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Growth-pH Synergistic Mechanism and Predictive Model of
Synechococcus in Sodium Bicarbonate Culture System

XU Yuntong, YU Guiyuan,FENG Min,CAO Wen,WEI Wenwen,GUO Liejin
(State Key Laboratory of Multiphase Flow Engineering, Xi’an Jiaotong University,
Shaanxi, Xi’an 710049, China)

Abstract: Traditional microalgae cultivation monitoring relies on costly techniques such as optical
density measurement, lacking convenient and reliable online monitoring approaches. This study
established a pH-based predictive model for microalgal growth, offering a novel technical pathway
toward low-cost, non-invasive intelligent process monitoring. By systematically investigating the
effects of initial inoculation density (0.1-1.3 OD730), light intensity (14—181 umol-m2-s7"), and sodium
bicarbonate concentration (25-125 mM) on the growth and pH dynamics of Synechococcus sp., a highly
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synchronous relationship between biomass accumulation and culture medium alkalinization was
identified. Growth limitation was primarily attributed to the decline in bioavailable carbon resulting
from the pH-driven shift of the dominant inorganic carbon species from HCOs~ to COs2", rather than
direct pH inhibition. Based on this finding, a Logistic mathematical model was constructed to
quantitatively describe the sigmoidal response between biomass and pH, achieving coefficients of
determination (R?) exceeding 0.98 across all 15 experimental conditions, with the inflection-point pH
consistently stabilizing within the range of 9.5-9.8, a region corresponding to the critical transition in
carbon bioavailability. A multi-factor coupled model was further developed by integrating the effects of
inoculation density, light intensity, and carbon source concentration, and validated against two

independent experiments, yielding satisfactory predictive performance (R? =0.886—0.988, MAE=0.044

prod
—0.118). Nutrient metabolism analysis revealed a significant correlation between inorganic carbon
consumption and nitrate uptake, indicating a synergistic carbon—nitrogen metabolic mechanism. Lipid
metabolism investigation showed that the total lipid content of Synechococcus ranged from 13.0% to
18.7%, with the fatty acid profile dominated by C16:0 and C16:1 (accounting for 75-85% of total fatty
acids). Through multi-objective optimization, the favorable cultivation conditions were determined as a
light intensity of 97 pumol-m 2-s™', an initial inoculation density of 0.1-0.4 OD7s0, and a carbon source
concentration of 25—50 mM. This study provides a robust model foundation for pH-based online
monitoring, prediction, and regulation of microalgal cultivation processes.

Keywords: microalgae cultivation, pH monitoring; growth model; nutritional metabolism; lipid

accumulation
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Fig. 1 Growth and pH dynamics of Synechococcus under various cultivation conditions
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Table 3 Parameters and weighting coefficients of multi-factor coupled growth model
S8 ¥ AR RUE
C, C, 1
A, I
TIC
C, 1.250+ 0.631Co —0.179¢C? 0.3426
A, 1 1.245+4.78 x 1001 —2.08 x 10 eI 0.3140
TIC 0.762+0.0186TIC —7.9 x 10~ TIC? 0.3434
C, 9.708 —0.624eCo+ 0.468eC> 0.4332
x, I 9.735-0.001e1+5.0 x 10"l 0.0174
TIC 10.252-0.016eTIC +7.8 x 10 TIC? 0.5494
C, 3.838—3.3940Co +2.065¢C? 0.3730
k' 1 3.640—0.039e1+2.09 x 10~*eI? 0.3654
TIC 2.936-7.28 x 10 eTIC +6.16 x 10 TIC? 0.2616
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o 12 o 12 o Y
QO 2
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02" , : 02l : ,
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pH pH
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B4 2%HF48464K - pHERGINFEIELE R

Fig. 4 External validation of the coupled growth - pH model
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Fig. 5 Consumption rates of major nutrient ions under different cultivation conditions
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