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Abstract

Background Spingobium sp. PAMC 28499 is isolated from the glaciers of Uganda. Uganda is a unique region where hot
areas and glaciers coexist, with a variety of living creatures surviving, but the survey on them is very poor. The genetic
character and complete genome information of Sphingobium strains help with environmental studies and the development
of better to enzyme industry.

Objective In this study, complete genome sequence of Spingobium sp. PAMC 28499 and comparative analysis of Spingobium
species strains isolated from variety of the region.

Methods Genome sequencingwas performed using PacBio sequel single-molecule real-time (SMRT) sequencing technology.
The predicted gene sequences were functionally annotated and gene prediction was carried out using the program NCBI non-
redundant database. And using dbCAN2 and KEGG data base were degradation pathway predicted and protein prediction
about carbohydrate active enzymes (CAZymes).

Results The genome sequence has 64.5% GC content, 4432 coding protein coding genes, 61 tRNAs, and 12 rRNA operons.
Its genome encodes a simple set of metabolic pathways relevant to pectin and its predicted degradation protein an unusual
distribution of CAZymes with extracellular esterases and pectate lyases. CAZyme annotation analyses revealed 165 genes
related to carbohydrate active, and especially we have found GH1, GH2, GH3, GH38, GH35, GH51, GH51, GH53, GH106,
GH146, CE12, PL1 and PL11 such as known pectin degradation genes from Sphingobium yanoikuiae. These results con-
firmed that this Sphingobium sp. strain PAMC 28499 have similar patterns to RG I pectin-degrading pathway.

Conclusion In this study, isolated and sequenced the complete genome of Spingobium sp. PAMC 28499. Also, this strain has
comparative genome analysis. Through the complete genome we can predict how this strain can store and produce energy in
extreme environment. It can also provide bioengineered data by finding new genes that degradation the pectin.

Keywords Carbohydrate active enzyme - Comparative genomics - Genome sequencing - Pectin degradation - Sphingobium
sp.
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Bacteria of genus Sphingobium, family Sphingomona-
daceae, phylum Proteobacteria, are usually Gram-negative,
rod-shaped, non-sporulating, motile or non-motile, and
strictly aerobic, and they have a color as yellow or whit-
ish brown (Chaudhary et al. 2017; Yabuuchi et al. 1990).
In the data obtained from phylogenetic, chemotaxonomic,
and physiological analysis, the previously described Sphin-
gomonas sensu stricto is now classified into four genuses:
Sphingomonas, Novospingobium, Sphingobium, and Spho-
pyxis (Takeuchi et al. 2001). It has been reported that
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Sphingobium members have been isolated from a variety
of habitats including oil-contaminated soil, hexachlorocy-
clo hexane dump site, rhizosphere soil, river sediment, cat-
tle pasture soil, freshwater, copper mine soil, roots, fly ash
dumping site, and waste water (Kumari et al. 2009; Maeda
et al. 2015; Ushiba et al. 2003; Young et al. 2007).

Biological studies have generally shown frequent surveys
of cold areas in the mid-latitudes and polar region (arctic
and antarctic), but little has been studied for tropical glaciers
except New Guinea (Hope et al. 1976). We can see glaciers
that can be seen from the equatorial Africa (three major
mountain regions: Mt. Kilimanjaro in Tanzania, Mt. Kenya
in Kenya, and the Rwenzori Mountains in Uganda), but it is
also true that many people are unaware of and not targeted
in previous surveys of glacial biology. Moreover, it is cur-
rently on the verge of disappearing due to climate warming,
reduced humidity, and reduced cloud. Among them, Rwen-
zori Mountains in Uganda is expected to disappear by 2020,
but also surveys of the region are very insufficient (Molg
et al. 2006; Taylor et al. 2006; Uetake et al. 2015). Microbes
separated from cold areas on Earth can produce enzymes
with cold activity. It has been reported that some yeast and
bacteria separated from Argentinian Patagonia, Himalayan
regions, Iceland, and Japan can produce pectinase (Adapa
et al. 2014). However, there is a considerable lack of infor-
mation on enzymes that degradation of pectin that can have
cold activity in it. Although the activity of medophilic and
cold-active pectinolies has already been reported by filament
bacteria, almost all are pectinolytic enzymes that perform
optimal activities at 40-45 °C (Dinu et al. 2007; Gadre et al.
2003; Poveda et al. 2018; Saito et al. 2004; Takasawa et al.
1997).

Pectin is structurally the most complex component of
the cell walls in the dicotyledonous plant. Pectin polysac-
charides are present in the primary side walls and middle
lamella, and are most abundant in the cell walls of the soft
part of the plant and surrounding growing cells (Mohnen
2008). The structural units that produce pectin are usually
divided into three main domains: HG (Homogalacturonan),
RG I (Rhamnogalacturonan I), and RG II (Rhamnogalactu-
ronan II), and HG and RG I are generally the most domi-
nant quantitative (Voragen et al. 2001). Among them, RG
I is the second most abundant polysaccharide of the pectin
family. And this is produced of a backbone of alternating
a 1,2-linked rhamnose and a 1,4-linked galacturonic acid
residues, that is, of repeating disaccharide structural units.
RG I degradation enzyme catalyzes the cleavage of galactu-
ronic acid and rhamnose (and the bond between rhamnose
and galacturonic acid) in the RG I backbone chain of pectin.
They are active on the RG I backbone of pectin and thus
strictly specific for cleaving bonds in the repetitive structure
(Silva et al. 2016). RG I side chains can be organized in a
variety of ways, allowing for highly variable placement, so
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this is responsible for the chemical and structural complex-
ity of pectin and can constitute 20-35% of the total pectin
mass (Mohnen 2008). Enzyme of pectin degradation has an
advantage over chemical hydrolysis as the enzyme targets
specific enemy bonds of pectin molecules while less special-
ized in chemical methods (Benen et al. 2002; Schols and
Voragen 1996). This is particularly important when partial
hydrolysis is required to produce a particular fragments. In
order to meet the demand for a particular pectin-induced
fructose, a professional mixture of pectinolytic enzymes
which isolate and no longer hydrolyze the junctions required
to produce such fructose is required (Benoit et al. 2012).

The structural complexity of pectin presents consider-
able difficulties to the human digestive system, and humans
must rely on the coherent action of CAZymes produced by
symbiotic gut bacteria to reduce pectin. Studies involving
environmental and animal gut bacteria suggest that inter-
ception of pectin-degrading interlayers is a prerequisite for
initiating plant cell wall degradation, exposing other cell
wall polymers, and permitting more heterogeneous bacterial
colonization along the plant cell wall (Cheng et al. 1979;
Chung et al. 2014). In this study, the Sphingobium sp. strain
named PAMC 28499. With functional structural analysis
of strains, genome sequencing, assembly, and annotation
were performed perfectly as a new report separated from
the glaciers of Uganda. Uganda is a unique region where hot
areas and glaciers coexist, with a variety of living creatures
surviving, but the survey on them is very poor. This is the
first report on the entire genome of bacteria separated from
the glaciers of Uganda, and it is believed to affect many
industries as the first report on pectin-degrading enzymes
from the complete genome of this strain.

Materials and methods

Isolation of Sphingobium sp. PAMC 28499
and preparation of genomic DNA

Sphingobium sp. PAMC 28499 strain was isolated from the
glaciers of Mt. Rwenzori, Uganda using 0.1XR2A Broth
Gellan gum. This strain was isolated at 10 °C, but after
checking the time it was grown using a pure R2A (MB cell
Ltd., Seoul, Korea), it was found to grow up to 25 °C, and
we chose grew enough cells at 15 °C and them to get DNA.
Genomic DNA was extracted from Sphingobium sp. PAMC
28499 using a QIAamp DNA Mini Kit (Qiagen Inc., Valen-
cia, CA, USA), and the quantity and purity were determined
using a spectrophotometer (Biochrome, Libra S35PC, UK).
The purity was A260/A280, and the genome was processed
to determine whether it was good or not. The extracted DNA
was checked by agarose gel electrophoresis to evaluate its
quality and stored at — 20 °C.
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Complete genome sequencing and annotation

Genome sequencing was performed using PacBio sequel
single-molecule real-time (SMRT) sequencing technology
(Pacific Biosciences, Menlo Park, CA, USA). SMRTbell
library inserts (20 kb) were sequenced using SMRT cells.
Raw sequence data were generated from 100,966 reads and
580,399,630 bp that were assembled de novo using the hier-
archical genome-assembly process (HGAP) protocol (Chin
et al. 2013) and RS HGAP4 Assembly in SMRT analysis
software [ver. 2.3; Pacific Biosciences (https://github.com/
PacificBiosciences/SMRT-Analysis)]. The coding DNA
sequences (CDSs) were predicted and annotation was per-
formed with the Rapid Annotation using Subsystem Tech-
nology (RAST) server (Aziz et al. 2008). The predicted
gene sequences were translated and searched against the
National Center for Biotechnology Information (NCBI)
non-redundant database, the eggNOG 4.5 database (Huerta-
Cepas et al. 2016), and the Kyoto Encyclopedia of Genes
and Genomes (KEGG) database. Also identified the features
through a circular map of the PAMC 28,760 genome created
using the CGView comparison tool (Grant et al. 2012).

Carbohydrate active enzyme

CAZyme genes such as glycoside hydrolases (GH), gly-
cosyl transferase (GT), polysaccharide lyases (PL), car-
bohydrate esterases (CE), auxiliary activities (AA), and
carbohydrate binding module (CBM) were predicted by
running HMMER3 (Eddy 2011) scan using HMMs pro-
file downloaded from dbCAN?2 (version: dbCAN HMMdb
release 7.0) with an e-value cutoff of le-15 and coverage
cut off of > 0.35. Also we used DIAMOND (Buchfink et al.
2015) with E value < 1e—102 and Hotpep (Busk et al. 2017)
with frequency > 2.6, Hits > 6, which were used to improve
the accuracy of expected genes. In addition, the results of
CAZyme gene clusters (CGCs) were checked and able to
upgrade the genome information with help of a CAZy data-
base (https://www.cazy.org/).

Comparative genomic analysis of CAZymes

Average nucleotide identity (ANI) analysis was performed
to determine the relationship of Sphingobium species with
other strain as predicted by complete genome sequence and
confirmed of possibility in this comparative analysis. ANI
values between the genomes were calculated using method
based on MUMmer alignment (Richter and Rossello-Mora
2009). There are already many genomes of Sphingobium
sp. strains registered available in NCBI GenBank. To com-
pare the CAZyme of the widely registered Sphingobium sp.
strains, among have a complete genome about strains and
this is only complete genome were chosen except for WGS

to finally select 19 strains. We downloaded genome sequence
for each 19 strains from NCBI database and as mentioned
earlier re-annotated of CAZyme using the dbcan2 server.
The CAZyme gene parts in the each other complete genome
were identified and compared, and their function was also
confirmed using BLASTP of NCBL

Results
Complete genome sequence

The complete genome of Sphingobium sp. PAMC 28499
contains a circular chromosome of 4,880,615 bp with 64.5%
GC content. The CDSs were predicted, and annotation was
performed with the RAST server (Aziz et al. 2008). The pre-
dicted gene sequences were translated and searched against
the NCBI nonredundant database, the EggNog/COG data-
base, and the KEGG database. A total of 4,432 CDSs were
predicted, and the coding region accounted for 90.2% of the
Sphingobium sp. PAMC 28499 genome; 61 tRNA and 12
rRNA were predicted in the complete genome (Table S1).
A total of 4,581 genes were assigned a putative function.
The genes were classified into 26 COG functional categories
by eggNOG 4.5 database (https://eggnog.embl.de). Figure
S1 shows a circular map of the PAMC 28499 of Sphingo-
bium sp. genome, which was generated using the CGView
Comparison Tool (Grant et al. 2012). Using this tool, tRNA,
rRNA, and GC contents were represented and verified on
the genome map (Fig. S1A), and the characteristics of the
gene were identified by presenting graphs for each category
of 26 COGs (Fig. S1B). Checking with COG result of our
strain, has larger number of genes (> 100) in category M
(235), O (152), T (200), J (157), K (247), L (203), C (240),
E (268), G (220), H (113), I (157), and P (265). Each of
these categories is meaningful, with the following meanings:
M, Cell wall/membrane/envelope biogenesis; O, Posttrans-
lational modification, protein turnover, and chaperones; T,
Signal transduction mechanisms; J, Translation, ribosomal
structure, and biogenesis; K, Transcription; L, Replication,
recombination and repair; C, Energy production and conver-
sion; E, Amino acid transport and metabolism; G, Carbohy-
drate transport and metabolism; H, Coenzyme transport and
metabolism; I, Lipid transport and metabolism; P, Inorganic
ion transport and metabolism. Within these many categories,
the result for many genes in the G category means that there
are many genes associated with carbohydrate transport and
metabolism and also suggests that our strains are related to
CAZyme. Because this is carbohydrates play an important
role in many essential metabolic pathways (Maughan 2009).
And known components of bacterial cell walls, including
peptidoglycan, lipid polysaccharide (LPS), and outer mem-
brane proteins, are classified into M categories. So we can
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see that more than 235 proteins can be largely divided into
five types: peptidoglycan biosynthesis-related genes, lipid
glycogen biosynthesis-related genes, OMP coding genes,
unknown genes, among them, those that degradation enzyme
pectin or peptidoglycan (Yang et al. 2007). These results
help to predict the characteristics of the strain that degrada-
tion the cell walls and get energy.

Conjecture of functional impact about pectin
degradation enzyme from PAMC 28499

Newly annotated using dbCAN2, we were able to investigate
interesting CAZyme genes related to pectin. The genome of
Sphingobium sp. PAMC28499 encodes 74 GHs, 49 GTs, 5
PLs, 28 CEs, 2 CBMs, and 7 AAs. CAZyme annotations
are based upon the protein models derived from the anno-
tation of the genomes. Based on CAZyme results, many
related genes that degradation enzymes of pectin were
annotated and detailed results are summarized in Table 1.
The CAZyme annotation of strain identified 4 putative
-galactosidase (GH2), 2 putative endorhamnogalacturo-
nase, 3 putative p-galactosidase (GH35), 9 putative GH43,
3 putative o-; -arabinofuranosidase (GH51), 1 putative
endo-1,4-B-galactanase, 2 putative unsaturated rhamnoga-
lacturonyl hydrolase (GH105), 1 putative a-; -rhamnosidase
(GH106), 1 putative a-; -thamnosidase (GH145), 1 putative
f3-; -arabinofuranosidase, 1 putative pectate lyase (PL1), 1
putative rhamnogalacturonan endolyase (PL11), and 2 puta-
tive rhamnogalacturonan acetylesterase. Among them, The
GH43 family consists of enzymes with activities required

Table 1 Activities of pectin degradation enzymes within CAZy fami-
lies in Sphingobium sp. PAMC 28,499

CAZyme family Enzyme functions

Glycoside hydrolases

GH2 B-Galactosidase

GH28 Endorhamnogalacturonase

GH35 B-Galactosidase

GH43 a-; -Arabinofuranosidase

Endo-a-1,5- -arabinanase

GH51 a-; -Arabinofuranosidase/endoglucanase

GHS53 Endo-1,4-p-galactanase

GH105 Unsaturated rhamnogalacturonyl hydrolase

GH106 o-; -Rhamnosidase

GH145 a-; -Rhamnosidase

GH146 f3-_-Arabinofuranosidase
Polysaccharide lyases

PL1 Pectate lyase

PL11 Rhamnogalacturonan endolyase
Carbohydrate esterases

CE12 Rhamnogalacturonan acetylesterase
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for the degradation of cell wall polysaccharides such as
hemicellulose and pectin. Inspection of the enzyme com-
mission (EC) annotations for the most up-regulated GH43
genes shows that they encode xylan 1,4-B-xylosidases
(EC 3.2.1.37), arabinan endo-1,5-a-; -arabinosidases (EC
3.2.1.99), and a-| -arabinofuranosidases (EC 3.2.1.55). In
detail, we could investigate this division: 1 putative a-1,2-; -
arabinofuranosidase (GH43_29), 3 putative p-xylosidase/a-
L-arabinofuranosidase (GH43_1, GH43_9, and GH43_19), 1
putative arabinoxylan arabinofuranohydrolase (GH43_12),
1 putative endo-a-1,5-; -arabinanase(GH43_17), 1 putative
arabinosidase (GH43_18), 1 putative extracellular exo-a-
(1 —5)- -arabinofuranosidase (GH43_26), and 1 putative
intracellular endo-a-(1 — 5)-; -arabinanase (GH43_5). These
genes predicted appears to have an arsenal of enzymes for
digestion of plant cell wall polysaccharides, which may
explain the prevalence of this organism in soil and rhizo-
sphere habitats (Peterson et al. 2006). Many genes of
CAZyme from PAMC 28,499 predicted to encode glyco-
hydrolases, esterases, and lyase that could be involved in
utilization of plant cell wall polysaccharide, such as xylans
(B-1,4-linked polymers of xylose often substituted with
acetyl, arabinofuranoside, and glucuronosyl residues), man-
nans (heteropolysaccharides containing p-1,4-linked man-
nose residues), and xyloglucans (f3-1,4-linked polymers of
glucose substituted with xylose and other sugars), were also
identified. In the case of pectin among them, the backbone
consists mainly of a j,-galacturonic acid residue joined by
a-1,4-linked that can be replaced by methyl esters or ace-
tyls. Pectin is classified into three general groups: homologa-
lacturonan (linear polymer), xylogalacturonan (branded by
B-1,3-linked -xylose), and rhamnogalacturonan (Caffall
and Mohnen 2009; Wong 2008). In particular, RG I con-
sists of repetitive disaccharides ramnose-galacturonic acid.
Galacturon residue can be acetylated, and both residues can
carry neutral sugar chains made of galactose, arabinose, and
xylose (Willats et al. 2006). In the strain PAMC 28,499,
most of the CAZyme genes were related to degradation RG
I, and it was expected that by disassembling they could be
obtained from galactose, arabinose, and xylose, and used as
energy sources. All of these genes and clusters showed the
character of the cell wall degradation, and also their func-
tions are strongly expected.

Comparative genome analysis of Sphingobium sp.

Only all complete genome for the strains of Sphingobium
sp. were listed and checked comparative genome analysis
to their CAZyme section, because to investigate the charac-
teristics of this strain as a whole. Detailed information on
comparative strains was summarized in Table 2, and the total
number of genes for CAZyme was also summarized. Based
on the results of ANI values (Fig. 1), it was ranged from
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Fig. 1. 16 s rRNA phylogenetic tree and ANI value (%) for 20 strains,
including Sphingobium sp. PAMC 28499. 16 s rRNA phylogenetic
tree showing the relationships for the 19 strains of Sphingobium
sp. It was prepared using MEGA X based on 16 s rRNA sequences
with neighbor-joining. And heat map mean comparative results
each strains of ANI value (%). It was calculated using the MUMmer
alignment. MI1205, Sphingobium sp.; MH, Sphingobium herbicido-
vorans; EP60837, Sphingobium sp.; SYK-6, Sphingobium sp.; YBL2,

97% (Sphingobium yanoikuyae SHI) to 74% (Sphingobium
sp. SYK-6). Overall comparison shows that all 20 complete
genomes for ANI values belong to the same species and the
same group was identified by checking 16S rRNA. However,
the comparative bacteria Sphingobium sp. SYK-6 showed
different patterns compared to other strains. Perhaps this
strain is a new possibility of species. By using complete
genomes of all strains, we have compared the CAZyme each
other genes annotation using dbCAN2. At the comparative
result Fig. 2, Sphingobium yanoikuyae strain S72 was the
largest (206) and the Sphingobium sp. strain YG1 the least
(58) about total CAZyme gene, and the number of result was
all different. In conclusion, we found comparative about pec-
tin degradation gene sections containing GH1, GH2, GH3,
GH28, GH35, GH43, GH51, GH53, GH78, GH105, GH106,
GH 145, GH146, CE12, PL1, and PL11. Interestingly, only
the strains in the same group as the PAMC 28499 and 16S
rRNA parts were identified by a large number of CAZyme
genes and were able to confirm that they had similar pec-
tin degradation genes. Overall, the Sphingobium strain, in
a group similar to Sphingobium yanoikuiae, was shown to
have a large number of genes for CAZyme and similarly has
a genetic pattern. So our strains are thought to be similar to
the Sphingobium yanoikuiae strain, and we can also iden-
tify the pattern of the pectin degradation gene. Sphingobium
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Sphingobium sp.; C1, Sphingobium hydrophobicum; TKS, Sphingo-
bium sp.; L-1, Sphingobium chlorophenolicum; UT26S, Sphingobium
Jjaponicum; B90A, Sphingobium indicum; JCM 10874, Sphingobium
cloacae; DE-13, Sphingobium baderi; YG1, Sphingobium sp.; SHJ,
Sphingobium yanoikuyae; LF-16, Sphingobium sp.; S72, Sphingo-
bium yanoikuyae; SITF8, Sphingobium yanoikuyae; PAMC 28499,
Sphingobium sp. (our strain); DSM 16289, Sphingobium amiense;
and RACO3, Sphingobium sp

yanoikuiae strain also had the most gene in the family of
GH43 and unlike other Sphingobium species, had GH145
and GH146. Its blast results were predicted with genes
recently proven to function as «-; -rhamnosidase and f-| -
arabinofuranosidase. Based on these results, we were able
to predict that there were many genes that could degradation
RG 1, and that our strains also had the same pattern. This
means that even in the Sphingobium species, the strains with
similar genetic patterns, especially the Sphingobium yanoi-
kuiae, can degradation the pectin, and not all Sphingobium
species can be decomposed.

Pectin degradation

Many microorganisms can use these substances as carbon and
energy sources by producing enormous amounts of enzymes
in different environmental gaps, whose main components are
cellulose, starch, lignine, xylan, and pectin. The pectic poly-
saccharide is a complex and high-molecular glycosidic mac-
romolecules found in higher plants. They exist in the primary
cell wall and are the main constituent of the medium lamela,
a thin extracellular adhesive formed between the walls of the
adjacent young cells (Kaur et al. 2004). Simply put, they are
largely responsible for the structural integrity and cohesion of
plant tissues. Pectinases is a group of enzymes that catalyze the
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Fig.2 Comparative total CAZyme genes and pectin degradation
enzyme found in 20 genomes. RACO03, Sphingobium sp.; MI11205,
Sphingobium sp.; MH, Sphingobium herbicidovorans; L-1, Sphingob-
ium chlorophenolicum; JCM 10874, Sphingobium cloacae; EP60837,
Sphingobium sp.; DSM 16289, Sphingobium amiense; DE-13, Sphin-
gobium baderi; Cl, Sphingobium hydrophobicum; B90A, Sphin-

degradation of pectic polysaccharide by means of depolymeri-
zation (hydrolysis enzyme and lyase) and well-known pectin
degradation enzyme is a rhamnogalacturonan degradation
enzyme (Alkorta et al. 1998). Figure 3 shows the degradation
RG I pathway that strain PAMC 28499 have. GHs and PLs
are two types of hydrolysis enzyme required for pectin back-
bone degradation. In general, the GHs perform a role in pectin
backbone degradation include endo- and exo-polygalacturo-
nases, which break the backbone of smooth regions, while the
complex hairy regions are further degraded by endo- and exo-
rhamnogalacturonases, xylogalacturonases, a-rhamnosidases,
unsaturated glucuronyl hydrolases, and unsaturated rham-
nogalacturonan hydrolases (van den Brink and de Vries
2011). Especially, endo- and exo-polygalacturonases are able
to degrade a-1,4-glycosidic bonds of a-galacturonic acids,
and rhamnogalacturonases degrade a-1,2-glycosidic bonds
between -galacturonic acid and | -rhamnose residues in the
hairy region of the pectin backbone (Suykerbuyk et al. 1995).
PLs split up the a-1,4-glycosidic linkages of polygalacturo-
nate, generating oligogalacturonides with C4-C5 unsaturation
at the nonreducing end. They have usually specific for the non-
methylated polysaccharide or for pectin with a low degree of
methyl esterification (Kashyap et al. 2001; Yang et al. 2019).

Discussion

Pectin is structurally the most complex component of the
cell walls of the dicotyledonous plant, and pectic oligosac-
charides are present in the primary side walls and middle

15 20 25 30 35 40 45 50

GH28 mGH35 mGH43 mGHS1 mGH5S3 mGH78 mGH105 mGH106 WGH145 GH146 CE12 PL1 PL1N

gobium indicum; YBL2, Sphingobium sp.; UT26S, Sphingobium
Jjaponicum; TKS, Sphingobium sp.; SYK-6, Sphingobium sp.; YG1,
Sphingobium sp.; SITFS, Sphingobium yanoikuyae; S72, Sphingo-
bium yanoikuyae; LF-16, Sphingobium sp.; SHI, Sphingobium yanoi-
kuyae; and PAMC 28499, Sphingobium sp. (our strain)

lamella. This are most abundant in the cell walls of the soft
part of the plant and surrounding growing cells. The struc-
tural complexity of pectin presents considerable difficulties
to the human digestive system, and humans must rely on
the coherent action of CAZymes produced by symbiotic
gut bacteria to reduce pectin. Pectin-degrading enzyme is
a have prerequisite for initiating plant cell wall degradation
and reduce pectin.

In this study we presented that the complete genome
sequence of Sphingobium sp. PAMC 28499 isolated from
glaciers of Mt. Rwenzori show a genome size 4,880,615 bp
and GC content of 64.5%. Through complete genome analy-
sis, we suggested that it has pectin degradation character
with diverse CAZyme genes. Overall, we confirmed that
PAMC 28,499 have 74 GH family, 49 GT family, 28 CE
family, 5 PL family, 2 CBM family, and 7 AA family in com-
plete genome. In addition, by comparative genome of the
Sphingobium strain, totally this strain species itself showed
that the pectin degradation is a bacterium, and this reason
is probably because cold environment. The change in cell
wall remodeling in plant growth nourishes the stress resist-
ance, and cell wall adjustment is an important determinant
of plant adaptation. The bacteria that live there survive by
deposition and metamorphosis in cell wall polysaccharides.
A deep explanation of how to detect and transmit this signal
is needed, but the function of the pectin-degradation gene
will be identified, affecting plant cell walls such as pectin
disassembly and secondary wall formation, and an important
aspect of how bacteria can survive in cold areas. In addition,
the strain is isolated strain from the disappearing the glaciers
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Fig.3 Activities of pectin-degrading pathway on RG L
GH2, f-galactosidase and endorhamnogalacturonase; GH35,
B-galactosidase; GH43, xylan 1,4-pB-xylosidases, arabinan endo-
1,5-a-p -arabinosidases, and a- -arabinofuranosidases; GHS51, o--
arabinofuranosidase; GH105, endo-1,4-p-galactanase and rham-

of Uganda, which is worth protecting and can provide an
understanding of their survival environment through com-
plete genome sequence.

Conclusion

In summary, its genome encodes a simple set of metabolic
pathways relevant to pectin and its predicted degradation
protein an unusual distribution of CAZymes with extracel-
lular esterases and pectate lyases etc., about pectin degra-
dation enzyme. The genome sequence provides valuable
information for functional elucidations of novel enzymes
for both biotechnological application and fundamental

@ Springer
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nogalacturonyl hydrolase; GH106, o-; -rthamnosidase; GHI145,
a-; -thamnosidase; PL1, p-; -arabinofuranosidase and putative pectate
lyase; and PL11, rhamnogalacturonan endolyase and rhamnogalactu-
ronan acetylesterase

research purposes. Through the complete genome we can
predict how this strain can store and produce energy in
extreme environment. It can also provide bioengineered
data by finding new genes that degradation the pectin.

Nucleotide sequence accession numbers

The complete genome sequence has been deposited at
GenBank/EMBL/DDBJ under the Accession Number
CP039248.
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