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Fermentation scale-up is unpredictable  pH sensors work differently across backgrounds Identifying native TCS pH stress responses 
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Scaling up bacterial fermentation from bench to industrial scale often results in unpredictable performance 
losses, possibly in part due to changes in microenvironmental conditions such as pH. To investigate this, we 
developed a suite of pH-sensitive biosensors from bacterial two-component systems (TCSs) that provide a 
dynamic, fluorescent readout in response to extracellular pH changes. TCSs consist of a periplasmic sensor 
histidine kinase (HK) that, in response to an extracellular stimulus, autophosphorylates intracellularly and 
subsequently transfers the phosphate to a cognate response regulator (RR) that modulates transcription of target 
genes. We utilized three pH-responsive TCSs (referred to here as CVJ1, CVJ30, and CVJ79) and linked their 
output to GFP. This was achieved by placing the RR promoter upstream of GFP or by constructing a chimeric RR 
composed of the native receiver domain and the DNA-binding domain of another well-characterized RR with a 
defined promoter. All components—HK, RR (native or chimeric), and GFP under its corresponding 
promoter—were cloned into a broad-host-range plasmid. Sensors were validated in Escherichia coli and 
Pseudomonas putida, including the muconic acid-producing strain P. putida TL207. All three biosensors 
successfully reported pH, with fluorescence (normalized to optical density) correlating strongly with media pH. 
Among the native sensors, CVJ79 showed the most robust performance while CVJ1 also performed best in its 
native form; CVJ30 exhibited improved functionality as a chimera, suggesting that modular RR design can 
enhance compatibility in some heterologous hosts. Further, CVJ79 was activated by alkaline conditions, while 
CVJ30 responded to acidic environments. Notably, CVJ1 was induced by high pH in wild-type E. coli and P. 
putida, but low pH in TL207. The observed differences in sensor activation between strains—particularly the 
divergent response of CVJ1—suggest that host-specific regulatory pathways may influence how cells perceive 
and adapt to pH stress. Moving forward, these biosensors can be used to guide the rational design of more 
robust strains, optimize process conditions in real time, and inform strategies to minimize physiological 
heterogeneity during scale-up. Integrating these tools into high-throughput screening and bioreactors will be a 
key step toward improving predictability and performance in industrial bioprocesses. 

LB M9 pH 7.0 M9 pH 7.0 

pH 5.5 pH 8.0 

overnight overnight 0.5 OD600 

dilute to 
0.2 OD600 
in M9 

biosensor 
construct 

MG1655 E. coli 
WT or TL207 P. putida 

37 °C & shaking 

 Two-component systems (TCSs) as biosensors

• Identified three potential pH responsive 
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TCSs from the literature, referred to here 
as CVJ1, 30, and 79 

• Built series of plasmids that express pair 
of HK and RR responsiveness tied to 
superfolder (sf)GFP expression 
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• Identified 8 genes that increase in expression upon acid addition and 17 upon base 2 0 

1 addition, with no genes that increase in one condition and decrease in the other 
0 -5 • Using the promoters of these operons to build pH-responsive sfGFP constructs 

• Also identified 13 TCSs that are differently expressed (10 acid responsive and 3 base x 104 x 105 
3• RR are either native or chimera of TCS RR responsive) from which chimeric TCS constructs were built 

• Performed similar workflow with Clostridium tyrobutyricum to identify pH responses in 
industrially-relevant anaerobic microbe 
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