THR + 0.01249TRP + 0.03812TYR +
0.09202VAL + 4ATP = PROT

(28) GAP +NADH +16AcCoA +26.65NADPH +28H
+14ATP +O, = DG +NAD +26.65NADP
+14ADP+14Pi +16CoA +H,0

(29) 8SUCCOoA + 8Gly +10AcCoA +9ATP
+15NADPH+Mg2+ +MYTHF = CHLO +4NH;
+14C0O, +15NADP +THF +9ADP
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