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15th Jan 20201st Editorial Decision

Thank you for submit t ing your manuscript proposing a chaperone funct ion for UgpB for 
considerat ion by The EMBO Journal. Please apologize the delay in communicat ing this decision to 
you, which was due to delays of the review process over the holiday period, as ment ioned. We have 
now however received two reports on your study, which are included below for your informat ion. I 
have also discussed these comments with other members of the editorial team and regret to inform 
you that we have come to the conclusion that we cannot offer further considerat ion for publicat ion 
at The EMBO Journal at the current stage. 

As you will see, both reviewers express an interest in the proposed chaperone funct ion of UgpB, but 
are not convinced this is sufficient ly supported by the data current ly provided. I will not reiterate all 
of their specific concerns here, but both referees find that more mechanist ic detail and experimental 
characterizat ion of the chaperone funct ion of UgpB would be needed, in part icular regarding the 
role of G3P binding for this act ivity. Overall, we find that the major concerns raised by the referees 
would likely not be addressable within a normal single round of major revision and given that their 
unforeseeable outcome will affect the main conclusion of the study, we unfortunately cannot invite 
a revision at this t ime. 

That being said, we appreciate that your findings will be of interest to the field, and I have therefore 
discussed your manuscript and the referee comments with my colleague Esther Schnapp, Senior 
Editor at our sister journal EMBO Reports. Esther would in principle be interested in considering 
your study further for potent ial publicat ion in EMBO Reports, but would also require a substant ial 
revision, in part icular addressing referee #2's comments. She would be happy to direct ly discuss the 
requirement s of a revision at EMBO Reports in case you are interested in a potent ial t ransfer
(eschnapp@wiley.com). 

I regret that I cannot be more posit ive, but hope that you will nonetheless find the comments of our 
reviewers helpful. Thank you again for giving us the opportunity to consider your manuscript . 



REFEREE REPORTS

**************************************************** 

Referee #1: 

This manuscript reports the ident ificat ion of UgpB, a glycerol-3-phosphat e binding periplasmic 
protein, as a novel chaperone protect ing periplasmic proteins from bile salts-induced protein 
aggregat ion. The first part of the manuscript describes the elegant approach, combining TnSeq 
analysis and the use of a t ripart ite fusion, used by the authors to uncover this novel funct ion of 
UgpB. In the second part , the authors invest igate the chaperone propert ies of UgpB and conclude 
that it funct ions as a chaperone when it does not bind glycerol-3-phosphat e. Overall, I find the 
paper well writ ten and interest ing, the approach used very clever and the ident ificat ion of UgpB as 
a new periplasmic chaperone excit ing. The results presented in the first part are solid, but I'm less 
convinced by those reported in the second part and the conclusions that were drawn, as explained 
in the comments below. I think that the authors need to clarify the role of G3P in UgpB chaperone 
act ivity and also provide some mechanist ic explanat ions for the chaperone act ivity. 

1: the authors report that purified UgpB has 90% G3P occupancy. They propose that the acid 
denaturat ion of UgpB that occurs when bacteria pass through the stomach causes UgpB to lose 
G3P, which would act ivate its chaperone funct ion. However, in the growth assays that were done 
(for instance with the various pts mutants), periplasmic UgpB likely binds G3P, which should keep 
its chaperone funct ion off. Yet , the authors show that it does prevent the aggregat ion of the 
t ripart ite fusion. This needs to be clarified. 

2: the authors also explain that UgpB has an ext remely high affinity for G3P (117 nM). However, 
adding 120 µM (1,000 fold excess) does not turn off the chaperone funct ion of UgpB, which is very 
surprising. They only start seeing an effect when they add 1,2 mM. This also needs to be clarified. 
Could it be that G3P, when present at high concent rat ions, causes the aggregat ion of the 
subst rate? 

3: If the authors are right and that removing G3P act ivates UgpB as a chaperone, then what is the 
mechanism? Does free UgpB unfold? What do we know regarding the structure of this protein? 

4: the authors also make confusing statements regarding G3P. They first explain that "the ant i-
aggregat ion of UgpB is t ight ly modulated by its binding to G3P". Later, they conclude that "UgpB 
only funct ions as a chaperone when it is G3P free". However, the results in Figure S11 do not 
support this second statement : UgpBG3P does protect MDH from aggregat ion, although less than 
the free protein. 

5: Fig. S11 is an important one and should be moved to the main manuscript . 

6:Figure 6 is beaut iful and fancy. However, it is only very part ially supported by (most ly in vit ro) 
experimental data. I would move it to the supplementary informat ion. Also, what evidence do they 
have that UgpB refolds after acid denaturat ion? 



7:In the Results sect ion, the authors describe UgpB as a "glyceraldehyde-3-phosphate" binding
protein. This is incorrect : UgpB binds glycerol-3-phosphate. Are they sure they used glycerol-3-
phosphate and not glyceraldehyde-3-phosphate in their experiments? 

8:E. coli BL21 is not a K12 strain 

9:Figure 4: the concentrat ion of CHO used should be added in the Figure legends or in the figure
itself. 

10:In Figure 4D, we do not see more MDH in the supernatant from the sample with UgpB. Because
MDH is almost absent from the pellet , we would expect to see more protein in the supernatant. 

11:Some of the Western Blot  panels are so black that we can barely see the red bands. In Figure
2C, the levels of b-lactamase act ivity are similar in all three pts mutants. Why do we see much less
Bla-Im7L53AI54A in the psts mutant in Fig. 2B? 

Referee #2: 

Periplasmic proteins from Gram-negat ive bacteria are strongly exposed to changes in growth
parameters including salt  concentrat ion or pH. This is part icularly relevant for enteric bacteria as
they face diverse host defense barriers when passing through the gastrointest inal t ract . For
example bacteria are exposed to bile salts in the intest ine. Bile salts (e.g. cholate) are amphipathic
molecules with ant ibacterial potent ial by disrupt ing membranes or t rigger protein unfolding and
aggregat ion. How bacteria protect  their proteome against  such compounds is therefore interest ing
and medically relevant. 

Here, the authors employed a β-Lactamase folding sensor whose stabilizat ion by e.g. molecular
chaperones leads to increased ant ibiot ic resistance. This system allows if coupled to e.g.
t ransposon mutagenesis to ident ify novel protein quality control factors and has been successfully
applied by the authors before. Here, the they show that E. coli pstSCA mutants indirect ly cause
folding sensor stabilizat ion by increasing the expression of the Glycerol-3-Phosphate (G3P) binding
protein UgpB, which becomes the most abundant periplasmic protein. As ugpB expression can be
induced by bile salts, the authors tested whether UgpB can protect  model substrates from cholate
induced unfolding and aggregat ion. They show that UgpB but no other periplasmic chaperones can
protect  proteins from bile-induced aggregat ion. UgpB chaperone act ivity is weakened in presence
of its substrate G3P, raising the possibility that  UgpB funct ion as chaperone or G3P binding protein
is controlled by e.g. substrate availability and can be switched depending on environmental
condit ions. Here, the authors speculate that G3P binding and dissociat ion will be modulated upon
passage of enteric bacteria through a human body, allowing for specific UgpB chaperone act ivat ion
upon exposure of bacteria to bile salts in the intest ine. 

The presented study is interest ing, well executed and nicely presented. The model how specific
environmental condit ions (e.g. low pH in stomach) and substrate availability can control the diverse
UgpB act ivit ies is intriguing, however, it  remains largely speculat ive so far and is in need of further
substant iat ion. Addit ional experiments seem required to validate the appealing model and should
be provided in a revised manuscript . 



Major points 
- Fig. 5: the authors demonstrate that t ransient exposure to low pH causes dissociat ion of G3P
from UgpB. Yet, this kind of substrate-free UgpB has not been tested in chaperone assays, which
rely on UgpB that was init ially denatured by high GdnHCl concentrat ions to t rigger G3P removal.
The suggested model would be strongly supported if UgpB chaperone funct ion is increased upon
pH-induced G3P dissociat ion and can be subsequent ly counterbalanced by G3P re-addit ion.

- The authors show that overproduct ion of UgpB confers increased resistance to bile salts but they
did not test  whether an ugpB mutant exhibits increased sensit ivity. This seems relevant, as other
periplasmic folding factors (e.g. Spy) might be sufficient  to protect  wild type bacteria from these
compounds. As chaperones like UgpB and Spy might exhibit  overlapping act ivit ies it  is also
recommended to study the effects of spy ugpB double mutants on bile salt  sensit ivity

- Does bile salt  t riggers protein aggregat ion in vivo and is the aggregat ion profile altered in ugpB
mutant cells or upon UgpB overproduct ion?

- 90% of UgpB is substrate (G3P) bound upon nat ive purificat ion, yet  the protein st ill exhibits
(reduced) chaperone act ivity (Fig. S11A/B). Similarly, addit ion of high concentrat ion of G3P only
part ially inhibited chaperone act ivity (Fig. 5C). This seems not ent irely consistent with the model
proposed by the authors.



Referee #1: 

This manuscript reports the identification of UgpB, a glycerol-3-phosphate binding periplasmic 

protein, as a novel chaperone protecting periplasmic proteins from bile salts-induced protein 

aggregation. The first part of the manuscript describes the elegant approach, combining TnSeq 

analysis and the use of a tripartite fusion, used by the authors to uncover this novel function of 

UgpB. In the second part, the authors investigate the chaperone properties of UgpB and conclude 

that it functions as a chaperone when it does not bind glycerol-3-phosphate. Overall, I find the 

paper well written and interesting, the approach used very clever and the identification of UgpB 

as a new periplasmic chaperone exciting.  

We thank the reviewer for these kind comments.

The results presented in the first part are solid, but I'm less convinced by those reported in the 

second part and the conclusions that were drawn, as explained in the comments below. I think 

that the authors need to clarify the role of G3P in UgpB chaperone activity and also provide some 

mechanistic explanations for the chaperone activity. 

 To address this concern, we added new results which provide evidence for our mechanistic

explanation of the molecular mechanism of UgpB’s chaperone activity and also the role of G3P in 

the regulation of UgpB’s chaperone activity. Our key results showed that (1) UgpB variants that fail 

to bind G3P binding are constitutively active as chaperones independent of the presence or 

absence of G3P. This result strongly suggests that the dissociation of G3P is a prerequisite for 

UgpB’s chaperone activity and (2) that the residues located in the cleft between two domains that 

is exposed upon G3P dissociation is involved in UgpB’s chaperone activity (new figures 4GH, 

figure 5 and S13-16). We obtained crystals of UgpB frustratingly just two days prior to the COVID-

19 triggered shutdown of my lab. However, due to the kindness of Rudi Glockshuber, we able to 

gain access one of the only synchrotrons in the world accepting non-COVID-19 related samples 

namely the Swiss Light Source at the Paul Scherrer Institute. Operating remotely, we were able to 

obtain high resolution data that enabled us to determine the 1.25 Å resolution structure of the 

ligand-free form of UgpB. This structure shows that G3P release induces conformational change 

that opens up a deep groove in the structure of UgpB that easily docks a variety of peptides 

derived from the substrate MDH. The closed form buries residues of UgpB that are implicated in 

binding protein substrates, the G3P-bound form of UgpB is not able to function as a chaperone.  

1: the authors report that purified UgpB has 90% G3P occupancy. They propose that the acid 

denaturation of UgpB that occurs when bacteria pass through the stomach causes UgpB to lose 
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G3P, which would activate its chaperone function. However, in the growth assays that were done 

(for instance with the various pts mutants), periplasmic UgpB likely binds G3P, which should keep 

its chaperone function off. Yet, the authors show that it does prevent the aggregation of the 

tripartite fusion. This needs to be clarified. 

 For the purification of UgpB to be of high yield, we found it to work better to express the 

protein in the E. coli cytoplasm by using a UgpB construct without signal sequence. Since G3P is 

synthesized by reducing dihydroxyacetone phosphate (DHAP), a glycolysis intermediate, G3P is 

abundant in the cytosol (Lemieux et al, 2004). Therefore, purification of cytoplasmically expressed 

UgpB results in high G3P occupancy. We did not make this point clear enough in the original 

submission, this deficiency has now been rectified. 

To directly estimate G3P occupancy of UgpB that is located in the periplasm, we now performed 

experiments where bacterial cells were grown in the same growth conditions which we used for 

various in vivo experiments (see methods), we extracted the periplasmic fraction from the pstS 

single deletion and pstS ugpB double deletion strains, and then examined how the tryptophan 

fluorescence spectrum of this extract changes upon the addition of G3P. By these means we were 

able to estimate that periplasmic UgpB from the pstS deletion strains has ~36% G3P occupancy. 

Since we expect some G3P to be released during the preparation of the periplasmic extracts by 

polymyxin B treatment, this value likely represents an upper limit. In any case, these experiments 

indicate that periplasmic G3P contains a large proportion of UgpB in the apo state, which we 

postulate is the chaperone active configuration. This data is now shown in a new supplementary 

figure (10E). 

. 

2: the authors also explain that UgpB has an extremely high affinity for G3P (117 nM). However, 

adding 120 μM (1,000 fold excess) does not turn off the chaperone function of UgpB, which is 

very surprising. They only start seeing an effect when they add 1.2 mM. This also needs to be 

clarified. Could it be that G3P, when present at high concentrations, causes the aggregation of the 

substrate? 

 We agree that a surprisingly high concentration of G3P is apparently required to compete with 

MDH. First, we now have a completely independent line of evidence that G3P binding interferes 

with UgpB’s chaperone activity. As we describe above, we targeted residues known to be involved 

in G3P binding and showed that these mutants which failed to bind G3P were constitutively 

chaperone active. However, to further examine this reviewer specific point, as the reviewer 



suggested, we also wondered if G3P induced aggregation might be interfering with our results. 

We thus examined whether G3P can enhance bile salt - induced aggregation of MDH. To do this 

we performed a supernatant/pellet solubility assay at various G3P concentrations for MDH only, 

UgpB only and also MDH in combination with UgpB. These results are shown in a new 

supplement figure (S11E). The solubility of MDH or UgpB itself was not affected by the addition of 

G3P. To verify why such a high concentration of G3P is needed to compete with MDH, we need to 

determine the binding affinity between bile salt denatured MDH and UgpB. However, this is 

technically difficult to measure because MDH is aggregation prone in the presence of bile salts. 

3: If the authors are right and that removing G3P activates UgpB as a chaperone, then what is the 

mechanism? Does free UgpB unfold? What do we know regarding the structure of this protein? 

 To show that G3P removal activates the chaperone function of UgpB, we now provide evidence 

that UgpB variants that are defective in binding G3P are constitutively active as a chaperone 

(figure 4GH). G3P free UgpB does not unfold, but has a more open structure containing a deep 

groove as revealed by the protein crystal structure we have now solved of the ligand-free form of 

UgpB. In terms of structure, the dissociation of G3P from UgpB induces the conformational 

change from ‘closed state’ to ‘open state’ and consequently a deep groove is exposed. We 

showed that two tryptophan residues (W169, W172) located in the groove are involved in 

chaperone activity as well as G3P binding. These results are added as figure 5 and S13-16. 

4: the authors also make confusing statements regarding G3P. They first explain that "the anti-

aggregation of UgpB is tightly modulated by its binding to G3P". Later, they conclude that "UgpB 

only functions as a chaperone when it is G3P free". However, the results in Figure S11 do not 

support this second statement: UgpBG3P does protect MDH from aggregation, although less than 

the free protein. 

 In figure S11, UgpBG3P has ~90% G3P occupancy. Therefore, some chaperone activity is 

expected from the ~10% of UgpB in this preparation that lacks G3P. Indeed the chaperone activity 

of this preparation is 10% of that shown by apo UgpB (Figure 4C, S11AB). This fits very nicely with 

our assertion that ~10% of UgpB should be in the active chaperone form. 

5: Fig. S11 is an important one and should be moved to the main manuscript. 

 We agree that the result shown in Fig S11E is important enough to move to the main 

manuscript (now fig 4F) The remainder of figure S11 has many panels.  We would therefore 

prefer to mainly keep it in the supplement, though we note we are flexible in regards to this.  



6:Figure 6 is beautiful and fancy. However, it is only very partially supported by (mostly in vitro) 

experimental data. I would move it to the supplementary information. Also, what evidence do 

they have that UgpB refolds after acid denaturation? 

 Thank you for the complement. As discussed above we think we do now have stronger support 

for the model, including, as discussed above, the observations that mutants of UgpB that fail to 

bind G3P are constitutively chaperone active and that the crystal structure of one such mutant 

opens up a groove suitable for peptide binding and also new data which show that pH transition 

from 2 to 7 can activate the anti-aggregation activity of UgpB and that the addition of G3P can 

re-inactivate its chaperone function (new figure 6C). We have also now shown that after an acid to 

base pH transition, UgpB is now again able to bind G3P and also is reactivated as a chaperone, 

This provides evidence that UgpB is refolded after acid denaturation (figure 6BC). 

To further accommodate the reviewer, we have also softened the claims of the model by changing 

the perhaps too declarative title of the model from “The Activity of the Anti-Bile Chaperone UgpB 

Is Responsive to Small Molecules Present in the Digestive Tract’ to be less declarative as 

‘Speculative Model of UgpB in the Digestive Tract’  

7:In the Results section, the authors describe UgpB as a "glyceraldehyde-3-phosphate" binding 

protein. This is incorrect: UgpB binds glycerol-3-phosphate. Are they sure they used glycerol-3-

phosphate and not glyceraldehyde-3-phosphate in their experiments? 

 Thank you for noticing this typographical error which has now been corrected to glycerol-3-

phosphate.  

8:E. coli BL21 is not a K12 strain  

 Correct, we have modified the text to make this clear.  

9:Figure 4: the concentration of CHO used should be added in the Figure legends or in the figure 

itself. 

 The information has now been added in the figure legend 

10:In Figure 4D, we do not see more MDH in the supernatant from the sample with UgpB. 

Because MDH is almost absent from the pellet, we would expect to see more protein in the 

supernatant. 

 The pellet fraction is concentrated (5-fold). So, the absolute amount of the aggregated MDH is 



relatively low in the original reaction mixture. Hence, the increase of protein intensity in the 

supernatant fraction is subtle and is hard to see. 

11:Some of the Western Blot panels are so black that we can barely see the red bands. 

 The Western Blot panels color brightness has been altered to make the figures less black  

12: In Figure 2C, the levels of b-lactamase activity are similar in all three pts mutants. Why do we 

see much less Bla-Im7L53AI54A in the pstS mutant in Fig. 2B? 

 If we compare the mean values of B-lactamase activity, the reviewer is correct in that the pstC 

mutant shows the highest average activity and pstS and pstA mutants show similar average 

activity, however since the pstS mutant measurements have larger errors compared to the others 

measurements the difference between pstC and the others is not statistically significant. For 

reviewer’s consideration, the biological replicate of Western blot result is shown below. 

 

 

 

Referee #2: 

Periplasmic proteins from Gram-negative bacteria are strongly exposed to changes in growth 

parameters including salt concentration or pH. This is particularly relevant for enteric bacteria as 

they face diverse host defense barriers when passing through the gastrointestinal tract. For 

example bacteria are exposed to bile salts in the intestine. Bile salts (e.g. cholate) are amphipathic 

molecules with antibacterial potential by disrupting membranes or trigger protein unfolding and 

aggregation. How bacteria protect their proteome against such compounds is therefore 

interesting and medically relevant. Here, the authors employed a β-Lactamase folding sensor 

whose stabilization by e.g. molecular chaperones leads to increased antibiotic resistance. This 



system allows if coupled to e.g. transposon mutagenesis to identify novel protein quality control 

factors and has been successfully applied by the authors before. Here, the they show that E. coli 

pstSCA mutants indirectly cause folding sensor stabilization by increasing the expression of the 

Glycerol-3-Phosphate (G3P) binding protein UgpB, which becomes the most abundant periplasmic 

protein. As ugpB expression can be induced by bile salts, the authors tested whether UgpB can 

protect model substrates from cholate induced unfolding and aggregation. They show that UgpB 

but no other periplasmic chaperones can protect proteins from bile-induced aggregation. UgpB 

chaperone activity is weakened in presence of its substrate G3P, raising the possibility that UgpB 

function as chaperone or G3P binding protein is controlled by e.g. substrate availability and can 

be switched depending on environmental conditions. Here, the authors speculate that G3P 

binding and dissociation will be modulated upon passage of enteric bacteria through a human 

body, allowing for specific UgpB chaperone activation upon exposure of bacteria to bile salts in 

the intestine. The presented study is interesting, well executed and nicely presented. The model 

how specific environmental conditions (e.g. low pH in stomach) and substrate availability can 

control the diverse UgpB activities is intriguing,  

We thank the reviewer for these kind comments. 

However, it remains largely speculative so far and is in need of further substantiation. Additional 

experiments seem required to validate the appealing model and should be provided in a revised 

manuscript. 

 As described in detail in our response to reviewer 1 who had a similar criticism, we have added 

new results which strongly support our mechanistic model of the role of G3P in the regulation of 

UgpB’s chaperone activity. In brief, we constructed the UgpB variants which cannot bind to G3P, 

and showed that these are constitutively active as chaperones. We also determined the 1.25Å 

crystal structure of the ligand-free form of UgpB. Structural and mutational analysis revealed that 

G3P release opens up a deep groove in UgpB that is implicated in chaperone function. We also 

showed that chaperone activity is regained after pH transition in support of our proposed 

mechanistic model. Though we feel we now have much more experimental support for our model, 

we toned down the perhaps too declarative title of the model shown in figure 7 from “The 

Activity of the Anti-Bile Chaperone UgpB Is Responsive to Small Molecules Present in the 

Digestive Tract’ to be less declarative as ‘Speculative Model of UgpB in the Digestive Tract’  

Major points 

- Fig. 5: the authors demonstrate that transient exposure to low pH causes dissociation of G3P 



from UgpB. Yet, this kind of substrate-free UgpB has not been tested in chaperone assays, which 

rely on UgpB that was initially denatured by high GdnHCl concentrations to trigger G3P removal. 

The suggested model would be strongly supported if UgpB chaperone function is increased upon 

pH-induced G3P dissociation and can be subsequently counterbalanced by G3P re-addition. 

 As reviewer suggested, we performed experiments to prove pH transition can actually confer 

the activation of UgpB’s chaperone activity. Indeed, pH transition from 2 to 7 activates anti-

aggregation activity of UgpB and re-addition of G3P can completely inactivate the chaperone 

function. This new data is added in the figure 6C. 

- The authors show that overproduction of UgpB confers increased resistance to bile salts but 

they did not test whether an ugpB mutant exhibits increased sensitivity. This seems relevant, as 

other periplasmic folding factors (e.g. Spy) might be sufficient to protect wild type bacteria from 

these compounds. As chaperones like UgpB and Spy might exhibit overlapping activities it is also 

recommended to study the effects of spy ugpB double mutants on bile salt sensitivity 

 UgpB deletion does show some sensitivity to bile salts, we show this in figure 4A. We agree 

that it is possible that UgpB and other periplasmic chaperones such as Spy or also SurA, Skp, 

DegP, OsmY and so on might have some overlapping specificity, but testing mutants of these 

chaperones both individually and in combination with UgpB mutants, though it could reveal 

interesting information, is outside the scope of this paper. We note that similar types of 

experiments have in the past, comprised the bulk of an entire paper e.g. (Weski & Ehrmann, 2012). 

In the specific case of Spy, we did not conduct these experiments because we thought it was 

unlikely that UgpB is functionally that close since Spy does not exhibit and in vitro anti-

aggregation activity against bile salt induced aggregation (Figure 4D).  

- Does bile salt triggers protein aggregation in vivo and is the aggregation profile altered in ugpB 

mutant cells or upon UgpB overproduction? 

 Yes, bile salt induces protein aggregation in vivo (Cremers et al, 2014). Diverse ribosomal 

proteins, metabolic enzymes, DNA/RNA binding proteins and membrane proteins are prone to be 

aggregated by bile salt treatment.  

We thought of attempting to look to see if the aggregation profile is altered in ugpB mutant cells 

or upon UgpB overproduction but we are unable to monitor the aggregation of periplasmic 

proteins because of a technical issue. As we have reviewed previously (Quan et al, 2013), all 

methods for isolation of periplasmic proteins involve the permeabilization of cells, which allows 



for the escape of periplasmic contents, followed by a centrifugation step that pellets the cells. 

Unfortunately, aggregates are extremely unlikely to be able to escape through the relatively small 

holes generated during the various permeabilization procedures, we have found that polymyxin 

treatments for instance preferentially allow the escape of proteins of small molecular weight.   

- 90% of UgpB is substrate (G3P) bound upon native purification, yet the protein still exhibits 

(reduced) chaperone activity (Fig. S11A/B).  

 We expressed UgpB in the E. coli cytoplasm to get high yield of protein purification. G3P is 

abundant in the cytosol as it is produced by reducing dihydroxyacetone phosphate (DHAP), a vital 

glycolysis intermediate. (Lemieux et al, 2004). Therefore, UgpB purified from the cytosol has a high 

G3P occupancy, which we measured at 90%. When purified from the periplasm, we observed that 

UgpB has 36% of G3P occupancy which in our model indicates that the majority of periplasmic 

UgpB should be active (new supplementary figure 10E).  Though UgpBG3P with~90% G3P 

occupancy does exhibit some chaperone activity, it is roughly ~10-fold lower activity than apo 

UgpB (Figure 4C, S11AB), perfectly consistent with our model. 

Similarly, addition of high concentration of G3P only partially inhibited chaperone activity (Fig. 5C). 

This seems not entirely consistent with the model proposed by the authors. 

 

 We are not entirely sure why this is but we now have considerably more independent evidence 

for our model. First of all, now we have demonstrated, by a completely independent line of 

evidence acquired by mutational and structural studies, that G3P binding inactivates UgpB’s 

chaperone activity. In summary, we targeted the resides known to be involved in G3P binding and 

showed that alteration of these residues makes UgpB a constitutively active chaperone (new figure 

4GH). Based on structural analysis, ligand release induces an open state of UgpB which reveals a 

deep binding groove suitable for binding peptides. However, we were still wondering that why 

high concentration of G3P is required to compete with MDH. One possibility is that G3P can 

enhance bile salt-induced aggregation of MDH. To test this possibility, we performed a 

supernatant/pellet solubility assay at various G3P concentrations for MDH only, UgpB only and 

also MDH in combination with UgpB. The solubility of MDH or UgpB itself was not affected by 

the addition of G3P (new supplementary figure S11F). To further investigate bile salt induced 

aggregation reactions in vitro it would be useful to know the binding affinity of bile salt 

denatured MDH with UgpB. Unfortunately, this Kd value cannot be easily determined because 

MDH is aggregation prone in the presence of bile salt.  We are not alone in facing these types of 



issues, for instance others have had difficulty in determining the binding affinity of the ensemble 

of heat or chemically denatured proteins for their chaperones. 
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26th Jun 20202nd Editorial Decision

Thank you again for submit t ing a revised version of your manuscript EMBOJ-2019-104231, which 
we had recent ly rejected post -review. As already ment ioned, given the addit ional experiments 
included in this version, we decided to send the manuscript back to the init ial two referees. Please 
excuse the delay in communicat ing the decision to you, which was due to a delayed report on 
account of the current pandemic. We have now however received both referee's comments, which 
are included below for your informat ion. 

As you will see, the referees appreciate that the data added to the revised version, in part icular the 
crystal st ructure, has improved the study and overall find that their init ial concerns have been 
largely addressed. Referee #2 raises some remaining points, which should be addressed in a 
revised version of the manuscript . The suggested analysis of a mutant that is deficient in 
chaperone funct ion, but not G3P binding, can possibly in part be addressed by the addit ional data 
you have meanwhile acquired, and we would ask you to include these experiments. Please also 
revise the model and discussion according to the referees remaining concerns. Once these issues 
are resolved we will be happy to consider the study further for publicat ion. 

We realize that lab work worldwide is current ly affected by the COVID-19/SARS-CoV-2 pandemic 
and that more extensive experimental revisions may be significant ly delayed. We can extend the 
revision t ime when needed, and we have extended our 'scooping protect ion policy' to cover the 
period required for a full revision. However, it is nonetheless important to clarify any quest ions and 
concerns, and to discuss potent ial issues you may foresee as soon as possible. 

Please also feel free to contact me should you have any other further quest ions. Thank you for the 
opportunity to consider your work for publicat ion. I look forward to receiving your revised 
manuscript .



REFEREE REPORTS

Referee #1: 

The authors have sat isfactorily addressed my concerns. The revised manuscript is very nice. I have 
no further issues. 

(pept ide is bound in a deep groove IN the cleft region: IN is missing) 

Referee #2: 

In their revised version the authors have largely addressed my previous concerns. In part icular, they 
determined the crystal st ructure of an UgpB mutant (W169S/W172S) that cannot bind its small 
molecule subst rate G3P. This major addit ion is support ing the init ial model of UgpB chaperone 
act ivity cont rol, just ifying publicat ion of the revised study. 
The UgpB variant is const itut ively act ive in chaperone assays and no longer affected by G3P 
presence, support ing the authors model that G3P availabilit y cont rols UgpB chaperone funct ion. 
Structure determinat ion revealed exposure of a groove that might allow binding of misfolded 
proteins, an assumpt ion indirect ly supported by bioinformat ic analysis (pept ide docking). Further 
biochemical validat ion of this potent ial binding site for misfolded proteins (by e.g. a crosslinking 
approach) would further increase the impact of the study, yet this is not considered essent ial for 
publicat ion. 

Further points: 
It would be nice to characterize an UgpB groove mutant , that is deficient in chaperone funct ion but 
not G3P binding. The reviewer is aware of the fact that this is not easily feasible as groove residues 
might be involved in both types of interact ions. 

The idea that UgpB becomes act ivated by low pH in the stomach is nice and is also part ially 
validated by new in vit ro experiments. The model however st ill remains speculat ive and respect ive 
statements in the discussion sect ion should be softened. In figure 7 the cartoon depict ing the 
journey of bacteria through the digest ive t ract should be removed.



We were gratified by the positive comments from both reviewers. 

Attached is a point by point response to all of the reviewers’ few remaining comments our 

responses are shown in blue font. 

Response to Referee Reports. 

Referee #1: 

The authors have satisfactorily addressed my concerns. The revised manuscript is very nice. I have no further 

issues. 

 We thank the reviewer for the positive comment concerning our revision.

(peptide is bound in a deep groove IN the cleft region: IN is missing) 

 Thank you for noticing this error, which has now been corrected.

Referee #2: 

In their revised version the authors have largely addressed my previous concerns. In particular, they 

determined the crystal structure of an UgpB mutant (W169S/W172S) that cannot bind its small molecule 

substrate G3P. This major addition is supporting the initial model of UgpB chaperone activity control, 

justifying publication of the revised study. 

The UgpB variant is constitutively active in chaperone assays and no longer affected by G3P presence, 

supporting the authors model that G3P availability controls UgpB chaperone function. Structure determination 

revealed exposure of a groove that might allow binding of misfolded proteins, an assumption indirectly 

supported by bioinformatic analysis (peptide docking). Further biochemical validation of this potential 

binding site for misfolded proteins (by e.g. a crosslinking approach) would further increase the impact of the 

study, yet this is not considered essential for publication. 

 We thank the reviewer for the positive statements concerning our revision.

Further points: 

It would be nice to characterize an UgpB groove mutant, that is deficient in chaperone function but not G3P 

binding. The reviewer is aware of the fact that this is not easily feasible as groove residues might be involved 

in both types of interactions. 

 As reviewer mentioned, we also agree that the isolation of mutant which is deficient in chaperone function

but not G3P would be difficult, because (1) many of hydrophobic residues in the groove region are likely

involved in the chaperone function and (2) the alteration of these residues might be also affecting the G3P

binding. (3) The identity of residues that are directly or indirectly involved in chaperone action of even

extremely well studied chaperones such as GroEL and Hsp70 or Hsp90 is still the subject of considerable

debate despite hundreds or thousands of papers that have been published on these chaperones.  To make these

mutants we would first need to clearly define the residues directly involved in peptide binding, even the

crosslinking experiments that the reviewer suggests above would likely only result in a partial or preliminary

idea of which residues are directly involved in peptide binding.  In contrast, the residues that are directly

2nd Authors' Response to Reviewers         30th Jun 2020



involved in G3P binding for UgpB have been clearly defined by others by solving the co-crystal structure with 

G3P (4AQ4, 6R1B) and verified with biochemical experiments that show that mutating these residues 

eliminates G3P binding (1, 2). We consider that the fundamental basis of the reviewer’s request is to isolate 

and characterize mutants that clearly distinguish between G3P and peptide binding 

This is a worthy goal, thus instead of defining and then mutating the residues involved peptide binding we 

simply  isolated UgpB variants in residues that are involved in G3P binding and then tested them for their 

effects on chaperone function, this accomplishes the same goal of distinguishing chaperone function and G3P 

binding. We selected glutamate 66 and arginine 374 and substituted then to alanine and valine, respectively. 

These two residues contain charged side chains that are involved in G3P binding, and these specific 

substitutions are known to be severely defective in G3P binding without affecting the overall fold of the 

protein (1, 2). We expected that these variants to not affect the hydrophobicity of core cleft region of UgpB, 

which is involved in the chaperone activity, but only affect G3P binding. Indeed, the E66A and R374V 

variants of UgpB exhibit the same chaperone activity as G3P-free form of wildtype UgpB, suggesting these 

substitutions do not affect the chaperone activity. Importantly, the chaperone activity of these UgpB variants 

is constitutively active, as it is not affected by the presence of G3P in contrast to wild type UgpB. These 

results strongly support our hypothesis that G3P binding modulates the chaperone activity (New figures 4I 

and 4J). 

The idea that UgpB becomes activated by low pH in the stomach is nice and is also partially validated by new 

in vitro experiments. The model however still remains speculative and respective statements in the discussion 

section should be softened. In figure 7 the cartoon depicting the journey of bacteria through the digestive tract 

should be removed. 

 As reviewer #2 suggested the discussion part is had been softened to make it clear that our model is

speculative and, figure 7 has been removed from the main text, and as suggested by reviewer 1 has been

moved to the extended version. Since this figure, which reviewer #1 referred to as beautiful, is important to

illustrate our model, for communication purposes, we would like to be able to refer to it and not remove it

entirely, but will do so if reviewer #2 insists.

References 

(1) Fenn JS, Nepravishta R, Guy CS, Harrison J, Angulo J, Cameron AD, Fullam E (2019) Structural Basis of

Glycerophosphodiester Recognition by the Mycobacterium tuberculosis Substrate-Binding Protein UgpB.
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Determinants of substrate specificity and biochemical properties of the sn-glycerol-3-phosphate ATP binding

cassette transporter (UgpB-AEC2 ) of Escherichia coli. Molecular microbiology 86: 908-920

Sincerely yours, 

Investigator, Howard Hughes Medical Institute 

Rowena G. Matthews Collegiate Prof. of Molecular Cellular and Developmental Biology 



10th Jul 20203rd Editorial Decision

Thank you again for submit t ing the revised manuscript . I am pleased to say that the referees now 
all support publicat ion. Therefore I would like to ask you to address a number of editorial issues that 
are listed in detail below in a final revised version.  Once these remaining issues are resolved, we 
will be happy to formally accept the manuscript for publicat ion. 

REFEREE REPORTS

------------------------------------------------ 

Referee #2: 

The authors have addressed my remaining minor concerns. I therefore support  publicat ion of the
study in the EMBO Journal. 
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