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maximum-likelihood; MP, maximum-parsimony; NJ, neighbour-joining; OGRI, 24 

overall genome related index. 25 
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Strain M8-2T, which was isolated from the brackish lake water (Lake Sanaru) in 26 

Japan, was characterized for representation of novel species in the genus 27 

Algoriphagus. Cells of strain M8-2T were aerobic, Gram-stain-negative, and 28 

curved rod shaped (0.2-0.5 μm in width, 0.7-1.9 μm in length). Strain M8-2T 29 

grew optimally at 30ºC, pH 6.5-7.5 and in the presence of 0.5-1.0% (w/v) NaCl. 30 

MK-7 was a sole isoprenoid quinone for strain M8-2T. The major polar lipids 31 

were phosphatidylethanolamine, an unidentified phospholipid, and an 32 

unidentified polar lipid. The predominant cellular fatty acids were iso-C15:0 and 33 

anteiso-C15:0. Phylogenetic analysis based on 16S rRNA gene sequence 34 

showed that strain M8-2T belonged to the genus Algoriphagus and closely 35 

related to Algoriphagus aquatilis A8-7T, Algoriphagus boseongensis BS-R1T, 36 

Algoriphagus aquaeductus T4T, Algoriphagus olei CC-Hsuan-617T, 37 

Algoriphagus shivajiensis NIO-S3T and Algoriphagus mannitolivorans DSM 38 

15301T with sequence similarity of 96.6-97.4%. Results of average nucleotide 39 

identities (<75%) and digital DNA–DNA hybridization (<19%) showed that M8-2T 40 

was discriminative from its phylogenetic relatives. Based on the acid production, 41 

the predominant cellular fatty acid composition, the DNA G+C content and 42 

phylogenetic position, a novel species in the genus Algoriphagus, for which the 43 

name Algoriphagus sanaruensis sp. nov. is proposed for strain M8-2T (=JCM 44 

31446T =LMG 29969T).  45 
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The genus Algoriphagus, a member of the family Cyclobacteriaceae, the order 46 

Cytophagales of the phylum Bacteroidetes, was first proposed with 47 

Algoriphagus ratkowskyi as a single type species [1]. At the time of writing, the 48 

genus Algoriphagus was composed of 39 species as validly published names 49 

[2] (http://www.bacterio.net/algoriphagus.html). In 2017, six species were newly 50 

proposed among genus Algoriphagus [3-8]. These species were isolated from 51 

various environment such as a estuary sediment [3], freshwater lake [9], 52 

seawater [10], tidal flat [11], soil [12, 13], marine sediment [4], 53 

hexachlorocyclohexane-contaminated dumpsite [14], marine solar saltern [15] 54 

and mangrove sediment [16]. In our previous study, strain M8-2 was isolated as 55 

one of the 141 ‘filterable’ bacteria, which passed through a 0.22 μm pore size 56 

filter, from Lake Sanaru, a brackish lake in Hamamatsu, Shizuoka, Japan 57 

(E137°41′15″, N34°42′30″) [17]. In this study, we characterized strain M8-2 as a 58 

representative of a novel species of the genus Algoriphagus. 59 

Strain M8-2T was routinely cultivated on Marine agar 2216 (MA) (Difco, BD 60 

Bioscience) for 6 days at 30ºC. Cells of strain M8-2T was aerobic, non-spore-61 

forming, non-motile and curved rod-shaped. Gram staining was negative by 62 

using the Gram-staining kit (FUJIFILM Wako Pure Chemical Corp.). Colonies of 63 

strain M8-2T are circular, convex and coral with 1.5-2.0 mm diameter on MA 64 

plate after 5-6 days of cultivation. Catalase reaction was tested by placing drops 65 

of 3% (v/v) H2O2 solution directly on the cells cultivated on MA and observing 66 

gas evolution. Oxidase reaction was tested by using a Cytochrome Oxidase 67 

Test Strip (Nissui). Catalase and oxidase reaction were positive. To confirm that 68 
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strain M8-2T was smaller than the pore size of the filter, the colonies of the 69 

strain on MA plate were stained with 2% (w/v) ammonium molybdate on 70 

electron microscopy grids. Then, they were observed with transmission electron 71 

microscopy (TEM: JEM-2000FX-II) at 160 kV. The cells of M8-2T showed 72 

curved rod-shaped and 0.2-0.5 μm wide and 0.7-1.9 μm long (Fig. 1). No 73 

flagellation was observed with TEM (Fig. 1). 74 

Temperature ranges (4ºC and 10-50ºC at 5ºC intervals) and pH ranges (3.5-75 

10.5, in increments of pH 0.5 units by the addition of HCl or NaOH) for growth of 76 

strain M8-2T were tested in Marine Broth 2216 (Difco, BD Bioscience). The pH 77 

of each medium was adjusted after autoclaving them. The pH was also majored 78 

when the strain M8-2T start to grow in the media to confirm whether it was 79 

maintained at that time. The longest incubation time was 4 months. Its growth 80 

temperature ranged from 15 to 40ºC, with an optimum of 30ºC and the pH 81 

range was 6.0-9.0, with an optimum pH range being 6.5-7.5. Salinity ranges for 82 

growth were tested using marine broth omitted NaCl, whose compositions were: 83 

5.0 g/L polypeptone, 1.0 g/L yeast extract, 0.1 g/L ferric citrate, 5.9 g/L 84 

magnesium chloride, 3.2 g/L magnesium sulfate, 1.8 g/L calcium chloride, 0.55 85 

g/L potassium chloride, 0.16 g/L sodium bicarbonate, 0.08 g/L potassium 86 

bromide. The 0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 or 10.0% (w/v) NaCl 87 

was added the above broth, and strain M8-2T grew in the broth with 5.0% (w/v) 88 

or less. The optimum salinity for its growth was 0.5-1.0% (w/v) NaCl. 89 

Physiological and biochemical characterizations were conducted using API 90 

ZYM and API 50 CH (bioMérieux). These characteristics of M8-2T are shown in 91 

Table 1 and the species description. 92 
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The major isoprenoid quinone of strain M8-2T was determined by the HPLC 93 

method described by Komagata & Suzuki [18]. In brief, the quinone was 94 

extracted from the lyophilized cells by chloroform:methanol (2:1). Then, filtered 95 

and concentrated sample was purified by TLC. The resultant sample was 96 

subjected to HPLC [LC-20AD and SPD-M20A (SHIMADZU)] with COSMOSIL 97 

5C18 column. The detection was performed with 270 nm UV. The polar lipids 98 

pattern of the strain was determined by using two-dimensional TLC and 99 

spraying with 5% ethanolic molybdophosphoric acid, ninhydrin, Dittmer & Lester 100 

reagent, anisaldehyde reagent and Dragendoff’s reagent, as described 101 

previously [19, 20]. The Sherlock Microbial Identification System (MIDI) version 102 

6 (Microbial ID; Agilent Technologies) was used for identifying and quantifying 103 

the cellular fatty acids of strain M8-2T based on the previous method [21]. Strain 104 

M8-2T contained menaquinone-7 (MK-7) as a sole isoprenoid quinone. The 105 

polar lipids of strain M8-2T mainly comprised phosphatidylethanolamine, an 106 

unidentified phospholipid, and an unidentified polar lipid (Figs. 2 and S1). The 107 

percentages of detected fatty acids are shown in Table 2. The predominant 108 

cellular fatty acids of strain M8-2T were iso-C15:0 (36.7%) and anteiso-C15:0 109 

(11.5%). The DNA G+C content of strain M8-2T was 41.4 mol% based on the 110 

complete nucleotide sequence, which was already published [22]. The genome 111 

size of M8-2T has a single 3,882,610-bp chromosome with 3,377 coding 112 

sequences, nine sets of rRNA genes, and 40 tRNA genes [22].  113 

Phylogenetic analyses were performed by the neighbour-joining method [23] 114 

(Kimura 2-parameter method [24]), the maximum likelihood method (Tamura-115 
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Nei model [23]), the minimum-evolution method [25] (Kimura 2-parameter 116 

method [24]), and the maximum-parsimony method with ClustalW [26] in MEGA 117 

7.0 [27]. According to the complete sequence of strain M8-2T 118 

(GenBank/DDBJ/EMBL accession no. CP012836, [22]) it has three identical 119 

sequences of 16S rRNAs at 1798630-1800155 nt, 3812980-3811455 nt, and 120 

3882483-3880958 nt. Based on the comparisons of 16S rRNA gene sequences, 121 

strain M8-2T belonged to the genus Algoriphagus (Figs. 3 and S2). Strain M8-2T 122 

located near Algoriphagus aquatilis A8-7T [9], Algoriphagus boseongensis BS-123 

R1T [28], Algoriphagus aquaeductus T4T [29], Algoriphagus olei CC-Hsuan-617T 124 

[12], Algoriphagus shivajiensis NIO-S3T [30] and Algoriphagus mannitolivorans 125 

DSM 15301T (=JC2050T) [31, 32], whose nucleotide sequence similarities of 126 

16S rRNA gene were 97.4%, 96.9%, 96.8%, 96.8%, 96.6% and 96.6%, 127 

respectively {the reference data were obtained from EzBioCloud server 128 

(https://www.ezbiocloud.net/identify) [33]}. These similarities were lower than 129 

the cut-off value recommended for species differentiation (98.7-99.0 % [34]). 130 

Then, overall genome related index (OGRI) was calculated according to a 131 

recent proposal by Chun and colleagues [35]. Available whole genomic data of 132 

closely rerated strains T4T (accession no. QKTX01), DSM15301T (accession 133 

no. AUBV01) and several other strains A. zhangzhouensis DSM 25035T 134 

(FRXN01), A. vanfongensis DSM 17529T (AUBX01), A. faecimaris DSM 23095T 135 

(FNAC01), A. terrigena DSM 22685T (AUBW01), A. marinus am2T (MSPQ01), 136 

A. halophilus DSM 15292T (FSRC01), and A. resistens NH1T (LMXN01) were 137 

used to calculate the OGRI. The average nucleotide identity (ANI) was 138 

calculated by using OAT software [36] and in silico DNA-DNA hybridization 139 
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(DDH) analyses were performed by using Genome-to-Genome Distance 140 

Calculator 2.1 [37] (http://ggdc.dsmz.de/ggdc.php). The ANI values of strain M8-141 

2T with them were less than 75%, 73.28% with strain DSM 15301T and 74.81% 142 

with strain T4T (Table S2). The results of DDH showed less than 20%, 17.2% 143 

with strain DSM 15301T and 18.3% with strain T4T (Table S2). These results 144 

clearly indicated that strain M8-2T could be assigned as different species of 145 

them. 146 

Morphological, biochemical and physiological characteristics of strain M8-2T, 147 

along with those of members of the phylogenetically related taxa, are 148 

summarized in Table 1. In strain M8-2T, acid production was weakly confirmed 149 

from xylose and N-acetyl-D-glucosamine. Furthermore, strain M8-2T differed in 150 

the composition of major cellular fatty acids from the related bacteria as shown 151 

in Table 2; e.g. the ratio of anteiso-C15:0 of strain M8-2T was highest than those 152 

of related species. The DNA G+C content of strain M8-2T was lower than those 153 

of members of the genus Algoriphagus (Table 1). Therefore, strain M8-2T 154 

should be classified as the representative of a new species within the genus 155 

Algoriphagus. We proposed that strain M8-2T represent a novel species, for 156 

which, the name Algoriphagus sanaruensis sp. nov. is proposed. 157 

Description of Algoriphagus sanaruensis sp. nov. 158 

Algoriphagus sanauensis (sa.na.ru.enˊsis. N.L. masc.adj. sanaruensis of or 159 

belonging to Lake Sanaru, Hamamatsu, Japan, referring to the isolation of the 160 

type strain). 161 
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Aerobic bacterium. Cells are curved rod shaped (0.2-0.5 μm in width and 0.7-162 

1.9 μm in length). Catalase-positive and oxidase positive. Colonies are circular, 163 

convex and coral on MA after 5 days of cultivation. The temperature for growth 164 

is 15-40ºC with an optimum growth at 30ºC. Grows at pH 6.0-9.0 with an 165 

optimum around pH 6.5-7.5. Growth occurs 5.0% (w/v) NaCl or less. In assays 166 

with API 50 CH, the acid was produced (positive) for D-galactose, D-glucose, D-167 

fructose, D-mannose, amygdalin, arbutin, esculin ferric citrate, salicin, D-168 

cellobiose, D-maltose, D-lactose, D-melibiose, D-sucrose, D-trehalose, D-169 

melezitose, D-raffinose, starch and gentiobiose, weakly positive for D-xylose, L-170 

xylose, methyl-β-D-xylopyranoside, L-sorbose, L-rhamnose, methyl-α-D-171 

mannopyranoside, methyl-α-D-glucopyranoside, N-acetylglucosamine, inulin, 172 

glycogen, D-turanose and D-lxyose. In assays with API ZYM MicroPlates, 173 

positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, 174 

trypsin, α-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, 175 

α-galactosidase, β-galactosidase, α-glucosidase, β-glucosidase and N-acetyl-β-176 

glucosaminidase, weakly positive for esterase (C4), esterase lipase (C8), and 177 

cystine arylamidase. The major menaquinone is MK-7. The main polar lipids 178 

were phosphatidylethanolamine, an unidentified phospholipid, and an 179 

unidentified polar lipid. The predominant cellular fatty acids were iso-C15:0 and 180 

anteiso-C15:0. 181 

The type strain is M8-2T (=JCM 31446T =LMG 29969T), which was isolated from 182 

a brackish lake (Lake Sanaru) in Hamamatsu, Japan. The DNA G+C content of 183 

the type strain is 41.4 mol% (Genome sequence)  184 
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Table 1. Differential characteristics of strain M8-2T and related species. 307 

Strains: 1, Algoriphagus sanaruensis sp. nov. M8-2T; 2, A. boseongensis BS-R1T [28]; 3, A. mannitolivorans DSM 15301T [31, 32]. 308 

+, positive; w, weakly positive; -, negative; n.d., no data available. All strains are positive for oxidase and catalase. All have MK-7 as predominant 309 

respiratory quinone. Data for reference strains are from Park et al., 2014 [28], Yi and Chun 2004 [31], and Nedashkovskaya et al., 2007 [32].  310 

 311 

Characteristics 1 2 3 

Cell size (μm) 
0.2-0.5×0.7-
1.9 

0.2-0.5×0.7-
6.0 

0.4-0.5×1.1-
1.7 

Pigmentation Coral Strong orange 
Opaque and 
orange 

Temperature for 
growth (°C) 

      

Optimum 30 30 35-40 

Range 15-40 15-40 10-40 

pH for growth       

 Optimum 6.5-7.5 7.0-8.0 7.0 

 Range 6.0-9.0 6.0-8.0 6-11.0 

NaCl requirement for 
growth (%, w/v) 

      

 Optimum 0.5-1.0 2.0  1.0  

 Range 0-5.0 1.0-4.0 0-7.0 

Acid production from       

D-Fructose + - - 

D-Glucose + + - 

Lactose + - - 

Maltose + + - 

D-Mannose + - - 



15 

 

Melibiose + - - 

L-Rhamnose w - - 

Xylose w - - 

N-Acetyl-D-
glucosamine 

w n.d. - 

Enzyme activity (API 
ZYM) 

      

Alkaline phosphatase + - + 

Esterase (C4) w + - 

Esterase lipase (C8) w + - 

Cystine arylamidase w + - 

α-Galactosidase + - + 

α-Glucosidase + + - 

β-Glucosidase + - - 

DNA G+C (mol%) 41.4 42.3  42.0  

 312 

  313 
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Table 2. Cellular fatty acid composition of strain M8-2T and the type strains of phylogenetically 314 

related speciesa. 315 

 316 

Strains: 1, Algoriphagus sanaruensis sp. nov. M8-2T; 2, A. boseongensis BS-R1T [28]; 3, A. 317 

mannitolivorans DSM 15301T[31].  318 
a‘tr’ and ‘-’ indicates trace (<1%) and not detected/not reported, respectively, and fatty acids with 319 

more than 10% are in bold. 320 

*Summed features consist of one or more fatty acids that cannot be separated by the method 321 

used. Summed feature 3 comprised iso-C15:0 2-OH, C16: 1 ω7c and/or C16: 1 ω6c; summed feature 4 322 

comprised anteiso-C17: 1 B and/or iso-C17: 1 I; summed feature 9 comprised iso-C17: 1 ω9c and/or 323 

C16:0 10-methyl. ECL, Equivalent chain-length; –, not detected/not reported. Data for reference 324 

strains are from Park et al., 2014 [28], and Yi and Chun 2004 [31]. 325 

 326 

 327 

 1 2 3 

iso-C11 : 0 - tr - 

anteiso-C11 : 0 2.6  3.1  1.7  

C14 : 0 - tr - 

iso-C14 : 0 5.4  1.3  1.2  

C15 : 0 2.9  - 1.7  

iso-C15 : 0 36.7  30.6  28.7  

anteiso-C15 : 0 11.5  6.8  4.6  

iso-C15 : 0 3-OH 4.2  4.8  3.6  

iso-C15 : 1 G - - 1.0  

C15 : 1 ω6c 1.6  tr 2.5  

C16 : 0 - tr - 

C16 : 0 3-OH 1.3  tr tr 

iso-C16 : 0 6.5  5.5  3.7  

iso-C16 : 0 3-OH 7.3  4.5  4.0  

iso-C16: 1 H 2.0  1.7  2.8  

C16 : 1 ω5c 1.3  1.6  1.3  

iso-C17 : 0 - tr  - 

C17 : 0 2-OH - 1.3  tr 

iso-C17 : 0 3-OH 5.2  11.1  7.9  

C17 : 1 ω6c 1.7  1.2  3.1  

C17:1 ω8c - tr - 

iso-C17: 1 ω9c - 7.9  5.6  

Summed features*    

Summed features 3 6.6  11.0  13.7  

Summed features 4 1.7  2.0  4.8  

Summed features 9 1.4  - - 

 328 
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FIGURE LEGENDS 329 

Figure 1. Morphological characterization of strain M8-2T observed by 330 

transmission electron microscopy after 5 days of incubation on the above MB 331 

agar at 30ºC. A bar in the figure indicates 0.2 μm. 332 

Figure 2. A two-dimensional thin-layer chromatogram of polar lipid extracts 333 

from strain M8-2T, stained with 5% ethanolic molybdophosphoric acid to detect 334 

total lipids. PE, phosphatidylethanolamine; PL, unidentified phospholipid; L, 335 

unidentified polar lipid. 336 

Figure 3. Neighbour-joining tree of partial 16S rRNA gene sequences of strain 337 

M8-2T with representative members of selected species belonging to the genus 338 

Algoriphagus. Bootstrap values (1000 replications) are shown as percentages 339 

at nodes (neighbour-joining method/maximum-likelihood method/minimum-340 

evolution method). The tree was reconstructed using MEGA software. 341 

Cytophaga hutchinsonii ATCC 33406T was used as the outgroup. Bar shows 342 

0.020 substitutions per nucleotide position. 343 
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Table S1. OrthoANI values calculated from the OAT software (Lee et al. 2016). Strains: 1, Algoriphagus sanaruensis sp. nov. M8-2T (accession no. 

CP012836); 2, Algoriphagus aquaeductus T4T (QKTX01); 3, Algoriphagus mannitolivorans DSM 15301T (AUBV01); 4, Algoriphagus zhangzhouensis DSM 

25035T (FRXN01); 5, Algoriphagus vanfongensis DSM 17529T (AUBX01); 6, Algoriphagus faecimaris DSM 23095T (FNAC01); 7, Algoriphagus terrigena DSM 

22685T (AUBW01); 8, Algoriphagus marinus am2T (MSPQ01); 9, Algoriphagus halophilus DSM 15292T (FSRC01); 10, Algoriphagus resistens NH1T 

(LMXN01). 

1 2 3 4 5 6 7 8 9 10 
1 74.81 73.28 71.18 70.83 70.83 71.79 70.66 70.44 69.91 
2 74.00 71.00 71.17 71.18 73.49 70.78 70.32 70.18 
3 71.49 71.41 71.30 72.58 70.67 70.60 70.26 
4 76.74 72.12 69.97 71.38 71.60 70.97 
5 72.09 70.66 70.90 70.96 70.82 
6 70.04 70.76 70.51 70.35 
7 70.09 69.37 70.53 
8 71.61 72.01 
9 71.50 
10 
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Table S2. DDH values calculated by using Genome-to-Genome Distance Calculator 2.1 [33]. Only ‘Formula 1’ values were shown. Strains: 1, Algoriphagus 

sanaruensis sp. nov. M8-2T (accession no. CP012836); 2, Algoriphagus aquaeductus T4T (QKTX01); 3, Algoriphagus mannitolivorans DSM 15301T (AUBV01); 

4, Algoriphagus zhangzhouensis DSM 25035T (FRXN01); 5, Algoriphagus vanfongensis DSM 17529T (AUBX01); 6, Algoriphagus faecimaris DSM 23095T 

(FNAC01); 7, Algoriphagus terrigena DSM 22685T (AUBW01); 8, Algoriphagus marinus am2T (MSPQ01); 9, Algoriphagus halophilus DSM 15292T (FSRC01); 

10, Algoriphagus resistens NH1T (LMXN01). 

1 2 3 4 5 6 7 8 9 10 
1 18.3 17.2 14.1 13.8 14.0 14.2 14.0 13.9 13.3 

33
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Figure S1. Two-dimensional thin-
layer chromatograms (TLCs) of polar 
lipid extracts from strain M8-2T. 

The TLCs were stained with (a) 5% 
ethanolic molybdophosphoric acid, 
(b) Dittmer & Lester reagent, (c)
Ninhydrin, (d) anisaldehyde reagent,
(e) Dragendorff reagent to detect
polar lipids. PE,
phosphatidylethanolamine; PL,
unidentified phospholipid; L,
unidentified polar lipid.
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Figure S2. Different phylogenetic trees of partial 16S rRNA gene sequences of strain M8-2T with representative members of selected species belonging to the genus Algoriphagus. Bootstrap values (1000 replications) are shown as 
percentages at nodes. (a) neighbour-joining (NJ) method, (b) maximum-likelihood (ML) method, (c) minimum evolution (ME) method, and (d) maximum parsimony (MP) method. The tree was reconstructed using MEGA software. 
Cytophaga hutchinsonii ATCC 33406T was used as the outgroup.
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Figure S2. Continued.


