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SUPPLEMENTAL MATERIALS AND METHODS 

RNA-Seq data analysis 

We processed RNA-Seq raw data using the frtc pipeline (available at 

https://github.com/alanlorenzetti/frtc/) (1). Briefly, we inspected the quality of reads 

using Rqc (2); trimmed adapters, the first base of reads (according to manufacturer 

instructions), and remaining low quality ends (Q < 30) using Trimmomatic (3); aligned 

trimmed reads to the reference genome (NCBI Assembly ASM2200v1; RefSeq version) 

using HISAT2 without splicing (4); and generated read depth visualization using 

deepTools2 (5). We performed quality control inspection of transcriptional signal using 

IGV (6). 

We carried out differential expression analysis using a custom set of scripts 

(available at https://github.com/alanlorenzetti/ccrescentus_RNASeq_analysis). We 

performed counting of reads per annotated feature using GenomicAlignments (7), and 

differential expression analysis using DESeq2 (8) with group design (NA1000 10ºC vs. 

NA1000 30ºC). The thresholds established to call differentially expressed genes were log2 

fold change ≥ 1 or ≤ -1 and adjusted p-value < 0.01. Furthermore, we retrieved functional 

annotation from KEGG (9) using KEGGREST, and from UniProt (10) using UniProt.ws. 



We also retrieved Clusters of Orthologous Groups (COG) (11) data for Caulobacter 

crescentus CB15 and extended the functional annotation to orthologs in Caulobacter 

crescentus NA1000 according to OrtholugeDB (12). 

Phenotypic tests 

The cultures were grown in either PYE or M2 medium at 30°C to mid-log phase 

(OD600 nm = 0.4-0.5) before submitted to each stress and the kdpA strain survival was 

compared to that of the wild-type NA1000 strain. The resistance to osmotic stress was 

evaluated by adding NaCl to 1 ml-cultures to a final concentration of 85 mM and sucrose 

to 150 mM. The cultures were further incubated for 2h before plating serial dilutions into 

PYE medium. To measure the resistance to acid stress in PYE, cells from 1 ml-cultures 

were pelleted by centrifugation (1 min 11,000 x g), the medium was discarded and the 

cells were resuspended in the same volume of PYE medium adjusted to pH 4.0. The 

cultures were then incubated for 10 min before plating serial dilutions into PYE medium. 

The resistance to low temperature was evaluated by plating serial dilutions of each culture 

and incubating the plates at 15°C for five days. All experiments were performed in 

duplicates. 

  



 

Table S2: Strains used in this work 

 
Strain Description Reference 

Ca
ul

ob
ac

te
r c

re
sc

en
tu

s 

NA1000 Wild-type strain (13) 

SP3710 

(rho::Tn5) Impaired function rho mutant strain (14, 15) 

rhlE::Tn5 Null rhlE strain (16) 

DsigT Deleted ECF factor sigmaT strain (17) 

DkdpA Deleted kdpA strain This study 

Dfur Deleted fur strain (18) 

E.
 c

ol
i  DH10B Cloning strain (19) 

 S17-1 Conjugative strain (20) 

  
 

  

 

 

Table S3: Primers used in this work 

qRT PCR primers 

Entry code Primer sequence 

CCNA_02070 
Fw: 5’ CTGACACTGTCTCGCTGGAA  

Rv: 5’ CGGAAAGCTATCCAGCGTGT 

Rho (CCNA_03876) 
Fw: 5’ GTC GAG AAC GCC AAC TCC AT 3’ 

Rv: 5’ CGA GGG TCT TCA GGA TCG C 3’ 

KdpA (CCNA_01663) 
Fw: 5’ CTGGTGGAACGTGACTCTGG 3’ 

Rv: 5’ GATCAGGAGGCCGATGAAG 3’ 

RhlB (CCNA_01923) 
Fw: 5’ TGATGACCGCGTGCAGTTCCTC 3’ 

Rv: 5’ GCTTCTTGGGCGGCGTCATCTTG 3’ 

CCNA_00979 
Fw: 5’ GAGGGCGATCAGGACCTTTC 3’ 

Rv: 5’ GACCACATGGACCTTGGGC 3’   

CspA (CCNA_02997) 
Fw: 5’ CCGTGAAGTGGTTCAACTCC 3’ 

Rv: 5’ CTGACCTTCGTTCGTTCAGCGAG 3’ 



DbpA (CCNA_01546) 
Fw: 5’ CCTCGACCGAAGAGGATGTC 3’ 

Rv: 5’ CGTCATAGATGTCTTCCGGC 3’ 

NtrB (CCNA_01814) 
Fw: 5’ TGAGCCCGTCAATATCCACC 3’ 

Rv: 5’ CGTAGCTTTCCTTCAGCGTC 3’ 

NirB (CCNA_00651) 
Fw: 5’ ACTGAGGATGAAGCGGTCTG 3’ 

Rv: 5’ TCCATCCACTTGTAGACCCG 3’ 

RhlE (CCNA_00878) 
Fw: 5’ AACTGGCGACGCAAATCG 3’ 

Rv: 5’ CATCTGCGGGCCGTACTTC 3’ 

NasC (CCNA_00653) 
Fw: 5’ AGGTGCGAGGAACACGTAC 3’ 

Rv: 5’ CCATACAAAACCCGTCATCCC 3’ 

CCNA_03218 
Fw: 5’ ACGGTCAAGGTCGATGAGATC 3’  

Rv: 5’ AAAGCTCGATCTCGACCAGAAC 3’ 

R0094 
Fw: 5’ TTGCTCGCCTATCATCCCC 3’ 

Rv: 5’ CTCTGACCGGACTCGTTCC 3’ 

FeoA (CCNA_00748) 
Fw: 5’ CGTCGTCTGCTGGAGATGGG 3’ 

Rv: 5’ GAATTTCACGCTGATCGCACCG 3’ 

CCNA_02277 
Fw: 5’ ATTCACGCCGACCGCAAATC 3’ 

Rv: 5’  CGTCAGGTTGAAGACGCCTG 3’ 

CCNA_03023 
Fw: 5’ CTGGACGCGCTTTGACCTC 3’ 

Rv: 5’  CCCAGCGTCAGGTAGTTGG 3’ 

CCNA_00028 
Fw: 5’ CGCCTATACCAGCGTCAACC 3’ 

Rv: 5’  CTCTTCGACACATGGTAGGC 3’ 

R0138 
Fw: 5’ AGGTGCGAGGAACACGTAC 3’ 

Rv: 5’ CCATACAAAACCCGTCATCCC 3’ 

ΔkdpA construction 

Primer name Primer sequence 

kdpA IF1 5’ GATATCTGGATCCACGAATTCCAAAAGCAAGGTTCGACGC   3’ 
 

kdpA IF2 
 

5’ AGCGGAGGGCTTGCCATGTCATGGAATTGGTCC   3’ 
 



 

  

kdpA IF3 5’ GACATGGCAAGCCCTCCGCTGAGTGGTGATCC   3’ 

kdpA IF4 
 

5’ ACGGCCGAAGCTAGCGAATTGGACATTGACCTTCAAGAGGCGG   3’ 
 

Del Fw 5’ GGATTCAAATACGCCCGGCGACGTCTTCC   3’ 

Del Rv 5’ GGATCCAGGTTCCGGTGTTGG   3’ 



SUPPLEMENTAL FIGURES  

 

 

 

 

 

Figure S1. Analysis of the genomic region of the cspB gene. The map shows the cspB 
locus, indicating the position of the cspB promoter (bent arrow PcspB) and intrinsic 
terminator (stem loop). Downstream of cspB, the CCNA_03888 gene and the 
CCNA_00703/CCNA_00704 operon are transcribed independently, from putative 
promoters (bent arrows). Below is shown the read coverage of the region downstream to 
the cspB gene. Each line corresponds to the read counts of the RNA-Seq of three 
biological replicates at 30°C and three at 10°C as indicated. The graphs were generated 
using the Integrative Genomics Viewer (6) to observe RNA-Seq BEDGRAPH files. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Analysis of the 5’ region of the kdp operon. A. Map of the kdp operon, 
indicating the position of kdpF upstream of kdpA. A putative sigmaT promoter (PsigT) is 
located upstream to kdpF, and a putative second promoter is probably located upstream 
of kdpC (bent arrows). B. Amino acid sequence alignment of KdpF from selected bacteria 
and the deduced amino acid sequence of the ORF upstream of kdpA (C. crescentus). 
Alignment was carried out with Clustal X (21), using the sequences: YP_588443.1 
(Escherichia coli MG1655); AAK81842.1 (Myxococcus xanthus); QHH22443.1 
(Bacillus subtilis); QDC84763.1 (Klebsiella pneumoniae); WP_069075609.1 
(Pseudomonas). C. Prediction of the secondary structure of the 5’ untranslated region of 
kdpF. The sequence corresponds to the region 10 nt downstream of the PsigT promoter 
until the start codon of KdpF. Structure was predicted using the RNAfold suite 
(http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi) (22) and drawn with the 
VARNA software (http://varna.lri.fr/) (23).  
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Figure S3. Relative kdpA mRNA levels in C. crescentus. Expression was determined 
by RT-qPCR from total RNA isolated from cultures growing in in PYE medium at 30°C 
(Cold -) and after 2h at 10°C (Cold +). Expression was determined relative to the wt strain 
at 30°C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. Read coverage of the region upstream to the kdp operon. The region 
comprised between the R0041 gene and the beginning of the kdpA gene is shown. Each 
line corresponds to the read counts of the RNA-Seq of three biological replicates at 30°C 
and three at 10°C as indicated. The graphs were generated using the Integrative Genomics 
Viewer (6) to observe RNA-Seq BEDGRAPH files. The position of the ORFs is shown 
below, and the bent arrow indicates the PsigT promoter.  
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Figure S5. Confirmation of the kdpA deletion. Total genomic DNA from strains 
NA1000 (wt), first recombinant (1st) and deleted mutant (mut) were used as template in 
a PCR reaction using primers flanking the kdpA gene. The bands corresponding to the 
complete gene (kdpA) and the deleted gene (del) are indicated. M stands for molecular 
weight marker (1 kb Plus, Thermo Fisher Scientific). Negative sign (-), negative control 
containing no template DNA. The asterisk indicates a non-specific band.  

 

 

 

Figure S6. Phenotypic characterization of the kdpA mutant. Phenotypic analysis of 
the kdpA mutant strain in PYE medium. Mid-log phase cultures of wild-type (NA1000) 
and kdpA strains were used to ascertain the resistance to several stresses. The resistance 
to low temperature (Cold) was evaluated by plating serial dilutions of each culture into 
PYE medium and incubating the plates at 15°C for five days. For osmotic stress, the 
cultures were incubated with 85 mM NaCl (NaCl) or 150 mM sucrose (Sucrose) for 2h 
before plating into PYE medium. For acidic stress, the cells grown in PYE medium were 
centrifuged and resuspended in the same volume of PYE medium adjusted to pH 4.0 for 



10 min before plating (pH 4.0). Serial dilutions are indicated as log10(CFU/ml). All the 
experiments were done in biological duplicates and a representative result is shown. 
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