
​References​

​Baker,​​J.​​L.,​​Saputo,​​S.,​​Faustoferri,​​R.​​C.,​​&​​Quivey,​​R.​​G.​​(2020).​​Streptococcus​​mutans​​spxa2​​relays​​the​

​signal​ ​of​ ​cell​ ​envelope​ ​stress​ ​from​ ​liar​ ​to​ ​effectors​ ​that​ ​maintain​ ​cell​ ​wall​ ​and​ ​membrane​

​homeostasis.​ ​Molecular​ ​Oral​ ​Microbiology​​,​ ​35​​(3),​ ​118–128.​

​https://doi.org/10.1111/omi.12282​

​Brouwer,​​S.,​​Rivera-Hernandez,​​T.,​​Curren,​​B.​​F.,​​Harbison-Price,​​N.,​​De​​Oliveira,​​D.​​M.​​P.,​​Jespersen,​​M.​

​G.,​​Davies,​​M.​​R.,​​&​​Walker,​​M.​​J.​​(2023).​​Pathogenesis,​​epidemiology​​and​​control​​of​​group​​a​

​streptococcus​ ​infection.​ ​Nature​ ​Reviews​ ​Microbiology​​,​ ​21​​(7),​ ​1–17.​

​https://doi.org/10.1038/s41579-023-00865-7​

​Buschiazzo,​ ​A.,​ ​&​ ​Trajtenberg,​ ​F.​ ​(2019).​ ​Two-Component​ ​sensing​ ​and​ ​regulation:​ ​How​ ​do​​histidine​

​kinases​​talk​​with​​response​​regulators​​at​​the​​molecular​​level?​​Annual​​Review​​of​​Microbiology​​,​

​73​​(1), 507–528. https://doi.org/10.1146/annurev-micro-091018-054627​

​Chiang-Ni,​​C.,​​Chen,​​Y.-W.,​​Chen,​​K.-L.,​​Jiang,​​J.-X.,​​Shi,​​Y.-A.,​​Hsu,​​C.-Y.,​​Chen,​​Y.-Y.​​M.,​​Lai,​​C.-H.,​​&​​Chiu,​

​C.-H.​ ​(2023).​ ​RopB​ ​represses​ ​the​ ​transcription​ ​of​​speB​​in​ ​the​ ​absence​ ​of​ ​SIP​ ​in​ ​group​

​a​​streptococcus​​.​ ​Life​ ​Science​ ​Alliance​​,​ ​6​​(6),​ ​e202201809–e202201809.​

​https://doi.org/10.26508/lsa.202201809​

​Chiang-Ni,​ ​C.,​ ​Chu,​ ​T.-P.,​ ​Wu,​ ​J.-J.,​ ​&​ ​Chiu,​ ​C.-H.​ ​(2016).​ ​Repression​ ​of​ ​rgg​ ​but​ ​not​ ​upregulation​ ​of​

​lacD.1​ ​in​ ​emm1-type​ ​covS​ ​mutant​ ​mediates​ ​the​ ​speB​ ​repression​ ​in​ ​Group​ ​A​​Streptococcus​

​[Review​ ​of​ ​Repression​ ​of​ ​rgg​ ​but​ ​not​ ​upregulation​ ​of​ ​lacD.1​ ​in​ ​emm1-type​ ​covS​ ​mutant​

​mediates​ ​the​ ​speB​ ​repression​ ​in​ ​Group​ ​A​ ​Streptococcus​​].​ ​Frontiers​ ​in​ ​Microbiology​​,​ ​7​​.​

​https://doi.org/10.3389/fmicb.2016.01935​

​Chiang-Ni,​ ​C.,​ ​Tseng,​ ​H.-C.,​ ​Hung,​ ​C.-H.,​ ​Chiu,​ ​C.-H.,​ ​Tseng,​ ​H.-C.,​ ​Hung,​ ​C.-H.,​ ​&​ ​Chiu,​ ​C.-H.​ ​(2017).​

​Acidic​ ​stress​ ​enhances​ ​covr/s-dependent​ ​gene​ ​repression​ ​through​ ​activation​ ​of​ ​the​ ​covR/S​

​promoter​ ​in​ ​emm1​ ​-type​ ​group​ ​A​ ​streptococcus.​ ​International​ ​Journal​ ​of​ ​Medical​

​Microbiology​​,​​307​​(6), 329–339. https://doi.org/10.1016/j.ijmm.2017.06.002​

​49​



​Chiang-Ni,​​C.,​​Tseng,​​H.-C.,​​Shi,​​Y.-A.,​​&​​Chiu,​​C.-H.​​(2019).​​Effect​​of​​phosphatase​​activity​​of​​the​​control​

​of​ ​virulence​ ​sensor​ ​(covs)​ ​on​ ​clindamycin-mediated​ ​streptolysin​ ​O​ ​production​ ​in​ ​group​ ​A​

​streptococcus​​.​​Infection and Immunity​​,​​87​​(12). https://doi.org/10.1128/iai.00583-19​

​Dewangan,​ ​Y.,​ ​Berdimurodov,​ ​E.,​ ​&​ ​Verma,​ ​D.​ ​K.​ ​(2023).​ ​Amino​ ​acids:​ ​Classification,​ ​synthesis​

​methods,​ ​reactions,​ ​and​ ​determination.​ ​Elsevier​ ​eBooks​​,​ ​3–23.​

​https://doi.org/10.1016/b978-0-323-91684-4.00015-3​

​Faozia,​ ​S.,​ ​Hossain,​ ​T.,​ ​&​ ​Cho,​ ​K.​ ​H.​ ​(2023).​ ​The​ ​dlt​ ​and​ ​liafsr​ ​systems​ ​derepress​ ​speb​ ​production​

​independently​ ​in​ ​the​ ​δpde2​ ​mutant​ ​of​ ​streptococcus​ ​pyogenes.​ ​Frontiers​ ​in​ ​Cellular​ ​and​

​Infection Microbiology​​,​​13​​. https://doi.org/10.3389/fcimb.2023.1293095​

​Ganguly,​​T.,​​Kajfasz,​​J.​​K.,​​Abranches,​​J.,​​&​​Lemos,​​J.​​A.​​(2020).​​Regulatory​​circuits​​controlling​​spx​​levels​

​in​ ​streptococcus​ ​mutans​​.​ ​Molecular​ ​Microbiology​​,​ ​114​​(1),​ ​109–126.​

​https://doi.org/10.1111/mmi.14499​

​Heydenreich,​ ​F.​ ​M.,​ ​Miljuš,​ ​T.,​ ​Jaussi,​ ​R.,​ ​Benoit,​ ​R.,​ ​Milić,​ ​D.,​ ​&​ ​Veprintsev,​ ​D.​ ​B.​ ​(2017).​

​High-throughput​ ​mutagenesis​ ​using​ ​a​ ​two-fragment​ ​PCR​ ​approach.​ ​Scientific​ ​Reports​​,​ ​7​​(1),​

​6787. https://doi.org/10.1038/s41598-017-07010-4​

​Hirakawa,​ ​H.,​ ​Kurushima,​ ​J.,​ ​Hashimoto,​ ​Y.,​ ​&​ ​Tomita,​ ​H.​ ​(2020).​ ​Progress​ ​overview​ ​of​ ​bacterial​

​two-component​ ​regulatory​ ​systems​ ​as​ ​potential​ ​targets​ ​for​ ​antimicrobial​ ​chemotherapy.​

​Antibiotics (Basel, Switzerland)​​,​​9​​(10), E635. https://doi.org/10.3390/antibiotics9100635​

​Jung,​​C.-J.,​​Hsu,​​C.-C.,​​Chen,​​J.-W.,​​Cheng,​​H.-W.,​​Yuan,​​C.-T.,​​Kuo,​​Y.-M.,​​Hsu,​​R.-B.,​​&​​Chia,​​J.-S.​​(2021).​

​PspC​ ​domain-containing​ ​protein​ ​(PCP)​ ​determines​ ​streptococcus​ ​mutans​ ​biofilm​ ​formation​

​through​ ​bacterial​ ​extracellular​ ​DNA​ ​release​ ​and​ ​platelet​ ​adhesion​ ​in​ ​experimental​

​endocarditis.​ ​PLoS​ ​Pathogens​​,​ ​17​​(2),​ ​e1009289–e1009289.​

​https://doi.org/10.1371/journal.ppat.1009289​

​Kanwal,​ ​S.,​ ​&​ ​Vaitla,​ ​P.​ ​(2024).​ ​Streptococcus​ ​pyogenes​​.​ ​PubMed;​ ​StatPearls​ ​Publishing.​

​https://www.ncbi.nlm.nih.gov/books/NBK554528​

​50​



​Lin,​​Y.,​​Sanson,​​M.​​A.,​​Vega,​​L.​​A.,​​Shah,​​B.,​​Regmi,​​S.,​​Cubria,​​M.​​B.,​​&​​Flores,​​A.​​R.​​(2020).​​ExPortal​​and​

​the​​liafsr​​regulatory​​system​​coordinate​​the​​response​​to​​cell​​membrane​​stress​​in​​streptococcus​

​pyogenes.​​MBio​​,​​11​​(5). https://doi.org/10.1128/mbio.01804-20​

​Liu,​ ​C.,​ ​Sun,​ ​Di,​ ​Zhu,​ ​J.,​ ​&​ ​Liu,​ ​W.​ ​(2019).​ ​Two-Component​ ​signal​ ​transduction​ ​systems:​ ​A​ ​major​

​strategy​ ​for​ ​connecting​ ​input​ ​stimuli​ ​to​ ​biofilm​ ​formation.​ ​Frontiers​ ​in​ ​Microbiology​​,​ ​9​​.​

​https://doi.org/10.3389/fmicb.2018.03279​

​Liu,​ ​D.,​ ​Hao,​ ​W.,​ ​Cui,​ ​S.,​ ​&​ ​Zhao,​ ​Q.​ ​(2023).​ ​Comprehensive​ ​optimization​ ​of​ ​western​ ​blotting.​ ​Gels​​,​

​9​​(8), 652–652. https://doi.org/10.3390/gels9080652​

​Miettinen,​​M.,​​Vedantham,​​M.,​​&​​Pulliainen,​​A.​​T.​​(2019).​​Host​​poly(ADP-ribose)​​polymerases​​(parps)​

​in​ ​acute​ ​and​ ​chronic​ ​bacterial​ ​infections.​ ​Microbes​ ​and​ ​Infection​​,​ ​21​​(10),​ ​423–431.​

​https://doi.org/10.1016/j.micinf.2019.06.002​

​Mirzaei,​ ​M.​ ​K.,​ ​&​ ​Nilsson,​​A.​​S.​​(2015).​​Isolation​​of​​phages​​for​​phage​​therapy:​​A​​comparison​​of​​spot​

​tests​ ​and​ ​efficiency​ ​of​ ​plating​ ​analyses​ ​for​ ​determination​ ​of​ ​host​ ​range​ ​and​ ​efficacy.​ ​PLOS​

​ONE​​,​​10​​(3), e0118557. https://doi.org/10.1371/journal.pone.0118557​

​Murase,​ ​K.,​ ​Aikawa,​ ​C.,​ ​Nozawa,​ ​T.,​ ​Nakatake,​ ​A.,​ ​Sakamoto,​ ​K.,​ ​Kikuchi,​ ​T.,​ ​&​ ​Nakagawa,​ ​I.​ ​(2021).​

​Biological​ ​effect​ ​of​ ​streptococcus​ ​pyogenes-Released​ ​extracellular​ ​vesicles​ ​on​ ​human​

​monocytic​ ​cells,​ ​induction​ ​of​ ​cytotoxicity,​ ​and​ ​inflammatory​ ​response.​ ​Frontiers​ ​in​ ​Cellular​

​and Infection Microbiology​​,​​11​​. https://doi.org/10.3389/fcimb.2021.711144​

​Otsuka,​​T.,​​Hatano,​​A.,​​Matsumoto,​​M.,​​&​​Matsui,​​H.​​(2025).​​A​​robust​​protocol​​for​​proteomic​​profiling​

​of​ ​secreted​ ​proteins​ ​in​ ​conditioned​ ​culture​ ​medium.​ ​Biology​​Methods​​and​​Protocols​​,​ ​10​​(1).​

​https://doi.org/10.1093/biomethods/bpaf068​

​Palmer,​ ​S.​ ​R.,​ ​Ren,​ ​Z.,​ ​Hwang,​ ​G.,​ ​Liu,​ ​Y.,​ ​Combs,​ ​A.,​ ​Söderström,​ ​B.,​ ​Lara​ ​Vasquez,​ ​P.,​ ​Khosravi,​ ​Y.,​

​Brady,​​L.​​J.,​​Koo,​​H.,​​&​​Stoodley,​​P.​​(2019).​ ​Streptococcus​​mutans​​yidC1​ ​and​​yidC2​​Impact​​Cell​

​Envelope​ ​Biogenesis,​ ​the​ ​Biofilm​ ​Matrix,​ ​and​ ​Biofilm​ ​Biophysical​ ​Properties.​ ​Journal​ ​of​

​Bacteriology​​,​​201​​(1). https://doi.org/10.1128/jb.00396-18​

​51​



​Pang,​ ​X.,​ ​Wu,​ ​Y.,​ ​Liu,​ ​X.,​ ​Wu,​ ​Y.,​ ​Shu,​ ​Q.,​ ​Niu,​ ​J.,​ ​Chen,​ ​Q.,​ ​&​ ​Zhang,​ ​X.​ ​(2022).​ ​The​ ​lipoteichoic​

​acid-related​​proteins​​yqgs​​and​​lafa​​contribute​​to​​the​​resistance​​of​​listeria​​monocytogenes​​to​

​nisin.​​Microbiology Spectrum​​,​​10​​(1). https://doi.org/10.1128/spectrum.02095-21​

​Port,​ ​G.​ ​C.,​ ​Cusumano,​ ​Z.​ ​T.,​ ​Tumminello,​ ​P.​ ​R.,​ ​&​ ​Caparon,​ ​M.​ ​G.​ ​(2017).​ ​SpxA1​ ​and​ ​spxa2​ ​act​

​coordinately​ ​to​ ​fine-tune​ ​stress​ ​responses​ ​and​ ​virulence​ ​in​ ​streptococcus​ ​pyogenes​​.​ ​MBio​​,​

​8​​(2). https://doi.org/10.1128/mbio.00288-17​

​Port,​​G.​​C.,​​Vega,​​L.​​A.,​​Nylander,​​A.​​B.,​​&​​Caparon,​​M.​​G.​​(2014).​​Streptococcus​​pyogenes​​polymyxin​

​b-resistant​ ​mutants​ ​display​ ​enhanced​ ​exportal​ ​integrity.​ ​Journal​ ​of​ ​Bacteriology​​,​ ​196​​(14),​

​2563–2577. https://doi.org/10.1128/jb.01596-14​

​Raz,​ ​A.,​ ​&​ ​Fischetti,​ ​V.​ ​A.​ ​(2022,​ ​September​ ​3).​ ​The​ ​spatial​ ​regulation​ ​of​ ​protein​ ​sorting​ ​in​

​streptococcus​ ​pyogenes​​.​ ​Nih.Gov;​ ​University​ ​of​ ​Oklahoma​ ​Health​ ​Sciences​ ​Center.​

​https://www.ncbi.nlm.nih.gov/books/NBK587108/​

​Rojas-Tapias,​​D.​​F.,​​&​​Helmann,​​J.​​D.​​(2019).​​Roles​​and​​regulation​​of​​spx​​family​​transcription​​factors​​in​

​bacillus​ ​subtilis​ ​and​ ​related​ ​species.​ ​Advances​ ​in​ ​Microbial​ ​Physiology​​,​ ​75​​,​ ​279–323.​

​https://doi.org/10.1016/bs.ampbs.2019.05.003​

​Russo,​ ​B.​ ​T.,​ ​Ayinuola,​ ​Y.​ ​A.,​ ​Singh,​ ​D.,​​Carothers,​​K.,​​Fischetti,​​V.​​A.,​​Flores-Mireles,​​A.​​L.,​​Lee,​​S.​​W.,​

​Ploplis,​ ​V.​ ​A.,​ ​Liang,​ ​Z.,​ ​&​ ​Castellino,​ ​F.​ ​J.​ ​(2020).​ ​The​ ​M​ ​protein​ ​of​​streptococcus​​pyogenes​

​strain​ ​AP53​ ​retains​ ​cell​ ​surface​ ​functional​ ​plasminogen​ ​binding​ ​after​ ​inactivation​ ​of​ ​the​

​sortase A gene.​​Journal of Bacteriology​​,​​202​​(10).​​https://doi.org/10.1128/jb.00096-20​

​Sanson,​​M.​​A.,​​Vega,​​L.​​A.,​​Shah,​​B.,​​Regmi,​​S.,​​Cubria,​​M.​​B.,​​Horstmann,​​N.,​​Shelburne,​​S.​​A.,​​&​​Flores,​

​A.​​R.​​(2021).​​The​​liafsr​​transcriptome​​reveals​​an​​interconnected​​regulatory​​network​​in​​group​

​A streptococcus.​​Infection and Immunity​​,​​89​​(11). https://doi.org/10.1128/iai.00215-21​

​Sarkar,​ ​P.,​ ​&​ ​Sumby,​ ​P.​ ​(2016).​ ​Regulatory​ ​gene​ ​mutation:​ ​A​ ​driving​ ​force​ ​behind​ ​group​

​aStreptococcusstrain-​ ​and​ ​serotype-specific​ ​variation.​ ​Molecular​ ​Microbiology​​,​ ​103​​(4),​

​576–589. https://doi.org/10.1111/mmi.13584​

​52​



​Sewgoolam,​ ​B.,​ ​Jim,​ ​K.​ ​K.,​ ​Bakker,​ ​V.​ ​de,​ ​Bock,​ ​F.​ ​P.,​ ​Gibson,​ ​P.​ ​S.,​ ​&​ ​Veening,​ ​J.-W.​ ​(2025).​

​Genome-wide​​antibiotic-CRISPRi​​profiling​​identifies​​liar​​activation​​as​​a​​strategy​​to​​resensitize​

​fluoroquinolone-resistant​ ​streptococcus​ ​pneumoniae.​ ​Nature​ ​Communications​​,​ ​16​​(1),​

​6491–6491. https://doi.org/10.1038/s41467-025-61814-x​

​Shannon,​​B.​​A.,​​Hurst,​​J.​​R.,​​Flannagan,​​R.​​S.,​​Craig,​​H.​​C.,​​Rishi,​​A.,​​Kasper,​​K.​​J.,​​Tuffs,​​S.​​W.,​​Heinrichs,​

​D.​ ​E.,​ ​&​ ​McCormick,​ ​J.​ ​K.​ ​(2024).​ ​Streptolysin​ ​S​ ​is​ ​required​ ​for​ ​streptococcus​ ​pyogenes​

​nasopharyngeal​ ​and​ ​skin​ ​infection​ ​in​ ​hla-transgenic​ ​mice.​ ​PLoS​ ​Pathogens​​,​ ​20​​(3),​

​e1012072–e1012072. https://doi.org/10.1371/journal.ppat.1012072​

​Shatri,​ ​G.,​ ​&​ ​Tadi,​ ​P.​ ​(2021).​ ​Polymyxin​​.​ ​PubMed;​ ​StatPearls​ ​Publishing.​

​https://www.ncbi.nlm.nih.gov/books/NBK557540/​

​Silva,​ ​D.,​ ​Santos,​ ​G.,​ ​Barroca,​ ​M.,​ ​Costa,​ ​D.,​ ​&​ ​Collins,​ ​T.​ ​(2023).​ ​Inverse​ ​PCR​ ​for​ ​site-directed​

​mutagenesis.​ ​Methods​ ​in​ ​Molecular​ ​Biology​ ​(Clifton,​ ​N.J.)​​,​ ​2967​​,​ ​223–238.​

​https://doi.org/10.1007/978-1-0716-3358-8_18​

​Terao,​ ​Y.​ ​(2012).​ ​The​ ​virulence​ ​factors​ ​and​ ​pathogenic​ ​mechanisms​ ​of​ ​Streptococcus​ ​pyogenes.​

​Journal of Oral Biosciences​​,​​54​​(2), 96–100. https://doi.org/10.1016/j.job.2012.02.004​

​Vega,​​L.​​A.,​​Malke,​​H.,​​&​​McIver,​​K.​​S.​​(2022,​​October​​7).​ ​Virulence-Related​​transcriptional​​regulators​

​of​ ​streptococcus​ ​pyogenes​​.​ ​Nih.Gov;​ ​University​ ​of​ ​Oklahoma​ ​Health​ ​Sciences​ ​Center.​

​https://www.ncbi.nlm.nih.gov/books/NBK587097​

​Vega,​​L.​​A.,​​Sanson-Iglesias,​​M.,​​Mukherjee,​​P.,​​Buchan,​​K.​​D,​​Morrison,​​G.,​​Hohlt,​​A.​​E.,​​&​​Flores,​​A.​​R.​

​(2024).​ ​LiaR-dependent​ ​gene​ ​expression​ ​contributes​ ​to​ ​antimicrobial​ ​responses​ ​in​ ​group​ ​A​

​streptococcus​​.​ ​Antimicrobial​ ​Agents​ ​and​ ​Chemotherapy​​,​ ​68​​(12).​

​https://doi.org/10.1128/aac.00496-24​

​Wang,​ ​B.,​ ​&​ ​Cleary,​ ​P.​ ​P.​ ​(2019).​ ​Intracellular​ ​invasion​ ​by​ ​Streptococcus​ ​pyogenes:​ ​Invasins,​ ​host​

​receptors,​ ​and​ ​relevance​ ​to​ ​human​ ​disease.​ ​Microbiology​ ​Spectrum​​,​ ​7​​(4).​

​https://doi.org/10.1128/microbiolspec.gpp3-0049-2018​

​53​



​Xie,​​Y.,​​Li,​​J.,​​Ding,​​Y.,​​Shao,​​X.,​​Sun,​​Y.,​​Xie,​​F.,​​Liu,​​S.,​​Tang,​​S.,​​&​​Deng,​​X.​​(2022).​​An​​atlas​​of​​bacterial​

​two-component​ ​systems​ ​reveals​ ​function​ ​and​ ​plasticity​ ​in​ ​signal​ ​transduction.​ ​Cell​​Reports​​,​

​41​​(3), 111502. https://doi.org/10.1016/j.celrep.2022.111502​

​Zakharova,​ ​A.​​A.,​​Efimova,​​S.​​S.,​​&​​Ostroumova,​​O.​​S.​​(2022).​​Lipid​​microenvironment​​modulates​​the​

​pore-forming​ ​ability​ ​of​ ​polymyxin​ ​B.​ ​Antibiotics​​,​ ​11​​(10),​ ​1445.​

​https://doi.org/10.3390/antibiotics11101445​

​Zschiedrich,​​C.​​P.,​​Keidel,​​V.,​​&​​Szurmant,​​H.​​(2016).​​Molecular​​mechanisms​​of​​two-component​​signal​

​transduction.​ ​Journal​ ​of​ ​Molecular​ ​Biology​​,​ ​428​​(19),​ ​3752–3775.​

​https://doi.org/10.1016/j.jmb.2016.08.003​

​54​


