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PPICHK-(His-tag)
CGTase-TIPE30

pPICSK(histag)CGTase-TIPE30
In P. pastoris SMD1168

(8J01)

Figure 2.5chematic diagram of integration of recombinant plasmid into the
chromosome of P. pastorisSMD1168 for the expression of CGTase. The P,
pastorisstrain integrated by pPIC9K— (histag) CGTase—TIP630at Ais4 site
was named SJO1.Strain SJO2 was constructed by the same strategy with

SJO1 (not described).



Figure 3.Confirmation of integrated cgfof SI01 and SJO2 by PCR.cgt was
amplified from both SJO1 and SJ02. Agarose gel electrophoresis of
amplified cgf from SJO1(A) and SJO2 (B). SM: DNA size marker, lane 1: 7.
pastoris SMD1168 chromosomal DNA used as negative control, lane 2. cgt
amplified from pPICY9K—CGTase—TIP630 (histag) (A)and pPICOK -
(histag) CGTase—TIP630 (B) isolated from E. colffor the positive control,
Lane 3! cgt amplified from chromosome ofSJO1 and SJ0Z, respectively.
Upper panel shows the schematic diagram of the position of integrated cgt

gene in the F. pastoris chromosome.
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P. pastoris SMD1168 Toruzyme

Figure 4. Assay of CGTase of SJO1 and SJO2 by phenolphthalein—
methylorange colorimetric method as described in text. The CGTase was
expressed on the surface of P. pastoris. Toruzyme and F. pastoris SMD1168
were used as positive and negative control, respectively. Yellow haloes

were shown in SJO1 and SJOZ2.
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Figure 5.Analysis of AA2G by HPLC.After reaction by recombinant SJO1
and SJO2 as whole cells catalysts, the produced AA2G was analyzed by
HPLC. Peakl: ascorbic acid (substrate), Peak2: AA2G (product). The

reaction by the negative control, P. pastoris showed only ascorbic acid peak.
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Figure 6.Stability CGTase activity of SJO1 and SJOZ. Each strain was used
4 times successively as whole—cell catalyst for the AAZ2G production. All

experiments were performed with triplicate.
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Description of nine novel species candidates

belonging to the phylum Bacteroidetes in Korea®

Heeyoung Kang, Haneul Kim and Kiseong Joh?

Nine bacterial strains were isolated from terrestrial environments (freshwater, seawater and soil). The isolated
bacterial strains were designated as HMEG6008, HME6659, HME7256, HME7527, HMES304, HMES306,
HMES8534, HME8687 and HME9291, and characterized being as Gram-staining negative, non-flagellated, rod-
shaped, yellowish or reddish pigmented. A phylogenetic analysis based on 165 rRNA gene sequences showed that
nine strains grouped with members of the phylum Bacteroidetes. The 16S rRNA gene sequence of nine strains
exhibited the similarity range of 97.5 % to 98.6 % with closest neighbors. According to cut-off value (98.7 %; 165
rRNA gene sequence similarity) of species level for taxonomic criterion, nine isolated strains represent novel species
candidates of the phylum Bacteroidetes. This study provides a description of Gram reaction, colony and cell

morphology, biochemical characteristics, isolation source and strain IDs.

Introduction

Numerous bacteria have been isolated and classified from diverse environments. To identify
and classify various types of microorganisms in various habitats, a basic unit called species
was used. (Madsen, 2015; Rossello-Moéra & Amann, 2015). Traditional bacterial species
classifications were based on the various phenotypic characterization of isolates. Although
current methods require the use of 16S rRNA sequence comparisons to identify the closest
relatives of a proposed species, phenotype is still regarded as the criterion for classifying
species (Riley & Lizotte-Waniewski, 2009). Generally, when 16S rRNA gene sequence
similarity between two strains is less than 98.7 %, it is accepted as a new species (Kim ef al.,
2014).

The phylum Bacteroidetes, one of the taxa in which new species frequently detected, are
isolated in diverse environments (Thomas et al., 2011). Cultured isolates of Bacteroidetes are
all Gram-negative heterotrophs, notable for their ability to efficiently degrade complex

biomacromolecules such as protein, chitin, pectin, agar, starch and cellulose (Cho et al.,

! This work was supported by Hankuk University of Forein Studies Research Fund in 2G17 and the project on
survey of indigenous species of Korea of the National Institute of Biological Resources (NIBR) under the Ministry
of Environment (MOE).

2 Department of Bioscience and Biotechnology, Hankuk University of Foreign Studies
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2017). In this study, we collected environmental samples (freshwater, seawater and soil) in
Korea and isolated nine novel species candidates from 2011 to 2013. In addition, we briefly

describe about phylogenetic position and characteristics of morphological and biochemical.

Materials and Methods

The nine bacterial strains of novel species candidate were isolated from freshwater,
seawater and soil. These environmental samples were diluted using tenfold dilution series
methods, spread on R2A and marine agars (all BD), and incubated at 15-37°C for 2-7 days.
The information of designated strain IDs, isolation sources, culture media and incubation
conditions were listed in Table 1. The nine isolated strains were purified by repeated
streaking and stored as 20% glycerol suspension at -80°C. The phylogenetic position of nine
strains was determined by 16S rRNA gene analysis. PCR amplification of the 16S rRNA
gene was carried out with the universal primers 27F and 1492R (Lane, 1991). Sequencing
was performed using the universal primers and an Automatic Sequencer 3730XL at Solgent.
Obtained sequences of 16S rRNA gene were submitted to GenBank and compared with those
of the type strains of validated bacterial species using the EzBioCloud Database (Yoon ef al.,
2017). For phylogenetic analyses, the 16S rRNA gene sequences were aligned using the
SILVA Incremental Aligner (Pruesse et al., 2012). The phylogenetic tree was constructed
using a neighbor-joining (Saitou & Nei, 1987), maximum-parsimony (Fitch, 1971) and
maximum-likelihood (Felsenstein, 1981) methods in the MEGA 7 software package (Kumar
et al., 2016). The stability of resultant tree topology was evaluated by bootstrap method
based on 1,000 replications (Felsenstein, 1985). Colony morphology of the strains was
observed by eye or a magnifying glass after the cells were cultivated to their stationary phase
on their culture agar media. Cellular morphology and cell size were examined using either
transmission electron or scanning electron microscopy. Gram staining was performed using a
Gram-staining kit according to the standard procedures. Biochemical characteristics were
tested by using API 20NE galleries (bioMérieux) according to the manufacturer’s
instructions. Oxidase activity evaluated by using 1 % N,N,N,N-tetramethyl-p-
phenylenediamine dihydrochloride (Sigma).
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Results and Discussion

The nine strains were distributed into three orders of the phylum Bacteroidetes: The six
strains for the order Flavobacteriales, two strains for the order Cyfophagales and one strain
for the order Sphingobacteriales (Table 1). These strains were Gram-straining-negative,
chemoheterotrhphic and rod-shaped bacteria (Figure 1). Cells and colony morphology and
physiological characteristics are also shown in the species description section.

Six strains were assigned to the family Flavobacteriaceae in order Flavobacteriales within
the genera Chryseobacterium (1 strain), Flavobacterium (4 strains) and Tenacibaculum (1
strain). Strains HME7527, HME8304, HME7256, HME6659, HME6008 and HME8306
were most closely related to Chryseobacterium geocarposphaerae 91A-5617 (97.9 % 168
rRNA gene sequence similarity), Flavobacterium chilense LMG 263607 (97.7 %), F
hercynium DSM 182927 (98.0 %), F saccharophilum DSM 18117 (97.8 %) and
Tenacibaculum ovolyticum IFO 159477 (98.6 %), respectively. Two strains in the family
Cytophagaceae of the order Cytophagales belonged to two genera Emticicia (1 strain) and
Hymenobacter (1 strain). Strains HME8687 and HME8534 were closely related to Emticicia
fontis IMCC17317T (97.5 %) and Hymenobacter rigui WPCB131" (98.6 %), respectively.
Other one strain formed a lineage within the genus Mucilaginibacter of the family
Sphingobacteriaceae in the order Shpingobacteriales. Strain HME9291 was related to
Mucilaginibacter gossypiicola Gh-48T with sequence similarity value of 97.7 % (Figure 2).

Here we report nine novel species candidates bacteria belonging to three families of three
orders in the phylum Bacteroidetes, which were isolated from environmental sample in

Korea.

Description of Emticicia fontis HME8687

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and orange-colored after incubation at 37 °C on R2A. Positive for esculin
hydrolysis, f-galactosidase (PNPG test) and oxidase activities, but negative for nitrate
reduction, indole production, glucose fermentation, arginine dihydrolase, urease and
gelatinase activities, and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-
acetyl-glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid, malic acid,

trisodium citrate and phenylacetic acid. Strain HME8687 (=NIBRBA0000114089) was isolated
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from freshwater of the Lake Soyang, Inje, Republic of Korea. The 16S rRNA gene sequence
of strain HME8687 has been deposited in the GenBank database under accession no.
KC157050.

Description of Hymenobacter rigui HME8534

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and reddish-colored after incubation at 15 °C on R2A. Positive for esculin
hydrolysis, gelatinase and p-galactosidase (PNPG test) activities, but negative for nitrate
reduction, indole production, glucose fermentation, arginine dihydrolase, urease and oxidase
activities, and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-
glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium
citrate and phenylacetic acid. Strain HME8534 (=NIBRBA0000114074) was isolated from a
freshwater stream, Yong-in, Republic of Korea. The 16S rRNA gene sequence of strain
HMES8534 has been deposited in the GenBank database under accession no. KC245147.

Description of Chryseobacterium geocarposphaerae HME7527

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth, mucoid and yellow-colored after incubation at 30 °C on R2A. Positive for
indole production, esculin hydrolysis, gelatinase and oxidase activities and assimilation of D-
mannose, D-maltose and adipic acid, but negative for nitrate reduction, glucose fermentation,
arginine dihydrolase, urease and -galactosidase (PNPG test) activities, and assimilation of D-
glucose, L-arabinose, D-mannitol, N-acetyl-glucosamine, potassium gluconate, capric acid,
malic acid, trisodium citrate and phenylacetic acid. Strain HME7527 (=NIBRBA0000113232)
was isolated from a freshwater stream, Yong-in, Republic of Korea. The 16S rRNA gene
sequence of strain HME7527 has been deposited in the GenBank database under accession
no. JQ687348.

Description of Flavobacterium algicola HMES8304
Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and yellow-colored after incubation at 30 °C on R2A. Positive for esculin

hydrolysis, s-galactosidase (PNPG test) and oxidase activities and assimilation of D-mannose,
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D-mannitol and D-maltose, but negative for nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease and gelatinase activities, and assimilation of D-
glucose, L-arabinose, N-acetyl-glucosamine, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate and phenylacetic acid. Strain HME8304 (=NIBRBA0000113240)
was isolated from seawater of the Yellow Sea, Buan, Republic of Korea. The 16S rRNA gene
sequence of strain HME8304 has been deposited in the GenBank database under accession

no. JQ762401.

Description of Flavobacterium chilense HME7256

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and yellow-colored after incubation at 30 °C on marine agar. Positive for
esculin hydrolysis, arginine dihydrolase, f-galactosidase (PNPG test) and oxidase activities
and assimilation of D-glucose, L-arabinose, D-mannose, N-acetyl-glucosamine and D-maltose,
but negative for nitrate reduction, indole production, glucose fermentation, urease and
gelatinase activities, and assimilation of D-mannitol, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate and phenylacetic acid. Strain HME7256
(=NIBRBA0000113231) was isolated from a freshwater stream, Yong-in, Republic of Korea.
The 16S rRNA gene sequence of strain HME7256 has been deposited in the GenBank

database under accession no. JQ687348.

Description of Flavobacterium hercynium HME6659

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and yellow-colored after incubation at 20 °C on R2A. Positive for esculin
hydrolysis and oxidase activity and assimilation of D-glucose, L-arabinose, D-mannose, D-
mannitol, N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate and phenylacetic acid, but negative for nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase, urease, gelatinase and g-
galactosidase (PNPG test) activities. Strain HMEG6659 (=NIBRBA0000114098) was isolated
from freshwater of the Lake Soyang, Inje, Republic of Korea. The 16S rRNA gene sequence
of strain HME6659 has been deposited in the GenBank database under accession no.
HM638231.
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Description of Flavobacterium saccharophilum HMEG6008

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and yellow-colored after incubation at 20 °C on R2A. Positive for nitrate
reduction, esculin hydrolysis, 4-galactosidase (PNPG test) and oxidase activities and
assimilation of D-glucose, D-mannose, N-acetyl-glucosamine and D-maltose, but negative for
indole production, glucose fermentation, arginine dihydrolase, urease and gelatinase
activities and assimilation of L-arabinose, D-mannitol, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate and phenylacetic acid. Strain HMEG6008
(=NIBRBA0000114097) was isolated from freshwater of the Lake Soyang, Inje, Republic of
Korea. The 165 rRNA gene sequence of strain HMEG6008 has been deposited in the GenBank

database under accession no. HM149209.

Description of Tenacibaculum ovolyticum HMES8306

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and yellow-colored after incubation at 30 °C on marine agar. Positive for
gelatinase and oxidase activities, but negative for nitrate reduction, indole production,
glucose fermentation, esculin hydrolysis, arginine dihydrolase, urease and g-galactosidase
(PNPG test) activities, and assimilation of of D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate and phenylacetic acid. Strain HME8306 (=NIBRBA0000113241) was isolated
from seawater of the Yellow Sea, Buan, Republic of Korea. The 16S rRNA gene sequence of
strain HME8306 has been deposited in the GenBank database under accession no. JQ762402.

Description of Mucilaginibacter gossypiicola HME9291

Cells are Gram-staining-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, smooth and pale pink-colored after incubation at 30 °C on R2A. Positive for esculin
hydrolysis, j-galactosidase (PNPG test) and oxidase activities, but negative for nitrate
reduction, indole production, glucose fermentation, arginine dihydrolase, urease and
gelatinase activities, and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, V-
acetyl-glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid, malic acid,

trisodium citrate and phenylacetic acid. Strain HME9291 (=NIBRBA0000114399) was isolated
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from a soil, Yong-in, Republic of Korea. The 16S rRNA gene sequence of strain HME9291
has been deposited in the GenBank database under accession no. KF385498.
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Figure 1. Transmission electron micrographs or scanning electron micrographs of cells of
the strains isolated in this study. Strains: 1, HME8687; 2, HMES8534; 3, HME7527; 4,
HMES304; 5, HME7256; 6, HME6659; 7, HME6008; 8, HME8306; 9, HME9291,
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Figure 2. Maximum likelihood (ML) tree based on the 165 rRNA gene sequence
comparisons, showing the relationship between the 9 strains isolated in this study and their
relatives of the phylum Bacteroidetes. Bootstrap values of more than 70% are shown. Filled
circles indicated the nodes recovered by the three treeing methods, and open circles indicated
the nodes recovered by the two treeing methods. Escherichia coli NCTC 90017 (LN831047)

was used as an outgroup. Bar, 0.05 substitutions per nucleotide position.
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