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ABSTRACT

Objective- The objective of our study is to examine its antimicrobial and immunomodulatory activity of aqueous
extract of whole plant i.e. Lemna minor. Methods- In this study, we evaluated its protein and amino acid content in
aqueous extract and also determining its antimicrobial activity on four bacterial strains and one fungal strain. In
addition, Elisa experiment was performed in order to determined its immunomodulatory potential against specific
protein antigen i.e. ovalbumin. Results- The results showed its enhancement in protein content (Nanodrop method)
at a very low concentration of aqueous extract and also showed its rich content in amino acids. In addition, aqueous
extract at higher doses showed enhancement in antibody titre against ovalbumin and decline in proliferation rate of
these four bacterial and one fungal strains at higher doses as compared to control. Conclusion- Overall data
indicates its immunomodulatory and antimicrobial activity of Lemna minor.
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INTRODUCTION

Proteins and amino acids that are present in aguatic
plants that showed considerable attention for the last few
yearst™ and claimed its natural antimicrobial properties
and also showed its ability to modulate (i.e. stimulatory
or suppressive or immunoadjuvant) the immune
responses of the host.! * These immunopharmacological
properties will be studied because of primary (proteins
and amino acids) and secondary metabolites that are
present in every plant and served as the first line of
defence against bacterial, fungal, and viral infections.™
In this regard, our group focused on small aquatic plants
and determined its antimicrobial and immunomodulatory
activity.

One of the aquatic plants i.e. Lemna minor (Duckweed,;
family Lemnaceae) plant is very small and its size is
around about 0.6 mm long.®! Generally, this plant mostly
reported in ponds and lakes that free floats on the surface
of still or slow moving bodies of fresh water. As per the
literature, distribution of Lemna minor in fresh water is
generally influenced observed or by a number of factors
i.e. nutrients availability;, pH; light intensity;
temperature; dissolved oxygen content and salinity.® 7
Lot of research work is already done with respect to its
plant growth rate and it will mentioned that growth rate

of Lemna minor, plant is inversely proportional to the
increase in dissolved salt content of the water and their
efficiency in water purification.®” One of the most
peculiar feature in Lemna minor, aquatic plant that
generally absorb nutrients, heavy metals, phenols,
pesticides, dioxins and pathogens from the water and it is
often used as a remediation mechanism for basins with
poor water quality.®® In addition, this plant is also used
in the manufacturing of many useful products because of
its high protein and starch content.

In the literature, lemnan, pectic polysaccharide was
earlier reported from freshly collected aquatic plant i.e.
Lemna minor and revealed the presence of sugar residues
i.e. D-galacturonic acid, galactose, arabinose, xylose and
D-apiose, a branched chain sugar. These sugar moieties
that are present in Lemna minor exhibit an
immunomodulatory effect by activating the system of
phagocytosis. In this regard, we focused on the whole
plant in the form of aqueous extract i.e. Lemna minor
and so one cannot judge on its amino acids, proteins and
also studied about its immunological (against specific
protein) and microbiological (bacterial and fungal strain)
aspects.
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MATERIALS AND METHODS

Plant Material: Lemna minor, aquatic plant were
collected from aquarium of Vidya Pratishthan’s School
of Biotechnology (VSBT), Baramati, Maharashtra, India.
These plants have been grown in VSBT for several
months for fish feeding. Fresh stock of healthy plant
were collected and dried in a shady area to prepare fine
powder.

Estimation of protein and amino acid content

In order to determine its amino acid or protein content in
aqueous extract of Lemna minor is needed. Several
standard amino acids i.e. valine, leucine, serine,
threonine and cysteine were used in order to determine
its presence in aqueous extract.

Firstly, protein concentration was determined by
Nanodrop method. Secondly, procedure required free
amino acid estimation assay which was determined
through UV visible spectrophotometric  method.
Bradford method can be used to measure free amino acid
activity and its absorbance value was compared to
standard amino acid (leucine, valine, serine, threonine
and cysteine; Sisco research laboratory Private Limited,
Mumbai, India) and then measured the amount of amino
acid in aqueous extract.

Bacterial and fungal strains

Four bacterial species (Pseudomonas fluorescens,
Salmonella typhi, E. coli and Bacillus subtilis) were used
in the study, which includes Gram-negative bacteria
(Pseudomonas fluorescens, E. coli, Salmonella typhi)
and Gram-positive bacteria (Bacillus subtilis). Both gram
positive and negative samples were collected from VSBT
garden (soil sample) and confirmation of these samples
through gram staining method. All these studies related
to bacterial suspension following CLSI guidelines. Four
bacterial strains were gown in nutritive media having
glucose, yeast extract, sodium chloride, agar and other
trace elements with pH 7.4 and maintained at 37°C for 24
h in incubator. After incubation, bacterial colonies were
appeared and identified through Bergeys manual of
determinative bacteriology. Collect one colonies of each
bacteria is diluted in phosphate buffered saline (PBS, pH
7.2) to reach the concentration of 10'CFU/ml. In
addition, prior to use, fungal isolates and prepared
aqueous extract and was characterized on the basis of
morphological, cultural, and biochemical characteristics
as per standard methods

Antimicrobial activity

For these studies, bacterial strains (10° CFU/mI; 50 pl)
and fungal extract (50 pl) strain were exposed to lysed
human whole blood (100 pl) in two different sets and
incubated with variable concentration of aqueous extract
was taken and diluted it ranging from 100 mg/ml to

0.01 mg/ml (50 ul). Plates were placed at 37°C for 24 h.
At the end of incubation, media in the wells was
removed and replaced with fresh medium containing
MTT solution (2.5 mg/ml; 10 pl) and incubated at 37°C
for 4h. Thereafter, media-containing MTT was removed
and formazan crystals were dissolved in DMSO and then

its absorbance was recorded in microplate reader at 570
nm. [0 1]

ELISA

Indirect ELISA was performed using Ovalbumin (i.e. 1
mg/ml; 100 pl) as coating antigen in 96 well high protein
binding plate. Incubate 96 well plate overnight at 4°C
and then add blocking buffer (100 pl) after washing the
plate with phosphate buffered saline (PBS, pH 7.4).
Incubate plate for 1h at room temperature and then add
variable concentration of aqueous extract of Lemna
minor. Incubate the plate for another 4-5 h at carbon
dioxide incubator. After incubation, add secondary
antibody (horse anti-serum; 1:10000 dilution; 100 pl) in
96 well plate. Again, incubate plate for another 1h at
carbon dioxide incubator. Finally, TMB substrate
solution was added after washing the plate with PBS and
then add stop solution. The optical density was measured
at 450 nm.1*]

RESULTS
Estimation of protein and amino acids
In aqueous extract of Lemna minor, protein

concentration was determined through Nanodrop method
and its concentration is 4.917 mg/ml (10 ul) (Fig.1). In
addition, amino acids were also calculated using standard
amino acids and determined its content through Bradford
method. The results of these studies showed that Lemna
minor showed enhancement in amino acid content at
higher doses as shown in Fig.2.

Antimicrobial activity

The results of these studies represents that Lemna minor
showed maximum inhibition in case of bacteria (gram
positive and gram negative) and fungi at higher
concentration as compared to control. In other words,
Lemna minor showed its antimicrobial activity against
these bacterial and fungal pathogens (Fig.3).

ELISA

In this study, our results showed its enhancement in case
of IgG titre of Lemna minor against weak antigen
ovalbumin at higher doses as compared to standard alum
and control. Overall, data represents its immunogenic
potential of Lemna minor against specific protein antigen
(Fig.4). Alum used as standard and showed its
enhancement in IgG titre against ovalbumin as compared
to control. In other words, Lemna minor showed its
immunomodulatory potential against specific protein
antigen i.e. ovalbumin.
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Fig.1. Estimation of protein content in aqueous extract of Lemna minor using Nanodrop method.
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Fig.2. Amino acid percentage content in aqueous extract of Lemna minor.
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Fig. 3: Antimicrobial activity. Bacterial strains (105 CFU/ml; 50 pl) and fungal extract (50 pl) strain were treated
with variable concentration (0.01 — 100 mg/ml, 100 ul) of aqueous extract of Lemna minor in lysed human whole
blood. After incubation, add MTT solution and then incubated at 37°C for 4h. Thereafter, media-containing MTT was
removed and formazan crystals were dissolved in DMSO and then its absorbance was recorded in microplate reader at
570 nm. The difference between the control and variable doses of aqueous extract is determined by one way ANOVA
test.
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Fig. 4: ELISA assay. Indirect Elisa was performed using standard Ovalbumin (1 mg/ml; 100 pg/well) as coating
antigen. Aqueous extract of Lemna minor were used for the estimation of anti-OVA antibody titre. Horse antiserum
used as secondary antibody and optical density measured at 450 nm. The difference between the control and standard is

determined by one way ANOVA test.

DISCUSSION

Lemna minor, aquatic plant that are present abundantly
in lakes, streams and ponds. This aquatic plant is
generally floats on the water surface and is very sensitive
with respect to xenobiotic substances.’*'* Lot of
research articles that are published related to heavy metal
toxicity test which is directly correlated with growth
parameters and physiological and biochemical indicators,
including changes in carbohydrate, protein and
chlorophyll content.*® Due to its small size and high
multiplication rates of Lemna minor and included as one
of the most used aquatic plants in toxicity testing
procedures of various inorganic and organic
chemicals.'® Recently, none of these studies will be
done related to aqueous extract of Lemna minor and
studied its immunological and microbiological aspects.
In this regard, we focused on its antimicrobial along with
immunomodulatory effects of aqueous extract of Lemna
minor.

In the present study, we identified various biologically
active compounds in the form of protein including
amino acids that are present in Lemna minor and
determined its immunomodulatory potential against
specific protein antigen i.e. ovalbumin and also
measured its antimicrobial activity against these
bacterial and fungal strains. Bradford method was
applied and used to measure various amino acids
(valine, leucine, serine, threonine and cysteine) that are
present in aqueous extract, spectrophotometric method
was applied and compared its activity with standard
amino acid. In addition, protein estimation was
determined through Nanodrop method. The results
showed that Lemna minor showed rich amount of
amino acids that are present including protein content.
In this regard, biologically active substances in Lemna
minor are of interest for further investigation of its
immunopharmacological properties with the aim of
seeking new medicinal properties.

In this study, ovalbumin used as coating antigen for
estimating antibody production against variable doses of
aqueous extract of Lemna minor pertaining to determined
its immunological activity. This antigen was strongly
recognized by aqueous extract containing primary
(protein and amino acids) and secondary metabolites. In
other words, there was good correlation between aqueous
extract of Lemna minor and conventional specific protein
(ovalbumin) antigen both by Elisa assay. The conclusion
was that aqueous extract showed immunostimulatory
potential at higher doses against ovalbumin. From this
data it may confirm that at higher doses showed
immunostimulatory activity. This study suggest that
aqueous extract of Lemna minor may stimulate antigen
(ovalbumin) specific immune response and this study
will have a way for future investigators to elucidate a
suitable component for immunomodulation in order to
make an individual recovered from infectious diseases.

In this study, fresh whole plant of Lemna minor was
tested for its antimicrobial activity against four bacterial
and one fungal strains. The results showed that aqueous
extract at higher concentration produced dose dependent
zone of inhibition after 24 h incubation against both
Gram-positive and Gram-negative bacteria including
fungal strain in lysed human whole blood. From these
studies, it is confirmed that aqueous extract are reported
to have a better antimicrobial activity against different
bacterial pathogens and fungal strain with significant
inhibition of growth of these pathogens as compared to
the aqueous extracts. However, further studies related to
aqueous extract of Lemna minor are continued in order to
explore or examined their effectiveness to inhibit the
growth of parasites, viruses and fungi. Further studies are
still is in progress in order to isolate secondary
metabolites from this aqueous extract and hopefully it
may showed better antimicrobial activity. Future
epidemiological studies are necessary to understand the
effectiveness/impact of use of these aqueous extracts
from such medicinal plants in population.
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