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Reviewer #1 (Remarks to the Author): 

This paper from Olaitan et al. constitutes a remarkable achievement in the understanding of 

metronidazole resistance in Clostridioides difficile. In a previous publication in 2021, the lab of 

Prof. Hurdle had already demonstrated that metronidazole resistance in the overwhelming majority 

of resistant C. difficile strains is dependent on hemin as a supplement to the growth medium. This 

paper provides a careful and expansive explanation for this phenomenon. The authors clearly 

demonstrate that metronidazole resistance in C. difficile is mediated by the presumptive 

nitroreductase NimB. The Nim proteins were originally described to occur in some Bacteroides 

fragilis strains but do also exist in other – non-related bacteria – such as C. difficile. Although the 

nimB gene is commonly present in C. difficile, the resistant strains shown here have an SNP in the 

promoter of the gene that enables constitutive expression of nimB, resulting in strongly elevated 

mRNA levels. Further, the authors identified NimB as a heme-binding protein which explains why 

metronidazole resistance only manifests in the presence of heme. The authors present evidence in 

favour of the hypothesis that NimB acts as a nitroreductase which detoxifies metronidazole to the 

harmless cognate aminoimidazole. Finally the authors provide a compelling argument that 

metronidazole resistance co-evolved with flurochinolone resistance in isolated clades of C. difficile. 

Overall this is really an excellent study which provides plentiful experimental data to support the 

notion of NimB as a heme-dependent resistance factor which is selectively overexpressed in strains 

harbouring the said mutation in the nimB promoter region. I do, however, have serious concerns 

regarding the part dealing with NimB’s assumed function as a nitroreductase. My queries are listed 

below. 

Queries block A: Enzymological evaluation of NimB

1. The authors’ description of NimB’s role as nitroreductase is confusing because they alternately 

propose the transfer of two and of six electrons to the nitro group of metronidazole. In fact, the 

reduction of the nitro group to a comparably non-reactive amine requires the transfer of six 

electrons whereas the transfer of two electrons results in the formation of a toxic nitrosoradical. 

Indeed, already the original hypothesis as proposed by Leiros et al. 2004 was based on the IMO 

incorrect assumption that the formation of nitrosoradicals would have a protective effect. The 

authors show that the nitro groups in the respective nitro drugs (Figure 3) are reduced to their 

cognate amino groups. Thus, the authors should stick to this explanation dating back to the 

observations made by Carlier et al. 1997 (paper cited by the authors) and not confuse it with the 

contrasting hypothesis by Leiros et al. (see Discussion lines 394 and 395). 

2. I do not understand how 10 µM of NimB can be possibly saturated with hemin at a hemin 

concentration of 4 µM (Figure 3d), i.e. at a 2.5-fold excess of NimB over hemin. Please explain! 

3. To the best of my knowledge the nitroreductase assay as described in this paper and as shown 

in Figure 3f-h is novel. In light of this its description is fairly scant and lacks mention of necessary 

controls. Further, some of the details do not add up. 

a. Did the authors omit hemin, FAD and NADPH in any control experiments? This would be 

important for conferring credibility to the model and the assay. If the authors’ model of NimB as a 

hemin-, FAD- and NADPH-dependent nitroreductase really applied, then none of these components 

could be omitted for aminoaromatic compounds to be formed. This has to be tested. 

b. Why was the concentration of nitro compounds so high? 5 mM of metronidazole is a 

concentration several orders of magnitude higher than the concentrations encountered in vivo 

(MIC of metronidazole in resistant C. difficile 1-16 µg/ml, i.e. 6 to roughly 100 µM). Did the 

authors also test lower concentrations? Importantly, even at this high concentration the amount of 

amino-metronidazole formed is very small and only slightly above control level (Figure 3f). Since 

the reaction time was 2h and the concentration of NimB in the reaction mixture amounted to 10 

µM, this indicates a minimal turnover of approximately 1 h-1 when taking metronidazole as 

substrate. This is close to nil and cannot explain resistance to metronidazole. In this context it is 

also important to mention that 300 µM of NADPH as added to the reactions is only sufficient to 

allow the formation of 100 µM amino compounds, one NADPH molecule providing two electrons via 

a hydride transfer. It is unclear to me why the authors applied such a low amount of NADPH in 

their assay. Finally, please transform the values on the y-axis in Figure 3f into µM, the mere 

absorption value is not sufficiently informative! 

c. Why was the amount of 2-nitroimidazole formed by the NimB H55A mutant so much lower when 



2-aminoimidazole was quantified by Bratton-Marshall assay (Figure 3h) as compared to HPLC 

(Figure 3i)? In fact, the supposed activity of NimB H55A amounts to 75% of the wildtype enzyme 

when the reaction product is measured by HPLC (Figure 3h) although this mutation is shown to 

abrogate metronidazole resistance as conferred by NimB (see Figure 3C). Taken into account this 

discrepancy, the R20291 Tn::nimB mutant complemented with nimB H55A (Figure 3C) would have 

been an important addition to the experiment as shown in Figure 3j. According to the data shown 

in Figure 3c, conversion of 2-nitroimidazole in cells harbouring the nimB H55A mutant should be 
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as determined by HPLC, however, it should be close to the level of wildtype R20291. Further also 

the MIC for 2-nitroimidazole in the presence of heme was strongly elevated in the metronidazole-
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pRPF185 (Extended Data Figure 4). 

These issues show that 2-nitroimidazole is a poor substitute for metronidazole which is not 

surprising given that 2-nitroimidazoles have much higher reduction potentials than 5-

nitroimidazoles, including metronidazole. They are more easily reduced than 5-nitroimidazoles and 

cause different effects. The 5-nitroimidazole dimetridazole as used by Carlier et al. 1997 would 

have been a much more suitable choice for these experiments. 

Queries block B: other queries

1. It would be interesting to see overexpression of nimB plotted against the degree of 

metronidazole resistance. From the data I could muster in the manuscript no correlation between 

the degree of resistance and nimB mRNA levels can be inferred. Strain 23468, e.g., displays an 

almost 20-fold overexpression of nimB in the presence of heme as compared to the parental 

23475 strain but is only resistant to a metronidazole conc. of 1 µg/ml (Figure 2d). Strain 70/76, 

displaying only an about 5-fold overexpression of nimB as compared to susceptible CD196, is 

resistant to 8 µg/ml of metronidazole (see Wu et al., 2021 from the same lab). The same goes for 

the couple 17/27 and 25603 (Extended Figure 5). Strain 17/27 has much lower expression of nimB 

than 25603 but is far more resistant. This suggests that NimB levels do not translate into the level 

of metronidazole resistance as such which complicates the notion of NimB acting directly as a 

nitroreductase. Higher levels of nitroreductase should lead to higher levels of detoxified 

metronidazole. This aspect should be carefully discussed by the authors. 

2. Contrary to the authors’ claim (lines 335-337), the inhibition of nimB expression in strains 

17/27 and 26503 (Extended Figure 5d), both having elevated nimB mRNA levels but nor mutation 

in the promoter region, does not result in the restoration of metronidazole susceptibility to an 

extent comparable to the strains shown in Figure 2g and h. Surprisingly, antisense mRNA has no 

effect at all and CrispR only partially restores susceptibility in 17/27. Please explain! 

3. The growth experiment with strains 23468 and 23475 as discussed in the Discussion (lines 381-

383) is not sufficient to show that nimB overexpression has no fitness costs. The experiment was 

performed in BHI medium without hemin although hemin is required to observe a phenotype of 

nimB overexpression. I think the experiment should be presented in the Results section and not in 

the Discussion. 

4. The data shown in Extended Figure 7 and discussed in the Discussion lines 399-403 should also 

be transferred to the Results. The results with NimA from B. fragilis are interesting and mirror our 

own observations. However, as a word of caution: resistance to metronidazole in Bf 638R pIP417 

(nimA) is also clearly increased when the cells are plated on BHI plates with extra FeCl3 (our own 

as yet unpublished results) which is not the case in C. difficile, at least according to the authors’ 

previous results (Wu et al., 2021). It is therefore uncertain if the mechanism is the same as 

observed in C. difficile. 

To sum up, this paper constitutes an important milestone in C. difficile research and definitely 

deserves to be swiftly published. The part on the presumed nitroreductase activity, however, 

requires much more attention and care before publication. In order to avoid an unduly delay of 

publication of the manuscript, I would therefore suggest to shorten this part of the manuscript and 

expand on the issue in a follow-up paper. 



Reviewer #2 (Remarks to the Author): 

The manuscript "Decoding a cryptic mechanism of metronidazole resistance among globally 

disseminated fluoroquinolone-resistant C. difficile" combines a myriad of methods to disect a 

mechanism of resistance to metronidazol that is associated with a gryA mutation that was 

previously shown to facilitate the global dissemination of epidemic Cd strains. The conclusions are 

in most cases well supported by the data and have multiple theoretical and pragmatical 

applications. 

This reviewer believes that the authors confuse causality with association at some points along the 

text but this can be addressed by changing the wording. 

Here a few suggestions: 

Abstract: 

indicate %id of CdnimB to other nim genes from other species. 

Include MICs and change folds to appraise the magnitude of the phenotype 

Introduction: 

l47: belongs to "MLST Clade 2". There are different grouping methods, in this work only MLST is 

used and this should be indicated for the sake of clarity. 

l49. also in Latin America. 

l88. Please elaborate the mechanism of action of metronidazole so that the reader can later 

understand the transcriptomics responses. 

l90. "revealing its role in the global transmission" This is speculative, what the authors can claim 

with the current experimental design is association/linkage, not causality. It would be advisable to 

present metronidazole consumption figures or usage data to better understand the strength of the 

selective pressure in the countries where the isolates were recovered. 

l99. To ultimately confirm co-selection, additional experiments in, say, a human gut model, are 

required. This can be discussed. 

Results: 

l153. please add "in C. difficile" before "since". 

l159. please add "plasmid" before "plasmid". 

l169. for consistency, please indicate ST and MLST clade of isolates 23475 and 23468. 

l232 and 234. Homologous refers to common ancestry, here you mean similar 3D structure. 

l245. please indicate method. 

l339-340. Perhaps knowledge from other bacteria can shed light onto this alternative mechanism, 

please consider whether this can be discussed. 

Discussion: 

l352. Indicating? To me the paper can not confirm this claim. 

l361. It is a bit reckless to conclude "that strains carrying both mutations spread more rapidly". 

Our current knowledge on the global population of Cd is highly biased towards a limited number of 

lineages linked to some phenotypes. 



l364, 365, 368, 373. Clade with capital C. 

l404. In the abstract the gene is callled nimB, here only nim. What´s the correct nomenclature and 

why? 

Congratulation on such a great paper, very exhaustive experimental design and a great 

contribution to the field. 

Reviewer #3 (Remarks to the Author): 

In this study, Olaitan and colleagues characterise a new mechanism of metronidazole resistance in 

Clostridioides difficile. This is an excellent multi-disciplinary study where authors provide extensive 

genetic, biochemical and evolutionary evidence of the role of over-expression of NimB in 

metronidazole resistance. Find below my major and minor comments: 

Major comments: 

1. Data availability. The genome analysis and phylogenetic methods described in Methods sections 

“Reference guided assembly” and “Phylogeny” are appropriate and state-of-the-art. However, no 

information is given as to how and where strains were whole-genome sequenced. Also, the 

genomes of newly sequenced strains in this study should be uploaded to the EBI ENA and/or NCBI 

SRA, and the genome accession numbers of individual strains included in Table S1. The data of the 

RNA sequencing should also be uploaded to GEO (https://www.ncbi.nlm.nih.gov/geo/) and to the 

EBI ENA and/or NCBI SRA. This is to allow re-use of raw sequencing data (the same way the 

authors could re-use published genomes) and reproducibility of the results. In Supplementary 

Table 1 each strain should be accompanied by their genome accession numbers (i.e. run 

accession), both for published genomes and those sequenced in this study. 

2. GWAS methodology. The Fst outlier analysis is not, to my knowledge, an established GWAS 

method to identify genetic variants associated with a phenotype. A more established GWAS 

method, such as Pyseer (https://github.com/mgalardini/pyseer) or this kmer GWAS 

(https://github.com/danny-wilson/kmer_pipeline), should have been used. 

3. MIC distribution and ECOFF. Figure 1a. The distribution of metronidazole MICs in the presence 

of heme should be presented as an MIC distribution, as opposed to plotting individual MIC values 

sorted increasingly. For example, see EUCAST’s metronidazole MIC distribution as an example: 

https://mic.eucast.org/search/show-

registration/19320?back=https://mic.eucast.org/search/?search%255Bmethod%255D=mic%26se

arch%255Bantibiotic%255D=126%26search%255Bspecies%255D=-

1%26search%255Bdisk_content%255D=-1%26search%255Blimit%255D=50 

Also, it would be important to establish if EUCAST’s metronidazole ECOFF (2 ug/ml) matches or 

differs from the metronidazole MIC distribution (in the presence of heme) measured in this study. 

Minor comments: 

1. Abstract. In statements “PnimBG mutation was strongly associated with the Thr82Ile 

substitution conferring fluoroquinolone resistance” and “PnimBG also carried the Thr82Ile 

mutation” please indicate “Thr82Ile mutation in GyrA” as it reads as if the Thr82Ile mutation is 

carried in the nimB gene. 

2. The quality and resolution of the phylogenetic trees presented in Figure 4 needs improvement. 

Also numbered or lettered panels are needed in this Figure. A phylogenetic tree of bigger size and 

resolution is needed, maybe included as a single figure. 
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Response: !"# )"-6"5$.1990# 3+-&4)""# $%&$# $%"# &--&0# +-# '/*"97# P'# $%"# /)+4+'&9# -1;2+--+/'# ,"#
+'3+5&$"3# $%&$# &--&0#,&-#;&-"3#/'#,/)(# /'# C'.M2# &#?CKB^D3"6"'3"'$# .9&*/50$/5%)/2"# $%&$#
;+'3-#%"2"7#!"#%&*"#'/,#">6&'3"3#$%"#3"-5)+6$+/'#/.#$%"#&--&0#+'#$%"#2"$%/3-#-"5$+/'7#P'#$%"#
;"9/,# )";1$$&9# 6/+'$-=# ,"# &33)"--# 5/'5")'-# /'# $%"# &--&0# 3"*"9/62"'$7# P.# $%"# )"*+",")# ,&-#
)"."))+'4#$/#1-"#/.#60)&'/-"#/>+3&-"_5&$&9&-"=#$%+-#,&-#1-"3#+'#$%"#&--&0#./)#C'.M2#&'3#+$#+-#1-"3#
$/#)"2/*"#)"-+31&9#/>04"'7#P.#$%"#)"*+",")#,&-#)"."))+'4#$%"#@)&$$/'DT&)-%&99#&--&0=#$%+-#2"$%/3#
+-# ,"99# "-$&;9+-%"3# &'3# ,&-# -155"--.1990# &669+"3# $/# &--"--# '+$)/)"315$&-"# &5$+*+$0# &4&+'-$#
5%9/)&26%"'+5/9#8,9#&'3#2"&-1)"2"'$#/.#LD&2+'/+2+3&A/9"107

#

4.# K+3# $%"# &1$%/)-# /2+$# %"2+'=# <CK# &'3# ?CKB^# +'# &'0# 5/'$)/9# ">6")+2"'$-g# I%+-# ,/193# ;"#
+26/)$&'$#./)#5/'."))+'4#5)"3+;+9+$0#$/#$%"#2/3"9#&'3#$%"#&--&07#P.#$%"#&1$%/)-O#2/3"9#/.#?+2@#&-#&#
%"2+'D=# <CKD# &'3# ?CKB^D3"6"'3"'$# '+$)/)"315$&-"# )"&990# &669+"3=# $%"'# '/'"# /.# $%"-"#
5/26/'"'$-#5/193#;"#/2+$$"3#./)#&2+'/&)/2&$+5#5/26/1'3-#$/#;"#./)2"37#I%+-#%&-#$/#;"#$"-$"37#

P'#/1)#/)+4+'&9#">6")+2"'$&$+/'=#,"#5/'315$"3#-15%#">6")+2"'$-#$/#"-$&;9+-%#$%"#&--&0H#%/,"*")=#
,"#%&*"#'/,#-0-$"2&$+5&990# )"6"&$"3# $%"-"#">6")+2"'$-#&'3# $%"# 3&$&# +-# -%/,'# +'#Extended 
Figure 87# I%"# )"&5$+/'# +-# 3"6"'3"'$# /'# ?CKB^# &-# $%"# "9"5$)/'# 3/'/)7# @"5&1-"# $%"#61)+.+"3#
"'A02"#5/'$&+'-#-/2"#<CK#&'3#%"2+'#VExtended Figure 7W=#$%")"#+-#-/2"#)"&5$+/'#$%&$#/551)-#
,%"'#/'90#?CKB^#+-#&33"3H#'/$",/)$%0=#$%"#"'A02"-#6)"6&)"3#./)#'+$)/)"315$&-"#&--&0-#%&3#
%"2+'#&33"3#$/#;&5$")+&9#519$1)"#&'3#90-+-#;1..")#V-""#2"$%/3-W=# ./)# $%"#61)6/-"#/.# +'5)"&-+'4#
&2/1'$#/.#6)/6")90#./93"3#&'3#&5$+*"#6)/$"+'=#&-#&#,+3"90#1-"3#&66)/&5%47#!+$%#&33+$+/'#/.#%"2"#
/)#<CK=#$%"#)"&5$+/'#6)/315$#+'5)"&-"-7#!"#%/6"#$%+-#3&$&#'/,#.1)$%")#*&9+3&$"-#$%"#&--&0#&'3#
?+2@#&-#&'#?CKB^#3"6"'3"'$#"'A02"#$%&$#1$+9+A"-#%"2"#&'3#<CK7#



#
5.# !%0# ,&-# $%"# 5/'5"'$)&$+/'# /.# '+$)/# 5/26/1'3-# -/# %+4%g# [# 2T# /.# 2"$)/'+3&A/9"# +-# &#
5/'5"'$)&$+/'#-"*")&9#/)3")-#/.#2&4'+$13"#%+4%")# $%&'# $%"#5/'5"'$)&$+/'-#"'5/1'$")"3# +'#*+*/#
VTPX#/.#2"$)/'+3&A/9"#+'#)"-+-$&'$#X7#3+..+5+9"#JDJe#a4_29=#+7"7#e#$/#)/14%90#JRR#aTW7#K+3#$%"#&1$%/)-#
&9-/#$"-$#9/,")#5/'5"'$)&$+/'-g#P26/)$&'$90=#"*"'#&$#$%+-#%+4%#5/'5"'$)&$+/'#$%"#&2/1'$#/.#&2+'/D
2"$)/'+3&A/9"# ./)2"3# +-#*")0#-2&99#&'3#/'90#-9+4%$90#&;/*"#5/'$)/9# 9"*"9# V<+41)"#M.W7#G+'5"# $%"#
)"&5$+/'#$+2"#,&-#L%#&'3#$%"#5/'5"'$)&$+/'#/.#?+2@#+'#$%"#)"&5$+/'#2+>$1)"#&2/1'$"3#$/#JR#aT=#
$%+-#+'3+5&$"-#&#2+'+2&9#$1)'/*")#/.#&66)/>+2&$"90#J#%DJ#,%"'#$&(+'4#2"$)/'+3&A/9"#&-#-1;-$)&$"7#
I%+-# +-# 59/-"# $/# '+9# &'3# 5&''/$# ">69&+'# )"-+-$&'5"# $/# 2"$)/'+3&A/9"7# P'# $%+-# 5/'$">$# +$# +-# &9-/#
+26/)$&'$#$/#2"'$+/'#$%&$#MRR#aT#/.#?CKB^#&-#&33"3#$/#$%"#)"&5$+/'-#+-#/'90#-1..+5+"'$#$/#&99/,#
$%"#./)2&$+/'#/.#JRR#aT#&2+'/#5/26/1'3-=#/'"#?CKB^#2/9"519"#6)/*+3+'4#$,/#"9"5$)/'-#*+&#&#
%03)+3"#$)&'-.")7#P$#+-#1'59"&)#$/#2"#,%0#$%"#&1$%/)-#&669+"3#-15%#&#9/,#&2/1'$#/.#?CKB^#+'#$%"+)#
&--&07#<+'&990=#69"&-"#$)&'-./)2#$%"#*&91"-#/'#$%"#0D&>+-#+'#<+41)"#M.#+'$/#aT=#$%"#2")"#&;-/)6$+/'#
*&91"#+-#'/$#-1..+5+"'$90#+'./)2&$+*"b#

Substrate (5 mM) concentration. K1)+'4# $%"# /)+4+'&9# &--&0# 3"*"9/62"'$# V6)+/)# $/# .+)-$#
-1;2+--+/'W=#,"#5/193#'/$#3"$"5$#2"&-1)&;9"#&2+'"#,%"'#2"$)/'+3&A/9"#,&-#1-"3#&$#2+5)/2/9&)#
5/'5"'$)&$+/'-# ,+$%# $%"# @)&$$/'DT&)-%&99# &--&07# T"$)/'+3&A/9"# )"315$+/'# 6)/315"-# &# [D
&2+'/+2+3&A/9"# $%&$# +-# ">$)"2"90# 5%"2+5&990# 1'-$&;9"11,12=# &'3# ,"# -6"519&$"# $%+-# 5/'$)+;1$"# $/#
+'&;+9+$0# $/#2"&-1)"#$%"#&2+'"#,%"'#2+5)/2/9&)#5/'5"'$)&$+/'-#/.#2"$)/'+3&A/9"#,&-#1-"3#&-#
$%"#-1;-$)&$"7#I%+-#,&-#&9-/#'/$"3#;0#X&)9+")#"$#&971# ./)#$%"#[D&2+'/+2+3&A/9"#/.#3+2"$)+3&A/9"7#
^/,"*")=#[#2T#2"$)/'+3&A/9"#4&*"#&#-+4'&9D$/D'/+-"#/.#hL#&'3#&99/,"3#&2+'"#3"$"5$+/'7#!"#
$%")"./)"#&3/6$"3#[#2T#&-#$%"#-$&'3&)3#5/'5"'$)&$+/'#$%)/14%/1$=#.)/2#,%+5%#$/#&5%+"*"#&#4//3#
G_?#&'3#-%/,#$%&$#?+2@#)"315"-#-"9"5$"3#'+$)/D-1;-$)&$"-7##

#
Comparison of cellular and enzymatic conditions. I%"#"'A02&$+5#5/'3+$+/'-#-%/,#$%&$#?+2@#
5/'*")$-#2"$)/'+3&A/9"=#LD'+$)/+2+3&A/9"=#SD'+$)/;"'A/+5#&5+3=#3+2"$)+3&A/9"#$/#&2+'"-#&'3#$%"#
)"&5$+/'#+-#"'A02"#3"6"'3"'$7#^/,"*")=#.1)$%")#2"$%/3#3"*"9/62"'$#+-#'""3"3#$/#&'&90A"#
"'A02"#(+'"$+5-#./)#$%"#"'A02"7#I%+-#+-#&'#"'A02"#.)/2#&'#&'&")/;"=#&'3#,%+9"#,"#6")./)2"3#
$%"#"'A02"#)"&5$+/'-#&'&")/;+5&990=#$%+-#+-#'/$#$%"#-&2"#&-#;"+'4#+'#$%"#5"9919&)#"'*+)/'2"'$7#
^/,"*")=#+$#3/"-#'/$#1'3")2+'"#/1)#3+-5/*")0#)"4&)3+'4#$%"#"'A02"O-#&;+9+$0#$/#2"$&;/9+A"#'+$)/#
-1;-$)&$"-7#U1)#5"9919&)#3&$&#&9-/#-166/)$-#$%"#5/'591-+/'#$%&$#6)/315$+/'#/.#$%"#&2+'"-#+-#?+2@#
3"6"'3"'$7#!"#'/$"#$%&$#X&)9+")#"$#&971#/'90#-$13+"3#$%"#?+2C#,+$%+'#5"99-#&'3#3+3#'/$#-$130#+$#
"'A02&$+5&990H#,"#&)"#&9-/#'/$#&,&)"#/.#)"6/)$-#,%")"#">6")+2"'$-#-%/,"3#$%"#61)+.+"3#"'A02"#
&5$-#&-#&#'+$)/)"315$&-"7#I%")"./)"=#/1)#.+'3+'4-#&)"#'/*"9#&'3#)"6)"-"'$#&#-$&)$#$/,&)3#
5/'315$+'4#2/)"#&3*&'5"3#">6")+2"'$&$+/'7##
#
Enzyme turnover. !"#5&''/$#-&0#$%&$#$%"#"'A02"#$1)'/*")#./)#2"$)/'+3&A/9"#+-#9/,=#)&$%")#
3"$"5$+/'#/.#$%"#"'3D6)/315$#6/-"-#5/'-+3")&;9"#5%&99"'4"-#31"#$/#+$-#5%"2+5&9#+'-$&;+9+$07#E*"'#
,%"'#,"#+'5)"&-"3#?CKB^#5/'5"'$)&$+/'#$/#M#2T#$%"#"'3D6)/315$#3"$"5$"3#,&-#-$+99#9/,#./)#
2"$)/'+3&A/9"#V-""#Extended Figure 8W7##
#
NADPH. !"#)&'#&#5/'5"'$)&$+/'#-")+"-#./)#?CKB^=#&'3#M#2T#,&-#$%"#9/,"-$#5/'5"'$)&$+/'#
4+*+'4#2&>+212#3"$"5$+/'#./)#2"$)/'+3&A/9"#&'3#'+$)/+2+3&A/9"#1-+'4#$%"#@)&$$/'DT&)-%&99#
&--&07#I%+-#+-#JR#$+2"-#2/)"#$%&'#$%&$#6)"*+/1-90#1-"3#VR7M#2TW#+'#$%"#/)+4+'&9#-1;2+--+/'7#!"#
)"6"&$"3#">6")+2"'$-#,+$%#M#2T#/.#?CKB^#&'3#)"&5%"3#$%"#-&2"#5/'591-+/'-#&-#;"./)"7#
#
Use of absorption as axis. P$#+-#'/$#6/--+;9"#$/#5%&'4"#$%"#-5&9"#$/#2+5)/2/9&)#&-#$%"#6)/315$#
./)#"&5%#-1;-$)&$"#+-#3+..")"'$#&'3#-$&'3&)3-#&)"#'/$#&*&+9&;9"#./)#"&5%#6)/315$#Vsee Figure 3fW7#
I%+-#69/$#3+..")-#.)/2#$%/-"#+'#,%+5%#'+$)/;"'A/+5#&5+3#&'3#LD'+$)/+2+3&A/9"#,")"#$%"#-1;-$)&$"-#



Vsee Figures 3g-iW=#;"5&1-"#,"#5/193#4"'")&$"#-$&'3&)3#51)*"-#1-+'4#SD&2+'/;"'A/&$"#/)#LD
&2+'/+2+3&A/9"7#I%"#[D&2+'/+2+3&A/9"#3")+*&$+*"#/.#2"$)/'+3&A/9"#+-#'/$#5/22")5+&990#
&*&+9&;9"7#!"#-/1)5"3#&#[D&2+'/+2+3&A/9"#&'&9/4#/.#3+2"$)+'+3&A/9"=#31)+'4#&#3+..")"'$#-$130=#
;1$#fXDTG#&'&90-+-#+'3+5&$"3#+$#%&3#"+$%")#3"4)&3"3#/)#,&-#$%"#+'5/))"5$#2&$")+&9#2&)("$"3#;0#
$%"#/'90#-1669+")#/..")+'4#$%"#5%"2+5&97##
#
#
6.#!%0#,&-# $%"#&2/1'$#/.#LD'+$)/+2+3&A/9"# ./)2"3#;0# $%"#?+2@#^[[C#21$&'$#-/#215%# 9/,")#
,%"'#LD&2+'/+2+3&A/9"#,&-#:1&'$+.+"3#;0#@)&$$/'DT&)-%&99#&--&0#V<+41)"#M%W#&-#5/26&)"3# $/#
^BQX#V<+41)"#M+Wg##

I%"-"#">6")+2"'$-#,")"#)"6"&$"3#1-+'4#M#2T#?CKB^#&'3#'",#3&$&#+-#6)"-"'$"3#+'#<+41)"-#M#
%#&'3#+7#!"#-$+99#-""#3+..")"'5"-#+'#)"9&$+*"#:1&'$+$+"-#/.#&2+'"#3"$"5$"3#;0#$%"#QXDTG_TG#&'3#
@)&$$/'DT&)-%&99#&--&0-=#;1$#;/$%#.+'3+'4-#)"&5%"3#$%"#-&2"#5/'591-+/'#$%&$#^+-[[C9&#21$&'$#+-#
9"--#".."5$+*"#$%&'#$%"#!I#"'A02"#1'3")#$%"#-&2"#5/'3+$+/'-7#P'#$%"#9"4"'3#/.#.+41)"#M=#,"#'/,#
&9-/#-$&$"#iThere are differences in relative amounts of 2-aminoimidazole quantified by the LC-
MS/MS and Bratton-Marshall methods, but the results from both reached the same conclusion
that the mutant is less effective in forming the amine productj7#
#

7. P'#.&5$=#$%"#-166/-"3#&5$+*+$0#/.#?+2@#^[[C#&2/1'$-#$/#Z[k#/.#$%"#,+93$06"#"'A02"#,%"'#$%"#
)"&5$+/'#6)/315$#+-#2"&-1)"3#;0#^BQX#V<+41)"#M%W#&9$%/14%#$%+-#21$&$+/'#+-#-%/,'#$/#&;)/4&$"#
2"$)/'+3&A/9"# )"-+-$&'5"# &-# 5/'."))"3# ;0# ?+2@# V-""# <+41)"# MXW7# I&("'# +'$/# &55/1'$# $%+-#
3+-5)"6&'50=# $%"#]LRLYJ#I'FF'+2@# 21$&'$# 5/269"2"'$"3#,+$%#'+2@# ^[[C# V<+41)"#MXW#,/193#
%&*"#;""'#&'#+26/)$&'$#&33+$+/'#$/#$%"#">6")+2"'$#&-#-%/,'#+'#<+41)"#Ml7##

!"#6")./)2"3#$%"#&;/*"#-144"-$"3#">6")+2"'$#,+$%#]LRLYJ#I'FF'+2@#21$&'$#5/269"2"'$"3#
,+$%#'+2@#^[[C7#I%"#3&$&#+-#'/,#+'5913"3#+'#Extended Figure 97#P$#-%/,-#$%&$#5/269"2"'$&$+/'#
,+$%#^+-[[C9&#6)/315"3#LD&2+'/+2+3&A/9"#&2/1'$-#-+2+9&)#$/#$%"#1'5/269"2"'$"3#-$)&+'#;"&)+'4#
$%"#"26$0#*"5$/)=#,%+9"#$%"#-$)&+'#5/269"2"'$"3#,+$%#$%"#!I#'+2@#6)/315"3#2/)"#"'3D6)/315$7#
I%"# '",# 3&$&# ,&-# 3/'"# &$# I">&-# CmT# n'+*")-+$0# X%"2+-$)0# 5/)"=# -+'5"# ":1+62"'$# &$# $%"#
6)"*+/1-90#1-"3#&'&90$+5&9#5/)"#V@&09/)#X/99"4"#/.#T"3+5+'"W#;"5&2"#;)/("'7#!"#-6"5+.+"3#+'#$%"#
)"*+-"3#*")-+/'#$%"#/)+4+'-#/.#$%"#QXDTG_TG#3&$&#+'#$%"#2&'1-5)+6$7##

#

8.#C55/)3+'4#$/#$%"#3&$&#-%/,'#+'#<+41)"#M5=#5/'*")-+/'#/.#LD'+$)/+2+3&A/9"#+'#5"99-#%&);/1)+'4#
$%"#'+2@#^[[C#21$&'$#-%/193#;"#":1&9#$/#]RLYJ#o'+2@7##

!"#&$$&+'"3#$%+-#3&$&#,+$%#]LRLYJDI'FF'+2@#-%/,+'4#$%&$# $%"#&2/1'$#/.#&2+'"#./)2"3#./)# $%"#
21$&'$#,&-#-+2+9&)#$/#]LRLYJDI'FF'+2@#,+$%#$%"#"26$0#*"5$/)#V-""#Extended Figure 9W7#

#

9.#C55/)3+'4#$/#$%"#%+4%#9"*"9#/.#LD#&2+'/+2+3&A/9"#./)2&$+/'#;0#?+2@#^[[C#&-#3"$")2+'"3#;0#
^BQX=#%/,"*")=#+$#-%/193#;"#59/-"#$/#$%"#9"*"9#/.#,+93$06"#]LRLYJ7##

P'#)"6"&$"3#">6")+2"'$-#+'#,%+5%#,"#+'5)"&-"3#?CKB^#$/#M#2T=#$%"#^+-[[C9&#21$&'$#"'A02"#
5/'-+-$"'$90#6)/315"3#9"--#LD&2+'/+2+3&A/9"#$%&'#$%"#!I#"'A02"7#!"#5/'315$"3#%"&3D$/D%"&3#
5/26&)+-/'-# /.# $%"# !I# &'3# 21$&'$# "'A02"-# ,+$%# *&)+/1-# -1;-$)&$"-# VFigure 3fW7# I%"# 3&$&#
-%/,"3#$%&$#+'#&99#5&-"-#$%"#!I#"'A02"#6)/315"3#2/)"#&2+'"#6)/315$7#C9-/#-""#&;/*"#./)#3&$&#
+'#]LRLYJDI'FF'+2@7#

#



10.#<1)$%")#&9-/#$%"#TPX#./)#LD'+$)/+2+3&A/9"#+'#$%"#6)"-"'5"#/.#%"2"#,&-#-$)/'490#"9"*&$"3#+'#
$%"# 2"$)/'+3&A/9"D-1-5"6$+;9"# -$)&+'-# XKJYe# &'3# ]LRLYJo'+2@# ,%"'# '+2@# ^[[C# ,&-#
+'$)/315"3# *+&# 69&-2+3# 6]B<Jc[# VE>$"'3"3# K&$&# <+41)"# SW7# I%"-"# +--1"-# -%/,# $%&$# LD
'+$)/+2+3&A/9"# +-# &# 6//)# -1;-$+$1$"# ./)# 2"$)/'+3&A/9"# ,%+5%# +-# '/$# -1)6)+-+'4# 4+*"'# $%&$# LD
'+$)/+2+3&A/9"-# %&*"# 215%# %+4%")# )"315$+/'# 6/$"'$+&9-# $%&'# [D'+$)/+2+3&A/9"-=# +'5913+'4#
2"$)/'+3&A/9"7#I%"0#&)"#2/)"#"&-+90#)"315"3#$%&'#[D'+$)/+2+3&A/9"-#&'3#5&1-"#3+..")"'$#".."5$-7#
I%"#[D'+$)/+2+3&A/9"#3+2"$)+3&A/9"#&-#1-"3#;0#X&)9+")#"$#&97#JYYZ#,/193#%&*"#;""'#&#215%#2/)"#
-1+$&;9"#5%/+5"#./)#$%"-"#">6")+2"'$-7#

Justification for using 2-nitroimidazole and comparison with Carlier’s study. I%"#61)6/-"#
/.#1-+'4#LD'+$)/+2+3&A/9"# +-#;"5&1-"# +$# /..")-#&# '+$)/+2+3&A/9"# &'&9/4# $%&$# )"5&6+$19&$"-#%"2"D
2"3+&$"3#)"-+-$&'5"#+'#5"99-#&'3#&99/,"3#1-#$/#2"&-1)"#5"9919&)#&5$+*+$0#,%+5%#5&'#;"#:1&'$+.+"3#
&4&+'-$#&#5/22")5+&990#&*&+9&;9"#6)/315$#VLD&2+'/+2+3&A/9"W7#C-#3"-5)+;"3#&;/*"=#,"#5/193#'/$#
)/1$+'"90#1-"#3+2"$)+3&A/9"=#;"5&1-"# $%")"#,&-#'/# )"9+&;9"#-$&'3&)3# V&2+'"#"'3D6)/315$W7#!"#
&9-/#'/$"#$%&$#$%"#[D&2+'/+2+3&A/9"#&)"#+'$)+'-+5&990#1'-$&;9"#&'3#;"5/2"-#3"4)&3"3#+'#&+)=#,%+5%#
,/193# 6)"*"'$# +$-# 1-"# +'# 2/-$# &'&90$+5&9# 5%"2+-$)0# 5/)"-7# Data for dimetridazole is now 
presented in Figure 3f.  

!"#-%/193#&9-/#"26%&-+A"#$%&$#X&)9+")#"$#&971#&66"&)-#$/#%&*"#&9-/#6")./)2"3#2&--#-6"5#&'&90-+-#
1'3")#&'&")/;+5# 5/'3+$+/'-=#,%+5%# +-# &#-"$D16# $%&$# +-#'/$#&*&+9&;9"7#X&)9+")#&9-/#3"-5)+;"3# $%"#
&2+'"#"'3D6)/315$#/.#3+2"$)+3&A/9"#&-#;"+'4#1'-$&;9"# +'#&+)=#,%+5%#,/193#2&("#3+2"$)+3&A/9"#
+'".."5$+*"#&-#&#-1;-$)&$"#./)#/1)#5"9919&)#&--&0-=#,%")"#-&269"-#&)"#-"'$#./)#QXDTG_TG7#

Variation in 2-nitroimidazole MICs.# P'# /1)# /6+'+/'=# $%"# 3&$&# 3/"-# '/$# +'3+5&$"# $%&$#
6'+2@^+-[[C9&#-$+99#5/'.")-#)"-+-$&'5"=#;1$#)&$%")#-%/,-#$%&$#;+/9/4+5&9#*&)+&$+/'#/.#TPX#$"-$+'47#
!"#6")./)2"3#&33+$+/'&9#TPX#2"&-1)"2"'$-#,+$%#&#'",#;&$5%#/.#LD'+$)/+2+3&A/9"#&'3#&33"3#$%+-#
3&$&#$/#$%"#69/$#,+$%#$%"#6)+/)#)"6/)$"3#3&$&7#I/4"$%")=#$%"#3&$&#-%/,-#$%&$#5/269"2"'$&$+/'#,+$%#
6'+2@D!I#&9,&0-# 9"&3-# $/# )"-+-$&'5"#&$# 9"*"9-#5/26&)&;9"# $/#]LRLYJD!I=# +'#5/'$)&-$# $/# $%"#
6'+2@^+-[[C9&#/)#$%"#"26$0#*"5$/)7#I%"#)"69/$$"3#4)&6%-=#6")#l/1)'&9#)":1+)"2"'$=#'/,#-%/,-#
&99#3&$&6/+'$-=#,%+5%#-166/)$-#$%"#&;/*"#5/'591-+/'7#

@&-"3#/'#$%"#5)+$+:1"=#,"#&9-/#+26)/*"3#59&)+$0#./)#)"&3")-#$%&$#TPX-#/.#2"$)/'+3&A/9"#&4&+'-$#
]LRLYJ# I'FF'+2@# $"'3# $/# ;"# -9+4%$90# %+4%")# $%&'# TPX-# &4&+'-$# ]LRLYJo'+2@=# ;"5&1-"# ,"#
-1-6"5$#$%&$# $%"#21$&'$#"'A02"#+'#$%"#Tn 21$&'$#2+4%$#%&*"#-/2"#&5$+*+$0#-+'5"#$%"# +'-")$+/'#
/'90#3+-)16$"3#$%"#X#$")2+'&9#)"4+/'7#I%+-#+-#'/,#">69&+'"3#+'#$%"#2&'1-5)+6$#V9+'"-#JcRDJcMW7##

#
11.# P$# ,/193# ;"# +'$")"-$+'4# $/# -""# /*")">6)"--+/'# /.# '+2@# 69/$$"3# &4&+'-$# $%"# 3"4)""# /.#
2"$)/'+3&A/9"#)"-+-$&'5"7#<)/2#$%"#3&$&#P#5/193#21-$")#+'#$%"#2&'1-5)+6$#'/#5/))"9&$+/'#;"$,""'#
$%"#3"4)""#/.#)"-+-$&'5"#&'3#'+2@#2]?C#9"*"9-#5&'#;"#+'."))"37#G$)&+'#LMS#

ec=#"747=#3+-69&0-#&'#&92/-$#LRD./93#/*")">6)"--+/'#/.#'+2@#+'#$%"#6)"-"'5"#/.#%"2"#&-#5/26&)"3#
$/#$%"#6&)"'$&9#LMSZ[#-$)&+'#;1$#+-#/'90#)"-+-$&'$#$/#&#2"$)/'+3&A/9"#5/'57#/.#J#a4_29#V<+41)"#L3W7#
G$)&+'#ZR_Ze=#3+-69&0+'4#/'90#&'#&;/1$#[D./93#/*")">6)"--+/'#/.#'+2@#&-#5/26&)"3#$/#-1-5"6$+;9"#
XKJYe=# +-#)"-+-$&'$# $/#c#a4_29#/.#2"$)/'+3&A/9"#V-""#!1#"$#&97=#LRLJ#.)/2#$%"#-&2"#9&;W7#I%"#
-&2"#4/"-#./)#$%"#5/169"#JZ_LZ#&'3#L[eRM#VE>$"'3"3#<+41)"#[W7#G$)&+'#JZ_LZ#%&-#215%#9/,")#
">6)"--+/'#/.#'+2@#$%&'#L[eRM#;1$#+-#.&)#2/)"#)"-+-$&'$7#I%+-#-144"-$-#$%&$#?+2@#9"*"9-#3/#'/$#
$)&'-9&$"#+'$/#$%"#9"*"9#/.#2"$)/'+3&A/9"#)"-+-$&'5"#&-#-15%#,%+5%#5/269+5&$"-#$%"#'/$+/'#/.#?+2@#
&5$+'4#3+)"5$90#&-#&#'+$)/)"315$&-"7#^+4%")#9"*"9-#/.#'+$)/)"315$&-"#-%/193#9"&3#$/#%+4%")#9"*"9-#/.#
3"$/>+.+"3#2"$)/'+3&A/9"7#I%+-#&-6"5$#-%/193#;"#5&)".1990#3+-51--"3#;0#$%"#&1$%/)-7#

Response: P' Extended Figure 4b, ,"#-%/,"3#$%&$# )"-+-$&'5"#*-#-1-5"6$+;9"#-$)&+'-#5&'#;"#
6&)$+$+/'"3#;&-"3#/'# $%"#:BX]#XT *&91"-7#^/,"*")=#2/)"#-$)&+'-#,/193#'""3# $/#;"# $"-$"3# $/#



3"*+-"#&#XT#*&91"#$/#6+'6/+'$#)"-+-$&'5"#*")-1-#-1-5"6$+;9"#-$)&+'-#;0#2/9"519&)#3+&4'/-$+5-7#n-"#
/.#$%"#XT#*&91"#+-#5/22/'#./)#2/9"519&)#3+&4'/-$+5-7#!"#&9-/#)"5/4'+A"#$%")"#%&-#;""'#&#9/'4D
-$&'3+'4#3";&$"#/'#">6)"--+/'#/.#nim#4"'"-#&'3#3"$"5$+/'#/.#)"-+-$&'5"H#-$13+"-#%&*"#-%/,'#&#
9+'(#;"$,""'#">6)"--+/'#&'3#)"-+-$&'5"=#,%+9"#/$%")-#%&*"#'/$13,147#̂ /,"*")=#&$#$%"#6)/$"/2+5#&'3#
2"$&;/9/2+5#9"*"9-#$%")"#&)"#-"*")&9#.&5$/)-#$/#5/'-+3")=#&5)/--#;+/9/4+5&9#3+-$+'5$#-$)&+'-7#I%+-#
+'5913"-#VaW#(+'"$+5-#/.#16$&("#/.#%"2"#&'3#2"$)/'+3&A/9"=#VbW#5"9919&)#&*&+9&;+9+$0#/.#%"2"#&'3#
.9&*+'# 5/.&5$/)-# ./)# 1-"# ;0# ?+2# *")-1-# /$%")# .9&*+'_%"2/# "'A02"-H# VcW# 5"9919&)# 30'&2+5-# /.#
+'&5$+*&$+/'#/.#'+$)/D4)/16#$/#&2+'"#*")-1-#+$-#&5$+*&$+/'#$/#.)""#)&3+5&9-#+7"7=#30'&2+5-#;"$,""'#
?+2#"'A02"#*")-1-#/$%")#"'A02"-#V"747=#B<U]=#>&'$%+'"#3"%03)/4"'&-"#"$57W7#!"#;"9+"*"#$%"-"#
:1"-$+/'-#)":1+)"#215%#2/)"#+'$"'-+*"#)"-"&)5%=#,%+5%#,&-#;"0/'3#$%"#-5/6"#/.#$%+-#3+-5/*")0D
/)+"'$"3#-$1307##

12.#X/'$)&)0# $/# $%"#&1$%/)-O#59&+2# V9+'"-#MM[DMMZW=# $%"# +'%+;+$+/'#/.#'+2@#">6)"--+/'# +'#-$)&+'-#
JZ_LZ#&'3#Le[RM#VE>$"'3"3#<+41)"#[3W=#;/$%#%&*+'4#"9"*&$"3#'+2@#2]?C#9"*"9-#;1$#'/)#21$&$+/'#
+'# $%"#6)/2/$")# )"4+/'=#3/"-#'/$# )"-19$# +'# $%"# )"-$/)&$+/'#/.#2"$)/'+3&A/9"#-1-5"6$+;+9+$0# $/#&'#
">$"'$#5/26&)&;9"#$/#$%"#-$)&+'-#-%/,'#+'#<+41)"#L4#&'3#%7#G1)6)+-+'490=#&'$+-"'-"#2]?C#%&-#'/#
".."5$#&$#&99#&'3#X)+-6]#/'90#6&)$+&990#)"-$/)"-#-1-5"6$+;+9+$0#+'#JZ_LZ7#B9"&-"#">69&+'b#

Response: !"#)"6"&$"3#">6")+2"'$-#&'3#)"&5%"3#-+2+9&)#5/'591-+/'-#VExtended Figure 11WH#
,"#5/2;+'"3#$%"#/93#&'3#'",#3&$&#./)#&#$/$&9#/.#-+>#;+/9/4+5&9#)"69+5&$"-7#<+)-$# $/#59&)+.0=# $%"-"#
&'$+-"'-"#">6")+2"'$-#/'#JZ_LZ#&'3#Le[RM#+'*/9*"3#1-"#/.#$%"#CI5#+'315+;9"#6TGBI#*"5$/)#&'3#
'/$#$%"#>09/-"D+'315+;9"#X)+-6)#-0-$"27#I%"#6)"*+/1-#-1;2+--+/'#-%/,"3#;/$%#-$)&+'-#3+-69&0"3#
)"-+-$&'5"# ,+$%# $%"# "26$0# *"5$/)# V,+$%# /)# ,+$%/1$# CI5W7# P'# -$)&+'-# ,+$%# $%"# &'$+-"'-"# *"5$/)#
)"-+-$&'5"#+-#&$$"'1&$"3#,%"'#$%"#&'$+-"'-"#+-#+'315"3#,+$%#CI57#P'#)"6"&$"3#">6")+2"'$-#JZ_LZ#
-$+99#3+3#'/$#;"5/2"#&-#-1-5"6$+;9"#&-#Le[RM#+'#$%"#6)"-"'5"#/.#CI57#I%")"#&)"#219$+69"#.&5$/)-#$/#
5/'-+3")F#VaW#$%"#$,/#-$)&+'-#&)"#3+..")"'$#4"'"$+5#;&5(4)/1'3-=#,+$%#-$)&+'#Le[RM#;"+'4#&#)+;/$06"#
RLZ=# 9+("#&99#-$)&+'-# +'#<+41)"#L# V+7"7=#&99#]IRLZ#;&5(4)/1'3-WH#-$)&+'#JZ_LZ# +-#&#]IRRJ#4"'"$+5#
;&5(4)/1'37# VbW#JZ_LZ#2&0#5/'$&+'#&33+$+/'&9#?+2@# +'3"6"'3"'$# )"-+-$&'5"#&-#,"997#!"#%&*"#
&2"'3"3#$%"#,)+$"D16#$&(+'4#$%"-"#.&5$/)-#+'$/#5/'-+3")&$+/'7

#
13.#I%"#4)/,$%#">6")+2"'$#,+$%#-$)&+'-#LMSec#&'3#LMSZ[#&-#3+-51--"3#+'#$%"#K+-51--+/'#V9+'"-#
McJDMcMW#+-#'/$#-1..+5+"'$#$/#-%/,#$%&$#'+2@#/*")">6)"--+/'#%&-#'/#.+$'"--#5/-$-7#I%"#">6")+2"'$#
,&-#6")./)2"3#+'#@^P#2"3+12#,+$%/1$#%"2+'#&9$%/14%#%"2+'#+-#)":1+)"3#$/#/;-")*"#&#6%"'/$06"#
/.#'+2@#/*")">6)"--+/'7#P#$%+'(#$%"#">6")+2"'$#-%/193#;"#6)"-"'$"3#+'#$%"#]"-19$-#-"5$+/'#&'3#
'/$#+'#$%"#K+-51--+/'7#

Response: !"#)"D6")./)2"3#$%"#">6")+2"'$#,+$%#&'3#,+$%/1$#%"2+'#&'3#-""#'/#".."5$#/'#.+$'"--7#
!"#%&*"#&33"3#$%"#3&$&#$/#$%"#)"-19$-#-"5$+/'7

#
14.#I%"#3&$&#-%/,'#+'#E>$"'3"3#<+41)"#Z#&'3#3+-51--"3#+'#$%"#K+-51--+/'#9+'"-#MYYDSRM#-%/193#
&9-/#;"#$)&'-."))"3#$/#$%"#]"-19$-7#I%"#)"-19$-#,+$%#?+2C#.)/2#@7#.)&4+9+-#&)"#+'$")"-$+'4#&'3#2+))/)#
/1)#/,'#/;-")*&$+/'-7#^/,"*")=#&-#&#,/)3#/.#5&1$+/'F#)"-+-$&'5"#$/#2"$)/'+3&A/9"# +'#@.#eMc]#
6PBSJZ#V'+2CW#+-#&9-/#59"&)90#+'5)"&-"3#,%"'#$%"#5"99-#&)"#69&$"3#/'#@^P#69&$"-#,+$%#">$)&#<"X9M#
V/1)#/,'#&-#0"$#1'61;9+-%"3#)"-19$-W#,%+5%#+-#'/$#$%"#5&-"#+'#X7#3+..+5+9"=#&$#9"&-$#&55/)3+'4#$/#$%"#
&1$%/)-O#6)"*+/1-#)"-19$-#V!1#"$#&97=#LRLJW7#P$#+-#$%")"./)"#1'5")$&+'#+.#$%"#2"5%&'+-2#+-#$%"#-&2"#
&-#/;-")*"3#+'#X7#3+..+5+9"7

Response: !"#$%&'(#$%"#)"*+",")#./)#-%&)+'4#1'61;9+-%"3#3&$&#/'#@.#eMc]#&'3#$/#('/,#/1)#3&$&#
2+))/)-#$%"#)"*+",")O-#3&$&7#]"4&)3+'4#$%"#+'5)"&-"#+'#2"$)/'+3&A/9"#TPX-#+'#<"X9M=#+$#2&0#;"#
6/--+;9"#$%&$#./)#@.#$%"#&33"3#+)/'#&.."5$-#.9&*+'#5/.&5$/)-7#



C-#)":1"-$"3=#,"#%&*"#2/*"3#3&$&#/'#@7#.)&4+9+-#.)/2#$%"#K+-51--+/'#$/#$%"#]"-19$-#-"5$+/'#/.#
$%"#6&6")7#I%+-#+-#'/,#E>$"'3"3#K&$&#<+41)"#JR7

#
15.#I/#-12#16=#$%+-#6&6")#5/'-$+$1$"-#&'#+26/)$&'$#2+9"-$/'"#+'#X7#3+..+5+9"#)"-"&)5%#&'3#3".+'+$"90#
3"-")*"-# $/# ;"# -,+.$90# 61;9+-%"37# I%"# 6&)$# /'# $%"# 6)"-12"3# '+$)/)"315$&-"# &5$+*+$0=# %/,"*")=#
)":1+)"-#215%#2/)"#&$$"'$+/'#&'3#5&)"#;"./)"#61;9+5&$+/'7#P'#/)3")#$/#&*/+3#&'#1'3190#3"9&0#/.#
61;9+5&$+/'#/.#$%"#2&'1-5)+6$=#P#,/193#$%")"./)"#-144"-$#$/#-%/)$"'#$%+-#6&)$#/.#$%"#2&'1-5)+6$#&'3#
">6&'3#/'#$%"#+--1"#+'#&#./99/,D16#6&6")7#

Response: !"#$%&'(#$%"#)"*+",")#./)#$%"#*")0#6/-+$+*"#5/22"'$-#/'#$%"#2&'1-5)+6$7#@&-"3#/'#
$%"# &;/*"# 5)+$+5+-2-# /.# $%"# "'A02"# ">6")+2"'$-=# ,"# 5/'315$"3# &33+$+/'&9# ">6")+2"'$-# $%&$#
+26)/*"3#$%"#:1&9+$0#/.#$%"#2&'1-5)+6$7#I%"-"#)"-19$-=#&9/'4#,+$%#$%"#5"9919&)#3&$&=#-166/)$#$%"#
3"-5)+6$+/'# /.# $%"# "'A02"# &-# &# '+$)/)"315$&-"7# I/4"$%")# $%"-"# .+'3+'4-# &3*&'5"# $%"# 9+2+$"3#
('/,9"34"#/.#?+2#6)/$"+'#;+/5%"2+-$)0=#5/2;+'+'4#/1)#5"9919&)#&'3#"'A02&$+5#in vitro#&--&0-7#C-#
.&)# &-# ,"# &)"# &,&)"=# ?+2# 6)/$"+'-# %&*"# '/$# ;""'# -155"--.1990# $"-$"3# +'# "'A02"# &--&0-# ./)#
'+$)/)"315$&-"#&5$+*+$0H#$%+-#2&0#;"#31"#$/#&#9&5(#/.#('/,9"34"#/.#%"2"#&-#&#5/.&5$/)7#^/,"*")=#
$%"#)"-19$-#+'#$%+-#-$130#6)/*+3"#&'#+'*&91&;9"#-$&)$+'4#6/+'$#./)#.1$1)"#">6")+2"'$-#$/#1'3")-$&'3#
$%"+)#2/9"519&)#2"5%&'+-2-#V$%"#-1;l"5$#/.#/1)#.1$1)"#,/)(W7#

#

#
Reviewer 2 

#
16.#I%"#2&'1-5)+6$#`K"5/3+'4#&#5)06$+5#2"5%&'+-2#/.#2"$)/'+3&A/9"#)"-+-$&'5"#&2/'4#49/;&990#
3+--"2+'&$"3# .91/)/:1+'/9/'"D)"-+-$&'$# X7# 3+..+5+9"`# 5/2;+'"-# &# 20)+&3# /.# 2"$%/3-# $/# 3+-"5$# &#
2"5%&'+-2# /.# )"-+-$&'5"# $/# 2"$)/'+3&A/9# $%&$# +-# &--/5+&$"3# ,+$%# &# 4)0C# 21$&$+/'# $%&$# ,&-#
6)"*+/1-90#-%/,'#$/#.&5+9+$&$"#$%"#49/;&9#3+--"2+'&$+/'#/.#"6+3"2+5#X3#-$)&+'-7#I%"#5/'591-+/'-#
&)"# +'# 2/-$# 5&-"-# ,"99# -166/)$"3# ;0# $%"# 3&$&# &'3# %&*"# 219$+69"# $%"/)"$+5&9# &'3# 6)&42&$+5&9#
&669+5&$+/'-7#
#
I%+-#)"*+",")#;"9+"*"-#$%&$#$%"#&1$%/)-#5/'.1-"#5&1-&9+$0#,+$%#&--/5+&$+/'#&$#-/2"#6/+'$-#&9/'4#
$%"#$">$#;1$#$%+-#5&'#;"#&33)"--"3#;0#5%&'4+'4#$%"#,/)3+'47#

Response: !"#$%&'(#$%"#)"*+",")#./)#/*")&99#6/-+$+*"#5/22"'$-#&'3#%&*"#&33)"--"3#5/'5")'-#
)"4&)3+'4#5&1-&9+$0#*-#&--/5+&$+/'#&$#3+..")"'$#6/+'$-#+'#$%"#2&'1-5)+6$7##

#
17. C;-$)&5$F# +'3+5&$"# k+3# /.# X3'+2@# $/# /$%")# '+2# 4"'"-# .)/2# /$%")# -6"5+"-7#
P'5913"#TPX-#&'3#5%&'4"#./93-#$/#&66)&+-"#$%"#2&4'+$13"#/.#$%"#6%"'/$06"7#

Response: !"#2/3+.+"3#$%"#&;-$)&5$#+'3+5&$+'4#Cd?+2@#+-#&#60)+3/>&2+'"#[\D6%/-6%&$"#/>+3&-"#
.&2+90#6)/$"+'#)"9&$"3#$/#?+2#6)/$"+'-#$%&$#5/'.")#)"-+-$&'5"#$/#'+$)/2+3&A/9"-7#]"5/4'+A+'4#$%")"#
&)"#219$+69"#-$)&+'-#&'3#&-6"5$-#/.# $%"#-$130=#,"#9+2+$"3#TPX-#$/#-$)&+'#]LRLYJ=#,%+5%#+-#,"99D
('/,'#+'#$%"#)"-"&)5%#5/221'+$0#&'3#+-#&#)"6)"-"'$&$+*"#"6+3"2+5#]IRLZ#-$)&+'7#P'./)2&$+/'#/.
6)/$"+'#)"9&$"3'"--#$/#/$%")#?+2#6)/$"+'-#+-#-$&$"3#+'#$%"#)"-19$-#-"5$+/'#1'3")#iIdentification of 5-
nitroimidazole reductase (CdNimB) as a mechanism for C. difficile heme-dependent 
metronidazole resistance7j#

#
18. P'$)/315$+/'F#9SZF#;"9/'4-#$/#`TQGI#X9&3"#L`7#I%")"#&)"#3+..")"'$#4)/16+'4#2"$%/3-=#+'#$%+-#
,/)(#/'90#TQGI#+-#1-"3#&'3#$%+-#-%/193#;"#+'3+5&$"3#./)#$%"#-&("#/.#59&)+$07#



Response: P'#$%+-#,/)(#,"#1-"3#;/$%#)+;/$06+'4#&'3#6%09/4"'"$+5#59&--+.+5&$+/'7#!"#2/3+.+"3#$%"#
P'$)/315$+/'# $/# -$&$"# iin this study, strains are classified based on their ribotype and/or 
phylogenetic clade, unless otherwise specifiedj7#

#
19. 9SY7#&9-/#+'#Q&$+'#C2")+5&7#

Response: !"#&4)""#&'3#2&3"#$%+-#5%&'4"7#

#
20. 9cc7#B9"&-"#"9&;/)&$"#$%"#2"5%&'+-2#/.#&5$+/'#/.#2"$)/'+3&A/9"#-/#$%&$#$%"#)"&3")#5&'#9&$")#
1'3")-$&'3#$%"#$)&'-5)+6$/2+5-#)"-6/'-"-7#

Response: !"#&4)""#&'3#2&3"#$%+-#5%&'4"7#

#
21. 9YR7#`)"*"&9+'4#+$-#)/9"#+'#$%"#49/;&9#$)&'-2+--+/'`#I%+-#+-#-6"519&$+*"=#,%&$#$%"#&1$%/)-#5&'#
59&+2# ,+$%# $%"# 51))"'$# ">6")+2"'$&9# 3"-+4'# +-# &--/5+&$+/'_9+'(&4"=# '/$# 5&1-&9+$07# P$# ,/193# ;"#
&3*+-&;9"#$/#6)"-"'$#2"$)/'+3&A/9"#5/'-126$+/'#.+41)"-#/)#1-&4"#3&$&#$/#;"$$")#1'3")-$&'3#$%"#
-$)"'4$%#/.#$%"#-"9"5$+*"#6)"--1)"#+'#$%"#5/1'$)+"-#,%")"#$%"#+-/9&$"-#,")"#)"5/*")"37#

Response: !"#&4)""#&'3#'/,#1-"# $%"#$")2#i&--/5+&$+/'j# +'-$"&3#/.# i)/9"j7#^/,"*")=#3&$&#/'#
49/;&9# 5/'-126$+/'# /.# 2"$)/'+3&A/9"# +-# 1'&*&+9&;9"# .)/2# ,%")"# +-/9&$"-# ,")"# )"5/*")"37#
#
22. 9YY7#I/#19$+2&$"90#5/'.+)2#5/D-"9"5$+/'=#&33+$+/'&9#">6")+2"'$-#+'=#-&0=#&#%12&'#41$#2/3"9=#
&)"#)":1+)"37#I%+-#5&'#;"#3+-51--"37#

#
Response: !"#%&*"#59&)+.+"3#$%"#$")2+'/9/40#+'#$%"#163&$"3#2&'1-5)+6$#&'3#)"2/*"3#$%"#$")2#
5/D-"9"5$+/'7#!"#%06/$%"-+A"#$%&$#$%"#'+2@#6)/2/$")#&'3#40)C#21$&$+/'-#&)"#-1;l"5$#$/#6/-+$+*"=#
3+)"5$+/'&9#-"9"5$+/'7#!"#$"-$"3# $%+-#%06/$%"-+-#,+$%#%/2/69&-0#&'&90-"-=# $%"# )"-19$-#/.#,%+5%#
,")"# 5/'-+-$"'$# ,+$%# 6/-+$+*"# -"9"5$+/'# &5$+'4# /'# $%"# )"-+-$&'5"# &99"9"-# &'3# 2&+'$&+'+'4# ;/$%#
21$&$+/'-# +'# '&$1)&9# 6/619&$+/'-7# !"# &4)""# ,+$%# $%"# )"*+",")# &;/1$# $%"# )/9"# /.# .1)$%")#
">6")+2"'$&$+/'#$/#+'*"-$+4&$"#$%"#)"9&$+/'-%+6#;"$,""'#$%"-"#)"-+-$&'5"-#&'3#%&*"#&33"3#$%+-#$/#
$%"#3+-51--+/'#V9+'"-#Se[DSeZW7#

#
23. 9J[M7#69"&-"#&33#`+'#X7#3+..+5+9"`#;"./)"#`-+'5"`7#

Response: !"#%&*"#2&3"#$%+-#5%&'4"7#

#
24. 9J[Y7#69"&-"#&33#`69&-2+3`#;"./)"#`69&-2+3`7#

Response: !"#,")"#1'-1)"#,%&$#$%+-#5/22"'$#2"&'-H#,"#'/,#+'3+5&$"#$%&$#'+2@#,&-#69&-2+3D
;/)'"#+'#$%"#5/269"2"'$&$+/'#">6")+2"'$7##

#
25. 9JeY7#./)#5/'-+-$"'50=#69"&-"#+'3+5&$"#GI#&'3#TQGI#59&3"#/.#+-/9&$"-#LMSZ[#&'3#LMSec7#

Response: !"#%&*"#'/,# +'5913"3# $%&$#-$)&+'-#&)"#54TQGI#LReJL# .)/2#E'$")/;&-"#&'3# $%"+)#
)+;/$06"#&-#]IRJS7##

#

26. 9LML#&'3#LMS7#^/2/9/4/1-#)".")-#$/#5/22/'#&'5"-$)0=#%")"#0/1#2"&'#-+2+9&)#MK#-$)15$1)"7#



Response: !"#;"9+"*"#,"#%&*"#1-"3#$%"#$")2#+'#$%"#)+4%$#5/'$">$=#)"9&$+'4#$/#6)/$"+'#%/2/9/407#
n-"#/.#$%"-"#$")2-#&)"#&9-/#5/26&$+;9"#,+$%#$%"#6)/$"+'#-5+"'5"#9+$")&$1)"7#^/,"*")=#,"#'/,#1-"#
$%"#$")2#i-$)15$1)&990#%/2/9/4/1-j#+'#$%"#.+)-$#-"'$"'5"#V./)2")90#9+'"#LMLW#&'3#$%"#'">$#-"'$"'5"#
)"$&+'"3#$%"#$")2#i%/2/9/4/1-j#&-#+$#+-#5/'$">$1&97##

#
27. 9LS[7#69"&-"#+'3+5&$"#2"$%/37#

Response: I%+-#%&-#'/,#;""'#3/'"7#

#
28. 9MMYDMSR7# B")%&6-# ('/,9"34"# .)/2# /$%")# ;&5$")+&# 5&'# -%"3# 9+4%$# /'$/# $%+-# &9$")'&$+*"#
2"5%&'+-2=#69"&-"#5/'-+3")#,%"$%")#$%+-#5&'#;"#3+-51--"37#

Response: !"#%&*"#'/,#5+$"3#6&-$#,/)(#/'#/$%")#2"5%&'+-2#+'#C. difficile7##

#
29. K+-51--+/'F#9M[L7#P'3+5&$+'4g#I/#2"#$%"#6&6")#5&'#'/$#5/'.+)2#$%+-#59&+27#

Response: I%+-#-$&$"2"'$#%&-#;""'#2/3+.+"37#

#
30. 9MeJ7#P$#+-#&#;+$#)"5(9"--#$/#5/'5913"#`$%&$#-$)&+'-#5&))0+'4#;/$%#21$&$+/'-#-6)"&3#2/)"#)&6+390`7#
U1)#51))"'$#('/,9"34"#/'#$%"#49/;&9#6/619&$+/'#/.#X3#+-#%+4%90#;+&-"3#$/,&)3-#&#9+2+$"3#'12;")#
/.#9+'"&4"-#9+'("3#$/#-/2"#6%"'/$06"-7#

Response: U1)#-$&$"2"'$#)"4&)3+'4#$%"#)&6+3#-6)"&3#/.#"6+3"2+5#C. difficile#+-#5/'-+-$"'$#,+$%#
$%"#">+-$+'4#9+$")&$1)"#-144"-$+'4#$%&$#$%"-"#-$)&+'-#%&3#-6)"&3#)&6+390#&)/1'3#$%"#,/)9315-177#P'#
/1)#-$130=#,"#&9-/#">&2+'"3#$%"#i49/;&9#3&$&-"$j#/.#-$)&+'-#.)/2#^"#"$#&9716#,%+5%#+-#,"99#5+$"3#&-#
6)/*+3+'4#-$)/'4#-166/)$# ./)# )&6+3#5/'$+'"'$&9# -6)"&3#/.#"6+3"2+5#]IRLZ#-$)&+'-7#U1)#&'&90-+-#
-%/,"3#$%&$#&99#;1$#/'"#/.#$%"-"#-$)&+'-#%&3#B'+2@G=#+'3+5&$+'4#$%&$#$%"#5/'591-+/'-#3)&,'#+'#$%"#
^"# "$# &9# 6&6")# &9-/# &6690# $/# /1)# -$1307# U1)# -$130# %/,"*")# 163&$"-# $%"# 6&)&3+42# ./)#
.91/)/:1+'/9/'"# )"-+-$&'$# X7# 3+..+5+9"=# &-# $%"-"# -$)&+'-# &)"# &9-/# 2/-$90# 9+("90# $/# ;"# )"-+-$&'$# $/#
2"$)/'+3&A/9"#31"#$/#B'+2@G7#!"#3/#&4)""#,+$%#$%"#)"*+",")#$%&$#51))"'$#('/,9"34"#+-#%+4%90#
;+&-"3#;"5&1-"#-$)&+'-#&'3#9+'"&4"-#%&*"#'/$#;""'#5/99"5$"3#&'3#-$13+"3#49/;&9907##

#
31.9MeS=#Me[=#Mec=#MZM7#X9&3"#,+$%#5&6+$&9#X7#

Response: X9&3"#%&-#;""'#5&6+$&9+A"3#$%)/14%/1$7#

#
32.9SRS7#P'#$%"#&;-$)&5$#$%"#4"'"#+-#5&999"3#'+2@=#%")"#/'90#'+27#!%&$p-#$%"#5/))"5$#'/2"'59&$1)"#
&'3#,%0g#

Response: !"#5/))"5$"3#$%"#4"'"#.)/2#nim#$/#nimB7#nimB +-#$%"#5/))"5$#'/2"'59&$1)"#/.#$%"#
4"'"#+'#C. difficile=#,%+9"#nim#+-#$%"#4"'")&9#3"-5)+6$+/'#/.#$%"#4"'"#&2/'4#;&5$")+&H#+'#;&5$")+&#
$%")"#&)"#3+..")"'$#nim#4"'"-#VnimA=#nimB#"$5W7#

#

33. X/'4)&$19&$+/'# /'# -15%# &# 4)"&$# 6&6")=# *")0# ">%&1-$+*"# ">6")+2"'$&9# 3"-+4'# &'3# &# 4)"&$#
5/'$)+;1$+/'#$/#$%"#.+"937#

Response: T&'0#$%&'(-#./)#0/1)#5/'-$)15$+*"#5/22"'$-#$%&$#%&*"#+26)/*"3#$%"#2&'1-5)+6$O-#
:1&9+$07#



#
Reviewer 3 

#
34. P'# $%+-# -$130=# U9&+$&'# &'3# 5/99"&41"-# 5%&)&5$")+-"# &# '",# 2"5%&'+-2# /.# 2"$)/'+3&A/9"#
)"-+-$&'5"# +'#X9/-$)+3+/+3"-#3+..+5+9"7#I%+-# +-#&'#">5"99"'$#219$+D3+-5+69+'&)0#-$130#,%")"#&1$%/)-#
6)/*+3"#">$"'-+*"#4"'"$+5=#;+/5%"2+5&9#&'3#"*/91$+/'&)0#"*+3"'5"#/.#$%"#)/9"#/.#/*")D">6)"--+/'#
/.#?+2@#+'#2"$)/'+3&A/9"#)"-+-$&'5"7#<+'3#;"9/,#20#2&l/)#&'3#2+'/)#5/22"'$-F#

Response: !"#$%&'(#$%"#)"*+",")#./)#/*")&99#6/-+$+*"#5/22"'$-7#

#
35.# K&$&# &*&+9&;+9+$07# I%"# 4"'/2"# &'&90-+-# &'3# 6%09/4"'"$+5# 2"$%/3-# 3"-5)+;"3# +'# T"$%/3-#
-"5$+/'-# i]".")"'5"# 41+3"3# &--"2;90j# &'3# iB%09/4"'0j# &)"# &66)/6)+&$"# &'3# -$&$"D/.D$%"D&)$7#
^/,"*")=#'/#+'./)2&$+/'#+-#4+*"'#&-#$/#%/,#&'3#,%")"#-$)&+'-#,")"#,%/9"D4"'/2"#-":1"'5"37#
C9-/=#$%"#4"'/2"-#/.#'",90#-":1"'5"3#-$)&+'-#+'#$%+-#-$130#-%/193#;"#169/&3"3#$/#$%"#E@P#E?C#
&'3_/)#?X@P#G]C=#&'3#$%"#4"'/2"#&55"--+/'#'12;")-#/.#+'3+*+31&9#-$)&+'-#+'5913"3#+'#I&;9"#GJ7#
I%"# 3&$&# /.# $%"# ]?C# -":1"'5+'4# -%/193# &9-/# ;"# 169/&3"3# $/# fEU#
V%$$6-F__,,,7'5;+7'927'+%74/*_4"/_W#&'3#$/#$%"#E@P#E?C#&'3_/)#?X@P#G]C7#I%+-#+-#$/#&99/,#)"D1-"#
/.# )&,# -":1"'5+'4# 3&$&# V$%"# -&2"# ,&0# $%"# &1$%/)-# 5/193# )"D1-"# 61;9+-%"3# 4"'/2"-W# &'3#
)"6)/315+;+9+$0#/.#$%"#)"-19$-7#P'#G1669"2"'$&)0#I&;9"#J#"&5%#-$)&+'#-%/193#;"#&55/26&'+"3#;0#
$%"+)#4"'/2"#&55"--+/'#'12;")-# V+7"7# )1'#&55"--+/'W=#;/$%# ./)#61;9+-%"3#4"'/2"-#&'3# $%/-"#
-":1"'5"3#+'#$%+-#-$1307#

Response: !"# &4)""H# +'# $%"# )"*+-"3# -1;2+--+/'# ,"# -6"5+.+"3# ,%")"# $%"# 4"'/2"-# ,")"#
-":1"'5"3=#&'3#$%"#2"$%/3#1-"37#!"#%&*"#3"6/-+$"3#$%"#4"'/2"-#+'#?X@P#&'3#2/3+.+"3#$%"#
Supplementary Table S1 ,+$%#$%"+)#&55"--+/'#'12;")-7#I%"#)&,#]?C-":#.+9"-#%&*"#&9-/#;""'#
3"6/-+$"3#+'#?X@P#&'3#$%"#&55"--+/'#'12;")#+'5913"3#+'#$%"#2&'1-5)+6$7#

#
36.#f!CG#2"$%/3/9/407#I%"#<-$#/1$9+")#&'&90-+-#+-#'/$=#$/#20#('/,9"34"=#&'#"-$&;9+-%"3#f!CG#
2"$%/3# $/# +3"'$+.0# 4"'"$+5# *&)+&'$-# &--/5+&$"3# ,+$%# &# 6%"'/$06"7# C# 2/)"# "-$&;9+-%"3# f!CG#
2"$%/3=# -15%# &-# B0-"")# V%$$6-F__4+$%1;75/2_24&9&)3+'+_60-"")W# /)# $%+-# (2")# f!CG#
V%$$6-F__4+$%1;75/2_3&''0D,+9-/'_(2")q6+6"9+'"W=#-%/193#%&*"#;""'#1-"37#

Response: !"#%&*"#&33"3#&'#&'&90-+-#1-+'4#B0-"")=#,%+5%#4&*"#+3"'$+5&9#)"-19$-#$/#$%"#<GI#
/1$9+")#&'&90-+-7#!"#&9-/#5+$"#&#61;9+-%"3#-$130#1-+'4#<GI#/1$9+")#&'&90-+-#$/#9+'(#4"'"$+5#*&)+&'$-#
,+$%#-6"5+.+5#6%"'/$06"-7##

#
37.# TPX# 3+-$)+;1$+/'# &'3# EXU<<7# <+41)"# J&7# I%"# 3+-$)+;1$+/'# /.# 2"$)/'+3&A/9"# TPX-# +'# $%"#
6)"-"'5"#/.#%"2"#-%/193#;"#6)"-"'$"3#&-#&'#TPX#3+-$)+;1$+/'=#&-#/66/-"3#$/#69/$$+'4#+'3+*+31&9#
TPX#*&91"-#-/)$"3#+'5)"&-+'4907#</)#">&269"=#-""#EnXCGIO-#2"$)/'+3&A/9"#TPX#3+-$)+;1$+/'#&-#
&'# ">&269"F#%$$6-F__2+57"15&-$7/)4_-"&)5%_-%/,D
)"4+-$)&$+/'_JYMLRg;&5(r%$$6-F__2+57"15&-$7/)4_-"&)5%_g-"&)5%kL[[@2"$%/3kL[[Kr2+5kLe-
"&)5%kL[[@&'$+;+/$+5kL[[KrJLekLe-"&)5%kL[[@-6"5+"-kL[[KrD
JkLe-"&)5%kL[[@3+-(q5/'$"'$kL[[KrDJkLe-"&)5%kL[[@9+2+$kL[[Kr[R#
#

Response: !"#)"5/4'+A"#$%"#+26/)$&'5"#/.#$%"#EnXCGI#69/$#$/#-%/,#TPX#3+-$)+;1$+/'#&'3#+$-#
1-".19'"--# ./)# $)&5(+'4# "6+3"2+/9/4+5&9# -%+.$-# +'# TPX-7# !"# '/,# -%/,# $%+-# +'# Extended Data 
Figure 1a-b7 !"#)"$&+'"3#$%"#-$09"#+'#<+4#J&#&-#+$#+-#3"-+4'"3#$/#-%/,#$%"#".."5$#/.#%"2"#/'#TPX-#
./)# "&5%# -$)&+'# $"-$"3# +'# Supplementary Table S1=# ,+$%# $%"# +'-"$# ./51-+'4# /'# %+-$/)+5# &'3#



"6+3"2+5#)+;/$06"#RLZ#-$)&+'-7#E&5%#TPX#+-#&9-/#4+*"'#+'#$%"#-1669"2"'$&)0#$&;9"=#&99/,+'4#.1$1)"#
1-")-#$/#"*&91&$"#$%"#4"'/2"-#&9/'4-+3"#TPX#3&$&7##

#

38.#C9-/=#+$#,/193#;"#+26/)$&'$#$/#"-$&;9+-%#+.#EnXCGIO-#2"$)/'+3&A/9"#EXU<<#VL#14_29W#2&$5%"-#
/)#3+..")-# .)/2# $%"#2"$)/'+3&A/9"#TPX#3+-$)+;1$+/'# V+'# $%"#6)"-"'5"#/.#%"2"W#2"&-1)"3# +'# $%+-#
-$1307#

Response: P'#$%"#'",#Extended Data Figure 1=#,"#5/26&)"3#TPX#3+-$)+;1$+/'-#,+$%#&'3#,+$%/1$#

%"2"#-%/,+'4#%"2"#-%+.$-#TPX-#./)#$%"#)"-+-$&'$#-$)&+'-#$/,&)3#$%"#EXU<<#VL#!4_29W7#^/,"*")=#

,"#6)"*+/1-90#)"6/)$"3#$%&$#&'#TPX#/.#J#!4_29#,&-#2/)"#&--/5+&$"3#,+$%#59+'+5&9#.&+91)"187#G/2"#

)"-+-$&'$#-$)&+'-#5&))0+'4#BnimBG#%&*"#&#2"$)/'+3&A/9"#TPX#/.#J#!4_29#+'#%"2"#&'3#R7L[#!4_29#
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$%"#51))"'$#EXU<<7#!"#%/6"#$%"#6)"-"'$#-$130#5/193#%"96#$/#)"*+-+$#$%"#EXU<<#./)#2"$)/'+3&A/9"#
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#
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Response. I%+-#%&-#'/,#;""'#3/'"7##
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Reviewer #1 (Remarks to the Author): 

The authors have truly invested lots of time and effort to answer my queries and I agree that the 

manuscript has been greatly improved by the modifications. I therefore advise publication of the 

manuscript although I still disagree that the protection conferred against metronidazole by NimB is 

due to the enzyme’s nitroreductase activity. Their enzyme assay shows that the rate of reduction 

must be really low and the Km for NADPH extremely high and the lack of correlation between 

resistance and NimB expression levels is still puzzling. However, the authors provide enough and 

technically sound data for their hypothesis to be published and to be discussed within the research 

community. I hope that the authors continue their studies on NimB and can discover the canonical 

function of the enzyme. Congratulations! 



Response to critique 

Reviewer #1 (Remarks to the Author): 

The authors have truly invested lots of time and effort to answer my queries and I agree 
that the manuscript has been greatly improved by the modifications. I therefore advise 
publication of the manuscript although I still disagree that the protection conferred 
against metronidazole by NimB is due to the enzyme’s nitroreductase activity. Their 
enzyme assay shows that the rate of reduction must be really low and the Km for 
NADPH extremely high and the lack of correlation between resistance and NimB 
expression levels is still puzzling. However, the authors provide enough and technically 
sound data for their hypothesis to be published and to be discussed within the research 
community. I hope that the authors continue their studies on NimB and can discover the 
canonical function of the enzyme. Congratulations! 

Response: We thank the reviewer for pointing out that the manuscript has been greatly 
improved through the additional work. We respect the author disagreement about the 
protection conferred by NimB, based on the enzyme assay findings. We recognize that 
our findings moves the field forward for NimB. As such we agree with the statement by 
the reviewer that “the authors provide enough and technically sound data for their 
hypothesis to be published and to be discussed within the research community”. To 
address this critique further, the following statement is found in the discussion:  

“Based on the homodimeric homology model from Anf3 structure (Fig. 3b), and 
biochemistry of heme flavoenzymes, we speculate CdNimB may reduce the 
nitroimidazole nitro-groups with electrons from heme or flavin cofactors in the 
homodimeric protein. Further research is required to test these hypotheses in more 
optimal biochemical and biophysical experiments to establish the molecular 
mechanism(s) through which Nim proteins reduce nitroimidazoles. As our experiments 
used millimolar substrate concentrations, these further studies should include an 
analysis of the enzyme's kinetic parameters. This will provide a more accurate 
assessment of the enzyme's catalytic efficiency in reducing physiologic, micromolar 
concentrations of metronidazole.” 


