Molecular Biology Reports (2020) 47:423-432
https://doi.org/10.1007/511033-019-05145-3

ORIGINAL ARTICLE

=

Check for
updates

Assessment of alpha glucosidase inhibitors produced from endophytic
fungus Alternaria destruens as antimicrobial and antibiofilm agents

Jasleen Kaur'® - Preeti Sharma' ® - Rajvir Kaur'® - Sukhraj Kaur'©® - Amarjeet Kaur'

Received: 30 April 2019 / Accepted: 16 October 2019 / Published online: 23 November 2019

© Springer Nature B.V. 2019

Abstract

Diabetes is considered as a major health concern worldwide and patients with diabetes are at high risk for infectious diseases.
Therefore, a-glucosidase inhibitors possessing antibacterial activity along with the ability to inhibit biofilms would be better
therapeutic agents for diabetic patients. In the present study, two fractions (AF1 and AF2) possessing a-glucosidase inhibitory
activity were purified from an endophytic fungus Alternaria destruens (AKL-3) isolated from Calotropis gigantea. These
were evaluated for their antimicrobial and antibiofilm potential against human pathogens. AF1 exhibited broad spectrum
antimicrobial activity against all the tested pathogens. It also significantly inhibited biofilm formation and dispersed the
preformed biofilm at sub-optimal concentrations. AF2 possessed lesser activity as compared to AF1. The active compounds
were purified using semi preparative HPLC. Some of the active compounds were identified to be phenolic in nature. The
active fractions were also determined to be non-mutagenic and non-cytotoxic in safety analysis. The study highlights the
role of endophytic fungi as sources of a-glucosidase inhibitors with antimicrobial potential which can have application in

management of diabetes.
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DOX Doxorubicin

FTIR Fourier transform infrared spectroscopy

HPLC High performance liquid chromatography

MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyl-
2H-tetrazolium bromide

OD Optical density

pNPG  p-Nitro phenyl-a-p-glucopyranoside

TLC Thin layer chromatography

Introduction

a-Glucosidases (E.C.3.2.1.20) are glycoside hydrolase
enzymes which play a vital role in digestion of carbohy-
drates. These enzymes also help in the processing of cell
surface oligosaccharides, which have crucial roles in cell to
cell recognition during various infections, metastasis and
immune responses [1]. Thus, agents possessing the ability
to inhibit a-glucosidase enzyme can be used as therapeutics
against many carbohydrate linked diseases such as Diabetes
mellitus (DM) type 2. a-Glucosidase inhibitors (AGIs) have
also been reported for their antiviral and antifungal activi-
ties [2-5]. But they have not been much explored for their
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antibacterial potential. People with diabetes are more sus-
ceptible to infections, due to dysfunction of immune system
caused by high blood sugar [6, 7]. Diabetes-related health
issues, such as nerve damage and reduced blood flow to the
extremities can also enhance the vulnerability to infection.
Another challenge encountered by diabetic patients is the
delayed healing of wounds due to hindrance caused by bio-
film formation by the infecting microorganisms [8]. There-
fore, AGIs possessing antibacterial activity along with the
ability to inhibit biofilms would be better therapeutic agents
for diabetic patients. Thus, exploration of such novel enzyme
inhibitors is necessitated. Microorganisms such as endo-
phytes, residing in unique ecological niches can serve as
sources of novel biomolecules [9]. Endophytes are microor-
ganisms (mostly fungi and bacteria) that inhabit plant hosts
for all or part of their life cycle without causing any apparent
symptoms on them [10]. They are rich sources of bioactive
compounds with novel chemical skeletons and diverse bio-
logical activities [9—13].

Though AGIs from many endophytic fungi have been
reported [14—16], their antimicrobial and antibiofilm poten-
tial has not been explored. In previous studies conducted in
our lab, an endophytic fungus Alternaria destruens (AKL-
3) isolated from Calotropis gigantea was found to yield
partially purified fractions possessing high AGI [17]. The
culture was used in the present study to determine its antimi-
crobial potential. The antimicrobial activity and the ability
of partially purified fractions to inhibit as well as disperse
preformed biofilms of pathogenic bacteria was determined.

Materials and methods
Microorganisms

For production of AGI, an endophytic fungus A. destruens
AKL-3 isolated in previous study from healthy plants of C.
gigantea and exhibiting an AGI potential of 93.4% was used.
For determination of antimicrobial activity various patho-
genic microorganisms used were Staphylococcus aureus
MTCC 96, Salmonella enterica MTCC 733, Klebsiella
pneumoniae MTCC 7407, Listeria monocytogenes MTCC
657, Shigella flexneri MTCC 1457, Vibrio cholerae MTCC
3906, Escherichia coli MTCC 119 and Pseudomonas aerug-
inosa MTCC 7925. All the indicator strains used were pro-
cured from Microbial Type Culture Collection, Institute of
Microbial Technology (IMTECH), Chandigarh, India. Can-
dida albicans (clinical isolate) was procured from Depart-
ment of Microbiology, Government College, Amritsar, Pun-
jab, India. For mutagenicity testing microorganism used was
his™ Salmonella typhimurium strain MTCC 1251. All the
strains were preserved in 20% glycerol stocks at — 20°C.
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Production of secondary metabolites

The production and purification of inhibitory compounds
was carried out as described in the previous study [17].
Briefly, the production was carried out on malt extract broth
for 10 days and the inhibitory compounds were extracted
with ethyl acetate. The ethyl acetate extract was concentrated
using rotary evaporator, redissolved in HPLC grade water
and subjected to silica gel chromatography using chloro-
form: ethyl acetate: formic acid in 5:4:1 ratio as solvent sys-
tem. As previously reported, AGI activity was observed in
fractions no. 11 (AF1) and 14 (AF2) exhibiting different thin
layer chromatography (TLC) profiles [17]. The antimicrobial
and antibiofilm effects of these fractions were determined.

In vitro a-glucosidase inhibitory assay

The a-glucosidase inhibition assay was performed using
p-nitro phenyl-a-D-glucopyranoside (pNPG) as a substrate.
The reaction mixture was prepared by adding 50 pl of phos-
phate buffer (50 mM, pH 6.8), 10 ul of Saccharomyces sp.
a-glucosidase (1U ml™'), 20 ul of test sample followed by
incubation for 5 min at 37 °C. After incubation, 20 ul sub-
strate was added and incubated for 30 min at 37 °C. The
reaction was terminated by adding 50 pl of sodium carbon-
ate. All the reactions were performed in triplicates in 96-well
microtitre plate. Appropriate blank containing only the sub-
strate and buffer was used. Absorbance was taken at 405 nm
using microtitre plate reader (BIORAD 680XR) and activity
was calculated using the following formula:

Inhibition of « - glucosidase (%)
_ (AA control — AA sample) X 100
a AA control

AA control is the absorbance of the control reaction (con-
taining all reagents except the test compound), and AA sam-
ple is the absorbance of the test compound [17].

Determination of antimicrobial activity

Antimicrobial activity was determined by agar gel diffu-
sion assay [18] against various pathogenic bacteria and
yeast strains. The bacterial and Candida strains were main-
tained in brain heart infusion (BHI) and Sabouraud media
(HiMedia laboratories, Mumbai, India), respectively. The
pathogenic indicator strains were inoculated in the respec-
tive media and incubated overnight for 24 h at 37 °C. The
indicator cultures at 0.1 ODsg, were spread onto BHI agar
plates. Thereafter, wells were cut in the plates and 100 ul
of filter sterilized (0.2 um) AF1 and AF2 at a concentration
of 130 pug ml~! were added to the wells. The plates were
incubated at 4 °C for 4 h to allow the diffusion of AF1 and



Molecular Biology Reports (2020) 47:423-432

425

AF?2 into the agar media and thereafter incubated at 37°C
for 24 h. The plates were observed and zones of inhibition
were measured in mm. Ampicillin (10 mg 17") was used as
reference standard.

Biofilm inhibitory activities of active fractions

Sub-optimal concentrations for the inhibitory fractions were
determined and used for evaluation of antibiofilm potential
by using modified crystal violet assay [19]. Active frac-
tions AF1 and AF2 of A. destruens AKL-3 at concentra-
tions >22.5 ug ml~! showed lethal effects on the tested path-
ogens. Therefore, the effect of sub-optimal concentrations
viz. 22.5 and 11.25 pg ml1~! on the biofilm formation by P.
aeruginosa, C. albicans, E. coli and S. enterica was studied
in 96-well microtiter plate (Tarsons Product Pvt. Ltd., Kol-
kata). Autoclaved BHI/Sabouraud broth (100 pl) was added
to each well along with 100 pl of AF1/AF2 and 20 pl of
overnight grown indicator organisms having ODsg, of 0.1.
The microtiter plate was incubated at 37 °C for 48 h to allow
biofilm formation in the wells. After 48 h the plate was gen-
tly washed 3 times with autoclaved distilled water to remove
non-adherent cells. The adherent cells were fixed by using
200 pul methanol for 15 min and the plate was emptied and
air dried. The fixed biofilm was stained by adding 200 ul of
2% crystal violet for 5 min and the excess stain was removed
by washing under running tap water till the color faded. The
stain was extracted from the adherent cells by using 160 ul
of 33% glacial acetic acid in distilled water and ODsy5 was
measured using microtitre plate reader. The control wells
contained sterile distilled water instead of inhibitory frac-
tions of A. destruens AKL-3. The experiment was conducted
in triplicates. The percentage inhibition was calculated as,

Percentage inhibition = 100
— [(ODyys0f sample x 100)/ ODsg50f control]

Effect of active fractions on preformed biofilm

The effect of sub-optimal concentrations (22.5 and
11.5 ug ml~!) of AF1 and AF2 was studied on the disper-
sion of preformed biofilms of P. aeruginosa, C. albicans,
E. coli and S. enterica was studied. Biofilm was developed in
96-well microtiter plate by adding 100 pl of autoclaved BHI
broth along with 20 pl of overnight grown indicator organ-
isms having OD of 0.1 at 595 nm. After 24 h incubation at
37 °C, non-adherent cells were removed by gentle pipet-
ting without disrupting biofilm [19]. AF1 and AF2 (100 pl)
were added to each well along with 100 ul autoclaved BHI
broth. In the control wells instead of inhibitor 100 pl of auto-
claved BHI/Sabouraud broth was added. The plates were
incubated at 37 °C for 48 h. The experiment was conducted

in triplicates. After incubation, quantification of biofilm was
done as described previously.

Thermo stability of inhibitors

To check the stability of the inhibitory compounds under dif-
ferent thermal conditions, 100 pl AF1 and AF2 was pre incu-
bated at different temperatures (40, 50, 60, 70, 80, 90 and
100 °C) for different time intervals (15, 30, 45 and 60 min)
and the AGI activity was assayed.

Purification and characterization of inhibitors

The active fractions AF1 and AF2 obtained after silica gel
chromatography were subjected to semi preparative High
Performance Liquid Chromatography (HPLC) (Shimadzu,
Kyoto, Japan).The active fractions were chromatographed on
Microsorb MV C18 (100X 10 mm ID, 10 pm) column (Ena-
ble, Spinco Biotech, Chennai, India), with a mobile phase
of acetonitrile/acidified water in the ratio of 45:55 for AF1
and 50:50 for AF2 in an isocratic manner with a flow rate of
3 ml min~! and at a detection wavelength of 254 nm. Water
used in mobile phase was acidified with 0.1% trifluoroacetic
acid. The peaks exhibiting AGI activity were collected and
characterized.

Biochemical analysis

To determine the nature of the inhibitors various biochemi-
cal tests were performed. Different visualization reagents
viz. Dragendroff’s reagent for alkaloids, FeCl; and Fast Blue
B for phenols, ninhydrin for amine group, p-anisaldehyde for
the detection of steroids and terpenoids were used in TLC
based assays [20].

HPLC based detection of phenolics

HPLC based identification of phenolics was also carried out
in inhibitory fractions. HPLC was performed using PDA
detector (Dionex UVD 340 U UV/VIS) on Microsorb-MV
100-5 C18 (250 x 4.6 mm ID, 5 uM) column (Agilent, USA).
The solvent system used was 0.1% acetic acid in water and
methanol (70:30) at a flow rate of 3 ml min~'. On com-
parison with standards, the presence of ellagic acid (P3)
and kaempferol (P5) in case of active fraction AF1, and
rutin (P2) in active fraction AF2 was indicated. Thereafter,
authentication was done by using standard addition proto-
col. Ten pl of standard phenolic was added to the purified
collected peak and then subjected to HPLC. The hiking of
peak at particular retention time of standard without sig-
nificant deformations was observed. This procedure was
repeated three times. The active peak P2 of active fraction
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AF1, which was observed to be non-phenolic was subjected
to mass spectrometry and Fourier transform infrared spec-
troscopy (FTIR).

Mass spectrometry

Mass spectrum of P2 of AF1 was obtained from Micromass
Q-TOF micro mass spectrometer in +ve ESI mode at source
temperature, 110°C. Gases used were N, at pressure 6—7 bars
and Argon at pressure of 56 bar, with flow of 0.4 ml min~".
The mass spectrum was acquired with scan range of m/z
from 100 to 1000. The species formed were identified from

their respective m/z.
FTIR

Peak 2 was also subjected to FTIR (Vertex70, Bruker, Ger-
many) for identification of functional groups. All the meas-
urements were carried out in the frequency range 4004000/
cm with 4/cm resolution. The sample was loaded directly in
liquid form and spectrum was taken.

Safety evaluation

The mutagenic effect of inhibitory compounds was studied
by Ames test as proposed by Maron and Ames (1983) [21]
using his™ S. typhimurium strain (MTCC 1251, IMTECH).
For toxicity testing, 0.1 ml of bacterial culture and 0.1 ml
of inhibitory fractions were added to 5 ml of top agar and
poured onto the minimal agar plates followed by incubation
at 37 °C for 48 h. To determine the spontaneous reversion,
sodium azide (5 pl of 17.2 mg ml~") was used as a posi-
tive control while water was used as negative control. After
incubation for 48 h, the number of revertant his + bacterial
colonies were scored. The cytotoxicity of AF1 and AF2 was
determined at a single concentration (120 ug ml~!) by MTT
assay [22]. Chinese Hamster Ovary (CHO) cell line obtained
from National Centre for Cell Science, Pune, Maharastra,
India was grown on Dulbecco’s modified Eagle’s medium
supplemented with streptomycin (100 U ml~!), gentamy-
cin (100 g 171, amphotericin B (0.25 pg ml~!) and 10%
fetal bovine serum (Himedia). Cells were incubated in a
CO, incubator (5%CO,; 90% relative humidity) at 37 °C.
In 96 well plate, 5 x 10° cells were added in each well and
incubated at 37 °C, 5% CO, for 24 h. The cells were treated
with inhibitory fractions for 48 h, washed and 100 pl of
fresh medium with 20 pl MTT solution (5 mg ml™!) was
added in each well. The cells were incubated at 37 °C, 5%
CO, for 4 h. After incubation, the medium was removed and
formazan product was dissolved in 100 pl of dimethyl sulfox-
ide (DMSO) and shaken for 10 min. Absorbance at 550 nm
was measured by using microplate reader. Doxorubicin
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(DOX) was used as positive control. Cell growth inhibition
in percentage was calculated by using formula:

% Cell growth = (ODjssof treated cells/ ODssg0f control) x 100

Statistical analysis

Each experiment was performed in triplicate. To calcu-
late standard error and mean, microsoft office excel 2007
(Microsoft Corp, USA) was used and student 7 test analysis
was performed using the SPSS v17.0 software.

Results

The endophytic fungus A. destruens used in the present
study exhibited 93.4% inhibition against a-glucosidase
enzyme. Partial purification of the ethyl acetate extract
yielded two active fractions designated as AF1 and AF2 that
exhibited 87.75 and 72.11% inhibition, respectively [17].
These active fractions were assessed for their antimicrobial
and antibiofilm potential.

Antimicrobial activity

The active fractions, AF1 and AF2 were studied for their
antimicrobial activities at a concentration of 130 pg ml~".
AF1 showed antibacterial effects against all the tested patho-
gens, whereas, AF2 had antibacterial activity only against 4
pathogens (Table 1). AF1 showed maximum zone of inhibi-
tion (53 mm) against S. enferica and minimum against path-
ogenic yeast, C. albicans (30 mm). The zones of inhibition
obtained with AF1 were larger as compared to AF2 except
in case of V. cholerae. AF2 showed good inhibitory activ-
ity against V. cholerae (48 mm), whereas, for other tested
pathogens less activity was observed (Fig. la—g).

Table 1 Antimicrobial activity of AF1 and AF2 from A. destruens
AKL-3 against different pathogens

Test organism Zone of inhibition (mm) + SD

AF1 AF2
S. enterica 53.00+0.16 16.00+0.14
Sh. flexneri 47.00+0.25 -
V. cholerae 47.00+0.31 48.00+0.24
E. coli 44.00+0.24 -
P. aeruginosa 44.00+1.14 10.00+0.11
S. aureus 43.00+0.85 11.00+0.45
C. albicans 22.50+0.20 17.50+0.11
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Effect of inhibitor on biofilm formation

Effect of sub-optimal concentrations (22.5 and
11.25 ug ml~!') of AF1 and AF2 was studied on the biofilm
formation by various pathogens viz. P. aeruginosa, E. coli,
S. enterica and C. albicans. Both the fractions inhibited the
biofilm formation in a dose-dependent manner, however,
AF1 at both the tested concentrations showed significantly
(p<0.01) higher inhibition of the biofilm formation in all

the four test organisms as compared to AF2 (Fig. 2). AF1 at
22.5 pg ml~! exhibited maximum inhibition of biofilm for-
mation by P. aeruginosa (58.15%) followed by C. albicans
(52.16%). Whereas, AF2 at the same concentration showed
maximum inhibition of biofilm formation by C. albicans
(28.54%) followed by S. enterica (23.2%). Similar trends
were observed at the lower concentration also.

@

Fig. 1 Antimicrobial activities of AF1 and AF2 obtained from A. destruens AKL-3 against various pathogens as demonstrated by agar gel diffu-
sion assay a S. enterica, b Sh. flexneri, ¢ V. cholerae, d E. coli, e P. aeruginosa, £ S. aureus, g C. albicans
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Fig.2 Percentage inhibition of biofilm formation of test pathogens by
AF1 and AF2 at different concentrations. Error bars are representa-
tive of standard deviation of the three independent experiments per-
formed in triplicates.**Significant at p <0.01, *Significant at p <0.05

% disruption of preformed biofilm
ocwsh3dkhdn
|
l | #
l ‘*
I \*
el
% -
|«
.
- |+
o=
> >
NoA

o N & & & &
> O N S < N
RO ‘e‘\ < & L ‘e{\ X
) N A ) N NY
53 v 5

o 3 ¢ o

Q . .
11.25 ug/ml 22.5 ng/ml

Fig.3 Disruption of preformed biofilm of test pathogens by AFI
and AF2 at different concentrations. Error bars are representative of
standard deviation of the three independent experiments performed in
triplicates. **Significant at p <0.01, *Significant at p <0.05

Effect of inhibitor on dispersion of biofilms

The effect of AF1 and AF2 on the dispersion of pre-formed
biofilms was also evaluated. AFI was observed to be more
effective in dispersing the preformed biofilms of all the path-
ogens than AF2. At the higher tested concentration of 22.5
ug ml~!, AF1 caused maximum dispersion of biofilm of P.
aeruginosa (35.58%) followed by E. coli (21.84%). At the
same concentration AF2 showed 19.2% dispersion of biofilm
of P. aeruginosa (Fig. 3).

Thermostability of AF1 and AF2

The thermostability of AFland AF2 was checked at differ-
ent temperatures for different time intervals. Both the active
fractions were found to be thermostable. AF1 retained 60%
inhibitory activity after treatment at 100 °C for 60 min. AF2
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was found to be more thermostable retaining 90% activity
even after 60 min treatment at 100 °C (Online Resource 1).

Purification of inhibitory compounds

AF1 and AF2 were subjected to semi preparatory HPLC. In
AF]1, six peaks were collected but activity was observed in
three peaks at retention times of 6.97 (P2), 7.36 (P3), and
11.52 (P5) min. The isolated peaks exhibited 76.23, 65.12
and 64.82% AG inhibitory potential, respectively (Fig. 4a).
In case of AF2, five peaks at retention times of 5.29 (P1),
6.10 (P2), 6.97 (P3), 8.63 (P4) and 11.27 (P5) were col-
lected and examined for AG inhibitory activity (Fig. 4b). It
was observed that all peaks possessed inhibitory potential
evincing 50.23, 66.56, 57.32, 51.29 and 54.23% AG inhibi-
tory activity, respectively. All the isolated peaks exhibited
lesser activity than their respective fractions, indicating a
synergistic effect of the inhibitory compounds.

Identification of active compounds

Biochemical analysis was carried out to study the nature of
compounds in AF1 and AF2. In AF1, two peaks P3 and P5
were found to be phenolic while in AF2, all the collected
peaks were observed to be phenolic in nature as they stained
with Fast Blue B and FeCl;. It was observed that AF2 con-
tained more phenolic content than AF1. HPLC based identi-
fication of phenolics was performed and on comparison with
standards, the peaks P3 and P5 of AF1 showed retention
times similar to that of ellagic acid and kaempferol at 15.753
and 17.502 min, respectively (Online Resource 2). The peak
P2 in case of AF2 showed similar retention time (14.56 min)
as that of rutin. Using the standard addition protocol, 10 pl
of standard ellagic acid, kaempferol and rutin were added
in respective peaks and occurrence of spiking indicated that
the compounds could be ellagic acid, kaempferol and rutin.
To validate the results, AGI activity of standard ellagic acid,
kaempferol and rutin was also determined. It was observed
to be 72.54%, 66.34% and 74.34% for ellagic acid, kaemp-
ferol and rutin respectively.

Peak P2 of AF1 (Fig. 5a) was subjected to mass spec-
troscopy and infrared spectroscopy analysis for identification
(Fig. 5b, c). Analysis of IR data: 1721.43 (C=0 of ester),
1650.34 (C=C), 1641.64 (C=0 of amide), 1452.93 (—-CH;4
Bending), 1069.52 (C-0), 1044.46 (C-N amines) and 898.67
(C=C out of plane) showed the presence of esteretic and
amide carbonyls, aromatic double bonds, methyl and amines.
The presence of a sharp signal at m/z 601.13 in MS analysis,
suggests that the mass of the compound could be 600.
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Fig.4 Semi preparatory HPLC (a) -
chromatgram of a AF1 and b
AF2 of A. destruens AKL-3 1900
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Safety analysis
Mutagenicity testing

Both the active fractions AF1 and AF2 were checked for
their mutagenicity using Ames mutagenicity test. Revertant
colonies ranging from 5 to 20 were obtained in bacteria incu-
bated with active fractions and negative control whereas,
hundreds of revertant colonies were observed in the positive
control (sodium azide) (Fig. 6a—d). The results indicated the
non-mutagenic nature of the active fractions.

Cytotoxicity of the active fractions AF1 and AF2 was
tested at a concentration of 120 ug ml~!, using MTT toxic-
ity assay on CHO cell line. At this concentration, the active
fractions were found to be non-cytotoxic with 90.2 and
86.64% cell viability as compared to 46% cell viability for
DOX.

Discussion

In the present study, active fractions AF1 and AF1 obtained
from an endophytic fungus A. destruens AKL-3 were evalu-
ated for their antimicrobial potential. Though, number of
reports are available on antiviral and antifungal activities of
AGIs [2-5], they have not been much explored for their anti-
bacterial potential. Patients with DM type 2 are more prone
to infectious diseases as compared to the healthy individuals

[6, 7]. Therefore, for the management of diabetes, AGIs pos-
sessing antimicrobial activity would be better therapeutic
agents. It was observed that AF1 showed antagonistic activ-
ity against all the tested microbes while AF2 showed activ-
ity only against S. aureus, V. cholerae, S. enterica and C.
albicans. Another factor that increases the pathogenicity of
bacterial infections in diabetic patients is biofilm formations,
which delay the healing of wounds as well as contribute to
antibiotic resistance [8].Therefore, effect of AF1 and AF2
of A. destruens AKL-3 was studied on biofilm formation
and dispersion of pathogens. Active fraction AF1 signifi-
cantly inhibited the biofilm formation as well as caused the
dispersion of preformed biofilm. Enzymes glycosyltrans-
ferases along with glycosidases play a key role in biofilm
synthesis by initiating or elongating carbohydrate chains
during polysaccharide biosynthesis through the transfer of
activated mono or oligosaccharide residue to an existing
acceptor molecule, forming a glycosidic bond [23]. There
is a possibility that a compound inhibiting a-glucosidase
enzyme might have inhibitory activity against these enzymes
also. 1-deoxynojirimycin (DJM), a potent AGI was found to
inhibit the biofilm formation by Streptococcus mutans [24].
DIM is a sugar analogue and acts as competitive inhibitor
of glycosyltransferases by competing with sugar molecules.
Ceftezole is a p-lactam antibiotic having a-glucosidase
inhibitory potential [25]. Cefazolin, a structurally related
compound of ceftezole was found to be effective in aggrega-
tive stages of adherence and in elongation process of biofilm
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Fig.5 a HPLC chromatogram, (a)
b MS spectrum, ¢ FTIR spec- -
trum of peak P2 from AF1 of A. 1250.] lf PO, Multi 1 254nm.4nm,
destruens AKL-3 -
1000 H
20— I |
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formation [26]. Upon biochemical characterization both
fractions were found to contain high amount of phenolics.
Phenolics such as chlorogenic acid have been documented
for a-glucosidase inhibition and also possess antimicrobial
potential by increasing the permeability of outer and plasma
membrane which results in leakage of nucleotides [14, 27].
The inhibitory as well as disruptive ability of ellagic acid has
also been reported on biofilms of S. aureus, E. coli and C.
albicans [28].Yamada et al. (1999) [29] and Al-Majmaieet
al. (2019) [30] have documented the antimicrobial potential
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of kaempferol and rutin. The active fractions of A. destruens
AKL-3 were studied for their thermostability and were found
to be thermostable. Both the fractions revealed the presence
of phenolics. A survey of literature revealed that various
phenolic compounds obtained from natural resources can
be highly stable under extreme conditions of pH and tem-
perature [31, 32]. The active fractions were also determined
to be non- mutagenic and non-cytotoxic, further enhancing
their potential applicability as therapeutics.
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Fig.6 Colony counts for mutagenicity testing in Ames test. a Positive control, b AF1, ¢ AF2 from A. destruens AKL-3, d negative control

Conclusion

It can be concluded that the bioactive components from A.
destruens AKL-3 can be developed as antidiabetic agents
with amtimicrobial activity.
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