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ABSTRACT

An agar-degrading bacterium, designated as strain SELA 4, was isolated from agriculture soil enriched with laboratory agar. The
isolated strain was Gram-positive, rod-shaped, aerobic bacterium with off-white colonies showing marked depression on Mineral Salt
Agar (MSA) medium. A similarity search was done based on its 16S r DNA sequence and the analysis revealed that the strain SELA 4
shared 99% similarity with the genus Microbacterium, showing its affiliation with Microbacterium barkeri strain which is known to be
famous as biocontrol agents. On the basis of results obtained after biochemical analysis, physiological and phylogenetic analysis this
strain was named Microbacterium barkeri sp. SELA 4. The strain SELA 4 is able to utilize agar as the only carbon source when grown
at 37°C, 5 pH and produced the enzyme, B-agarase. Highest activity of 2.04 U/ml was observed at 1.5% agar concentration in the growth
media. The enzyme activity at 37°C was 2.09 U/ml and at 5 pH was 1.96 U/ml respectively. Initially, the activity was qualitatively
determined by iodine clear zone assay and later confirmed by activity staining. Activity staining showed the secretion of agarase enzyme
by the strain whose molecular weight was found approximately 55.6 kDa. The enzyme hydrolysis product of agar was analyzed using
Thin Layer Chromatography, indicating that the agarase enzyme from SELA 4 was [ agarase which is known for cleaving agarose into

Neoagarohexaose as the final product.
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INTRODUCTION

The great utility of the agar hydrolyzed oligosaccharides has attracted some
researchers in this area. The bacterial isolate, Microbacterium sp. SELA 4
mentioned in the current study, produced agarase enzyme which was isolated
from soil enriched with laboratory agar and possess the ability to degrade
agarose. Some red algae like Gelidium and Gracilaria are most popularly known
for the location of two major components of agar, namely Agarose and
Agaropectin in their cell walls. Both the components are polysaccharides in
nature. The former component is a neutral molecule with linear chains of
repeatedly alternating units of p-1,3- linked-D-galactose and a-1,4 linked 3,6
anhydro L-galactose (Duckworth and Turvey, 1969)has gelling abilities while
the later component, is a non-gelling fraction of sulfated polysaccharide. Agarase
enzymes act on the substrate, agarose of agar and break its polysaccharide into
oligosaccharides. The agarases are of two types: a-agarases (EC 3.2.1.158) and B-
agarases (EC 3.2.1.81) on the basis of their cleavage pattern (Chi et al.,
2012).The a-agarase break a-1,3 linkages to produce agaro-oligosaccharides
while f-agarase enzyme breaks f-1,4 linkages to produce neoagaro-
oligosaccharides (Suzuki et al., 2002). Agarase enzyme is used in biochemistry
lab, to retrieve DNA from agarose gel (Sugano et al. 1993) while it’s hydrolytic
products are utilized in food industry as food additives and gelling agent (Fu and
Kim, 2010), as anti-oxidants by scavenging the reactive free radicals (Wang et
al., 2004), in cosmetics, as moisturizers for skin fairness(Kobayashi et al., 1997),
in medicine industry, as immunity booster by exhibiting macrophage stimulating
activity (Yoshizawa et al., 1995). Agar-degrading bacteria are known to utilize
agar for carbon requirement, unlike other bacteria for which agar just acts as a
solidifying agent. Such bacteria were usually isolated from marine sources as the
substrate, agar is available to them in the cell wall of red algae. However, few
bacterial isolates have known to be reported from non - marine environments like
Asticcacaulis sp.SA7 from rhizosphere soil (Hosoda et al., 2006), Paenibacillus
sp.SSG-1 from soil (Song et al., 2014), Ammonibacillus agrariperforans
FAB2(T) from sewage sludge compost (Sakai et al., 2015) and the endophytic
bacteria isolated from the plant source (Song et al., 2015). Therefore, our study
focuses to know the significance and ecology of non-marine agar-degrading
bacteria.
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Till now, no reports are there on agarolytic bacterial isolates, that belong to
Microbacterium species either from marine or non-marine sources. Our current
study describes the identification of a novel agar degrading bacterial strain,
SELA 4, molecular weight determination of its agarase enzyme, detection of
enzyme hydrolysis products and the effect of different parameters (agar conc.,
temperature, pH) on the production of extracellular agarases. There are reports
about a few strains of Microbacterium sp. that cause diseases in plants (Kaku et
al., 2000) animals (Hodgkin et al.,2000) and human beings (Alonso-Echanove
et al.,, 2001) but recently few isolates from soil have also shown to possess
biocontrol activity (Sartori et al., 2012) production of bio-ethanol(Kawaroe et
al., 2018).Through this article, we are for the first time mentioning about a novel
agar-degrading bacterium, Microbacterium barkeri sp., SELA 4 which
extracellularly secretes f3 agarase enzyme with molecular weight 55.6kDa and has
the potential to produce Neoagarohexaose.

MATERIAL AND METHODS
Isolation of agar degrading bacterium and its culture medium

An agarolytic bacterium was isolated from the agriculture soil sample on Mineral
Salt Agar plates. The compositions for MSA agar medium were (gram per liter):
CaCl, 0.1; MgS04.7H,0 0.5; (NH,4),S0,4 0.5; K;HPO, 0.5; NaCl 0.5; 1.5% agar.
To inhibit the growth of fungi on the plates, 5g/1 of Nystatin was added to culture
media whose pH was adjusted to five. One gram soil was taken from the pot
containing agriculture soil in which laboratory agar wastes were regularly
dumped and mixed. Then this one gram soil thoroughly mixed with 100ml
distilled water and through serial dilution method; 0.1 ml of the suspension was
taken from each dilution tubes 10, 10°, 10, spread on Petriplates containing
MSA. The Petri plates were then incubated at 37°C temperature for several days
and were daily checked for agarolytic activity. After three days of incubation,
colonies forming depression and zones around them on the smooth agar surface
were selected and sub-cultured on fresh MSA plates for further purification. Total
4 different bacterial colonies appeared on the smooth agar plates. Out of these
only one which showed marked depression and zone of clearance, was picked
and examined for colony characteristics.
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Morphological, physiological and biochemical characteristics

After getting the pure culture of the agarolytic bacterium after 3 days of
incubation at 37°C, the culture was observed for its colony morphology like
margins, elevation, pigmentation, opacity, the texture on solid and smooth agar
plates. The Morphology of the bacterium was examined with a light microscope.
Physiology analysis and biochemical tests were conducted as described by Li
and Gao (1997).

Qualitative and Quantitative assay for agarase activity

For the qualitative assay, one culture plate was taken and poured on with Lugol’s
iodine solution. The iodine solution stains the agar polysaccharide dark brown
while the degraded polysaccharide portion of the agar plate shows a zone of light
color. For the quantitative estimation of enzyme activity, DNSA method (Miller,
1959) was used. In this test the agarase activity was measured as the enzyme
releases the reducing sugar equivalent using DNSA (3,5- di-nitrosalicylic acid)
and the increasing concentration of reducing sugar was determined with the help
of spectrophotometer at 540nm wavelength, keeping D-galactose as standard.

Partial purification of Agarase enzyme

MSA broth supplemented with 0.3% (w/v) agar was prepared and the isolated
culture was inoculated into it. The flasks having 50 ml of culture media was
inoculated with 1 ml of culture in its log phase. The flasks were incubated at
37°C for 24 hours on a rotary shaker at 170 rev min-1. After 24 hours of
incubation, the cultures were centrifuged at 10,000 rev min-1 for 10 min. at 4°C.
The pellet was discarded and the supernatant was used for assaying the enzyme
activity.

Agarase activity detection

For calculating the enzyme activity, the galactose stock solution was prepared by
mixing 250 mg of galactose in 100 ml of distilled water. From this stock solution,
1 ml solution was taken and mixed with 9 ml of distilled water so that the
working solution could be prepared. In 7 dry and clean test tubes, standard sugar
solution was pipette out in the range of 0 to 3 ml and the final volume of each test
tube was adjusted to 3 mL with distilled water. Finally, every tube was added
with 1 ml DNSA reagent and by putting the cotton plug, the tubes were kept in
boiling water bath for 5 minutes. After allowing the tubes to cool at room
temperature, OD was taken at 540 nm against the blank. The reducing sugars data
were expressed as galactose equivalents. For measuring the enzyme activity, 100
pl sample of enzyme supernatant (described above) was added to 900 ul
Phosphate Buffer Saline (pH, 7.0) with 0.25% agar substrate and incubated for 15
minutes at 37°C. Initial OD was recorded. Then 1 ml of this reaction mixture was
added with 2 ml of DNSA reagent and heated for approximately 5 minutes at
100°C in the water bath. After allowing the mixture to cool, it is diluted with 10
ml of distilled water and optical density reading was taken at the above-
mentioned wavelength. The enzyme activity was measured in Units per ml. One
unit is that quantity of the enzyme which released lumol reducing sugar
(galactose) per minute from agar substrate under defined conditions (Suzuki et
al., 2002).

Effect of agar concentration, Temperature, and pH on the activity of agarase
enzyme

For calculating the agarase activity at various conditions, 0.2ml of exponential
growth phase culture was inoculated into a clean Erlenmeyer flask of 100ml,
containing 20ml MS broth with varying concentration of agar. The different agar
concentrations taken were 0.05%, 0.1%, 1.5% and 2.0% agar. Cultures were
incubated in an incubator shaker at 170 revs. The growth of bacterium at different
agar concentration, temperature and pH was measured by the spectrophotometer
and the enzyme activity was recorded. For agarase activity assay, the bacterial
cells and the residual gel in the flask were removed after centrifugation at 10,000
rev min? for 10 min. at 4 °C. The supernatant so obtained, was consumed for
quantifying the agarase enzyme activity. The activity was plotted graphically to
determine the optimal growth at varying agar concentration, temperature, and pH.
The temperature variations taken were 30°C, 35°C, 37°C, 40°C, and 45°C.
Agarase activity was taken at these different temperatures and plotted against it.
The pH variations taken were 5, 7, 9 and 11. The buffer solution of these
different pH was prepared. 0.1ml of the partially purified agarase enzyme was
added to 0.9 ml of a buffer solution containing 0.5% agar for enzyme activity to
be assayed for each different pH.

Identification of the bacterium by 16S rDNA sequencing

The identification of bacterial isolate, SELA 4was performed by 16S rDNA
sequencing. The extracted DNA was used as a template for PCR amplification of
the 16S rRNA gene sequence of length 1466bp. Universal primers
complementary to the conserved regions were used so that the region could be
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amplified using 27F - 5° AGAGTTTGATCMTGGCTCAG 3' and 1492R - 5'
TACGGYTACCTTGTTACGACTT 3. PCR was performed. For initial
denaturation, in the 1% cycle, the temperature kept was 94°C for 2 minutes. The
PCR machine was set for 25 cycles of annealing and extension of DNA (98°C for
10 sec; 53°C for 30 sec; 68°C for 1min). The Standard protocols were used for
PCR products purification, which was further directly sequenced using Big Dye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). A 16S rDNA
sequence of length 1466bp obtained from SELA 4was submitted to GenBank.
Phylogenetic tree construction and analysis were done using MEGA 6.0 software.

Partial purification of agarase from the culture broth

The extracellular agarase enzyme was extracted from the flask after 24 hours of
growth in the culture medium. The culture was cooled at 4°C for 30 min. After
which, the cells were separated by centrifugation at10,000 rev/min for 10 minutes
at 4°C temperature. Solid ammonium sulfate at 80% saturation was calmly added
to the supernatant containing the enzyme by constant stirring for an hour. The
precipitate obtained was further purified by the process of centrifugation at
12,000 rpm for 30 min at 4 °C. The supernatant was carefully separated from the
tube leaving behind the pallet. The pallet having the enzyme was then dissolved
in Tris HCI buffer and dialyzed according to Lakshmikanth et al., (2006).

SDS -PAGE and activity staining

The agarase enzyme which was partially purified by the above process was
separated using an SDS-PAGE system. 12% SDS Polyacrylamide gel was
prepared and performed similarly to Laemmli (1970). From the partially purified
agarase enzyme, 10ul sample was mixed with equal volumes of SDS loading
buffer and incubated at 40°C for 40 minutes to reduce and denature the protein
for effective separation. In another well, protein molecular weight markers were
also allowed to run with the sample. The process of electrophoresis was carried
out at 30mA for 3.5 hours at room temperature. After electrophoresis, several
protein bands obtained were stained with Coomassie brilliant blue R 250 for
overnight and then de-stained to visualized proper blue agarase bands over
visible light. The activity staining was done according to Lakshmikanth et
al.(2006) with some modifications. After SDS PAGE, the gel was soaked in
20mM Tris- HCI buffer pH 7 for 30 minutes to remove SDS. To hasten the
process, the soaking buffer changed thrice. The gel was then overlaid onto the
plate containing 1.0% (w/v) agarose gel in 20mM Tris-HCI buffer with pH 7 and
incubated for 30 minutes at 40°C. The gel was separated from the gel plate and
then flooded with Gram’s iodine to visualize the agarase activity.

Identification of enzyme-hydrolyzed products

Thin layer chromatography (TLC) was performed for identifying these enzyme
hydrolysis products of agarose (Kim et al., 1999). LMP-agarose was
enzymatically hydrolyzed in 200ml of 20mM Tris—HCI buffer pH 7.0. The
reaction mixture was incubated for about 2 hours at 40°C. After 2 hours, the
reaction of the enzyme was stopped after heating the samples in a boiling water
bath for a minute. The lysate mixture was later analyzed for hydrolysis products.
The lysates were applied to activated silica gel-G-coated TLC glass plates. The
Petri plates were chromatographed with n-butanol: acetic acid: water (2:1:1, v/v)
as a solvent system. The resolved compounds were visualized by spraying with
Naphthoresorcinol reagent followed by heating at 100°C in a hot air oven for 10
min.

RESULTS
Isolation of agar degrading bacterium and its culture medium

A novel bacterial strain that degrades agar degrading, was isolated from the
agriculture soil enriched with laboratory agar. The strain produced depression on
the plates and showed a remarkable zone of clearance around them. The bacterial
strain SELA 4 was grown at 37°C, pH 5 and sub-cultured regularly on MSA
media slants containing agar only for carbon and energy source. Figl shows the
recently isolated strain SELA 4 that showed depression on the smooth agar
surface.

Figure 1 Culture plate ofthe SELA4
enriched with laboratory agar

strain isolated from Agriculture soil
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Quialitative assay for agarase activity

After selecting the colonies that degraded agar, the streaked plate was taken and
poured on with Lugol’s iodine solution. After a few seconds, the entire culture
plate having the culture showed a light-colored translucent zone as shown in Fig
2.

i S
Figure 2 SELA 4 Plate showing translucent zone (B)
A: Before adding lodine solution; B: After adding lodine solution

Morphological, physiological and biochemical characteristics

The morphological, physiological and biochemical features of the strain SELA 4
were investigated and compiled in Table 1. The cells of the strain SELA 4,
cultured for 3 days at 37°C were gram-positive, rod-shaped, capsular negative,
aerobic, non-motile and formed smooth, off-white, flat colonies with entire
margin on Mineral Salt Agar media plates. The biochemical analysis revealed
that the strain SELA 4, hydrolyzed gelatin and utilized Arabinose, Glucose,
Inositol, and Sucrose.

Table 1 Biochemical and physiological characteristics of strain SELA 4

Oxidase

Growth at

30°C

35°C

37°C

40°C

45°C

Urea hydrolysis
Gelatin hydrolysis
Acetoin production(VVoges-Proskauer test)
Indole production
Citrate utilization
Arabinose utilization
Glucose utilization
Inositol utilization
Sucrose utilization
Fructose utilization

++
++++
+H+++
++++
+++

+ o+ o+

+ positive/utilizable, -negative/non-utilizable, ++, +++,++++, +++++ increasing amount of
growth

Effect of different agar concentration, temperature, and pH on the agarase
activity

Fig 3(A) showed the effect of various agar concentrations on the activity of
partially purified agarase from Microbacterium sp. SELA 4. The results showed
that the agarolytic activity of 2.04 U/ml was observed as highest when the agar
concentration in the media was 1.5% while it slightly decreased to 1.9 U/ml when
the agar concentration was increased to 2%. This shows that increasing the level
of the substrate has no effect on the activity above a limit of 1.5%. The reason
may be saturation of active sites with the substrate. The results of Fig 3(B)
indicated that the activity of agarase enzyme reached the maximum, 2.09 U/ml at

Characteristic Result 37°C and decreased to 1.57 U/ml and 1.26 U/ml with increasing temperature
Cell shape Rod 40°C and 45°C respectively. This may be due to the denaturation of enzymes
Margin Entire caused by structural deformity after incubation at high temperatures. For
Elevation Flat investigating the optimum pH for agarase activity, enzymes were incubated at
Texture/Surface Smooth 37°C in buffer solutions with pH 5,7,9,11. Results in Fig 3(C) indicated that the
Colour Off-white enzyme showed the maximum activity of 1.96U/ml at pH 5 which decreased to
Gram stain + 1.42 U/ml, 1.14 U/ml and 0.96 U/ml at pH 7, 9 and 11 respectively. Increasing
Capsule - pH might have caused enzyme inactivation due to the formation of an ionic form
Cilium - of enzyme active sites.
Polar flagellum -
Catalase -
(A) Effect of Agar conc. on agarase (B) Effect of Temperature on agarase © Effect of pH on agarase activity
. actmity activity 25
25
2 2 ==
g o2 g
3s g 515
= =13 -
£ & £
1 ) - 4
: £ g1
0.5 E <
03 05
° 0
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Figure 3 The above figure presents the bar graph showing (A) the effect of different Agar concentrations, 0.05%, 0.10%, 1.50% and 2.0% (B)Effect of temperature,
30°C, 35°C, 37°C, 40°C and 45°C (B) effect of pH 5,7,9 and 11, on agarase activity of SELA 4. The error bar shows the standard deviation.

Phylogenetic affiliation of the strain SELA4 through 16S rDNA sequence

The sequence of the PCR product of length 1466bp from 16S rDNA of SELA 4
was used as a query sequence for an initial similarity search against the
sequences of NCBI’s Gen Bank database. BLASTn tool was used for homology
search and the search results of the 16S rDNA for the strain SELA 4 showed its
close relationship to Microbacterium barkeri strains with 99% sequence
similarity. A Phylogenetic tree of the Strain SELA 4 was constructed(Fig 4)
using 16S rDNA sequences. The query sequence matched 99% in similarity with
Microbacterium sp. through the results obtained by BLASTn. Multiple Sequence
Alignment and the construction of the phylogenetic tree was done by Maximum
Likelihood statistical method using MEGA 6: Molecular Evolution Genetics
Analysis Version 6.0. A bootstrap confidence analysis was cried out with 1000
replicates. Heuristic search tree was obtained when we take the parameters as
Neighbor-Joining and BioNJ algorithms for a matrix of pairwise distances
estimated using a JTT model. The topology was selected having superior log-
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likelihood value. 10 sequences were taken for analysis. The positions of sequence
alignment having gaps and missing data were ignored. The results of the
Phylogenetic analyses suggest that the strain SELA 4 is closely affiliated to
Microbacterium barkeri strain DSM 20145, Accession No. NR 026164.1 (99%),
Microbacterium barkeri M3, Accession No. KY928100.1 (99%) as they share a
common ancestor. This cluster was found related to the other cluster of closely
related sequences of Microbacterium genus, Microbacterium oryzae, and
Microbacterium gilvum. Thus it was concluded that SELA 4 is a member of
genus Microbacterium, species barkeri belonged to the class Actinobacteria.
Among the existing agar degrading bacteria, none has been reported to belong to
the genus Microbacterium. The 16S rDNA sequence of Microbacteriumbarkeri
sp. strain SELA 4 has been deposited in GenBank database of NCBI under the
accession no. MG203882.1
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@ MG203882.1 Microbacterium sp. strain SELA4 16S ribosomal RNA gene partial sequence

[KY928100.1 Microbacterium barkeri strain M3 168 ribosomal RNA gene partial sequence
NR 026164.1 Microbacterium barkeri strain DSM 20145 168 ribosomal RNA gene partial sequence
NR 117527.1 Microbacterium oryzae strain MB10 16S ribosomal RNA gene partial sequence

NR 146699.1 Mic

ium gilvum strain YIM 100951 168 ribosomal RNA partial sequence

AB355700.1 Mic

gene for 165 rRNA partial sequence strain: 345

LT593972.1 Mi

partial 165 rRNA gene type strain CHO1T

NR 117940.1 Mic

ium sediminis strain YLB-01 168 ribosomal RNA gene partial sequence

" ’7 MG947593.1 Microbacterium lacusdiani strain SWTPB42 168 ribosomal RNA gene partial sequence
NR 112646.1 Mic ([ inil strain YM11-607 168 ribosomal RNA gene partial sequence

—
0005

Figure 4 Phylogenetic tree of strain SELA 4, constructed from 16S rDNA
nucleotide sequence using the Maximum Likelihood Method of statistical
analysis. The tree shows the position of strain SELA 4 and the other species of
the genus Microbacterium. The % of replica trees in which the associated
clustered taxa in the bootstrap test (1000 replica) are shown above the branches.
Accession number of the 16S rRNA gene partial sequences are given in front of
the species name. The scale bar of 0.005 shows substitution per nucleotide
position.

SDS -PAGE and activity staining

For detecting the molecular weight of the enzyme produced by the bacterium,
SDS-PAGE was run and the activity of the enzyme was detected by Activity
staining (Fig 5). After Electrophoresis, four distinct bands were observed in the
SDS gel in Lane 2 while Lane 1 showed the bands of Protein Molecular weight
marker(G-Biosciences PAGEmark Blue Plus Protein marker) that ranged in size
from 27 to 158 kDa. The positions of these markers are indicated on the left side
of the gel. Out of the four bands in Lane 2, Band 2 showed a clear zone which
corresponds to the enzymatic activity with Lugol’s iodine solution. Thus a single
band showing agarase activity was detected and the molecular weight was
estimated to be about 55.6 kDa, corresponding to the molecular marker in Lane 1.

A

M. Wt Marker (kDa)

) o ST ]

Band 1

Band 2

Band 3

Band 4

Figure 5 (A) SDA-PAGE profile and (B) Activity staining.
(A) Lane 1-Molecular marker; Lane 2-Enzymes from SELA 4.
(B) Band 2 in Lane 2 indicates putative agarase with the molecular wt.
approximately 55.6kDa

Identification of enzyme-hydrolyzed products

Neoagarohexaose was the oligosaccharide detected in the agarose hydrolysate
after 120 min of incubation. (Fig 6) The results suggest that the agarase purified
from the strain, SELA 4 belongs to  agarase which specifically cleaves (3-1,4
linkages found in agarose. The agaro oligosaccharides were also allowed to run
along with agarose hydrolyzed products by the agarase on TLC but none of the
product produced by the purified agarase matched the Rf values of the acid
hydrolysis product of agarose (data not shown here). However, the Rf values
correlated with the standard Neoagarohexaose after 120 min. of incubation. Thus,
it becomes clear that the agarase secreted by the bacterium, Microbacterium
barkeri sp. SELA 4 is a B agarase.
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End line

Neoagarohexaose
Neoagarohexaose

Start
Point

Standard

Figure 6 TLC of agarose hydrolyzed products.
(A) Agarose hydrolyzed product after 120 min.
(B) Standard- Neoagarohexaose

DISCUSSION

Strain SELA 4, isolated from agar enriched agriculture soil has the agarolytic
activity which showed marked depression on an agar plate. It is rod-shaped,
Gram-positive bacterium utilizing agar for carbon along with other mineral
compounds. The biochemical characteristics exhibited by the isolate indicates it
to be a member of class Actinobacteria. This class is well known for its potential
to degrade a variety of stable organic compounds (Lewin et al.,2016)including
natural and synthetic substances (Solvanikova and Golovleva, 2015). The strain
required 1.5% of agar in the media for optimum enzyme activity of 2.04 U/ml.
Temperature and pH are considered important parameters regarding enzyme
activity. It was noticed that the activity of SELA 4 consistently increased from
30-37°C, with optimal activity of 2.09 U/ml, at 37°C. With increasing
temperature, there was a decrease in the activity of the enzyme. When compared
to the other agar degrading bacteria, SELA 4 has slightly lower optimum
temperature requirement than many agarases (Kirimura et al., 1999; Suzuki et
al.,, 2003; Temuujin et al., 2012;Lakshmikanth et al., 2006). The enzyme
showed maximum agarase activity, 1.96U/ml at pH 5.0 which is similar to many
other agarases (Oh et al., 2010;Ghazi et al.,2013; Temuujinet al., 2012). While
agarases active at high pH have also been reported (Sakai et al., 2015;Kim et
al.,2012).16S rDNA gene sequencing confirms that the isolate belongs to the
genus Microbacterium of class Actinobacteria, by showing 99% sequence
similarity with Microbacterium barkeri strain DSM 20145(GenBank: NR
026164.1)and Microbacterium barkeri M3 (GenBank: KY928100.1).

Currently, most of the reported bacterial isolates producing agarase enzymes, are
from marine sources (Fu and Kim, 2010). By far none of the research reports
talks about the isolation of agarase enzyme producing bacteria belonging to
genus Microbacterium. A relatively closer study is about the agarolytic isolates
from the surface of macroalgae, affiliating to eleven different genera including
Microbacterium (Alvarado et al.,2017). Recently this class has been exposed to
possess good cellulose degrading activity (Rajagopal and Kannan, 2016). A
few studies have been reported about the degradation of polysaccharide, xanthan
by Microbacterium sp. Strain XT 11 (Qian et al., 2007) and the degradation of
xylan by Microbacterium xylanilyticum sp.(Kim et al., 2005). The utilization of
Arabinose, Glucose, Inositol and Sucrose, hydrolysis of gelatin and other
physiological characteristics further ascertain the affiliation of SELA4 to
Microbacterium sp.

In the current study, we isolated the agarase enzyme from Microbacterium
barkeri sp. SELA 4, having a molecular weight of about 55.6kDa which is closer
to B agarases with molecular weight 52 kDa (Leon et al., 1992) produced by
gram-negative Alteromonas sp. C-1, Rhodococcus sp. Q5, 54kDa (Feng and Li,
2013), Bacillus sp.BlI 3, 58kDa (Li et al., 2014) isolated from soil. According to
Leon et al., 1992 the agarase enzymes present in agarolytic bacteria are of two
types; Group | and Group Il. Softening of agar and formation of depressions at
the colonies is the characteristic feature of Group | while that of Group Il is
extensive liquefication. Vera et al. (1998)divided 3-Agarases into 3 groups based
on the size of the agarase enzyme. The molecular weight of group 1 is
approximately 30 kDa, group 2, approximately 50 kDa and group 3
approximately 100 kDa. Hence, the isolated enzyme belongs to group 2 B
agarases. The isolate Microbacterium barkeri sp. SELA 4 was grown at 37°C
with pH 5 which is similar to other agarolytic bacterial isolates like Streptomyces
coelicolor A3(2) (Temuujin et al., 2012) and Acinetobacter sp. AGLSL-1
(Lakshmikanth et al., 2009) from the soil environment. The degradation of agar
requires the sequential breakdown of agarolytic products by enzymes like B
agarase, which breaks down (3-1,4 glycosidic bonds resulting in the production of
neoagaro oligosaccharides (NAOs). Its major products are Neoagarobiose and
Neoagarotetraose (Fu et al, 2009), Neoagarohexaose (Ohta et al,
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2004).Neoagarobiose is further converted to the products 3,6 anhydro L-
galactose and D-galactose which has skin fairness and anti-inflammatory effect
on human (Kim et al., 2017). The agarolytic enzyme, o agarase cleaves a-1,3
linkages to produce agaro-oligosaccharides (AOs). The present study showed
that Microbacterium barkeri sp. SELA 4 hydrolyzed agarose to
Neoagarohexaose. The same type of product was also produced by non- marine
bacteria Paenibacillus sp. SSG-1(Song et al., 2014)Bacillus sp. BI-3 (Li et al.,
2014)Streptomyces coelicolor A3(2)(Temuujin et al., 2012).

CONCLUSION

Based on our present study, it is summarized that Microbacterium barkeri sp.
SELA 4 is the first report on an agarolytic bacterium that produce the enzyme
agarase, isolated from soil enriched with laboratory agar. The enzyme showed the
highest activity of 2.04 U/ml 1.5% agar in the culture media. The optimal
temperature was 37°C as maximum activity was seen at this temperature while
optimum pH was found to be 5. It produces Neoagarohexaose, could prove to be
a better skin moisturizer than neoagarobiose and neoagarotetraose, as the
viscosity of Neoagarohexaose is higher than that of smaller oligosaccharides.
Hence Microbacterium barkeri p. SELA 4 could be considered as one of the
potential sources of Neoagarohexaose for industrial application.
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