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Supplementary Figure 1: A non-redundant collection of 250 TomB homologs was obtained by BLAST search using as a query the TomB 
sequence from E. coli K12 strain (D64776). Truncated sequences and sequences with additional N-terminal peptide portions were removed. 
Column one is the NCBI accession number.
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Supplementary Figure 2.  Relative abundance of oxidized peptides from YmoA (600 µM) in the

presence and in the absence of equimolar concentration of [C117S]YmoB. Samples were digested

with GluC endopeptidase prior to ESI-MS/MS analysis. The four categories represent the number of

additional oxygen atoms relative to the non-oxidized form, the forth oxidation accounts for the

presence of a Methionine residue. The peptide spectrum matches (PSM) of all peptides in the same

oxidation level were pooled and compared with the PSM number for all detected peptides.



Supplementary Figure 3.  Dynamic Light Scattering profiles of native and chemically oxidized

Hha. Scattering profiles were measured in matched samples of Hha in which a,c) one was used as a

control  while  b,d) the second one was treated with 5 mM H2O2.  Measurements were taken in

triplicate after (a,b) 2 hours and (c,d) 18 hours of incubation. Under these conditions, NMR spectra

showed a drastic loss of the native tertiary structure but no significant differences are seen by DLS.

The average estimated hydrodynamic radius (assuming a spherical particle) is 3.7 ± 0.9 nm for the

control and 3.2 ± 0.7 nm for the oxidized sample, all of them in agreement with the dimensions of

monomeric Hha. Thus, no significant aggregation seems to take place in the presence of H2O2.



Supplementary Figure 4. 1H-15N HSQC-NMR spectrum of 100 µM [C117S]YmoB in  20 mM

[NaH2PO4 + Na2HPO4], 150 mM NaCl, 0.2mM EDTA, pH = 7.0 with assignments indicated. Full

assignments are deposited in RCSB with accession number 104115, PDBID 2MN2.



Supplementary Figure 5. Paramagnetic  Relaxation  Enhancement  (PRE)  NMR experiments.  a)

Residues with broadened NMR backbone signals in the presence of MTSL-Hha are mapped on the

surface and ribbon representations of [C117S]YmoB. The affected residues in helices 2 and 3 are

marked in red.  Other affected residues are colored orange.  The position of C18 is  indicated in

colored spheres. b) The intensity ratios of individual residues of 15N-labeled [C117S]YmoB in the

presence and in the absence of 1 equivalent of MTSL-Hha (top) or MTSL-YmoA (bottom) are

represented. The helical regions of YmoB are indicated. The regions of helices 2 and 3 that are



more affected by the paramagnetic proteins are marked in red in the secondary structure scheme.

Additional perturbed regions are marked in orange. Residues whose signal disappears upon addition

of  MTSL-derived  partners  are  marked  in  red.  Non-assigned  residues  are  marked  in  grey  and

prolines are marked with asterisks. Residues with weak or overlapping signals are colored in blue

and indicated by '#'. c) Supperposition of 1H-15N HSQC-NMR spectra of 100µM [C117S]YmoB (in

black) and [C117S]YmoB in the presence of one molar equivalent of  MTSL-Hha (left-orange) and

MTSL-YmoA (right-green).



Supplementary Figure 6: Residue E53 in the Hha transient binding site is important for TomB

antitoxin activity. Growth curves of E. coli ΔhhaΔtomB cells transformed with pCA24N-tomB-hha

plasmid, WT TomB or [E53K]TomB plus Hha. Residue 53 is a conserved residue (see Figure 5d)

and sits in the center of the identified Hha transient binding site in [C117S]YmoB.



Supplementary Figure 7: 1H-15N HSQC-NMR spectra of a) [F111Y, C117S]YmoB (green) and b)

[F111L, C117S]YmoB (blue) are typical of well folded proteins – overlaid with the spectrum of

[C117S]YmoB (black). Position of residue 111 in all the three spectra is highlighted with dotted

circle in both experiments. The chemical shifts of the variants with tyrosine and leucine at position

111 are very similar suggesting little deviations from the WT structure.



Supplementary  Figure  8. Cysteine  oxidized  peptides  detected  by  MS.  YmoB/[C117S]YmoB

peptides generated by GluC endopeptidase.  115YIcTLmKT122 peptides appear only in WT YmoB.

The relevant cysteine oxidation state is indicated. In methionine containing peptides the cysteine

oxidation  state  may  be  ambiguous.  Empty  and  filled  circles  correspond  to  the  assignments  if

methionine is unmodified or oxidized, respectively. YmoA/Hha unambiguous C18 oxidations were

obtained by trypsin digestion. Deviations between experimental and theoretical masses were lower

than 3.94 ppm.



Supplementary Figure 9. Cysteine free variants of YmoB retain antitoxin activity. Growth curves

of  E.  coli K12MG1655  Δhha  cells  harboring  pCA24N-hha  and  pBAD30-ymob,  pBAD30-

ymob(C117S) or pBAD30-ymob(C18S)(C117S). Control cultures with no overexpression of Hha or

any antitoxin (squares) were compared with those overexpressing: Hha (circles), Hha and YmoB,

(triangles  up),  Hha  and  [C117S]YmoB  (triangles  down)  or  Hha  and  [C18S,  C117S]YmoB

(asterisks). Experiments were performed at 37ºC in Triptone Minimal Medium in duplicate. The

mean and sample standard deviation are shown.



Supplementary Figure 10: Zooming into the channel of YmoB.  a) surface representation of the
channel as in Figure 5c. b) The same representation showing the side chains of relevant residues in
ball and stick representation, and C18 as solid spheres. c) and d) The same representations as and b
but including a red sphere with the approximate size of an oxygen molecule. e) and f) Orthogonal
views of panel d).



Supplementary Table 1: CFU analysis of TomB antitoxin activity dependency on oxygen (See 
Figure 1).

OD600 CFU CFU/OD
Approx.

%O2 Sat.

Control

0.05 325 6144 90%

0.23 169 750 -

0.84 >300 * 1%

1.37 >300 * 10%

Hha+

0.06 221 3576 90%

0.15 127 820 -

0.52 237 455 40%

1.01 124 123 10%

Hha+TomB+

0.07 121 1798 90%

0.14 84 613 -

0.54 162 301 1%

1.16 >300 * 10%

CFU were obtained by plating 10  L of a 108 dilution of samples taken at the indicated optical

densities. The last column gives the ratio between CFU and OD. Asterisks indicate that the number

of CFU was higher than 300.

 

CFU/OD ratios  of  the  starting  cultures,  with  very  low  OD,  are  much  smaller  for  the  protein

overexpressing cells. This may reflect the additional metabolic burden.  However, in the stationary

phase with 10% oxygen saturation, the number of CFU of the cells overexpressing Hha and TomB

is larger than those only expressing Hha, ruling out that the observed toxic effect of Hha is just

related to the metabolic stress related to protein overexpression.



Supplementary Table 2: NMR experiments used to assign backbone atoms H-N-C’, side chain 

atoms Cα/Cβ and Hα/Hβ . 

Experiment Dimensionality Observed Spins
1H-15N-HSQC (H2O and D2O) 2D: 1H-15N Hi-Ni

HNCO 3D: 1H-15N-13C Hi-Ni-C’O-i

HNCACO 3D: 1H-15N-13C Hi-Ni-C’O-i-C’Oi

CBCAcoNH 3D: 1H-15N-13C Hi-Ni-Cα
-i-Cβ

-i

CBCANH 3D: 1H-15N-13C Hi-Ni-Cα
i-Cβ

i-Cα
-i-Cβ-i

HBHAcbcacoNH 3D: 1H-15N-1H Hi-Ni-Hα
i-Hβ

i-Hα
-i-Hβ

-i
1H-13C-HSQC-CT 10% [13C]-

glucose* (in D2O)
2D: 1H-13C Hi-Ci aliphatic



Supplementary  Table  3: Interleaved-NUS NMR experiments  recorded to  assign  aromatic  and

aliphatic side chain atoms and to obtain distance restrains based on NOESY experiments. 

 
SPARSE

%
nt d1 Acquisition time (ms)

Total
time, h

1H-1Hind 13C 15N

900 MHz spectrometer  

NOESY-CHSQC ali 33 4 1 70/36 24 - 68.5

NOESY-NHSQC 30 4 1 70/20 - 64 42

NOESY-CHSQC aro 33 8 1.3 70/36 35 7 53.4

800 MHz spectrometer  

CCH-TOCSY 50 4 1.5 79/17 8.5 - 53

HCCH-TOCSY 50 4 1.5 79/17 20 - 60


