
Table S3. Identified antimicrobial resistances genes and their functions in WGS Salmonella enterica subsp. enterica  
Typhimurium 4:i:1,2_69M. 
Operon/Category Gene Function References 

Antibiotic 
activation enzyme 

katG Encodes the bifunctional catalase-peroxidase enzyme that converts isoniazid to 
an active form. In katG mutations are associated with high-level isoniazid 
resistance, aminoglycoside antibiotic resistance. 

[68,69] 

marRAB operon marA Activates expression of genes required for DNA repair and lipid trafficking. 
Consequently, the mar locus reduces quinolone-induced DNA damage and the 
ability of tetracyclines to traverse the outer membrane. May be a transcriptional 
activator of genes involved in the multiple antibiotic resistance (Mar) phenotype. 
It can also activate genes such as sodA, zwf and micF. 

[70-72] 

marRAB operon marB marA, marB., marR - tetracycline, chloramphenicol, salicylate, resistance to 
disinfectants such as pine oil, and resistance to weak acids. 

[71] 

marRAB operon marR Repressor of the marRAB operon which is involved in the activation of both 
antibiotic resistance and oxidative stress genes. Binds to the marO 
operator/promoter site. 

[71] 

 
alr Isomerizes L-alanine to D-alanine which is then oxidized to pyruvate by DadA. [73,74] 

 
ddlA Cell wall formation. [75] 

 
dxr Catalyzes the NADPH-dependent rearrangement and reduction of 1-deoxy-D-

xylulose-5-phosphate (DXP) to 2-C-methyl-D-erythritol 4-phosphate (MEP). 
[76] 

Antibiotic target in 
susceptible species 

EF-G (fusA) Catalyzes the GTP-dependent ribosomal translocation step during translation 
elongation. During this step, the ribosome changes from the pre-translocational 
(PRE) to the post-translocational (POST) state as the newly formed A-site-bound 
peptidyl-tRNA and P-site-bound deacylated tRNA move to the P and E sites, 
respectively. Catalyzes the coordinated movement of the two tRNA molecules, 
the mRNA and conformational changes in the ribosome. Resistance to fusidic 
acid. 

[77] 

Antibiotic target in 
susceptible species 

EF-tu (tufA) This protein promotes the GTP-dependent binding of aminoacyl-tRNA to the A-
site of ribosomes during protein biosynthesis. Resistance to the antibiotic 
mocimycin (kirromycin). 

[78]  

Antibiotic target in 
susceptible species 

folA Key enzyme in folate metabolism. Catalyzes an essential reaction for de novo 
glycine and purine synthesis, and for DNA precursor synthesis, resistance to 
trimethoprim. 

[79] 

Antibiotic target in 
susceptible species 

folP Catalyzes the condensation of para-aminobenzoate (pABA) with 6-
hydroxymethyl-7,8-dihydropterin diphosphate (DHPt-PP) to form 7,8-
dihydropteroate (H2Pte), the immediate precursor of folate derivatives. 
resistance to cotrimoxazole, sulfonamide. 

[80] 

Antibiotic target in 
susceptible species 

gyrA A type II topoisomerase that negatively supercoils closed circular double-
stranded (ds) DNA in an ATP-dependent manner to modulate DNA topology 
and maintain chromosomes in an underwound state, and also catalyzes the 
interconversion of other topological isomers of double-stranded DNA rings, 
including catenanes and knotted rings. Replenishes negative supercoiling 
downstream of highly transcribed genes to help control overall chromosomal 
supercoiling density. Negative supercoiling favors strand separation, and DNA 
replication, transcription, recombination and repair, all of which involve strand 
separation. Type II topoisomerases break and join 2 DNA strands simultaneously 
in an ATP-dependent manner. Quinolone resistance-determining region 
(QRDR), resistance to second and third generation fluoroquinolones, nalidixic 
acid and triclosan, resistance to ciprofloxacin. 

[81] 

Antibiotic target in 
susceptible species 

gyrB A type II topoisomerase that negatively supercoils closed circular double-
stranded (ds) DNA in an ATP-dependent manner to modulate DNA topology 
and maintain chromosomes in an underwound state, and also catalyzes the 
interconversion of other topological isomers of double-stranded DNA rings, 
including catenanes and knotted rings. Replenishes negative supercoiling 
downstream of highly transcribed genes to help control overall chromosomal 
supercoiling density. Negative supercoiling favors strand separation, and DNA 
replication, transcription, recombination and repair, all of which involve strand 
separation. Type II topoisomerases break and join 2 DNA strands simultaneously 
in an ATP-dependent manner. Fluoroquinolone resistance, resistance to nalidixic 

[82] 



acid and various fluoroquinolones, resistance to aminocoumarins, a group of 
gyrase inhibitors which include novobiocin and coumermycin. 

Antibiotic target in 
susceptible species 

fabI The antibiotic diazaborine interferes with the activity by binding to the protein. 
Catalyzes the reduction of a carbon-carbon double bond in an enoyl moiety that 
is covalently linked to an acyl carrier protein (ACP). Involved in the elongation 
cycle of fatty acid which are used in the lipid metabolism and in the biotin 
biosynthesis. type II fatty acid synthase system as the specific cellular target for 
these antibacterials. (a new antibiotic Fabimycin should affect fabI).  fabI alone 
does not mediate high-level triclosan resistance in Salmonella Typhimurium - 
active efflux of triclosan via AcrAB-TolC confers intrinsic resistance. 

[83] 

Antibiotic target in 
susceptible species 

murA Cell wall formation. Adds enolpyruvyl to UDP-N-acetylglucosamine. Resistance 
to Fosfomycin. 

[84] 

Antibiotic target in 
susceptible species 

rho Facilitates transcription termination by a mechanism that involves Rho binding 
to the nascent RNA, activation of Rho's RNA-dependent ATPase activity, and 
release of the mRNA from the DNA template. Mutant background showed an 
unusual susceptibility to kanamycin. The Rho mutants have altered morphology, 
distinct cell surface, and increased levels of lipopolysaccharide in their outer 
membrane, which might have rendered the TolC efflux pumps inefficient. 
Regulates the broad-spectrum antibiotic susceptibility of E. coli through 
multipartite pathways in a TolC-dependent manner. 

[85] 

Antibiotic target in 
susceptible species 

rpoB Rifampin resistance-determining region (RRDR), rifampicin, rifabutin, rifalazil, 
rifapentine and rifaximin, but also resistance inhA, mabA-inhA operon, encoding 
a target for isoniazid and ethionamide. 

[86] 

 
rpoC DNA-dependent RNA polymerase catalyzes the transcription of DNA into RNA 

using the four ribonucleoside triphosphates as substrates. Chromosomal 
supercoiling density is controlled by a combination of RNA polymerase and 
DNA gyrase activity; negative supercoiling increases upstream of transcribed 
regions while it decreases downstream, DNA gyrase introduces negative 
supercoils into underwound DNA. Quaternary ammonium compound efflux 
SMR transporter BcrC. 

[87] 

 
bcrC Quaternary ammonium compound efflux SMR transporter BcrC. [88] 

AcrA-AcrB-AcrZ-
TolC is drug efflux 

protein complex 

acrA MDR efflux pump AcrAB transcriptional activator RobA, Putative AcrA protein. [89-91]  

AcrA-AcrB-AcrZ-
TolC is drug efflux 

protein complex 

acrB Efflux pump membrane transporter, AcrA-AcrB-AcrZ-TolC is a drug efflux 
protein complex with a broad substrate specificity. This protein binds to AcrB 
and is required for efflux of some but not all substrates, suggesting it may 
influence the specificity of drug export. 

[72,89,90] 
 

AcrA-AcrB-AcrZ-
TolC is drug efflux 

protein complex 

acrZ Multidrug efflux pump accessory protein AcrZ. [89,90] 

AcrA-AcrB-AcrZ-
TolC is drug efflux 

protein complex 

tolC Outer membrane channel. [89,90] 

 
acrE Transmembrane protein affecting septum formation and cell membrane. [72,92]  

 
acrF Efflux pump membrane transporter. [72] 

 
emrA Multidrug resistance secretion protein, membrane fusion protein that transports 

the substrates across the inner and outer membrane. 
[93] 

 
emrB Putative MFS superfamily multidrug transport protein. [93]  

MacAB-TolC 
system 

macA Macrolide export protein MacA, natural resistance to macrolides (i.e. 
erythromycin, tylosin).  

[91] 

MacAB-TolC 
system  

macB Macrolide export ATP-binding/permease protein MacB. MacB is a non-canonical 
ABC transporter that contains transmembrane domains (TMD), which form a 
pore in the inner membrane, and an ATP-binding domain (NBD), which is 
responsible for energy generation. Confers resistance against macrolides. 

[91]  

 
mdfA Multidrug translocase, multidrug (Mdr) transporters. [94] 

 
cmr Multidrug pump Cmr. [95,96] 

mdt operon mdtA Multidrug resistance protein MdtA. [97] 



mdt operon mdtB Multidrug resistance protein MdtB. [97] 

mdt operon mdtC Multidrug resistance protein MdtC [97] 

mdt operon mdtL Multidrug resistance protein MdtL [98] 

mdt operon mdtM Multidrug resistance protein MdtM [99] 
 

phoE (ompE) Outer membrane porin PhoE. Uptake of inorganic phosphate, phosphorylated 
compounds, and some other negatively charged solutes.  Outer membrane 
phosphate channel. 

[100]  

 
oprM AdeC/adeK/oprM family multidrug efflux complex outer membrane factor. [101] 

 
gdx (sugE) Guanidinium exporter. Guanidinium ion exporter. Couples guanidinium export 

to the proton motive force, exchanging one guanidinium ion for two protons. 
Quaternary ammonium salt-resistance protein-encoding genes. 

[91]  

 
skp (ompH) Chaperone protein Skp. Molecular chaperone that interacts specifically with 

outer membrane proteins, thus maintaining the solubility of early folding 
intermediates during passage through the periplasm. 

[102] 

 
gidB (rsmG) Ribosomal RNA small subunit methyltransferase G. Specifically methylates the 

N7 position of guanine in position 527 of 16S rRNA. Streptomycin resistance. 
Gene conferring resistance via absence. 

[103] 

 
pgsA CDP-diacylglycerol--glycerol-3-phosphate 3-phosphatidyltransferase. This 

protein catalyzes the committed step to the synthesis of the acidic phospholipids. 
[104-106]  

 
hilD DNA-binding protein H-NS. Binds tightly to dsDNA. Has a strong preference for 

DNA that has been recently acquired by horizontal gene transfer, binding 
strongly to Salmonella pathogenicity islands 1 and 2 (SPI1 and SPI2). It plays a 
role in the thermal control of pili production. 

[107] 
 

 
oxyR DNA-binding transcriptional regulator OxyR. [108,109] 

 AAC(6’)-Ib-
cr 

Resistance to ciprofloxacin, aac(6′)-Ib-cr is the most prevalent plasmid-mediated 
fluoroquinolone (FQ) resistance mechanism in Enterobacteriaceae. 

[110,111] 

 HN-S Regulator modulating expression of antibiotic resistance genes. [112] 
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