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Abstract

A novel Gram- reaction- negative bacterial strain, designated Ka43T, was isolated from agricultural soil and characterised using 
a polyphasic approach to determine its taxonomic position. On the basis of 16S rRNA gene sequence analysis, the strain shows 
highest similarity (97.1 %) to Cellvibrio diazotrophicus E50T. Cells of strain Ka43T are aerobic, motile, short rods. The major fatty 
acids are summed feature 3 (C

16 : 1
ω7c and/or iso- C

15 : 0
 2- OH), C

18 : 1
 ω7c and C

16 : 0
. The only isoprenoid quinone is Q-8. The polar 

lipid profile includes phosphatidylethanolamine, phosphatidylglycerol, four phospholipids, two lipids and an aminolipid. The 
assembled genome of strain Ka43T has a total length of 4.2 Mb and the DNA G+C content is 51.6 mol%. Based on phenotypic 
data, including chemotaxonomic characteristics and analysis of the 16S rRNA gene sequences, it was concluded that strain 
Ka43T represents a novel species in the genus Cellvibrio, for which the name Cellvibrio polysaccharolyticus sp. nov. is proposed. 
The type strain of the species is strain Ka43T (=LMG 31577T=NCAIM B.02637T).

INTRODUCTION
The genus Cellvibrio is affiliated with the family Cellvibrion-
aceae [1]. Cellvibrio gen. nov. was proposed by Winogradsky 
with two species [2], but because of the loss of type species 
the genus was excluded from the Approved List of Bacterial 
Names [3]. The genus was proposed again by Blackall et al. 
based on numerical taxonomy [4]. Blackall et al. described the 
genus by the following properties: Gram- negative, aerobic, 
slightly curved rods, oxidase- and catalase- positive, oxidative 
metabolism of glucose, and capabile of hydrolysing cellulose. 
The genus description was emended by Humphry et al. and 
Suarez et al. [5, 6]. According to the emended descriptions of 
the genus, the dominant fatty acids of the cells are unsaturated 
C16 : 1, C18 : 1 and saturated C16 : 0. The G+C content of the DNA 
is 44.1–53.5 mol%. At the time of writing (December 2020) 

the genus includes ten species and two subspecies. The type 
species of the genus is Cellvibrio mixtus.

The cellulolytic activity of Cellvibrio strains has been high-
lighted in the genus emended description by Blackall et al. 
[4], and the etymology of Cellvibrio (cellulose- degrading 
vibrio) also indicates the capability of cellulose hydrolysis. 
Cellvibrio strains were isolated from soil, rhizosphere or 
aquatic environment. The genus and especially Cellvibrio 
japonica is well studied for its hydrolytic enzyme system, 
which enables these bacteria to degrade various polysaccha-
rides including plant cell walls [5, 7]. These enzymes have 
great industrial potential for the utilisation of plant biomass. 
Some strains are capable of nitrogen fixation as described by 
Suarez et al. [6].

Based on its 16S rRNA gene sequence, strain Ka43T was clas-
sified as a novel bacterium in the genus Cellvibrio. The aim of 
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the present work was to determine the taxonomic position of 
strain Ka43T and its description using a polyphasic approach.

ISOLATION
Strain Ka43T was isolated from an agricultural field on the 
Great Hungarian Plain as part of an isolation campaign of 
bacteria with polysaccharide- degrading ability. The approxi-
mate geographical coordinates are 47° 11′ 56″ N 19° 00′ 46″ E. 
The sample was collected in October 2016, from circa 30 cm 
depth. Before sampling, maize was harvested from the field. 
The soil was fertilised and its pH was moderately alkaline. 
After sampling, the soil particles were homogenised by 
vortexing and serially diluted with peptone water (9 g peptone, 
1 g NaCl, in 1000 ml dH2O). It was subsequently spread 
onto locust bean gum (LBG)- containing agar (1 g NaNO3, 
1 g K2HPO4, 3 g NaCl, 0.5 g MgCl2, 0.5 g yeast extract, 0.5 g 
peptone, 3 g LBG, 25 g agar, 1000 ml dH2O) and incubated 
at 10 °C for 5 days. Single colonies on the plates were purified 
on the same medium. The isolate was routinely maintained 
on tryptic soy agar (TSA) medium (DSM medium No. 545,  
dsmz. de) at 28 °C and pH 7.5.

16S rRNA GENE PHYLOGENY
DNA was extracted from Ka43T liquid culture grown in 
tryptic soy broth (TSB) medium. Genomic DNA isolation 
and 16S rRNA gene amplification were performed according 
to Tóth et al. [8]. The partial 16S rRNA gene sequence of strain 
Ka43T was compared with the EzBioCloud Database ( www. 
ezbiocloud. net/ taxonomy) [9] for an approximate phyloge-
netic affiliation. After Sanger sequencing of the 16S rRNA 
gene, a genome sequencing project of Ka43T was carried out, 
which revealed three 16S rRNA gene copies in the genome. 
The three copies have the same sequence. The 16S rRNA gene 
sequence of strain Ka43T obtained by the Sanger method was 

compared with the extracted 16S rRNA gene sequence from 
the genome assembly and showed 100 % similarity.

According to the comparisons with the full 16S rRNA gene 
sequences, the highest level of sequence similarity occurred 
with Cellvibrio diazotrophicus E50T (97.16 %) [6], followed 
by Cellvibrio zantedeschiae TPY-10T (96.43 %) [10], Cellvibrio 
gandavensis R-4069T (96.36 %) [11] and Cellvibrio mixtus 
subsp. mixtus ACM 2601T (96.01 %) [4].

Phylogenetic trees were reconstructed using the neighbour- 
joining [12] and maximum- likelihood [13] methods 
with Kimura’s two- parameter calculation model and the 
maximum- parsimony algorithm [14] using mega version 7.0 
[15]. Tree topologies and distances were evaluated by boot-
strap analysis based on 1000 replicates. The overall topology 
of the maximum- likelihood tree is similar to those of the 
neighbour- joining and maximum parsimony trees. Results 
of phylogenetic analysis based on 16S rRNA gene sequences 
suggest that strain Ka43T forms a distinct phyletic lineage 
within the genus Cellvibrio (Fig. 1).

GENOME FEATURES
The genome of strain Ka43T was sequenced with Illumina 
MiSeq sequencing technology as described previously [16]. 
Genome assembly was performed by SPAdes version 3.9.1 
and CLC NGS Cell version 11.0. Genome completeness 
and contamination values were examined by TypeMet tool 
of the Microbial Genomes Atlas (MiGA) server (http:// 
microbial- genomes. org/) [17]. Annotation of the genome 
was performed by NCBI Prokaryotic Genome Annotation 
Pipeline version 4.6 with the Best- placed reference protein 
set and GeneMarkS+ [18, 19] and Rapid Annotation using 
Subsystem Technology server version 2.0 (RAST; https:// rast. 
nmpdr. org) [20]. The completeness and contamination value 
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Fig. 1. Maximum- likelihood tree based on 16S rRNA gene sequences showing the phylogenetic relationships between strain Ka43T and 
related taxa. Bootstrap values are shown as percentages of 1000 replicates; only values over 50 % are shown. Branches signed with an 
asterisk occurred with every tree- making algorithm used in the study. Pseudomonas fluorescens IAM 12022T was used as an outgroup. 
Bar, 0.01 substitution per nucleotide position.
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of the genome are 100.0 and 0.9 %, respectively. Other quality 
labels of genome sequencing and assembly are as follows: 306- 
fold genome coverage; N50 value, 4. 258. 256; and number of 
contigs, 2. The genome size and G+C content of Ka43T are 
4 .261. 962 bp and 51.6 mol%. According to the annotation 
there are 3637 genes, 3575 CDSs and 62 RNA genes in the 
genome. The coding density is 87.54 %. The phylogenetically 
closest neighbours with sequenced genomes were determined 
using the Type Strain Genome Server (https:// tygs. dsmz. 
de/) [21] and MiGA [17] servers. Genome- based relatedness 
between Ka43T and C. japonicus UDEA107T [5] was deter-
mined based on average nucleotide identity (ANI) using the 
OrthoANI ( www. ezbiocloud. net/ tools/ ani) algorithm [22] 
and digital DNA–DNA hybridization (dDDH; identities/HSP 
length) with the Genome- to- Genome Distance Calculator 
(DSMZ, http:// ggdc. dsmz. de/) [23]. The OrthoANIu and 
dDDH values between Ka43T and C. japonicus UDEA107T 
are 71.03 and 20.50 %, much lower than the generally accepted 
species boundaries of 95~96 and 70 %, respectively [23–25].

The RAST analysis revealed the presence of 291 subsystems 
and the subsystem coverage is 29 % (Fig. S1, available in the 
online version of this article). The genus Cellvibrio, especially 
C. japonicus, has been intensively studied for the degradation 
of polysaccharides. Several genes involved in plant cell- wall 
polysaccharide degradation have been identified [7, 26, 27]. 
Strain Ka43T was isolated on LBG- containing minimal 
agar, and proved to be a cellulose decomposer. The genome 
annotation with the NCBI Prokaryotic Genome Annota-
tion Pipeline reveald 10 glycoside hydrolases that may play 
a role in the degradation of cellulose (GenBank accession 
numbers: MBE8717239, MBE8716954), xylan (MBE8716900, 
MBE8718199, MBE8716193, MBE8716206) and mannan 
(MBE8716914, MBE8717822, MBE8718218, MBE8716162).

The anti- SMASH server was used to identify the secondary 
metabolite biosynthesis gene clusters [28]. The genome of 
Ka43T contains five putative biosynthetic gene clusters (aryl-
polyene, resorcinol ectoine, RiPP- like and butyrolactone) in 
three secondary metabolite regions.

PHYSIOLOGY AND CHEMOTAXONOMY
Biomass for chemical and molecular studies was obtained by 
cultivation in shaker flasks (180 r.p.m.) using TSB medium 
at 28 °C for 32 h. Colony morphology of strain Ka43T was 
tested on TSA medium by directly observing single colonies. 
Cell morphology of strains Ka43T was observed by electron 
microscopy (Fig. S2). The Gram reaction was determined 
with a non- staining method as described by Buck et al. [29]. 
Oxidase activity was studied with an OXI oxidase test strip 
(Diagnostics s.r.o.). Catalase production was demonstrated by 
the methods of Barrow and Feltham [30]. Growth at different 
temperatures (4–50 °C), NaCl tolerance (0.5–6 % w/v) and pH 
tolerance (pH 4–10, at increments of 0.5 pH unit, pH values 
were adjusted with HCl or NaOH) were determined using 
TSB medium. Growth at pH 4–10 was examined in flasks 
and 96- well plates with continuous monitoring of optical 
density. Acid production from different carbon sources, the 

assimilation of different substrates and the enzymatic activi-
ties of strain Ka43T were investigated with API 50 CH, API 
20 NE and API ZYM kits (bioMérieux) according to the 
manufacturer’s instructions. The API 50 CH and 20 NE tests 
were read after 24–48 h incubation at 25 °C. Hydrolysis of 
mannan, xylan and cellulose was tested by Congo red staining. 
Anaerobic and microaerophilic growth was checked on TSA 
medium using the Anaerocult A and C systems (Merck). The 
physiological characteristics were examined in side- by- side 
analysis of the two related strains, C. gandavensis LMG 18551T 
[11] and C. diazotrophicus LMG 27267T [6].

TSA medium was used for general laboratory cultivation, 
but the novel strain also grows well on Luria–Bertani (LB) 
and Reasoner's 2A (R2A) media, with no growth observed 
on nutrient agar and nitrogen- free medium. After 48 h at 
25 °C, colonies were found to be 2.0–2.5 mm in diameter, 
circular, non- mucoid, smooth and creamy when grown 
on TSA. Cells of strain Ka43T were observed to be Gram- 
reaction- negative, aerobic, positive for oxidase and catalase, 
and rod- shaped. Cells were found to be motile by the means 
of single polar flagellum (Fig. S2), grow in 0.5–3.0 % (w/v) 
NaCl, at a pH range from pH 6.5 to 9.5 and at a temperature 
range between 10 and 35 °C. Optimal growth was observed 
at 25 °C, 0.5 % (w/v) NaCl and pH 8.5. The mean cell size of 
Ka43T is 0.5 µm in diameter and 1.5–2.0 µm long.

According to the API 50 CH test, Ka43T produces acid 
from d- arabinose, methyl β- d- xylopyranoside, d- galactose, 
salicin, melibiose and trehalose but not from potassium 
5- ketogluconate. β-Galactosidase activity, hydrolysis of 
aesculin, assimilation of glucose, arabinose, N- acetyl- 
glucosamine and maltose were demonstrated by using the 
API 20 NE test. In the API ZYM test, strain Ka43T shows 
activities of esterase (C4), leucine arylamidase, naphthol- 
AS- BI- phosphohydrolase, α-glucosidase and N- acetyl-
β-glucosaminidase. Mannan and cellulose hydrolysis 
were proven by Congo red staining on solid medium. 
More detailed phenotypic characteristics for side- by- side 
comparison are given in Table 1.

Analyses of chemotaxonomic traits were carried out by the 
DSMZ Identification Service (Braunschweig, Germany).

The fatty acid profiles of strain Ka43T, C. gandavensis LMG 
18551T and C. diazotrophicus LMG 27267T were analysed on 
active growing cultures on TSA.

According to the DSMZ Identification Service, fatty acid 
methyl esters (FAMEs) were obtained following the method 
of Miller [31] and Kuykendall et al. [32]. FAMEs were sepa-
rated by gas chromatography, detected by a flame ionization 
detector using the Sherlock Microbial Identification System 
(midi) and identified by using the TSBA40 4.10 database 
of the Microbial Identification System. Summed feature 
components were identified thereafter by GC/MS.

The predominant cellular fatty acids of strain Ka43T are 
summed feature 3 (C16 : 1 ω7c/iso- C15 : 0 2- OH; 34.8 %), 
C18 : 1 ω7c (22.0 %) and C16 : 0 (19.4 %). The fatty acid profile 
is similar to that of related strains, in accordance with the 
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Table 1. Differential characteristics of strain Ka43T and type strains of phylogenetically closely related Cellvibrio species

Strains: 1, Ka43T; 2, Cellvibrio diazotrophicus LMG 27267T; 3, Cellvibrio gandavensis LMG 18551T. Data are from this study.

Characteristic 1 2 3

Isolation source Soil Rhizosphere Soil

Cell morphology Straight rod Curved rod Straight rod

Yellow pigment on TSA + − −

Mucoid growth on TSA − − +

Temperature range (optimum) for growth (°C) 10–35 (25) 15–35 (30) 10–30 (25)

Growth with NaCl (optimum) (%) 0.5–3.0 (0.5) 0.5–5.0 (1.0) 0.5–1.0 (1.0)

Acid from (API 50 CH):

  d- Arabinose + − −

  l- Arabinose + + −

  d- Xylose + + −

  Methyl β- d- xylopyranoside + − −

  d- Galactose + − −

  d- Fructose − − +

  N- Acetyl glucosamine + + −

  Amygdalin + − +

  Arbutin + − −

  Salicin + − −

  Maltose + − +

  Lactose + − +

  Melibiose + − −

  Sucrose + − +

  Trehalose + − −

  Inulin − − +

  Raffinose − − +

  Starch + − +

  Gentiobiose + − +

  K-5- Ketogluconate − + +

API 20 NE assay:

  β-Galactosidase + + −

  Glucose + + −

  Arabinose + + −

  N- Acetyl- glucosamine + + −

  Maltose + + −

API ZYM assay:

  Esterase (C4) + − −

  Leucine arylamidase + + −

  α-Glucosidase + − −

  N- Acetyl-β-glucosaminidase + + −

http://doi.org/10.1601/nm.2723
http://doi.org/10.1601/nm.25109
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emended description of the genus Cellvibrio [5, 6, 10, 11]. 
However, the ratios of the different components are different. 
The complete fatty acid composition is shown in Table 2.

The respiratory quinones were extracted from freeze- dried 
material and purified by silica- based solid phase extrac-
tion. Purified samples were further analysed by HPLC and 
a UHPLC- ESI- qTOF system [33, 34]. The only respiratory 
quinone of Ka43T is ubiquinone-8 (Q-8).

Polar lipids were studied according to Tindall et al. 
[33–35]. Strain Ka43T exhibits a complex polar lipid profile 
consisting of phosphatidylethanolamine and phosphati-
dylglycerol as dominant elements and an uncharacterized 
aminolipid, four uncharacterized phospholipids and two 
uncharacterized lipids (Fig. S3). However, the domination 
of phosphatidylethanolamine and phosphatidylglycerol are 
characteristic of the other species in the genus, the presence 
and ratio of minor components are different [5, 10, 36]. 
Regarding polar lipids, the presence of only one aminolipid 
in the profile is a distinctive characteristic.

ECOLOGICAL ROLE AND POLYSACCHARIDE 
DEGRADATION
Members of the genus Cellvibrio are well known for their 
cellulolytic activity and can be isolated from soil, the rhizos-
phere or aquatic environments [5, 7]. According to metabolic 

tests and its ability to grow in different culture media, strain 
Ka43T is a chemoorganotrophic organism. The isolation of 
Ka43T was performed on LBG- containing agar plates, and 
the strain can also use xylan and cellulose as sole carbon 
and energy sources. Cellulose and mannan degradation was 
proved by Congo red staining; however, hydrolization of 
xylan could not be detected.

Regarding cellulose degradation, the strategies of aerobic 
and anaerobic microorganisms differ. Aerobic microbes like 
Ka43T secrete extracellular enzymes with cellulose- binding 
modules into the environment, but anaerobic microbes have 
cell- associated cellulases. Due to the complex structure of a 
plant cell wall, its deconstruction needs the collective work 
of several enzymes. The majority of these enzymes belong 
to the family of glycoside hydrolases (for example endoglu-
canases, exoglucanases, xylanases, etc.), but effectiveness 
can be increased by representatives of other enzyme fami-
lies (for example carbohydrate esterases, polysaccharide 
liases) [37]. Based on genome sequence data, ten glycoside 
hydrolase (GH) genes were identified in Ka43T. According 
to the genome annotation and the Interpro database (https://
www. ebi. ac. uk/ interpro/), one glycosid hydrolase family 9 
(GH9; locus tag: C4F51_07085) and one GH6 (locus tag: 
C4F51_08575) enzyme gene are related to cellulose degrada-
tion. Four genes were found to be associated with mannan 
degradation, two of these belong to the GH26 family (locus 

Table 2. Cellular fatty acid composition of strain Ka43T and type strains of phylogenetically closely related Cellvibrio species

Strains: 1, Ka43T; 2, Cellvibrio diazotrophicus LMG 27267T; 3, Cellvibrio gandavensis LMG 18551T; 4, Cellvibrio zantedeschiae TPY-10T; 5, Cellvibrio 
mixtus ACM 2601T. Data for Ka43T, Cellvibrio diazotrophicus LMG 27267T and Cellvibrio gandavensis LMG 18551T are from this study. Data for Cellvibrio 
zantedeschiae TPY-10T and Cellvibrio mixtus ACM 2601T are from Shue et al. [10]. –, Not detected; tr, trace amount (<1 %).

Fatty acid 1 2 3 4 5

C10 : 0 tr 2.7 1.3 1.5 2.9

C12 : 0 7.2 4.8 4.5 5.8 4.0

C14 : 0 1.3 1.2 tr 6.3 –

C16 : 0 19.4 16.9 22.9 34.1 23.5

C17 : 0 1.7 2.0 1.6 2.3 1.0

C18 : 0 2.3 3.8 1.0 1.9 2.0

C10 : 0 3- OH 2.7 3.5 2.1 1.8 4.9

C12 : 0 2- OH 1.4 2.5 – – or tr – or tr

C12 : 0 3- OH 3.6 4.3 3.3 1.5 2.8

C12 : 1 3- OH – – 3.0 5.8 –

C18 : 1 ω7c 22.0 16.4 20.4 12.3 15.1

C18 : 1 ω9c – – – 1.6 1.5

anteiso- C14 : 0 – – – 2.2 2.5

anteiso- C17 : 1 ω9c – – – – 2.5

cyclo- C19 : 0 ω8c – 1.7 – – or tr – or tr

Summed feature 3 (C16 : 1 ω7c/iso- C15 : 0 2- OH/ C16 : 1 ω6c) 34.8 37.7 37.7 19.8 34.8
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tags: C4F51_06885 and C4F51_11565) and two to the GH5 
family (locus tags: C4F51_13570 and C4F51_03065). Despite 
the fact that xylan degradation could not be detected, three 
GH43 (C4F51_13475, C4F51_03220 and C4F51_03290) and 
one GH10 (Ka43xyl1; locus tag: C4F51_06815) glycoside 
hydrolases related to xylan degradation were also identified. 
Further investigating the ability of strain Ka43T to degrade 
xylan, we cloned and expressed the GH family 10 xylanase as 
described previousliy [38]. The xylanase activity of Ka43xyl1 
on arabinoxylan was proved by reducing sugar assay [39].

In nature, lignocellulose utilization is carried out by multiple 
coexisting cellulolytic species together with many noncel-
lulolytic species. The interaction of enzymes produced by 
several microorganisms assures high effectiveness [40]. 
Ramson- Jones et al. examined the microbial communities 
in a waste disposal dump, and they could identify the genes 
of more than 8000 enzymes participating in the modifica-
tion of carbohydrates [41]. In light of these, strain Ka43T can 
play a role in the breakdown of lignocellulosic plant residues, 
thereby promoting the biogeochemical cycle of carbon in 
agricultural soil.

In soils, the lack of fixed nitrogen and other nutrients may 
limit the microbial growth. Cellvibrio diazotrophicus E50T, the 
closest relative of Ka43T, is able to fix molecular nitrogen [6], 
but strain Ka43T was unable to grow on nitrogen- free medium 
and the nifH gene was not present in its genome.

PROTOLOGUE
In conclusion, strain Ka43T is a member of the genus Cellvi-
brio and shows a number of characteristics that differentiate 
it from other Cellvibrio species. According to 16S rRNA gene 
based phylogenetic trees, strain Ka43T occupies a separate 
lineage in the genus. The 16S rRNA gene sequence similari-
ties to the closest relatives (C. diazotrophicus E50T, 97.16%; 
C. gandavensis R-4069T, 96.36 %) also indicate its distance 
from other species. Distinctness of Ka43T is confirmed by 
the following phenotypic traits: only one aminolipid in the 
polar lipid profile; yellow pigment on TSA; and acid produc-
tion from methyl β- d- xylopyranoside, arbutin and salicin, 
but not from K-5- ketogluconate. Phenotypic, biochemical, 
chemotaxonomic and phylogenetic data of strain Ka43T 
support its classification as representing a novel species of 
Cellvibrio, for which the name Cellvibrio polysaccharolyticus 
sp. nov. is proposed.

DESCRIPTION OF CELLVIBRIO 
POLYSACCHAROLYTICUS SP. NOV.
Cellvibrio polysaccharolyticus ( po. ly. sac. cha. ro. ly' ti. cus. Gr. 
masc. adj. polys many; Gr. neut. n. sakcharon sugar; Gr. masc. 
adj. lytikos dissolving; N.L. masc. adj. polysaccharolyticus 
many sugars dissolving).

Cells are strictly aerobic, Gram- reaction- negative straight 
rods and motile by a single polar flagellum. Grows well 
on TSA, LB and R2A plates, but no growth is observed on 

nutrient agar. Colonies have yellow pigmentation on TSA after 
48 h incubation. Cells are 0.5 µm in diameter and 1.5–2.0 µm 
long. Grows at 10–35 °C (optimum, 25 °C) and NaCl concen-
trations of 0.5–3 w/v % (optimum, 0.5 w/v %). Positive for 
oxidase, catalase, C4 esterase, leucine arylamidase, naphthol- 
AS- BI- phosphohydrolase, N- acetyl-β-glucosaminidase, 
β-galactosidase, α-glucosidase, CM- cellulose and mannan 
hydrolysis. Acid is produced from d- arabinose, l- arabinose, 
d- xylose, methyl β- d- xylopyranoside, d- galactose, d- glucose, 
N- acetyl glucosamine, amygdalin, arbutin, aesculin, salicin, 
cellobiose, maltose, lactose, melibiose, sucrose, trehalose, 
starch and gentiobiose. The major fatty acids are summed 
feature 3 (C16 : 1 ω7c and/or iso- C15 : 0 2- OH), C18 : 1 ω7c and C16 : 0. 
The only respiratory quinone is Q-8. The major polar lipids 
are phosphatidylethanolamine and phosphatidylglycerol. 
The type strain is Ka43T (=LMG 31577T=NCAIM B.02637T), 
which was isolated from an agricultural field on the Great 
Hungarian Plain, Hungary. The DNA G+C content of the type 
strain is 51.6 mol%.
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