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Abstract

Alpha-glucosidases are involved in the hydrolyzation of glycosidic bond of di- or oligo-saccharides into mono-saccharides,
thus help in the breakdown and absorption of sugars. Inhibition of alpha-glucosidases by inhibitors tend to slow break
down and release of sugars into the bloodstream and can be used as therapeutic agents in the treatment of diabetes
and obesity. In particular, some of the inhibitors are used in the treatment mainly acarbose, voglibose, and miglitol. In
this study, we have reported the alpha-glucosidase inhibitory compound from a newly described marine bacterium
Arthrobacter enclensis. The purified compound from A. enclensis was identified by HPLC, and further FTIR and tandem
mass spectrometry (MS/MS) methods. The purified compound was annotated and identified by a Web tool CFM-ID
(Competitive Fragmentation Modeling for Metabolite Identification). From analysis it was found that the compound
showed high similarity with acarbose which is a C;N aminocyclitol compound. Further, we analyze the draft genome of
A. enclensis using anti-SMASH. We observed that it matches the homology with biosynthetic gene cluster of acarviostatin
and acarbose with 11% and 7% respectively. We demonstrated that, the purified compound from A. enclensis shows the
inhibitory activity against alpha-glucosidase with an IC, value of 500+ 0.142 pg/ml as compared to standard acarbose,
which showed an IC;, value of 200+ 0.012 pg/ml. This result suggests that A. enclensis has a tendency to produce a C;N
aminocyclitol like molecule which matched to acarbose and it uses different biosynthetic gene cluster for the synthesis
of C,N aminocyclitol like molecule, which can be further used for the production and treatment purpose.
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1 Introduction

Alpha-glucosidase (EC. 3.2.1.20) is the enzyme of glycoside
hydrolase family which hydrolyzes the alpha-glycosidic
bonds present in the carbohydrates. It cleaves the a-1, 4
linked terminal non-reducing end of a sugar moiety [10].
It helps in the breakdown of carbohydrates. Inhibition
of alpha-glucosidase helps in slow release of monosac-
charides into the bloodstream after a meal. In diabetes
mellitus type 2 hyperglycemia conditions occurs after the
meal due to the action of insulin resistance. To control the

hyperglycemic condition after the meal, alpha-glucosidase
inhibitors are used as therapeutic agents [1, 20].
Inhibitors of alpha-glucosidase are naturally produced
by many organisms and several inhibitors have been
reported till date, some are being already used for the
treatment purpose. Many plants and microorganisms
have been reported to produce glycosidases inhibitors,
but those which produce compounds that mimick the
structure of monosaccharide or oligosaccharide are very
efficient because of their resemblance to the sugar moe-
ity of natural substrate. C,N aminocyclitol are metabolites
which contains oligosaccharides with amine derivatives.
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These compounds have a pseudosaccharide cyclitol core
unit to which different numbers of sugars molecules are
attached [12]. An example of this is Acarbose, which is an
inhibitor for alpha-glucosidase which comprises an acarvi-
osine moiety and maltose unit. Acarviosine is composed
of an unsaturated cyclitol (valienol or valienamine) ring
which is attached to the 4-amino-4,6-dideoxyglucose unit
with an amide linkage [23]. This amino-oligosaccharide
family contains other compounds as well which showed
the inhibitory activity against glycosidase enzymes. This
class of compounds is isolated from the Actinoplanes sp.
[21] and some Streptomyces sp. [7, 14].

The genus Arthrobacter was described by Conn and
Dimmick [4] for aerobic, Gram positives, rod shaped
(young culture) to coccus shaped (in older cultures) bacte-
ria. It had been demonstrated that, species of Arthrobacter
were able to degrade hazardous contaminants and chemi-
cals [6, 9]. Some Arthrobacter species have been reported
to lyse yeast cells [11] and mycelium of Fusarium roseum
[15, 19]. Despite of above activities, inhibition of alpha-
glucosidase enzymes was not reported from any Arthro-
bacter species till date.

The aim of the study was to isolate alpha-glucosidase
inhibitor from a novel marine bacterium Arthrobacter
enclensis, which was previously, reported [5]. We had
investigated its crude complex inhibitory activity against
alpha-glucosidase. We have isolated and identified the
compound that showed similarity with an acarbose, with
a potent alpha-glucosidase inhibition activity.

2 Materials and methods
2.1 Microorganism and enzyme

Arthrobacter enclensis sp. nov., which was isolated from
marine sediment sample from Chorao Island, Goa, India,
was used in this study. Arthrobacter enclensis was stored at
-80 °C in 20% (v/v) sterile glycerol until further use. Prior
to the study, A. enclensis was activated on the nutrient
agar plate at 30 °C for about 24 h. The alpha-glucosidase
enzyme from Sac-charomyces cerevisiae (E.C.3.2.1.20),
p-nitrophenyl-a-D-glucopyranoside (pNPG) and acarbose
was purchased from Sigma (Merck). Other chemicals used
were of analytical grade.

2.2 Fermentation of Arthrobacter enclensis

The seed culture was prepared by shaking at 30 °C for
24 h in a medium consisting of (g/L): glucose 15.0; pep-
tone 7.5; K;HPO,-3H,0 1.0 and NaCl 5.0. The seed culture
was then transferred to the fermentation medium con-
sisting of (g/L): glucose-30.0; maltose-15.0; peptone-5.0;
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monosodium glutamate-3.0; K,HPO,-3H,0-1.0;
MgSO,-7H,0-1.0; FeSO,-7H,0-0.02 and NaNO;-3.0. The
fermentation was carried out in shaking condition at 30 °C
for 168 h (7 days) at 140 rpm. The growth parameter of A.
enclensis and the effect of their crude fermentation broth
on alpha-glucosidase were monitored for 168 h (7 days)
with an time interval of 24 h. Growth was measured as
an optical density at spectrophotometer with wave-
length of 600 nm and the inhibition were measured as a
% inhibition.

2.3 Purification of alpha-glucosidase inhibitor

The culture broth was centrifuged at 8000 rpm for 10 min.
The filtrate was then incubated with S. cerevisiae beads
for 24 h at 37 °C. The S. cerevisiae beads were prepared
according to the method described by [22]. The S. cerevi-
siae beads were removed by centrifugation at 6000 rpm
for 10 min. The resulting supernatant was mixed with an
equal volume of absolute cold ethanol and kept for 30 min
to remove any soluble dextran. The mixture was centri-
fuged again and filtered through Whatman filter paper to
remove the precipitated material.

The water fraction was then subjected to the gel per-
meation chromatography. The fraction was loaded on Bio-
gel P-2 (extra fine) column (1.5 x 90 cm) and eluted with
deionized water at a flow rate of 0.1 ml/min, to collect
10 ml fractions. The fractions which showed the inhibitory
activity against alpha-glucosidase were pooled together
and concentrated for further analysis.

2.4 Assay for alpha-glucosidase inhibition

The alpha-glucosidase inhibition assay was carried out at
a 96 well microtiter plate based spectrometry (Thermo
Multiskan EX). A volume of 50 ul sample and 100 ul of
enzyme solution (1U/ml) prepared in 0.1 M sodium phos-
phate buffer of pH 6.9, were incubated in microtiter plates
for 10 min at 25 °C. After incubation, 50 pl (5.0 mM) of
para-nitrophenyl alpha-D-glucopyranoside (pNPG) solu-
tion prepared in 0.1 M sodium phosphate buffer of pH 6.9,
was added in each well and further incubated for 5 min at
25 °C.The absorbance was recorded at 405 nm by using
microtiter plate reader. The absorbance of samples was
compared with the absorbance of control, which contains
50 ul of 0.1 M phosphate buffer of pH 6.9 in place of sam-
ple. The enzyme inhibition was expressed as % inhibition
using the following equation.

[A4osControl — A g;Sample]

% Inhibition = x 100

A,osControl
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2.5 High performance liquid chromatography
(HPLC) analyses

The fractions collected from Biogel P-2 chromatogra-
phy were further analyzed by HPLC along with standard
acarbose. The samples were injected into HPLC system
(Thermo, UHPLC Ultimate 3000); Carbohydrate column
(Waters) 3.9x300 mm, 10 pl of injection volume was
employed for HPLC analysis with a flow rate of 1 ml/min
and a wavelength at 210 nm. The mobile phase used was
acetonitrile: phosphate buffer (0.6 g of KH,PO, and 0.48 g
of Na,HPO,) with a ratio of 70:30.

2.6 Characterization of the alpha-glucosidase
inhibitor

The isolated compound was identified using FTIR spec-
trometry, and by tandem mass spectrometry and com-
pared with standard acarbose. The FTIR was investigated
on BRUKER- Tensor37 system with a wavelength range
from 4000 to 500 cm™'. The system was controlled by
OPUS v.6.5 software. Mass detection (MS) and tandem
mass spectro-metry (MS/MS) spectra were performed
on a Thermo Q-Exactive Orbitrap mass spec-trometer,
equipped with an ESI source and an ion trap mass ana-
lyzer. The mobile phase methanol: water (90:10) with 0.1%
formic acid was used at a flow rate of 0.350 ml/min. The
injection volume of 1.5 ul was used for positive mode ioni-
zation. The mass range of m/z is from 100 to 1500. For MS/
MS analysis the collision energy was set at 35V and system
software was controlled by X-calibur v.3.0.

2.7 Anti-SMASH analysis of whole genome of A.
enclensis

The draft genome of A. enclensis was generated using
[llumina sequencing at DOE Joint Genome Institute (JGI),
Walnut Creek, California, USA. By using lllumina HiSeq2000
platform, shotgun library and sequencing were con-
structed which generates 8,861,546 reads of totalling
1338.1 Mb data. The final assembly contained 19 contings
in 18 scaf-folds. The length of circular map genome con-
sists of 4,226,231 bp with G+ C content of 67.08% (Fig. 1).
The general features of draft genome statistics are sum-
marized in (Table 1). This draft genome sequence of A.
enclensis was deposited in DDBJ/ENA/GenBank under the
accession number LNQM00000000 [16]. This draft genome
of A.enclensis was analyzed using anti-SMASH (Antibiotics
and Secondary Metabolite Analysis Shell) v.4.0.

3 Results and discussion

3.1 Effect of crude fermentation broth
on alpha-glucosidase and growth parameters
of A. enclensis

Production of alpha-glucosidase inhibitors has gained
large commercial interest due to its beneficial proper-
ties in the human health. The alpha-glucosidase inhibi-
tory complex was isolated from the culture broth of A.
enclensis. The starting inhibitory activity was observed
from 24 h of fermentation which was then exceeded

Fig. 1 Graphical circular map
of A. enclensis genome. This
genome consists of 4,226,231
bp and 3888 predicted protein
coding sequence. From the
outside to the center: protein
coding sequences (blue
colour), RNA genes (tRNA red,
rRNA pink and others grey)
on the forward strand, G+C
content (black colour) and GC
skew (purple negative value
and olive positive value)
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Table 1 General features of draft genome statistics of A. enclensis

Attribute Value % of total®
Genome size (bp) 4,226,231 100.00
DNA G +C content (bp) 2,835.090 67.08
DNA coding region (bp) 3,839,475  90.85
Number of scaffolds 18

Number of contigs 19

Total genes 3956 100
RNA genes 68 1.72
rRNA genes 10 0.25
tRNA genes 50 1.26
Pseudogene 55 1.39
Protein-coding genes 3888 98.28
Genes with function prediction 3057 77.28
Genes assigned to COGs 2660 67.24
Genes assigned to Pfam domains 3245 82.03
Genes assigned to TIGRfam domains 1027 25.96
Genes with peptide signals 174 4.40
Genes coding trandmembrane proteins 1015 25.66
CPISPR repeats 0

#The total is based on either the size of genome in base pairs or the

total number of genes in the predicted genome
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Fig.2 Growth pattern of A. enclensis with % Inhibition of alpha-
glucosidase from 1st to 7th day of fermentation. Growth was
measured as an optical density at a wavelenght of 600 nm and the
inhibitory activity was measured as a % inhibition. The data were
measured as triplicates

from 96 h to the 168 h. The growth pattern of A. enclensis
was measured as an optical density with a wavelenght
of 600 nm. The maximum growth of an organism was
observed at 96 h of fermentation on which 50% of inhibi-
tion was achieved. The decline of growth was observed
from 120 h of fermentation and effect of inhibition was
seemed to be constant to the rest of days. The corelation
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between growth of bacteria to the inhibition against an
enzyme is shown in (Fig. 2). It was then purified by Biogel
P-2 gel permeation chromatography. The fractions from
8 to 12 showed the inhibition and was then pooled and
further analyzed with HPLC, FTIR and MS/MS.

3.2 HPLC analysis of purified compound

The HPLC chromatogram of standard acarbose and puri-
fied compound of A. enclensis and unfermented broth as a
control is shown in (Fig. 3). The standard acarbose showed
a peak at a retention time of 6.61 min. The unfermented
broth shows peaks mostly at ranging 2.0-4.4 min, while
purified compound showed peaks at different retention
times apart from 2.0 to 4.4 min, suggesting that some new
peaks appeared which were not observed in unfermented
broth. The purified compound showed a peak at a reten-
tion time 6.28 min. Apart from this, some additional peaks
were also observed which might be of other components
produced by A. enclensis.

3.3 IR of purified compound

The IR spectra of standard acarbose and purified com-
pound of A. enclensis is shown in Fig. 4. The IR spec-
trum of acarbose displayed strong OH stretching (opti-
mal at 3290 cm™') at wide peak ranging from 3000 to
3800 cm™'. The C-H stretching appeared at 2875 cm™".
The C=C weak stretching has appeared at a wide range
of 1420-1650 cm™'. The medium C-H bending and C-O
stretching was displayed at 1364 and 1034 cm™', respec-
tively. The IR spectrum of a purified compound of A.
enclensis showed a strong OH stretching at 3272 cm™'. The
C-H stretching appeared at 2925 cm™', C=C stretching at
1639 cm™' and C-H bending at 1359 cm™' ranges of a peak.
The C-O stretching was displayed at 1012-1144 cm™".
From the above, it was found that most of the groups
displayed correspond to the oligosaccharides. Acarbose
is a pseudo-oligosaccharide compound, which contains
N-H amide linkage, which usually ranges from 3360 to
3310 cm™, and in case of acarbose it is occupied by a
wide range of OH groups [18]. The IR spectra of the puri-
fied compound of A. enclensis also showed the presence
of an oligosaccharide compound.

3.4 Mass spectrometry (MS) and tandem mass
spectrometry (MS/MS)

The purified compound was then identified by posi-
tive ion mode electrospray ionization mass spectrom-
etry (ESI-MS) and tandem mass spectrometry (MS/
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Fig. 3 HPLC chromatogram of acarbose (A), purified compound of A. enclensis (B), and unfermented media (C)

MS) analysis. The ESI-MS of acarbose was done which
showed a peak at m/z 646.2542 [M + H]" signal is shown
in (Fig. 5a). In full scan of an active compound of A.

enclensis showed a peak at m/z 646.2545 [M + H]* sig-
nal is shown in (Fig. 5b). The tandem mass spectrom-
etry (MS/MS) spectrum of parental compounds of both
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Fig.4 FTIR spectrum of stand- (A)
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standard acarbose and peak of m/z 646.2545 of A.
enclensis was done (Fig. 5¢, d). The fragmentation pat-
tern of both the parental compounds was found to be
similar. The annotation of peaks in the spectrum and the
integration of spectrum were done by using a web tool
CFM-ID. The CFM-ID provides the method for the effi-
ciently identified metabolites in a spectrum for a known
chemical structure generated by MS/MS [2]. The signals
at 466 m/z and 304 m/z correspond to the loss of one
to two glucose units from the molecule. This indicates
the dissociation of glycosidic bond. The fragment ion
304 m/z, 268 m/z and 286 m/z were matched with acarvi-
osine unit. The fragment 146 m/z indicates the cleav-
age at N-H (amide) linkage of acarviosine moiety. The
146 and 128 fragment ions were matched with cyclitol
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Wavenumbers (cm™)

ring of an acarviosine molecule. From the above, it was
observed that the fragments produced upon ionization
were of dissociation products from a glycosidic bond
and from an amide bond. By comparison of the spectrum
of acarbose to the active compound of A. enclensis, it was
matched highly with the acarbose. From spectrum analy-
sis it was observed that the purified compound showed
the matches with amide linkage of acarviosine moeity
and glycosidic linkage to one glucose moeity, which is
a characteristic of C;N aminocyclitol class compounds.

3.5 Alpha-glucosidase inhibition

We investigated the inhibitory effect of purified com-
pound from A. enclensis and standard acarbose on
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Fig.5 A ESI-MS of standard acarbose. B ESI-MS of purified compound of A. enclensis. C MS/MS of standard acarbose. D MS/MS of parent
compound m/z 646.2545 of A. enclensis

Table 2 Inhibitory concentration values (ICs) of acarbose and par-  alpha-glucosidase (Table 2). We found that standard

tially purified compound from A. enclensis against alpha-glucosi- acarbose showed the inhibitory activity with an ICs,
dase value of 200+ 0.012 ug/ml while the purified compound
Compound ICso value Maximum from A. enclensis showed the activity at an IC;, value of

inhibitory activ- - 500+0.142 ug/ml. The maximum inhibition was observed

i 0,

ity %) 91.11% for acarbose and 75.42% for compound isolated
Acarbose 200+0.012 pug/ml SD 91.11 from A. enclensis.
A. enclensis purified  500+0.142 pg/ml SD 75.42

compound
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Fig.6 Anti-SMASH analysis of
draft genome of A. enclensis
showing inhibitor cluster

Query sequence [SMCF_980]

—UL A DK< el o0 KK KKK ——
BGC0000804: Acarviostatin biosynthetic gene cluster (11% of genes show similarity)

— (X @m XXX KKK DDA oD Do e
BGC0000691: Acarbose biosynthetic gene cluster (7% of genes show similarity)

CHE DL o0 DD <K 0

_ Putative acarbose 4-alpha-glucanotransferase AcbQ/SctQ

I Alpha-amylase AcbZ/SctZ1 and SctZ2

3.6 Anti-SMASH analysis of draft genome of A.
enclensis

The anti-SMASH helps in the alignment of a query gene
cluster with the known gene cluster from a database
and to identify biosynthetic gene cluster [3, 13, 16]. We
observed that the cluster 21 from scaffold 00004 from
gene SMCF_980 showed the putative gene cluster simi-
larity with acarviostatin biosynthetic gene cluster (11%)
and acarbose bio-synthetic gene cluster (7%) from the
location of 48801-67650 nucleotides with Cluster-Finder
probability of 0.8674. In both gene clusters, it matches
with acarbose 4-alpha-glucanotransferase (AcbQ/SctQ)
and alpha-amylase (AcbZ/SctZ1 and SctZ2) genes (Fig. 6).
The acarviostatin and acarbose both is C;N aminocyclitol
compound and acarviostatin act as alpha-amylase inhibi-
tor and acarbose as alpha-glucosidase and alpha-amylase
inhibitor. The putative gene cluster of acarviostatin bio-
synthesis (Sct) exhibited similarity with gac-gene cluster
of Streptomyces glaucescens GLA.O (GenBank accession
AM409314, [17]) and with acb-gene cluster of Actino-
planes sp. SE50/110 (GenBank accession Y18523, [21]) for
acarbose synthesis. Some steps of the putative intracel-
lular synthetic pathway of acarviostatin are similar to the
biosynthetic pathway of acarbose [8], suggesting that the
formation of core cyclitol structure of both acarviostatin
and acarbose shares some common steps.

Later on, we compare the protein encoding similarity
of gene cluster of A. enclensis with acb-gene cluster of
Actinoplanes sp. SE50/110 with reference gene cluster of
S. glaucescens (Table 3). We found that, some putative gene
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products of A. enclensis showed similarity with acarbose
gene products of Actinoplanes sp. SE50/110. We observed
that alpha-amylase matches 54% with AcbZ, ABC trans-
porter ATP binding protein matches 32% with AcbW,
4-alpha-glucanotransferase matches 46% with AcbQ,
dTDP-glucose 4,6-dehydratase matches 44% with AcbB,
alpha-amylase matches 48% with AcbE and ABC trans-
porter permease and ABC transporter binding protein
matches 55%, 54% and 45% with AcbG, AcbF and AcbH
respectively.

4 Conclusion

A alpha-glucosidase inhibitory compound was isolated and
purified from a novel marine bacteria A. enclensis. Inhibitory
compound is identified based on HPLC, FTIR and tandem
mass spectrometry (MS/MS) analysis. It was observation
that, isolated compound showed a similarity with a C;N ami-
nocyclitol like molecule. Further, we found that inhibitory
compound showed the presence of acarviosine like ring in
the compound from the MS/MS analysis and was annotated
and confirmed by CFM-ID, and the purified compound of
A. enclensis matches with the acarbose molecule. The draft
genome of A. enclensis showed the biosynthetic gene cluster
similarity with acarviostatin and acarbose. Both acarviosta-
tin and acarbose are C;N aminocyclitol compounds and are
known to possess glycosidases inhibition activities. From
present study, we concluded that the A. enclensis has a ten-
dency to produce C;N aminocyclitol like molecule which
showed inhibitory activity towards alpha-glucosidase



Research Article

SN Applied Sciences (2020) 2:474 | https://doi.org/10.1007/542452-020-2285-3

(0°0/%S¥) ¢Z2eD dsejfwe-eyd|y

(6V—2¥/%EY) ¥2eD 35eYIUAS 3509N|6-dLP
(P€L—31/9%65) d5eIRIPAYSP-9'y 9500N|6-ddLP
(95—-95/9%01) D2eD) aseyiuAs auojoljea-1da-g-1da-z

(85°0/%6€) 0£8Z 1 NV1DS uIR104d [ed133y10dAH

(E1—-31/%9€) §AS dse1dnpai/aseu
-9b01pAysp uleyd-110ys sAleINd/352310NP3I0IDY

(£0—31/9%6¢) dseUsb0IPAYSP |0yod|Y
(£1—3%/%67) WoBD dseubj-/-|o[2Kd-£D

(18—3L/9%8%) 3>eD 3seury-/-350q.edy

(0°0/%65) 022D
aseJajsuesrouedn|b-eydie- asogiede anlzeINg

(08—3T/%95) |7eD dsesajsuel}AsodA|6 aneind

(0°0/%.t) sela)suen|AsodA|D

(60—9£/9%0€) @seyeydsoydoiAd ssoqu-4aqv
(S£1—-35/%T L) YoeD aseldjsuen|f|

-Auape-| -a1eydsoydsig-/’|-Joudljen-1da-| aAl3eINg

(0°0/%65) S2eD 3selaysuel}AsodA|D

(S8—92/%€E) N3eD (dseuny
-|—3jeydsoyd-/-jouaijea-ida-1) aseun| AReINg

(0°0/%5£) N\2eD

9seJajsueijoulwe-f 3s0dn|H-AX0ap-9-019%-1-ddLpP
(£¥1—95/%19)

M2eD ulajoud bulpulg-41y J93iodsueny gy

(8£—92/%05)
X2eo uiajold aseawuad Japodsuel) gy

(001—32/%99)
AdeD ui9loid aseawuad Jayiodsuesy Hgy

(0°0/9%¢S) 7Z2eD ase|Awe-eyd|y

(60—9€/%1€) utd104d Bujuteiuod-urewop 43099

LLLL

§G€
(0133
88¢

[494

5144
§9¢

79¢€

920¢€

669
8¢0l
ocy
80¢

LLE
669

68V

(134

e

69¢

99¢

LLLL

€LL

(0'0/%001)
Jqdy asejfwe-eydie Jualsisal 950g4edy

(0°0/9001) YOV 95eYIuAs 9503n|6-ddLP
(0°0/9001) 992V 9se1eIpAyap-9'y 3509n|6-ddLP
(0°0/96001) D92V dSeYIUAS suo|oljeA-lda-G-1da-7

(0°0/%001) 092V
asesswida-z a1eydsoyd-/-auojoljea-1da-g-1ds-z

(081—21/9001) NOPY 95€32NP3I0pIXO [0HIAD
(0°0/%001) 192V 3seuaboipAyap oHPAD

(0°0/%001) WQPY 3seunj-£ suojoljeA-Ids-g-ida-g

(0°0/96001) ¥QPV 3seuly-£ 3soquedy

(0°0/9%001) DAY
aseJajsuesiouedn|b-eydie- asogiede aaleINg

(0°0/9%001) rqPY dsejoipAy saneind

(0°0/%001) 19PY dsesdjsueit|AsodA|D

(771—9£/%001) dOPY 95e|0pAY XIANN dAnEINd
(0'0/%001) HGOY dseidjsueiyAAu

-ope-|-3jeydsoydsiqg-/‘|-|ousljea-ida-| dA1eINg

(0°0/9%001) SOV 3setajsuel}jAsod4|H

(0°0/%001) NG2Y (seuny-1
91eydsoyd-/-jousijea-ida-|) aseury anleInd

(0°0/9001) AGPY 3seia4

-sueJjoujwe-f 3s0dNn|6-AX03P-9-039)-1-ddLP
(0°0/%001)

MOV ui104d Bulpuig-d1Y Ja1odsuely gy

(0°0/%001)
X2V u19104d dseaw.ad Jayiodsuesy Hgy

(0°0/%001)
AQPY uiejoid aseawad Jsyiodsuesy Dy

(0'0/%001) ZgoY dse|Awe-eyd|y

(0°0/9%001) uta304d [e2139Y30dAH

8¢0L

€0¢€
L1E
8¢

0LC

LSC
99¢

6S¢

66¢

869
€8¢
veL
S61

€9¢
60/

(4914

13974

LS€

£9¢C

£9C

€oLlL

ot

(0°0/%8Y) asejAwe-eyd|y

(8LL—2t/%LS)
asessysuesyA|Ap1wAy) reydsoyd- | -a500n|H

(£6—3L/%¥) dsereipAyap-9'y 3s0dn|6-daLp
(0£—28/%t€) @seyiuAs areuinboipAyap-¢

(01L0°0/%87) dsespwidd
/asesawos| ayeydsoyd sebng/asesawos| 95ojAX

(TL—31/%0€) ase1npalopixo uspuadap-(d)avN
(60—9€/% LE)aseuaboipAyap |oyod|y

(£00°0/%S€)
aseupjodn|b/i03e|nbas jeuondudsuely Ajiwes YOy

(100°0/9%9¢€)
A|1iwiey 9seunjoqu ‘@seury| apisoa|dnu Jo sebng

(081—9£/%9%) aseaysueljouedn|b-eyd|e-t
(5€—97/%6€) dseuaboleyap pioeojeH

(£ '¥/%ST) 9sepisodn|b-e1ag

(80—99/9%67) 9seyeydsoydoiAd ssoqu-4av

(Pr—9€/%C¢)
asesdysuesy|AjAuape ayeydsoyd-1-3sodn|n

(T¥/%0€) 103e[NH3I [RUOIIDSURIY AjlWe) YSAT]
(T'8/%¢€) dsepisoyejeb-eiag

(v6°0/9%W€) T Aliuey dsesajsueiy [Ks0341D

(£¥—35/9%0€)
aseujwesuel) ajelein|boxo-g-aleikingqoulwe-f

(€€—-97/%€) u1r0ad Buipuig-d 1y waishs
Jlodsuesy apueyddesobijoodi|/ieyiodsuery Hgy

J1915n|2 duab-gde ayy Aq papodus Hojowoy oN

133sn|D duab-gde ayy Aq papodua Hojowoy oN
(0°0/9%t5) asejhwe-eyd|y
(£1-92/%87) uter04d Buiuieuod-urewop
(43@9D) ase24> a1ejAuenbip,/uialoid bujuiey
-U02-X0Q-S ulewoq Syd/ase|2Ad ayejAuenbig

9e0l

06¢
[423
€9¢

5144

0€
9ee

GEE

€LE

(074
(444
6Ly
6lLC

89t
€0€
S6L

€6¢C

9S¥

LS€

£9C

¥9¢

9¢01L

8S

mtw.umwuzc\m LY=0)

-Awo)dasis woiy uld3oid-goy ue 03 anjea-3/A3uap|] Yyibus| ee

0L1/0535ds saupyd

-oul3dy Woiy uldold-gdy ue 03 anjeA-3/Auap]  yibus| ee

(u19301d-gDY UE 03 BNjEA

-9/AM3uapy) sIsuajpUa J13)20qoayiy Npold ausn  yibuo| ee

sISU3|oUa y AQ PaPOdUS suidl04d JO SIILIR[IWIS PUR SBIIUSP| € d|qeL

A SPRINGERNATURE journal

SN Applied Sciences



Research Article

SN Applied Sciences (2020) 2:474 | https://doi.org/10.1007/s42452-020-2285-3

(27%/5e-38)
ABC transporter permease (30%/2e-35)

Sulfonate ABC transporter ATP-binding protein
Putative integral membrane binding-protein-

aa length Identity/e-value to an Acb-protein from Streptomy-
ces glaucescens

342
316

(100%/0.0)
ABC transporter membrane protein AcbF

Acarviose transferase (ATase) AcbD (100%/0.0)

ABC transporter membrane protein AcbG
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dependent transport protein (28%/4e—30)
Sugar ABC transporter substrate-binding protein

(100%/0.0)
ABC transporter binding protein AcbH

424

Sugar ABC transporter substrate-binding protein 433

436

(26%/1e-23)
Endo-1,4-beta-xylanase A (58%/2e—-39)

Endo-1,4-beta-xylanase A (48%/3e—-30)

(100%/0.0)
Putative galactocerebrosidase (100%/0.0)

(45%/6e—128)
No homolog encoded by the acb-gene cluster

475
475

785

363

785

Putative xylanase

No homolog encoded by the acb-gene cluster

354

enzyme and matches high similarity with acarbose. This is
the first time, we are reporting the alpha-glucosidase inhibi-
tory compound from a newly described marine bacterium
A.enclensis.
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