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Growth-pH Coupling Mechanism and Prediction Model for Synechococcus
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Abstract: To address the growth limitation caused by pH fluctuations during Synechococcus cultivation
and the difficulty in accurate real-time prediction, a multifactor-coupled growth prediction model
based on online pH signals is proposed. Experiments are conducted at different initial inoculation
concentrations (expressed as optical density at 730 nm, OD;y;, denoted by A, ranging from 0. 1

2

to 1. 3), light intensities (14—181 pmol * m™* * s™'), and sodium bicarbonate concentrations
(25-—125 mmol/L) to obtain dynamic biomass and pH data. Based on an analysis of inorganic carbon

speciation, a logistic model is used to quantify the biomass-pH relationship, and a multifactor-coupled
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growth prediction model is further established. It is shown that biomass accumulation is highly
synchronized with the increase in culture-medium pH, and that growth limitation is mainly caused
by the pH-driven conversion of HCO; to COj ™, resulting in insufficient available inorganic carbon. R?
values above 0. 98 are obtained by the Logistic model under all 15 conditions, with inflection-point pH
values of 9. 5—9. 8, which closely correspond to the transition points of carbon-source availability. In
two independent experiments, predicted determination coefficients R%.; values of 0. 987 9 and
0. 885 8 and mean absolute error E of 0. 043 9 and 0. 118 1 are obtained by the growth prediction
A significant positive correlation between inorganic carbon consumption and
The dry cell

mass-based lipid mass fraction ranges from 13. 0% to 18. 7%, and palmitic acid and palmitoleic

model, respectively.

nitrate-nitrogen consumption is confirmed by nutrient metabolism experiments.

acid are the main fatty acids, together accounting for 75%—85% of the total fatty acids. The

optimal culture conditions are determined through multi-objective optimization as a light intensity

560 ¥

of 97 pmol *» m™* » s~

concentration of 25—50 mmol/L.

', an initial inoculation concentration of 0. 1—0. 4, and a sodium bicarbonate

Accurate prediction and refined regulation of Synechococcus

cultivation can be achieved using the model based on online pH monitoring.

Keywords: Synechococcus; pH fluctuations; growth prediction model; nutrient metabolism; fatty

acids
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Table 2 Parameters of pH-dependent growth kinetic model

for Synechococcus

S R? Avin A T k

1 0.997 0.089 1.318 9.635 3.493
2 0.999 0.267 1. 456 9.554 2.835

4 0.995 0.963 1.706 9. 487 2.377
5 0.993 1.342 1. 765 9.715 2.968
6 0.988 0.374 1. 291 9.751 3.242
7 0.999 0.325 1. 479 9. 587 1. 835
8 0.986 0.434 1.514 9.826 1. 950
9 0.994 0. 364 1. 474 9.609 2.274
10 0.980 0.471 1. 446 9.734 3.303
11 0.986 0.417 1. 153 9.899 2.746
12 0.997 0.352 1.472 9.635 2.825
13 0.994 0.276 1. 647 9. 494 2.728
14 0.994 0.229 1. 750 9.410 2.738

15 0.994 0.263 1.759 9.459 3.035
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Fig. 6 Lipid content and fatty acid profiles of Synechococcus under various cultivation conditions
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