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Nioella aestuarii sp. nov., of the family Rhodobacteraceae,

isolated from tidal flat
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Abstract

A bacterium, designated strain MME-018", was isolated from a tidal flat of the Muui-do in the Republic of Korea and
identified within the family Rhodobacteraceae. The 16S rRNA gene sequence of the isolate showed the highest similarity to
that of Nioella sediminis JS7-117 (98.9 %), followed by Nioella nitratireducens SSW136T (97.1 %). In phylogenetic analyses,
these taxa formed a clade at neighbour-joining, maximum-likelihood, and maximum-parsimony algorithms, in which it was
separated from other genus belonging to the family Rhodobacteraceae. Ubiquinone-10 (Q-10) was the major respiratory
quinone. Major polar lipids included phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, two unidentified
phospholipids, and an unidentified lipid. Major fatty acids were summed feature 8 (Cyg.1w7c and/or Cqg.qwbc) Cqg.0, cyclo
Ci9.0w8c, and 11-methyl Cig.qw7c. Genomic DNA G+Ccontent was 61 mol%. Cells were Gram-stain negative, non-motile,
aerobic, and rod-shaped. This strain grew in 1-4 % (w/v) NaCl, at 4-40°C and pH 6.0-8.0, with optimal growth in 2% (w/v)
NaCl, at 25-30°C and pH 7.0. DNA-DNA hybridization values between strain MME-018" and Nioella sediminis KCTC 421447
and Nioella nitratireducens KCTC 32417" were 17+3and 13+1%, respectively. On the basis of polyphasic taxonomic
analysis, strain MME-018" is proposed to represent a novel species of the genus Nioella, for which the name Nioella

aestuarii sp. nov. The type strain of Nioella aestuarii is MME-018" (=KCCM 431357=JCM 307527

The Roseobacter clade within the family Rhodobacteraceae
is known to originate from marine ecosystems. Most mem-
bers of this family have been isolated from saline or hyper-
saline environments [1, 2]. Among them, some species are
moderately halophilic or halotolerant, requiring sodium
ions for growth [3, 4]. The genus Nioella that belongs to the
Roseobacter clade was first proposed by Rajasabapathy et al.
[5] with the description of one species, Nioella nitratiredu-
cens. Recently, Nioella sediminis has been isolated from the
surface sediment of the Jinulong River and emended to the
genus Nioella [6]. Features of this genus are known to be
Gram-stain negative, aerobic, non-spore forming, and rod
shaped bacterium that requires sodium ions for growth [5,
6]. From a tidal flat of the Muui-do in Republic of Korea,
we isolated a bacterium that has similar characteristics with
the members of the genus Nioella requiring sodium ions for
growth. In this study, we investigated the taxonomic posi-
tion of this strain, designated MME-018", using a polypha-
sic approach.

Sample was collected from a tidal flat of the Muui-do near
Incheon in the Republic of Korea, (37° 24" 17” N 126° 24’
49” E) in September of 2014. The sample was serially diluted
with 3 % (w/v) NaCl. An aliquot (200 pl) of the diluted solu-
tion was spread onto the natural seawater agarose medium
that contained 0.5 g yeast extract, 1.5% (w/v) agarose, 1 ml
of trace element solution SL-6 (DSM medium no. 27), and
1 ml of vitamin solution [7] per 11 of natural seawater. The
plates were incubated at 30°C for 2 weeks. Colonies were
streaked onto the same medium at least three times to
obtain single and pure colonies. The pure colony designated
MME-018" was transferred onto marine agar 2216 (BD;
MA) and routinely cultivated on MA at 30 °C.

To amplify the 16S rRNA gene sequence of strain MME-
018", its genomic DNA was extracted by using G-spin Total
DNA Extraction Kit (iNtRON Biotechnology) and Quick-
Gene DNA tissue kit S (Kurabo) according to the manufac-
turer’s instructions. The extracted genomic DNA was PCR
amplified using the universal primers 27F and 1492R [8].
The PCR products were then sequenced by CosmogeneTech
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Co. Ltd. using the bacterial primers 27F, 337F, 518R, 785F
and 1492R [9]. These sequences were assembled using the
SeqMan software (DNAStar) according to the methods of
Roh et al. [10]. To find closely related taxa, the 16S rRNA
gene sequence of strain MME-018" was aligned by using
siLvA (http://www.arb-silva.de/aligner) [11]. To analyze a
phylogenetic tree, based on the 16S rRNA gene sequence,
the nearest phylogenetic neighbours of the isolated strain
were identified using the BLAST (http://www.ncbi.nlm.nih.
gov/blast/) and the EzBioCloud database (http://www.ezbio-
cloud.net/) [12]. The sequences of related taxa were
acquired from the same websites. The Kimura two-parame-
ter model [13] was used to calculate evolutionary distances
between the isolated strain and reference taxa. The phyloge-
netic tree of the 16S rRNA gene sequences of the strain
MME-018" and related taxa was constructed using MEGA 6
program [14] and three algorithms, neighbour-joining [15],
maximum-likelihood [16], and maximum-parsimony [17].
In this study, the bootstrap values were calculated based on
1000 random replications. The 16S rRNA gene sequence of
strain MME-018" was determined to be 1392 bp in length.
Levels of 16S rRNA gene sequence similarity between the
strain MME-018" and others were as follows: Nioella sedi-
minis JS7-117 (98.9 %), Nioella nitratireducens SSW136"
(97.1%), Aestuariivita atlantica 2211-SI1-z3" (95.8 %), Mar-
ivita geojedonensis DPG-138" (95.7 %), and Roseovarius aes-
tuarii SMK-122" (955%). In the construction of
phylogenetic trees, the strain MME-018" clustered with the
members of the genus Nioella which includes Nioella sedi-
minis JS7-11" and Nioella nitratireducens SSW136" (Fig. 1).
This is suggested that strain MME-018" belongs to the
genus Nioella.

To further characterize and compare the isolated strain
MME-018" and the reference strains, Nioella sediminis
KCTC 42144" and Nioella nitratireducens KCTC 32417",
were purchased from Korean Collection for Type Cultures
(Korea). The isolate and both references were routinely cul-
tivated on MA at 30°C. The respiratory quinones were
extracted using chloroform/methanol (2:1, v/v) [18] and
identified using an HPLC system (YL9100; Younglin). The
polar lipids were isolated and examined by two-dimensional
TLC using the method of Minnikin et al. [19]. The lipid
spots were sprayed according to the protocols described by
Minnikin et al. [19] and Komagata and Suzuki [20]. The
isolated strains MME-018", Nioella sediminis KCTC 42144"
and Nioella nitratireducens KCTC 32417" were cultivated
on MA at 30°C for 3 days to compare the compositions of
cellular fatty acid. The cells were harvested and freeze-dried.
The cellular fatty acids were saponified, methylated, and
extracted as described by Sasser [21]. The extracted cellular
fatty acids were analysed according to Miller [22] using an
Agilent 6890 gas chromatography system and a cross-linked
methyl siloxane column (HP-1; A30 mx0.320 mmXx
0.25 pm). Analysis of the cellular fatty acids was determined
by using the Sherlock MIS Software ver. 6.2, based on the
TSBAG6 database [21]. The genomic DNA G+C content was
determined by using a reverse-phase HPLC [23].
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The respiratory quinone of strain MME-018" was ubiqui-
none-10 (Q-10), which was related to the family Rhodobac-
teraceae. In this study, the major common polar lipids of
the isolated strain MME-018" and the related taxa Nioella
sediminis KCTC 42144" and Nioella nitratireducens KCTC
32417" were phosphatidylglycerol (PG), phosphatidylcho-
line (PC), phosphatidylethanolamine (PE), two unidentified
phospholipids, and an unidentified lipid (Fig. S1, available
in the online version of this article). Although two unidenti-
fied aminolipids had been slightly detected from Nioella
nitratireducens SSW136" [5], they were not detected along
with strain MME-018" in the current study. The predomi-
nant (>5%) cellular fatty acids of strain MME-018" were
summed feature 8 (Cig.;w7c and/or Cyg.1w6¢), Cig.0, cyclo
Cio.0w8¢, and 11-methyl Cig.;w7c. The cellular fatty acid
composition was similar to that of the related taxa Nioella
sediminis KCTC 42144" and Nioella nitratireducens KCTC
32417% (Table 1). The genomic DNA G+C content of the
isolated strain was 61.5 mol%.

To investigate the morphological, physiological and pheno-
typic properties, the strains MME-018", Nioella sediminis
KCTC 42144" and Nioella nitratireducens KCTC 32417"
were routinely cultivated on MA at 30°C, but conditions
were changed slightly to fit the experimental needs. Cell
motility was determined as described by Tittsler and Sand-
holzer [24] using semi-solid agar medium (containing 0.3 %
agarose). To observe the flagella and the cell morphology,
microscopic test was performed using phase contrast
microscopy (Primo Star; Carl Zeiss) and transmission elec-
tron microscopy (JEM-1010; JEOL). Gram staining was car-
ried out using Gram staining kit (Bioworld), according to
the manufacturer’s instructions. Catalase- and oxidase-tests
were performed according to the procedures previously
described by Kovacs [25] and Smibert and Krieg [26].
Growth at temperature ranges of 0, 5, 10, 15, 20, 25, 30, 37,
40, 45, and 50 °C was assessed on MA for 4 weeks. The NaCl
concentration for growth of the strain MME-018" was
investigated on artificial seawater (ASW) agar medium [27]
of which the range of NaCl concentrations was 0-10%
(w/v) with 1% increments. The pH for growth was investi-
gated at pH 5.0-11.0 with 1.0 pH unit increment by using
10 mM MES (pH 5.0 and 6.0), 10 mM bis-Tris propane (pH
7.0-9.0), or 10mM CAPS (pH 10.0 and 11.0). Anaerobic
growth was determined by incubation on MA with 10 mM
nitrate, 10mM FeCls;, and 10 mM thiosulfate as electron
acceptors in a GasPak EZ anaerobic gas-generating pouch
system with indicator (BD) at 30 °C for 4 weeks. Starch and
casein hydrolysis were tested as per the methods provided
by Benson [28], while hydrolysis of Tween 20, 40, and 80
was determined as described by Gonziles et al. [29]. Gelatin
and L-tyrosine hydrolysis were evaluated according to the
methods of Smibert and Krieg [26]. Substrate utilization
was assessed using the modified MA according to methods
previously described by Park et al. [30] supplemented with
followings at 1 % (w/v): acetate, L-arabinose, benzoate, cello-
biose, citrate, formate, D-fructose, D-galactose, D-glucose,
L-glutamate, glycerol, inositol, lactose, malate, maltose, D-
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Stappia stellulata IAM 126217 (D88525)

Fig. 1. Neighbour-joining (NJ) phylogenetic tree based on the 16S rRNA gene sequences showing the position and relationship
between strain MME-018" and Nioella nitratireducens and other members of the Roseobacter clade. Numbers at nodes indicate boot-
strap values (>70 %) calculated based on the NJ/maximum-likelihood (ML)/maximum-parsimony (MP) algorithms. Closed circles indi-
cate that the corresponding nodes are also recovered by the ML and MP. Open circles indicate that the corresponding nodes are also
recovered by the ML or MP. Stappia stellulata IAM 126217 was used as an outgroup. Bar, 0.01 changes per nucleotide position.

mannitol, D-mannose, melibiose, L-ornithine, pyruvate, raf-
finose, L-rhamnose, D-ribose, D-sorbitol, succinate, sucrose,
trehalose and D-xylose. Acid production from carbohydrates
were detected as described by Park et al. [30] and Leifson
[31] supplemented with 1 % (w/v) cellobiose, D-galactose, D-
mannose, melibiose, raffinose, L-thamnose, and trehalose.
The enzyme activities of strain MME-018" were determined
using the API 20NE and API ZYM strips.

After 3 days on MA at 30°C, colonies of strain MME-018"
were circular, smooth, convex, white in colour, and
0.5-1.0 mm in diameter. These isolates were Gram-negative
and rod-shaped bacteria 0.5-0.8 um wide and 1.6-2.0 um
long (Fig. S2). The flagella were not observed. Catalase- and
oxidase-reactions were positive. Strain MME-018" grew in
the presence of 1-4% (w/v) NaCl at 4-40°C and pH
6.0-8.0, and grew optimally in the presence of 2% (w/v)
NaCl, at 25-30°C and pH 7.0. Strain MME-018" required
sodium ions for growth, which is consistent with Nioella
nitratireducens KCTC 324177 [5]. Anaerobic growth was
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not observed. Hydrolysis of starch, casein, L-tyrosine, gela-
tin, and Tween 20, 40, and 80 was not detected in this study.
Nitrate was aerobically reduced to nitrite, but reduction of
nitrite to nitrogen was not observed. In the API 20NE, argi-
nine dihydrolyase and [-galactosidase were positive,
whereas indole production, glucose fermentation, and activ-
ities of urease, B-glucosidase (aesculin), and protease (gela-
tin) were negative. In API ZYM tests, activities of alkaline
phosphatase, esterase (C,), esterase lipase (Cg), leucine
arylamidase, valine arylamidase, acid phosphatase, naph-
thol-AS-BI-phosphohydrolase, a-glucosidase, and (3-galac-
tosidase were positive. Other characteristics are provided in
Table 2 along with the species description.

To investigate the requirement of cationic ions for the
growth of strain MME-018", each of 0.2% (w/v) CaCl,
2H,0, 0.05% (w/v) KCl and 0.6 % (w/v) MgCl, 6H,0 was
added to modified ASW containing 5g yeast extract, 1g
peptone, 25¢g NaCl and 0.01 g FePO, per litre of distilled
water as described by Seo et al. [32], followed by the
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Table 1. Cellular fatty acid compositions (%) of strain MME-018" and
related taxa

Taxa: 1, strain MME-018"; 2, Nioella sediminis KCTC 42144"; 3, Nioella
nitratireducens KCTC 32417". All data are from this study. Fatty acids
that represented >1% are given. TR, trace amount (<1 %). All strains
were cultivated on MA at 30°C for 3 days.

Fatty acid (%) 1 2 3
Cio.0 3-OH 1.8 22 24
Ci2.0 3-OH 1.9 1.3 2.5
Cis:0 10.4 10.5 144
Cue.0 2-OH 49 43 45
Cis:o 24 42 23
11-methyl Cy5, w7c 8.9 92 49
Cis.1 2-OH TR TR 1.3
Cyclo Cy9.ow8c 10.1 53 9.7
Summed features*

3 1.5 TR TR

8 54.7 58.0 55.4

*As indicated by Montero-Calasanz et al. [37] summed features are
groups of two or three fatty acids that are treated together for the
purpose of evaluation in the MIDI system and include both peaks with
discrete ECLs as well as those where the ECLs are not reported sepa-
rately. Summed feature 3 comprises Cq4.qw7c and/or Ci4.qwéc;
summed feature 8 comprises Cqg.1w7c and/or Cqg. wéc.

incubation at 30°C for 7days. The strain MME-018"
required Ca®" and Mg>" ions for growth. Nioella sediminis
KCTC 42144" required Mg ion for growth, while Nioella
nitratireducens KCTC 32417" required none of the
cationic ions.

To test antibiotic susceptibility, strain MME-018" was inoc-
ulated onto MA plates containing discs with the following
antibiotics (ug ml~" unless indicated): ampicillin (10), car-
benicillin (100), cephalothin (30), ciprofloxacin (10), eryth-
romycin (25), gentamicin (30), kanamycin (30), lincomycin
(15), neomycin (30), norfloxacin (20), novobiocin (10), pen-
icillin G (20 UI), polymyxin B (100 UI), streptomycin (50)
and tetracycline (30). Strain MME-018" was resistant to
gentamicin, but susceptible to other antibiotics.

DNA-DNA hybridization (DDH) was conducted fluoro-
metrically by the membrane filter method using a DIG High
Prime DNA Labelling and Detection Starter kit II (Roche
Applied Science) to identify the genetic relationship of
strain MME-018" and reference strains, Nioella sediminis
KCTC 42144" and Nioella nitratireducens KCTC 32417"
[33, 34]. The DDH values of strain MME-018" with Nioella
sediminis KCTC 42144" and Nioella nitratireducens KCTC
32417" were 17+3and 13+1 %, respectively. According to
current prokaryotic systematics defining DDH values of
<70 % as indicative of a distinct species [35, 36], the deter-
mined DDH values indicated that the strain MME-018"
were distinguished from Nioella sediminis KCTC 42144"
and Nioella nitratireducens KCTC 32417".
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Table 2. Differential phenotypic characteristics of strain MME-018"
and related taxa

Taxa: 1, strain MME-018"; 2, Nioella sediminis KCTC 42144"; 3, Nioella
nitratireducens KCTC 324177, All data were obtained from this study,
Liu et al. [6] and Rajasabapathy et al. [5]. +, positive; —, negative. All
strains are Gram-stain negative, non-motile, aerobic, and rod-shaped.
All strains are: positive for catalase- and oxidase-reaction, reduction
of nitrate to nitrite, enzyme activities of alkaline phosphatase, esterase
(C4), esterase lipase (Cg), leucine arylamidase, valine arylamidase,
naphthol-AS-Bl-phosphohydrolase, and B-galactosidase, utilization of
acetate, citrate, L-glutamate, inositol, malate, b-mannitol, L-ornithine,
pyruvate, p-sorbitol, succinate, and trehalose; negative for hydrolysis
of starch, casein, and Tween 20, 40, and 80, indole production, glucose
fermentation, enzyme activity of lipase (C;4), trypsin, a-chymotrypsin,
a-galactosidase, B-glucuronidase, N-acetyl-B-glucosaminidase,
mannosidase and a-fucosidase, and utilization of L-arabinose, benzo-
ate, formate, p-ribose, and p-xylose.

a-

Characteristic 1 2 3

Growth at/in
4°C +
40°C
1% (w/v) NaCl
11 % (w/v) NaCl
Optimal growth pH
Hydrolysis of:*

7.0 7.0
Gelatin
L-Tyrosine

Enzyme activity of:*
Arginine dihydrolyase
Cystine arylamidase
Acid phosphatase
a-Glucosidase
B-Glucosidase

Utilization of:*

+ o+ o+ o+

Cellobiose +
D-Fructose -
D-Galactose +
D-Glucose -
Glycerol

Lactose

+
|

Maltose
D-Mannose
Melibiose

Raffinose

+ o+ o+ o+
|

L-Rhamnose
Sucrose

Requirement of cations:*
Ca®* + + -
K* - N _
Mg2+

Genomic DNA G+C content (mol%)

+ - -

61.5 63.4 63.5

*Data from this study.

The results of phenotypic, genotypic, and chemotaxonomic
analyses revealed that the strain MME-018" shares common
taxonomic properties with the members of the genus
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Nioella. According to our phylogenetic analysis, the strain
MME-018" was the most closely related to Nioella sedimi-
nis, but some aspects of the polyphasic taxonomic proper-
ties of strain MME-018" were different from those of the
reference species. Therefore, strain MME-018" is considered
to represent a novel species of the genus Nioella, for which
the name Nioella aestuarii sp. nov. is proposed.

DESCRIPTION OF NIOELLA AESTUARII
SP. NOV.

Nioella aestuarii (aes.tu.a’ri.i. L. gen. n. aestuarii of a tidal
flat).

Cells are Gram-stain negative, non-motile, aerobic, rod-
shaped and 0.8-1.0 um in width by 1.8-2.0 um in length.
Colonies on MA are circular, smooth, convex, and white in
colour and 0.5-1.0 mm in diameter after 3 days incubation
at 30 °C. Growth occurs at 4-40°C (optimum 25-30 °C) in
presence of 1-4% NaCl (optimum 2 %, w/v) and at pH
6.0-8.0 (optimum pH 7.0). Requires Na®, Ca®*, or Mg*"
ions for growth. Nitrate, FeCl,, and thiosulfate are not
reduced under anaerobic conditions. Catalase and oxidase
are positive. Hydrolysis of starch, casein, L-tyrosine, gelatin,
and Tween 20, 40, and 80 does not occur. Nitrate is aerobi-
cally reduced to nitrite in API 20NE kit. Arginine dihydro-
lyase and [B-galactosidase are positive, while urease, B-
glucosidase (aesculin), and protease (gelatin) are negative.
Indole is not produced. Glucose is not fermented. In the
API ZYM strips, alkaline phosphatase, esterase (C,), ester-
ase lipase (Cg), leucine arylamidase, valine arylamidase, acid
phosphatase, «a-glucosidase, naphthol-AS-BI-phosphohy-
drolase, and 3-galactosidase activities are positive, whereas
cystine arylamidase, lipase (Cy4), trypsin, a-chymotrypsin,
a-galactosidase, B-glucuronidase, B-glucosidase, N-acetyl-
B-glucosaminidase, «-mannosidase, and «a-fucosidase
activities are negative. Acetate, cellobiose, citrate, D-galac-
tose, L-glutamate, glycerol, inositol, lactose, malate, D-man-
nitol, D-mannose, melibiose, L-ornithine, pyruvate,
raffinose, L-thamnose, D-sorbitol, succinate, and trehalose
are utilized, while L-arabinose, benzoate, formate, D-fruc-
tose, D-glucose, maltose, D-ribose, sucrose, and D-xylose are
not utilized. Acid is produced from D-galactose, D-mannose,
L-thamnose, but not cellobiose, melibiose, raffinose, and tre-
halose. The dominant respiratory quinone is Q-10. The
major polar lipids are PC, PG PE, two unidentified phos-
pholipids, and an unidentified lipid. The major fatty acids
are summed feature 8 (Cg.,w7c and/or Cig.;w6¢), Cis.0
cyclo Cyy.ow8¢, and 11-methyl Cyg. w7c.

The type strain, MME-018" (=KCCM 43135"=JCM 30752")
was isolated from the tidal flat sediment of Muui-do in
Incheon, the Republic of Korea. The genomic DNA
G+C content is 61.6 mol%.
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