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ABSTRACT

The present study deals with the evaluation of in vitro antibacterial profile of leaf saponin fraction of Gnidia glauca (Fresen)
Gilg (Thymelaeaceae) against two bacterial blight Gram-negative bacterial strains viz., Xanthomonas oryzae pv. oryzae and
Xanthomonas campestris pv. punicae. The antibacterial activity of saponin fraction was evaluated through zone of inhibition,
minimum inhibitory concentration (MIC) by broth dilution method. Leaf saponin fraction of G. glauca affected the growth curve
of both the bacterial strains, through affecting outer membrane permeability, causing cellular contents leakage as confirmed
by the respective assays. The G. glauca leaf saponin fraction is rich in triterpenoid saponins, showed significant antibacterial
activity with MIC at12.5 pg/ml against X. oryzae and X. punicae. Further the present study gives insights into its mode of
action of G. glauca leaf saponins, and potential application as natural bactericidal agents to manage and control of bacterial

blight causing pathogens in crop plants.
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INTRODUCTION

Gnidia glauca (Fresen) Gilg (Thymelaeaceae) is an evergreen
small bushy tree, commonly distributed throughout the
peninsular India, tropical Africa, Sri Lanka and Madagascar.
Its vernacular name is Mukuthi, Rami (Kan.), Fish poison
bush (Eng.) and is well reputed for its medicinal value and
toxic properties. It is commonly used as treatment of blisters,
swellings and contusions. In Sri Lanka the ground whole
plant is used as an insecticide and piscicide. In peninsular
India, the bark and leaf are traditionally used for antifungal
activity and treating skin diseases."? Earlier phytochemical
studies on this taxon have reported to possess antifeedant
acgivity,” anticoagulant activity,* anti-diabetic activity,® free
radical scavenging activity®’ and in-vitro cytotoxic activity.®
In Western Ghats regional farmers of Karnataka, G. glauca
plant extracts were used traditional practice for controlling the
rice bacterial blight disease caused by Gram-negative bacterial
pathogen X. oryzae pv. oryza. Bacterial blight disease caused
by X. oryzae in rice/paddy crop and by X. campestris pv.
punicae in pomegranate crop incurs yield loss up to 70% when
susceptible varieties are grown in a favorable environment

to these pathogens. Exorbitant chemically synthesized
pesticides, fungicides, and bactericides are the major
contributors for water, soil, and ground-level contamination.
Use of plant extracts as bactericides and fungicides has
been in vogue for centuries, though commercially not very
common.

In view of these facts, the present study is an attempt to
explore the leaf saponin fraction of G. glauca as an antibacterial
agent that offer new biocidal potential for controlling the
bacterial blight disease caused by two Xanthomonas strains
in rice/paddy and pomegranate, respectively.

MATERIALS AND METHODS

G. glauca fresh leaves material was collected during the
day time in January from Western Ghats (13°33°27”N
75°10’13”E/13.55750°N 75.17028°E), Karnataka, India and
got authenticated by Dr. Kumarswamy Udupa, renowned
plant taxonomist, Department of Botany, Sri JCBM College,
Sringeri, Chikkamagalore district, Karnataka, and a voucher
specimen (No. FSB-0982) was preserved in the herbarium of
the department.
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Isolation of Saponin Rich Extract

Leaf saponin fraction of G. glauca was isolated and partially
purified as described in our previous publication.” The saponin
fraction (5 mg/mL in DW) was diluted to 1:10 with distilled
water, scanned at ranges 200 to 800 nm using PC based
UV-Visible spectrophotometer (Systronics, Model-119) and
characteristics maxima peaks were observed and recorded.!

Antibacterial Assays

Antibacterial potential of G. glauca saponin fraction was
evaluated against two bacterial blight disease causing gram-
negative bacterial strains viz., X. oryzae pv. oryzae and
Xanthomonas campestris pv. punicae that affect rice/ paddy
and pomegranate crops, respectively. X. oryzae pv. oryzae
pure culture was isolated on Wokimoto’s agar medium
and characterized by biochemical tests.!""!> Antibacterial
efficacy of G. glauca leaf saponin fraction was confirmed by
disc diffusion assay, bacterial growth curve kinetics, outer
membrane permeability assay, nucleotide leakage assay and
membrane permeability alteration by electrical conductivity
measurements."> ' Xanthomonas campestris pv. punicae
was a gifted strain from Dr. Raghavendra Sathyanarayana,
University of Horticultural Sciences, Bagalakote, Karnataka.

Antibacterial activity assays were performed by agar disc
diffusion method.!* Different concentrations of G. glauca leaf
saponin fraction was prepared in either distilled water and
methanol (MeOH) ranging 2, 5, 10, 50, 100, and 150 mg/ml,
were loaded onto sterile filter paper discs (5 mm). Filter paper
disks were placed on WF-P agar plates seeded with X. oryzae
and X. punicae. The standard antibiotic tetracycline (10 pL,
1 mg/mL in DW) was used as positive control, distilled water
and methanol used as negative controls. Petri plates were
incubated at 28°C for 24 hours. The diameter of inhibition
zones were recorded in millimeters (mm).

MIC

Minimum inhibitory concentration (MIC) for G. glauca leaf
saponin fraction against two bacterial strains was determined
by broth micro-dilution method,'* using 96-well microtitre
plates. Two-fold serial dilutions prepared with nutrient
broth medium at a volume of 200 uL per well in a 96-well
plate. To each well of a microplate G. glauca leaf saponin
fraction was added at concentrations ranging from 50 to 3.125
pg/ml. To the respective wells X. oryzae and X. punicae cells
suspensions 10 uL per well at a final concentration of 5 x 10°
CFU/mL bacterial suspensions were inoculated individually
and incubated at 28°C for 24 hour. The MIC was evaluated
by visual observations for any deposits or turbidity in the
microtitre plate wells. The lowest concentration of the saponin
fraction that completely inhibited the growth of individual
bacterial strains was considered as the MIC value.

Bacterial Growth Curve

Time-kill kinetics for both X. oryzae and X. punicae growths
were studied in sterile 96-well microtitre plate, each well
containing 200 pL of NB medium supplemented with different

concentrations of G. glauca saponin fraction at 5, 10, and
15 mg/mL of saponin fraction solution and 10 pL of freshly
grown bacterial culture (10° CFU/mL). Tetracycline was used
as a positive control, bacterial cultures without saponin fraction
as growth control. Plates were incubated e at 28°C and ODy,
was recorded every 3 hours (3, 6, 9, 12, 15, 18, 21, 24 and 48 h)
intervals using microplate reader (i-Mark, Bio-Rad).

Outer Membrane Permeability

The experiment for outer membrane permeability assay was
carried out with some modifications.!> Overnight grown
bacterial cultures of X. oryzae and X. punicae in nutrient
broth were (20 pL each culture of 108 CFU/mL) inoculated
individually to each respective well in a microplate, and
80 uL of G. glauca saponin fraction at concentrations ranging
from 0.65 to 10 ug/mL were added. Microplate was incubated
at room temperature for 24 hours, and the bacterial growth
was measured at 450 nm using a microplate reader (i-Mark,
Bio-Rad).

Nucleotide Leakage Assay

The assay for nucleotide leakage was essentially performed.'
The overnight grown culture of X. oryzae and X. punicae
were washed and resuspended in 10 mM PBS (pH 7.4). Final
density of cells adjusted at 10° CFU/mL, and treated with
100 mg/mL of G. glauca saponin fraction for 24 hours at 28°C
along with respective control sets. After incubation, bacterial
cell suspensions were centrifuged at 10,000 rpm for 10 min
and supernatants were diluted appropriately. The presence of
nucleic acids in the supernatants was recorded using U V-visible
spectrophotometer (Systronics, India) at 260 nm.

Conductivity Measurement

The membrane permeability assays were carried out by
electrical conductivity measurements using conductivity
meter.'® Freshly grown X. oryzae and X. punicae bacterial cells
were harvested by centrifugation at 8,500 rpm for 10 minutes,
washed three times with 10 mM PBS (pH 7.4), and diluted
appropriately to obtain 10° CFU/mL bacterial cells. Leaf
saponin fraction of G. glauca ranging from 50 to 250 mg/mL
was added to 25 mL of each bacterial cell suspension. Samples
were mixed and incubated at 28°C in a shaker-incubator at 120
rpm for 24 hours, and the change in electrical conductivity was
recorded using conductivity meter (Systronics, India).

Statistical Analysis

All the experiments were performed in triplicates under
the same conditions individually. Data were analyzed and
reported as mean values + standard deviation. All statistical
comparisons were done by using Microsoft Excel. Differences
at p <0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Isolation and partial purification of G. glauca leaf saponin
fraction was described in our previous publication® by
Sannabommayji et al. (2018), It has been shown that, G. glauca
leaf saponin fraction is rich in triterpenoids saponins with
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8.6% of saponin fraction and 392 pg/mL total saponin extract
equivalent to Quillaja saponin (a triterpenoid saponin). In the
present study results of the UV-visible spectrophotometry
suggested that, G. glauca leaf saponin fraction displayed the
absorption maxima peaks at 224.0, 221.6, 209.6, and 202.4 nm
with the absorbance 1.107, 1.169, 1.136, and 1.067, respectively
(Figure 1). Saponins lack chromophores in their structure, if
the UV spectrophotometry detection is limited at 205-230 nm
range indicating the presence of triterpenoid saponins.

Saponins are glycosides of triterpens and steroids, many of
these phytochemicals have antimicrobial and/or antiherbivore
activity and seem to be efficient role in plant defense.'?! They
are promising source of triterpenoids that are generally act by
permeabilising cell membrane and in various stress conditions
render protection against pathogens and pests.?*%*

Antimicrobial Activity

The biocidal nature of triterpenoid saponins seems to involve
membranolytic properties, rather than simply altering the
surface tension of the extracellular medium, disrupting the
membranes and causing leaking of cellular contents.'*?*
Results of the antibacterial activity assays suggest that,
G. glauca leaf saponin fraction inhibited the growth of both
bacterial blight causing Gram-negative pathogens viz., X.
oryzae pv. oryzae and X. campestris pv. punicae. The saponin
fraction showed inhibition zone around the discs against X.
oryzae (15.3 £ 0.5 mm) and X. punicae (16.0 £ 0.5 mm) at 150
mg/mL concentration (Table 1).

The anti-Xanthomonas potential of G. glauca leaf saponin
fraction was assessed quantitatively determining the minimum
inhibitory concentration (MIC), the lowest concentration that
completely inhibited visible growth of X. oryzae (12.5 pg/mL)
and X. punicae (12.5 ug/mL). Results are depicted in Table 2.

Previous research studies reported potent antibacterial
activity of G. glauca root extract against gram-negative
bacterial pathogens.?® The leaf and bark extracts of Lasiosiphon
eriocephalus (syn. Gnidia glauca) showed bactericidal effect
at 5 mg/mL against Escherichia coli, Staphylococcus aureus,
Klebsiella sps., and X. oryzae.? Triterpenoid saponins
of Caesalpinia pulcherrima Linn, displayed significant

antibacterial activity against gram-positive and gram-negative
bacterial strains.?

Results of the present study suggest that, leaf saponin
fraction of G. glauca rich in triterpenoids at 15 ug/mL
concentration inhibited the growth of both the bacterial strains
X. oryzae and X. punicae, the efficacy could be compared to
positive control tetracycline. Growth curves of G. glauca leaf
saponin fraction treated bacterial strains X. oryzae and X.
punicae are shown in Figures 2(A) and (B).

Alteration of cytoplasmic membrane permeability is an
important bactericidal mechanism.?” Results of the present study
revealed that, G. glauca leaf saponin fraction able to increase
the outer membrane permeability in both the Xanthomonas
strains (Figure 3A). Cell membrane permeability and cellular
leakage assays are associated with disruption/damage to the
bacterial cell membranes. Certain extent, DNA and RNA are
released after membrane disruption, in the present study these
nucleotides were quantified by monitoring the absorbance at
260 nm (Figure 3B). The leaf saponin fraction of G. glauca
probably induced the disruption of cytoplasmic membrane and
increased absorbance at 260 nm as indicated by the leakage
of nucleotides and consequently reflects a loss the membrane
integrity. Similar findings were also reported for the other
phytochemical extracts against certain bacterial strains.?®*
Furthermore, it has been observed during the present study
that, the electrical conductivity was observed to be increased
significantly from 9.76 to 10.36 uS/cm for X. oryzae and 9.66
to 10.16 uS/em for X. punicae (Figures3C and D). Increased
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Figure 1: UV-Vis spectral scan of leaf saponin fraction

Table 1: Antibacterial activity of the leaf saponin fraction of G. glauca on X. oryzae and X. punicae strains at various concentrations by disc
diffusion method

Concentration of triterpenoid saponin fraction (mg/mlL)

MeOH
2 5 10 50 100 150 Tetracycline and
Test Organism  Zone of inhibition (mm) (PC) DW (NC)
X oryzae - 73+0.5 10.6 £0.5 11.3£0.57 13.3+£0.5 153+0.5 17.6 £1.52 -
X. punicae - 7.0+£0 10.8 £0.76 13.5+£0.5 14.5+£0.5 16.0£0.5 17.3+£0.57 -

Note: MeOH = Methanol; DW = Milli-Q water; PC = Positive control; NC = Negative control; ‘-’ sign indicates no zone of inhibition.

Table 2: MIC values of G. glauca leaf saponin fraction treated to Xanthomonas strains at various doses.

Serial dilution (ug/mL)

Test organism 50 25 12.5 0.25 3.12 MIC
X. oryzae - - - + + 12.50
X. punicae - - - + + 12.50

"-" No growth; "+" growth
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Figure 2: Effect of leaf saponin fraction on growth of (A) X. oryzae and (B) X. punicae
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Figure 3: Effect of G. glauca leaf saponin fraction on Xanthomonas strains. Outer membrane permeability activity on Xanthomonas strains
(A): Total nucleotide leakage assay (B): Outer membrane permeability; (C & D): Conductivity of ionizable solutes leakages in X. oryzae and X.
punicae respectively.

Note: Culture without leaf saponin fraction was used as untreated control (control) and tetracycline was used as positive control (PC).
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absorption at 260 nm and electrical conductivity clearly
indicate the disruption of membrane permeability and loss of
viability in both the bacterial strains.

It has been reported that, saponins have the ability to
induce the formation of pores within the cell membrane which
becomes more permeable for ions as the ion pumps are unable
to restore the physiological conditions and finally cause the
lysis of cells.!® Results of all the assays carried out during the
present study suggest that, G. glauca leaf saponin fraction
was effective against both the Xanthomonas bacterial strains.
The growth has been affected in both the bacterial strains
through affecting the cell membrane integrity and disrupting
membrane permeability. The triterpenoids saponins present in
the G. glauca leaf saponin fraction probably interact with the
lipids present in the cell membrane, increases the permeability
and to kill the Xanthomonas bacterial growth and reproduction.

CONCLUSION

G. glauca leaf saponin fraction has been explored as potential
source for triterpenoid saponins with constitutive antibacterial
activity. This bioactive saponin fraction showed significant
antibacterial activity and mode of action in permeabilising
membrane causing leakage of cellular components and finally
inhibiting the reproductive growth of Xanthomonas strains.
Results suggest that, G. glauca leaf triterpenoid saponins are
effective bioactive compounds that could be useful for the
development of new biocidal agents to control the bacterial
blight diseases in both rice/paddy and pomegranate crops.
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