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Lutispora saccharofermentans sp. nov., a mesophilic, non-spore-
forming bacterium isolated from a lab-scale methanogenic
landfill bioreactor digesting anaerobic sludge, and emendation
of the genus Lutispora to include species which are non-spore-
forming and mesophilic

Abdelaziz El Houari'*, Morgan Carpenter’, Daniel Chaplin? Peter Golyshin? and James E. McDonald'3*

Abstract

A novel anaerobic, mesophilic, non-spore-forming bacterium (strain m25") was isolated from methanogenic enrichment cul-
tures obtained from a lab-scale methanogenic landfill bioreactor containing anaerobic digester sludge. Cells were Gram-stain-
negative, catalase-positive, oxidase-negative, rod-shaped, and motile by means of a flagellum. The genomic DNA G+C content
was 40.11 mol%. The optimal NaCl concentration, temperature and pH for growth were 2.5g ", 35°C and at pH 7.0, respectively.
Strain m25" was able to grow in the absence of yeast extract on glycerol, pyruvate, arginine and cysteine. In the presence of
0.2% yeast extract, strain m25" grew on carbohydrates and was able to use glucose, cellobiose, fructose, raffinose and galac-
tose. The novel strain could utilize glycerol, urea, pyruvate, peptone and tryptone. The major fatty acids were iso-C,, ., C,, .. C., |
DMA (dimethyl acetal) and iso-C,, ; DMA. Phylogenetic analysis based on 16S rRNA gene sequences indicated that the new
isolate was closely related to Lutispora thermophila EBR46™ (95.02% 16S rRNA gene sequence similarity). Genome relatedness
was determined using both average nucleotide identity and amino acid identity analyses, the results of which both strongly
supported that strain m25" belongs to the genus Lutispora. Based on its unique phylogenetic features, strain m25" is considered
to represent a novel species within the genus Lutispora. Moreover, based on its unique physiologic features, mainly the lack
of spore formation, a proposal to amend the genus Lutispora is also provided to include the non-spore-forming and meso-
philic species. Lutispora saccharofermentans sp. nov. is proposed. The type strain of the species is m25" (=DSM 112749"=ATCC
TSD-2687).

Landfill sites are engineered environments used for the disposal of municipal solid waste (MSW), agricultural and industrial
waste, where communities of hydrolytic, fermentative, acetogenic and methanogenic micro-organisms convert waste biomass
into methane-rich biogas [1]. Due to geographical and societal variation, the composition of landfill waste is highly heterogene-
ous [2], supporting diverse consortia of degradative microorganisms. Cellulose and hemicellulose are the major biodegradable
components of MSW and their conversion to biogas in landfills is well documented [3, 4]. The hydrolytic potential of landfill
microbiota is also well known [5]; however, the taxonomic and functional diversity, and physiology, of landfill microbiota is still
poorly understood [6, 7].

Given the scale of waste biomass generated by society (household and green waste), agriculture (livestock and crop residues) and
industrial processes, the biotransformation of lignocellulosic biomass to biogas and other bio-based materials is an important
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feature of a future sustainable bio-based economy [8-12]. However, the complex structure of lignocellulosic plant biomass makes
their biotransformation, in particular their hydrolysis, a challenge [13].

Due to difficulties in obtaining decomposing waste samples from landfill sites, studies of landfill microbiology are often limited
to leachate samples [14, 15], which could miss key microbiota associated with the solid waste fraction. However, recent advance-
ments in technologies for the sampling and analysis of landfill microbiota have driven improvements in our knowledge of landfill
microbial diversity and thus increased interest in characterising previously uncultivated micro-organisms from landfills [6].
Among these microbial populations, the Clostridiaceae-type family represents a large fraction of phylum Firmicutes and are well
established as key members of anaerobic digestion (AD) treatment systems and known for their hydrolytic and fermentative
potential [16-19].

To date of writing, the family Clostridiaceae comprises a total of 77 child taxa, among them 49 were taxonomically named
and validly published (https://lpsn.dsmz.de/family/clostridiaceae). Here, we report the isolation and the characterization of a
novel member of the family Clostridiaceae belonging to the genus Lutispora, strain m257, which was isolated from a lab-scale
methanogenic (LSM) bioreactor inoculated with microbiota from landfill leachate and drilled waste. To our knowledge, currently
Lutispora includes only one validly published species, Lutispora thermophila, isolated from thermophilic methanogenic sludge
[20]. Both phylogenetic and physiologic characteristics of the newly isolated strain reported in this study indicate that strain
m25" represents a novel species within the genus Lutispora.

To obtain a representative microbial community from municipal solid waste landfill sites, drilled solid waste and landfill leachate
samples were collected from two different locations. Drilled solid waste was obtained from Ruaben landfill site (Rouaben, UK) and
the landfill leachate was sampled from Hafod landfill site (Wrexham, UK). Leachate and drilled waste samples were collected and
stored in hermetically sealed containers (301 plastic carboy bottles). The containers were filled to the top to displace headspace
air and sealed immediately to preserve anaerobic conditions. Samples were transported on the same day to the laboratory within
3h. On arrival, both fresh drilled solid waste and leachate were mixed (10% w/v, respectively) anaerobically under a stream of
oxygen-free N, and used as an inoculum to set up the LSM bioreactors containing 2% of AD sludge used as feedstock for the
microbial communities.

Duran stirred reactor bioreactors were used to construct the lab-scale landfill microbiome reactors. The connections (2xGL14
and 2xGL18) available on the top of the bottles allowed the addition or the removal of samples from the bottle during the mixing
process using the stirrer shaft on the top of each Duran GLS 80 laboratory glass bottles (1000 ml), and therefore providing notably
improved mixing in comparison with standard magnetic stir bars. The whole unit was autoclaved before inoculation. The LSM
bioreactors were incubated at 35 °C under agitation (150 r.p.m.) and monitored for 28 days. At day 21 (maximum production
of biogas), sludge was sampled from the bioreactors and used to inoculate methanogen-enrichment cultures (at 10% v/v: final
volume of 40 ml). Methanogenic enrichment cultures were produced in basal medium [21] supplemented with formate, methanol,
methylamine, acetate (10 mM each as final concentration) and in the presence of 2 g1™! yeast extract, 0.5 g1 penicillin and under
1Bar of N,/H,/CO, (80/10/10%) atmosphere.

The basal medium composition consisted of (per 1litre of distilled water): 0.5g K HPO,, 0.5g KH,PO,, 0.5g NH Cl, 0.4g KClI,
0.05g CaCl-2H,0, 0.3g MgCl -6H,0, 0.4g NaCl, 0.25g HCl-cysteine, 1 ml trace element mineral solution [22] modified by
Imhoft-Stuckle and Pfennig [23] and 1 ml resazurin 0.1% (w/v). For medium preparation, the medium was heated to boiling until
the medium turned colourless, then cooled and dispatched into 120 ml penicillin flasks at room temperature under a stream of
O,-free nitrogen. The medium was subsequently sterilized by autoclaving for 20 min at 121 °C. After autoclaving, sterile solutions
(autoclaved separately) of NaHCO, (2gI™') and Na,S-9H O (0.4 g1™'; pH adjusted at pH 7.1), were added to the medium in addition
to 1 ml filter-sterilized (0.22 pm) vitamin solution [24]. The final pH after adding solutions was pH 7.1.

Methanogenic enrichments were incubated for 4 weeks at 35°C. The growth of the methanogenic enrichment cultures was
monitored by gas composition in terms of the analysis of CH, and CO, production. The microbial community structure of both
LSM bioreactors and methanogenic enrichments was monitored using 16S rRNA gene community profiling using the Illumina
MiSeq platform (results not shown). After three subcultures under the same conditions, isolation procedures were carried out
using high-throughput isolation in microplates. Prior to isolation, serial decimal dilutions of the enrichment were conducted
(10% v/v of inoculation; final volume of 100 ml), to determine the optimal dilution, for which half of the wells in the microplates
contained positive growth that had theoretically grown only from the introduction of one cell per well. The optimum dilution
was then dispatched in 96-well microplates (300 ul per well). The microplates were sealed as soon as possible with an Alumaseal
film and incubated in Gaspack bags. The entire isolation procedure and incubation were carried out inside a Whitley DG250
Anaerobic Workstation (Don Whitley Scientific), under N_/H,/CO, (80/10/10%) atmosphere. After 1week of incubation, two
growth positive wells from the highest dilution (107°), corresponding to two pure isolates, m25" and m26, were transferred to
5ml liquid medium for purity check (by both phase-contrast microscopy observation and by growth streaking on agar Petri
dishes) and for identification by 16S rRNA gene sequencing. Both strains, m25" and m26, very similar in their morphological
characteristics, were obtained and subsequently shown to be identical by comparing their 16S rRNA gene sequences (100%
sequence similarity). The strain designated m25" was characterized in detail.


http://doi.org/10.1601/nm.3877
http://doi.org/10.1601/nm.3874
http://doi.org/10.1601/nm.3877
https://lpsn.dsmz.de/family/clostridiaceae
http://doi.org/10.1601/nm.3877
http://doi.org/10.1601/nm.13111
http://doi.org/10.1601/nm.13111
http://doi.org/10.1601/nm.13739
http://doi.org/10.1601/nm.13111

El Houari et al., Int. J. Syst. Evol. Microbiol. 2023;73:005683

Strain m25” grew optimally on basal medium supplemented by 30 g1 of fastidious anaerobic broth (modified-FAB medium).
Therefore, unless stated otherwise, modified-FAB medium was used to maintain cultures. Cellular characteristics of the strain
(shape, size, mobility, sporulation, Gram-staining) and flagella examination were observed by both phase contrast microscopy
(Zeiss Axioplan 2 Fluorescence microscope FluoArc 100) and transmission electron microscopy performed at the Animal
and Plant Health Agency (http://apha.defra.gov.uk/apha-scientific/index.htm), respectively. Gram staining was carried out
using the standard Gram reaction method and confirmed by using the NaOH method [25]. Cells of strain m25" were rod
shaped, slightly curved and motile. Cells were variable in size; approximately 0.5-0.7 um in diameter and 2.1-5.5um long
(Fig. 1a) . Cells of strain m25" stained Gram-negative and transmission electron microscopy revealed cells forming flagellum
(Fig. 1b) confirming the mobility of strain m25" to as observed for L. thermophila EBR46" [20] motile by lateral flagella.
Growth of strain m25" on modifed-FAB agar medium showed pale brown spherical colonies (1-2mm in diameter) after
1 week of incubation. The ability of strain m25" to grow in aerobic conditions was assessed using solid and liquid aerobic
medium without HCl-cysteine and Na_S-9H,O prepared and incubated under aerobic conditions. No growth of strain m25”
was observed in aerobic conditions.

Phase-contrast observation was used to check the presence of endospores and confirmed by sporulation test. The sporulation
test was performed using exponential growing cells of strain m257 incubated on the following conditions and alternated by a
thermal shock (incubation in ice for 5min): 10 min at 80°C, 20 min at 80°C, 10 min at 90°C. Cells were then subcultured in a
new culture medium. No spores or other forms of heat resistance was observed. Sporulating and non-sporulating strains were
used as a control. No growth was observed after 1 week of re-incubation in the optimal temperature. L. thermophila EBR46" was
originally described as spore-forming bacterium isolated form from thermophilic methanogenic sludge [20], hence the name
L. thermophila. However, the non-spore-forming feature is the one of the main physiological features that distinguishes strain
m25" from the closest related L. thermophila EBR46". In addition, the strain m25" was isolated from a mesophilic lab-scale
methanogenic landfill bioreactor. Consequently, amending the genus Lutispora is proposed to include the non-spore-forming
and mesophilic species.

Genomic DNA extraction from strain m25" cultures was carried out using the DNeasy UltraClean Microbial Kit (Qiagen)
according to the supplier’s recommendations. Exponential growth culture (1.8 ml) was centrifuged, and the cell pellet was used
for DNA extraction. The extracted DNA was eluted in nuclease-free EB buffer (10 mM Tris-HCI pH 8.0). The integrity of the
genomic DNA was assessed using 1% (w/v) agarose gel electrophoresis with a 1 Kb molecular weight ladder. DNA quantification
was carried out using the Qubit dsDNA Quantification Kit following the manufacture recommendations (Invitrogen Qubit 3
Fluorometer, Fisher Scientific). The extracted DNA (2 pl) was used for the 16S rRNA gene amplification in a final volume of 50 ul
containing 2xMyTaq Red Mix (Meridian Bioscience), with the primers 27F (5-TGAGCCATGATCAAACTCT-3') and 1492R
(5'-GGWTACCTTGTTACG-3') [26] at final concentrations of 0.8 uM each. The PCR amplification reactions were carried out
according to the following programme: 1 cycle of 5min at 94 °C to denature the nucleic acids, 35 cycles of three steps: denatura-
tion 45s at 94°C, annealing 455 at 55°C and elongation 1 min 30s at 72 °C, then a final elongation cycle of 10 min at 72°C. 16S
rRNA gene amplicons were purified using the QIAquick PCR Purification Kit (Qiagen) prior to Sanger DNA sequencing by
Genewiz facilities (Takeley, UK). After quality clipping sequences, the 16S rRNA gene sequences of isolated strains (1385 bp) was
compared with reference sequences from the GenBank NCBI database for identification (www.ncbi.nlm.nih.gov/BLAST/). The
closest GenBank relatives of strain m25" were an uncultured Lutispora sp. (clones SCTB017, SCTB017 and SCTB027 with 16S
rRNA gene sequence similarities of 99.78%; GenBank accession nos. JN650234, JN650240 and JN650246, respectively) derived
from a cellar, and an uncultured bacterium clone CM5 (99.35%% identity; GenBank accession no. KF275152) derived from a
dechlorinating anaerobic microcosm inoculated with soil.

The 16S rRNA gene sequences of strain m25™ and m26 were aligned with reference sequences belonging to the family Clostridi-
aceae and obtained from the NCBI database. Sequences were trimmed at the minimum length (1385bp) and phylogenetic analyses
were then conducted using the maximum composite likelihood model [27] within 1000 bootstrap replicates. This analysis involved
20 nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option). Evolutionary
analyses were conducted in MEGA X [28]. Phylogenetic analyses based on the full 16S rRNA gene sequences revealed that strain
m25T was related to the representatives of the genera Lutispora and Gracilibacter belonged to the Clostridiaceae family (Fig. 2) .
Within both genera, strain m25” was distantly related to L. thermophila EBR46" (95.02% sequence similarity) isolated from an
enrichment culture derived from an anaerobic thermophilic methanogenic bioreactor treating artificial solid wastes [20] and
Gracilibacter thermotolerans (89.33% similarity) isolated from a constructed wetland receiving acid sulphate water [29].

To sequence the whole genome of strain m25, the same extracted DNA used for 16S rRNA gene PCR above was used to prepare
libraries for whole genome sequencing on the Illumina Novaseq platform with 2x250bp paired-end reads by MicrobesNG
(Birmingham, UK). Raw reads were adapter trimmed using Trimmomatic 0.30 with a sliding window quality cutoff of Q15
[30]. De novo assembly was then performed using SPAdes version 3.12 [31], and finally the contigs were annotated using Prokka
1.14 [32]. Scaffolds below to 1500 bp were filtered and the final assembled genome of strains m25* have been deposited in the
GenBank database under the accession number JAJEKE000000000. The G+C content of the genomic DNA determined from
the genome sequences was 40.11 mol%.
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Fig. 1. Microscope images of strain m25" cells grown in fastidious anaerobic broth medium. (a) Phase-contrast microcope image (bar, 10 um) and (b)

transmission electron microscope image of cells forming monotrichous flagellum (bar, 1 um).
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Fig. 2. Phylogenetic evolutionary dendrogram reconstructed by the maximum-likelihood method showing the affiliation of Lutispora saccharofermentans
sp. nov. (strains m25Tand m26) 16S rRNA gene sequences (1385 bp) to their closest relative reference sequences obtained from NCBI GenBank database
(accession numbers in brackets). Escherichia coli JCM1649T (AB242910) was used as outgroup to root the tree. Bootstrap values are represented at
nodes. Bar represents 0.10 substitutions per site. The isolated strains are represented in in bold format.

The draft genome size of strain m25" is 4321915 bp from 37 scaffolds and has an N50 scaffold length of 170981. There were 3988
protein-coding genes, 51 tRNA and four rRNA gene copies predicted. CheckM analysis showed that the assembled genome
completeness of strain m25" was 99.19%. Digital DNA-DNA hybridization (dDDH) analysis was performed using the DSMZ
Genome-to-Genome Distance Calculator platform (http://ggdc.dsmz.de/distcalc2.php). The dDDH value between strain m25"
and the closest relative genome of L. thermophila EBR46" was 15.1% and therefore below to DDH values (<70%) which are
considered as an indication that both strains belong to a different species [33-35]. Genome relatedness was computed between
strain m25" and the closest relative species reference genomes publicly available from the family Clostridiaceae (Fig. 2) . The
genomes were aligned using GTDB-Tk version 2.1.1 [36] using the defaults parameters, then the phylogenetic tree was created
using RAXML-NG version 0.9.0 [37]. In addition, the average nucleotide identity (ANI) and amino acid identity (AAI) values
were calculated between strain m25” and the reference genomes using pyani version 0.2.8 (https://github.com/widdowquinn/
pyani) and CompareM version 0.1.2 (https://github.com/dparks1134/CompareM), respectively. Results of the analysis of the
phylogenetic relationship of the strain m25" genome and its closest relative species reference genomes (Fig. 3) were consistent
with those obtained by phylogenetic analyses based on the full 16S rRNA gene sequences (Fig. 2) revealing that strain m25" is
closely related to the strain L. thermophila DSM 19022 [20]. These findings were confirmed by the ANI (Fig. S1) and AAI (Fig.
S2) values of strain m25" showing average values of 82.49-93.24% and 50.93-74.4%, respectively. Strain m25" shared an ANI of
82.49% and an AAIT of 74.4% to its closely relative species L. thermophila EBR46".

For an additional whole genome-based taxonomic analysis, the genome sequence of strain m25” was uploaded to the Type (Strain)
Genome Server (https://tygs.dsmz.de). The genome BLAST distance phylogeny (GBDP) analysis was restricted to the strain m25”
and closely related species reference genomes publicly available from of the family Clostridiaceae. The GBDP analysis was inferred
using the amino acid sequences of the entire proteome, promising a better-resolved phylogeny in datasets of only remotely
related strains [38]. The type-based species clustering using a 70% dDDH radius around each of the closely related species was
done as previously described [39]. Subspecies clustering was done using a 79% dDDH threshold as previously introduced [40].
The resulting species and subspecies clusters are listed in Table S3, whereas the taxonomic identification of the strain based on
pairwise dDDH values is found in Table S4. Briefly, the clustering yielded 14 species clusters and strain m25" formed a separated
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Fig. 3. Whole genome-based phylogenetic tree showing the affiliation of the Lutispora saccharofermentans sp. nov. (strain m257) genome sequence to
its closest relative reference genomes (GenBank accession numbers in brackets) publicly available from the family Clostridiaceae. The genomes were
aligned using GTDB-Tk and the phylogenetic tree was reconstructed using RAXML-NG. Clostridium aciditolerans was used as outgroup to root the tree.
Bootstrap values are represented at nodes. Bar represents 0.1 substitutions per site. The isolated strain m257 (present study) is represented in in bold
format.

cluster (Fig. Sla) and was assigned to Clostridium aciditolerans (NZ_ JH556651) [41]. However, the results obtained by whole-
proteome-based GBDP distance phylogenetic analysis (Fig. S3b) were consistent with the those obtained by 16S rRNA gene
phylogeny analysis (Fig. 2) where strain m25" was most related to L. thermophila (NZ_FQZS01000063).

Temperature, pH and NaCl growth tests for strain m25" were performed in triplicate at 35°C (except for temperature-range
experiments) on FAB medium (final volume of 10 ml) and using headspace sampler 20 ml vials (QumA) sealed with rubber stop-
pers and crimped aluminium seals. Temperatures were tested from 4-60 °C. For pH studies, the media was adjusted with sterile
anaerobic solutions of HCI (1 M) or NaOH (1 M). The pH ranges 4-6, 6-8 and 8-10 were obtained in the presence of the buffers
(10 mM each) 2-(N-morpholino)ethanesulfonic acid (MES), 4-(2-hydroxyethyl)—1-piperazineethanesulfonic acid (HEPES) and
N-cyclohexyl-2-aminoethanesulfonic acid (CHES), respectively. For salt requirements, NaCl was tested from 0 to 10% (w/v).
NaCl was weighed directly into the vials and the medium was dispensed into tubes as described above. Positive growth was
determined by monitoring changes in OD, using a spectrophotometer (Jenway 7300). The optimum temperature for growth
at pH 7.1 was 35°C. No growth was observed at temperatures below 25 °C or above 45 °C. The optimum temperature of growth
corresponds with the mesophilic temperature conditions of LSM bioreactors from which strain m25" was isolated. However, the
growth temperature of strain m25" was different from the thermophilic growth optimums of the most closely related type strains
and thus discriminates strain m25" from L. thermophila EBR46" [20] and G. thermotolerans JW/YJL-S1" [29], both reported as
thermophilic bacterial strains. The pH range for growth was pH 6.0-9.0, with optimum growth occurring at pH 7.0. Strain m25"
did not require NaCl for growth but tolerated up to 0.8% NaCl with an optimum at 0.25% NaCL

Substrate utilization was investigated in triplicate using exponentially growing cells resuspended in pre-reduced basal medium
without L-cysteine hydrochloride anhydrous, in both absence and presence of 0.2% (w/v) yeast extract under N, as the gas
phase. Substrate utilization was determined for the following substrates (20 mM each): sugars, amino acids, organic acids and
alcohols. Furthermore, the strain was tested for its capacity to utilize complex substrates (1% each) such us yeast extract, tryptone,
peptone, casaminoacids, starch, carboxymethylcellulose (CMC), crystalline cellulose (Avicel), xylan and casein. More details on
substrate utilization are provided in the species description below. The main characteristics and substrate utilization observations
that discriminate strain m25" from the most closely related type from the Clostridiaceae family strains are shown in Table 1.
The genomic DNA G+C content of strain m25* was 40.11 mol% and differs from the most related type strains L. thermophila
EBR46" and G. thermotolerans JW/YJL-S1" (G+C of 35.66 mol% and 42.8 mol%, respectively). Strain m25" was able to grow
in the absence of yeast extract, on glycerol, pyruvate, arginine and cysteine. Therefore, this capacity is considered as the main
physiological feature that distinguishes strain m257 from its nearest relatives requiring the presence of yeast extract for their
growth. However, the presence of yeast extract on the medium enhances the growth of the strain m257, a common characteristic
for closely described species. Compared to its closely related species, L. thermophila EBR46" and G. thermotolerans JW/YJL-S17,
strain m25" differs by its ability to ferment p-glucose, cellobiose, D-fructose, D-galactose, glycerol, raffinose and urea. Strain
m25" fermented pyruvate, yeast extract, peptone and tryptone, as observed in its closely related species [20, 29]. Poor growth
was observed in acetate and butyrate. Furthermore, strain m25" could not grow on gelatin in contrast to L. thermophila EBR46"
[20]. Vitamins were not required for the growth of strain m25". Nitrate (10 mM), nitrite (5 mM), fumarate (10 mM) and oxygen
were tested as electron acceptors. None of the tested electron acceptors were used by strain m25” or enhanced growth. Additional
biochemical characterizations were also performed using API 20E and API 20NE systems (bioMérieux) incubated under anoxic
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Table 1. Major characteristics that discriminate Lutispora saccharofermentans sp. nov. m25" from the most closely related type strains belonging to
the subphylum Clostridia (Firmicutes)

Strains: 1, m257 (present study); 2, Lutispora thermophila EBR46™ [201; 3, Gracilibacter thermotolerans JW/YJL-S17 [29]. Optimum values are given in
parentheses. -, Negative; +, positive; (+), weak growth or result; NA, data not available.

Characteristics 1 2 3

Habitat Laboratory-scale biogas reactors Methanogenic bioreactor Constructed wetland
system sediment

Cell shape Rod Rod Straight to curved rods
Cell size (um) 0.5-0.7x2.1-5.5 0.6-0.8%5.0-8.5 0.2-0.4x2.0-7.0
Gram type Negative Negative Negative

Spore formation - + _

Mobility + + +
Temperature range (optimum) for growth 25-45 (35) 40-60 (55-58) 25-54 (42.5-46.5)
(0

Salinity range (optimum) for growth (g1™) 0-8 (2.5) 0-20 (NA) 0-15 (5)

pH range (optimum) for growth 6-9 (7) 6-9 (7.5-8.0) 6.0-8.25 (6.8-7.75)
DNA G+C content (mol%) 40.29 36.2 42.8

Substrate utilization:

D-Glucose + - +
Cellobiose + - -
D-Fructose + - +
p-Galactose + - +
Glycerol + - NA
Raffinose + - -
Acetate (+) - -
Butyrate (+) - NA
Pyruvate + + -
Urea + - NA
Yeast extract + + +
Peptone + + +
Tryptone + + +
Gelatin - (+) NA

End-products:

Glucose Acetate and lactate. Substrate not used Acetate, lactate and
ethanol
Tryptone Acetate, lactate, propionate, iso-butyrate and ~ Acetate, iso-butyrate, propionate, and iso- NA
iso-valerate. valerate.

conditions. Strain m25” was positive for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization,
urea hydrolysis, and aesculin hydrolysis. Strain m25T was catalase positive and oxidase negative. The production of hydrogen
sulphides was negative.

The monitoring and quantification of certain metabolic products (volatile fatty acids, sugars and alcohols) was carried out by high
performance liquid chromatography on a Shimadzu LC-2030C 3D Plus. Organic acids, sugars and alcohols were analysed using
an Aminex HPX-87H column (300x7.8 mm, particle size of 9 pm), with 0.005N sulphuric acid as eluent (elution rate of 0.6 ml
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Table 2. Whole-cell fatty acid profiles (percentage of total) of Lutispora saccharofermentans, sp. nov m25" and the closely related strains Lutispora
thermophila EBR46T [20] and Gracilibacter thermotolerans JW/YJL-S17 [29]

DMA, dimethyl acetal; -, Absent

Fatty acids Strain m25" L. thermophila G. thermotolerans
EBR46" JW/YJL-S17

Chy - 0.6 -
iso-C,, 1.8 0.6 -
Ciro 15.7 214 23
C,,, DMA 443 6.7 -
iso-C, 343 25.6 238
anteiso-C,, | 45 36 4.9
Cro 13 0.9 0.5
iso-C,,, DMA 7.5 6.7 -
is0-C,q 44 0.1 0.6
Cvﬁ 1 - - 5.4
C, w7c 1.4 2.6 -
Cro 44 3.9 29.0
C,,, DMA 5.2 107 -
iso-C,, L1 03 154
[ - - 54
Cry L1 - 25
Cio 1 04 35
CH( 1 - - 0.8
C, w9 - 0.8 1.6
C,,, W9 DMA - 03 -

min') and at an operating temperature of 35°C for 60 min. The UV detector (Shimadzu) set at 210 nm was used to detect acids,
and a Shimadzu RID was used to detect alcohols. Everything was connected to a computer allowing the processing of results
by software (LabSolutions version 5.92). The collected samples were centrifuged for 5min at 10000 g and 600 ul supernatant are
recovered for the sample changer, which injects 20 ul onto the column. Strain m25” produced acetate, butyrate, propionate and
valerate from tryptone. However, the growth on glucose produced acetate, lactate and ethanol. These fermentation products
from tryptone were consistent with end-products previously reported for its closely related species L. thermophila EBR46" [20].
However, strain m257 differed in the production of lactate as an additional end-product from tryptone. Strain m25" produced
acetate and lactate as end-products from glucose. These results were consistent with end-products reported for its closely related
species G. thermotolerans JW/YJL-S1" [29], but strain m25" did not produce ethanol as end-product from glucose.

Cellular fatty acids analysis was performed from freeze-dried cells grown on peptone-yeast extract-glucose in the same medium
conditions previously reported [20, 29]. The fatty acid methyl esters were analysed by the DSMZ (German Microorganism
Collection und Zellculturen, Braunschweig, Germany) according to the standard protocol of the Sherlock Microbial Identification
System (m1p1). The cellular fatty acid compositions are shown in Table 2. The major fatty acids were iso-C , ;, C,, . iso-C . DMA
(dimethyl acetal) and C,  DMA, which accounted for 62.7% of the total fatty acids. These results were similar to those obtained
for the fatty acid analysis of L. thermophila EBR46" [20]; however, there were some differences in the cellular fatty acids profile
of strain m25" when compared with its closest recognized relative L. thermophila EBR46", in terms of the absence of C , , C,.

w9cand C | w9c DMA, and the presence of C _  (Table 2).

12:0°

17:0

EMENDED DESCRIPTION OF THE GENUS LUTISPORA GEN. NOV.

Lutispora (Lu.ti.spo'ra. L. n. lutum mud, sludge; Gr. fem. n. spora a seed and, in biology, a spore; N.L. fem. n. Lutispora a spore-
forming organism that lives in anaerobic sludge).

The description is essentially as given by Shiratori and colleagues [20]. However, a proposal to amend the genus Lutispora is
provided to include the non-spore forming and mesophilic species.
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DESCRIPTION OF LUTISPORA SACCHAROFERMENTANS SP. NOV.

Lutispora saccharofermentans (sac.cha.ro.fermen’tans. Gr. fem. n. sakchdr, sugar; L. part. adj. fermentans, fermenting; N.L. part.
adj. saccharofermentans, sugar-fermenting).

Cells are Gram negative, oxidase negative and catalase negative. Cells are long, rod-shaped and motile by means of a flagellum.
Individual cells are 0.5-0.7 um wide and 2.1-5.5um. Colonies (1-2mm in diameter) are pale brown and spherical. The major
fatty acids are iso-C , ,, C,, ., C . DMA and iso-C,, DMA. It is mesophilic, and obligatory anaerobic. Optimum growth occurs
at 35°C, 2.5 gI"* NaCl and pH 7.0.

The type strain is able to grow in the absence of yeast extract on glycerol, pyruvate, arginine and cysteine. However, in the presence
of yeast extract, it is positive for the utilization of glucose, fructose, arabinose, cellobiose, galactose, inositol, raffinose, sucrose,
glycerol, pyruvate, acetate, butyrate, citrate, succinate, gluconate, alanine, arginine, cysteine, tryptophane, methionine, histidine,
asparagine and methanol. No growth occurs on lactose, mannitol, maltose, malate, lactate, fumarate, glutamate, hippuric acid,
gallic acid, methylamine, tyrosine, glutamine, glycine, leucine, isoleucine and phenylalanine. For complex substrates, the type
strain is able to grow on yeast extract, tryptone, peptone, casaminoacids, starch and casein but not on CMC, Avicel and xylan.
Major end-products from tryptone and glucose are lactate, acetate, iso-butyrate, propionate and iso-valerate. Nitrate and nitrite
are not used as electron acceptors. In API 20E and API 20NE tests, strain m25” is positive for arginine dihydrolase, lysine
decarboxylase, ornithine decarboxylase, citrate utilization, urea hydrolysis and aesculin hydrolysis.

The DNA G+C content calculated from the genome sequences is 40.11 mol%. The genome size is 4.3 Mbp. The type strain, m25"
(=DSM 112749"=ATCC TSD-268"), was isolated from lab-scale methanogenic landfill bioreactor digesting anaerobic sludge.
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