SUPPLEMENTAL MATERIAL

Supplementary Materials and Methods

Strains, Plasmids and Cell growth

All Brucella strains used in this study (Table S1) were derived from B. abortus 544 Nal®
(spontaneous nalidixic acid-resistant mutant), and were routinely cultivated in Tryptic Soy Broth
(TSB). C. crescentus CB15N was grown in peptone-yeast extract (PYE medium). S. meliloti
1021 was grown in Luria Bertani (LB). The E. coli strains deriving from MG1655, DH10B
(Invitrogen Life-Technologies), DB3.1 (Invitrogen Life-Technologies), BL21(DE3) (Novagen),
S17-1 (21), DH5a (Bethesda Research Laboratories) and MT616 (10) were cultivated in LB
broth. Antibiotics were used at the following concentrations when appropriate: nalidixic acid,
25 pg ml'; kanamycin, 20 pg ml"'; chloramphenicol, 20 ug ml™; ampicillin, 100 pg ml™;
gentamicin, 50 ug ml™'; nourseothricine, 25 ug ml™'. Plasmids (Table S1) were mobilized from
E. coli strain S17-1 into B. abortus and C. crescentus by bacterial conjugation (8), and from
E. coli strain DHS5a into S. meliloti by triparental mating as described previously (12). Induction
of gene expression under P,,x and Pj,. was achieved with 0.3% xylose and 1 mM IPTG
respectively. In corresponding control experiments, media were supplemented with 0.2% glucose
(PYEQG) instead of xylose (PYEX). The growth media and yeast genetic techniques have been
described previously (20). Full details about the Y2H assays are available in the Supplemental
material.

Molecular Techniques

Allelic replacement

B. abortus 544 knock-out and XDBI1155 (pdhS-cfp) mutants were obtained by allelic
replacement. Briefly, for generating B. abortus AfumC (XDB1157) and AfumA (XDB1160)
mutant strains, upstream and downstream regions flanking fumC and fumA genes were amplified
by PCR using the following primer pairs: (i) fumCupl and fumCup2; (ii) fumCdownl and
fumCdown2; (i) fumAupl and fumAup?2; (ii) fumAdownl and fumAdown2. A second PCR using
fumCupl and fumCdown2 primers or fumAupl and fumAdown2 primers allowed us to associate
the PCR products. The final PCR products were cloned in pPGEM-T Easy (Promega) to generate
pGEM-T-AfumC and pGEM-T-AfumA, respectively. Finally, the AfumC and AfumA fragments
were excised from pGEM-T-AfumC and pGEM-T-AfumA by Nofl restriction and subsequently
cloned into Notl-cut pJQ200-ucl (Donnenberg and Kaper, 1991) to generate pJM056 and
pIJMO082, respectively.

Concerning pdhS-cfp, allelic replacement was performed as follows : upstream and downstream
regions just flanking the stop codon of pdhS coding sequence were amplified by PCR using the
following primer pairs: (i) pdhS-cfpupl and pdhS-cfpup2; (ii) pdhS-cfpdownl and pdhS-
cfpdown2. A second PCR using pdhS-cfpupl and pdhS-cfpdown2 primers allowed us to associate
the PCR products. The final PCR products were cloned into pGEM-T Easy (Promega) to
generate pGEM-T-pdhS’C. In parallel, cfp was amplified by PCR on the pFA6-cfp-natMX6 (22)
with cfpup and cfpdown primers and inserted at the unique EcoRV site pGEM-T-pdhS’C plasmid
to generate the pGEM-T-pdhS C-cfp. Finally, the pdhS’N-cfp fragment was excised from pGEM-
T-pdhS’C-cfp by Notl restriction and subsequently cloned into Nofl-cut pJQ200-ucl to generate
pDDO003.

These pJM056, pJM082 and pDDO003 constructions were transformed into E. coli strain S17-1,
and introduced into B. abortus 544 Nal® strain by conjugation. Transformants that integrated a



plasmid into their chromosome were selected on medium supplied with gentamycin. In order to
allow excision, positive clones were cultivated in 2YT without gentamycin for more than 10
generations and plated onto solid medium containing 5% sucrose because sacB gene carried on
the pJQ200-ucl vector (5) confers sucrose sensitivity to gram-negative bacteria hence allowing
to apply counterselection for allelic replacement. Gentamycin-sensitive but sucrose-resistant
colonies were isolated and gene replacement was confirmed by PCR.

Synthetic lethality of fumA and fumC deletions

Many unsuccessful attempts to obtain a AfumAAfumC double deletion strain from the XDB1160
strain prompted us to investigate the possible synthetic lethality of these two mutations. We
attempted to delete the fumC gene in the XDB1160 strain in which we previously introduced the
low copy vector pMR10cat (negative control) or pMR10cat carrying a rescuing fumarase CDS.
As expected, from 46 clones, none presented the double deletion profile by PCR when pMR10cat
was used. In contrast, the same experiments performed with the fumC-yfp (pJM063) or fumA-yfp
(pIMO043) rescue copies respectively showed that 11% (=5/46) and 26% (=12/46) of clones tested
presented the AfumC profile by PCR.

Construction of fluorescence and expression destination vectors

Lambda Red technique (3, 4) was used to generate pMR-nafR (C. Van der Henst, unpublished
data), pJMO080 and pJMO095 from pMR10 (Mohr and Roberts, unpublished data), pJM063 and
pIMO043 respectively, by replacing the kanamycin resistance cassette by nat”, a gene that confers
nourseothricine resistance. The nat® gene was amplified from pFA6-yfp-natMX6 (22) with
Nourseo-red-up and Nourseo-red-down primers and the resulting amplicon was used for the
Lambda Red-based technique, with the MG1655 miniAtet E. coli strain.

The vector that allows mCherry N-terminal fusions (mCherry-protein) was constructed as
follows : the mcherry coding sequence (without its stop codon) was amplified by PCR from
pRSET-B-mcherry plasmid (19) with the mcherry-N-up and mcherry-N-down primers and
ligated into pGemT-Easy (Promega) to generate pGEM-T-mcherry N. The mcherry N fragment
was excised from pGEM-T-mcherry N by BamHI/EcoRV double restriction and subsequently
cloned into BamHI/EcoRV-cut pKSoriT (pBluescript II KS vector from Stratagene in which RP4
oriT was inserted in order to make this vector mobilizable) to generate pKSoriT-mcherry N. The
so-called rfA cassette (Invitrogen), containing ccdB and cat genes, was recovered from the pSK-
A vector (23) on a 1.7 kb EcoRV fragment and subcloned in the same orientation as mcherry N
fragment at the EcoRV site of pKSoriT-mcherry N to give pKSoriT-mcherry N-K7TGWA.
Finally the mcherry N-K7GWA fragment was excised from pKSoriT-mcherry N-K7GWA by
Xhol/Sacl double restriction and subsequently inserted into XAol/Sacl-cut pMR-natR to generate
pCVDHO004. Construction and amplification of these Gateway' " destination vectors was
performed in the E. coli DB3.1 strain (Invitrogen Life-Technologies), that is resistant to ccdB
toxicity. The Gateway'" recombinational cloning technology (15) was used to insert the CDS of
interest into the “destination vectors”. BP and LR cloning reactions were performed as
recommended by the manufacturer (Invitrogen Life-Technologies).

The vectors that allow mCherry C-terminal fusions (protein-mCherry) were constructed as
follows : the mcherry coding sequence (without its initial ATG) was amplified by PCR from
pRSET-B-mcherry (19) with the mcherry-C-up and mcherry-C-down primers and inserted into
pGemT-Easy (Promega) to generate pGEM-T-mcherry C. The mcherry C fragment was excised
from pGEM-T-mcherry C by EcoRV/Sall double restriction and subsequently cloned into
EcoRV/Sall-cut pKSoriT to generate pKSoriT-mcherry C. The so-called rfB cassette
(Invitrogen) was recovered from the pSK-B vector (23) on a 1.7 kb EcoRV fragment and
subcloned in the same orientation as mcherry C fragment at the EcoRV site of pKSoriT-
mcherry C to give pKSoriT-mcherry C-K7GWB. On one hand, the mcherry C-K7TGWB
fragment was excised from pKSoriT-mcherry C-K7GWB by Xhol/Sacl double restriction and
subsequently ligated into X#ol/Sacl-cut pMR-nafR to generate pCVDHO003. On the other hand,



the kanR gene was excised from pUC4K (Pharmacia) by Sa/l digestion and subsequently inserted
in the same orientation than mcherry C fragment at the unique X#ol site of pKSoriT-mcherry C-
K7GWB to generate pCVDHO005. Construction and amplification of these Gateway'" destination
vectors was performed in the E. coli DB3.1 strain (Invitrogen Life-Technologies).

All other plasmids used in this study (Table S1) were constructed by using the Gateway ™
technique (Invitrogen). Since B. abortus and B. melitensis are identical concerning fumC and
fumA genes, entry clones were recovered from the B. melitensis ORFeome version 1.1 (7) and
checked by sequencing. The pJM109 and pJM110 plasmids were constructed as follows : the
JfumC coding sequences (CDS) were amplified by PCR from C. crescentus CB15N or S. meliloti
1021 genomic DNA respectively with Gateway'" primers . fumC-attB1 and . fumC-attB2 (for
fumCQ); gfumC-attB1 and ,fumC-attB2 (for g,fumC) (Invitrogen Life-Technologies), and
cloned in the entry vector pPDONR201 as previously described (7).

For plasmids used in the yeast two-hybrid (Y2H) assay, the so-called BD-X and AD-Y constructs
are expressed from the bait plasmid pVV212 (23) as C-terminal fusions to Gal4p;.;47 (BD) and
from the prey plasmid pVV213 (23) as C-terminal fusions to Galdpres-ssi (AD), respectively.
These pVV212 and pVV213 “destination vectors” are pGBT9 (1) and pACT2 (11) derivatives,
respectively, compatible with the Gateway '™ recombinational cloning technology (25).

Yeast Two-Hybrid Assay and screening of the B. melitensis ORFeome

Growth media and yeast genetic techniques have been described previously (20). YPD was used
as a rich medium. SD-W and SD-L are respectively tryptophan and leucin omission in synthetic
dextrose (SD) media and were used to select MaV103 and MaV203 yeast strains transformed
with recombinant pVV212 and pVV213 plasmids, respectively. SD-LW medium lacking both
leucin and tryptophan was used to select diploids. SD-HLW + 20 mM 3-AT lacking histidine,
leucine and tryptophane and containing 20 mM of 3-amino-triazole (3AT, Sigma) and SD-ULW
medium lacking uracil, leucin and tryptophan were used as selective media to detect physical
interactions.

The yeast two-hybrid experiments were performed as reported previously (14). BD-X (for which
X corresponds to either a single protein, a pool of proteins or no protein) constructs were
transformed into MaV103 yeast strain. Transformants were grown at 30°C for three days on SD-
W plates. A pool of transformants of each construct (or of each pool of constructs in the case of
Y2H screen) was resuspended in 100 ul of SD-W liquid medium and cells were grown overnight
at 30°C.

AD-Y (for which Y corresponds to either a single protein or no protein) constructs were
transformed into MaV203 yeast strain. Transformants were grown at 30°C for three days on SD-
L plates. For each construct, a pool of transformants was resuspended in 100 ul of SD-L liquid
medium and cells were grown overnight at 30°C.

The following mating protocol was then used to combine AD-Y fusions with BD-X constructs.
The SD-L cultures containing the AD-Y fusions were spotted onto YPD plate and the SD-W
cultures containing the BD-X fusions were replica-plated on the same YPD plate. The YPD plate
was incubated overnight at 30°C to allow mating to occur. On the next day, the YPD plate was
replica-plated onto a SD-LW medium that was incubated at 30°C for one to two days to allow
growth of the diploids. To assay expression of both HIS3, URA3 and lacZ reporter genes, the
diploids were picked and resuspended in a SD-LW liquid medium, grown overnight at 30°C and
finally spotted onto SD-HLW (without histidine, leucine and tryptophane) + 20 mM 3-AT, SD-
ULW (without uracil, leucine and tryptophane) or YPD plates covered with a phosphocellulose
membrane, respectively. The two formers were incubated at 30°C and growth was monitored
after 3-5 days. The latter was incubated at 30°C for one day and tested for (3-galactosidase
production (26).



For the screening of the B. melitensis ORFeome with PdhS, pdhS coding sequence was fused to
BD coding sequence in the pRH412 plasmid. This fusion is suitable for the Y2H screen since no
autoactivation was detected for BD-PdhS (data not shown). On the other hand, the 3091 entry
clones available in the Brucella ORFeome resource were organized into 70 pools of 46 or 48
entry clones and pooled ORFs were fused to the Gal4p activating domain (AD). Precautions were
taken to maintain the representativeness of each entry clone in the 70 pools. The screen was
performed in two steps. Candidate clones were first selected using the HIS3 reporter gene and
interactions were next validated using /acZ and URA3 reporter genes.

Confirmation of PdhS-FumC interaction by coexpression of pdhS-cfp and fumC-yfp in C.
crescentus

In C. crescentus, B. abortus PdhS-CFP mainly localized to a pole while y,FumC was scattered
throughout the cytoplasm. To validate FumC recruitment by PdhS, we predicted that if ,,FumC
interacts with PdhS, a FumC-YFP fusion would be recruited at the same PdhS-CFP localization
in C. crescentus. In order to test this hypothesis by heterologously reconstructing FumC
recruitment by PdhS-FumC in C. crescentus, we first designed XDB1166, a C. crescentus strain
expressing a pdhS-cfp fusion from the chromosomal inducible xy/X promoter (P, amplified
using P,,xup and P,,;xdown primers). As expected, when XDB1166 was grown in the presence of
glucose, no PdhS-CFP foci were detected. After 5 hours of xylose induction, PdhS-CFP was
found at one pole and sometimes at a mid-cell position (Figure 1B). The low copy plasmid
pIJMO80 carrying a »,fumC-yfp fusion was transformed in the XDB1166 strain, and the resulting
strain was grown in the presence of glucose or xylose. In the presence of glucose, PdhS-CFP was
not detected by western blot analysis (data not shown) and FumC-YFP was found dispersed
throughout the cytoplasm (Figure 1B). Upon the addition of xylose, PdhS-CFP was produced
(data not shown) and targeted to a discrete position mid-cell or at one pole (Figure 1B).
Strikingly, FumC-YFP formed foci that systematically colocalized with PdhS-CFP. Similar
results were obtained with a strain (XDB1167) in which pdhS’N-cfp fusion was expressed under
P,,ix control (data not shown). These data strongly support a model in which PdhS is able to
recruit ,,FumC through its N-terminal domain.

To rule out that PdhS-CFP production induces non-specific recruitment of proteins at particular
subcellular locations, the same experiment was performed with the fumA-yfp fusion (pJM095)
instead of fumC-yfp, considering that FumA-YFP would not be recruited by PdhS-CFP and
would be diffusely localized in C. crescentus. While PdhS-CFP formed foci following xylose
induction, FumA-YFP retained its dispersed localization pattern whether the medium was
supplied with xylose or not (Figure 1B).

Fumarase activity assays

We overproduced and purified a soluble hexahistidine-tagged B. abortus FumC (Hiss-FumC) in
E. coli to test its fumarase activity (for technical details, see below). His¢-FumC exhibited
fumarase-specific activity at 37 + 1 U (uM.min".mg™"), which demonstrated that FumC is indeed
a fumarase. Since His-188 is predicted to be part of the active site, we generated and purified a
soluble HI88N variant (replacement of His-188 by Asn) that did not display any detectable
activity (data not shown). FumA also showed fumarase activity since it was able to restore this
enzymatic activity in a E. coli strain in which all three fumarase genes, fumA, fumB and fumC,
were deleted (see below).

Fumarase activity was measured spectrophotometrically at 240 nm at room temperature (22°C)
(16). 2.9 ml of L-malate (50 mM) prepared in a potassium phosphate buffer (100 mM NaH,PO,,
pH 7.6) were transferred to a quartz microcuvette with a 1 cm light path. The reaction was
initiated by adding an adequate volume of supernatant (in order to have a reaction rate between 0
and 1 OD unit min™") and followed for 2 min. Fumarase activity was then compared to protein



concentration to calculate the specific fumarase activity. Protein concentration in the
supernatants was determined using the standard Bradford method and calibration was carried out
with a range of bovine serum albumin concentration (2). One unit of specific fumarase activity is
the amount of L-malate (in uM) converted into fumarate per min and per mg of protein.

The Hise-FumC protein was produced by cloning fumC CDS in the pET15b-Gateway vector,
using the pJMO033 plasmid as the substrate for the recombinational cloning to give the
pCVDHO10 plasmid. The pET15b-Gateway vector was previously constructed by the insertion
of “reading frame C.1” (rfC.1) Gateway cassette (Invitrogen) into the filled in BamHI restriction
site of pET15b plasmid (Novagen; V. Van Mullem and B. Van Driessche, unpublished data). The
overexpression plasmid was transformed into the BL21(DE3) strain. The strain was grown in 200
ml of LB with 50 ug ml™ ampicillin. When the culture reached an OD*” of 0.6, 1 mM IPTG was
added and the culture was resumed for 3 hours. After cooling for 10 min on ice, the cells were
collected by centrifugation (15 min at 2680 g), and resuspended in a lysis buffer, 50 mM
NaH,PO,, pH 7.3, with a complete mix of antiprotease agents for E. coli, without EDTA
(Sigma). The suspension was sonicated on ice (6 times 30 s) and the lysis mix was centrifuged
for 25 min at 32,800 g. The supernatant (soluble fraction) was purified on a Ni-NTA column
(Qiagen), following the manufacturer’s instructions. The Hise-FumC protein eluted as a single
band, which was assayed for specific fumarase activity, as described above.

We constructed a triple null mutant (AfumA, AfumB and AfumC) strain of E. coli (XDB1130) in
which fumarase activity was below the detection level (<10 U). The XDB1130 strain
transformed with a pMR10cat low-copy vector carrying the fumA CDS (pJMO083) displayed a
specific activity of 8.9 + 0.6 U in the sonicated cell extracts, while the specific activity was 5.1 +
0.6 U for the positive control wild-type strain (MG1655) transformed by the pMR10cat vector.
To perform these activity assays, strains were grown in 150 ml of medium at a starting OD®” of
0.03. At OD®” 0.05, IPTG (1 mM) was added in order to derepress expression of the gene under
P, control on the pMR10cat vector derivatives. When OD®® reached 1, the culture was cooled
for 20 min on ice, the cells were harvested (10 min at 8200 g) and washed twice in a 0.2% KCl
solution to be finally resuspended in 2 ml of buffer containing Tris-HCIl (275 mM) at pH 7.8,
glycerol (10% v/v), MgCl, (11 mM) and DTT (1 mM). The cells were disrupted by sonication
using an ultrasonic disruptor (4 cycles of 30 s). Cell debris were removed by centrifugation
(7000 rpm for 10 min at 4°C), and the supernatants were used for the enzymatic assays.

Western blot

For every fluorescent observation reported in this study, we carried out western blot analyses
with antibodies that recognize either both YFP and CFP or mCherry. The results allowed us to
rule out the possibility that the absence of foci could result from protein degradation or a
deficiency in fusion protein production (data not shown).

The western blot analyses were carried out as described previously (6) with monoclonal
antibodies against GFP (JL-8, Clontech) or mCherry (anti-DsRed, Clontech) that were used at
dilutions of 1/2000 or 1/1000 respectively to check the stability of the translational fusions to
CFP and YFP or mCherry.



Microscopy

All strains were analysed during the exponential growth phase. For the fluorescence imaging, cell
populations of B. abortus, C. crescentus or S. meliloti strains were immobilized on a microscope
slide that was layered with a pad of 1% agarose containing PBS (17). These slides were placed
on a microscope stage at room temperature (approximately 22°C). The samples were observed on
a Nikon E1000 microscope through a 100X differential interference contrast (DIC, Normarski)
objective with a Hamamatsu Orca-ER LCD camera. Images acquisition and processing were
performed with Simple PCI (Hamamatsu) or NIS element (Nikon) software. For each protein
localization described in this study, the experiments were performed at least twice on three
independent cultures. For each observation under microscope, three or more fields were selected
randomly at distant parts of the agarose pad.
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Supplementary Tables

Table S1. Strains and Plasmids

Strain Relevant Genotype or Description Reference or Source
B. abortus
544 Nal® nalidixic acid-resistant B. abortus 544 J-M. Verger
XDB1150 B. abortus 544 fumC: :fumC-yfp This study
XDB1151 B. abortus 544 fumC:.fumC-cfp This study
XDB1152 B. abortus 544 fumC::fumC-mcherry This study
XDB1153 B. abortus 544 fumA::fumA-yfp This study
XDB1155 B. abortus 544 pdhS-cfp This study
XDB1156 B. abortus 544 pdhS-cfp/fumC: :fumC-yfp This study
XDB1157 B. abortus 544 AfumC This study
XDB1158 B. abortus 544 AfumC/pdhS-cfp This study
XDB1159 B. abortus 544 AfumC/fumA::fumA-yfp This study
XDB1160 B. abortus 544 AfumA This study
XDBI1161 B. abortus 544 AfumA/fumC::fumC-yfp This study
C. crescentus
CB15N Synchronizable variant strain of CB15 9)
XDB1165 CBI5N o fumC:: o fumC-yfp This study
XDB1166 CBI15N P,yx::Pyyx-pdhS-cfp This study
XDB1167 CBI15N Pyyx::Pyyx-pdhS’°N-cfp This study
S. meliloti
1021 wild type strain (18)
E. coli
DHI10B Cloning strain Invitrogen Life-Technologies
DB3.1 ccdB resistant cloning strain Invitrogen Life-Technologies
BL21(DE3) Host strain for protein overproduction Novagen
S17-1 RP4-2, Tc::Mu,Km-Tn7, (21)
for plasmid mobilization
DH5a Donor strain in triparental mating Bethesda Research Laboratories
MT616 Helper strain in triparental mating (10)
MG1655 F’, N'variant strain of E. coli K12 27
MG1655 miniktet tet resistant, integrated mini phage A 3)
strain for Ared recombination
XDB1130 MG1655 AfumA AfumB AfumC This study
Saccharomyces cerevisiae (yeast)
MaVv103 MATa leu2-3, 112 trp-901 his3A200 (24)
ade2-1 gal4A gal80A SPALI0::URA3
GALI::lacZ GALI ::HIS3-@LYS2 canl® cyh2"
MaVv203 MATa leu2-3112 trp-901 his3A200 (24)

ade2-1 gal4A gal80A SPALI0::URA3
GALI::lacZ GALI ::HIS3-@LYS2 canl® cyh2"



Plasmid

Relevant Genotype or Description

Reference or Source

pIMO056
pIMO082
pDDO003
pJMO033
pIM042
pIM109
pIM110
pRH402
pRH403
pMR10cat
pET15b-GW
pCVDHO10
pRHO005
pIM063
pIM043
pIM105
pIM106
pIMO80
pIMO095
pCVDHO003
pCVDHO004
pCVDHO005
pCVDHO008
pRHO11
pJMO053
pIM044
pIM099
pRHO10
pIMO052
pIM074
pIM115
pVV212
pRH412
pIMO067
pIMO078
pVV213
pRH413
pRH414
pRH123

pJQ200-ucl carrying AfumC

pJQ200-ucl carrying AfumA

pJQ200-ucl carrying pdhS’C-cfp
pDONR201 carrying fumC

pDONR201 carrying fumA

pDONR201 carrying . fumC

pDONR201 carrying ,fumC

pDONR201 carrying pdhS’N

pDONR201 carrying pdhS’C

Broad host range low copy vector
Gateway-compatible pET15b (Novagen)
pET15b-GW carrying fumC
Gateway-compatible YFP low copy vector
pRHOO05 carrying fumC-yfp

pRHOO05 carrying fumA-yfp

pRHOO05 carrying . fum C-yfp

pRHOO05 carrying ,fumC-yfp

pRHO05 nat® carrying fumC-yfp

pRHO05 nat® carrying fumA-yfp
Gateway-compatible mCherry low copy vector
mCherry gateway-compatible low copy vector
Gateway-compatible mCherry suicide vector
pCVDHO0S5 carrying fumC-mcherry
Gateway-compatible YFP suicide vector
pRHO11 carrying fumC-yfp

pRHO11 carrying fumA-yfp

pRHO11 carrying . fum C-yfp
Gateway-compatible CFP suicide vector
pRHO10 carrying fumC-cfp

pRHO10 carrying P,,;x-pdhS-cfp

pRHO10 carrying P,y -pdhS’N-cfp
Gateway-compatible BD_Gal4 vector
pVV212 carrying BD-pdhS

pVV212 carrying BD-fumC

pVV212 carrying BD-fumA
Gateway-compatible AD Gal4 vector

pV V213 carrying AD-pdhS

pVV213 carrying AD- pdhS’N

pV V213 carrying AD pdhS’C

This study
This study
This study
This study
This study
This study
This study
(14)

(14)

C. Mohr and R. Roberts
V. Van Mullem, unpublished
This study
(13)

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
(13)

This study
This study
This study
(13)

This study
This study
This study
(23)

(14)

This study
This study
(23)

(14)

(14)

(14)



Table S2. Primers used in this study

Name Sequence 5’ to 3’

SfumCupl GGGGTACCCCCCTCGGATATTTGTCACGAC

fumCup2 TTGGCTGCAGTTGAAGATCTTCGTGGCGGCCATTTCATGTC
fumCdownl GAAGATCTTCAACTGCAGCCAAATCGCCCCACAATGAATTGC
fumCdown2 CGGGATCCCGGGAAGTCCAGAACTGGTGG

fumAupl GGGGTACCCCCATTGGATGCAGGAGCAGC

fumAup2 TTGGCTGCAGTTGAAGATCTTCGCTTCTGCCATCGTGGTAC
fumAdownl GAAGATCTTCAACTGCAGCCAATTCAACCTGAGTTGACCGC
fumAdown2 CGGGATCCCGCAGTGCCTGAATGGCATTG

pdhS-cfpupl GCTCGATATGCAGTTCGAGGCG

pdhS-cfpup2 TGGAGATATCAGCCAGAACGCG

pdhS-cfpdownl
pdhS-cfpdown2
¢fpup

cfpdown

ny/X up

P,x down
pdhS-atB1
pdhS-atB2
fumC-attB1
SumC-attB2
smfumC-attB1
smfumC-attB2
Nourseo-red-up

Nourseo-red-down

mcherry-N-up
mcherry-N-down
mcherry-C-up
mcherry-C-down

GGCTGATATCTCCAATCAGATTG

GCCGGAACCGCTCTAACTATTTG

GTGAGCAAGGGCGAGGAGCTG

TCACTTGTACAGCTCGTCCATGCCG

CGGAGATCTTCGAATTCTCGAACAGGGCCG
CGGAGATCTTCCATATGGTCGTCTCCCCAAA
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGTCAGGATCATACCCCTTCAT
GGGGACCACTTTGTACAAGAAAGCTGGGTAGTCAGCCAGAACGCGGGTT
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGACCGCCACGCGTATCGA
GGGGACCACTTTGTACAAGAAAGCTGGGTAGCCCGGCGAGATCATCTTTTC
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGACATCGACCCGCACGGA
GGGGACCACTTTGTACAAGAAAGCTGGGTAGGCCGGGCCGATCATGGTT
ACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGGGTACCACTCTTGACGA
TGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGGGGCAGGGCATGCTCA
GGATCCATGGTGAGCAAGGGCGAGGA

GATATCCTTGTACAGCTCGTCCATGC

GATATCGTGAGCAAGGGCGAGGAGGA

CTCGAGTTACTTGTACAGCTCGTCCA

10



Supplementary Figures

EafumC
EcfumC_

BafumC_
EcfumC_

BEafumC__
EcfumC_

EafumC_
EcfumC_

BafumC_
EcfumC_

EafumC
EcfumC_

EafumC_
EcfumC_

BafumC_
EcfumC_

Figure S1. Alignment between B. abortus FumC and E. coli FumC. The alignment was
performed with Clustalw server at European Bioinformatics Institute (www.ebi.ac.uk/clustalw/).
The two sequences share 58% identities and 71% similarities (using the Blosum scoring matrix).
Residues involved in catalysis in the E. coli FumC (EcfumC) enzyme are boxed, they are all
conserved in B. abortus FumC (BafumC). Underlined sections of the alignment correspond to the
regions of the proteins involved in the structure of the catalytic site, their sequence is highly
conserved in the B. abortus FumC. The positions with a star (*) are conserved residues, while
similar residues are indicated by dots (: for high similarity). Accession numbers of B. abortus and

MAATRTETDTF GPIDVPADRYWGAQTQRELONFRIGGERMPLPLVHALGYVVERAAAETNT
MNTWVREESEKDEMGATIDVPADKLWGAQTORSLEHFRISTEKMPT SLTHALALTKRAAAKVNE

* :.*:*I*::*.******: *********::***. *:** .*:***.:_*****:.*
ALGKLDPVLGQVIAVAASEVIEGKLDDHFPLVVWQTGEGEQSNMNANEVISNRAIELLGG
DLGLLEEERASAIRQAADEVLAGOHDDEF PLATWQT GEGTQ SNMNMNEVLANRASELLGG

*x K L. F *k Kk, K. Kk KEhkEk Kk xE *hkEk KhEkk. . kkE KExEAKX

EMGEKEKPIHPNDHVNMEQS SNDSF PTATHIATAVETVNRELY PALEHLTEALEWVEEEAFED
VRGMEREKWVHPNDDVNESQS SNDVE PTAMHVAALLALREQLIPOQLETLTQTLNERESRAFAD
*

shEkEk kEhk KAEK[EE KxxEk. k. k. : cek Kk k. Kk k. KX KX X

IIKIGRTHTQDATPVTLGQEF SGYRAALEYARHRLEQELADVE LLAQGGTAVGT GLNAEPY
IVEIGRTHLODAT PLTLGQEI G VAMLEHNLEHIEY SLPHVAELALGGTAVGTGLNTHE

Fekkhkrx| khxthh.xhhdx.hx. * EE . ek kk * *h FhkikrkrAhhhih.

GFDREGFAEAVEEITGLEFEKTAPNEFEALASHGAVLNFHGS LNALAADLFETANDIRF LGS

EYARRVADELAVITCAPFVTAPNEFEALAT CDALVOAHGALEGLAASTMETANDVEWLAS
TR L F EEAAEAAERA. k... kk.k. Kkh K. AERAE. KA.k K

GPREGLGELSLPEME[PGSsTMPdK PTQAERAMTMVAT QVE GNQTAVTVAASQGHF ELNY
GPRCGIGEISIPENEPRPGEEIMPG PTQCEALTMLCCQVMGNDVATNMGGASGNE ELNY

***_*:**:*:***Ek****** **_H*:**:. FhaekE L Faon DL E i EEREE

ezl
=i

FEPVIAYNVLOSIRLLEDTMVSFADHCVEGIEPNTARIKELLERSLMLYVTALAPATGY DN
FRPMVIHNFLOSVRLLADGME SFNEHCAVGIEPNRERINQLLNE SLMLVTALNTHIGYDE
Fake s 1k Kkk.kkE.k K Ak khEk AkAAE  Ak..kk. KAEAKEER | khkEk.
AARTAKTAHENGTTLREEALASGLYVSEEDYDRLVRAERMIAPQ-——— 463
AAETAKKAHKEGLT LEAAALALGYLEEAEFDEWVRPEQMVGEMEAGR 467

*k kkhk EHEAkXk.k Kk FEE K LEE .. F *E kK.

E. coli FumC in UniProtKB are Q2Y1J6 and P05042, respectively.
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AfumA AfumC
FumC-YFP FumA-YFP

DIC

YFP

Figure S2. Deletion of one fumarase gene does not modify localization of the other fumarase
fused to YFP. In order to test the possible impact of the absence of one fumarase on the
localization of the other, the two following experiences were performed. First FumC-YFP has
been produced in a AfumA strain (XDB1161), and second a FumA-YFP fusion was produced in
the AfumC strain (XDB1159). The localization pattern in these two strains is very similar to the
wild type control shown in Figure 2.
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Figure S3. Polar localization of PdhS-CFP in either wild-type or AfumC B. abortus.
Micrographs taken using DIC (Normarski) and CFP characteristic fluorescence are shown for
XDBI1155, a strain carrying a pdhS-cfp fusion at the pdhS locus, and for XDB1158, a fumC
deletant strain carrying a pdhS-cfp fusion at the pdhsS locus. The localization profile of PdhS-CFP
is indistinguishable between the two strains. A total of 673 bacteria were examined for the pdhsS-
cfp (XDB1155) strain, while 546 bacteria were screened for the AfumC/pdhS-cfp (XDB1158)
strain. The scale bars represent 2 um.
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C. crescentus S. meliloti

DIC
DIC

-FumC-YFP
«mFUMC-YFP

Figure S4. C. crescentus and S. meliloti FumC-YFP are not polarly localized like B. abortus
FumC-YFP. The nFumC-YFP was produced from a replicative plasmid and ..FumC-YFP from
the chromosomal . fumC locus (XDB1165 strain), as described in the text. When expressed on a
low-copy plasmid under control of the E. coli lac promoter, . fumC-yfp yielded a localisation
pattern typical of overexpression (Figure S5). The bacteria were observed using DIC (Normarski)
and characteristic YFP fluorescence. The scale bars represent 2 um.
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A B. abortus S. meliloti C. crescentus

FumC-YFP

B paF UMC-YFP smFUmC-YFP

C. crescentus

Figure S5. Localization of .(FumC in three a.-proteobacteria and localization of ,,;FumC
and ,FumC in C. crescentus. (A) The pJM105 plasmid carrying ..fumC-yfp was introduced in
AfumC B. abortus, S. meliloti 1021 and C. crescentus CB15N. (B) The ,fumC-yfp and s, fumC-
yfp were carried by pJM063 and pJM106 respectively. The localization pattern do not ressemble
the unipolar labeling shown in Figure 3 for ,,FumC-YFP in B. abortus and S. meliloti. The
heterogenous localization visible for some strains may be artefacts due to overexpression of the
fusions.
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B. abortus

S. meliloti

,FUMC-YFP

Figure S6. Localization of ;z,FumC in B. abortus and S. meliloti. FumC-YFP fusion was
constructed with the FumC homologs from S. meliloti. The localization profile of this fusion was
observed in the two species in the exponential growth phase of the culture. Some B. abortus cells

displaying a polar snFumC-YFP localization are indicated with a white arrow. The scale bars
represent 2 wm.
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Figure S7. Structural analysis of the substitutions between B. abortus and S. meliloti FumC
homologs. From the alignment of ,,FumC and ¢,FumC (70% identities), poorly conserved
residues (according to the Clustalw program, European Bioinformatics Institute,
www.ebi.ac.uk/clustalw/) were reported to the corresponding positions on the tetrameric
structure of E. coli FumC (1YFE in the Protein Databank). On the top part of the figure, each
monomer is shown with a different color (grey, pink, blue and green). The substitutions between
S. meliloti and B. abortus FumC homologs are shown in red. On the bottom part of the figure, the
substitutions forming a “belt” around the tetramer are highlighted by a red surface.The four
different views (labeled 1 to 4) of the tetramer correspond to successive rotations of 90° around a
vertical axis.
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Figure S8. Substitutions between B. abortus and S. meliloti FumC homologs are not
predicted to directly affect catalytic site. (A) The tetrameric E. coli FumC structure is
represented in the same orientation as in Figure S7, with the same color code for the four
subunits. The yellow arrow shows the orientation taken to give part B. None of the catalytic
residues are visible in the « A » orientation. (B) Positioning of the catalytic site residues boxed in
figure S1, here shown in red. The residues are mostly buried into a deep pocket in the structure.
(C) Positioning of the substitutions between B. abortus and S. meliloti FumC homologs, shown in
the same orientation as in part B. These substitutions are not located in the catalytic pocket.
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