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SUPPORTING TABLE 1.

Strains, plasmids and oligonucleotide primers used in the present study.

Strain, plasmid or primer Relevant properties, usage, nucleotide sequence Reference

Bacterial strains

W. succinogenes DSMZ 1740 Wild-type strain (Simon et al., 2000)

W. succinogenes AfrdCAB Fumarate reductase operon (frdCAB) deletion mutant (Simon et al., 1998)

W. succinogenes fMFR Strain expressing the sdhABE operon under control of the frd promoter This study

W. succinogenes fMFR-R7/8Q =fMFR; arginines 7 and 8 in sdhA are replaced by glutamines This study

W. succinogenes fTMFR-A86H =fMFR; alanine 86 replaced by a histidine This study

W. succinogenes fMFR-HT ~ =fMFR; amino-terminal (sdhA) His6-tag plus TEV protease site This study

W. succinogenes fMFR-AH1 =fMFR; His6-tag introduced at amino acid position 37 This study

E. coli XL1-blue Strain used for cloning and plasmid propagation Stratagene

Plasmids

pFrdcat2 Derivative of pSC101; E. coli low-copy vector containing the W. (Simon et al., 1998); sequence
succinogenes frdCAB genes including frd promoter and terminator determined in this study
sequences

pSdhA Derivative of pFrdcat2 containing the sdhA gene instead of frdCAB This study

genes from W. succinogenes
pR7/8Q Derivative of pSdhA; codons for arginines 7 and 8 are replaced by codons  This study

for glutamines

pA86H Derivative of pSdhA; codon for alanine 86 is replaced by a codon for This study
histidine
pSdhHT Derivative of pSdhA; codons encoding for six histidines plus TEV This study

protease site are inserted in sdhA
pSdhAH1 Derivative of pSdhA; codons encoding for six histidines at amino acid This study

position 37 are inserted in sdhA

Primers

Not_cat2_Fw TATCAAATGCGGCCGCATCTCCTTGGAGCGGGGTCTCC Forward  This study
primer used for the amplification of the pFrdcat2 vector fragment; contains
a Notl restriction site (underlined)

Sac_cat2_Rv TCCCCGCGGCATCTGTTTCCCCTGTGCAGTATTG Reverse primer  This study
used for the amplification of the pFrdcat2 vector fragment; contains a Sacll
restriction site (underlined) and the frdC start codon (in boldface)

Sac_WSs-Sdh_Fw TCCCCGCGGAGTGAACAATTTACCCGAAGGGAG Forward primer  This study
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used for the amplification of sdhA from W. succinogenes genomic DNA,;
contains a Sacll restriction site (underlined)
Not_WSs-SdhA_Rv TATCAAATGCGGCCGCTTAGTATTTCCTCTCCTCAATTTTGAATTG This study
Reverse primer used for the amplification of sdhA from W. succinogenes
genomic DNA,; contains a Notl restriction site (underlined)
cat2_seql CTCTTACAGTTCCAAACTACC This study
binds in the frd promoter on the plasmid pSdhA; a PCR product with primer
wssdhB1R indicates correct integration of pSdhA in the AfrdCAB genome
wssdhB1R GAGCGTGATGTCTTGGGTTTGC This study
binds in sdhB on the AfrdCAB genome
SdhR7/8Q1 CGCGGAGTGAACAATTTACCCAACAGGAGTTTCTTCAGTCTGCC  This study
SdhR7/8Q2 GGCAGACTGAAGAAACTCCTGTTGGGTAAATTGTTCACTCCGCG
Complementary mutagenic primers used for the replacement of arginines
7 and 8 to in SdhA to glutamines via site-directed mutagenesis; the changed
codons are underlined
A86H1 GGTTATGCCCACCCGAAGCCACACCACAATGGCTGAAGG The present study
A86H2 CCTTCAGCCATTGTGGTGTGGCTTCGGGTGGGCATAACC
Complementary mutagenic primers used for the replacement of alanine
86 to histidine in SdhA via site-directed mutagenesis; the changed codon
is underlined
SacllHis6TEV1 TCCCCGCGGCACCATCACCATCACCATGAGAATCTCTATTTTCA This study
AGGACCGCGGCCT Encodes for a His6-tag (in boldface) plus TEV
protease site; used for insertion in the Sacll restriction site of pSdhA,;
contains two Sacll restriction sites (underlined)
SacllHis6 TEV2 AGGCCGCGGTCCTTGAAAATAGAGATTCTCATGGTGATGGTGAT This study
GGTGCCGCGGGGA Complementary to SaclIHis6TEV1
SdhH1_Fw ATGGGCCCCTCCCCATCAATACCTCTGGCATCCCC Forward primer  This study
used for the insertion of a His6-tag at amino acid position 37 via PCR from
pSdhA; contains a Apal restriction site (underlined)
SdhH1_Rv TAGGGCCCGGCATGGTGATGGTGATGGTGGGAAGAGGAGGCAA This study
AAGCCCTATCAACCCC Reverse primer used for the insertion of a
His6-tag at amino acid position 37 via PCR from pSdhA; contains a Apal

restriction site (underlined) and codons for 6 histidines (in boldface)
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SUPPORTING FIGURE 1. SDS-PAGE for peptide mass fingerprint analysis. Lanes 1-3:
fractions with highest activity after 1% ion exchange chromatography, 20 pg protein per lane;
lane 4: pooled and concentrated fractions after 1% ion exchange chromatography ,30 pg; lanes
5 and 6: fractions of highest activity after gel filtration, 5 pg; lane 7: pooled and concentrated
fractions after gel filtration, 5 pg; lane 1A: fraction of highest activity after gel filtration,
different preparation. The two prominent bands 1 and 2 and all bands between 38 kDa and 28
kDa were cut out, treated with trypsin and examined via MALDI-TOF. Assignment of the
peaklists to the respective proteins was performed with the program ‘Mascot’. Only
assignments with a score of 54 and higher are shown (bands indicated by an arrow).

Abbreviations: b nr.: band number; s: score; m: calculated mass from protein sequence; pl:



theoretical isoelectric point; em: entered mass values; fm: fitting mass values; sc: sequence

coverage; protein: database output.
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SUPPORTING FIGURE 2. Determination of the molar oxidized-minus-reduced absorption
difference coefficient at 270 nm of the 8-methylmenaquinol-6 analog 2,8-dimethyl-3-decyl-
1,4-dihydroxynaphthoquinol (the quinol form of the quinone shown in Fig 3g). The
coefficient was determined from air-oxidized quinone and KBHj-reduced quinol at a

concentration of 0.1 uM.
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SUPPORTING FIGURE 3. Sequence alignment of the amino-termini of W. succinogenes
(Ws), C. jejuni (Cj), A. ambivalens (Aa) and Synechocystis (Sc) SdhA. The amino-termini
from the W. succinogenes and C. jejuni gene product are significantly longer than in the A.
ambivalens and Synechocystis enzyme and harbour a twin-arginine motif (consensus
sequence s/t-r-r-e-f-I-k/q), a signal for the export into the periplasm via the twin-arginine
translocase (Tat) pathway. The amino acid composition corresponds to the generic tripartite
structure (n-, h-, and c-region) of twin-arginine signal peptides (Palmer et al., 2005). This

signal is absent in the sequences of A. ambivalens and Synechocystis SdhA.
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SUPPORTING FIGURE 4. Western blot analysis of the variant SAhABE complexes MFR-
HT and MFR-AH1. The variant enzymes carry a 6xhis-tag on amino acid position 1 and 37,
respectively (pooled fractions after anion exchange). However on a Western blot treated with

anti-polyhistidine antibodies only the tag on amino acid position 37 is detectable.
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SUPPORTING FIGURE 5. Comparison of residues involved in fumarate reduction in the
W. succinogenes quinol:fumarate reductase a) and the MFR b) (figure modified from
Lancaster et al., 2001). All residues required for the proposed mechanism are conserved
except for the FAD-binding histidine 43 which corresponds to alanine 86 in the MFR. c)
Sequence aligment of W. succinogenes (Ws), C. jejuni (Cj), A. ambivalens (Aa), Synechocystis

(Sc) SdhA and W. succinogenes FrdA subunits. Only the region surrounding alanine 86 is

shown.
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