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Reviewer #1 (Remarks to the Author):

The study by Claverie et al. aims to conduct a systematic examination of the two-component 

sensory network (TCS) in Streptococcus agalactiae. The authors undertake a transcriptomic 

analysis of mutants in the phosphatase motif of each histidine kinase (HK+), assuming that this 

mutation results in constitutive phosphorylation of the RR. This assumption is necessary due to 

the experimental conditions, where the signals activating most TCSs are unlikely to be present. 
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observe positive feedback in 7 HK+. Additionally, they express 3xFlag-tagged RRs in strains with 

wild-type HK and HK+, observing the phosphorylated form of RR in only two of 14 RRs via 
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examined, with variable regulon sizes and overlap between regulons. From this point, the 
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CovRS, the role of adhesin PbsP in the regulation of SaeRS and CovRS, and the activity of BreRS. 
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contribute to the overall understanding of the S. agalactiae TCS network.

Major comments

Lines 110-116: In the case of WalkR, it is understood that compensatory mutations are 

generated when WalkR is mutated because its activity is essential, but in this case the mutation 

generated in VicST221A keeps the system constitutively active (phosphorylated) and the 

bacterium does not seem to like this and tries to compensate with other mutations. In general, 

all strains producing the mutant form of HK should be complemented with the wild-type form to 

exclude compensatory mutations in other genes.
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mutation that the mutant has, the mutant would need to be complemented. RelRS pass the 
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be indicated in the graph with asterisks.

Line 168: Wouldn't there be 5? Hss, Rel, Sar and Bce but CovS also appears related to VikS. This 
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- Lines 206-208: The manuscript suddenly introduces a new mutant, CovRD53A, which cannot 

be phosphorylated. This sentence is not well understood. I think it means that inactivation of 

the RR activates the signalling pathways repressed by the active TCS. The way it is written, it 

seems very confusing to me. On the other hand, this comparison between the constitutively 

phosphorylated and non-phosphorylated form is very interesting and I think the manuscript 
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BceRS.

Lines 213-214 The authors admit that the analysis with the non-phosphorylatable mutant is 

more informative than with the constitutively active mutant. This statement seems to contradict 

their whole approach.
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Line 225-226: This phenotype seems to be multifactorial and not only related to the regulation 

of Cyl genes, I do not understand how this result facilitates the understanding of the message of 

the manuscript.

Minor comments

Line 118, reproductible, change for reproducible
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disadvantage.

Lines 201-202: If the genes repressed by VicS are 17 and by Cov are 14, the total number of 

repressed genes is 31 and not 32.
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Figure 1C: HK+ mutants should be reported as SaeS+, etc. A consistent criterion in 
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- Line 542: “…time (F = Dx / DWT mean)” switch for “(Fitness = Doubling time x / Doubling time 

WT mean)”.

- Line 543: “(dashes)” switch for “(dashes lines)”.

Figure 2A: Indicate that 1000x, 100x, 10x refers to the FC.

The genes represented in the CovR node are induced in a CovR mutant, so they are repressed by 

CovR, while the rest of the nodes represent genes induced by the active form of HK (HK+). The 
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from induced genes.
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detected by the CovRS system.

Supplementary Figure S2: HK11030 and VncS results are in Figure 2, remove them to avoid 

duplication.

Reviewer #2 (Remarks to the Author):

In this manuscript, the authors made phosphatase KO mutations in 14 sensor kinases of two-
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and cross-regulation. The key results are:

1. HK11050-RR11055 system and RelRS were cross-regulated by VikRS and CiaRH TCS, 

respectively.

2. The SaeRS TCS activates the CovRS TCS through the surface protein PbsP.

3. BceRS activation confers resistance to nisin and gramicidin but makes the cells more 

sensitive to colistin. Of the BceRS regulon, BceD and BceO were not required for the nisin 



resistance, but BceP was required to some extent.

Based on these results, the authors concluded that the phosphatase KO mutation approach 

can be broadly applied to studying TCS in any species.

The methods employed are robust, and most data are of high quality and clear. In general, the 

authors' conclusions are well-supported by the presented data. The utility of the phosphatase 

KO approach was demonstrated for 11 TCSs. However, I still have some concerns:

1. It remains unclear whether the phosphatase KO mutation approach can be universally 

applied. Only two RRs out of 14 showed elevated phosphorylation in the phos-tag assay (Fig. 
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CovR (inactive) and CovS (active) mutants is puzzling (Fig 3B). One would expect an inverse 

relationship, but this was not observed.
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of PbsP (PbsPdC-ter).
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supporting their claims such as “the BceRS system is active in the absence of drugs,” “The 

BceRS response is adaptative ..”, “… the response is constrained by its cost against 

antimicrobial peptides”, or “ the BCeRS system actively monitors and adjust surface-exposed 

lipid II metabolites.” It would be more suitable for the Discussion section rather than the 

Results.

Other minor comments
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phenotypes.

3. Line 178-179, 181: There is no Fig. 2E. May be 2D?

4. Line 250: It is unclear what the authors mean by “dynamic” of the response.

5. Line 411: Hepes pH7.4 -> HEPES pH 7.4

6. Line 487: 18h -> 18 h

7. Line 504: I am not sure how Supplementary Table S4 is related to the cloning step.

Reviewer #3 (Remarks to the Author):

The manuscript of Claverie et al. describes the characterisation of 14/20 two-component 

systems (TCS) of GBS through the manipulation of the histidine kinase to prevent 

dephosphorylation of the cognate response regulator. This is an exciting approach that has 

been used to investigate the function of single TCS in other bacteria, but never at scale 

23?1>7032 63>3P ,63:/;A?1>7=@ 7? 3D@>3:39E C399 C>7@@3; C7@6 ;<B39 F;27;5? >39/@32 @< / ;A:03>

of TCS and their networks.

I have a few minor comments

,6><A56<A@ @63:/;A?1>7=@ @63 +@>3=@<1<11A?./9' 6<:<9<5 7? 1/9932 -78+Q & 1/;;<@ F;2 @67?

name anywhere in the literature. I would change to the VicK as has been published previously.

Line 126: In Supplementary table 3, what do the coloured boxes denote. Need a legend on the 

table. What is the CMI acronym?



Line 132: The Todd Hewitt Yeast Extract broth used is not standard (there are a number of 
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in the text eg. pH7.4 1% YE.

Line 133 Is the fold change Log2? Cannot directly compare to the graph in Fig 1C.
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Only 2/14 TCS could show increased phosphorylation on the RR? Find this result surprising and 

it is not commented on. Do you think that it is due to it being FLAG tagged disrupting function? 

Or that the Asp phosphorylation is too liable in 12/14? Please address.

Line 148 rich media, change to THY.

Line 150 delete highly

Have the P-values been analysed to give false discovery rate? Can the P-value give you the level 
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Line 157: Why were mobile genetic elements excluded?

Line 190: What is IFCI?

Line 264: Please highlight that this is in S. gordonii.

Line 275: Could the improved growth of the SaeST133A be a consequence of the alleviation of 

the massive over expression of the proteins eg. Deletion of bvaP in the T133A also helps 
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Line 331: All methods are complementary, would tone down this. But the HK+ approach is 

exciting. But does require that point mutation can be introduced into the native HK – not put on 

plasmids.

Line 373: In S. aureus, the T389A WalK mutation is dominant over the repressive activity of 

YycH/YycI, so not true for all HK with interacting regulators.

Line 418: Can the pG1 plasmid be described, or the sequence deposited. Went back through 

the literature and got to an unpublished plasmid.

Line 421: Please elaborate on the steps for mutant construction. How was the plasmid 

integrated (Broth vs plate), how long was the clone serially passaged at 30degC. Was the PCR 
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Line 431 – What is being done in Geneious Prime – what settings were used? SNP calling 

threshold. What was the mapping program?



Line 513 change deposit.
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REVIEWER COMMENTS 
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2#54"$&.3 ;'"1 ('4 1""3 4' 9&," 4+&1 #(; 4$&"1 4' 5'36"(1#4" =&4+ '4+"$ 3.4#4&'(1@ [( /"("$#9) 

#99 14$#&(1 6$';.5&(/ 4+" 3.4#(4 0'$3 '0 HI 1+'.9; 2" 5'369"3"(4"; =&4+ 4+" =&9;:4-6" 0'$3 

4' "G59.;" 5'36"(1#4'$- 3.4#4&'(1 &( '4+"$ /"("1@ 
A" #$" 5'(0&;"(4 &( 4+" /"('4-6":6+"('4-6" $"9#4&'(1+&61@ M99 4+" 3.4#(41 .1"; &( 4+&1 14.;- 

="$" 1"V."(5"; E8.669"3"(4#$- *#29" 8QF@ %'$ 4+" HIJ 5'99"54&'() NN '.4 '0 4+" NO 3.4#(41 

+#<" /"('3"1 &;"(4&5#9 4' 4+#4 '0 4+" 6#$"(4#9 =&9;:4-6" EA*F 14$#&() =&4+ 4+" '(9- ;&00"$"(5" 

2"&(/ 4+" &(4$';.5"; HIJ 3.4#4&'(@ *+&1 "G59.;"1 4+" 6'11&2&9&4- '0 5'36"(1#4'$- 3.4#4&'(1 

;." 4' 8>T1) ;"9"4&'(1_&(1"$4&'(1) '$ 5+$'3'1'3#9 $"#$$#(/"3"(41@ %'$ '(" #;;&4&'(#9 14$#&( 

EK"98F) #( "G4$# 4+-3&;&(" &1 6$"1"(4 &( # 14$"45+ '0 1&G 4+-3&;&("1 &( # B` a*K) =+&5+ #99'=1 

.1 4' 2" 5'(0&;"(4 &( 4+" /"('4-6":6+"('4-6" $"9#4&'(1+&6 0'$ K"98 4''@ 

A" $"5'/(&1" 4+#4 4+" 1"5'(;#$- 3.4#4&'( &( Y&5IT221A &1 # 9&3&4#4&'(@ *+&1 &11." =#1 

16"5&0&5#99- 3"(4&'("; &( 4+" $"1.941 1"54&'() =&4+ # $"0"$"(5" #;;$"11&(/ 4+" 5'33'( 6$'29"3 

'0 1"5'(;#$- 3.4#4&'(1 &( +'3'9'/'.1 A#9KI 1-14"31 ENP@NPBb_(5'331NOOPF E9&("1 NNO:

NNbF@ >"<"$4+"9"11) 4+" 4$#(15$&64'3" '0 4+" Y&5IT221A 3.4#(4 59"#$9- 1+'=1 # 5'(1"$<"; 

0.(54&'( 5'36#$"; 4' +'3'9'/'.1 1-14"31 &( $"9#4"; 2#54"$&# E$"/.9#4&'( '0 5"99 =#99 

$"3';"99&(/F) &(;&5#4&(/ 4+#4 4+" HIJ 3.4#4&'( &(;""; #54&<#4"1 4+" 1&/(#9&(/ 6#4+=#-@ 

M1 ;"3'(14$#4"; &( 1"<"$#9 16"5&"1) 4+" A#9KI_Y&5KI 1-14"31 #$" 4+" '(9- "11"(4&#9 E'$ 

5$&4&5#9_5'(;&4&'(#99- "11"(4&#9F *?8@ U'4+ &(#54&<#4&'( #(; 5'(14&4.4&<" #54&<#4&'( &36'1" # 

0&4("11 5'14) +&/+9&/+4&(/ 4+" 4&/+4 $"/.9#4&'( '0 5"99 =#99 3"4#2'9&13 ;.$&(/ /$'=4+@ 



[36'$4#(49-) 4+" Y&5IT221A 3.4#(4 &1 .(14#29") #55.3.9#4&(/ #;;&4&'(#9 5'36"(1#4'$- 

3.4#4&'(1 ;.$&(/ /$'=4+ E#1 1+'=( &( 8.669"3"(4#$- %&/ 8N?F@ *+&1 5'369&5#4"1 

5'369"3"(4#4&'() #1 &4 $"V.&$"1 4+" 6$"6#$#4&'( '0 5'36"4"(4 5"991 #(; 1"9"54&'( '0 

4$#(10'$3#(41@ ]'$"'<"$) 14#(;#$; <"54'$:2#1"; 5'369"3"(4#4&'( 5#(('4 2" .1"; ;." 4' # /"(" 

;'1#/" "00"54 E3.94&5'6- <"54'$F) =+&5+ &1 5$&4&5#9 0'$ $"/.9#4'$- 6$'4"&(1) #(; 2"5#.1" 

Y&5IT221A &1 # /#&(:'0:0.(54&'( 3.4#4&'(@ *+" #94"$(#4&<") $"6#&$&(/ 4+" 5+$'3'1'3#9 3.4#4&'() 

$"V.&$"1 &(4"/$#4&(/ # ("= 5'(14$.54 #4 4+" 9'5.1) =+&5+ &(#54&<#4"1 4+" =+'9" 1-14"3) 4+"$"2- 

5$"#4&(/ 5'(;&4&'(1 4+#4 1"9"54 0'$ ("= 1"5'(;#$- 3.4#4&'(1@ 

W<"$#99) '.$ $"1.941 1+'= 4+" #54&<#4&'( '0 # 5'(1"$<"; 1&/(#9&(/ 6#4+=#- 2- 4+" Y&5IT221A

3.4#4&'( &( cU8@ H'="<"$) =" ;&; ('4 6.$1." # ;"4#&9"; #(#9-1&1 '0 Y&5KI@ *+" HIJ #66$'#5+ 

&1 &(0'$3#4&<" 2.4 ('4 1.00&5&"(4 0'$ 1.5+ /9'2#9 #(; ("#$9- "11"(4&#9 $"/.9#4'$@ [41 ("5"11&4- 0'$ 

/$'=4+ &36'1"1 5'(14$#&(41 #(; $"V.&$"1 5'369"3"(4#$- #66$'#5+"1) 1.5+ #1 ?+[T:1"V."(5&(/) 

#1 ;'(" 0'$ 4+" A#9KI +'3'9'/."1 &( 1"<"$#9 16"5&"1 ENP@NNQb_32&'@PQQ^Q:QB) 

NP@NPBb_(5'331NOOPB) NP@LddO_"\&0"@dQPbb) NP@NPLB_6(#1@PbPPQOLNPdF@ 

\&("1 NBO:NB^S *' ,('= &0 4+&1 &(;.54&'( &1 ;." 4' 4+" <&,8J 3.4#4&'( #(; ('4 4' 4+" '00 4#$/"4 

3.4#4&'( 4+#4 4+" 3.4#(4 +#1) 4+" 3.4#(4 ='.9; (""; 4' 2" 5'369"3"(4";@ K"9K8 6#11 4+" 

1&/(&0&5#(5" #(; 4+" %? '0 Qe [4 1""31 4+#4 4+"- #$" #4 4+" 1#3" 6'&(4 #1 <&,K8 &( <&,8J &( 

=+&5+ 4+"- #$" ('4 5'(1&;"$"; 4' 2" &(;.5";@ T"$+#61 4+" 1&/(&0&5#(5" '0 4+" *?8 4+#4 6#11 &4 

1+'.9; 2" &(;&5#4"; &( 4+" /$#6+ =&4+ #14"$&1,1@ 

A" 4+#(, 4+" $"<&"="$ 0'$ 6'&(4&(/ '.4 4+&1 #32&/.&4-@ M1 1.//"14";) =" +&/+9&/+4"; 4+" 1"<"( 

#.4':$"/.9#4"; *?8 &( %&/.$" N?@ A" +#<" #91' #;;"; # $"0"$"(5" 4' # ("= 1.669"3"(4#$- 4#29" 

OX &( 4+" %&/@ N? 9"/"(;@ *+" 1.669"3"(4#$- 4#29" OX ('= 1+'=1 #99 4+" ;#4# E9'/Q %? #(; 6:

#;CF #(; 5#( 2" .1"; 4' <&"= 4+" *?8 C.14 2"9'= 4+" 4+$"1+'9;1 E0"";2#5, '0 ?&#KH) K/0M? &( 

8#"8f U5"K8 &( Y&5IF #(; 4+" /"("$#9 6"$4.$2#4&'( #11'5&#4"; =&4+ 4+" #54&<#4&'( '0 4+" 4=' 

/9'2#9 $"/.9#4'$1 ?'<8 #(; Y&5I E6:#;C g P@PPPN 0'$ 1"<"$#9 *?8F@ 

\&(" N^bS A'.9;(h4 4+"$" 2" de H11) K"9) 8#$ #(; U5" 2.4 ?'<8 #91' #66"#$1 $"9#4"; 4' Y&,8@ 

*+&1 &(4"$#54&'( &1 1+'=( &( 0&/.$" Q! 2.4 ('4 3"(4&'("; &( 4+" 4"G4@

*+" $"<&"="$ &1 $&/+4@ H'="<"$) =" +#<" 5+'1"( ('4 4' 3"(4&'( ?'<8 #4 4+&1 14#/"@ A" 

3"(4&'("; C.14 #04"$=#$;1 &( 4+" $"1.941 4+#4 =" #(#9-1"; 4+" ?'<8 3.4#(4 1"6#$#4"9- E('= 9&(" 

QNZF@ *+&1 &1 ;." 4' 4+" 6#$4&5.9#$&4&"1 '0 4+" ?'<K8 1-14"3) =+&5+ &1 # $"6$"11'$ 1-14"3@ T9"#1" 

$"0"$ 4' 4+" $"16'(1" 4' 4+" ("G4 5'33"(4 2"9'= 5'(5"$(&(/ 4+" ;";&5#4"; 1"54&'( iM54&<#4&'( 

'0 4+" /9'2#9 $"6$"11'$ '0 <&$.9"(5" ?'<K8j@   

: \&("1 QP^:QPbS *+" 3#(.15$&64 1.;;"(9- &(4$';.5"1 # ("= 3.4#(4) ?'<K!dBM) =+&5+ 5#(('4 

2" 6+'16+'$-9#4";@ *+&1 1"(4"(5" &1 ('4 ="99 .(;"$14'';@ [ 4+&(, &4 3"#(1 4+#4 &(#54&<#4&'( '0 

4+" KK #54&<#4"1 4+" 1&/(#99&(/ 6#4+=#-1 $"6$"11"; 2- 4+" #54&<" *?8@ *+" =#- &4 &1 =$&44"() &4 

1""31 <"$- 5'(0.1&(/ 4' 3"@ W( 4+" '4+"$ +#(;) 4+&1 5'36#$&1'( 2"4=""( 4+" 5'(14&4.4&<"9- 

6+'16+'$-9#4"; #(; ('(:6+'16+'$-9#4"; 0'$3 &1 <"$- &(4"$"14&(/ #(; [ 4+&(, 4+" 3#(.15$&64 

1+'.9; /' &( 4+&1 ;&$"54&'( $#4+"$ 4+#( 9'',&(/ #4 16"5&0&5 #16"541 '$ 6+"('4-6"1 '0 ?'<K8 #(; 

U5"K8@ 

A" #5,('=9";/" 4+#4 =" 1+'.9; +#<" 6$'<&;"; 3'$" &(0'$3#4&'( '( ?'<K8 &( 4+" &(&4&#9 

3#(.15$&64) =&4+ &41 ;&14&(54&<" 0"#4.$"1@ A" +#<" 6$"<&'.19- 5+#$#54"$&R"; 4+" ;&$"54 ?'<K 

$"/.9'( 2- K>M:1"V."(5&(/ #(; ?+[T:1"V."(5&(/) 1+'=&(/ 4+" 5'369"G&4- '0 4+&1 /9'2#9 

$"6$"11'$ '0 <&$.9"(5" =+&5+ &1 #54&<" &( #21"(5" '0 "(<&$'(3"(4#9 1&/(#9 

ENP@NBLN_C'.$(#9@6/"(@NPPZL^NF@ [( 4+&1 3#(.15$&64) =" &(59.;"; 4+" 6$"<&'.19- ;"15$&2"; 

&(#54&<#4"; 3.4#(4 E?'<KD53AF #1 ="99 #1 '.$ /"('3":=&;" 2&(;&(/ ;#4#@  

A" +#<" $"='$;"; 6#$#/$#6+1 &( 4+" kM54&<#4&'( '0 4+" /9'2#9 $"6$"11'$ '0 <&$.9"(5" ?'<K8` 

$"1.94 1"54&'( 4' 2"44"$ &(4$';.5" ?'<K 16"5&0&5&4&"1 #(; 4+" ?'<KD53A 3.4#(4 E9&("1 Q^Q:QLOFS 



iW( 4+" '4+"$ +#(;) # 5'36#$#4&<" #(#9-1&1 '0 $"6$"11"; /"("1 &( ?'<8T282A =&4+ 4+" 

,('=( ?'<K $"/.9'( 1+'=1 4+" 9&3&4#4&'(1 '0 4+" HI+ #66$'#5+ 0'$ 5+#$#54"$&R&(/ 4+" ?'<K8 

1-14"3@ [(;"";) '(9- d '.4 '0 NO $"6$"11"; /"("1 &( 4+" ?'<8T282A 3.4#(4 2"9'(/ 4' 4+" ?'<K 

$"/.9'( '0 NdB /"("1 6$"<&'.19- ;"4"$3&("; =&4+ 9'11 '0 0.(54&'( 3.4#(41 1@ *+&1 ;&00"$"(5" 5#( 

2" #44$&2.4"; 4' #('4+"$ 16"5&0&5 0"#4.$"1 '0 4+" ?'<K8 1-14"3) =+&5+ &1 #54&<" &( 4+" #21"(5" 

'0 #( "(<&$'(3"(4#9 1&/(#9 1@ *+" ?'<8T282A 4$#(15$&64'3" 4+"$"0'$" 1.//"141 4+#4 ?'<K '<"$:

#54&<#4&'( ;'"1 ('4 4$#(19#4" &(4' &(5$"#1"; $"6$"11&'( '0 4#$/"4"; /"("1@  

*' 0.$4+"$ #(#9-1" 4+" ?'<K8 1-14"3) =" 5'36#$"; 4+" 4$#(15$&64'3" '0 4+" #54&<#4"; 

?'<8T282A 3.4#(4 =&4+ 4+#4 '0 4+" &(#54&<#4"; ?'<KD53A 3.4#(4) =+&5+ 5#(('4 2" 

6+'16+'$-9#4"; 2- ?'<8) #(; #91' &(59.;"; '.$ /"('3":=&;" ?'<K 2&(;&(/ #(#9-1&1 ;'(" 2- 

?+[T:1"V 1@ 8&;" 2- 1&;" 4$#(15$&64'3" 5'36#$&1'( 1+'="; 4+#4 &(#54&<#4&'( '0 ?'<K #54&<#4"1 

4+" 1&/(#9&(/ 6#4+=#- $"6$"11"; 2- 4+" #54&<" ?'<K8 1-14"3) =&4+'.4 # /"("$#9 &(<"$1" 

$"9#4&'(1+&6 &( 4+" ?'<8T282A 3.4#(4 E%&/@ BMF@) lj 

K"/#$;&(/ 4+" 1.//"14&'( 4' 0.$4+"$ 5+#$#54"$&R" ?'<K8 1&/(#9&(/) =" #$" '0 5'.$1" <"$- 

&(4"$"14"; &( # ;"4#&9"; 5'36#$#4&<" #(#9-1&1 2"4=""( 6+'16+'$-9#4"; #(; ('(:6+'16+'$-9#4"; 

?'<K@ H'="<"$) 4+&1 ='.9; $"V.&$" # 5'36#$#4&<" #(#9-1&1 2"4=""( ;&00"$"(4 A* 14$#&(1 ;." 

4' 4+" 69#14&5&4- #(; &(4$#:16"5&"1 "<'9.4&'( '0 4+" ?'<K $"/.9'( E#( #;;&4&'(#9 5+#$#54"$&14&5 '0 

?'<K8F@ A" +#<" /"("$#4"; #(; #(#9-1"; # 1"5'(; ?'<8T282A 3.4#(4 &( # ;&00"$"(4 A* 

2#5,/$'.(;@ *+" #(#9-1&1 &1 5'369"G) =&4+ 14$#&(:16"5&0&5&4&"1 #(; 1"<"$#9 4-6"1 '0 6$'3'4"$1 

$"16'(;&(/ ;&00"$"(49- 4' ?'<K 6+'16+'$-9#4&'() #1 $"5"(49- ;"15$&2"; 0'$ 4+" +'3'9'/'.1 

?'<K8 1-14"3 '0 Streptococcus pyogenes .1&(/ 1&3&9#$ ?'<8T282A 3.4#4&'(

ENP@NNQb_C2@PPNNb:QB) NP@NBLN_C'.$(#9@66#4@NPPLBdOF@ *+"1" ?'<K 3"5+#(&14&5 #(; 

"<'9.4&'(#$- &(1&/+41 $"V.&$" # ;";&5#4"; $"6'$4@ 

\&("1 QNB:QNO *+" #.4+'$1 #;3&4 4+#4 4+" #(#9-1&1 =&4+ 4+" ('(:6+'16+'$-9#4#29" 3.4#(4 &1 

3'$" &(0'$3#4&<" 4+#( =&4+ 4+" 5'(14&4.4&<"9- #54&<" 3.4#(4@ *+&1 14#4"3"(4 1""31 4' 5'(4$#;&54 

4+"&$ =+'9" #66$'#5+@ 

*+&1 &1 16"5&0&5 4' 4+" ?'<K8 1-14"3) #1 =" &(&4&#99- 3"(4&'(";S k*+" ?'<8T282A 3.4#4&'( '00"$1 

&(1&/+4 &(4' 4+" 5'369"G&4- '0 4+" ?'<K $"/.9#4'$- ("4='$, 2.4 &1 9"11 &(0'$3#4&<" 4+#( 4+" 

&(#54&<#4&'( '0 4+" 1-14"3@`@  

>"<"$4+"9"11) =" +#<" $"='$;"; 4+" 1"(4"(5" 4' #<'&; #(- #32&/.&4- E('= 9&("1 QLb:QLZFS 

i8&(5" 4+" &(#54&<#4&'( '0 4+" ?'<K8 $"6$"11'$ 1-14"3 &1 3'$" &(0'$3#4&<" 4+#( &41 '<"$:
#54&<#4&'() =" &(59.;"; 4+" ?'<KD53A 4$#(15$&64'3" &( 4+" HI+ ;#4#1"4@j 

\&(" QQPS *+" ;&00"$"(5"1 &( +#"3'9-1&1 #$" ('4 ;&14&(/.&1+#29" &( 4+" 6+'4'/$#6+1 1+'=( &( 

4+" 0&/.$"@

A" +#<" ('= 6$'<&;"; +&/+:$"1'9.4&'( &3#/"1 0'$ 4+" $"<&1"; <"$1&'() $#4+"$ 4+#( "32";;&(/ 

4+"3 &( # 6;0@ [( #;;&4&'() =" 3';&0&"; 4+" 5'(4$#14 '0 4+" &3#/"1 E+'3'/"("'.19- #5$'11 #99 

&3#/"1F &( %&/.$" B? 4' 2"44"$ +&/+9&/+4 4+" +-6"$:+#"3'9-4&5 3.4#(41 E=+&5+ 9'="$ 4+" 

;&00"$"(5" 2"4=""( 4+" A* #(; 4+" +-6':+#"3'9-4&5 3.4#(41F@ 

%'$ -'.$ 5'(<"(&"(5") =" +#<" 6$'<&;"; &3#/"1 '0 4+" 5'369"4" 69#4"1 Ec$#(#;# #(; ?'9.32&# 

#/#$F 2"9'=@ 



\&(" QQd:QQ^S *+&1 6+"('4-6" 1""31 4' 2" 3.94&0#54'$&#9 #(; ('4 '(9- $"9#4"; 4' 4+" $"/.9#4&'( 

'0 ?-9 /"("1) [ ;' ('4 .(;"$14#(; +'= 4+&1 $"1.94 0#5&9&4#4"1 4+" .(;"$14#(;&(/ '0 4+" 3"11#/" 

'0 4+" 3#(.15$&64@ 

[(;"";) '.$ $"1.941 1+'= 4+#4 m:+_5 4'G&( 6+"('4-6"1 #$" 3.94&0#54'$&#9@ [4 =#1 .("G6"54"; 4' 

&;"(4&0- 1"<"$#9 #54&<#4"; *?8 =&4+ #94"$"; m:+_5 4'G&( 6+"('4-6"1@ ]'$"'<"$) ('4 #9=#-1 

5'$$"9#4&(/ =&4+ cyl 4$#(15$&64&'(@ *+" HIJ #66$'#5+ ('4 '(9- &;"(4&0&"; #54&<#4"; *?8 =&4+ 

#94"$"; 4'G&( 6+"('4-6"1) &4 #99'="; 4' 5+#$#54"$&R" 4+" 2#1&1 '0 4+&1 #94"$"; 6+"('4-6"1) 

$"<"#9&(/ #( '$&/&(#9 3"5+#(&13 9&(,&(/ 8#"K8 =&4+ ?'<K8 <&# 4+" T21T #;+"1&( E=&4+ m:+_5 
6+"('4-6"1 ;"6"(;"(4 '0 cyl 4$#(15$&64&'(F #(; 4+" 0.(54&'( '0 4+" U5"K8 1-14"3 &( 5"99 

"(<"9'6" +'3"'14#1&1 E=&4+ m:+_5 6+"('4-6"1 &(;"6"(;"(4 '0 cyl 4$#(15$&64&'(F@ M94'/"4+"$) =" 

;"3'(14$#4" 4+" <"$1#4&9&4- '0 4+" HIJ #66$'#5+ 4' &;"(4&0- $"/.9#4'$- ("4='$,1 #(; 4' 

5+#$#54"$&R" &(;&<&;.#9 1-14"31) $"<"#9&(/ .(&V." 2&'9'/- ;&$"549- 9&(,"; 4' 4+" <&$.9"(5" '0 

S. agalactiae@ 

]&('$ 5'33"(41

\&(" NNb) $"6$';.54&29") 5+#(/" 0'$ $"6$';.5&29" 

!'("

\&(" NNZS i#(; 4=' +#<&(/ 16"5&0&5 6+"('4-6"1j *+"- ='.9; #54.#99- +#<" # 0&4("11 

;&1#;<#(4#/"@ 

A" +#<" 3';&0&"; 4+" 1"(4"(5" #55'$;&(/9- E('= 9&(" NQNS il 4+" Y&5IT221A #(; 8#"8T133A

+#<" 0&4("11 ;"0"54@jF@ 

\&("1 QPN:QPQS [0 4+" /"("1 $"6$"11"; 2- Y&58 #$" NL #(; 2- ?'< #$" NO) 4+" 4'4#9 (.32"$ '0 

$"6$"11"; /"("1 &1 BN #(; ('4 BQ@ 

*+"- #$" /"("1 $"6$"11"; 2- 3'$" 4+#( '(" 1-14"3) 1' 4+" 4'4#9 (.32"$ &1 ('4 #( #;;&4&'(@ *+" 

BQ /"("1 #$" 9&14"; &( 8.669"3"(4#$- *#29" 8Oc #(; #$" #91' &99.14$#4"; &( %&/@ QU@ [( #;;&4&'( 

4' Y&5I #(; ?'<8) '(" /"(" &1 1&/(&0&5#(49- $"6$"11"; &( Y(58) Q 2- K"98) Q 2- ?&#H) N 2- 

K8P^ZOP) #(; N 2- U5"8@  

A" +#<" #3"(;"; 4+" 1"(4"(5" E('= 9&(" QdbF 0'$S kM93'14 #99 $"6$"11"; /"("1 #$" $"/.9#4"; 

2- 4+" 4=' /9'2#9 $"/.9#4'$1 Y&5I ENL /"("1F #(; ?'<8 ENO /"("1F@` 



\&(" NLZS *+"$" &1 (' 1"54&'( X &( 0&/.$" Q@ 

*+#(, -'.@ *+" 16"99&(/ 3&14#," +#1 2""( 5+#(/"; E%&/ Q!F@ 

\&(" QQPS *+" ;&00"$"(5"1 &( +#"3'9-1&1 #$" ('4 ;&14&(/.&1+#29" &( 4+" 6+'4'/$#6+1 1+'=( &( 

4+" 0&/.$"@ 

T9"#1" $"0"$ 4' 4+" $"16'(1" 4' 4+" &;"(4&5#9 5'33"(4 #2'<"@ 

%&/.$" N?S HIJ 3.4#(41 1+'.9; 2" $"6'$4"; #1 8#"8J) "45@ M 5'(1&14"(4 5$&4"$&'( &( 

('3"(59#4.$" 1+'.9; 2" 3#&(4#&("; &( #99 4#29"1) 0&/.$"1 #(; 4"G4@ *+&1 ='.9; 0#5&9&4#4" $"#;&(/@

*' 2" 6$"5&1" #(; 5'(1&14"(4) =" +#<" +'3'/"(&R"; 4+" (#3"1 2- &(;&5#4&(/ 4+" 3.4#4&'( 0'$ 

"#5+ <#$&#(4 E"@/@ 8#"8T133AF &( 4+" 4"G4) 0&/.$"1 #(; 4#29"1@ A+"( =" $"0"$ 4' 4+" #66$'#5+ '$ 4' 

4+" 5'99"54&'( '0 3.4#(41) =" 5#99 &4 HI+@ 

: \&(" dOQS il4&3" E% n !G _ !A* 3"#(Fj 1=&45+ 0'$ iE%&4("11 n !'.29&(/ 4&3" G _ !'.29&(/ 

4&3" A* 3"#(Fj@ 

M1 6'&(4"; 2- $"<&"="$ Q) =" 5'$$"54"; 4+" 0'$3.9# 0'$ iE%&4("11 n !'.29&(/ 4&3" A* 3"#( _ 

!'.29&(/ 4&3" oFj@

: \&(" dOBS iE;#1+"1Fj 1=&45+ 0'$ iE;#1+"1 9&("1Fj@ 

!'("@

%&/.$" QMS [(;&5#4" 4+#4 NPPPG) NPPG) NPG $"0"$1 4' 4+" %?@ 

!'("@

*+" /"("1 $"6$"1"(4"; &( 4+" ?'<K (';" #$" &(;.5"; &( # ?'<K 3.4#(4) 1' 4+"- #$" $"6$"11"; 

2- ?'<K) =+&9" 4+" $"14 '0 4+" (';"1 $"6$"1"(4 /"("1 &(;.5"; 2- 4+" #54&<" 0'$3 '0 HI EHIJF@ 

*+" /"("1 '0 4+" ?'<K (';" 1+'.9; 2" 1+'=( &( # ;&00"$"(4 5'9'.$ 4' ;&14&(/.&1+ $"6$"11"; 

/"("1 0$'3 &(;.5"; /"("1@ 

*+#(, -'. 0'$ 4+" 1.//"14&'(@ A" +#<" +&/+9&/+4"; ?'<K:$"6$"11"; /"("1 .1&(/ # ;&00"$"(4 

5'9'.$@ 

%&/.$" O%S *+" 0&/.$" 1+'.9; $"09"54 =+#4 &1 3"(4&'("; &( 4+" 4"G4 4+#4 4+" #;+"1&( 3#- 2" 

&(4"$#54&(/ =&4+ ?'<8 '$ 5'$"/.9#4'$- 6$'4"&(1 '$ &(;.5&(/ 1.$0#5" 6"$4.$2#4&'(1 16"5&0&5#99- 

;"4"54"; 2- 4+" ?'<K8 1-14"3@ 

*+#(, -'. 0'$ 4+" 1.//"14&'(@ A" #;;"; 4+" 84,N_?'<8_M2GN $"/.9#4'$- 6$'4"&(1 '( %&/ O%@ 

8.669"3"(4#$- %&/.$" 8QS HINNPBP #(; Y(58 $"1.941 #$" &( %&/.$" Q) $"3'<" 4+"3 4' #<'&; 

;.69&5#4&'(@ 

*+" 8.669"3"(4#$- %&/.$" Q 6$'<&;"1 # 5'36$"+"(1&<" <&"= '0 4+" 3.4#(41@ A" 2"9&"<" &4 &1 

&36'$4#(4 4' +#<" #99 4$#(15$&64'3" 1&;" 2- 1&;" 0'$ ;&$"54 5'36#$&1'(@ A" ='.9; +#<" 9&,"; 4' 

&(59.;" 4+" "(4&$" "(1"329" #1 # 3#&( 0&/.$") 2.4 16#5" 5'(14$#&(41 6$"<"(4"; .1 0$'3 ;'&(/ 1'@ 

*+"$"0'$") =" &99.14$#4"; 4+" %&/@ Q =&4+ HINNPBP #(; Y(58) #(; .1"; 4+" <'95#(' &( %&/@ BM 
0'$ ?'<8 #(; &( %&/@ OM 0'$ 8#"8@ 

Reviewer #2 (Remarks to the Author): 

[( 4+&1 3#(.15$&64) 4+" #.4+'$1 3#;" 6+'16+#4#1" IW 3.4#4&'(1 &( NO 1"(1'$ ,&(#1"1 '0 4=':

5'36'("(4 1-14"31 &( c$'.6 U 14$"6 #(; 5+#$#54"$&R"; 4+"&$ "00"54 '( /$'=4+) #.4'$"/.9#4&'() 

#(; 5$'11:$"/.9#4&'(@ *+" ,"- $"1.941 #$"S 

N@ HINNPdP:KKNNPdd 1-14"3 #(; K"9K8 ="$" 5$'11:$"/.9#4"; 2- Y&,K8 #(; ?&#KH *?8) 

$"16"54&<"9-@ 

Q@ *+" 8#"K8 *?8 #54&<#4"1 4+" ?'<K8 *?8 4+$'./+ 4+" 1.$0#5" 6$'4"&( T21T@ 

B@ U5"K8 #54&<#4&'( 5'(0"$1 $"1&14#(5" 4' (&1&( #(; /$#3&5&;&( 2.4 3#,"1 4+" 5"991 3'$" 

1"(1&4&<" 4' 5'9&14&(@ W0 4+" U5"K8 $"/.9'() U5"! #(; U5"W ="$" ('4 $"V.&$"; 0'$ 4+" (&1&( 

$"1&14#(5") 2.4 U5"T =#1 $"V.&$"; 4' 1'3" "G4"(4@  

U#1"; '( 4+"1" $"1.941) 4+" #.4+'$1 5'(59.;"; 4+#4 4+" 6+'16+#4#1" IW 3.4#4&'( #66$'#5+ 5#( 

2" 2$'#;9- #669&"; 4' 14.;-&(/ *?8 &( #(- 16"5&"1@ 



*+" 3"4+';1 "369'-"; #$" $'2.14) #(; 3'14 ;#4# #$" '0 +&/+ V.#9&4- #(; 59"#$@ [( /"("$#9) 4+" 

#.4+'$1h 5'(59.1&'(1 #$" ="99:1.66'$4"; 2- 4+" 6$"1"(4"; ;#4#@ *+" .4&9&4- '0 4+" 6+'16+#4#1" 

IW #66$'#5+ =#1 ;"3'(14$#4"; 0'$ NN *?81@ H'="<"$) [ 14&99 +#<" 1'3" 5'(5"$(1S 

N@ [4 $"3#&(1 .(59"#$ =+"4+"$ 4+" 6+'16+#4#1" IW 3.4#4&'( #66$'#5+ 5#( 2" .(&<"$1#99- 

#669&";@ W(9- 4=' KK1 '.4 '0 NO 1+'="; "9"<#4"; 6+'16+'$-9#4&'( &( 4+" 6+'1:4#/ #11#- E%&/@ 

N!F) #(; 4+" HIJ 3.4#4&'( ;&; ('4 1&/(&0&5#(49- #00"54 4+" #54&<&4- '0 \&#8 #(; T+'8 E%&/@ 8QF@ 

W.$ 1-14"3#4&5 #(#9-1&1 1+'=1 4+#4 4+" #66$'#5+ 5#( 2" /"("$#99-) 2.4 ('4 .(&<"$1#99-) #669&";@ 

W.$ $"1.941 <#9&;#4" 4+" 5'(1"$<"; 3"5+#(&13 '0 6+'16+#4#1" #54&<&4- 0'$ #93'14 #99 

H&1IM_IMB) 2.4 1+'= <#$&#29" #54&<#4&'( '0 4+" 1&/(#9&(/ 6#4+=#- ;"6"(;&(/ '( "#5+ *?8@ 

8-14"3#4&5 #66$'#5+"1 &( '4+"$ 16"5&"1 #$" ('= $"V.&$"; 4' ;"0&(" i$.9"1j 4' 6$";&54 +'= #( 

.(5+#$#54"$&R"; 1-14"3 =&99 $"16'(; 4' 4+" 1"9"54&<" &(#54&<#4&'( '0 4+" HI 6+'16+#4#1" 

#54&<&4-@ 

A" 2"9&"<" 4+#4 $"6'$4&(/ 4+" ("/#4&<" $"1.941 0'$ \&#8 #(; T+'18 &1 &36'$4#(4@ *+" 9#5, '0 

6.29&1+"; ("/#4&<" $"1.941 &1 '(" '0 4+" 3#&( $"#1'(1 0'$ '.$ i(#p<"j 1-14"3#4&5 #66$'#5+@ A&4+ 

'(9- # 0"= &(;&<&;.#9 "G#369"1 6.29&1+"; =+"$" 4+" #66$'#5+ ='$,";) &4 =#1 &36'11&29" 4' 

#11"11 &41 /"("$#9 #669&5#2&9&4-@ [4 $"3#&(1 ('= 4' 2" ;"4"$3&("; =+- \&#8 #(; T+'18 E#(; 4' # 

9"11"$ "G4"(4) H118F #$" ('4 $"16'(;&(/@ [( 4+" ;&15.11&'() =" 1.//"14"; 4+#4 ("/#4&<" 0"";2#5, 

9''61 2- 13#99 6$'4"&(1 '0 4+" $"/.9'( 5'.9; 9'5, \&#8 #(; T+'18 &( # ,&(#1":;"0&5&"(4 

5'(0'$3#4&'() 4+"$"2- ("/#4&(/ 4+" "00"54 '0 HIJ 3.4#4&'(1 E9&("1 OLZ:ObQF@ M94"$(#4&<"1 

1+'.9; #91' 2" "G69'$";) "16"5&#99- 4+" in vivo 1&/(&0&5#(5" '0 6+'16+#4#1" #54&<&4- #(; 4+" +&/+ 

$#4" '0 16'(4#("'.1 ;"6+'16+'$-9#4&'( '0 4+" 5'/(#4" $"/.9#4'$1 5'36#$"; 4' '4+"$ KK1@ 

M1 #91' ('4"; 2- K"<&"="$ B) =" ="$" 1.$6$&1"; 2- 4+" 9'= (.32"$ '0 $"/.9#4'$1 1+'=&(/ 

&(5$"#1"; 6+'16+'$-9#4&'( 2- T+'1:*#/@ H'="<"$) ;." 4' 4+" "G6"$&3"(4#9 5'(;&4&'(1 E"54'6&5 

"G6$"11&'( '0 #( "6&4'6":4#//"; <#$&#(4 &( #( HIJ 3.4#(4 5'(4#&(&(/ 4+" A* $"/.9#4'$F) =" 

5'.9;(h4 ;$#= 5'(59.1&'(1 0'$ 3'14 $"/.9#4'$1 E&( 5'(4$#14 4' 4+" 4$#(15$&64'3&5 #66$'#5+F@ *+" 

T+'1:4#/ "G6"$&3"(4 +#1 1"<"$#9 9&3&41) 1.5+ #1 5'36"4&4&'( 2"4=""( 4+" A* #(; "54'6&5#99- 

"G6$"11"; <#$&#(41 E4+" 9#44"$ '0 =+&5+ &1 ('4 /.#$#(4""; 4' 2" 0.(54&'(#9F) <#$&#2&9&4- &( 

6+'16+'$-9#4"; #16#$4#4" 14#2&9&4-) #(; ;&00"$"(5"1 &( "G6$"11&'( 9"<"91 #(; 14#2&9&4- '0 4+" 

"G6$"11"; "6&4'6":4#//"; $"/.9#4'$ ;"16&4" 2"&(/ 4"14"; .(;"$ 4+" 1#3" 5'(;&4&'(1@ 

?'(1"V."(49-) 4+" 6+'16+'$-9#4&'( '0 "#5+ KK 3.14 2" #11"11"; &(;&<&;.#99- .1&(/ 16"5&0&5 

#(4&2';&"1 #/#&(14 4+" (#4&<" 0'$3 #(; 5'(1&;"$&(/ 4+"&$ 16"5&0&5 $#4"1 '0 16'(4#("'.1 

;"6+'16+'$-9#4&'(@ 

*+" &(&4&#9 ;&15.11&'( &(59.;"; '(" 1"(4"(5" E('= 9&("1 ObL:OZNF'( 4+" (""; 4' 16"5&0&5#99- 4"14 
"#5+ 1-14"3 &(;&<&;.#99-S iH'="<"$) ;"4#&9"; #(#9-1&1 &1 $"V.&$"; 4' ;"5&6+"$ 6+'16+'$-9#4&'( 

;-(#3&51 &( "#5+ 6+'16+#4#1":;"0&5&"(4 HI+ #(; 5'$$"9#4" in vivo KK 6+'16+'$-9#4&'( =&4+ 

$"/.9#4'$- ("4='$, #54&<#4&'() 5'(1&;"$&(/ <#$&#29" 0#54'$1 9&," 4+" 1'.$5" '0 KK 

6+'16+'$-9#4&'( E,&(#1" #54&<&4- '0 4+" HI+ <#$&#(4) 5$'11:4#9, 2- '4+"$ HI) 13#99 3"4#2'9&4"1F 

#(; 16"5&0&5 16'(4#("'.1 ;"6+'16+'$-9#4&'( $#4"1 '0 4+" 9#2&9" #16#$4#4" $"1&;."1j@  

A" +#<" ('= #;;"; # 1"(4"(5" &( 4+" $"1.941 1"54&'( E9&("1 Ndb:N^PF 1.33#$&R&(/ 4+" 

9&3&4#4&'(1 '0 1-14"3#4&5 V.#(4&0&5#4&'( 2- T+'1:*#/S iH'="<"$) ;." 4' 5'36"4&4&'( 2"4=""( 

A* #(; "6&4'6":4#//"; $"/.9#4'$1 #(; <#$&#2&9&4- &( 4+" 14#2&9&4- '0 6+'16+'$-9#4"; #16#$4#4") 

(' 5'(59.1&'(1 5'.9; 2" ;$#=( 0'$ 3'14 $"/.9#4'$1@ *+&1 +&/+9&/+41 4+" (""; 4' V.#(4&0- 4+" 

9"<"9 '0 6+'16+'$-9#4&'( .1&(/ 16"5&0&5 #(4&2';&"1 ;&$"54"; #/#&(14 "#5+ (#4&<" KKj@ 

Q@ *+" 9#5, '0 # 1&/(&0&5#(4 $"9#4&'(1+&6 2"4=""( 4+" "G6$"11&'(1 '0 ;&$"54 4#$/"41 '0 ?'<K8 &( 

?'<K E&(#54&<"F #(; ?'<8 E#54&<"F 3.4#(41 &1 6.RR9&(/ E%&/ BUF@ W(" ='.9; "G6"54 #( &(<"$1" 

$"9#4&'(1+&6) 2.4 4+&1 =#1 ('4 '21"$<";@ 

*+" $"<&"="$ &1 $&/+4@ H'="<"$) =" ="$" ('4 1.$6$&R";) 5'(1&;"$&(/ 4+" 5'369"G&4- '0 4+" 

?'<K8 $"/.9#4'$- ("4='$, #(; 4+" 6.29&1+"; #(#9-1"1 '( 4+" +'3'9'/'.1 ?'<K8 1-14"3 =&4+ 



1&3&9#$ &(#54&<" #(; #54&<" 3.4#(41 &( Streptococcus pyogenes ENP@NNQb_C2@PPNNb:QB) 

NP@NBLN_C'.$(#9@66#4@NPPLBdOF@ 

%'99'=&(/ 4+" $"3#$, '0 $"<&"="$ N) =" +#<" $"='$;"; 6#$#/$#6+1 &( 4+" kM54&<#4&'( '0 4+" 

/9'2#9 $"6$"11'$ '0 <&$.9"(5" ?'<K8` $"1.94 1"54&'( E9&("1 Q^Q:QLOF 4' 2"44"$ &(4$';.5" ?'<K 

16"5&0&5&4&"1 #(; 4+" ?'<KD53A 3.4#(4S 

iW( 4+" '4+"$ +#(;) # 5'36#$#4&<" #(#9-1&1 '0 $"6$"11"; /"("1 &( ?'<8T282A =&4+ 4+" 

,('=( ?'<K $"/.9'( 1+'=1 4+" 9&3&4#4&'(1 '0 4+" HI+ #66$'#5+ 0'$ 5+#$#54"$&R&(/ 4+" ?'<K8 

1-14"3@ [(;"";) '(9- d '.4 '0 NO $"6$"11"; /"("1 &( 4+" ?'<8T282A 3.4#(4 2"9'(/ 4' 4+" ?'<K 

$"/.9'( '0 NdB /"("1 6$"<&'.19- ;"4"$3&("; =&4+ 9'11 '0 0.(54&'( 3.4#(41 1@ *+&1 ;&00"$"(5" 5#( 

2" #44$&2.4"; 4' #('4+"$ 16"5&0&5 0"#4.$"1 '0 4+" ?'<K8 1-14"3) =+&5+ &1 #54&<" &( 4+" #21"(5" 

'0 #( "(<&$'(3"(4#9 1&/(#9 1@ *+" ?'<8T282A 4$#(15$&64'3" 4+"$"0'$" 1.//"141 4+#4 ?'<K '<"$:

#54&<#4&'( ;'"1 ('4 4$#(19#4" &(4' &(5$"#1"; $"6$"11&'( '0 4#$/"4"; /"("1@  

*' 0.$4+"$ #(#9-1" 4+" ?'<K8 1-14"3) =" 5'36#$"; 4+" 4$#(15$&64'3" '0 4+" #54&<#4"; 

?'<8T282A 3.4#(4 =&4+ 4+#4 '0 4+" &(#54&<#4"; ?'<KD53A 3.4#(4) =+&5+ 5#(('4 2" 

6+'16+'$-9#4"; 2- ?'<8) #(; #91' &(59.;"; '.$ /"('3":=&;" ?'<K 2&(;&(/ #(#9-1&1 ;'(" 2- 

?+[T:1"V 1@ 8&;" 2- 1&;" 4$#(15$&64'3" 5'36#$&1'( 1+'="; 4+#4 &(#54&<#4&'( '0 ?'<K #54&<#4"1 

4+" 1&/(#9&(/ 6#4+=#- $"6$"11"; 2- 4+" #54&<" ?'<K8 1-14"3) =&4+'.4 # /"("$#9 &(<"$1" 

$"9#4&'(1+&6 &( 4+" ?'<8T282A 3.4#(4 E%&/@ BMF@) lj 

A" #$" <"$- &(4"$"14"; &( # ;"4#&9"; 5'36#$#4&<" #(#9-1&1 2"4=""( 6+'16+'$-9#4"; #(; ('(:

6+'16+'$-9#4"; ?'<K@ H'="<"$) 4+&1 ='.9; $"V.&$" # 5'36#$#4&<" #(#9-1&1 2"4=""( ;&00"$"(4 

A* 14$#&(1 ;." 4' 4+" 69#14&5&4- #(; &(4$#:16"5&"1 "<'9.4&'( '0 4+" ?'<K $"/.9'( E#( #;;&4&'(#9 

5+#$#54"$&14&5 '0 ?'<K8F@ A" +#<" /"("$#4"; #(; #(#9-1"; # 1"5'(; ?'<8T282A 3.4#(4 &( # 

;&00"$"(4 A* 2#5,/$'.(;@ *+" #(#9-1&1 &1 5'369"G) =&4+ 14$#&(:16"5&0&5&4&"1 #(; 1"<"$#9 4-6"1 

'0 6$'3'4"$1 $"16'(;&(/ ;&00"$"(49- 4' ?'<K 6+'16+'$-9#4&'() #1 ;"15$&2"; &( Streptococcus 

pyogenes ENP@NNQb_C2@PPNNb:QB) NP@NBLN_C'.$(#9@66#4@NPPLBdOF@ *+"1" ?'<K 3"5+#(&14&5 #(; 

"<'9.4&'(#$- &(1&/+41 $"V.&$" # ;";&5#4"; $"6'$4@ 

B@ [( %&/@ O!) &4 &1 ("5"11#$- 4' 5'(0&$3 4+" 6$'6"$ "G6$"11&'( '0 4+" ?:4"$3&(#9 ;"9"4&'( 

3.4#(4 '0 T21T ET21T;?:4"$F@ 

A" 5'(0&$3"; 4+" "G6$"11&'( '0 4+" T21T q?4"$ <#$&#(4 .1&(/ %M?8 #(#9-1&1@ A" .1"; #( #(4&:

T21T 1"$.3 6$';.5"; &( 3'.1" '( 6#$#0'$3#9;"+-;" 0&G"; 2#54"$&#@ A" #(#9-R"; 4+" 

09.'$"15"(5" #4 4+" 5"99 1.$0#5" =&4+ 1"5'(;#$- 6+-5'"$-4+$&(ETX:MF:5'(C./#4"; /'#4 #(4&:
3'.1" [/c@  

*+" 0&/.$" 2"9'= 1.33#$&R"1 4+" $"1.941 '24#&("; =&4+ 4=' 2&'9'/&5#9 $"69&5#4"1) &(59.;&(/ 

("/#4&<" 5'(4$'91 E?*K:F 5#$$&"; '.4 0'$ "#5+ 14$#&() 0'99'=&(/ 4+" 1#3" 6$'5";.$" 2.4 =&4+'.4

&(5.2#4&'( =&4+ #(4&:T21T 1"$.3@  

*+"1" $"1.941 0&$14 <#9&;#4" 4+" '<"$"G6$"11&'( '0 T21T &( 4+" 8#"8T133A 3.4#(4 5'36#$"; 4' 4+" 

A* 14$#&( #(; 4+" #21"(5" '0 T21T &( 4+" 8#"8T133A qpbsp ;'.29" 3.4#(4@ 

!"9"4&'( '0 4+" ?:4"$3&(#9 6#$4 '0 T21T) =+&5+ &(59.;"1 4+" ;"9"4&'( '0 4+" \TG*c 5"99:=#99 

#(5+'$&(/ 3'4&0) &1 #11'5&#4"; =&4+ $"4"(4&'( '0 # 1&/(&0&5#(4 0$#54&'( '0 4+" '<"$"G6$"11"; T21T 

q?4"$ <#$&#(4 #4 4+" 1.$0#5" '0 4+" 8#"8T133A 3.4#(4@ ?'36#$"; 4' 4+" A* 14$#&() 4+" $"9#4&<" 

09.'$"15"(5" 1&/(#9 &1 Z@LP 4&3" 1.6"$&'$ &( 4+" 8#"8T133A 3.4#(4 #(; B@BQ 4&3" 1.6"$&'$ &( 4+" 

8#"8T133A T21T q?4"$ 3.4#(4@ 

!"9"4&'( '0 4+" &(4"$(#9 6#$4 '0 4+" T21T #;+"1&( 9"#<"1 '(9- 4+" 1&/(#9 6"64&;" #(; 4+" ? 

4"$3&(#9 5"99 =#99 #(5+'$&(/ 3'4&0@ M1 # $"1.94) 4+" 8#"8T133A T21T q&(4"$( 3.4#(4 9'14 #93'14 

#99 $"#54&<&4- =&4+ #(4&:T21T 1"$.3@ 

A" +'6" 4+#4 4+"1" $"1.941 #;;$"11 4+" 9"/&4&3#4" 5'(5"$( '0 4+" $"<&"="$@ H'="<"$) =" ='.9; 

6$"0"$ ('4 4' &(5'$6'$#4" 4+"1" $"1.941 &( 4+" 3#(.15$&64@ A" #&3 4' 14$"(/4+"( 4+"3 2- 





Q@ \&(" NNZ i @@ 4=' +#<&(/ 16"5&0&5 6+"('4-6"1@@jS [4 ='.9; 2" +"960.9 &0 4+" #.4+'$1 16"5&0- 

4+" 6+"('4-6"1@ 

A" +#<" 3';&0&"; 4+" 1"(4"(5" #55'$;&(/9- 4' #<'&; #(- #32&/.&4- Eil 4+" Y&5IT221A #(; 

8#"8T133A +#<" 0&4("11 ;"0"54@jF@

B@ \&(" NLb:NLZ) NbNS *+"$" &1 (' %&/ QX@ ]#- 2" Q!e 

K&/+4@ A" +#<" 5'$$"54"; 0'$ Q!@

O@ \&(" QdPS [4 &1 .(59"#$ =+#4 4+" #.4+'$1 3"#( 2- i;-(#3&5j '0 4+" $"16'(1"@  

A" 3"#( 4+" 1&/(#9:;"6"(;"(4 ,&("4&51 '0 4+" $"16'(1"@ *+" &(5$"#1"; "G6$"11&'( '0 4+" *?8 

1+'.9; &36#54 4+" $"16'(1") "&4+"$ 2- 1.14#&(&(/ # 9'(/"$ $"#54&'( 4' # 4$#(1&"(4 #54&<#4&(/ 1&/(#9) 

2- 6$'3'4&(/ # ("= "V.&9&2$&.3 4+#4 #99'=1 0'$ #;#64#4&'( 4' <#$&#4&'(1 &( 1&/(#9 5'(5"(4$#4&'() 

'$ 2- "(+#(5&(/ 4+" '<"$#99 1"(1&4&<&4- 4' 5+#(/"1 &( 4+" 1&/(#9@ [( 4+" 4"G4 E('= 9&("1 BBOF) =" 

+#<" $"69#5"; i;-(#3&5 $"16'(1"j =&4+ i0'$ 5'(4$'99&(/ 4+" ,&("4&51 '0 4+" 1&/(#9:;"6"(;"(4 

$"16'(1"j@ 

d@ \&(" ONNS H"6"1 6HL@O :r HXTX8 6H L@O 

!'("@

^@ \&(" ObLS Nb+ :r Nb + 

!'("@ 

L@ \&(" dPOS [ #3 ('4 1.$" +'= 8.669"3"(4#$- *#29" 8O &1 $"9#4"; 4' 4+" 59'(&(/ 14"6@ 

*+" 4#29" (.32"$ +#1 2""( 5'$$"54"; &( 4+" 4"G4 E8d n '9&/'(.59"'4&;"1) 8^ n 59'(&(/F@ 

Reviewer #3 (Remarks to the Author): 

*+" 3#(.15$&64 '0 ?9#<"$&" "4 #9@ ;"15$&2"1 4+" 5+#$#54"$&1#4&'( '0 NO_QP 4=':5'36'("(4 

1-14"31 E*?8F '0 cU8 4+$'./+ 4+" 3#(&6.9#4&'( '0 4+" +&14&;&(" ,&(#1" 4' 6$"<"(4 

;"6+'16+'$-9#4&'( '0 4+" 5'/(#4" $"16'(1" $"/.9#4'$@ *+&1 &1 #( "G5&4&(/ #66$'#5+ 4+#4 +#1 2""( 

.1"; 4' &(<"14&/#4" 4+" 0.(54&'( '0 1&(/9" *?8 &( '4+"$ 2#54"$&#) 2.4 ("<"$ #4 15#9" ;"15$&2"; 

+"$"@ *+" 3#(.15$&64 &1 "G4$"3"9- ="99 =$&44"( =&4+ ('<"9 0&(;&(/1 $"9#4"; 4' # (.32"$ '0 *?8 

#(; 4+"&$ ("4='$,1@ 

[ +#<" # 0"= 3&('$ 5'33"(41 

*+$'./+'.4 4+" 3#(.15$&64 4+" 84$"64'5'55.1 A#9I +'3'9'/ &1 5#99"; Y&,8) [ 5#(('4 0&(; 4+&1 

(#3" #(-=+"$" &( 4+" 9&4"$#4.$"@ [ ='.9; 5+#(/" 4' 4+" Y&5I #1 +#1 2""( 6.29&1+"; 6$"<&'.19-@ 

K&/+4@ *+#(, -'.@ A" +#<" 5+#(/"; 4+" (#3" 4' Y&5I) #(; 5'(1"V."(49- 4' Y&5K) &( 4+" 4"G4) 

0&/.$"1 #(; 4#29"1@ 
\&(" NQ^S [( 8.669"3"(4#$- 4#29" B) =+#4 ;' 4+" 5'9'.$"; 2'G"1 ;"('4"@ >""; # 9"/"(; '( 4+" 

4#29"@ A+#4 &1 4+" ?][ #5$'(-3e

?'9'.$1 &(;&5#4" &(5$"#1"; 1.15"64&2&9&4- 5'36#$"; =&4+ 4+" A* 14$#&(@ M 9"/"(; +#1 2""( 

#;;";@ 

*+#(, -'. 0'$ 6'&(4&(/ '.4 4+" 4-6'S ?][ +#1 2""( $"69#5"; 2- ][? E3&(&3.3 &(+&2&4'$- 

5'(5"(4$#4&'(F@

\&(" NBQS *+" *';; H"=&44 D"#14 XG4$#54 2$'4+ .1"; &1 ('4 14#(;#$; E4+"$" #$" # (.32"$ '0 

;&00"$"(4 0'$3.9#4&'(1F@ *+" 5'36'1&4&'( &1 1#&; &( 4+" ]s] 2.4 ='.9; "9#2'$#4" &( 4+" 0&$14 

.1" &( 4+" 4"G4 "/@ 6HL@O Nt DX@

!'("@

\&(" NBB [1 4+" 0'9; 5+#(/" \'/Qe ?#(('4 ;&$"549- 5'36#$" 4' 4+" /$#6+ &( %&/ N?@ 

*+"1" ="$" 0'9; 5+#(/" E%? r QF@ A" ('= 59#$&0- &( 4+" 4"G4 E('= 9&("1 NB^F S il &(;&5#4"; 2- 

# 1&/(&0&5#(4 0'9; 5+#(/" /$"#4"$ 4+#( 4=' $"9#4&<" 4' 4+" A* 14$#&( E9'/2 %? r Nf 6:#;C g NP-4F 

0'$ 4+" HI #(; KK /"(") lj 

%$'3 4+" %&/ N? /$#6+ 5#( 1"" 4+#4 4+" 0&$14 ^ 4+#4 #.4'$"/.9#4") 2.4 5#(('4 1"" 4+" L4+ /."11&(/ 

Y&5I) 2.4 1""31 4' 2" 2"9'= 4+" 5.4 '00 16"5&0&";@



[(;"";) Y&5I &1 4+" L4+ *?8) C.14 #2'<" 4+" 4+$"1+'9;1@  

M1 1.//"14"; 2- $"<&"="$ N) =" +&/+9&/+4"; 4+" 1"<"( #.4':$"/.9#4"; *?8 &( %&/.$" N?@ A" 

+#<" #91' #;;"; # $"0"$"(5" 4' # ("= 1.669"3"(4#$- 4#29" OX &( 4+" %&/@ N? 9"/"(;@ *+" 

1.669"3"(4#$- 4#29" OX ('= 1+'=1 #99 4+" ;#4# E9'/Q %? #(; 6:#;CF #(; 5#( 2" .1"; 4' <&"= 4+" 

*?8 C.14 2"9'= 4+" 4+$"1+'9;1 E0"";2#5, '0 ?&#KH) K/0M? &( 8#"8f U5"K8 &( Y&5IF #(; 4+" 

/"("$#9 6"$4.$2#4&'( #11'5&#4"; =&4+ 4+" #54&<#4&'( '0 4+" 4=' /9'2#9 $"/.9#4'$1 ?'<8 #(; Y&5I 

E6:#;C g P@PPPN 0'$ 1"<"$#9 *?8F@ 

W(9- Q_NO *?8 5'.9; 1+'= &(5$"#1"; 6+'16+'$-9#4&'( '( 4+" KKe %&(; 4+&1 $"1.94 1.$6$&1&(/ 

#(; &4 &1 ('4 5'33"(4"; '(@ !' -'. 4+&(, 4+#4 &4 &1 ;." 4' &4 2"&(/ %\Mc 4#//"; ;&1$.64&(/ 

0.(54&'(e W$ 4+#4 4+" M16 6+'16+'$-9#4&'( &1 4'' 9&#29" &( NQ_NOe T9"#1" #;;$"11@

*+#(, -'. 0'$ 4+" $"3#$,@ [(;"";) =" ="$" 1.$6$&1"; 2- 4+" 9'= (.32"$ '0 $"/.9#4'$1 1+'=&(/ 

&(5$"#1"; 6+'16+'$-9#4&'( 2- T+'1:*#/ E#91' 6'&(4"; '.4 2- $"<&"="$ QF@ A" &(&4&#99- ;&15.11"; 

4+" 4"5+(&5#9 +.$;9"1 &( 4+" '$&/&(#9 ;$#04 2.4 ;"9"4"; 4+"3 ;." 4' 16#5" 5'(1&;"$#4&'(1@ A" +#<" 

('= #;;"; # 1"(4"(5" &( 4+" $"1.941 1"54&'( 1.33#$&R&(/ 4+" 9&3&4#4&'(1 '0 1-14"3#4&5 

V.#(4&0&5#4&'( 2- T+'1:*#/ E('= 9&("1 NdL:N^PFS iH'="<"$) ;." 4' 5'36"4&4&'( 2"4=""( A* 

#(; "6&4'6":4#//"; $"/.9#4'$1 #(; <#$&#2&9&4- &( 4+" 14#2&9&4- '0 6+'16+'$-9#4"; #16#$4#4") (' 

5'(59.1&'(1 5'.9; 2" ;$#=( 0'$ 3'14 $"/.9#4'$1@ *+&1 +&/+9&/+41 4+" (""; 4' V.#(4&0- 4+" 9"<"9 

'0 6+'16+'$-9#4&'( .1&(/ 16"5&0&5 #(4&2';&"1 ;&$"54"; #/#&(14 "#5+ (#4&<" KK@j 

*+" &(&4&#9 ;&15.11&'( #91' &(59.;"; '(" 1"(4"(5" '( 4+" (""; 4' 4"14 "#5+ 1-14"3 &(;&<&;.#99- 

#(; 16"5&0&5#99- E('= 9&("1 ObL:OZNFS iH'="<"$) ;"4#&9"; #(#9-1&1 &1 $"V.&$"; 4' ;"5&6+"$ 

6+'16+'$-9#4&'( ;-(#3&51 &( "#5+ 6+'16+#4#1":;"0&5&"(4 HI+ #(; 5'$$"9#4" in vivo KK 

6+'16+'$-9#4&'( =&4+ $"/.9#4'$- ("4='$, #54&<#4&'() 5'(1&;"$&(/ <#$&#29" 0#54'$1 9&," 4+" 1'.$5" 

'0 KK 6+'16+'$-9#4&'( E,&(#1" #54&<&4- '0 4+" HI+ <#$&#(4) 5$'11:4#9, 2- '4+"$ HI) 13#99 
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!'("@
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!'("@
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3.4#(41 EHINNPBPT245A) Y(58T245A) 8#"8T133A) U5"8V124A) HIPQQZPH188A) #(; !948T184AF 1+'= 
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"G6"$&3"(41 E2#45+ "00"541F@ A" #91' 6$"<&'.19- $"6'$4"; 4+#4 1'3" ]cX1 #66"#$1 1&9"(5"; 2- 

4+" ?'<K8 1-14"3) =+&5+ ("5"11&4#4"; 1"6#$#4" #(#9-1"1 ENP@NBLN_C'.$(#9@6/"(@NPPZL^NF@ 

\&(" NZPS A+#4 &1 [%?[e 
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\&(" Q^OS T9"#1" +&/+9&/+4 4+#4 4+&1 &1 &( 8@ /'$;'(&&@ 

!'("@

\&(" QLdS ?'.9; 4+" &36$'<"; /$'=4+ '0 4+" 8#"8*NBBM 2" # 5'(1"V."(5" '0 4+" #99"<&#4&'( 

'0 4+" 3#11&<" '<"$ "G6$"11&'( '0 4+" 6$'4"&(1 "/@ !"9"4&'( '0 2<#T &( 4+" *NBBM #91' +"961 

#99"<&#4" 4+" /$'=4+ ;"0&5&"(5-e 

D"1) &(;"";@ *+" /$'=4+ ;"0"54 '0 4+" 8#"8 *NBBM 3.4#(4 &1 6#$4&#99- #99"<&#4"; 2- 4+" ;"9"4&'( 

'0 pbsP '$ bvaP@ *+" 4=' /"("1 #66"#$ 4' 5'(4$&2.4" "V.#99- 4' 4+" /$'=4+ ;"0"54 '0 8#"8 

*NBBM@ A" +#<" ('4 16"5&0&5#99- 3"(4&'("; 4+" /$'=4+ '0 4+" bvaP 3.4#(4 &( 4+" 3#&( 4"G4) 

2.4 /$'=4+ 5.$<"1 ="$" &(59.;"; &( 8.669"3"(4#$- %&/@ OM@ >"<"$4+"9"11) =" 5+#(/"; 4+" 8.66 

%&/@ 8O 4&49" 0$'3 i*+" 0&4("11 ;"0"54 &( 8#"8 *NBBM &1 5#.1"; 2- 4+" #;+"1&( T21Tj 4' iT21T 

#(; U<#T 5'(4$&2.4" 4' 8#"8 *NBBM 0&4("11 ;"0"54@j 

\&(" BBNS M99 3"4+';1 #$" 5'369"3"(4#$-) ='.9; 4'(" ;'=( 4+&1@ U.4 4+" HIJ #66$'#5+ &1 

"G5&4&(/@ U.4 ;'"1 $"V.&$" 4+#4 6'&(4 3.4#4&'( 5#( 2" &(4$';.5"; &(4' 4+" (#4&<" HI v ('4 6.4 

'( 69#13&;1@ 

K&/+4) 4+&1 &1 # E6'="$0.9F 5'369"3"(4#$- #66$'#5+@ A" 4'(" ;'=( 2- 5+#(/&(/ E('= 9&(" OQPF 

i# 3"4+'; '0 5+'&5"j 2- iW.$ 1-14"3#4&5 #(#9-1&1 +&/+9&/+41 4+" 2"("0&41 '0 4+" HI+ /#&(:'0:

0.(54&'( #66$'#5+ 4' 5+#$#54"$&R" *?8 1&/(#9&(/j@ 

\&(" BLBS [( 8@ #.$".1) 4+" *BbZM A#9I 3.4#4&'( &1 ;'3&(#(4 '<"$ 4+" $"6$"11&<" #54&<&4- '0 

D-5H_D-5[) 1' ('4 4$." 0'$ #99 HI =&4+ &(4"$#54&(/ $"/.9#4'$1@ 

K&/+4@ *+#(, -'. 0'$ 6'&(4&(/ 4+#4 '.4@ A" +#<" #;;"; # 5'$$"16'(;&(/ 1"(4"(5" 4' 4+" 

;&15.11&'( E9&("1 ObQ:ObOFS iH'="<"$) 4+" 6$"1"(5" '0 #.4':&(+&2&4'$- 6$'4"&(1 &1 ('4 # 

1.00&5&"(4 5'(;&4&'( 0'$ 6$"<"(4&(/ #54&<#4&'() #1 ;"3'(14$#4"; 2- Y&5I) =+&5+ &1 &(+&2&4"; 2- 

D-5H_D-5[ 2.4 14&99 #54&<#4"; 2- #( HIJ 3.4#4&'(@j 

\&(" ONbS ?#( 4+" 6cN 69#13&; 2" ;"15$&2";) '$ 4+" 1"V."(5" ;"6'1&4";@ A"(4 2#5, 4+$'./+ 4+" 

9&4"$#4.$" #(; /'4 4' #( .(6.29&1+"; 69#13&;@ 
*+" 6cN 69#13&; &1) '$ &1 #93'14 &;"(4&5#9 4') 4+" 6cJ+'14d <"54'$ ;"15$&2"; &( NZZB 2- U&1=#1 

"4 #9@ EU&1=#1) [@) c$.11) M@) X+$9&5+) 8@ !@ s ]#/.&() X@ H&/+:"00&5&"(5- /"(" &(#54&<#4&'( #(; 

$"69#5"3"(4 1-14"3 0'$ /$#3:6'1&4&<" 2#54"$&#@ J Bacteriol 175) B^Qb:B^BdF@ H'="<"$) =" 

5#(('4 6$"5&1"9- 4$#5, ;'=( 4+" '$&/&( '0 4+" 69#13&;@ [4 #66"#$1 4+#4 4+" 4=' 69#13&;1 ="$" 

5'(14$.54"; &(;"6"(;"(49- &( 6cJ+'14O <"54'$) '(" .1&(/ 4+" 6UKBQQ '$&/&( '0 $"69&5#4&'( 

E6cJ+'14dF #(; 4+" '4+"$ 4+" 6a?Nb '$&/&( '0 $"69&5#4&'( E6cNF@ U'4+ '$&/&(1 2"&(/ 4+" 6]UN 

rep 0'$ $"69&5#4&'( #4 BLw? &( E. coli@ *+" '4+"$ 3#&( 5+#$#54"$&14&51 #$" # 4+"$3'1"(1&4&<" '$&/&( 

'0 $"69&5#4&'( ;"$&<"; 0$'3 6AYPN) 0'$ $'99&(/ 5&$59" $"69&5#4&'( &( /$#3:6'1&4&<" #(; /$#3:

("/#4&<") #(; #( "$-4+$'3-5&( $"1&14#(5" 3#$,"$@ 

A" #;;"; &( 4+" 3#(.15$&64 4+" $"0"$"(5" 0'$ 4+" 6cJ+'14d <"54'$ =&4+ 4+" 1"(4"(5" E9&(" dBOFS 

i6cN) # 4+"$3'1"(1&4&<" 1+.449" <"54'$ 1&3&9#$ 4' 4+" 6cJ+'14d <"54'$@j 

A" #91' #;;"; 4+" $"0"$"(5" &( 4+" 1.669"3"(4#$- *#29" 8^) 9&14&(/ #99 <"54'$ =&4+ 4+"&$ 3#&( 

5+#$#54"$&14&51) #94'/"4+"$ =&4+ 4+" $"0"$"(5" 0'$ 4+" 6*?Y:9#5 4$#(15$&64&'(#9 $"6'$4"$ <"54'$ 

#(; 0'$ 4+" 6*?Y:4"4W &(;.5&29" "G6$"11&'( <"54'$@ 

A" #$" ;"9&/+4"; 4' 1+#$" 1"V."(5"1 #(; 69#13&;1 .6'( $"V."14 E=&4+ 14#(;#$; #5#;"3&5 ]*MF@ 

A" #$" #44"364&(/ 4' #15"$4#&( 4+" <"54'$h1 '$&/&(1 2"0'$" ;"6'1&4&'( EM;;/"("F@ 



\&(" OQNS T9"#1" "9#2'$#4" '( 4+" 14"61 0'$ 3.4#(4 5'(14$.54&'(@ H'= =#1 4+" 69#13&; &(4"/$#4"; 

EU$'4+ <1 69#4"F) +'= 9'(/ =#1 4+" 59'(" 1"$&#99- 6#11#/"; #4 BP;"/?@ A#1 4+" T?K 15$""( 0'$ 

4+" 3.4#(4 2#1"; 4' '9&/' 2&(;&(/ #4 ;&00"$"(4 4"36"$#4.$"1e 

%'$ T?K 15$""(&(/) =" .1"; 6$&3"$1 =&4+ 4+" 3.4#4&'(1 #4 4+"&$ B` "G4$"3&4&"1 E8.66 *#29" 8dF@ 

A" /"("$#99- &(4$';.5" B 8>T1 4' 3#," 4+" 4#$/"4"; 5';'( 5+#(/" E=&4+ (".4$#9 8>T &( 4+" 

6"(.94&3#4" 5';'( &0 ("5"11#$-F) =+&5+ &1 1.00&5&"(4 4' "(1.$" 16"5&0&5&4- #4 '.$ 14#(;#$; 

#(("#9&(/ 4"36"$#4.$" Edbw?F@ 

M1 $"V."14";) =" ;"4#&9"; 3.4#(4 5'(14$.54&'( &( 4+" ]#4"$&#9 #(; ]"4+'; 1"54&'( E9&("1 dBb:

d^^FS  

i ].4#(4 5'(14$.54&'( &( cU8 =#1 6"$0'$3"; 4+$'./+ # 4+$"":14"6 6$'5"11 &(<'9<&(/ "6&1'3#9 

$"69&5#4&'() 5+$'3'1'3#9 &(4"/$#4&'() #(; <"54'$ 9'11@ [(&4&#99-) 6c <"54'$1 ="$" &(4$';.5"; &(4' 

cU8 <&# "9"54$'6'$#4&'() #(; 4$#(10'$3#(41 ="$" 1"9"54"; '( *HD #/#$ 1.669"3"(4"; =&4+ d 
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Reviewer #1 (Remarks to the Author):

I understand and accept the authors' argument that the initial analysis generates a huge 
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the study. I agree that the regulation and results related to BceRS are very interesting. The 

coordination of regulation between SaeRS and CovRS is also very interesting. Still, what they 

analyse with BceRS is not at all related to what is analysed between Sae/Cov, and in my opinion 

this lack of relationship makes the article confusing to read and makes it di icult to draw

general conclusions.

An example that well illustrates the lack of clarity in summarising the article's main conclusions 
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abstract, and I think they should.

- Our study validates the conserved mechanism of HK phosphatase activity and provides the 
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- Our results provide the most detailed characterization to date for several TCS signaling 

pathways in S. agalactiae. Especially, activating TCS independently of environmental signals 

resolves the regulon with unprecedent precision for Sae, Bce, Vnc, Dlt, HK11030, and HK02290.

That said, I think the article has very interesting aspects and that the authors have taken 

seriously the response to the suggestions made by the reviewers, and the article has improved 
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Minor point
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VcnST245A is the right panel.

Reviewer #2 (Remarks to the Author):
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kinases. The authors have properly addressed my previous concerns through their revisions, 

and I have no further comments except for two minor ones listed below:

Line 647: Change 'promoter' to 'terminator.'

Fig. 5D–F: Although evident, please label the Y-axis with 'OD600' and the X-axis with 'Time 

(hours).'"

Reviewer #3 (Remarks to the Author):

I am happy with the changes to the updated manuscript and the authors have directly 

addressed my points raised. One comment is that the mapping of Illumina reads mapped to a 

reference would not completely identify all potential genomic changes (Reviewer #1 Major 



comments Lines 110-116 - rebuttal). To get past the need for complementation, I would suggest 

complete genome assembly. This is becoming farmore a ordable - and error free genome

assemblies from just nanopore reads have been shown 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11170131/).



REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

I understand and accept the authors' argument that the initial analysis generates a huge 
amount of data and that they are looking at very specific aspects of ECT regulation to continue 
the study. I agree that the regulation and results related to BceRS are very interesting. The 
coordination of regulation between SaeRS and CovRS is also very interesting. Still, what they 
analyse with BceRS is not at all related to what is analysed between Sae/Cov, and in my 
opinion this lack of relationship makes the article confusing to read and makes it difficult to 
draw general conclusions.  
An example that well illustrates the lack of clarity in summarising the article's main conclusions 
is that in the authors' response to my first comment, they highlight the four main contributions 
of the article. Of these, the first two contributions do not appear explicitly in the article's 
abstract, and I think they should.  

- Our study validates the conserved mechanism of HK phosphatase activity and provides the 
first comprehensive overview of the importance of this phosphatase activity in vivo. 
- Our results provide the most detailed characterization to date for several TCS signaling 
pathways in S. agalactiae. Especially, activating TCS independently of environmental signals 
resolves the regulon with unprecedent precision for Sae, Bce, Vnc, Dlt, HK11030, and 
HK02290. 

We thank the reviewer for his/her positive feedback.  
We have now edited the abstract to highlight the two points mentioned above.  

That said, I think the article has very interesting aspects and that the authors have taken 
seriously the response to the suggestions made by the reviewers, and the article has improved 
significantly in this new version. 

Minor point 
There is an error in the description of panel A in figure 2. A. HK11030T245A is the left panel 
and VcnST245A is the right panel. 
Thank you. The typo has been corrected in the legend. 

Reviewer #2 (Remarks to the Author): 



This is a revised manuscript studying GBS TCS systems with phosphatase-deficient histidine 
kinases. The authors have properly addressed my previous concerns through their revisions, 
and I have no further comments except for two minor ones listed below: 

Line 647: Change 'promoter' to 'terminator.' 
Done. Thank you for noticing the error.  

Fig. 5D–F: Although evident, please label the Y-axis with 'OD600' and the X-axis with 'Time 
(hours).'" 
Done. 

Reviewer #3 (Remarks to the Author): 

I am happy with the changes to the updated manuscript and the authors have directly 
addressed my points raised. One comment is that the mapping of Illumina reads mapped to a 
reference would not completely identify all potential genomic changes (Reviewer #1 Major 
comments Lines 110-116 - rebuttal). To get past the need for complementation, I would suggest 
complete genome assembly. This is becoming far more affordable - and error free genome 
assemblies from just nanopore reads have been shown 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11170131/). 

The reviewer is right to say that short reads are limited in detecting genomic duplication and 
structural chromosome rearrangement. In addition to SNP analysis, we systematically check 
for the absence of duplicated chromosomal regions (by visual inspection of coverage along 
the chromosome) and the presence of breaks in coverage indicating a large deletion, insertion 
or rearrangement (by visual inspection of alignments with SNPs at a frequency of around 25-
75%). We don’t yet have any experience of long-read sequencing, whose first generations 
were very limited for low GC% genomes (the case of S. agalactiae). The most recent 
generations mentioned seem promising and we are interested in evaluating them on our low 
GC% genomes.


