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sequencing was performed on these strains, © L T transcript abundance was quantified using the
software Salmon which employs efficient computational algorithms called quasi-mapping and
expectation-maximisation algorithm for the alignment process. Differential expression analysis for
sequencing data (DESeq) was carried out with an R package DESeq2, and dimensionality reduction
techniques including PCA and tSNE were used for visualisation of samples themselves and the
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Does Phosphomimetic Substitution of Two-Component
Systems in Staphylococcus aureus Cause Different

Gene Expression Profiles Compared to Wild-Type Strains?

Scientific Abstract. Staphylococcus aureus is a Gram-positive pathogen that triggers a
range of infections and other life-threatening conditions (e.g. sepsis, necrotising

pneumonia) with its prominent adaptability in virulence and antibiotic resistance,

clinical globally. A key contributor to this adaptability is

two-component systems (TCSs), which allows for envir | sensing and

flexible gene expression regulations. This study investigated whether phosphomimetic
lly the

regulators with glutamic acid in S. aureus, could alter gene expression profiles in S. aureus

of the conserved aspartic acid residue in response

compared to wild-type strains. Employing the well-studied MW?2 strain for analysis, all 15
non-essential TCSs except for WalKR were deleted to create a minimal background, and
a plasmid with response regulator which was either normal (WT or wild-type) or
constitutively activated by phosphomimetic substitution was reintroduced (SDM or site-
directed mutant). RNA sequencing was performed on these strains, and transcript

abundance was quantified using the software Salmon which uses efficient computational

algorithms called quasi ing and exp i imisation algorithm for the
alignment process. Differential exp analysis for ing data (DESeq) was
carried out with an R package DESeq2, and di ionality red hni includi

PCA and tSNE were used for visualisation of samples themselves and the DESeq results.

As aresult, phosphomimetic substitution caused discernible differences in gene expression

profiles compared to WT, with changes both in up lation and d lation of
regulons in the vast majority of TCSs. Furth differential i of TCS

regulons specifically related to each TCS’s known function were observed, confirming the
characterisations of these TCSs in previous research. Notably, TCSs such as WalKR and
BraSR displayed large expression level changes in SDM in specific genes related to

survival and antibiotic

pectively. Di ionality reduction results also
confirmed distinct clustering patterns between WT and SDM strains, further suppomng
transcriptional divergence. Sut ly, this study luded that pl

lati M , this study

TCS crosstalk based on DESeq results and elucidated many more genes regulated by

mutation in TCSs did alter d gene

multiple TCSs in SDM relative to WT, demonstrating one novel research value of

phosphomimetic mutants in future studies.

Lay Abstract. Staphylococcus aureus is a type of bacteria that causes a wide range of
diseases, from minor skin infections to serious conditions like sepsis (the body’s
overreaction to infections) and pneumonia (lung inflammation). It is a grave threat to our
community because of its ability to rapidly adapt to environmental changes by forming
resistance against antibiotic drugs and enhancing its harmfulness. One way it does so is
through its mechanism called two-component systems (TCSs) which are the signalling
mechanisms that help the bacterium sense environmental signals and adjust its gene
activities accordingly. This study aimed to find out whether a mutation in a component of
TCS in a specific way, called phosphomimetic substitution, would lead to different patterns
of gene activity compared to normal (wild-type) strains. To test this, scientists first created
strains of S. aureus where non-essential TCSs were deleted, leaving only the essential one
for basic survival. Next, they reintroduced a normal or genetically modified version
(phosphomimetic mutant-type) of TCS component that causes constant activation of genes
under its control. By analysing which genes were turned on (expressed), this study
compared how gene activity would differ between the wild-type and mutant-type versions.
The results showed that the phosphomimetic substitution caused clear differences in gene
expression profiles relative to the wild-type strains. It was also observed that some TCSs
showed unique patterns of gene activity increase related to specific functions such as
bacterial survival and antibiotic resistance formation, confirming their previously known
roles in past studies. Advanced visual analysis methods also confirmed that the wild-type
and mutant-type strains showed evidently distinct gene activity patterns as well. Overall,
these findings suggested that phosphomimetic substitution did significantly change how S.
aureus behaves at a genetic level. Moreover, this study examined the interactions between
TCSs, and identified many more genes controlled by multiple TCSs in mutant-type strains
than in wild-type. Given that some of them were not known to be under the control of
multiple TCSs based on the analysis under the normal condition, this result demonstrated

one novel research value of phosphomimetic mutants in future studies.
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