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Abstract

Dehalococcoides mccartyi (Dhc) and Dehalogenimonas spp. (Dhgm) are members of the
class Dehalococcoidia, phylum Chloroflexi, characterized by streamlined genomes and a
strict requirement for organohalogens as electron acceptors. Here, we used cryo-electron
tomography to reveal morphological and ultrastructural features of Dhc strain BAV1 and
‘Candidatus Dehalogenimonas etheniformans’ strain GP cells at unprecedented
resolution. Dhc cells were irregularly shaped discs (890 + 110 nm long, 630 = 110 nm
wide and 130 + 15 nm thick) with curved and straight sides that intersected at acute
angles, whereas Dhgm cells appeared as slightly flattened cocci (760 + 85 nm). The cell
envelopes were composed of a cytoplasmic membrane (CM), a paracrystalline surface
layer (S-layer) with hexagonal symmetry and ~22 nm spacing between repeating units,
and a layer of unknown composition separating the CM and the S-layer. Cell surface
appendages were only detected in Dhc cells, whereas both cell types had bundled
cytoskeletal filaments. Repetitive globular structures, ~5 nm in diameter and ~9 nm apatrt,
were observed associated with the outer leaflet of the CM. We hypothesized that those
represent organohalide respiration (OHR) complexes and estimated ~30,000 copies per
cell. In Dhgm cultures, extracellular lipid vesicles (20 - 110 nm in diameter) decorated
with putative OHR complexes but lacking an S-layer were observed. The new findings
expand our understanding of the unigue cellular ultrastructure and biology of

organohalide-respiring Dehalococcoidia.
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Importance: Dehalococcoidia respire organohalogen compounds and play relevant roles
in bioremediation of groundwater, sediments and soils impacted with toxic chlorinated
pollutants. Using advanced imaging tools, we have obtained 3-dimensional images at
macromolecular resolution of whole Dehalococcoidia cells revealing their unique
structural components. Our data detail the overall cellular shape, cell envelope
architecture, cytoskeletal filaments, the likely localization of enzymatic complexes
involved in reductive dehalogenation, and the structure of extracellular vesicles. The new
findings expand our understanding of the cell structure-function relationship in

Dehalococcoidia with implications for Dehalococcoidia biology and bioremediation.
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Introduction

Dehalococcoidia are broadly distributed in environmental systems where they take
advantage of naturally occurring organohalogens (1). Significant interest in this class
within the Chloroflexi has arisen for the application of organohalide-respiring
Dehalococcoidia in bioremediation of groundwater aquifers and sediments contaminated
with toxic chlorinated compounds such as chlorinated solvents (2, 3) and polychlorinated
biphenyls (PCBs) (4-7). To date, all Dehalococcoides mccartyi (Dhc) and
Dehalogenimonas spp. (Dhgm) isolates have been enriched and isolated with chlorinated
electron acceptors that are categorized as environmental pollutants. The cultivated
members of the class Dehalococcoidia grow fastidiously in axenic culture, all share the
obligate organohalide-respiring phenotype and strictly depend on certain chlorinated
organic compounds as electron acceptors (3, 8). Dhc depend on hydrogen as electron
donor for reductive dechlorination, whereas the characterized Dhgm species can also

couple formate oxidation to reductive dechlorination (9, 10).

The first Dehalococcoidia isolate, Dhc strain 195, was described in 1997 and transmission
electron microscopy (TEM) images revealed small, irregular coccoid cells with an unusual
cell wall ultrastructure resembling the surface layer (S-layer) of Archaea (11). Phase-
contrast light microscopy analysis of Dhc cells suggested a disc-shaped morphology with
cell thickness of less than 0.2 um (2, 3). Subsequent TEM and scanning electron
microscopy (SEM) studies revealed round to irregular, disc-shaped Dhc cells 0.3—1 pm
wide and 0.1-0.2 pm thick with characteristic biconcave indentations on opposite flat

sides of the cell (2, 3). Alternatively, Dhgm isolates were described as cocci 0.3-0.6 um
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in diameter (12). Sample preparation for both TEM and SEM relies on dehydration and
plastic embedding, thus potentially introducing artifacts that can lead to unusual cell
shapes with no biological relevance, rendering the interpretation of imaging results
ambiguous. Successive efforts to reveal the cellular ultrastructure of organohalide-

respiring Dehalococcoidia have been at a standstill.

A shared feature among the available Dhc and Dhgm genomes is the presence of
multiple, non-identical reductive dehalogenase (rdhA) genes encoding a catalytic subunit.
A few RdhA have been studied in detail and common features have emerged: RdhA
proteins represent a novel class of cobamide-containing oxidoreductases that are
composed of approximately 500 amino acids, are sensitive to oxygen, harbor two Fe-S
clusters, contain a cobamide prosthetic group, and have a twin-arginine translocation
(TAT) signal peptide at the N-terminus (13-16). Biochemical evidence suggests that in
vivo, RdhA is tethered to the outside of the cytoplasmic membrane (CM) via a small, 90—
100 amino acid-long integral membrane anchor protein RdhB (17, 18). The RdhA
enzymes have been shown to form a higher molecular weight complex with hydrogen-
uptake (Hup) hydrogenases and two organohalide respiration-involved molybdoenzyme
(Ome) subunits collectively termed the organohalide respiration (OHR) complex (19).
Based on available genome information, OHR complexes of Dhc strains and Dhgm
species have a predicted mass of around 350 kDa, and experimentally measured
molecular masses ranging between 250 and 270 kDa (17, 18, 20). Therefore, these
complexes are large enough to be visualized directly by cryo-electron tomography (cryo-

ET). Cryo-ET is an approach that allows for the direct imaging of whole bacterial cells in
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their native state and in three dimensions. By plunge-freezing the sample into liquid
ethane at —196 °C, cells are preserved on EM grids without additional manipulation. In
contrast to TEM and SEM, cryogenically preserved biological samples, including bacterial
cells, maintain their cellular ultrastructure and macromolecules can be resolved at 2-4

nm resolution (21).

To advance our understanding of the morphological and ultrastructural features of Dhc
and Dhgm cells, we performed cryo-ET on axenic cultures of Dhc strain BAV1 and
‘Candidatus Dehalogenimonas etheniformans’ strain GP. Our data reveal unprecedented
cellular details, including overall cell morphology, S-layer structure, cell envelope
architecture, cytoskeletal filaments, extracellular vesicles, and the likely localization of the

membrane-associated OHR complex.

Materials and Methods

Phylogenetic analysis. A representative phylogeny using the maximume-likelihood
algorithm was determined by extracting an alignment of 120 conserved bacterial single-
copy marker genes (22) from representative Chloroflexi members using the Genome
Taxonomy Database GTDB-Tk v1.1.0 software (23). The tree was constructed using 1Q-
TREE (v. 2.0.3) with 1,000 ultrafast bootstraps and the substitution model LG+F+R5, as
determined by ModelFinder (24, 25). Genes of representative Firmicutes genomes served
as outgroups. To construct a 16S rRNA gene phylogenetic tree, Chloroflexi sequences
were obtained from the SILVA database (26), and a single 16S rRNA gene sequence per

genome was selected for subsequent analysis. Sequences were aligned using MUSCLE
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(27), and trimmed to 1,429 aligned positions using ClipKIT with the medium-gappy
parameter (28). The 16S rRNA gene tree was constructed using IQ-TREE with the HKY85
model and 1,000 ultrafast bootstraps. The trees were visualized using iTOL (v4) (29).
‘Candidatus Dehalobium chlorocoercia’ strain DF-1 (30, 31), possibly a member of the
Dehalococcoidia, was excluded from the phylogenetic analysis as the genome was

unavailable.

Growth of Dhc strain BAV1 and ‘Ca. Dehalogenimonas etheniformans’ strain GP.
Routine cultivation of Dhc and Dhgm isolates was performed in 160-mL glass serum
bottles containing 100 mL of bicarbonate-buffered (30 mM, pH 7.2) mineral salt medium
(32, 33). The vessels were sealed with black butyl rubber stoppers (Bellco Glass Inc.,
Vineland, NJ) under a headspace of N2/CO2 (80/20, vol/vol) and vinyl chloride (VC, ~40
pmol per bottle with two additional feedings) was provided as electron acceptor. The Dhc
and Dhgm cultures received Hz (=410 umol per bottle) or formate (5 mM), respectively,
as electron donor. Acetate (5 mM) was provided as the carbon source. Growth was
monitored by measuring the consumption of VC and the formation of ethene via
headspace injection using an Agilent 7890A gas chromatograph (Santa Clara, CA)
equipped with a DB-624 column (60 m length, 0.32 mm inner diameter, 1.8 um film

thickness) and a flame ionization detector (34).

Cryo-ET data collection and processing. Bacterial cultures were mixed with 20-nm
colloidal gold particles and loaded onto glow-discharged R2/2 Quantifoil carbon grids

(EMS, Hatfield, PA). Samples were then plunge-frozen into a liquid ethane-propane
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mixture cooled at liquid nitrogen temperatures with a Mark 1V Vitrobot maintained at room
temperature and 70% humidity. Tilt series were collected at 4 um defocus, 90 e /A2 total
dose, + 60° bidirectional tilt, and 1° increments using SerialEM software (35) on a Titan
Krios 300 kV transmission electron microscope (Thermo Fisher Scientific) equipped with
a Falcon 1l direct electron detector camera. Three-dimensional reconstructions were
calculated using the IMOD package and the back-weighted projection method (36).
Density profiles were calculated using ImageJ (37) and segmentations were generated
using Dragonfly 2020.2. Calculations of the number of putative OHR complexes was
based on our cryotomograms. To calculate cell surface area, we used ellipsoid and
sphere approximations for Dhc and Dhgm cells, respectively. The Supplemental Material

provides a detailed description of the calculations.

Results

Phylogeny. The class Dehalococcoidia of the phylum Chloroflexi currently comprises two
genera with validly published names, Dehalococcoides and Dehalogenimonas, and
accommodates ‘Candidatus Dehalobium chlorocoercia’ strain DF-1. All available
Dehalococcoides isolates belong to a single species, Dehalococcoides mccartyi (3). The
taxonomic grouping in the Dhgm genus follows a different approach, and four species,
each represented by a single type strain, have been validly named (38). Figure 1
illustrates a phylogeny of the class Dehalococcoidia calculated based on the maximum
likelihood algorithm and the relationships between Dhc and Dhgm. The topology of the
tree based on the concatenated alignment of 120 conserved genes (Fig. 1) was

consistent with the 16S rRNA gene-based phylogenetic tree (Fig. S1).
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Cellular ultrastructure. Consistent with the phylogenetic separation of the genera
Dehalococcoides and Dehalogenimonas, cryo-ET imaging revealed distinct
morphological features. Dhc strain BAV1 cells (n = 10) were thin, irregularly shaped discs
approximately 890 + 110 nm long, 630 + 110 nm wide and 130 + 15 nm thick (Fig. 2,
Table 1). Dhc cells frequently had between 6 to 10 straight sides that intersected at acute
angles, though it was not uncommon to see curved sides as well (Fig. 2A, G). Cryo-ET
did not reveal indentations in these cells as previously observed in SEM studies (2, 3)
suggesting that those indentations resulted from sample preparation. ‘Ca.
Dehalogenimonas etheniformans’ strain GP cells (n = 10) were slightly flattened cocci

with an average diameter of 760 nm (Fig. 3, Table 1).

Despite differences in cell morphology, both Dhc and Dhgm had similar cell envelope
architectures. The cell envelope consisted of the CM and a prominent S-layer (Fig. 2C—
E, 3C-E). The paracrystalline S-layer in both strains showed hexagonal symmetry with
~22 nm spacing between repeating units (Fig. 2F, 3F). When density profiles were
calculated for both cell types (Fig. 2E, 3E), a layer of unknown composition could be
resolved between the CM and the S-layer. The unknown layer appeared more prominent

in the Dhgm cells (Fig. 3E) than in the Dhc cells (Fig. 2E).

The cryotomograms revealed filamentous structures, tubular connections, surface
appendages and polysomes (i.e., clusters of ribosomes). The filaments observed in Dhc
cells were organized in a bundle, ~800 nm long and ~50 nm wide, and spanned the long

axis of the cell without apparent contact with the CM (Fig. 2G). Similar, yet less
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pronounced bundles were observed in Dhgm cells (Fig. 3G). Occasionally, Dhc cells were
observed interconnected to each other via thin tubular structures (Fig. 2H). Outward-
directed appendages with a diameter of ~3 nm that varied in length between 10 and 30
nm (average length ~13 nm) were distributed along the surface of Dhc cells and appeared
connected to the S-layer (Fig. 2B, J). The appendages surrounding Dhc cells were most
frequently located at or near points where the sides of the cells formed acute angles (Fig.
2B, J). Similar appendages were not detected on the surface of Dhgm cells. Polysomes

observed in the cytoplasm of Dhgm cells were associated with the CM (Fig. 3H).

OHR complex. The genomes of Dhc strain BAV 1 and Dhgm strain GP are available (10,
39) and both comprise the full set of genes encoding the OHR complex. The components
of the OHR complex are illustrated in Fig. 4 and their respective sizes listed in Table 2.
BvcA (DehaBAV1_0847) is the VC RdhA of Dhc strain BAV1 (40, 41), and CerA
(HX448_10020) functions as the VC RdhA in Dhgm strain GP (42). Of note, at least some
of the complex components (e.g., OmeB, RdhB) are partly embedded or integral

membrane proteins and thus not part of the periplasmic portion of the OHR complex.

The CMs of both isolates were rich in repetitive globular structures associated with the
periplasmic side of the membrane. The observed structures were membrane-associated
since, when bound, the two leaflets of the CM could not be resolved. This observation
suggested that the integral membrane proteins anchored the complex to the CM. Our
cryotomograms revealed that the globular structures were ~5 nm in diameter and ~9 nm

apart (Figs. 2, 3l, also see Supplemental Material). Based on their subcellular location,

10
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association with the CM and abundance, we hypothesized that these globular structures
represent OHR complexes. We estimated that the complexes occupy ~2/3 of the
membrane surface area in both Dhc strain BAV1 and Dhgm strain GP cells. Assuming
the ~9-nm spacing between complexes was maintained throughout the cell surface, we
calculated ~30,000 OHR complexes per cell for both organisms. The bilayer of the CM
could be resolved in regions where the putative OHR complexes were absent (Fig. 2E,
3E). A notable observation in cultures of Dhgm strain GP was the presence of numerous
extracellular lipid vesicles ranging in size from 20 nm to 110 nm (Fig. 3J, Fig. S2). The
vesicles were formed by the CM, had membrane-associated complexes and lacked an
S-layer (Fig. 3J). Additional images of these extracellular lipid vesicles observed in Dhgm

strain GP along with size measurements are shown in Fig. S2.

Discussion

Cell morphology and cell envelope characteristics. Cryotomograms of Dhc and Dhgm
cells revealed that both bacteria have a cell envelope with a clearly visible CM and an S-
layer, consistent with prior TEM and SEM imaging results (2, 3, 11, 43). Cryo-ET detected
an additional layer of unknown composition located between the CM and S-layer in both
organisms, which appeared more prominent in Dhgm cells (Fig. 3E). Since both Dhc and
Dhgm lack the capability for peptidoglycan (PG) biosynthesis (3, 11, 12, 44), it is possible
that this layer is part of the S-layer proteins involved in anchoring to the CM, or has a
novel composition altogether. Typically, PG dictates cell shape in bacteria. In its absence,
however, cell morphology can be controlled by cytoskeletal elements as shown for

Mycoplasma (45, 46). While bundled cytoskeletal filaments were observed in both Dhc

11
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strain BAV1 and Dhgm strain GP, these filaments did not appear to directly interact with
the CM (Fig. 2G, 3G). The striking differences in cell morphology between the irregular
flat disks of Dhc and regular cocci of Dhgm suggest that there may be unique structural

differences governing cell morphology in these bacteria.

Within the domain Archaea, flat irregular cell morphologies have been attributed to the
arrangement of S-layer proteins and capsular polysaccharides (47-49). In Dhc strain 195,
proteomic studies identified the S-layer protein DET1407 in membrane-enriched fractions
(50). DET1407 (GenBank accession # AAW39334.1) is a 105.5 kDa protein annotated as
a BNR/Asp-box repeat domain protein. Comparative sequence analysis showed low
similarity of DET1407 with some structural proteins such as bacteriophage capsid
proteins, and it was suggested that this protein resembles membrane-bound archaeal
type S-layer proteins (50). Homologs of DET1407 were found in the genomes of Dhc
strain BAV1 (WP_012034154.1; locus tag: DehaBAV1_1214) (39) and Dhgm strain GP
(WP_102331005.1; locus tag: HX448 00895) (10) with amino acid sequence identities of
72% and 33%, respectively. Analysis of the putative S-layer proteins in Dhc and Dhgm
with the TMHMM Server v.2.0 (51) identified transmembrane domains at both ends of the
proteins that could serve as membrane anchors. Structural differences in S-layer proteins

between Dhc and Dhgm strains could account for the observed variations in cell shape.

The surface appendages on Dhc but not on Dhgm cells could also be responsible for the

differences in cell morphology. In Dhc cells, the surface appendages were most often

detected in the S-layer at points with acute angles. It is possible that the integration of the

12
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appendages into the S-layer alters the arrangement of S-layer proteins, introducing sharp
angles into the S-layer. Previous negative-stained TEM images of Dhc strain DCMB5
revealed filamentous structures resembling type IV pili (52). The surface appendages
observed in our cryotomograms of Dhc strain BAV1 appear structurally distinct from the
previously reported structures in Dhc strain DCMB5. The appendages are thinner, more
abundant on the cell surface, and much shorter than typical type IV pili. Thus, we
speculate that the appendages are distinct structures, and similarly to the type IV pili,

could be involved in surface attachment.

OHR complexes in Dehalococcoidia. Clearly resolved globular periplasmic complexes
were associated with the CM in both Dhc and Dhgm cells (Fig. 2I, 3lI). Previous
biochemical studies using cell membrane fractions of Dehalococcoidia cultures detected
OHR complex proteins and did not detect the expression of other macromolecular
assemblies such as complex | (NADH quinone oxidoreductase) (17, 20, 53). Therefore,
the OHR complex is likely the only membrane-associated periplasmic protein complex

present in these bacteria during growth via organohalide respiration (17, 19, 20).

Our cryotomograms reveal 5-nm globular structures associated with the outer leaflet of
the CM. These 5-nm globular structures were abundant and evenly spaced (Fig. 21, 3I);
however, their distribution around the cells was not uniform (Fig. 2B, 3B). Based on the
cryo-ET imaging results, we estimate that a single Dhc or Dhgm cell harbors ~30,000
putative OHR complexes when grown with VC as electron acceptor. Previous

characterization of OHR complexes in Dhc and Dhgm found a single RdhA molecule per

13
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complex (17, 20). TceA is a Dhc RdhA implicated in trichloroethene to ethene reductive
dechlorination (54), and prior proteomic work estimated TceA abundances ranging
between 1,800 and 26,000 molecules per Dhc cell in different Dhc-containing mixed
cultures (55, 56). Our estimates based on cryo-ET imaging support the upper range for
RdhA proteins in OHR complexes per cell. Significantly lower RdhA abundances not
exceeding 115 protein molecules per cell were reported in axenic Dhc strain CBDB1
cultures grown with hexachlorobenzene as electron acceptor (57). Future work will
determine if the numbers of OHR complexes per cell vary in response to environmental
conditions, or if viable Dehalococcoidia cells maintain a constant number of (active) OHR
complexes. The expression of multiple RdhA enzymes has been demonstrated in axenic
Dhc cultures (54); however, it is unclear if a single cell carries OHR complexes with
different RdhA, or if distinct cell populations exist. The OHR complexes in Dhc and Dhgm
have been described as modular (17, 19, 20); however, it remains to be determined
whether the RdhA component of an already-assembled OHR complex can be exchanged.
The periplasmic location of the complex makes exchange unlikely, suggesting that new

complexes with a different RdhA component would require the synthesis of new cells.

Extracellular lipid vesicles were observed only in cryotomograms of Dhgm cells (Fig. 3J,
Fig. S2), although similar structures were previously detected in axenic Dhc cultures by
SEM (3, 58), suggesting these structures occur in both genera. The biological significance
of these vesicles is uncertain, but it has been speculated that they play a role in horizontal
gene transfer and are formed in response to unfavorable growth conditions (59, 60). The

cryo-ET images further show that the vesicles contain OHR complexes, although it
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remains to be determined whether these structures contribute to reductive dechlorination
activity. Field monitoring using gPCR to enumerate Dhc biomarker genes revealed that
the abundance of a Dhc rdhA gene (e.g., tceA) can exceed the total Dhc cell abundance
by up to four orders of magnitude; however, no additional dechlorination activity was
measured (60). These field observations could be explained by the presence of
extracellular lipid vesicles that contain DNA and are enriched in rdhA genes relative to
Dhc 16S rRNA genes without contributing to reductive dechlorination activity (i.e., the

OHR complexes in vesicles are not active).

Taken together, the application of cryo-ET revealed unprecedented insights into
ultrastructural features of Dhc and Dhgm cells, foremost the likely sub-cellular localization
and abundance of the membrane-associated OHR complex in the periplasmic space. The
integrated application of advanced imaging techniques, such as cryo-ET, with genetic,
biochemical, and physiological experimentation promises to reveal new insights into the
biology of these fascinating bacteria, whose energy metabolism strictly depends on

halogenated electron acceptors.
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Figure Legends

Figure 1. Phylogeny of Dehalococcoidia. The tree was constructed using an alignment
of 120 conserved single-copy genes obtained using the GTDB-Tk and the maximum-
likelihood algorithm. Bootstrap values = 90% are shown. Scale bar represents 0.1
substitutions per site. Classes within the Chloroflexi phylum are labeled on the right in
bold, and clades Thermomicrobiales, Chloroflexales, Dehalogenimonas and
Dehalococcoides are shown in italics. Labels correspond to the taxonomy proposed by

the GTDB.

Figure 2. Ultrastructure of Dhc strain BAVL1 cells revealed by cryo-ET. (A) A 20-nm
thick slice through a Dhc tomogram highlighting the irregular cell shape. (B) Segmentation
showing the CM (red), putative OHR complexes (yellow), the S-layer (purple), and surface
appendages (light blue). Scale bar, 200 nm. (C) and (D) Enlarged views of the cell
envelope show the bilayer of the CM and the S-layer. Scale bar, 50 nm. (E) Density profile
of the cell envelope with CM in red and S-layer in purple. (F) Diffraction pattern of the S-
layer shows hexagonal packing of the surface proteins with 22-nm spacing. Major
features in G-J are highlighted with white arrows. (G) Cytoskeletal filaments spanning the
long axis of the cell. (H) A tubular structure connecting two adjacent cells. (I) A section of
the CM loaded with putative OHR complexes spaced ~9 nm apart. Scale bar, 20 nm. (J)

Surface appendages associated with the S-layer.

Figure 3. Ultrastructure of Dhgm strain GP cells revealed by cryo-ET. (A) A 20-nm

thick slice through a Dhgm tomogram showing spherical cell morphology. (B)
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Segmentation highlighting the CM (red), putative OHR complexes (yellow), and the S-
layer (purple). Scale bar, 200 nm. (C) and (D) Enlarged views of the cell envelope showing
the bilayer of the CM and the S-layer. Scale bar, 50 nm. (E) Density profile of the cell
envelope with the density of the CM in red and the S-layer in purple. (F) Diffraction pattern
of the S-layer shows hexagonal packing of the surface proteins with 21-nm spacing. Major
features in G—J are highlighted with white arrows. (G) Cytoskeletal filaments spanning the
cell. (H) Polysomes associated with the CM. (I) A section of the CM loaded with putative
OHR complexes spaced ~9 nm apart. Scale bar, 20 nm. (J) Extracellular vesicles

enclosed by a lipid bilayer containing putative OHR complexes.

Figure 4. Model of the OHR complex based on published data (17-20). The OHR
complex is predicted to be a fully functional, stand-alone respiratory chain in Dhc and
Dhgm. The OHR complex includes the following components: a hydrogen uptake
hydrogenase Hup (with its large and small catalytic subunits HupL and HupS,
respectively), a protein with four predicted Fe-S clusters (HupX), the organohalide
respiration-involved molybdoenzyme (OmeA) with its putative integral membrane
anchoring protein OmeB, and an RdhA reductive dehalogenase with its integral

membrane protein anchor RdhB.
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Table 1. Dimensions of Dhc strain BAV1 and Dhgm strain GP cells determined by cryo-

ET.

Cell dimensions (nm)

Dhc strain BAV1 2

Dhgm strain GP?

Length 890+ 110 760 £ 85

Width 630 £ 110 765 + 85

Thickness ° 130+ 15 325+ 90
an=10

b Flattening of cells can result from the vitrification process

Table 2. Homologous OHR complex proteins encoded by the genomes of Dhc strain

BAV1 and Dhgm strain GP.

OHR Dhc strain BAV12 Dhgm strain GP’ ®
complex
protein Gene locus tag Molecular Gene locus tag Molecular
mass (kDa) mass (kDa)
OmeA DehaBAV1 0165 105.7 HX448_03695 117.8
OmeB DehaBAV1_0166 44.8 HX448_03705 42.7
HupL DehaBAV1_0258 58.0 HX448_00350 56.8
HupS DehaBAV1 0257 37.1 HX448 00345 36.9
HupX DehaBAV1_0256 30.4 HX448_00340 29.5
RdhA DehaBAV1_0847 (BvcA) 57.4 HX448_10020 (CerA) 62.0
RdhB Not identified (BvcB) ¢ 10.1¢ HX448 10015 (CerB) 11.0

a Genome accession humber: CP000688.1

b Genome accession number: CP058566.2

¢ BvcB in Dhe strain BAV1 has not been identified and its size was estimated based on the average size of

the nine RdhB encoded on the strain BAV1 genome.
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] Anaerolineae

M o__Thermomicrobiales h
Thermobaculum terrenum
_*—Q o__ Chloroflexales
Q Dehalogenimonas sp. WBC-2
l_+_— Dehalogenimonas lykanthroporepellens BL-DC-9
_E ‘Ca. Dehalogenimonas etheniformans’

L' Dehalogenimonas formicexedens NSZ-14

l Dehalogenimonas alkenigignens 1P3-3

Dehalogenimonas alkenigignens BRE15M
Dehalococcoides mccartyi KBTCE2
Dehalococcoides mccartyi KBTCE3
Dehalococcoides mecartyi UCH-ATV1
Dehalococcoides mccartyi 195
Dehalococcoides mccartyi CG4
Dehalococcoides sp. UCHO07
Dehalococcoides mccartyi CG3
Dehalococcoides mccartyi CG1
Dehalococcoides mccartyi VS
Dehalococcoides mccartyi GY50
Dehalococcoides mccartyi BAV1
Pehafococcoides mecartyi KBVC2
Dehalococcoides mccartyi KBTCE1
Dehalococcoides mccartyi KBVC1
Dehalococcoides mccartyi GT
Dehalococcoides mccartyi BTF08
Dehalococcoides mccartyi KBDCA3
Dehalococcoides mccartyi KBDCA1
Bootstrap support 2 90% +Demafrx:m:cm‘des mccartyi KBDCA2

L] Dehalococcoides mccartyi DCMBS
Tree scale: 0.1 Dehalococcoides mccartyi IBARAKI
Dehalococcoides mccartyi CBDB1
®Dehalococcoides mecartyi CG5
Dehalococcoides mccartyi FL2

) Dehalococcoides mccartyi WBC-2
Dehalococcoides mccartyi 11a5 s
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