
REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

This is an interesting manuscript that describes a new mechanism to regulate tryptophan 

biosynthesis/salvage in Chlamydia trachomatis. Regulation of expression of tryptophan 

biosynthetic genes in bacteria has been studied extensively for many years, including several 

variations on transcription attenuation. However, it has been quite a while since a fundamentally 

different variation has been described. In this work transcription of trpBA is shown to be controlled 

by both a tryptophan-dependent DNA-binding repressor protein TrpR at the major promoter for 

trpBA, as well as by an iron-dependent repressor YtgR that controls both transcription initiation 

from an alternative promoter and read-through from the upstream major promoter. This system of 

regulation tying tryptophan and iron-mediated responses is novel and would be of interest to 

others in the fields of transcription regulation as well as bacterial pathogenesis. 

The manuscript is generally well written but given the complexity of this control mechanism that 

responds to both tryptophan an iron it can be hard to follow. I would have appreciated a bit more 

introduction to Chlamydia trachomatis and its role in health. I would suggest separating the 

schematic diagram of the genes and promoters involved (currently fig 1 d) into the first figure of 

the paper, or at least move it to Fig. 1a, including indications of the roles of TrpR and YtgR rather 

than embedding it as part of Figure 1d, especially given that it is the first figure called to in the 

body of the text. 

On line 129-30 as well as later statements on lines 386-87 indicate that transcription factor Rho 

plays an important role in transcription attenuation control of the E. coli trp operon. This is 

incorrect, in E. coli attenuation is mediated by an intrinsic terminator RNA structure (termed 3:4). 

Thus the parallels the authors draw between the roles of Rho in both systems are not valid. 

Line 190-92 Explain why you expect tryptophan starvation to have the maximal effect i.e. the role 

of TrpR, and explain why iron limitation would be less so. 

Figure 1C, why use values on the Y-axis such that you only use less than 1/3 of the scale to plot 

your data? 

Line 211-12 Fig.1 d states that “transient iron limitation specifically induced expression of trpBA 

while trpR expression is unchanged.” The differences in the effects of the 8+6 Bpd treatment on 

expression these genes does not appear to warrant such a definitive statement. trpR expression 

does increase slightly and trpBA expression is only slightly greater than trpR. 

Why are three different means used to assess YtgR expression in this work? In Fig. 2b 

immunoblotting for YtrG, in Fig. 2e immunofluorescence of antibodies against FLAG, and in Fig 3 

immunoblotting of the FLAG tag on YtrG. 

What is gained from the confocal microscopy in Fig. 2c? Localization isn’t mentioned? 

Line 292 the phrase “up to six tryptophan codons” doesn’t make sense. Just state how many are 

present in the gene. 

Line 318 the statements about YtgCR cleavage in E. coli in are confusing. It’s not clear why this is 

relevant nor why it is different in minimal medium, and it isn’t clear as compared to what other 

medium 

Fig. 3 It would make more sense to present the indolmycin panels (currently c and d) first and 

then the control ANM3365 (currently a and b). 



Line 414. It isn’t clear what ytgCR polarization means as compared to ytg operon polarization (Fig. 

4c) 

Line 486-8 this sentence doesn’t make sense, particularly the statement “this attenuation 

functions in trans” that isn’t possible. It may be controlled by a trans-acting factor but it functions 

in cis to control the downstream genes. 

Fig. 6. What does the orange star represent? 

Line 540 spelling issue 

Reviewer #2 (Remarks to the Author): 

Pokorzynski, Hatch, Ouellette and Carabeo report that the iron-dependent repressor YtgR of 

Chlamydia trachomatis also functions as a tryptophan-dependent regulator. This study is of high 

impact and will be of interest to the microbiology field because it describes a new mechanism of 

trp operon attenuation that differs from both the classical Yanofsky mechanism and the Bacillus 

subtilis mechanism that involves a trans-factor called TRAP. In the Pokorzynski mechanism, the 

trans-factor is a transcription factor YtgR that is tryptophan-dependent because it contains an 

unusual WWW coding motif that limits its production during low tryptophan conditions. Because 

this transcription factor YtgR is an iron-dependent repressor, there appears to be cross-talk 

between tryptophan- and iron-dependent gene regulation in C. trachomatis, which will make the 

study of interest in the Chlamydia field. The study builds upon previous excellent work from this 

group to describe the mechanism by which C. trachomatis can respond to a tryptophan- and iron-

poor environment to salvage indole from the microbiota of the female lower genital tract to 

synthesize tryptophan. The study was generally well performed but could be improved by some 

quantifications and controls as discussed below, and a more complete discussion. 

In this study, the authors provided data for 3 main elements of their novel model: 

1. YtgR-dependent repression of trpBA is dependent on tryptophan availability. 

a. RT-PCR data showed that trpBA repression was dependent on tryptophan availability – the 

effect was hypothesized, but not shown, to be due to YtgR, which is known to regulate the trpBA 

promoter. Another theoretical possibility is that the effect is through TrpR, which is tryptophan-

dependent. Has it been confirmed that TrpR does not regulate the trpBA promoter? 

b. 5’-RACE analysis of trpR vs trpBA transcription with tryptophan and iron depletion: the results 

should be shown as trpB and trpR transcript levels, and not just as a trpB/trpR ratio because some 

interventions may affect both trpB and trpR transcript levels. These quantifications would also 

highlight that that the increase in trpBA transcription is greater with iron depletion compared to 

tryptophan depletion, which should be discussed. Since trpR is barely detectable with 24 hour BDP 

in Fig 5b, why is the trpB/trpR ratio not higher in Fig 5a? 

2. YtgR protein levels are dependent on tryptophan availability. 

Western blot levels of YtgR were lower with tryptophan limitation but the effect was relatively 

modest and somewhat overstated in the text – these levels should be quantified. The indole rescue 

experiment was a good way to show that decreased protein levels was dependent on tryptophan 

availability. 

3. YtgR protein levels are dependent on the WWW motif 

The YtgCR WWW vs YYF experiment is good but how sensitive and reliable is the MFI assay for 

measuring protein levels? The assay should have a negative control with antibody to another 

protein to show that it is not affected by the WWW motif in YtgR. The effect of the WWW motif on 

YtgR levels and control proteins could be shown and quantified by Western blots. The indolmycin 



experiment was good for showing that translation of YtgR is dependent on tryptophanyl-tRNA 

synthetase, but how do the authors know that the result was due to substitution of the WWW 

motif and not because the number of tryptophan residues in YtgR was reduced by half? 

Additional comments 

1. Where does the 18hpi trpBA transcript come from in Fig 5b? There is no trpR transcript so it 

should be transcribed from the trpBA promoter. But YtgR is present at 12 and 24 hpi by Western 

blot in Fig 2b, so shouldn’t it repress the trpBA promoter? And what happens between 18 and 24 

hpi when the trpR transcript appears? The manuscript would be strengthened by discussing these 

regulatory changes in transcription from the two trp promoters during the chlamydial 

developmental cycle. 

2. Figure 3a and 3c. What is the 100 kD band that also changes with AN3365 and indolmycin. Is it 

full length YtgCR? 

3. Figure 3. In light of the growth defect with transformed strains, how were cell lysates 

normalized so that they could be compared? 

4. Show primer location in Fig 4a. 

5. The YYF mutant could be used to study the author’s hypothesis that the WWW motif within 

YtfCR is responsible for thhe polarized expression of the ytgABCD operon. 

6. C. ibidis only has 1 of the 3 W residues in YtgR. How does this affect the attenuation model? 

7. The tryptophan depletion part of Fig 6 is hard to follow. Label ribosome. This figure doesn’t do 

justice to the model because it is mostly focused on tryptophan regulation. It doesn’t show the 

larger context, which is that tryptophan controls iron regulation in Chlamydia to go along with the 

author’s previous discovery that iron controls tryptophan regulation. The discussion should address 

the significance of this cross-talk for the Chlamydia infection. 

8. Suggest a figure to illustrate how this novel attentuation mechanism compares and contrasts to 

attenuation mechanisms in E. coli and Bacillus. 
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,G.7,--1/0%/;% !"$%B%=91F,% !"#&,G.7,--1/0%=5-%-8581-81:5FFP%1061-810>@1-95RF,%;7/C%C/:O%
87,58C,08Eb

]0= +&" .0&"" :$AA"&"6. *"+6- 2-": ./ +--"-- L.7! "B9&"--$/6 $6 .0$- %/&,Y F6 M$7@ O; 
$**26/;</..$67 A/& L.&^C $6 M$7@ O" $**26/A<2/&"-8"68" /A +6.$;/:$"- +7+$6-. MX1^C +6: $6 M$7 
Q $**26/;</..$67 /A .0" MX1^ .+7 /6 L.&^@ 

*9,%897,,%61;;,7,08%,G.,71C,08-%8958%5--5P,6%N8> %,G.7,--1/0%=,7,%.,7;/7C,6%8/%5--,--%
61;;,7,08%5-.,:8-%/;%89,%C/6,FS%%
%

AE% *9,%1CC@0/RF/8%10%?1>@7,%eR%8,-8,6%89,%>,0,75F%9P./89,-1-%8958%N8> %=5-%
7,>@F58,6%RP%87P.8/.950%5<51F5R1F18PE%%

eE% *9,%#?\%5--5P%8,-8,6%89,%C/7,%-.,:1;1:%9P./89,-1-%8958%89,%$$$%C/81;%1-%10</F<,6%
10%7,>@F5810>%N8> %87P.8/.950M-,0-181<18PE%%

_E% *9,%'(&)*+,&,G.7,--1/0%-P-8,C%8,-8,6%89,%9P./89,-1-%8958%89,%:957>10>%/;%
87P.8/.950PFM8 )\%506%-@R-,Q@,08FP%1091R181/0%/;%8750-F581/0%58%89,%$$$%C/81;%
=5-%89,%C,:9501-C%RP%=91:9%N8> %F,<,F-%57,%-,0-181<,%8/%87P.8/.950%F1C18581/0E%%

]0+. $- 7+$6": A&/* .0" 8/6A/8+< *$8&/-8/9= $6 M$7@ O8Y X/8+<$_+.$/6 $-6`. *"6.$/6":Y 

*9,%C1:7/-:/.P%10%?1>@7,%e:M6%1-%C,508%8/%.7/<16,%7,.7,-,08581<,%1C5>,-%;7/C%=91:9%89,%
6585%10%?1>@7,%e,M;%1-%6,71<,6E%$189%7,-.,:8%8/%F/:5F1Y581/0B%891-%,G.,71C,08%=5-%0/8%
6,-1>0,6%8/%10<,-81>58,%891-%5-.,:8%/;%N8>& B%R@8%8/%Q@5081;P%;F@/7,-:,0:,%@-10>%5%
8,:901Q@,%8958%C101C1Y,-%R5:O>7/@06E%%

X$6" OPO .0" 90&+-" Z29 ./ -$B .&=9./90+6 8/:/6-[ :/"-6`. *+," -"6-"@ a2-. -.+." 0/% *+6= 
+&" 9&"-"6. $6 .0" 7"6"@ 

310,-%eVAMVe%=,7,%C/61;1,6%-F1>98FP%8/%7,;F,:8%8958%=,%:500/8%O0/=%;/7%:,78510%89,%,G5:8%
0@CR,7%/;%87P.8/.950%:/6/0-%10%89,%N8> %6/C510%>1<,0%8958%=,%:@77,08FP%6/%0/8%O0/=%
89,%F/:581/0%/;%:F,5<5>,%-18,%8958%F1R,758,-%N8> %;7/C%N8>& E%*9,%.975-,%a@.%8/%-1Gb%=5-%
C,508%8/%1C.FP%8958%R5-,6%/0%89,%,G.,:8,6%-1Y,%/;%89,%:F,5<5>,%.7/6@:8B%7,./78,6%9,7,%
506%10%/@7%.7,<1/@-%.@RF1:581/0-B%=,%,G.,:8%8958%89,7,%C5P%R,%5-%C50P%5-%X%87P.8/.950%
:/6/0-%10%89,%:F,5<5>,%.7/6@:8E%*9,%-,08,0:,%0/=%7,56-B%a*91-%1-%0/85RF,%>1<,0%8958%89,%
N8> %6/C510%18-,F;%1-%87P.8/.950M71:9%506%C5P%,0:/6,%-1G%87P.8/.950%:/6/0-%R5-,6%/0%
89,%/R-,7<,6%C/F,:@F57%=,1>98%/;%89,%:F,5<5>,%.7/6@:8Eb



X$6" Q(S .0" -.+."*"6.- +;/2. L.7?! 8<"+#+7" $6 V@ 8/<$ $6 +&" 8/6A2-$67@ F.`- 6/. 8<"+& %0= .0$- 
$- &"<"#+6. 6/& %0= $. $- :$AA"&"6. $6 *$6$*+< *":$2*C +6: $. $-6`. 8<"+& +- 8/*9+&": ./ %0+. /.0"& 
*":$2* 

*91-%-858,C,08%=5-%10:F@6,6%8/%.7/<16,%:/08,G8%8/%89,%7,56,7%>1<,0%8958%10%/@7%.7,<1/@-%
=/7O%D*9/C.-/0%8 &9+(&eJAeE%:4%;K%=,%C/018/7,6%N8>& %:F,5<5>,%10%'(&)*+,&:@F8@7,6%10%
71:9%C,615%D32K%506%/R-,7<,6%C@F81.F,%:F,5<5>,%R506-E%*9,7,;/7,B%=,%;,F8%8958%18%=5-%
@-,;@F%8/%1061:58,%8/%89,%7,56,7%=9P%89,%:F,5<5>,%.588,70%1-%61;;,7,08%10%891-%,G.,71C,08E%
$,%95<,%,618,6%F10,%_AW%8/%1061:58,%8958%89,%61;;,7,0:,%1-%F1O,FP%6@,%8/%:@F8@710>%10%
61;;,7,08%C,615%:/06181/0-E%*9,%-,08,0:,-%0/=%7,56B%a\-%10%1 !/&N8>& %,G.7,--,6%10%'(&
)*+,&>7/=0%10%71:9%C,615%1-%:F,5<,6%506%8P.1:5FFP%P1,F6-%C@F81.F,%:F,5<5>,%.7/6@:8-B%
-@>>,-810>%0/0M-.,:1;1:%:F,5<5>,%6@,%8/%6P-7,>@F58,6%/7%/;;M857>,8%.7/8,/FP81:%5:81<18PE%
d/=,<,7B%10%C101C5F%C,615B%=,%/R-,7<,6%8958%:F,5<5>,%/;%N8>& %P1,F6,6%/0,%C5Z/7%R506%
58%89,%,G.,:8,6%C/F,:@F57%=,1>98%/;%N8> %D_J%O45KEb

M$7@ Q F. %/2<: *+," */&" -"6-" ./ 9&"-"6. .0" $6:/<*=8$6 9+6"<- )82&&"6.<= 8 +6: :3 A$&-. +6: 
.0"6 .0" 8/6.&/< 1JbQQTc )82&&"6.<= + +6: ;3@ 

*9,%\)__Xc%6585%1-%.7,-,08,6%;17-8%10%?1>@7,%_%;/7%8=/%7,5-/0-S%%
%

AE% $,%;,F8%8958%18%;F/=,6%R,88,7%10%89,%8,G8%8/%6,-:71R,%8958%>,0,75F%8750-F581/0%
1091R181/0%RP%\)__Xc%87,58C,08%7,6@:,-%N8> %,G.7,--1/0%177,-.,:81<,%/;%89,%$$$%
C/81;E%%

eE% *9,%\)__Xc%87,58C,08%1-%R/89%5%7,;,7,0:,%:/06181/0%506%5%:/087/FB%506%89,7,;/7,%
89,%7,56,7%:50%108,7.7,8%89,%106/FCP:10%6585%D-.,:1;1:%1091R181/0%58%87P.8/.950%
:/6/0-K%10%7,;,7,0:,%8/%89,%\)__Xc%6585%D>,0,75F%1091R181/0%58%89,%C@:9%C/7,%
5R@06508%F,@:10,%:/6/0-KE%%

X$6" W(W@ F. $-6`. 8<"+& %0+. =.7?! 9/<+&$_+.$/6 *"+6- +- 8/*9+&": ./ =.7 /9"&/6 9/<+&$_+.$/6 
)M$7@ W83 

*/%5667,--%891-%:/0:,70B%=,%95<,%10:F@6,6%5%.575>75.9%10%89,%61-:@--1/0%8958%:/<,7-%89,%
1C.F1:581/0-%/;%89,-,%;10610>-%506%91>9F1>98-%9/=%89,%8=/%106,.,06,08%8,7C10581/0%
C,:9501-C-%D8958%/;%89,%P8>& %' ?%506%8958%/;%89,%,0817,%/.,7/0B%,E>E%P8>4SP8>\K%C5P%
;@0:81/0E%LF,5-,%7,;,7%8/%310,-%cAXMe[E

X$6" WSTHS .0$- -"6."68" :/"-6`. *+," -"6-"C 9+&.$82<+&<= .0" -.+."*"6. Z.0$- +.."62+.$/6 
A268.$/6- $6 .&+6-[ .0+. $-6`. 9/--$;<"@ F. *+= ;" 8/6.&/<<": ;= + .&+6-H+8.$67 A+8./& ;2. $. A268.$/6- 
$6 8$- ./ 8/6.&/< .0" :/%6-.&"+* 7"6"-@ 

$,%95<,%,618,6%89,%8,G8%D310,-%I[VMVJK%8/%1061:58,%8958%89,%588,0@581/0%6/,-%0/8%
a;@0:81/0b%10%8750-%R@8%1-%C,6158,6%RP%5%8750-M5:810>%;5:8/7E%*9,%-,08,0:,%0/=%7,56-B%
a*91-%7,>@F58/7P%C,:9501-C%.575FF,F-%),7M588,0@581/0%RP%*7.3%10%'(&)*+,B%89/@>9%0/85RF,%
61;;,7,0:,-%,G1-8S%05C,FPB%891-%588,0@581/0%C,:9501-C%1-%C,6158,6%RP%5% !927M5:810>%
8750-:71.81/0%;5:8/7Eb%

M$7@ T@ ]0+. :/"- .0" /&+67" -.+& &"9&"-"6.Y 

*9,%/750>,%-857%1-%C,508%8/%1C.FP%8750-:71.81/0%8,7C10581/0B%R@8%=,%95<,%7,C/<,6%18%;/7%
:F5718PE%



X$6" cWR -9"<<$67 $--2" 

*91-%-.,FF10>%1--@,%95-%R,,0%:/77,:8,6E%

!"#$"%"& 'O )!"*+&,- ./ .0" 12.0/&34 

d/,/&_=6-,$C D+.80C N2"<<".." +6: ?+&+;"/ &"9/&. .0+. .0" $&/6H:"9"6:"6. &"9&"--/& L.7! /A 
?0<+*=:$+ .&+80/*+.$- +<-/ A268.$/6- +- + .&=9./90+6H:"9"6:"6. &"72<+./&@ 50$- -.2:= $- /A 0$70 
$*9+8. +6: %$<< ;" /A $6."&"-. ./ .0" *$8&/;$/</7= A$"<: ;"8+2-" $. :"-8&$;"- + 6"% *"80+6$-* /A 
.&9 /9"&/6 +.."62+.$/6 .0+. :$AA"&- A&/* ;/.0 .0" 8<+--$8+< L+6/A-,= *"80+6$-* +6: .0" G+8$<<2- 
-2;.$<$- *"80+6$-* .0+. $6#/<#"- + .&+6-HA+8./& 8+<<": 5!1d@ F6 .0" d/,/&_=6-,$ *"80+6$-*C .0" 
.&+6-HA+8./& $- + .&+6-8&$9.$/6 A+8./& L.7! .0+. $- .&=9./90+6H:"9"6:"6. ;"8+2-" $. 8/6.+$6- +6 
262-2+< ]]] 8/:$67 */.$A .0+. <$*$.- $.- 9&/:28.$/6 :2&$67 </% .&=9./90+6 8/6:$.$/6-@ G"8+2-" 
.0$- .&+6-8&$9.$/6 A+8./& L.7! $- +6 $&/6H:"9"6:"6. &"9&"--/&C .0"&" +99"+&- ./ ;" 8&/--H.+<, 
;".%""6 .&=9./90+6H +6: $&/6H:"9"6:"6. 7"6" &"72<+.$/6 $6 ?@ .&+80/*+.$-C %0$80 %$<< *+," .0" 
-.2:= /A $6."&"-. $6 .0" ?0<+*=:$+ A$"<:@ 50" -.2:= ;2$<:- 29/6 9&"#$/2- "B8"<<"6. %/&, A&/* .0$- 
7&/29 ./ :"-8&$;" .0" *"80+6$-* ;= %0$80 ?@ 
.&+80/*+.$- 8+6 &"-9/6: ./ + .&=9./90+6H +6: $&/6H9//& "6#$&/6*"6. ./ -+<#+7" $6:/<" A&/* .0" 
*$8&/;$/.+ /A .0" A"*+<" </%"& 7"6$.+< .&+8. ./ -=6.0"-$_" .&=9./90+6@ 50" -.2:= %+- 7"6"&+<<= 
%"<< 9"&A/&*": ;2. 8/2<: ;" $*9&/#": ;= -/*" E2+6.$A$8+.$/6- +6: 8/6.&/<- +- :$-82--": ;"</%C 
+6: + */&" 8/*9<"." :$-82--$/6@ 

F6 .0$- -.2:=C .0" +2.0/&- 9&/#$:": :+.+ A/& Q *+$6 "<"*"6.- /A .0"$& 6/#"< */:"<4 
(@ L.7!H:"9"6:"6. &"9&"--$/6 /A .&9G1 $- :"9"6:"6. /6 .&=9./90+6 +#+$<+;$<$.=@ 
+@ !5Hd?! :+.+ -0/%": .0+. .&9G1 &"9&"--$/6 %+- :"9"6:"6. /6 .&=9./90+6 +#+$<+;$<$.= e .0" 
"AA"8. %+- 0=9/.0"-$_":C ;2. 6/. -0/%6C ./ ;" :2" ./ L.7!C %0$80 $- ,6/%6 ./ &"72<+." .0" .&9G1 
9&/*/."&@ 16/.0"& .0"/&".$8+< 9/--$;$<$.= $- .0+. .0" "AA"8. $- .0&/270 5&9!C %0$80 $- .&=9./90+6H
:"9"6:"6.@ D+- $. ;""6 8/6A$&*": .0+. 5&9! :/"- 6/. &"72<+." .0" .&9G1 9&/*/."&Y  

\O,7-%U%*50%D-&$9) 8!,*+/&eJJXK%7,./78,6%50%@0.@RF1-9,6%/R-,7<581/0%8958%10%89,17%9506-%
*7. %=5-%@05RF,%8/%R106%8/%50P%7,>1/0%/;%89,% !"$%&.7/C/8,7E%$,%:18,6%891-%/R-,7<581/0%
10%89,%1087/6@:81/0%D-,,%310,%AIeKE%$,%95<,%:/0;17C,6%89,-,%;10610>-%=189%5%857>,8,6%
:97/C5810%1CC@0/.7,:1.18581/0MQL& %D&9#LMQL& K%5--5P%@-10>%5%./FP:F/05F%5081R/6P%
>,0,758,6%5>510-8%:9F5CP615F%*7. %D310,-%II[McAH%+@..F,C,0857P%?1>%[KE%*9,-,%6585%
6,C/0-8758,%8958%*7. %R106-%8/%89,% !"#&.7/C/8,7%10%5%87P.8/.950M6,.,06,08%C500,7B%
R@8%0/8%8/%89,% !"$%&.7/C/8,7E%%

;@ c`H!1?V +6+<=-$- /A .&9! #- .&9G1 .&+6-8&$9.$/6 %$.0 .&=9./90+6 +6: $&/6 :"9<".$/64 .0" &"-2<.- 
-0/2<: ;" -0/%6 +- .&9G +6: .&9! .&+6-8&$9. <"#"<-C +6: 6/. K2-. +- + .&9G>.&9! &+.$/ ;"8+2-" 
-/*" $6."&#"6.$/6- *+= +AA"8. ;/.0 .&9G +6: .&9! .&+6-8&$9. <"#"<-@ 50"-" E2+6.$A$8+.$/6- %/2<: 
+<-/ 0$70<$70. .0+. .0+. .0" $68&"+-" $6 .&9G1 .&+6-8&$9.$/6 $- 7&"+."& %$.0 $&/6 :"9<".$/6 8/*9+&": 
./ .&=9./90+6 :"9<".$/6C %0$80 -0/2<: ;" :$-82--":@ f$68" .&9! $- ;+&"<= :"."8.+;<" %$.0 OW 0/2& 
GId $6 M$7 c;C %0= $- .0" .&9G>.&9! &+.$/ 6/. 0$70"& $6 M$7 c+Y 

#0%?1>@7,%c5B%=,%:5F:@F58,6%5% !"$< !"#&7581/%5-%5%.7/GP%C,5-@7,C,08%/;%L !"$%&5:81<18PB%
=91:9%=,%61-810>@1-9%;7/C%89,%F,<,F%/;%,G.7,--1/0%/;%,189,7%>,0,E%*91-%5--5P%7,./78-%/0%
 !"$%&8750-:71.81/0%,<,08-%8958%/::@7%106,.,06,08FP%/;%89,% !"#$%&8750-:71.81/0%,<,08%
1018158,6%58%L !"#&D1061:58,6%RP%5%7581/%fAEJK(&*9,-,%6585%=,7,%:5F:@F58,6%;7/C%89,%&8%
<5F@,-%>,0,758,6%;/7%89,%6585%.7,-,08,6%10%?1>@7,%A6B%506%89,7,;/7,%89,%,G.7,--1/0%/;%89,%
1061<16@5F%>,0,-%@06,7%89,-,%:/06181/0-%95<,%R,,0%5667,--,6%=189%89/-,%6585E%



 ,>57610>%89,%7,F581<,%10:7,5-,%10% !"$%&,G.7,--1/0%@06,7%17/0%<-E%87P.8/.950%6,.F,8,6%
:/06181/0-B%/@7%C/6,F%-@>>,-8-%8958% !"$%&-9/@F6%R,%C5G1C5FFP%,G.7,--,6%6@710>%
87P.8/.950%6,.F,81/0B%=9,7,%R/89%*7. %506%N8> %57,%105:81<58,6B%=91:9%1-%106,,6%=958%
=,%/R-,7<,E%%
%
$189%7,-.,:8%8/%89,%.7,-,0:,%/;%89,%*++%58%L !"#&10%?1>@7,%cRB%=,%,C.95-1Y,%8958%89,%
 \&!%6585%-9/@F6%0/8%R,%108,7.7,8,6%5-%50%1061:581/0%/;%,G.7,--1/0%F,<,F-B%5-%89,-,%6585%
57,%>,0,758,6%;7/C%L& M5C.F1;1,6%:4)\-%506%57,%89,7,;/7,%0/8%Q@50818581<,E%\66181/05FFPB%
18%1-%1C./78508%8/%0/8,%8958%5R-,0:,%/;%5%.7/6@:8%10%89,% \&!%6585%6/,-%0/8%1C.FP%
5R-/F@8,%5R-,0:,E%*91-%91>9F1>98-%89,%1C./7850:,%/;%89,%Q@50818581<,%6585%10:F@6,6%10%
?1>@7,%c5E%gF81C58,FPB%9/=,<,7B%89,%6585%.7,-,08,6%10%?1>@7,%cR%=,7,%/0FP%108,06,6%8/%
1087/6@:,%89,%C/7,%.7,:1-,%506%Q@50818581<,%6,8,7C10581/0%/;%89,%L !"$%&*++%F/:581/0%10%
?1>@7,-%c:M6E%%

O@ L.7! 9&/."$6 <"#"<- +&" :"9"6:"6. /6 .&=9./90+6 +#+$<+;$<$.=@ 
]"-."&6 ;</. <"#"<- /A L.7! %"&" </%"& %$.0 .&=9./90+6 <$*$.+.$/6 ;2. .0" "AA"8. %+- &"<+.$#"<= 
*/:"-. +6: -/*"%0+. /#"&-.+.": $6 .0" ."B. e .0"-" <"#"<- -0/2<: ;" E2+6.$A$":@ 50" $6:/<" 
&"-82" "B9"&$*"6. %+- + 7//: %+= ./ -0/% .0+. :"8&"+-": 9&/."$6 <"#"<- %+- :"9"6:"6. /6 
.&=9./90+6 +#+$<+;$<$.=@ 

$,%95<,%Q@5081;1,6%89,%F,<,F-%/;%N8> %506%'C.\%,G.7,--1/0%0/7C5F1Y,6%8/%h7/!3iAB%
=91:9%F5:O-%50P%87P.8/.950%:/6/0-%506%1-%89,7,;/7,%89,%C/-8%5..7/.7158,%:/087/F%R506%
;/7%0/7C5F1Y581/0E%*9,-,%Q@5081;1:581/0-%95<,%R,,0%.7/<16,6%10%+@..F,C,0857P%?1>@7,%_%
D310,%eWeKE%%

Q@ L.7! 9&/."$6 <"#"<- +&" :"9"6:"6. /6 .0" ]]] */.$A 
50" L.7?! ]]] #- LLM "B9"&$*"6. $- 7//: ;2. 0/% -"6-$.$#" +6: &"<$+;<" $- .0" bMF +--+= 
A/& *"+-2&$67 9&/."$6 <"#"<-Y  
%
$,%7,;,7%89,%7,<1,=,7%8/%+@..F,C,0857P%?1>@7,%I5MRB%=91:9%-9/=-%8958%10%89,%5R-,0:,%/;%
5*:%89,7,%1-%0/%61-:,705RF,%?3\h%-1>05F%=18910%89,%:9F5CP615F%10:F@-1/0%/;%89,%
8750-;/7C508-E%*/%-@../78%89,-,%6585B%=,%95<,%Q@5081;1,6%?3\h%-1>05F%;7/C%@0106@:,6%
-5C.F,-%8958%=,7,%.7,.57,6%5-%8,:901:5F%:/087/F-%;/7%89,%6585%.7,-,08,6%10%?1>@7,%e:M;%
D310,-%eVIMVcH%+@..F,C,0857P%?1>@7,%I:M6KE%*9,-,%6585%-9/=%8958%10%89,%5R-,0:,%/;%5*:B%
?3\h%-1>05F%1-%0,>F1>1RF,%506%8958%89,%?3\h%-1>05F%=,%6,8,:8%1-%-.,:1;1:%8/%89,%106@:,6%
,G.7,--1/0%/;%N8>& M?3\hE%

50" +--+= -0/2<: 0+#" + 6"7+.$#" 8/6.&/< %$.0 +6.$;/:= ./ +6/.0"& 9&/."$6 ./ -0/% .0+. $. $- 6/. 
+AA"8.": ;= .0" ]]] */.$A $6 L.7!@ 50" "AA"8. /A .0" ]]] */.$A /6 L.7! <"#"<- +6: 8/6.&/< 
9&/."$6- 8/2<: ;" -0/%6 +6: E2+6.$A$": ;= ]"-."&6 ;</.-@  
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REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

Below are my comments to some of the responses of the author to the initial review. 

I still feel that if this is an interesting paper but if it is going to be accessible to a more general 

audience, such as would be expected from Nature Communications, that the introduction needs 

improvement. For example, I suggested more background information about Chlamydia 

trachomatis, the means of growing it and its role in health, which was not addressed in the authors 

response. 

The response about the potential role of Rho in controlling the E. coli trp operon is concerning. The 

authors cite papers from the Yanofsky lab from 1976 and 1978 (both over 40 years old) and then 

follows up with a statement “that after these data, the Yanofsky group began to favor a Rho-

independent model of transcription termination as more evidence emerged” Yet the author then 

concludes that “To our knowledge, no evidence definitively excluded the possibility that Rho is 

involved in transcription termination of the E. coli trp leader sequence.” Conclusively proving 

negative is indeed difficult, especially in this case when the gene for Rho is essential in E. coli. 

Nevertheless, the preponderance of evidence strongly supports the view that the 3:4 RNA 

structure in the E. coli trp leader region is an intrinsic transcription terminator, in fact it is often 

described as a classic model for an intrinsic terminator being a “GC rich stem loop followed by an 

uninterrupted run of Us.” The most compelling evidence for this is generally thought to be DNA 

heteroduplex studies by Ryan and Chamberlin (JBC 258, 4690-93 (1983)). The trp attenuator has 

been described and Rho independent in the definitive reviews by Landick and Yanofsky in 1987, 

and Landick and Turnbough 1992, who state “Evidence for the role of alternative RNA secondary 

structures in controlling attenuation is compelling” and genetics textbooks it as an intrinsic 

terminator. Perpetuation a long-disbelieved interpretation of the mechanism of attenuation in E. 

coli is a disservice to the community. 

Why are three different means used to assess YtgR expression in this work? 

The three different experiments that assayed YtgR expression were performed to assess different 

aspects of the model: 

1. The immunoblot in Figure 2b tested the general hypothesis that YtgR was 

regulated by tryptophan availability. 

2. The IFA assay tested the more specific hypothesis that the WWW motif is involved 

in regulating YtgR tryptophan-sensitivity. 

3. The E. coli expression system tested the hypothesis that the charging of 

tryptophanyl-tRNA and subsequently inhibition of translation at the WWW motif 

was the mechanism by which YtgR levels are sensitive to tryptophan limitation. 

While this explains the purpose of the three different experiments, it does not explain why the 

three different methods were used nor why any of the methods better answer the questions being 

asked. 

What is gained from the confocal microscopy in Fig. 2c? Localization isn’t mentioned? 

The microscopy in Figure 2c-d is meant to provide representative images from which the data in 

Figure 2e-f is derived. 

Again, this does not answer the question of what is gained from doing confocal microscopy to 

quantify expression of a protein. 



Line 318 the statements about YtgCR cleavage in E. coli in are confusing. It’s not clear why this is 

relevant nor why it is different in minimal medium, and it isn’t clear as compared to what other 

medium. 

The sentences now read, “As in Ctr, YtgCR expressed in E. 

coli grown in rich media is cleaved and typically yields multiple cleavage products, 

suggesting non-specific cleavage due to dysregulated or off-target proteolytic activity. 

However, in minimal media, we observed that cleavage of YtgCR yielded one major band 

at the expected molecular weight of YtgR (30 kDa).” 

Why would proteolysis be different in rich media vs minimal? I still find this an odd topic to be 

focused on in this paper and at best it is distracting and doesn’t really add to the discussion of the 

mechanism of attenuation. 

Reviewer #2 (Remarks to the Author): 

The revised manuscript and rebuttal have addressed a number of points from the initial review. I 

have just a few unresolved issues about the different assays to measure YtgR levels, which were a 

concern for both reviewers. The authors provided explanations for the selective use of Western 

blots vs IFA assay, but there remains suspicion that the IFA assay was used because the Western 

blots were not sensitive enough to show a difference. 

1. The IFA assay results remain unconvincing. There was a wide range of signal strength, with 

almost complete overlap between Trp+ and Trp- conditions for both YtgR and the GroEL control, 

and modest difference in the population median. What was the fold change in the population 

mean, and was this statistially significant? Why were violin plots used in Fig 2e-f but boxplots in 

Supp Fig 4c-d? 

2. The YtgR Western blot with tryptophan limitation should have better normalization. The text 

describes YtgR and OmpA downregulation compared to GroEL_1, as well as unhindered GroEL_1 

expression. But the latter effect cannot be seen since YtgR levels were normalized to GroEL_1. 

Levels of these 3 proteins should be normalized to another protein. 
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REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript is much improved. The introduction is better at giving the reader a perspective 

about the importance of this organism and it's significance for human health. It also makes the 

rest of the paper more understandable. 

The use of several different methods to assay essentially the same phenomenon, while still a bit 

awkward, is at least partially rationalized. 

As I have said on both prior reviews, this is an interesting system and adds a novel regulatory 

mechanism to those which control tryptophan biosynthesis in bacteria. 

Hence I now recommend that this manuscript be published in Nature Communications 

Reviewer #2 (Remarks to the Author): 

The revised manuscript has been improved in 3 ways: 

1. Clarified the description of transcriptional termination of the trp operon in E. coli 

2. Provided explanations for why 3 different methods were used to measure YtgR protein levels 

3. Improved the data presentation (dot plots for immunofluorescence studies, and normalization of 

the YtgR Western blot in response to tryptophan limitation) 

In the rebuttal, the authors included additional Western blots of transformed strains expressing 

YtgR-3xFLAG. In these strains, YtgR was now detectable with anti 

FLAG antibodies, unlike with the YtgR-FLAG strains, although there was no difference in YtgR 

levels with tryptophan depletion. These data should be added to the Supplementary figures to 

show that the limitation of the Western blot method is that the difference in YtgR levels is small 

and not because the protein cannot be detected.
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