Wang et al. BMC Microbiol (2021) 21:288

https://doi.org/10.1186/512866-021-02347-3 B M C M icro blO | Ogy

RESEARCH Open Access

, ™
Whole genome sequencing and comparative s

genomic analyses of Planococcus alpniumensis
MSAK284017, a new species isolated
from Antarctic krill

Yuanyuan Wang'", Lingbo Ma?", Jian He', Zixuan Liu', Shaoping Weng?, Lumin Wang?, Jianguo He'? and
Changjun Guo'?"

Abstract

Background: Extremophiles have attracted much attention in the last few decades, as they possess different proper-
ties by producing certain useful metabolites. However, the secondary metabolism of the extremophiles of Antarctic
krill has received little attention.

Results: In this study, a new bacterial strain MSAK28401T from Antarctic krill was isolated and identified. The results of
analysis on phenotypic, chemotaxonomic, and genomic characteristics showed that the strain MSAK28401" belongs
to the genus Planococcus. Cells of this strain were coccoid (0.89-1.05 um) and aerobic. The majority of the fatty acid
content was C,54 anteiso (37.67 £ 0.90%) followed by C,q.; w7c alcohol (10.37 £ 1.22%) and C,4 150 (9.36 £ 0.71%).
The calculated average nucleotide identity and DNA-DNA hybridization values between the strain MSAK284017

and type strains P, citreus DSM 20549 and P, rifietoensis M8' were lower than 91 and 70%, respectively. The strain
MSAK28401" (=KCTC 43283 and MCCC 1k05448") represented a new member of the genus Planococcus and was
named P alpniumensis sp. nov. Moreover, genes involved in the degradation of aromatic compounds (e.g., salicylate,
gentisate, and quinate) were found in the genome, implying that strain MSAK28401" has an aromatic compound as its
potential metabolite. This work will help us understand the genomic characteristics and potential metabolic pathway
of Planococcus from Antarctic krill.

Conclusions: This study reported the genomic information and phenotypic characteristics of the new strain P alp-
niumensis MSAK28401" isolated from Antarctic krill, and provided the genome information of Planococcus strains for
further studying the function roles in aromatic compound metabolism.
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Background
The genera Planococcus was initially found and proposed
by Migula and has been continuously revised [1]. It was
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Fig. 1 The NJ tree shows Planococcus sp. at the position of concerned taxa on the 165 rRNA gene. Bootstrap values of >70% were shown at nodes

properties, G+ C content in DNA, fatty acid composi-
tion, and menaquinone profiles. 2. halophilus was classi-
fied under the genera Marinococcus [6, 7]. These changes
indicated that genus Planococcus and Planomicrobium
have a close phylogenetic relationship. Usually, the main
splitting points of the 16S rRNA sequence between the
genera Planococcus and Planomicrobium were located at
sites 183 and 190 (E. coli counting), which in the Plano-
coccus are T and A, whereas in the Planomicrobium are
Cand G [8].

Planococcus has the following known features: Gram-
positive, multicellular morphology (cocci, short rod, or
rod), aerobic, and no sporulation [8]. Representative
strains of genus Planococcus usually grow in cold and/or
saline-alkali soil with high salt concentrations, e.g., Arc-
tic, Antarctic, and marine environments [9-11]. Plano-
coccus has attracted much attention, because they can
produce carotenoids of biotechnological significance; this
metabolite has potential applications as the ingredient of
cosmetics, food or feed additives, and antioxidants [12].
Planococcus can also degrade and process various con-
taminants, such as heavy metals and phenols, and play an
important role in the bioremediation of extreme environ-
ments [13, 14].

In the present study, a new strain P alpniumensis
MSAK284017 of the genus Planococcus from Antarctic
krill was isolated and identified using taxonomic, phy-
logenetic, chemotaxonomic, whole-genomic, and com-
parative genomic analysis.

Results

Isolation, identification, and phylogenetic analysis

The single-bacterial MSAK28401T was obtained by
mixing culture on Luria-Bertani (LB) agar. The 16S
rRNA sequence alignment against GenBank revealed
that the strain MSAK28401T belonged to the genus
Planococcus, and it showed 98.62, 98.55, 98.43, 98.20,
and 97.79% similarity with the corresponding gene
sequences of P citreus DSM20549%, P rifietornsis
M8, P maitriensis S17, P dechangensis NEAU-ST10-
9T and P maritimus DSM172757, respectively (addi-
tional File 1: Table S1). The 16S rRNA phylogenetic
tree showed that strain MSAK28401T was clustered
with four species of the genus Planococcus, and placed
in an independent branch (Fig. 1). These results sug-
gested that strain MSAK28401T belongs to the genus
Planococcus.
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Fig. 2 aTransmission electron micrograph showing exponentially growing cells of strain MSAK28401". Bar, 1 um. b Temperature growth curve of
isolates. The abscissa is different temperatures, the ordinate is the absorbance value of ODgpom

Phenotypic characterization

The transmission electron microscopy observations
showed that cell coccoid and the diameter of strain
MSAK28401"7 was 0.89-1.05um with a thick cell
wall (Fig. 2A). The isolates could grow in the range
of 4-50°C, and the optimal growth temperature was
30°C (Fig. 2B). The phenotypic characteristics of strain
MSAK28401" and related species as shown in Table 1.

Strain MSAK28401" differed from the type strains of
P. citreus DSM20549", P rifietornsis MS8T, and P mait-
riensis S17 in the assimilation of B-methyl-,-glucoside,
p-aspartic acid, |-arginine, quinic acid, p-glucuronic
acid, and ;-malic acid. Strain MSAK28401T was dis-
tinguished from other species of the genus Planococ-
cus by using some carbon sources and by producing
acids from certain sugars. Phenotypic characteristics
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Table 1 Differential phenotypic characteristics of Planococcus
sp. and closely related Planococcus species
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Table 2 Cellular fatty acid composition of Planococcus sp. and P
citreus DSM 20549", P rifietoensis M8', and P. maitriensis S1"

Characteristic 1 2 3 4>P  Fatty acids 1 2 3 42bc
Carbon source utilization: Cizo 1294037 1.14+£057 2574+129 -
Dextrin - + + 2 CragisO 7804018 14142085 9264017 -
D-Cellobiose - - + -8 Cis anteiso 3767 £090 44224539 37284160 2734205
D-Turanose + + + NR Cispiso 644+047 066+£054 351£057 28+162
a-D-Lactose - + + 2 Ciso 1334+£021 715£1.13 196£063 72+£1.11
D-Melibiose - + - 47 Cpplso 9364071 5894145 905+338 924333
B-Methyl-D-Glucoside - + + NR Ciggwllc 138£007 235+£094 149+025 -
a-D-Glucose - - + +° Cigy w7calcohol 1037 4+122 362+£059 991+068 N
D-Mannose + + + 2 Crro 2144066 303£104 214+024 53+103
D-Fructose - + + +2 Ci7910-methyl  0354+0.03 026£009 050+0.16 N
D-Galactose + + + o Cy7p anteiso 576+£047 1418+£072 584+105 66+161
3-Methyl Glucose + + + NR  Cppliso 2414£029 0534£056 158+034 N
D-Sorbitol + + + NR Ciyisol/anteiso 203 +£034 431+£031 296+£206 N
D-Mannitol 2 B
D-Arabitol j_ i j_ NR Ci7.4iso w10c 125+£007 0284+000 116£032 N
D-Glucose-6-PO4 _ + _ NR Cy74 w9C 292+015 0644+000 395£183 N
D-Aspartic Acid _ + + 4b Cigo 0534+012 471122 101£093 40+£1.05
L Alanine _ N . 2 Cigliso 161+£002 1464050 2294063 3.1+155
-Arginine _ . N 4o Cgwoc 104+£036 113£045 1332041 424170
L-Aspartic Acid _ . . N Cispanteiso 034007 089+017 044+£003 N
L-Glutamic Acid - + + - All values< 0.5% are not shown;
L-Pyroglutamic Acid - + - NR All the strains were tested under the same growth conditions
D-Galacturonic Acid _ + _ 4b 1 MSAK284017. 2 P. citreus DSM 20549", 3 P. rifietoensis M8',4 P. maitriensis S17,
L-Galactonic Acid Lactone - + + NR - not detected, N none data
D-Gluconic Acid + + + NR 2 Data from: Alam et al.(2003); ® Data from:Gan et al.(2018); € Data from: Suresh
Gan et al.(2007)
D-Glucuronic Acid - + + NR
Glucuronamid - + + b
Quinic Acid - + + +° suggested that the strain MSAK28401" may represent a
D-Lactic Acid Methyl Ester + + + . new Planococcus species and was named P. alpniumen-
[-Malic Acid - + + NR $iS Sp. NOV.
Tween 40 + + + -+
B-Hydroxy-D,L - + - NR
Butyric Acid . .
a—KZto—Butyric Acid - + - NR Fatty acid ?naly5|s . .
Acetoncetic Acid N N N \R The details Tof the fatty acid proﬁle‘s of the sfcram
Propionic Acid B ) N B MSAK28401T and 'Fhree re‘lated ipeaes of P c‘ltr‘eus
Acotic Acid N N N \R I?SM T20549 , P f‘tﬁetoensw M8, and P rfqaztrzen-
. o sis S1 were described (Table 2). These major fatty
?{;e,\rlr;zal sensitivity: . . . Lo acids (>5%) of strain MSAK28401" were C,,, anteiso
49 Nacl N N ) Lo (37.67 & 0.?0%), Cig1 ©7cC alcohol‘ (10.37 & ‘1.22%),
59 NaC| ) N ] Lo and C?16:0 iso (9.36 & 9.71%). The main fatty acid w?th
o the highest content is C,s, anteiso. The other major
Tetrazolium Violet + - N N ids that were the most abundant in strain
o atty acids
Nalidixic Acid - + - © MSAK28401T, namely, C16:0 iso (9.36=0.71%),
Lithium Chloride + + + NR Cieq ®7c alcohol (10.37+£1.22%), and C,,, iso
Aztreonam + + + NR , ;

1:MSAK284017 (data from this study), 2:P. citreus DSM 20549, 3: P. rifietoensis
M8, 4: P. maitriensis S17. (Alam et al., 2003; Suresh et al. 2007; Gan et al., 2018). +,
Present; —, absent, NR, not reported

(7.80+0.15%), showed quantitative differences with
those in the two related type species. Results of com-
paring fatty acid types and proportions suggested that
the strain MSAK28401" can be distinguished from the
two species of a cluster in the phylogeny.
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Table 3 Genome statistics of the Planococcus sp.

Attribute Value % of total®
Genome size (bp) 3,930,779 100.00
DNA coding region (bp) 3,380,475 86.00
DNA G+C (bp) 1,631,417 4715
DNA scaffolds 10 -
Total genes 3998 100.00
Protein coding genes 3835 95.92
RNA gene 101 253
Pseudo genes 62 1.55
Gene with function prediction 3258

Genes assigned to COGs 2765 69.16
Genes assigned Pfam domains 10 0.25
Genes with signal peptides 169 423
Genes with transmembrane helices 1123 28.09
CRISPR repeats 219 545

?The total is based on either the size of the genome in base pairs or the total
number of protein coding genes in the annotated genome

Genome properties and mining

The genome of strain MSAK28401T formed from 10
contigs, and the genomic length was 3,930,779 bp. The
G+ C content was 47.15%. We identified 3998 genes
and 3897 codifying sequences (Table 3 and Fig. 3A)
and assigned them to 27 subsystems with SEED viewer
using the RAST pipeline (Fig. 3B and additional File 2:
Table S2). Nevertheless, only 26% (1150, genes) of
this genome was annotated, and the other 74% was
not assigned to the RAST subsystems. The most rep-
resented subsystem features were amino acids and
derivatives (266), carbohydrates (214), protein metabo-
lism (203), cofactors, vitamins, prosthetic group, and
pigments (138). Notably, several genes involved in
dormancy and sporulation were also found in strain
MSAK28401™.

Carbohydrate-related enzymes and activity annota-
tions of presumed genes showed that 24 genes encoded
glycosyl transferases (GT) and 21 genes encoded glycosyl
hydrolases (GH) (Fig. 4A and additional File 3: Table S3).
KofamKOALA analysis results showed that almost all of
the major metabolic pathways of bacteria were found in
the genome of strain MSAK28401" (Fig. 4B and addi-
tional File 4: Table S4). Most genes were related to amino
acid and carbohydrate metabolism, suggesting that
MSAK28401" might possess the efficient nutrient uptake
systems. In-depth analysis of the metabolic pathways of
the strain MSAK28401Trevealed that genes related to
aromatic hydrocarbon degradation pathways, such as
catechol 2,3-dioxygenase (gene 0402), 4-oxalocrotonate
tautomerase (gene 2794), and S-(hydroxymethyl) glu-
tathione dehydrogenase / alcohol dehydrogenase (gene
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2852) (Additional File 5: Table S5). Notably, 4-oxalocro-
tonate tautomerase (EC 5.3.2.-4-OT) is an enzyme that
forms part of a bacterial metabolic pathway that oxida-
tively catabolizes toluene, o-xylene, 3-ethyltoluene, and
1,2,4-trimethylbenzene into intermediates of the citric
acid cycle. In addition, we mapped the relevant path-
ways of aromatic hydrocarbons that the isolate may be
involved in degradation (Fig. 4C). Above results indicated
this isolate have a potential for application to the process
of aromatic hydrocarbon metabolism.

Genetic relatedness and Pan-genome analysis
The phylogenetic tree of GBDP determined the phylo-
genetic position of strains, and it showed that the strain
MSAK28401" was clustered with P. citreus DSM 20549"
and P, rifietoensis M8" (Fig. 5). The DDH and ANIb val-
ues between the strain MSAK28401T and related spe-
cies P. citreus DSM 20549™ and P. rifietoensis M8 were
less than 70 and 91%, respectively (Table 4 and Table 5),
which were below the threshold for species delineation.
The above results support the affiliation of the strain
MSAK284017 to a new species of the genus Planococcus.
The pan-genome analysis of strains P alpniumensis
MSAK28401%, P citreus DSM 205497, and P rifietoen-
sis M8T was depicted in a Venn diagram (Fig. 6). The
three strains of Planococcus possessed 3363 gene fami-
lies, whereas a “core” genome comprised 2853 clusters
of orthologous, accounting for 84.5% of all gene families.
Most of the annotation functions of homologous clusters
were involved in biological process, hydrolase activity,
ion binding, molecular function, and transferase activity.
A total of 63 unshared protein clusters were found in the
strain MSAK28401", whereas 6 and 4 unshared protein
clusters were found in the strains of P. citreus DSM 20549T
and P rifietoensis M8T, respectively. Remarkably, the
number of unshared clusters of the strain MSAK28401T
was higher than those of these related species. Approxi-
mately 84% of unshared clusters involved biological pro-
cesses, such as those involving nucleobase-containing
compounds, cellular aromatic compounds, macromole-
cules, nitrogen compounds, and heterocycle metabolism,
thereby indicating the unique advantages in its biological
process compared with the other related strains.

Secondary metabolites

Screening the genes of secondary metabolites showed
two different genes clusters, which both belong to the
terpene biosynthesis-related clusters (Fig. 7A). Cluster
1 displayed orphan Biosynthetic gene clusters (BGCs),
which were unable to identify the known homologous
gene cluster. Cluster 2 (3,001,607-3,022,437 nucleotides)
was 66% similar to the known BGC (BGC0000645),
which was a gene cluster comprising carotenoids
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biosynthetic carotenoids. Nevertheless, the low similarity
of predicted gene clusters may represent the production
of new metabolites.

Islands of genome
Thirty-seven genomic islands were predicted in this
new strain MSAK28401T by IslandViewer 4, and the

localization of the predicted genomic islands is shown
in Fig. 7B. The 37 genomic islands were made up of
971 genes from the range of 4000-320,000 bp. Among
these, 581 genes were hypothetical proteins with no
function, 29 genes were mobile element protein, but
genes producing secondary metabolites were not found
within the genomic islands.



Wang et al. BMC Microbiol ~ (2021) 21:288 Page 7 of 15

A 25-
20 -
£ s
£ 15
3
c
3 10-
c
o
o
5
0 . —
& Q\o‘b & & oba"
&° & S &° 3
<& 3 © &*
2 « 03 <& &
@ & & N &
& ) & 2 o
S & & & e
&L & > ) )
& ‘\*& © [ °
&
B i
KEGG Classification
- o [ Cellular Processes
Nucl :.:d taboli I Environmental Information Processing
of uel eo;": metaballsm, [ Genetic Information Processing

Metabolism of other amino acids [T Metabolism

Metabolism of cofactors and vitamins

Lipid metabolism

Glycan biosynthesis and metabolism {

Global and overview maps

Energy metabolism

Carbohydrate metabolism

is of other y i

Amino acid metabolism

Translation |

Transcription

Replication and repair.

Folding, sorting and degradation
L and i .

Signal transduction

Membrane transport

Transport and catabolism

Cellular community -prokaryotes

Cell motility.

Cell growth and death

0 50 100 150 200
Counts of Genes
Cc
meta-cleavage of catechol
RMO009

oFormate

Catecholc————+ i ocis-2-Hydroxy-penta-2,3-dienoate
Acetaldehyde

> > < >0 Acetyl-CoA
2-Hydroxymuconate 4-Hydroxy-2-ox%pentanoate cetyl-Co

O
Pyruvate
dioxygenase and dehydrogenase reactions

1-Methylnaphthaleneo » =0 »0 1-Naphthate
2-Methylnaphthaleneo » =0 »0O 2-Naphthate
O
Catechol Formate
BenzeneO—+—#0——#»C— O
Styreneo » > = Y »0
3-Vinylcatechol SAcrylate

Fig. 4 CAZy and KEGG annotation class distribution. a CAZy annotation classification distribution map. The abscissa is the CAZy classification, and
the ordinate is the number of genes annotated to the corresponding classification. b KEGG annotation statistics chart at Level 2. The horizontal axis
is the number of genes, the vertical axis represents the name of the Level 2 pathway, and the number on the right side of the column is the number
of genes annotated to the Level 2 pathway. ¢ Aromatic hydrocarbon degradation pathways involved in isolates

Discussion hydrocarbon contamination in the marine environment
The species of Planococcus are the dominant species in  [5, 15]. Thirty species of Planococcus have been charac-
many marine environments, e.g., deep sea, salt marshes, terized. Notably, six typical strains have been found in
and intertidal zones [5]. These aerobic heterotrophic  the Antarctic, namely, P. faecalis [16], P. versutus [17], P
bacteria degrade a variety of hydrocarbons, so they maitriensis [18], P. antarcticus, P. psychrophilus [9], and P
can make a significant contribution to the reduction of  mcmeekinii [19]. In this work, we isolated and identified a
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Table4 The dDDH values are provided along with their
confidence intervals (C.l.) for the GBDP formula 2

Query Subject d4 C.l.d4

MSAK28401" Planococcus rifietoensis 42.8 [40.3-454]
ATCC BAA-790

MSAK28401" Planococcus citreus 423 [39.8-44.9]
DSM 20549

MSAK28401" Planococcus maitriensis 357 [33.3-38.3]
S1

MSAK28401" Planococcus plakortidis 340 [31.5-36.5]
DSM 23997

MSAK28401" Planococcus maritimus 29.7 [27.4-32.2]
DSM 17275

new species strain MSAK28401T belonging to the genus
Planococcus from Antarctic krill.

Defining a new species involves two consecutive steps,
namely, 16S rRNA gene analysis and calculation of sev-
eral parameters of the genome [20]. In conformity to this
scheme, we analyzed the 16S rRNA sequence of strain
MSAK28401T and found that the similarity between the
corresponding gene sequence and related stains within

genus Planococcus was less than 98.7%. This finding
supported the idea that this strain might be a new spe-
cies, because some species recently proposed in the
genus Planococcus had similar or highly similar values
in the 16S rRNA gene [17, 21, 22]. Chun et al. proposed
a minimum standard to the taxonomy of prokaryotes
using genomic data [20]. The whole-genome analysis
results showed that the threshold values of ANI for spe-
cies differentiation were 95-96%, which were generally
accepted. The calculated ANI values of the genome of
related strains of Planococcus were less than 91%, thereby
indicating that the strain belongs to a novel species
within the genus Planococcus. Furthermore, the mor-
phology, phenotype, and whole-genome analysis of the
strain MSAK28401T showed that it represented a new
member of the genus Planococcus and was named P, alp-
niumensis sp. nov.

Genus Planococcus is a halophilic bacterium known
for producing various secondary metabolites [23], which
are often referred to as anti-inflammatory, antimicro-
bial, pharmaceutically significant, and chemotherapeu-
tic [24]. Ganapathy et al. identified a new carotenoid
(methyl glucosyl-3,4-dehydro-apo-8-lycopenoate) with
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antioxidant activity from P maritimus MKUO009 [25].
Nevertheless, two clusters of genes that may be involved
in the synthesis of terpenes were discovered by scanning
potential secondary metabolites in strain MSAK28407.
Cluster 2 had 66% similarity with the gene cluster of the
carotenoid biosynthesis of Halobacillus halophilus DSM
2266, which can help the strain resist oxidative stress.
Genes associated with aromatic compound metabolism,
one of the most common and persistent contaminants in
environments [26], were found. In general, degradation

of hydrocarbons, e.g., salicylate, gentisate, and quinate
degradation, was a function of Planococcus [23].

By identifying vertical genetic homologous gene clus-
ters from unique common ancestors, comparative anal-
ysis can help clarify the relationship between different
species and the evolution and adaptability of the genome
[23, 27]. The strain MSAK28401" shared 2853 gene clus-
ters with P citreus DSM 20549" and P, rifietoensis M8,
and had 63 unshared protein clusters. The functional dis-
tribution of homologous gene families in core genomes
showed that most homologous gene families encode the
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predicts Genomic Islands (Gls) of the strain MSAK28401". The red represents the prediction by integrated approach; blue displays results via
IslandPath-DIMOB; orange represents genomic islands predicted using SIGI-HMM.

basal metabolism of bacteria, such as protein process-
ing, folding, and secretion and DNA and RNA metabo-
lism [28]. Notably, the number of unshared clusters in
strain MSAK28401" was significantly higher than these
related species among themselves (Fig. 6). The biologi-
cal processes of unshared clusters of strain MSAK28401"
are aromatic compound, nitrogen compound, macromol-
ecule, and heterocycle metabolic processes, indicating

the unique advantages in its biological process than other
related strains.

Conclusion

The analysis of genomic, chemotaxonomic, and phe-
notypic traits showed that the strain MSAK28401"
belongs to a new species of the genus Planococcus,
named P alpniumensis sp. nov, whose type strain is
MSAK28401". Furthermore, genomic characterization
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and comparative analysis showed that the strain P alp-
niumensis MSAK28401T contained many genes related
to the metabolism and transportation of amino acids and
carbohydrates, thereby suggesting that MSAK28401T
might possess n efficient nutrient uptake system. Screen-
ing the secondary metabolite genes found two different
types of terpene biosynthesis-related clusters. Cluster 2
was similar to carotenoids (66% of genes showed similar-
ity), thereby indicating that these predicted gene clusters
may represent the production of new metabolites. Finally,
genes (catechol 2,3-dioxygenase (gene 0402), 4-oxalocro-
tonate tautomerase (gene 2794), and S-(hydroxymethyl)
glutathione dehydrogenase / alcohol dehydrogenase
(gene 2852)) involved in the degradation of aromatic
compounds (e.g., salicylate, gentisate, and quinate) were
identified, indicating the potential metabolism of an aro-
matic compound of the new species.

Description of P. alpniumensis sp. nov.

This study reported the genomic information and phe-
notypic characteristics of the new strain P. alpniumensis
MSAK284017 isolated from Antarctic krill. Cells were
Gram-stain positive, aerobic, non-motile and coccoid
(0.89-1.05 um). After 3days of culture on LB medium at
28°C, the colonies were orange and round, no-flagellum,
no-spore, no-mobility, growth temperature range from 4
to 45°C, and 30°C is the optimum growth temperature,
as well as anaerobic growth does not occur. Tween 40
hydrolyzes the colony, while gelatin and casein do not.
The carbon sources were -turanose, 3-methyl glucose,
p.galactose, p-sorbitol, -mannitol, ,-mannose, p-lactic
acid methyl ester, and j-gluconic acid, but not dextrin,
B-methyl--glucoside, a-j-lactose, |-pyroglutamic acid,
p-lellobiose, -melibiose, [-glucose, |-aspartic acid,
p-glucose-6-PO4, -fructose, -arabitol, | -glutamic acid,
p-galacturonic acid, |-malic acid, |-alanine, |-arginine,
p-aspartic acid, p-glucuronic acid, | -galactonic acid lac-
tone, glucuronamide, and quinic acid. C,5,, anteiso, C¢
w7c alcohol, C,z, iso, Cyq4 iso, C,,, anteiso, and Cyy,
iso were the major fatty acids (>5%) of the strain. Con-
tent of DNA G+ C was 47.15%. The type species was P
alpniumensis, MSAK28401T (KCTC 43283T and MCCC
1k05448").

Methods

Bacterial isolation

Antarctic krill was collected from Antarctica (58°33.1”
W, 63°6.3" S) in 2016. It was washed with sterile seawa-
ter thrice under aseptic conditions to remove superficial
residual sediments and microbes. Three Antarctic krill
samples from a collected site were ground and homog-
enized as one specimen. Then, the milled samples were
diluted with approximately 1 ml of sterile water, collected
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in a 2ml aseptic centrifuge tube, and centrifuged at
3500rpm for approximately 5-10min. An inoculation
loop was used to obtain a small amount of supernatant
liquid, which was spread on agar-mixed LB. Bacteria in
inoculated dishes were allowed to multiply at 10°C until
the colonies became visible. The colonies were randomly
isolated from the agar plates, picked, and sub-cultured
almost thrice under the same conditions. The same
strains were preserved in 20% glycerin liquid medium at
—80°C for future use.

Phylogenetic tree construction

16S rRNA gene sequence of strain MSAK28401T was
amplified and sequenced through the sequencing DNA
service of TSINGKE Biological Technology, China and
then compared with the EzBioCloud database [29].
ClustalW program was used for sequencing against
the closest type strains [30] to analyze phylogeny. The
Neighbor-Joining phylogenetic tree was established using
MEGA-X [31]. The robustness of the phylogenetic tree
was evaluated through bootstrap analysis (1000 repli-
cates) [32].

Phenotypic characterization

After incubating the MSAK28401T strain on LB-Agar-
Powder plates for 48h at 25°C, transmission electron
microscopy confirmed the morphological characteris-
tics. Motility was examined by stab-culture in semi-solid
medium according to the method of Gerhardt et al. Oxi-
dase activity was tested using 1% (w/v) tetramethyl-p-
phenylenediamine. Formation of spores was monitored
by phase-contrast microscopy on cells cultured on LB
agar at 30°C for up to 7 days. Growth at different temper-
atures (4, 10, 16, 25, 30, 37, 45, and 50°C) was determined
and bacterial concentration was measured as optical
density at 600 nm. Under manufacturer-indicated condi-
tions, phenotypic characterization of this strain and two
reference strains (P citreus DSM20549" and P. rifietornsis
M8T, which were obtained from Marine Culture Collec-
tion of China, MCCC) were identified using Biolog Gen
III microstation. Strains P citrus DSM20549%, P. rifie-
tornsis M8”, and the strain MSAK28401T were incubated
together at 25°C for 30 h and the results were tested.

Chemotaxonomic analysis

For cellular fatty acid analysis, strains MSAK28401T, P,
citreus DSM20549%, and P. rifietornsis M8' were incu-
bated together on LB-Agar-Powder at 25°C for 2days.
Culture was harvested and prepared, and fatty acid
methyl esters were separated based on the method pro-
posed by Sasser [33] and were tested by the MIDI Sher-
lock Microbial Identification system.
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Genome sequencing and mining

Total DNA of the genome was purified from a purely
cultured strain MSAK28401" using a DNA extraction
kit (TaKaRa, Japan) following the manufacturer’s pro-
tocol. PacBio sequencing and analysis were conducted
by OE Biotech Co., Ltd. (Shanghai, China). The total
DNA obtained was subjected to quality control via aga-
rose gel electrophoresis and quantified by Qubit. The
library was constructed utilizing the SMRTbell tem-
plate prep kit 1.0 from Pacific Biosciences. Single-mol-
ecule real-time (SMRT) sequencing was performed on
the PacBio Sequel platform. SMRT Analysis 2.3.0 was
used to filter low-quality reads [34, 35]. The filtered
reads were assembled into a contig without gaps. Fal-
con was used for the de novo assembly of these reads
[36]. This draft genome sequence of MSAK?28401"
was collected in GenBank and was given the accession
number JAAMTH000000000.

A circular genome map of this strain MSAK284017
was generated with CGView server (http://cgview.ca/)
[37, 38]. Gene prediction of the assembled genome was
performed with Prodigal v2.6.3 [39], and an assem-
bled genome was masked with RepeatMasker v4.0.7
[40]. Annotation was completed with Rapid Annota-
tion using Subsystem Technology (RAST 2.0) [2, 41,
42]. The genome-BLAST Distance Phylogeny (GBDP)
[43] method compared these whole-genome sequences
at nucleotide level, calculates DNA-DNA hybridization
(dDDH) value, and a phylogenetic tree was constructed.
The Average Nucleotide Identity (ANIb) value between
genomes was calculated using JSpeciesWS Online Ser-
vice [44]. Predictive genes were functionally classified
using e-values of le-5 in five databases, namely, Non-
Redundant Protein Database (NR), Gene Ontology
(GO) Database, Swiss-Prot, Clusters of Orthologous
Groups (COG), and Kyoto Encyclopedia of Genes and
Genomes (KEGG)(http://www.genome.jp/kegg/pathw
ay.html) [45, 46].

Pan-genome and comparative genome-wide analysis

To compare genomes, the reference genome sequence
of this bacteria was downloaded from the GenBank
database. The pan-genome sequence comparative anal-
ysis of this strain MSAK28401T was performed using
the GBDP method [43]. Genomic homogeneous clus-
tering analysis, including the genetic ontogeny of all
predicted protein-coding genes, was performed using
OrthoVenn2 [47].

Abbreviations
ANI: Average nucleotide identity; DDH: DNA-DNA hybridization; LB: Luria-
Bertani; SMRT: Single-molecule real-time; GBDP: The Genome-Blast Distance
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Phylogeny; NR: Non-Redundant Protein Database; GO: Gene Ontology; COG:
Clusters of Orthologous Groups; KEGG: Kyoto Encyclopedia of Genes and
Genomes; RAST: Rapid Annotation using Subsystem Technology; GT: glycosy!
transferases; GH: glycosyl hydrolases; BGCs: Biosynthetic gene clusters.
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