Persistent phoQ upregulation and sigma-factor modulation link polymyxin resistance to broader stress responses in Klebsiella pneumoniae ST11
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SUPPLEMENTARY TABLES


Table S1: Minimum Inhibitory Concentrations (MICs) of Tested Antimicrobials

	Antibiotics
	Minimal Inibitory Concentration
(MIC mg/mL)

	AMP
	≥32 (R)

	AMP/SUL
	≥32 (R)

	CXM
	≥64 (R)

	CFX
	≥64 (R)

	CAZ
	16 (R)

	CTX
	≥64 (R)

	FEP
	≥64 (R)

	ERT
	≥8 (R)

	IMI
	≥16 (R)

	MER
	≥16 (R)

	AMC
	≥64 (R)

	GEN
	≥16 (R)

	CIP
	≥4 (R)

	TIG
	4 (R)

	POLB
	16 (R)




















Table S2: In Silico Detection of Antimicrobial Resistance Genes from Sequence Data
	Resistence to antimicrobials
	Gene
	Action Against antimicrobials
	Identity
	Database

	aminoglycoside antibiotic
	AAC(3)-Iie
	antibiotic inactivation
	98.95
	CARD/RESFINDER/BIGSdb

	
	aadA2
	antibiotic inactivation
	99.58
	CARD/RESFINDER

	cephalosporin, penam
	Escherichia coli ampH beta-lactamase
	antibiotic inactivation
	85.71
	CARD

	
	FosA6
	antibiotic inactivation
	97.84
	CARD/RESFINDER/BIGSdb

	fosfomycin
	Escherichia coli UhpT with mutation (E350Q) conferring resistance to fosfomycin
	antibiotic target alteration
	95.03
	CARD

	nitroimidazole antibiotic
	msbA
	antibiotic efflux
	92.78
	CARD

	phenicol antibiotic
	catA1
	antibiotic efflux
	
	CARD

	
	catI
	antibiotic inactivation
	100.0
	RESFINDER

	fluoroquinolone antibiotic
	Salmonella enterica gyrA (D87Y) conferring resistance to fluoroquinolones
	antibiotic target alteration
	95.67
	CARD/BIGSdb

	
	Escherichia coli parC (S80I) conferring resistance to fluoroquinolones
	antibiotic target alteration
	94.41
	CARD/BIGSdb

	
	parE
	antibiotic target alteration
	
	CARD/BIGSdb

	
	LptD
	antibiotic efflux
	99.86
	CARD

	
	qacEdelta1
	antibiotic efflux
	100.0
	CARD

	aminoglycoside antibiotic, aminocoumarin antibiotic
	baeR
	antibiotic efflux
	92.05
	CARD

	cephalosporin
	CTX-M-141
	antibiotic inactivation
	100.0
	CARD/RESFINDER

	monobactam, carbapenem, cephalosporin, penam
	KPC-2
	antibiotic inactivation
	100.0
	CARD/RESFINDER/BIGSdb

	carbapenem, cephalosporin, penam
	SHV-11
	antibiotic inactivation
	100.0
	CARD/BIGSdb

	cephalosporin, cephamycin, penam
	Haemophilus influenzae PBP3 (D350N, S357N) conferring resistance to beta-lactam antibiotics
	antibiotic target alteration
	52.37
	CARD

	fluoroquinolone antibiotic, aminoglycoside antibiotic, tetracycline antibiotic, rifamycin antibiotic
	LAP-2
	antibiotic inactivation
	100.0
	CARD/RESFINDER

	fluoroquinolone antibiotic, cephalosporin, glycylcycline, penam, tetracycline antibiotic, rifamycin antibiotic, phenicol antibiotic, triclosan
	Escherichia coli marR mutant conferring antibiotic resistance
	antibiotic target alteration, antibiotic efflux
	83.33
	CARD

	fluoroquinolone antibiotic, monobactam, carbapenem, cephalosporin, glycylcycline, cephamycin, penam, tetracycline antibiotic, rifamycin antibiotic, phenicol antibiotic, triclosan, penem
	marA
	antibiotic efflux, reduced permeability to antibiotic
	92.74
	CARD

	fluoroquinolone antibiotic, tetracycline antibiotic
	adeF
	antibiotic efflux
	41.71
	CARD

	macrolide antibiotic
	mphA
	antibiotic inactivation
	100.0
	CARD/RESFINDER

	macrolide antibiotic, aminoglycoside antibiotic, cephalosporin, tetracycline antibiotic, peptide antibiotic, rifamycin antibiotic
	Klebsiella pneumoniae KpnF
	antibiotic efflux
	100.0
	CARD

	
	Klebsiella pneumoniae KpnE
	antibiotic efflux
	99.17
	CARD

	macrolide antibiotic, fluoroquinolone antibiotic, penam
	CRP
	antibiotic efflux
	99.05
	CARD

	monobactam, carbapenem, cephalosporin, cephamycin, penam, penem
	OmpA
	reduced permeability to antibiotic
	99.45
	CARD

	
	OmpK37
	reduced permeability to antibiotic
	94.27
	CARD

	peptide antibiotic
	ArnT
	antibiotic target alteration
	99.64
	CARD

	
	eptB
	antibiotic target alteration
	99.46
	CARD

	sulfonamide antibiotic
	sul1
	antibiotic target replacement
	100.0
	CARD/RESFINDER

	tetracycline antibiotic
	tet(A)
	antibiotic efflux
	99.74
	CARD/RESFINDER

	aminoglycoside
	aph(3')-VIa (aph(3')-VIa_X07753), aph(3')-VI (aph(3')-VI_APPJ01000012)
	
	
	RESFINDER

	
	aadA2
	
	
	RESFINDER




Table S3: Alterations observed in genes associated with resistance to polymyxins in K. pneumoniae Pol16 strain.
	
Gene
	Protein
	Integrity
	Amino Acid Change
	Affected Protein Domain

	
pmrA
	Transcriptional regulatory protein pmrA - TCS PmrAB
	
100%
	
-
	
-

	pmrB
	Histidine kinase - TCS PmrAB
	99.54%
	R256G (X)
	Histidine kinase

	
phoP
	Transcriptional regulatory protein PhoP - TCS PhoPQ
	
99.7%
	
-
	
-

	phoQ
	Histidine kinase - TCS PhoPQ
	99.05%
	-
	-

	
crrA
	Response regulator transcription factor - TCS CrrAB
	
99.86%
	
-
	
-

	crrB
	Histidine kinase - TCS CrrAB
	99.5%
	D189E (+);
V237I (+); A11N (X)
	Histidine kinase

	pmrD
	Histidine kinase - Connector
	98.37%
	
E42G (X)
	Pfam

	mgrB
	PhoP/PhoQ regulator
	57.6%
	-70pb
	Transmembrane region


	rpoD
	RNA polymerase sigma factor
	99.73%
	-
	-

	rpoS
	RNA polymerase sigma factor
	99.8%
	-
	-

	rpoE
	RNA polymerase sigma factor
	100%
	-
	-

	


arnA
	

Bifunctional polymyxin resistance protein ArnA - Operon arn
	


96.53%
	Q212L (X);
I260L (+);
N448S (+);
E569D (+);
T635K (X);
T656V (X); S661P (X)
	
Formyl transferase C- terminal; NAD- dependent epimerase/dehydratase

	
arnB
	UDP-4-amino-4-deoxy-L- arabinose-oxoglutarate aminotransferase - Operon arn
	
99.21%
	
-
	
-

	
arnC
	Undecaprenyl-phosphate 4-deoxy-4-formamido-L-arabinose transferase - Operon arn
	
96.54%
	
-33pb
	Transmembrane region

	arnD

	4-deoxy-4-formamido-L- arabinose-phosphoundecaprenol deformylase - Operon arn
	98.23%
	A25E (X);
K29R (+);
V53I (+); I94L (+)
	NodB

	

arnE
	
Flippase subunit 4-amino-4- deoxy-L-arabinose- phosfoundecaprenol - Operon arn
	

100%
	

-
	

-

	
arnF
	Flippase subunit 4-amino-4- deoxy-L-arabinose- phosfoundecaprenol -Operon arn
	
99.74%
	
-
	
-

	

arnT
	
Undecaprenyl phosphate-alpha-4- amino-4-deoxy-L-arabinose arabinosyl transferase -Operon arn
	

99.28%
	
V117I (+);
Q157H (X);
R372K (+); C404S (X)
	

Glycosyl transferase family

	

ugd
	

UDP-glucose 6 dehydrogenase - PmrE
	

95.46%
	

G99A (x); A376V (X)
	
UDP-glucose/GDP-mannose dehydrogenase C- terminal

	
eptA
	Putative cell division protein - Phosphoethanolamine transferase
	
99.45%
	
Q319R (+)
	
N-terminal sulphatase

	
eptB
	Phosphoethanolamine transferase specific for the outer Kdo residue of lipopolysaccharide
	
99.88%
	
-
	
-

	hfq
	RNA-binding protein
	100%
	-
	-

	lpxM
	Lipid biosynthesis acyltransferase A
	99.59%
	-
	-

	rsd
	Sigma70 regulator
	99.80%
	-
	-

	rseA
	Anti-sigma-E factor
	99.69%
	-
	-

	rseB
	Sigma-E factor regulatory protein
	97.18%
	-21pb; A18T(X)
	-

	rseP
	Zinc metalloprotease
	99.70%
	A282V (+)
	PDZ

	surA
	Chaperone
	99.53%
	-
	-

	degS
	Peptidase Do
	83.47%
	-171pb
	transmembrane region


X: A substitution of an amino acid with a different polarity; +: A substitution of an amino acid with the same polarity. 

Table S4: Quantification Cycle Values (Cq) Obtained in RT-qPCR Assays.
	ATCC
	S/ATB
	C/ATB

	pmrd
	23,993
	23,098

	pmrb
	26,157
	26,0488

	phoq
	25,272
	25,713

	rpoe
	21,3498
	20,354

	rpos
	23,354
	22,867

	rpod
	28,479
	31,297

	rpoc
	24,8123
	24,398

	Pol16
	
	

	pmrd
	21,447
	20,434

	pmrb
	27,186
	25,477

	phoq
	24,1503
	22,748

	rpoe
	22,158
	19,664

	rpos
	24,0898
	20,7538

	rpod
	31,3303
	28,0763

	rpoc
	24,125
	23,578





































SUPPLEMENTARY FIGURES


Figure S1: Dissociation-curve and standard curve analyses showing only single peaks and the absence of primer-dimers formation and non specific amplification.


 A: rpoD; B: phoQ; C: pmrD; D: pmrB; E: rpoS; F: rpoE
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O conteúdo gerado por IA pode estar incorreto.]























Figure S2: Sequence Alignment of Colistin Resistance-Associated Genes in Target and Reference Isolates
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