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Results 

• E. coli Top10 (Invitrogen) was used for cloning, plasmid propagation. P. putida KT2440 was used for RFP fluorescence 

assays for biosensor characterization. 

• The p-coumarate-inducible system from P. putida KT2440 (pEV040, pEV041) were assembled in pBRC1 that was con-

structed as pEH006 described in [7].  

• For reporter gene assays, P. putida KT2440 was cultivated in LB medium and RFP fluorescence was measured with an In-

finite M200 PRO (Tecan) microplate reader [8]. The schematic diagram of the method is presented in Figure 4. 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Basic schematic diagram of the method. 

2. p-Coumarate inducible system from P. putida KT2440 cha-

racterization. 

1. Identification of  p-coumarate and ferulate-inducible 
systems in different microorganisms. 

Fig. 2 Genomic organization of p-coumarate and ferulate catabo-

lism-associated operons.  
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Fig. 3 (A) Absorbance and (B) absolute normalized fluorescence 

of the p-coumarate inducible system from P. putida KT2440 in 

response to different concentrations of p-coumarate added at 

time zero. (C) Relative normalized fluorescence of P. putida 

KT2440 harboring the p-coumarate-inducible system 12 hours 

after addition of different hydroxycinnamic acids at a final con-

centration of 5mM.  (D) Dose response curve of the p-coumarate 

inducible system from P. putida KT2440 12 hours after supple-

mentation with different concentrations of p-coumarate. Error 

bars represent standard deviations of three biological replicates, 

*p ≤ 0.01 (unpaired t-test). 

 

Materials and Methods  

1. We identify p-coumarate and ferulate-inducible systems 

in different microorganisms (P. putida KT2440, A. 

baylyi ADP1, B. multivorans ATCC BAA-247, and Ba-

cillus sp.) that can potentially be used for developing 

transcription factor-based biosensors.  

2.  p-Coumarate and ferulate-inducible systems were di-

vided into two different groups (A and B) by type of 

transcription factor (MarR and PadR). 

3. We characterize p-coumarate inducible system from P. 

putida KT2440. This system was analyzed for cross-

induction by structurally similar hydroxycinnamic acids 

(Fig. 3C)  (o-coumarate, m-coumarate, ferulate, sina-

pate, caffeate, chlorogenate) that may activate reporter 

gene expression. Our data show that this system is spe-

cific for the p-coumarate and can be used to achieve up 

to 53-fold induction of gene expression.  

4. Dose-response curve (Fig. 3D) indicates that gene ex-

pression can be tuned in the range of approximately 

0.078 to 5 mM for a linear fluorescence output.  

 

[1] Valanciene, E. et al., Advances and prospects of phenolic acids production, 

biorefinery and analysis, Biomolecules 10(6), 874 (2020).  

[2] Masai, E. et al., Cloning and characterization of the ferulic acid catabolic 

genes of Sphingomonas paucimobilis SYK-6, Applied and Environmental Mi-

crobiology, 68(9), 4416–4424 (2002). 

[3] Otani, H. et al., Characterization of p-hydroxycinnamate catabolism in a soil 

Actinobacterium,  Journal of Bacteriology, 196(24), 4293-4303 (2014). 

[4] Lee, S. et al., Bacterial valorization of lignin: strains, enzymes, conversion 
pathways, biosensors, and perspectives, Frontiers in Bioengineering and Bio-
technology, 7, 209 (2019). 

[5] Hossain, G. S. et al., Genetic biosensor design for natural product biosynthe-
sis in microorganisms, Trends in Biotechnology, 38(7), 797-810 (2020). 

[6] Mitchler, M. M., Garcia, J. M., Montero, N. E. & Williams, G. J., Transcrip-
tion factor-based biosensors: a molecular-guided approach for natural product 
engineering, Current Opinion in Biotechnology, 69, 172-181 (2021). 

[7] Hanko, E., Minton, N. & Malys, N., Characterisation of a 3-

hydroxypropionic acid-inducible system from Pseudomonas putida for orthogo-

nal gene expression control in Escherichia coli and Cupriavidus necator, Scien-

tific Reports 7, 1724 (2017). 

[8] Hanko, E., Minton, N. & Malys, N., Design, cloning and characterization of 

transcription factor-based inducible gene expression systems, Methods in Enzy-

mology 621, 153-169 (2019).  

Introduction 

Fig. 1. Bacterial pathway for degradation of lignin-derived compounds [2,3].  

 One of the most powerful tools for the development and screening of cell-based systems is transcription factor-based whole cell biosensors. p-Coumarate and ferulate-inducible gene ex-
pression systems found in bacteria can be used for the development of this biosensor and adaptable for real-time monitoring of extracellular and intracellular metabolite concentrations, high
-throughput screening, dynamic pathway control, and adaptive laboratory evolution [4, 5, 6]. 

• Phenolic acids comprise a class of phytochemical compounds that are well known for their anti-inflammatory, anti-oxidative, and anti-viral properties. Naturally occurring phenolic acids 
are found in plants and fungi and are utilized by various industries, including food, pharmaceutical, cosmetics, and chemical. p-Coumarate (p-hydroxycinnamate) and ferulate (4-hydroxy
-3-methoxycinnamate) are the most abundant hydroxycinnamates covalently bound to lignin and polysaccharides in the cell wall of plants [1].  
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