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Supplementary Materials and Methods

Cloning, expression, purification and crystallization of AnPrx6. The cloning of the ahpC
gene (alr4404) from Anabaena sp. PCC7120, also called Nostoc sp. PCC7120, was carried
out as described by Mishra et al. (2009)!. The AnPrx6 protein harbours 212 amino acids
(accession code: WP_010998539.1). Recombinant AnPrx6 was expressed in E. coli,
BL21(DE3) (Novagen), purified and crystallized as described previously?. Briefly, the ahpC
gene was extracted from genomic DNA by PCR. The purified PCR fragment was digested
with EcoRI and Notl and ligated into a pGEX-5X-2 GST expression vector (GE Healthcare)
digested with the same enzymes. The vector was amplified in Escherichia coli (E. coli) strain
DH5a. The E. coli strain BL21(DE3) was used for the expression of recombinant GST-
AnPrx6 fusion protein, which was purified by affinity chromatography. The GST-fusion tag
was cleaved off with 10 U of Factor-Xa (GE Healthcare) per mg of AnPrx6. As an artefact
from the cloning and protein cleavage procedure, the final recombinant AnPrx6 protein
contains six residual non-native amino acids (GIPGIP) preceding the starting methionine.
Thus, the purified protein has a calculated molecular weight of 24.23 kDa, a theoretical
extinction coefficient of 33920 (M cm™) and a predicted isoelectric point (pl) value of 5.1,
as determined with the EXPASy Protparam tool®. Following size exclusion chromatography
using a Sephacryl S-300-HR column equilibrated in a buffer containing 150 mM NaCl, 1 mM
CaClz and 50 mM Tris-HCI at pH 7.5, the protein was concentrated to 13.0 mg/ml, as
determined by the Bradford assay using Bovine Serum Albumin, BSA, as the standard
(Sigma, USA). The purified protein was then either used directly for crystallization set-ups or
shock-cooled into liquid nitrogen and stored at -80°C. Single diffraction-quality crystals were
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grown by the vapour diffusion hanging drop method at 291 K2. The crystallization drops were
made by mixing 2 ul AnPrx6 protein at 13 mg/ml with 2 ul crystallization buffer, (0.2 M
sodium acetate trihydrate, 0.1 M sodium cacodylate trinydrate pH 6.5 and 20% (w/v)
polyethylene glycol 8000). The drops were equilibrated against 500 ul of the same buffer.
Crystals grew in about one month to a size of approximately 0.6 « 0.1 « 0.03 mm?.

Structure anchored sequence alignment and structure analysis. ICM-Pro (MolSoft
LLC)*® was used for multiple global structure superimpositions and to create the structure
anchored multiple sequence alignment (saMSA), for which only structures with at least 30%
sequence identity to AnPrx6 were considered.

In the following, the number triplets in parenthesis next to the PDB code stand for: the
pairwise sequence identity (%) / the number of aligned residues / the root mean square
deviation (A) after superimposing chain A of the respective PDB file onto chain A of AnPrx6.
The following PDB entries were superimposed onto AnPrx6: Homo sapiens Prx6 (hORF6)°®,
1PRX (52/200/1.1); Arenicola marina Prx6’, 2V2G (48/199/1.3); Plasmodium yoelii Prx6°,
1XCC (41/198/1.4); Aeropyrum pernix K1 Prx6°, 2CV4 (39/193/1.7); Pyrococcus horikoshii
Prx6%°, 3W6G (38/187/1.6); Trypanosoma cruzi tryparedoxin peroxidase (Prx1)!!, 4LLR
(34/165/1.2); Rattus norwegicus heme-binding protein 23 kDa (Prx1)'?, 1QQ2 (30/148/1.6);
Leishmania major tryparedoxin peroxidase | (Prx1)!3, 3TUE (32/144/1.5); Crithidia
fasciculate tryparedoxin peroxidase (Prx1)!4, 1E2Y (31/146/1.4); Homo sapiens thioredoxin
peroxidase-B (Prx1)*®, 1QMV (30/166/1.4); Schistosoma mansoni peroxiredoxin | (Prx1),
3ZTL (36/162/1.5); Ancylostoma ceylanicum peroxiredoxin-1 (Prx1)Y’, 4FH8 (33/148/1.7);
Helicobacter pylori alkyl hydroperoxide-reductase (AhpC) (Prx1)*, 1ZOF (32/147/2.0). All
molecular graphic rendering was carried out with ICM-Pro (MolSoft LLC) or CCP4MG?°.

Size-exclusion chromatography. The oligomeric state of AnPrx6 at room temperature was
determined by analytical size exclusion chromatography (SEC) using a high resolution
Superdex 200 10/300 column (GE Healthcare, Sweden). Prior to each run, the column was
equilibrated with the buffer used to store the AnPrx6 protein, containing 50 mM Tris-HCI pH
7.5, 150 mM NaCl, and 1 mM CaCl>. For each run, a sample loop with a capacity of 100 pl
was filled with AnPrx6 protein at a concentration of either 0.1 mg ml%, 1.0 mg ml* or 10.0
mg ml, and loaded onto the column, resulting in 0.01 mg, 0.1 mg or 1.0 mg of protein
passing through the column. Retention curves at a wavelength of 280 nm were recorded in the
absence or presence of 20 mM H2O: in the buffer. A standard curve for the Superdex 200
10/300 column using the above buffer condition was generated from the elution profile of a
standard protein mix (BioRad Gel Filtration Standard, catalog # 151-1901). The standard
curve was used to estimate the molecular weight of the eluted AnPrx6 protein.

Small Angle X-ray Scattering (SAXS) data collection: SAXS measurements were carried
out in a buffer containing 50 mM TRIS-HCI pH 8.0, 150 mM NacCl, 1 mM CacCl;, without
DTT, at two AnPrx6 concentrations (1.6 mg/ml and 4.8 mg/ml). All samples were centrifuged
prior to measurements. The SAXS data sets of AnPrx6 were collected at the MAX IV
Laboratory, MAX Il beamline 1911-SAXS®. The intensity data was recorded on a hybrid
pixel Pilatus 1M detector as a function of the scattering vector q (q = (4= sin6)/A). Data
reduction, normalization to the intensity of the transmitted beam, and buffer subtraction were
performed using beamline tools and scripts. The Primus program in the ATSAS software
package?t?? was used to estimate forward scattering 1(0), radius of gyration, pair-distance
distribution function, and the excluded volume of the hydrated particle (Porod volume)?*23,
Molecular weight estimations were made using Lysozyme as a molecular weight standard, as
well as the Porod volume.
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Peroxidase activity assay. Peroxidase activity of AnPrx6 was determined using the
ammonium ferrous sulphate and xylenol orange (FOX) assay?*. The assay was performed in
triplicates at 23°C in 100 ul reaction buffer containing 20 mM NaPi pH 7.0, 150 mM NaCl,
and 1 mM DTT and a protein concentration of 4 uM. The reaction was initiated by adding
hydrogen peroxide (H20>) to a final concentration of 600 uM. After exactly one minute, 5 ul
of the reaction mixture was removed and added to 500 ul of the FOX reagent solution,
consisting of 250 uM ammonium ferrous sulphate, 100 uM xylenol orange, 25 mM H2SO4
and 100 mM sorbitol, which terminated the reaction. After incubation for one hour in the
dark, 500 pl of deionized water was added to the FOX assay mixture and the absorbance of
the final solution was measured at a wavelength of 560 nm. The enzymatic consumption of
hydrogen peroxide due to the AnPrx6 protein in the sample was determined with the help of a
standard curve that shows the absorption at 560 nm plotted as a function of increasing H20-
concentrations. Control experiments were performed using samples containing no AnPrx6 in
order to account for the potential background signal originating from the constituents of the
reaction buffer (Supplementary Fig. S8).

To determine the rate of H.O> consumption with respect to the enzyme concentration, FOX
assays in the same buffer as before were performed at AnPrx6 concentrations increasing from
0 uM to 60 uM and a fixed, saturating H.O> concentration of 600 uM (Supplementary Fig.
S9).
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Supplementary Figures and Tables

Supplementary Table S1. Data collection, processing and refinement statistics

ANnPrx6

Data collection
Wavelength [A] 0.97929
Space group (Nr.) P212121 (19)
Unit cell dimensions

a, b, c[A] 80.09, 102.07, 109.74

o, B,y [] 90, 90, 90
Molecules per asymmetric unit 4
Resolution range (highest shell) [A] 51.0 — 2.3 (2.38 — 2.30)
Accepted reflections 151063 (7398)
Unique reflections 39398 (3204)
Completeness [%] 97 (82)
Multiplicity 3.8(2.3)
Mean (l/cl) 12.6 (2.2)
Rmerge [%] 8.3 (43.1)
Rmeas [%0] 9.5 (55.0)
Rpim [%0] 4.7 (33.3)
CCu2 [%] 99.6 (81.3)
CC* [%] 99.9 (94.7)
Refinement

Resolution range (highest shell) [A]
Reflections used for refinement
Reflections used for Riree
Rwork [%]
Riree [%]
Overall map CC (Fc, 2mFo-DFc) [%]
R. m. s. deviations
Bond length [A]
Bond angles (°)
Ramanchandran plot statistics
Residues in favored region [%]
Residues in allowed region [%]
Residues in outlier region [%]
All-atom clash score
No. of non-hydrogen atoms
Protein (non-hydrogen)
Solvent (H20) (non-hydrogen)
Average B-factors (A?):
Protein chains
Water molecules

51.05 - 2.30 (2.36 — 2.30)
39327 (3204)

1970 (143)

20.4/ (27.4)

24.5/ (33.3)

875

0.002
0.452

95
4.5
0.4
0.9
7078
6738
340
31.2
31.2
30.8



1E2Y
3TUE
4LLR
3ZTL
1oMv
1002
4FHS8
1Z0F
2V2G
1PRX
AnPrx6
1XCC
3WeG
2Cv4

1E2Y
3TUE
4LLR
3Z2TL
1QMv
1002
4FH8
1ZOF
2V2G
1PRX
AnPrx6
1XCc
3WeG
2cv4a

1E2Y
3TUE
4LLR
3ZTL
1QMV
1002
4FHB
17Z20F
2V2G
1PRX
AnPrx6
1Xcc
3W6G
2CV4

PR D= TR - O WM W s

163
163
le3
159
162
163
160
1538
163
167
157
164
156
lel

Mishra et al., Asymmetric dimer of AnPrx6, Supplementary Information

Structure anchored Multiple Sequence Alignment
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Figure S1. Structure anchored multiple sequence alignment (saMSA). AnPrx6 and thirteen
Prx proteins with known crystal structures and at least 30% sequence identity, compared to
AnPrx6, were simultaneously superimposed. The respective PDB codes precede each
sequence, except for AnPrx6. Identical amino acids are indicated by their single letter code
above the alignment. Similar amino acids are marked with a hash (#). Highlighted in yellow
are the conserved residues of the catalytic PxxxTxxC motif?>%, and the fully conserved active
site arginine. In AnPrx6 these are residues Pro38, Thr42, Cys45 and Argl22. The peroxidatic
cysteine (Cp) is shown in red and the blue frame marks the residues of the active site Cp-loop.
Cr was mutated to Ala and Ser in 1QMV and 2V2G, respectively and was oxidized to
Cysteine sulfonic acid (X) in AnPrx6 and 2CV4. If present, the distal resolving Cys (Cr) is
marked red. Additional amino acids that contribute to the active site environment are Phe35,
His37, Pro43, Val44, Glu48, Leu49, Trp80, Prol41 and Argl45. Of these, Glu48, Trp80, and
Argl145 are fully conserved and highlighted in green. Highly conserved among the Prx6
proteins is the FSH motif, highlighted in pink, just before PxxxTxxC motif. The four regions
(I-1V) marked with red above the alignment indicate those residues of 2-Cys Prxs that are
involved in decamer formation?’. Highlighted in light blue are seven residues of Prx6 proteins
that extend helix a3 by almost two turns compared to other Prxs, which causes the loop
between a3 and B5 to adopt a conformation that interferes with decameric ring formation.
The succession of secondary structure elements for each protein is indicated below the
saMSA: aquamarine arrows depict -strands, red tubes represent a-helices and magenta tubes
310 helical turns.
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Figure S2. Ribbon diagrams showing structural variation. Superimposed are the backbone
atoms of the AnPrx6 monomer A (purple), AnPrx6 monomer B (orange), human ORF6
(1PRX, yellow), Arenicola marina Prx6 (2V2G, light green), Aeropyrum pernix Prx6 (2CV4,
gray) and Trypanozoma cruzi (4LLR, blue). (a) The loop connecting helix a3 with strand
B5. The length of helix a3 is similar in all Prx6 proteins, however the orientation of the helix
axis can vary by as much as 25°, resulting in a repositioning of the C-terminal part of helix
a3. The a3-p5 loops of AnPrx6 monomers A and B are similar, while they deviate from the
corresponding loops in human Prx6 (1PRX), Arenicola marina Prx6 (2V2G) and Aeropyrum
pernix Prx6 (2CV4). As a representative of 2-Cys Prxs that form (aw2)s rings, the a3-B5 region
from Trypanozoma cruzi (4LLR) is shown in blue. Typical for the (a2)s ring forming Prxs is
that their helix o3 is about two turns shorter than the helix a3 in Prx6 and that the a.3-5 loop
can form a 310 helical turn. (b) The loop connecting a4 with 6. The loop spanning residues
Aspl09 to Arg122 of AnPrx6 contains an a-helical turn in monomers A and C (purple in Fig.
la and 1b), while the same loop in monomer B and D (orange in Fig. 1b) adopts an extended,
irregular shape which resembles the corresponding loop of Aeropyrum pernix Prx6 (2CV4).
Other Prx proteins form a short two stranded -sheet as can be seen in PDB entries 2V2G and
4LLR.
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Figure S3. Analysis of MD simulation trajectories. (a) Root-mean-square deviation (RMSD)
of atomic backbone positions, relative to the X-ray structure, calculated for three independent
simulations (triplicates) spanning 150 ns. The top panel shows the RMSD for the oxidized
active site Cys45 (Cys45-02-OH) and the bottom panel the RMSD for the fully reduced
Cys45. (b) The Cq-carbon root-mean-square-fluctuation (RMSF) for the three fully oxidized
Cys45 system simulations. For the chain B, the region showing the large RMSF in the
Simulation [2] (from helix o4 to the beginning of $6) is highlighted by the vertical dashed
lines. (¢) RMSD of backbone atoms of monomers A and B relative to monomers A and B of
the X-ray structure. Arer and Brer refer to the X-ray structures of chain A and B, respectively.
(d) RMSD of the active site residues (residues 36 to 48, 107 to 127, and 137 to 149) relative
to their corresponding X-ray structure positions of monomer A and B. (e) The side chain
dihedral angles along C,-Cg-C,-C of His37 and Phe35 in monomer B shown for the three
oxidized Cys45 (Cys45-0,-OH) simulations.
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Figure S4. H-bond distance variations during MD simulations. (a) For the H-bond interaction
between His37-Cys45, the His37 Cy --- Cys45 Sy H-bond distance was monitored. In general,
the distance in monomer A (upper panel) does not fluctuate as much as in monomer B (lower
panel), which shows slightly larger distance fluctuations and longer His37-Cys45 H-bond
distances. (b) For the H-bond interaction between Arg122-Cys45, the Arg122 C( --- Cys45
Sy H-bond distance was used. In this case monomer A (upper panel) shows larger distance
fluctuations and longer Arg122-Cys45 H-bond distances compared to those of monomer B
(lower panel).
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AnPrx6 retention peaks in the absence of H,0,
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Figure S5. Size exclusion chromatography (SEC) of recombinant AnPrx6. (a) SEC analysis
of AnPrx6 at protein concentrations of 0.1 mg ml, 1.0 mg mI* and 10 mg ml* in the absence
of H202 and (b) in the presence of 20 mM H2O.. In all cases, AnPrx6 elutes in a single peak
with a derived average molecular weight of about 44,2 kDa without H20> (S5a) and 44,7 kDa
with 20 ml H202 (S5b). These values correspond well with the calculated molecular weight
for dimeric AnPrx6 (48.4 kDa). No other peaks were detected.
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Figure S6. The asymmetric unit (a.s.u) of the AnPrx6 crystals in space-group P21212;
contains a dimer-of-dimers. The buried interface surface is relatively small (690 A? as
determined by PDBePISA) and is formed by residues from helix a6 of the C-terminal domain
and to a lesser extent by residues from the N-terminal loop and the loop connecting helix o4
and strand 6. The dimer-of-dimers is likely due to crystal packing effects and is not
biologically relevant. (a) Front view of the two dimers in the a.s.u. The left-hand dimer is
coloured yellow and blue and the dimer on the right green and purple. (b) The dimer-dimer
interaction viewed by rotating the molecules 90° around the horizontal axis passing through
the centre of the two dimers. (c) Contacts between dimers from adjacent asymmetric units are
in both case mediated through residues from strand B10 of the C-terminal domain, thus
forming a continuous eight-stranded [-sheet. (d) Packing diagram showing the extended
crystal packing interactions within one crystal plane.
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Figure S7: SAXS intensities vs. scattering vector g at two different AnPrx6 concentrations.
The SAXS intensity data for AnPrx6 at 1.6 mg/ml (black circles) and 4.8 mg/ml (magenta
circles), were scaled to visualize the lack of concentration dependent protein-protein
interactions. Due to the low noise level, the actual experimental data up to 3 nm™ displayed
instead of the fitted curves. The inset shows the pair-distance distribution function calculated
using Primus.
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Figure S8. The AnPrx6 peroxidase activity was measured at increasing concentrations of
H20- in the range from 0 uM to 600 uM. All measurements were carried out in triplicates.
The average value is marked by a dot and the error bars mark the uncertainty of the
measurements.

1,8 -
R?=0,9981
1,6

1,4
1,2
1,0

0,8 A

Rate (nmol H,0, min-!)

0,6
04

0,2 -

0'0 ‘/ 1 T | T T T 1
? 10 20 30 40 50 60 70

AnPrx6 (uM)

-0,2

Figure S9. H2O. Consumption rate vs. AnPrx6 concentration. The graph shows a linear
dependency of the H.0. consumption rate with respect to the enzyme concentration, which
suggests that no structural changes, such as oligomerization, occur as the protein
concentration increases from 0 uM to 60 uM. The error for the first three points is very small
and which results in error bars that are not clearly visible.
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Figure S10. Chaperone activity assays. AnPrx6 prevents the thermal aggregation of hen egg
white Lysozyme at 43°C. (a) Aggregation of Lysozyme at decreasing molar AnPrx6 to
Lysozyme ratios of 1:16, 1:22, and 1:32. (b) Control experiment showing the aggregation of
lysozyme where AnPrx6 was replaced by BSA. The aggregation of lysozyme was monitored
by measuring the degree of light scattered at 360 nm. To determine the baseline level of
scattering (negative control) only buffer and DTT and was used.
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