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Abstract 35 

Bacterial strains designated MCy10943T and MCy10944T were isolated in 2014 from dried 36 

Nepalese soil samples collected in 2013 from Phukot, Kalikot, Western Nepal and Godawari, 37 

Lalitpur, Central Nepal. The novel organisms showed typical myxobacterial growth 38 

characteristics which include swarming colony and fruiting body formation on solid surfaces, 39 

and a predatory ability to lyse microorganisms. The strains were aerobic, mesophilic, 40 

chemoheterotrophic and showed resistance to various antibiotics. The major cellular fatty 41 

acids common to both organisms were C17:0 2-OH, iso-C15:0, C16:1 and iso-C17:0. The G + C 42 

content of the genomic DNA was 72–75 mol %. Phylogenetic analysis showed that the 43 

strains belong to the family Cystobacteraceae, suborder Cystobacterineae, order 44 

Myxococcales. The 16S rRNA gene sequences of both strains showed 97–98 % similarity to 45 

Archangium gephyra DSM 2261T, Cystobacter violaceus DSM 14727T, and 96.7–97 % to 46 

Cystobacter fuscus DSM 2262T and Angiococcus disciformis DSM 52716T. Polyphasic 47 

taxonomic characterisation suggested that strains MCy10943T and MCy10944T represent two 48 

distinct species of a novel genus, for which the names Vitiosangium cumulatum and 49 

Vitiosangium subalbum are proposed. The type strain of Vitiosangium cumulatum is 50 

MCy10943T (=DSM 102952T =NCCB 100600T) while for Vitiosangium subalbum is 51 

MCy10944T (=DSM 102953T =NCCB 100601T). In addition, the genera Archangium and 52 

Angiococcus, and the family Cystobacteraceae is herewith emended. 53 

 54 

Myxobacteria are regarded as social bacteria exhibiting a unique multicellular lifestyle, and 55 

producing hydrolytic enzymes and antimicrobials which seem important for predation and 56 

survival (Reichenbach, 1999). Many of these organisms were described to produce novel 57 

secondary metabolites with therapeutic potential (Weismann & Müller, 2010; Wenzel & 58 

Müller, 2009). Myxobacterial diversity appears to be correlated with geography (Dawid, 59 

2000) and with under-explored environments (Garcia et al., 2009). In the past decades, the 60 

systematics of myxobacteria was primarily based on phenotypic characteristics such as the 61 

description of growth stages. The morphological characteristics of fruiting bodies, however, 62 

may change or be lost after sub-cultivations under laboratory conditions (Garcia et al., 2010). 63 

Shimkets & Woese (1992) published the first 16S rRNA gene-based phylogenetic analysis of 64 

myxobacteria including 12 strains and 11 species of 10 genera. More comprehensive 65 

phylogenetic analysis of myxobacteria covering 101 strains (including type strains) 66 

representing 3 suborders, 6 families, 20 genera, 46 species, and 12 undescribed novel taxa 67 

(Garcia et al., 2010) which some were later validated to represent novel genera (Garcia et al., 68 
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2014; Garcia et al., 2016). The correlation among taxa of myxobacteria was not only 69 

reflected in their morphology and 16S rRNA gene sequence but also supported by their fatty 70 

acid profile (Garcia et al., 2011). In addition, a polyphasic taxonomic characterization was 71 

performed to delineate a novel taxon from its closest relatives. This paper deals with the 72 

taxonomy of two strains which were isolated from different geographical locations in Nepal. 73 

 74 

Strain MCy10943T and MCy10944T were isolated from Nepalese soil samples. Both strains 75 

were discovered using a novel cultivation approach which is described in the following. 76 

Isolation agar medium was prepared by adding 1 % (v/v) soil extract and supplemented with 77 

levamisole (25 µg ml-1) and cycloheximide (25 µg ml-1). The soil extract was prepared from 78 

the same soil sample used for isolation by suspending 2 g of air-dried sample in 10 ml 79 

distilled water, autoclaved and cooled down to room temperature. Soil residue was allowed to 80 

settle, and the supernatant was used to prepare the medium containing (w/v) 1.5 % Bacto 81 

agar, 25 mM HEPES; pH adjusted to 7.0 with KOH before autoclaving. The standard baiting 82 

technique, i.e. autoclaved Escherichia coli, was spotted on agar as bait in the isolation. The 83 

novel isolates were recognized by their fruiting bodies on agar. Pure isolates were obtained 84 

through repeated transfers of the swarm edge on a mineral salt agar (Shimkets et al., 2006). 85 

The strains were routinely cultivated and maintained temporarily on buffered VY/2 agar 86 

medium (Garcia et al., 2009) at room temperature for 2-3 weeks. Phenotypic growth stages 87 

were studied and documented after cultivation of the strains on buffered VY/2 agar. For 88 

cryopreservation, pieces of agar taken from actively growing swarm colony were placed in 89 

cryotube vials and stored in -80 °C. The novel strains are reactivated by placing the preserved 90 

agar pieces onto a fresh agar medium. For back-up preservation, actively growing vegetative 91 

cells taken from liquid culture were stored in a -80 °C freezer after the addition of 20 % (v/v) 92 

glycerol as cryoprotectant which was followed by a slow freezing process in a Cryo-chamber 93 

(Mr. Frosty®, Nalgene) using cold isopropanol (Garcia & Müller, 2014). Morphology stages 94 

of the strains were documented and determined according to the previous study (Awal et al., 95 

2016). 96 

 97 

Gram-staining (Gerhardt et al., 1981) of vegetative cells and Congo red staining of swarm 98 

colony (McCurdy, 1969) were performed according to established protocols. Catalase, 99 

oxidase, and API ZYM kit (bioMérieux) reactions were performed as described in a previous 100 

study (Awal et al., 2016). The novel strains were cultivated in VTM medium [w/v: 0.2 % 101 

soluble starch (Roth), 0.2 % Bacto casitone, 0.005 % KNO3, 0.1 % MgSO4.7H2O, 0.0008 % 102 
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Fe-EDTA, 25 mM HEPES; adjusted to pH 7.2 with KOH before autoclaving] and closely 103 

related strains were cultivated in AMB medium (Ringel et al., 1977). The myxobacterial 104 

cultures were washed with sterile water before inoculation. The microbial predation using 105 

live microorganisms (Escherichia coli, Micrococcus luteus and Hansenula anomala), and 106 

degradation assays using cellulose, chitin and agar, and hydrolysis of milk casein and soluble 107 

starch were done according to the methods described previously (Awal et al., 2016). 108 

Hydrolysis of Tweens 20 and 80 (Sigma) was tested in buffered VY/2 and Casitone-based 109 

agar at 0.1 % (w/v). Hydrolysis of xylan (Roth) and aesculin (Sigma) was performed 110 

according to Lang et al. (2008). Hydrolysis of urea was tested in Casitone-Urease agar [w/v: 111 

0.1 % Potassium phosphate monobasic (Riedel-de Haën), 0.5 % Urea (Sigma), 0.001 % 112 

Phenol red (Sigma), 0.2 % Bacto casitone, 0.1 % Dextrose (VWR Life Science), 0.05 % 113 

CaCl2.2H2O , 1.5 % Bacto agar].  114 

 115 

Growth responses to different temperatures (4–42 °C) and tolerance to anaerobic growth 116 

condition were analysed according to Awal et al. (2016) but with the inclusion of VTM agar 117 

in the latter test. Antibiotic resistance test was done according to Garcia et al. (2014) but with 118 

the exclusion of rifampicin, apramycin, carbenicillin, tetracycline, streptomycin. Tolerance to 119 

sodium chloride, pH and the ability of the strains to utilise peptone and carbohydrate sources 120 

were performed as described in Awal et al. (2016). Cultures were assessed after cultivation in 121 

a rotary shaker at 180 r.p.m. Sodium chloride tolerance was done in the presence of 0–1.5 % 122 

(w/v) NaCl using 0.5 % (w/v) interval and additionally at 0.1 % (w/v) interval to narrow 123 

down the tolerance limit. Except for temperature tolerance, all tests were incubated for one 124 

week at 30 °C. 125 

 126 

Cellular fatty acid extraction and GC-MS analysis were performed according to the standard 127 

methods for myxobacteria (Gemperlein et al., 2014; Garcia et al., 2011). Strains used for the 128 

analysis were cultivated in 50 ml VTM medium at 180 r.p.m., 5 days. The DNA mol % G + 129 

C content of the novel strains including their closest relative species were determined based 130 

on standard HPLC-MS method, performed after nuclease P1 digestion of the genomic DNA 131 

(Shimelis & Giese, 2006; Li et al., 2003). 132 

 133 

Genomic DNA extraction and 16S rRNA gene amplification were described previously 134 

(Awal et al., 2016). The isolates were grown in VTM medium for genomic DNA isolation. 135 

Based on the 16S rRNA gene sequences of the strains obtained using universal primers, 136 
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specific primers were designed to cover the sequence of the gene towards the 5´ and 3´ ends. 137 

Specially designed primers: MCy10943f (5´-ATGACCAGGGCTACACACG-3´), 138 

MCy10943r (5´-GTCCTCTCAGACCAGCTACC-3´) for strain MCy10943T and MCy10944f 139 

(5´-CGGTCTCAGTTCAGATTGGAG-3´), MCy10944r (5´-140 

CTCAGACCAGCTACCCGTCG-3´) for strain MCy10944T were used for sequencing. 141 

Primers MCy10943f and MCy10943r correspond to E. coli 16S rRNA gene positions 1203–142 

1221 and 276–295 respectively. On the other hand, MCy10944f and MCy10944r were 143 

designed in the region corresponding to E. coli 16S rRNA gene positions 1282–1302 and 144 

271–290 respectively. The pairwise alignment of the 16S rRNA gene sequences with closest 145 

related species in Cystobacteraceae was performed using the EzTaxon database 146 

(http://ezbiocloud.net/eztaxon; Kim et al., 2012). The 16S rRNA gene sequences of 147 

myxobacteria, mostly representing the type strains in the suborder Cystobacterineae and 148 

selected members of Sorangiineae and Nannocystineae, were retrieved from the GenBank. 149 

Sequence alignments of the 16S rRNA gene sequence were performed using the MUSCLE 150 

software (Edgar, 2004) while the distance matrices between sequences were calculated using 151 

the HKY85 (Hasegawa et al., 1985). The phylogenetic tree was constructed using the 152 

PHYML (Guindon & Gascuel, 2003) applying 1000 bootstrap resampling (Felsenstein, 153 

1985), and the 16S rRNA gene sequence of Desulfovibrio desulfuricans DSM 642T 154 

(GenBank accession number: NR_036778) was chosen as an out-group to root the tree. All 155 

these phylogenetic programs are packed in the Geneious Pro 8.1.3 software suite (Drummond 156 

et al., 2010). 157 

 158 

The swarm colonies of the novel isolates produced a slime sheath (Fig 1a, c) which differed 159 

in colour. Strain MCy10943T showed transparent to yellowish-orange colony while 160 

MCy10944T appeared as a transparent to a smoky whitish colour. These colonies are soft and 161 

moved coherently. The colony edges of the novel isolates were composed of flares with wavy 162 

surface appearance (Fig. 1b, d). Vegetative cells were long, slender, phase dark rods with 163 

tapering ends measuring 0.8–0.9 x 6–16 µm (Fig. 2a, e), and were yellowish-orange to 164 

whitish colour for MCy10943T and MCy10944T, respectively. The two novel isolates differed 165 

in fruiting body morphology. Strain MCy10943T formed oval to bean shaped fruiting bodies 166 

(50–100 µm) without sporangiole and were often arranged as clusters or heaped on agar (Fig. 167 

2b, c). The absence of an enclosing wall in the fruiting body is reminiscent of Corallococcus 168 

species, Archangium gephyra and Aggregicoccus edonensis. Strain MCy10944T formed beige 169 

to pale orange, globular, glistening solitary fruiting-body-like mounds (20–500 µm) which 170 

http://ezbiocloud.net/eztaxon
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were commonly held in slime (Fig. 2f, g). Both novel isolates contain slightly refractive 171 

ovoid to short rod myxospores which were desiccation resistant. Strain MCy10943T 172 

myxospores measure 1.0 x 1.5–3.0 µm (Fig. 2d) while MCy10944T measures 1.0 x 2.0 µm 173 

(Fig. 2h). The size and shape of the myxospores produced by the novel isolates appear typical 174 

for members of the Cystobacteraceae (Reichenbach, 2005), thus supporting their phenotypic 175 

clustering within the family. 176 

 177 

The novel strains were Gram-negative, Congo-red, catalase, and oxidase positive. The two 178 

novel isolates shared positive (+3 to +5 colour intensity) API ZYM enzymatic reactions with 179 

alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine 180 

arylamidase, cysteine arylamidase, α-chymotrypsin, acid phosphatase, naphthol-AS-BI-181 

phosphohydrolase. Both novel bacteria were weak positive (+1 to +2 colour intensity) with β-182 

galactosidase, and shared negative reactions in α-galactosidase, β-glucuronidase, α-183 

mannosidase, and α-fucosidase. Strain MCy10943T differed mainly with MCy10944T as it 184 

showed a positive reaction with N-acetyl- β-glucosaminidase and trypsin. Similarly, strain 185 

MCy10944T differed among other closely related species as it showed a negative reaction 186 

with C14 lipase and trypsin (Table 2). 187 

 188 

Lysis of live microorganisms including E. coli, M. luteus and H. anomala were observed with 189 

the novel isolates. Filter paper, chitin and agar were not degraded. Milk casein, soluble 190 

starch, Tweens 20 and 80, and xylan were all hydrolysed by the novel bacteria. The two 191 

novel isolates differ in aesculin test which MCy10943T shows a positive reaction. Urea was 192 

not hydrolysed. Table 2 summarises the differential characteristics of the novel isolates and 193 

their closely related species. 194 

 195 

Growth response to temperatures differed between the two isolates. The largest colony 196 

diameter on buffered VY/2 was seen at 37 °C for MCy10943T while best growth was 197 

observed at 30 °C for MCy10944T. The temperature range for growth was 22–40 °C for 198 

MCy10943T and 18–37 °C for MCy10944T. No growth occurred above 40 °C or below 18 199 

°C. Both strains were characterised aerobic as they failed to grow in an anaerobic jar. The 200 

novel isolates shared similar antibiotic susceptibility patterns by showing resistance to 201 

ampicillin, kanamycin, gentamicin, hygromycin B, trimethoprim, polymyxin, and neomycin, 202 

and showing sensitivity to oxytetracycline, fusidic acid and thiostrepton. Strain MCy10944T 203 

differed from MCy10943T in its sensitivity to spectinomycin, kasugamycin, sodium 204 
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cephalothin and bacitracin. The novel isolates were non-halophilic with a maximum NaCl 205 

tolerance of 0.5 %. Growth was best at neutral to slightly alkaline pH for the novel bacteria. 206 

Strain MCy10943T exhibited growth at pH 6.0–9.5 with an optimum at pH 7.0–8.0 while 207 

MCy10944T showed colony growth at pH 5.5–9 with the optimum at pH 6.5–7.5. 208 

 209 

The novel strains differed distinctly in their nutritional requirement. MCy10943T exhibited 210 

high cell yield in the presence of xylose, galactose, and cellobiose while MCy10944T 211 

exhibited the best growth in the presence of potato starch and arabinose. Both isolates 212 

exhibited good growth with supplementation of soluble starch. MCy10943T grew poorly in 213 

the presence of sorbitol, sucrose, raffinose, arabinose and rhamnose. Poor growth was 214 

observed in MCy10944T after supplementation with sucrose, raffinose, maltose, galactose 215 

and fructose. In peptone supplementation, MCy10943T showed optimal growth in casitone, 216 

tryptone, and soytone; moderate growth in polypeptone, peptone, and proteose peptone, and 217 

no growth were observed with neopeptone and casamino acids. MCy10944T exhibited 218 

optimal growth in tryptone, peptone, and polypeptone, moderate in soytone, proteose 219 

peptone, casitone, and neopeptone, and poor in casamino acids. Complex organic sources 220 

such as meat extract enhanced the growth while yeast and beef extracts supported only a 221 

slight growth of the novel isolates. All inorganic nitrogen sources tested did not induce the 222 

growth of the novel strains. Taken together the nutritional requirements, the novel isolates 223 

can be regarded as chemoheterotrophic bacteria.  224 

 225 

The novel isolates shared nearly identical fatty acids profiles with major cellular fatty acids 226 

iso-C15:0 (12.8 % in MCy10943T, 20.3 % in MCy10944T), iso-C17:0 2-OH (20.9 % in 227 

MCy10943T, 26.6 % in MCy10944T) and C16:1 (14.8 % in MCy10943T, 11.3 % in 228 

MCy10944T). The two novel myxobacteria differ in C16:0 and iso-C15:0. Strain MCy10943T 229 

contained twice the amount of C16:0 and much less iso-C15:0 compared with MCy10944T 230 

(Table 1). The closest fatty acid pattern was determined with the Archangium-Cystobacter 231 

cluster (Garcia et al., 2011) where branched-chain fatty acids dominate over the straight-232 

chained type (Table 2).  The novel stains differ in the pattern of major cellular fatty acids 233 

compared with related genera and species within the Archangium-Angiococcus-Cystobacter 234 

clade (Table 2). 235 

 236 

The novel isolates show a high DNA G + C content (72.5–74.6 mol %) which appear typical 237 

for myxobacteria. Strain MCy10944T differed with strain MCy10943T for a slightly higher 238 
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amount of mol % G + C content (Table 2). The BLASTn analysis of the 16S rRNA gene 239 

sequence of MCy10943T in EzTaxon (Kim et al., 2012) showed pairwise similarities with A. 240 

gephyra DSM 2261T (DQ768106), C. miniatus DSM 14712T (DQ768111), C. violaceus DSM 241 

14727T (DQ768114), C. minus DSM 14751T (AJ233903), C. badius DSM 14723T 242 

(DQ768108) and A. disciformis DSM 52716T (GU207873) to be 97.7 %, 97.5 %, 97.4 %, 243 

97.3 %, 97.1 % and 97.0 % respectively. On one hand, the pairwise similarities for the 16S 244 

rRNA gene sequence of MCy10944T were 98.3 % for C. violaceus DSM 14727T 245 

(DQ768114), 97.8 % for C. minus DSM 14751T (AJ233903), 97.4 % for A. gephyra DSM 246 

2261T (DQ768106) and C. badius DSM 14723T (DQ768108). Strain MCy10943T and 247 

MCy10944T showed 97.9 % 16S rRNA gene sequence similarity. Phylogenetic analysis 248 

based on 16S rRNA gene sequence (Fig. 3) showed that the two novel strains cluster together 249 

in a unique new clade within the Cystobacteraceae, suborder Cystobacterineae.  250 

 251 

Just like the next related family (Myxococcaceae) of the novel isolates, members of the 252 

Cystobacteraceae show a high percentage of similarity (96–98 %) in the 16S rRNA gene 253 

sequence. Despite this high percentage similarity, five genera were validly described in 254 

Cystobacteraceae (Reichenbach 2005). Myxobacteria are unique among prokaryotes for their 255 

complex morphological characteristics so that species can be grouped into genera based on 256 

their phenotypic characteristics which overall were strongly supported by molecular 257 

phylogeny (Garcia et al., 2010; Spröer et al., 1990), fatty acid profile (Garcia et al., 2011) 258 

and other physio-chemical characters. Although the Archangium-Angiococcus-Cystobacter 259 

(C. violaceus, C. minus) cluster shows a high percentage of similarity (98.4–98.9 %) in the 260 

16S rRNA gene sequence, the novel isolates appear to occupy a separate clade distinct to 261 

these three described genera. In addition, the distinction of the novel isolates to the next 262 

related species appears supported by polyphasic characters (Table 2), which lead us to 263 

propose two novel species and a novel genus (Vitiosangium gen. nov.). 264 

 265 

Description of Vitiosangium gen. nov. 266 

Vitiosangium (Vi.ti.os.an′gi.um. L. adj. vitiosus defect; Gr. neut. n. angion vessel, container; 267 

N.L. neut. n. Vitiosangium defect vessel, referring to the scarcity of sporangioles in fruiting 268 

bodies and fruiting bodies like aggregates).  269 

 270 

Vegetative cells are phase dark, long and flexuous rods with tapered ends. Mesophilic, 271 

chemoheterotrophic and aerobic. Swarm forms halo around the colony in buffered yeast agar 272 
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and move by gliding. The colony appears as film, thin and transparent with flare colony 273 

edges, and stains with Congo-red. Myxospores are slightly refractile, short rods to oval, and 274 

desiccation resistant. Fruiting bodies or fruiting body-like aggregates lack sporangioles. 275 

Lyses bacteria and yeast. Lacks cellulolytic, chitinolytic, and agarolytic activities. Vegetative 276 

cells are catalase- and oxidase-positive. Contains a high amount of iso-C17:0 2-OH, iso-C15:0, 277 

C16:1 and iso-C17:0. Clusters within the Cystobacteraceae family, suborder Cystobacterineae in 278 

the 16S rRNA gene phylogeny. The G + C content ranges 72.0–75.0 mol %. The type species 279 

is Vitiosangium cumulatum. 280 

 281 

Description of Vitiosangium cumulatum sp. nov.   282 

Vitiosangium cumulatum (cu.mu.la′tum L. neut. adj. heaped, referring to the arrangement of 283 

fruiting bodies). 284 

 285 

Exhibits all the characteristics of the genus. Vegetative cells measure 0.8–0.9 x 7.0–16.0 µm. 286 

Swarm colonies vary from transparent to yellowish-orange colour on buffered VY/2 agar. 287 

Fruiting bodies are not enclosed in sporangioles, and the shape varies from oval to bean 288 

shaped (50–100 µm), often appearing as clusters or heap. Myxospores measure 1.2–1.5 x 289 

1.5–3.0 µm. Mesophilic, aerobic, and tolerates a wide pH range (6.0–9.5) with optimal 290 

growth at pH 7.0–8.0. NaCl is inhibitory at above 0.6 %. Hydrolyses milk casein, soluble 291 

starch, gelatin, Tweens 20 and 80, xylan and aesculin. Exhibits good growth in casitone, 292 

tryptone, soytone and meat extract. Grows best with xylose, soluble starch, galactose and 293 

cellobiose. Shows positive reactions in the API ZYM kit (+3 to +5 colour intensity) for 294 

alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine 295 

arylamidase, cysteine arylamidase, trypsin, α-chymotrypsin, acid phosphatase, naphthol-AS-296 

BI-phosphohydrolase, β-glucosidase, and N-acetyl-β-glucosaminidase, weak positive 297 

reactions (+1 to +2 colour intensity) for C14 lipase, β-galactosidase, and negative reactions 298 

for α-galactosidase, β-glucuronidase, α-glucosidase, α-mannosidase and α-fucosidase. 299 

Resistant to ampicillin, kanamycin, gentamicin, hygromycin B, trimethoprim, polymyxin, 300 

neomycin, spectinomycin, kasugamycin, sodium cephalothin and bacitracin. Sensitive to 301 

oxytetracycline, fusidic acid, thiostrepton. Major cellular fatty acids are iso-C17:1 2-OH, 302 

C16:1, iso-C15:0 and iso- C17:0. 303 

 304 
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The type strain is MCy10943T (=DSM 102952T =NCCB 100600T), isolated in 2014 from a 305 

Nepalese soil sample collected in 2013. The DNA G + C content of the type strain is 72.5 306 

mol %. 307 

 308 

Description of Vitiosangium subalbum sp. nov.   309 

Vitiosangium subalbum (sub.al′bum. L. neut. adj. subalbum whitish). 310 

 311 

Exhibits all the characteristics of the genus. Vegetative cells measure 0.8–1.0 x 6.0 –16.0 µm. 312 

Swarm colonies vary from transparent to smoky whitish colour on buffered VY/2 agar. 313 

Fruiting body-like aggregates are beige to pale orange colour and appearing as solitary 314 

mounds (20–200 µm). Myxospore-like cells appear oval to small rod measuring 1.0 x 2.0 µm. 315 

Tolerates a wide pH range (5.5–9.0) with optimal growth at the neutral value (pH 7.0). Lyses 316 

E. coli, M. luteus and H. anomala. NaCl inhibits growth at above 0.5 %. Hydrolyses milk 317 

casein, soluble starch, xylan, Tween 20 and 80. Exhibits good growth in tryptone, peptone, 318 

polypeptone, meat extracts and yeast extracts. Grows best with soluble starch and arabinose. 319 

Shows API ZYM kit positive reactions (+3 to +5 colour intensity) with alkaline phosphatase, 320 

C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cysteine 321 

arylamidase, α-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, weak 322 

positive reactions (+1 to +2 colour intensity) for β-galactosidase, α-glucosidase, β-323 

glucosidase, and negative reactions for C14 lipase, trypsin, α-galactosidase, β-glucuronidase, 324 

N-acetyl-β-glucosaminidase, α-mannosidase, and α-fucosidase. Resistant to ampicillin, 325 

kanamycin, gentamicin, hygromycin B, trimethoprim, polymyxin, and neomycin. Sensitive to 326 

oxytetracycline, fusidic acid, thiostrepton, spectinomycin, kasugamycin, sodium cephalothin 327 

and bacitracin. Major cellular fatty acids are iso-C17:0 2-OH, C16:1 and iso-C15:0.  328 

 329 

The type strain is MCy10944T (=DSM 102953T =NCCB 100601T), isolated in 2014 from a 330 

Nepalese soil sample collected in 2013. The DNA G + C content of the type strain is 74.6 331 

mol %. 332 

 333 

Emended description of the genus Archangium Jahn 1924 AL 334 

Show all the morphological characteristic features described by Jahn (1924) and McCurdy 335 

(1974), with long, thin and flexuous needle-shaped vegetative rod cells with tapered ends. 336 

Fruiting bodies are hard and lacking sporangiole which contain short rod myxospores. Swarm 337 

colony cannot degrade the agar and may appear slimy. Stains Gram-negative and Congo red 338 
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positive. Exhibits oxidase-positive, catalase-positive, and aesculin-negative reaction. 339 

Hydrolyse Tween 20 and 80, starch, xylan, urea and milk casein. Lacks ability to decompose 340 

chitin, cellulose and agar. The major cellular fatty acids are C16:1ω5c, iso-C15:0, C16:0, and iso-341 

C15:0 DMA, and predominantly contain branch-chain type fatty acid. The type species is 342 

Archangium gephyra. 343 

 344 

Emended description of the genus Angiococcus (ex Jahn 1924) Hook et al. 1980 345 

Show all the morphological characteristic features described by Thaxter (1904), Jahn (1924) 346 

and Hook et al. (1980), with long and flexuous vegetative rod cells with tapered ends. 347 

Fruiting bodies are composed of sporangioles which many in flattened disk-shaped and 348 

contain irregularly spheroidal myxospores. Swarm colony appears thin forming concentric 349 

rings and radial folds. Stains Gram-negative and Congo red-positive. Exhibits oxidase-350 

negative, catalase-positive and aesculin-negative reaction. Hydrolyse Tween 20 and 80, 351 

starch, xylan, urea and milk casein. Lacks ability to decompose chitin, cellulose and agar. 352 

The major fatty acids are iso-C15:0, iso-C17:0 2OH, C16:1ω5c, C16:0, and iso-C17:0, and 353 

predominantly contain branch-chain type fatty acid. The type species is Angiococcus 354 

disciformis.  355 

 356 

Emended description of the family Cystobacteraceae McCurdy 1970 AL 357 

Includes currently the genera Angiococcus, Archangium, Cystobacter, Hyalangium, 358 

Melittangium and Stigmatella. 359 

 360 

Vegetative cells are phase-dark and flexuous rod shaped cells with tapered ends. Fruiting 361 

bodies may appear as sporangiole or borne naked which contain rod and spheroidal 362 

myxospores. Swarm colonies often exhibit radial vein patterns which do not etch and degrade 363 

the agar. Aerobic, adsorb Congo-red stain, and hydrolyse starch and xylan. Lyse bacteria and 364 

yeast. Do not degrade cellulose. The type genus is Cystobacter. 365 

 366 
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Table 1. Cellular fatty acid profile of MCy10943T, MCy10944T after cultivation in VTM 491 

medium. Fatty acids with nearly or more than 10 % of the total are marked in bold. -, Not 492 

detected; DMA, dimethylacetal; OAG, O-alkylglycerol. 493 

 494 

Fatty acids MCy10943T MCy10944T 

Straight chain   

C10:0 0.2 0.2 

C12:0 0.1 - 

C14:0 3.9 1 

C14:1  0.8 0.5 

C15:0 0.3 0.4 

C16:0 11.4 5.5 

C16:1  14.8 11.3 

C18:0 0.4 0.6 

C14:0 3-OH 0.2 0.2 

C16:0 3-OH 0.1 0.1 

C16:0 2-OH 0.6 1.6 
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C12:0 DMA - - 

C14:0 DMA - - 

C16:0 DMA - - 

C16:1 DMA - 0.2 

C14:0 OAG - - 

C16:0 OAG 0.2 0.1 

C16:1 OAG - - 

PUFAs   

C16:2 0.4 0.1 

C18:1 ω 9 cis - 0.9 

Total SCFA 33.4 22.7 

Branched chain   

iso-C11:0 0.1 0.2 

iso-C13:0 0.4 0.5 

iso-C14:0 0.2 0.5 

iso-C15:0 12.8 20.3 

iso-C15:1 0.3 0.1 

iso-C16:0 7.2 5.1 

iso-C17:0 10.4 8.3 

iso-C17:1 0.4 2.4 

iso-C15:0 3-OH 1.4 2.7 

iso-C16:0 2-OH 1.2 0.1 

iso-C17:0 2-OH 20.9 26.6 

iso-C18:0 2-OH 0.1 0.1 

iso-C15:0 DMA 3.7 5.8 

iso-C15:0 OAG 7.1 4.4 

iso-C16:0 OAG - 0.1 

iso-C17:0 OAG 0.1 0.1 

Total BCFA 66.3 77.8 

     495 
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 Table 2. Differential characteristics of MCy10943T and MCy10944T against closely related species of Angiococcus, Archangium and Cystobacter 496 

    Strains     

Characteristics 1 2 3 4 5 6 7 8 

Sporangiole absent absent present absent present present present present 

Fruiting body shape oval to 

bean-

shaped 

mound to 

globular 

often disk cushion, 

ridge- 

shaped 

oval to 

spherical 

oval to 

spherical  

spherical spherical to 

ellipsoidal 

Myxospore shape oval to 

short rods 

oval to 

short rods 

irregularly 

spheroid 

short rods short rods 

to 

spherical 

short rods slender 

rods, often 

slightly C- 

or S-shaped 

slender rods, 

often slightly 

C- or S-

shaped 

Catalase + + + + w+ + + + 

Oxidase + + - + w+ w+ - - 

Chitin - - - - + + ND  + 

Tween 80 + + + +  - - +++ +++ 

Aesculin + - -  - + + + + 

Urease* - - ++ + - - +++ +++ 

Temperature growth 

range (°C) 

22-40 18-37 16-37 22-37 16-39 22-37 ND 18-37 

Antibiotics tolerance  
(50μg/mL) 

        

Ampicillin + + ND + + - + + 

Kanamycin + + - - - + - - 

Hygromycin + + - + + + + + 

Spectinomycin + - - - + + - - 

Kasugamycin + - - + + - - - 

Sodium cephalothin + - - + - - - - 

Bacitracin + - - + + + + + 

NaCl tolerance (%, w/v)         

0.5 + + - + + + + + 
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 497 

1.0 - - - + + - + + 

1.5 % - - - - + - - + 

pH tolerance 6-9.5 5.5-9 6-9 6-9 6-9 7-9 6-9 6-9 

Fatty acids**         

Major FA types (>10%) iso-C17:0 2OH iso-C17:0 2OH iso-C15:0 C16:1ω5c C16:1ω5c C16:1ω5c C16:1ω5c C16:1ω5c 

 C16:1 iso-C15:0 iso-C17:0 2OH iso-C15:0 iso-C15:0 iso-C15:0 iso-C15:0 iso-C15:0 

 iso-C15:0 C16:1 C16:1ω5c C16:0 iso-C17:0 2OH iso-C17:0 2OH iso-C17:0 2OH iso-C17:0 2OH 

 C16:0  iso-C17:0 iso-C15:0 DMA C16:0 iso-C15:0 OAG  C16:0 

 iso-C17:0       iso-C15:0 OAG 

Total BCFA (%) 66.3 77.8 74.7 54.0 55.2 61.9 60.6 57.8 

Total SCFA (%) 33.4 22.7 25.3 46.0 44.7 38.1 39.3 47.2 

G + C (Mol %) 72.5 74.6 73.6 58.4 71.1 73.0 ND 68.6 

API ZYM***           

Esterase (C4) +4 +4 + 4 +4 +2 +4 +3 +3 

Esterase lipase (C8) +4 +4 +3 +4 +4 +4 +4 +3 

Lipase (C14) +1 - +1 +1 +1 +1 +1 +1 

Valine arylamidase +5 +5 +5 +5 +5 +5 +5 +4 

Cysteine arylamidase +3 +3 +2 +3 +3 +3 +2 +3 

Trypsin +5 - +2 +3 +4 +1 +1 +2 

α-chymotrypsin +3 +3 +2 +5 +3 +2 +2 +5 

Naphthol-AS-BI 

phosphohydrolase 

+4 +5 +5 +5 +5 +5 +5 +5 

β-galactosidase +2 +1 +2 +1 +3 +1 +2 +5 

β-glucuronidase - - - - +1 - - - 

α-glucosidase - +1 - - +1 - +3 +4 

β-glucosidase +5 +1 +2 +4 +5 +3 +5 +5 

N-acetyl-β-

glucosaminidase 

+5 - - - +5 +4 +5 +5 

α-mannosidase - - - - - - +5 +5 
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Legend: 1, MCy10943T; 2, MCy10944T; 3, A. disciformis DSM 52716T; 4, A. gephyra DSM 2261T; 5, C. minus DSM 14751T; 6, C. violaceus 498 

DSM 14727T; 7, C. badius DSM 14723T; 8, C.fuscus DSM 2262T; w+, weakly positive, +, positive, -, negative; ND, not determined; OAG, O-499 

alkylglycerol; DMA, dimethylacetal. Strain 1 to 8 hydrolyses casein, starch, Tween 20, xylan; resist gentamycin, neomycin, polymyxin, 500 

trimethoprim; share APIZYM positive (+5) reaction to alkaline and acid phosphatase, leucine arylamidase, and show negative reaction with α-501 

galactosidase and α-fucosidase; unable to degrade agar and cellulose; show sensitivity to fusidic acid, oxytetracycline and thiostrepton. 502 

* -, Negative; +, Moderate, ++, Good; +++, Very good 503 

** Except for 1 (MCy10943T) and 2 (MCy10944T), data were sourced from Garcia et al., 2011.  504 

***+1 to +5 refers to the APIZYM colour intensity of the reaction. +5, the strongest reaction 505 
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Figure Legends 506 

 507 

Fig. 1. Photographs of colony morphology of MCy10943T (a, b) and MCy10944T (c, d) 508 

obtained by stereomicroscopy (b, d). (a) The swarming colony on buffered VY/2 agar 509 

medium was cultivated at 30 °C for two weeks. (b) Coherent swarm with scattered ripples, 510 

and flares at the colony edge. (c) Swarming colony formed around inoculated agar block on 511 

buffered VY/2 agar cultivated at 30 °C for one week. (d) Swarm pattern showing waves of 512 

veins and flares at the edge. Bars, 1 cm (a, c) and 500 µm (b, d). 513 

 514 

Fig. 2. Photographs of cell morphologies of MCy10943T (a-d) and MCy10944T (e-h), 515 

obtained by stereomicroscopy (b, c, f, g) and phase-contrast microscopy (a, d, e, h). (a) Slide-516 

mount of vegetative cells taken from the colony edge on buffered VY2 agar. (b) Fruiting 517 

bodies on a VY/2 agar surface. (c) Fruiting bodies with irregular huddles without a distinct 518 

wall. (d) Optically refractile myxospores released from pressed fruiting bodies. (f) Slide-519 

mount of vegetative cells taken from the colony edge of MCy10944T on buffered VY2 agar. 520 

(f) Scattered Fruiting body-like aggregates on an agar surface. (g) Fruiting body-like 521 

aggregate on the agar-medium surface. (h) Optically refractile myxospores released from the 522 

pressed fruiting body-like aggregate (encircled). Bars, 20 µm (a, e), 500 µm (b, c), 200 µm (f, 523 

g) and 10 µm (d, h). 524 

 525 

Fig. 3. Maximum-likelihood phylogenetic tree based on 16S rRNA gene sequences showing 526 

the position of the novel isolates MCy10943T and MCy10944T in the suborder 527 

Cystobacterineae. GenBank accession numbers are shown in parentheses. Values at branch 528 

points indicate bootstrap support as percentages based on 1000 resamplings. Only values 529 

greater than 60 % are shown.  Desulfovibrio desulfuricans DSM 642T was used as an out-530 

group to root the tree. Bar, 0.05 substitutions per nucleotide position.  531 

 532 
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