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Table S1. Primers used. 

Primer 
name 

Sequence (5´3´)a, b Use 

argT-UpF 
argT-UpR 
argT-DwF 
argT-DwR 

ATTGCGGCCGCGGAGCTGAAGAACTGGGTG 
CATTGCACAGGTGAAACCCGACGTCCAGGTAACTCCATCGGTACG 
TGCCCCGTACCGATGGAGTTACCTGGACGTCGGGTTTCACCTGT 
ATTGCGGCCGCACTGCCAGGAAGAAGGTG 
 

Null argT  mutant 
construction 

artJ-UpF 
artJ-UpR 
artJ-DwF 
artJ-DwR 

ATTGCGGCCGCCGCGACGGTGACGTGATCTC 
GCAAGGGCGCGCCGGTCAGGGCGGAGTATTGCTCCGTTAGCGGTGG 
CCAGCCACCGCTAACGGAGCAATACTCCGCCCTGACCGGCGCG 
ATTGCGGCCGCGATGCAGGCCGCGACCAT 
 

Null artJ mutant 
construction  

PP_3593-UpF 
PP_3593-UpR 
PP_3593-DwF 
PP_3593-DwR 

ATTGCGGCCGCCAAGACCTGCAGAACGATCTG 
CTGGGCGTTCGCACAACTTCCTGAAGACTCGCACCTCATTGCACTCT 
TAGCAAGAGTGCAATGAGGTGCGAGTCTTCAGGAAGTTGTGCGAACG 
ATTGCGGCCGCGAACATCGGTTCCTTGGTTACG 

Null occT mutant 
construction  

a Restriction sites inserted in the primer for the cloning strategy are underlined. 
bBase-complementary between upstream and downstream fragments of the gene to replace are 
shown in bold. 
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Figure S1. a. Fluorescence-based analysis of c-di-GMP contents in P. putida KT2440 (circles), 

ΔargG (triangles) and ΔargH (squares) harbouring the biosensor pCdrA::gfpC [1], during 

growth in diluted LB (1:3), using a Synergy Neo2 Biotek fluorimeter. Data are given as 

fluorescence values corrected by culture growth at each time point. b. Growth of the three 

stains in LB 1:3 and LB 1:3 with 15 mM L-arginine in microtiter plates. Averages and standard 

deviations of two biological replicates, with three experimental replicates each, are plotted. 

 

 



 

 

Figure S2. a. Recovery of the crinkly phenotype resulting from overexpression of cfcR in 

ΔargG and ΔargH mutants harboring pMIR178 (which harbours the gene encoding the 

response regulator with diguanylate cyclase activity CfcR in multicopy; [2]) by exogenous L-

arginine but not by other molecules derived from arginine metabolism. Cultures were 

spotted on LB plates supplied with the indicated compounds (15 mM), or LB alone as 

control. Images were taken after 48 h using a Leica M165 FC Stereomicroscope (Leica 

Microsystems). At that time, the phenotype is fully developed in the wild type. b. L-arginine 

is required for the crinkly colony phenotype of P. putida KT2440 carrying pMIR178, whereas 

L-aspartic acid hampers its development. Images were taken after 48 h of growth in M9 

minimal medium with glucose as carbon source or in LB, in the presence of increasing 

concentrations of the indicated amino acid. 
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Figure S3. Synergistic effect of L-tryptophan and L-arginine on c-di-GMP levels in P. putida 

KT2440 harbouring pCdrA::gfpC. Fluorescence was measured every 30 min. during growth in 

diluted LB (1:3), without or with amino acid supplementation (15 mM), in a Varioskan Lux 

fluorimeter. Data are given as fluorescence values corrected by culture growth at each time 

point and correspond to averages and standard deviations of two biological replicates, with 

three experimental replicates each. 
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Figure S4. Expression of pea is under the control of the stationary phase sigma factor RpoS. 

Growth (open symbols) and -galactosidase activity (closed symbols) of KT2440 (circles), and 

its rpoS derivative C1R1  (triangles) [3] harbouring a pea∷lacZ transcriptional fusion in 

pMP220 [4] were grown in liquid LB. Data correspond to averages and standard deviations of 

two experiments with two replicas each. Statistically significant differences between the wild 

type and C1R1 mutant were observed between 1 and 3 h and from 6 h onward (Student’s t 

test: p≤0.05).  
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ArtJ(PP_0282)/OccT(PP_3593):  42% id.; 57% conserv.  
ArtJ/ArgT(PP_4486):  42% id.; 58% conserv.  
OccT/ArgT:   41% id.; 56% conserv.  

 

 
Figure S5. a. Genomic context of the loci encoding the three periplasmic binding proteins 

studied in this work, PP_0282 (artJ), PP_3593 (occT), and PP_4486 (argT). Predicted 

functions of the adjacent genes are indicated. b. Sequence alignment of the three proteins, 

done with CLUSTALW (https://www.genome.jp/tools-bin/clustalw). Identical residues (id.) in 

the three proteins are highlighted in yellow, conservative changes (conserv.) in blue, and 

those identical in two of the proteins in grey. Residues described to interact with L-arginine 

in related periplasmic binding proteins of Salmonella [5] are highlighted in green. Genome 

and sequence data, and functional annotation of proteins were obtained from the 

Pseudomonas genome database (www.pseudomonas.com; [6]). 

 

PP_3592    PP_3593     PP_3594  PP_3595         amaD PP_3596 

PP_4482         hisP            hisM        hisQ         argT

PP_0280  PP_0281      artJ            aotP
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ABC transporter
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ATP-binding protein

transcriptional
regulator
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protein

PP0282  MHTYKKF-LLAAAATLVMSANAMAAEK-LRMGIEAAYPPFNNKDASGNVVGFDKDIGDALCAKMKV 

PP3593  MN--KSMALLGACALLL-AG-AASAE-TLRFATEGAYPPFNYVDADNKLHGFDVDITHALCEQMKV 

PP4486  MK--K-LALLGALALSVFSLVSQAAEKPLKIGIEAAYPPFAFKQPDGSIAGFDYDIGNALCEEMKT 

 

PP0282  ECSVVTSDWDGIIPALNAKKFDFLVSSLSITDERKQAVDFTNPYYSNKLQFIAPKNVDFKTDKESL 

PP3593  ECTLVAQDWEGIIPALMARKYDAIVASMIDTEERRKKIAFTDHYYRTPLTVAVAKDSKIDSAQTDF 

PP4486  KCTWVEQEFDGLIPALKVRKIDAILSSMSITDDRKKSVDFTKRYYLTPARLVMKDGTTVSDSLDEL 

 

PP0282  KGKVIGTQRATLAGTYLEDNY--PDVEIKLYDTQENAYLDLVSGRIDGILADKYVQYE-WLKSKDG 

PP3593  VGYTVGAQSSSTQAIYAEDVYGKAGADVKLYPTMDEANADLAAGRLDGVIADKFPLHE-WMNKNGG 

PP4486  KGKKIGVQRGSIHDRFAKEVLGAKGATVVPYGTQNEIYLDVAAGRLDGTVADATLLEDGFLKTDAG 

 

PP0282  SNFEFKGEPVMDS----DKIGIAVRKGDTKLRDDLNKALAEIKADGTYKKINDKYFPFSIE----- 

PP3593  DCCKILG-DVADTK--AD-AAIAVRKDDEALRQRLNTALQQIVANGTYQKIASKYFAFDIYN---- 

PP4486  KGFAFVGPAFTDAKYFGDGIGIAVRKGDKANVDRINAAIDAIRANGKYKEIESKYFNFDIYGPDSK 

https://www.genome.jp/tools-bin/clustalw
http://www.pseudomonas.com/


 

Figure S6. Influence of substrate binding proteins on basic amino acid utilization. Growth of 

P. putida KT2440 (blue lines) and the ΔargT (crimson lines), ΔartJ (green lines), ΔoccT 

(orange lines), and ΔargTΔartJ (purple lines) mutants was analyzed in M8 minimal medium 

with glucose as carbon source and 10 mM L-lysine (a), L-ornithine (b), or L-histidine (c) as 

nitrogen sources, and in M9 with 10 mM L-lysine (d), L-ornithine (e), or L-histidine (f) as 

carbon sources. Strains were grown in a Bioscreen  C MBR apparatus at 30°C with shaking 

during 24h in 100-well plates. Absorbance in the 420-580 nm range was measured every 30 

min. Averages and standard deviations of one representative experiment per condition, with 

three technical replicas each, are shown. Color codes are the same as in panel a in all cases. 
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