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Abstract

A Gram-stain-negative, strictly anaerobic, non-motile, rod-shaped bacterium, designated SFB93T, was isolated from the inter-
tidal sediments of South San Francisco Bay, located near Palo Alto, CA, USA. SFB93T was capable of acetylenotrophic and 
diazotrophic growth, grew at 22–37 °C, pH 6.3–8.5 and in the presence of 10–45 g l−1 NaCl. Phylogenetic analyses based on 
16S rRNA gene sequencing showed that SFB93T represented a member of the genus Syntrophotalea with highest 16S rRNA 
gene sequence similarities to Syntrophotalea acetylenica DSM 3246T (96.6 %), Syntrophotalea carbinolica DSM 2380T (96.5 %), and 
Syntrophotalea venetiana DSM 2394T (96.7 %). Genome sequencing revealed a genome size of 3.22 Mbp and a DNA G+C content 
of 53.4 %. SFB93T had low genome-wide average nucleotide identity (81–87.5 %) and <70 % digital DNA–DNA hybridization value 
with other members of the genus Syntrophotalea. The phylogenetic position of SFB93T within the family Syntrophotaleaceae 
and as a novel member of the genus Syntrophotalea was confirmed via phylogenetic reconstruction based on concatenated 
alignments of 92 bacterial core genes. On the basis of the results of phenotypic, genotypic and phylogenetic analyses, a novel 
species, Syntrophotalea acetylenivorans sp. nov., is proposed, with SFB93T (=DSM 106009T=JCM 33327T=ATCC TSD-118T) as the 
type strain.

INTRODUCTION
Acetylene (C2H2) is a well-recognized biogeochemical tool 
used to probe the input (nitrogen-fixation [1, 2]) or loss (deni-
trification [1, 3, 4]) components of the nitrogen cycle that 
occur in assayed environmental samples. In the latter case, the 
acetylene-block technique prevents the reduction of nitrous 
oxide (N2O) to molecular nitrogen (N2), thereby allowing 
the rate of accumulation of N2O to stand as a measure of 
the process of anaerobic nitrate respiration that evolves N2 
[3, 5]. Experimental reports of the application of the acety-
lene–block techniques to diverse soils and sediments, in addi-
tion to following the kinetics of N2O, sometimes noted the 
disappearance of the acetylene with time [6–9]. A culture was 
established from South San Francisco Bay intertidal sediment 
which proved capable of using acetylene as its sole carbon 
and energy source [7, 10]; but eventually this culture was 

lost without being fully characterized. Both freshwater and 
estuarine strains of another anaerobic acetylene-degrading 
cultivar, Syntrophotalea acetylenica (formerly Pelobacter acety-
lenicus), were obtained from European muds [11]: DSM 3246T 
(freshwater, type strain) and DSM 3247 (estuarine). Recently, 
these organisms along with aerobic acetylene-degraders were 
collectively termed acetylenotrophs [12]. S. acetylenica and 
its acetylene hydrating acetylene hydratase (AH) enzyme 
have been studied extensively [13–20]. In addition there are 
a number of synthesis reviews on the evolutionary and astro-
biological implications of acetylenotrophy and the unusual, 
tungsten-centred AH enzyme of S. acetylenica [10, 21–24]. 
We note that in 2020 members of the genus Pelobacter were 
reclassified [25], e.g. P. acetylenicus is now Syntrophotalea 
acetylenica. To be consistent with references cited herein the 
original organism names are qualified parenthetically with 
the new genus name and Table S1 (available in the online 
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version of this article) relates the new classifications to the 
prior names and taxonomy.

In a survey meant to assess the occurrence of acetylenotrophy 
in nature, activity was once again identified in San Francisco 
Bay sediment slurries, and a pure culture was established 
that proved capable of anaerobically growing on acetylene 
[26]. The culture, strain SFB93T, was able to interact with 
dehalo-respiring bacteria (e.g. Dehalococcoides mccartyii) by 
providing H2 and acetate from acetylene fermentation that the 
dehalogenators used as electron donor and carbon sources to 
enable their reduction of chlorinated ethenes to ethylene [27]. 
Further genomic investigation of SFB93T identified sequences 
for two AH-encoding genes, distinguishing SFB93T from S. 
acetylenica DSM 3246T and DSM 3247 which hava a single 
copy of AH in their genomes [28, 29]. The genome of SFB93T 
also contained components required for a functional MoFe-
nitrogenase (nif), and diazotrophic growth upon the acetylene 
substrate was confirmed experimentally [28, 29].

We now report genomic and phenotypic characterization of 
SFB93T and propose the name Syntrophotalea acetylenivorans. 
The genus Syntrophotalea was recently named during the 
reclassification of species in the class Deltaproteobacteria into 
the phylum Desulfobacterota [25]. This new genus includes 
three known species: S. acetylenica, S. venetiana (formerly P. 
venetianus), and S. carbinolica (formerly P. carbinolicus) [25], 
which are all former members of the genus Pelobacter [30] 
(Table S1). The species are anaerobic, Gram-negative rod-
shaped bacteria that cannot ferment sugar [30]. The genus 
name originates from the Greek word syntrophos and Latin 
word talea which mean ‘living with or nourished with’ and 
‘rod’, respectively, which combines to describe a ‘rod that feeds 
together with others’ [25]. Here, we analyse the morphology, 
genome and physiology of SFB93T within the genus Syntro-
photalea and the family Syntrophotaleaceae (order Desulfuro-
monadales, class Desulfuromonadia). We find that SFB93T is 
distinct within this group and propose to establish the species 
name Syntrophotalea acetylenivorans sp. nov.

ISOLATION AND MORPHOLOGY
SFB93T was isolated from an estuarine mudflat in Palo Alto, 
CA, USA, where it (or a close relative) had been obtained from 
previously but subsequently lost [7, 10]. Photomicrographs 
of liquid cell suspensions were taken with a Zyla scientific 
complementary metal oxide semiconductor (CMOS) camera 
(Andor) through a Eclipse E800 microscope (Nikon). Scan-
ning electron micrographs were made of critical point-dried 
cell preparations as detailed elsewhere [31] using a Vega3 
scanning electron microscope (Tescan). Cells were non-
motile, Gram-stain-negative rods occurring singly or in pairs 
(Fig. 1a). Cell dimensions were 4.0×0.5 microns (Fig. 1b). 
Acetylene-grown colonies on agar were milky, small convex 
ovals, 1.0–2.0 mm in diameter.

PHYLOGENY
Previous phylogenetic reconstructions for SFB93T had been 
based on partial (~1300 bp) [26] and genomic 16S rRNA 
gene sequences [29]. Here, we present a new phylogenetic 
reconstruction based on nearly full-length 16S rRNA genes. 
Furthermore, the availability of the SFB93T genome [28] and 
those of other members of the class Desulfuromonadia allowed 
us to reconstruct a phylogeny based on a large number of 
bacterial core genes. To sequence the 16S rRNA gene of 
SFB93T, a culture was grown to high density then pelleted by 
centrifugation. DNA was extracted using the DNeasy blood 
and tissue kit (Qiagen) and quantified as described by Akob et 
al. 2017 [29]. Purified DNA was shipped to GeneWiz (South 
Plainfield, NJ, USA) for bidirectional Sanger 16S rRNA gene 
sequencing. The 16S rRNA gene sequences from SFB93T 
and related taxa were aligned using the sina v1.2.11 aligner 
[32] according to the global arb silva alignment for rRNA 
genes [33, 34]. The alignment was downloaded and filtered 
to remove columns of gaps and discard non-overlapping 
columns of data. The final gapped alignment (1546 bp) was 
used to reconstruct a maximum-likelihood tree with RAxML 
version 8.2.11 [35] in Geneious Prime 2019.2.3 [36] using the 
GTR GAMMA nucleotide model. The robustness of inferred 
tree topology was evaluated by 100 bootstrap resamplings.

Phylogenetic reconstruction based on near-full length 16S 
rRNA gene sequences revealed that SFB93T falls within 
the order Desulfuromonadales and represents a unique 
species within the genus Syntrophotalea (Fig. 2). The class 
Desulfuromonadia bifurcates into two distinct orders: 
the Desulfuromonadales and Geobacterales (supported 
by >80 % bootstrap values). SFB93T falls clearly into the 
Syntrophotaleaceae clade which only contains species of 
the genus Syntrophotalea. SFB93T forms a unique branch 
which is flanked by S. carbinolica DSM 2380T and the cluster 
containing S. acetylenica strains and S. venetiana DSM 
2394T. Pairwise comparisons of aligned 16S rRNA genes 
revealed that SFB93T shared 96.5, 96.6 and 96.7 % sequence 
identity to S. carbinolica DSM 2380T, S. acetylenica DSM 
3246T and S. venetiana DSM 2394T, respectively, which are 

Fig. 1. Photomicrograph (a) and scanning electron micrograph (b) of 
SFB93T cells.
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all below the 97 % sequence identity criterion for separate 
species delineation. 'Pseudopelobacter propionicus' DSM 
2380 falls distinctly into the Geobacterales clade despite 
it being initially named Pelobacter propionicus DSM 
2380T. This observation has been documented previously 
[30, 37, 38], indicating that the original genus Pelobacter 
was polyphyletic requiring the reclassification presented 
by Waite et al. 2020 [25].

For genome-based phylogeny, published genome sequences 
from members of the genus Syntrophotalea, other strains 
of members of the order Desulfuromonadales, and more 
distant relatives were downloaded from GenBank [39]. 
A list of full names, original and updated taxonomy, and 
accession numbers for the genome sequences used are given 
in Table S1. Ninety-two core genes in the genomes were 
annotated, extracted, and aligned using the programme 
Up-to-Date Bacterial Core Genome (UBCG) [40]. The 
resulting concatenated alignment had a total length of 
87 945 bp. The final tree was reconstructed using RAxML 
version 8.2.12 [35] within UBCG.

Genome-based phylogeny confirmed that SFB93T repre-
sents a member of the order Desulfuromonadales and the 
family Syntrophotaleaceae (Fig. 3). The UBCG tree confirms 

unique phylogeny of SFB93T and division of the order into 
multiple families, which was observed in the 16S rRNA 
gene phylogeny based on nearly full-length gene sequences 
(Fig. 2). The closest relative of SFB93T is S. carbinolica DSM 
2380T confirming that SFB93T represents a species within 
the genus Syntrophotalea; this genus designation is further 
confirmed via genome analysis as discussed below. These 
data are consistent with the results of our other analyses in 
supporting the conclusion that SFB93T represents a novel 
species in the genus Syntrophotalea.

GENOME FEATURES
The genome of SFB93T was assembled using the Hierarchical 
Genome Assembly Process (HGAP; Pacific Biosciences) 
using long reads generated with a PacBio RSII instrument. 
Sequencing on a SMRT cell produced 63 938 sequence reads 
with an N50 read length of 18 803 nucleotides and ~87 fold 
sequencing coverage. The assembler produced a single 
circular contig containing 3 218 469 bp with 53.4 % DNA 
G+C content. Annotation with the Prokaryotic Genome 
Annotation Pipeline (PGAP) from the National Centre for 
Biotechnology Information (NCBI) revealed 2915 genes. 

Fig. 2. Phylogenetic reconstruction for SFB93T based on nearly full-length 16S rRNA gene sequences. Bootstrap values (percentages) 
are indicated at branching points; Bar, 0.2 substitutions per nucleotide position.
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Full genome information and statistics were reported in 
Sutton et al. 2017 [28].

We used the Genome-to-Genome Distance Calculator 2.1 
(available at http://​ggdc.​dsmz.​de/​ggdc.​php#) to compute 
the in silico genomic distance between pairs of microbes. 
Briefly, the method calculates a digital DNA to DNA hybrid-
ization value (DDH) by using blast [41] to identify regions 
of similarity between microbial genomes and computes a 
distance matrix based on similarities between these high-
scoring segment pairs (HSPs) [42]. The resulting DDH 
metric is closely related to the established wet-lab technique 
of estimating species similarity through hybridization of a 
pair of strains. Additionally, we used the Kostas lab web 
portal (http://​enve-​omics.​ce.​gatech.​edu/​ani/) to calculate 
the average nucleotide identity (ANI) between pairs of 
microbes [43]. The ANI minimum length of aligned regions 
was 700 bp and greater than 70 % identity was required for 
alignment. The alignment fraction (AF) was calculated by 
dividing the lengths of aligned genes by the summed length 
of all genes in the genome, and the genome-wide average 

nucleotide identity (gANI) was the average percentage iden-
tity calculated across the aligned genes (Table 1). To validate 
these ANI results we also calculated OrthoANI values, ANI 
in orthologous regions, with the OAT software [44]. A Blast 
Ring Image Generator (BRIG) plot [45] was reconstructed 
comparing the full genome sequences of S. acetylenica DSM 
3246T, S. carbinolica DSM 2380T, P. propionicus DSM 2379T, 
and 'Candidatus Desulfuromonas biiwaabikowi' DDH964 
to the genome of strain SFB93T.

Digital DDH analysis utilizing full genome sequences 
indicated that hybridization between two strains of the 
same species, S. acetylenica DSM 3246T and DSM 3247, 
occurs at 98.5 %, whereas DDH between strain SFB93T 
and DSM 3246T occurs at 21.5 % (Table 1). DDH for strain 
SFB93T and S. carbinolica, the closest relative on the basis 
of the results of phylogenetic analysis, was only 19.4 %. 
The AF was 0.029 and the gANI between SFB93T and 
S. acetylenica DSM 3246T and between SFB93T and S. 
carbinolica DSM 2380T was 87.5 and 83.3 %, respectively 
(Table 1). The DDH and gANI values are similar to the 

Fig. 3. Phylogenetic analysis of SFB93T and related taxa based on 92 bacterial core genes. A RAxML [35] phylogenetic tree inferred using 
UBCG (concatenated alignment of 92 core genes) [57]. Gene support ndices (GSI) are indicated at branching points. Bar, 0.3 changes per 
nucleotide position. Shewanella putrefaciens CN-32 was used as the outgroup.
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