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Table-S1: Strains and plasmids used in the present study 

S. No. Plasmids  Purpose of the study Reference
 1 pET14b E. coli expression vector (ampR) with N-terminal histidine 

tag 
Novagen 

 2 pET14B-STP1 pET14B plasmid with entire SA1062 gene inserted 
between NdeI and BamHI 

1 

 3 pET14B-STKK1 pET14B plasmid with kinase domain of SA1063 gene 
inserted between Nde and BamH1 

This study 

4 pET14B-WalR pET14B plasmid with kinase domain of SA0017 gene 
inserted between XhoI and BamH1 

This study 

 5 pMAD∆STK1chl pMAD containing up- and downstream regions of SA1063 
(stk1)flanking chl 

1,2 

 6 pKOR1∆STP1 pKOR1 containing up- and downstream regions of 
SA1062(stp1) 

1,3 

7 PET14B-SP-STKK pET14B plasmid with kinase domain of the SP-STP 
(SPy_1625, SP-STKK) encoding gene of Streptococcus 
pyogenes M1SF370  inserted between  NdeI and BamH1 
followed by HpaI and BAmH1 digestion and blunt end 
religation  

4 

S. No. Strains Purpose of the study Reference/Source 
 1 DH5α E. coli : F– Φ80lacZ∆M15 ∆(lacZYA-argF) U169 

recA1endA1 hsdR17(rK–, mK+) phoA supE44 λ– thi-1 
gyrA96 relA1: used for cloning

Invitrogen 

 2 BL21(DE3)pLysS E. coli : F- ompT hsdSB (rB
- mB

-) gal dcm(DE3)pLysS 
(Camr) for heterologous protein expression 

Invitrogen 

3 RN4220 Restriction-deficient derivative of NCTC 8325-4 NARSA 
4 S. aureus MW2 

(BK9897) 
Community-associated Methicillin-resistant S. aureus 
parent strain 

NARSA 

5 MW2∆STP1 MW2 lacking SA1062 This study 
6 MW2∆STK1 MW2 lacking SA1063 This study 
7 Streptococcus pyogenes 

M1T1 5448  
For screening Inh-2-screening small molecule inhibitors 
under study, In vivo binding of SP-STK  

4 
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Table S2: Primer sequences used for construction of recombinant proteins, qRT-PCR analysis and probe 
amplification for EMSA. The open reading frame (ORF) numbers are based on the genome sequence 
data of S. aureus N315 strain. 

Restriction sites are in underlined 
 

Primers used for the construction of recombinant proteins 

ORF Name Forward (5-3) Reverse (5-3) 

SA1063 
STKK CTACGGCCATATGATAGGTAAAATAA

TAAATGAACG 
CGCGGGATCCTTAGACATCTTCATTC
GC 

SA1062 
STP CTACGGCCATATGCTAGAGGCACAA

TTTTTTACTGATACTGGAC 
CCGCGGATCCTCATACTTTATCACCT
TCAATAGCCG 

SA0017 
WalR AAACTCGAGATGCAAATGGCTAGAA

AAGTT 
TTTGGATCCCTACTCATGTTGTTGGA
GGAA 

Primer for Real Time PCR 

ORF Gene Forward (5-3) Reverse (5-3) 
SA0017 walR/vicR TGGAAGTATGTCGTGAAG GTGCTGGTTGTGAGTAAT 

SA0265 lytM TAGGTCCAGACGCGAGCTAT CGTCTTTCGCATGACCACTA 

SA0270 ssa-like TCGGTATTGCTGGTGTCAAA CAACACGCCAAACAACAATC 

SA0423 sle1 CGAACTCAGGATCTGCAACA CGCTGCGTTATCCCAGTTAT 

SA0620 
ssaA 
homologue 

CCACCTGATCCACCATTAGG GCTGGTTCAGCATCATCTCA 

SA0710 lytE CACAACAACATGGCACACAA TGAAATCACGTCACCAGGAA 

SA0905 atlA AATGGTTGCATTAACGCTTGT TTGCTGTTTTTGGTTGGACA 
SA1090 lytN TGGGTATGTCGAACAAAGCA TTTCCGTTTGAAATTGCTGA 
SA1898 sceD AGGAAATGCAGGTCACGAAG TTAGTTGCAGGTGCTTGTGC 
SA2093 ssaA AATGGCCGTTCAATCTCAAG ACGTATGCAACGTGACCGTA 
SA2097 ssaA AGGTCAAGCACATCATGCAG ACCGATTTCTCCGCCTACTT 
SA2353 ssaA1 TAACCACACCAGCACCATGT TGTTGGTGGGAAAATTGGTT 

SA2356 isaA CTGCAGGTGCTACTGGTTCA ACAGCTGCGTTGATTTGTTG 

SArRNA01 16S GTTATCCGGAATTATTGGGCG CCGGGCTTTCACATCAGACT 

Primers for probe amplification for EMSA 

Name Forward (5-3) Reverse (5-3) 
PSA0710 AGTACAATTCGGTAGATAGAGTTAG CTTGCTGTCATTCCTTTGCTGTTAG 

PSA0905 AGTTGTATCTATTTTAGAAACATTTGT TTCTATTTATTACTCCTAACAT 

PSA2097 TCCTATTAATTATCTGTTAATCTC GAATAAAGTCCTCCAAAGTTCTAT 

PSA2353 ATCCTCCCAATAATCAAAACACTCT CTTGATGCACTAAACTTTTGAAATAT 



Fig. S1. Colony morphology
and hemolysis patterns of S.
aureus MW2-WT wild-type,
and MW2∆STK1 and
MW2∆STP1 mutant strains on
TSA blood agar plates
incorporated with or without
50µM Inh2-B1. See the
increased hemolysis around
the colonies of the
MW2∆STK1 mutant and
absence of hemolysis around
those of the MW2∆STP1
mutant as depicted in the
enlarged portion of certain
representative colonies shown
under each panel of the
strain. One centimeter bar is
include to facilitate the
determination of the relative
size of the colonies and
corresponding hemolytic
zones around them.



Fig. S2 Determination of susceptibility of S. aureus
MW2 (WT, ∆STK1 and ∆STP1) strains to
Ceftriaxone, Cefotaxime and Inh2 using Muller
Hinton-II media. (A) E™-test strip-based MIC
determination. Cefotriaxone (TX) and Cefotaxime (CT)
using MH-II agar plates. (B) Susceptibility of S. aureus
MW2-WT to Inh2 as determined by the broth dilution
method using Muller-Hinton-II broth containing different
concentrations of Inh2.



Fig S3. Screening of Inh2-derivatives for STKK1 phosphorylation inhibition. (A and D). Screening of Inh2-
derivatives (50 µM as indicated) for their ability to inhibit the kinase activity of S. aureus STKK1 . (B and E)
Coomassie-stained gels and corresponding autoradiograph (C and F) show the dose-dependent inhibitory
activity of a small molecule inhibitors, (B) Inh2 (N-(2,4-Dimethylphenyl)-5-oxo-1-thioxo-4,5-dihydro [1,3]
thiazolo[3,4-α] quinazoline-3-carboxamide) and (E) Inh2-B1 [Methyl 5-oxo-3-(phenyl carbamoyl)-1-thioxo-
4,5dihydro[1,3]thiazolo[3,4-a]quinazoline-8-carboxylate] targeted to S. aureus STKK1 (the soluble kinase
domain of STK1, 280 aa). The dotted rectangles represent the portion of each picture shown in Fig 2 in the
main text.



A B

N-(3,5-dimethylphenyl)-2(3,5-dimethylpyrazol-1-yl)-6-methyl
pyrimidine -4 amine

N-(2,4-dimethylphenyl)-2(3,5-dimethylpyrazol-1-yl)-6-methyl
pyrimidine -4 amine

Fig. S4. Determination of IC50 concentrations of Inh-31 (A) and Inh-32 (B). Dotted lines depicts regression line. 
Each data point represents an average reading obtained from two independent experiments.
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Figure S5. Structure of Inh-2 (compound 1391) and its derivatives. Circled area denotes the location of the side chain
modification. The arrow denotes the site of the original side chain that was deleted to modify the Inh2 and derive new structures.



Figure-S6 Comparison of molecular docking analysis-based binding affinities of Inh-2 and its derivatives with 
crystal structure of the kinase domain of S. aureus STK1 (PDB ID 4EQM).
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100 50 25 12.5 6.3 3.1 1.6 0.78 0.4 0.2 0.1
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C 50 7 0 0 0 0 0 0 0 0 0 1 3

D 25 16 0 6* 10 14 17 15 14 15 14 16 13

E 12.5 22 0 14* 17 17 17 20 20 22 20 21 22

F 6.25 20 0 15* 19 20 20 20 20 20 20 20 18

G 3.125 19 0 12* 22* 22 22 22 20 20 22 18 16

H 1.56 20 0 9* 19* 20 20 20 20 18 16 18 18
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Fig. S7 Checkerboard assay for determining
bactericidal assay. A serial two‐fold dilutions of
2mM of Inh2‐B1 (MW‐ 411.58) and (A) 3mM of
Ceftriaxone (MW 669.7) were made in two separate
96‐well plates in vertical and (B1‐B12 to H1‐H12 wells)
and horizontal (A2‐H2 to A12‐H12 wells) directions
respectively. Serially diluted Inh2‐B1 (100µl) in the
individual well was then mixed with the 100 µl serially
diluted ceftriaxone present in the corresponding wells.
The resulting various combinations of Inh2‐B1(starting
from 1mM) and Ceftriaxone (starting from 1.5 mM) or
Cefotaxime (2.1mM) as well as serially diluted only
Inh2‐B1(B1 to H1) and ceftriaxone (A2‐A12) or
cefotaxime (A2‐A12) were then incorporated in
Muller‐Hinton mini agar plates (2ml) . The agar plates
were then seeded with diluted S. aureus MW2‐
wildtype culture equivalent to approximately 23+3
CFU. This checkerboard assay was used to determine
the ideal combination of lowest concentration Inh2‐B1
and Ceftriaxone that kills 99.9% of the wild‐type MW2.
(B) a similar procedure as described above was
employed to determine the impact on the bactericidal
activity of Cefotaxime in the presence or absence of
Inh2‐B1.

** CFU colony forming units of S. aureus MW2-
A1 well shows CFUs without Inh2-B1 and
Ceftriaxone. A2- A12 CFUs only in the presence
of Ceftriaxone/ Cefotaxime . B1-H1 CFUs only in
the presence of Inh2-B1. * Minute colonies
appeared after 48 h incubation.

A
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Fig . S9. Comparison of the amino acid sequence of kinase domain of S. aureus STK1 with those of other
gram-positive bacteria and M. tuberculosis. The boxed sequence ( *) in red denotes S. aureus STKK1 (Staph-AU-Stk1). The
STKK1 in the present study included 280 aa. Sequence in black denote the conserved residues. Hank’s motif (I-XI) region for
catalytic kinase activity is shown above the sequence comparison. Note the P-loop L16G17GGG20 in S. aureus STKK1 instead of
a conserved GRGGMAD motif. S22,F37,T94 and F150 (pink box) are the unique residues of the catalytic domain of S. aureus
STKK1. Other Ser/Thr Kinases shown in the comparison are from S. pyogenes ( SP-STK), S. agalactiae (SA-STK1), S. mutans
(SM-STK), S. pneumoniae (Pneu-SATK), Enterococcus faecalis (EF-STK), Listeria sp (LL-STK1) and M. tuberculosis (MTB-
STK).
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