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Abstract - The major problem existing in the field of medicine is drug resistance. The organisms were developing
resistance to almost all the existing drugs. Among such organisms MRSA pose a major threat. The prevalence of MRSA
infection is also increasing steadily. So we are in need of alternative therapy to cure such infections. One such remedy
could be the use of extracts from medicinal plants. In the present study we used the extracts of some herbal plants such as
Punica granatum, Solanum trilobatum, Ocimum tenuiflorum, Ripes uva-crispa, Psidium guajava, Cajanus cajan,
Euphorbia hirta, Phyllanthus niruri, Phyllanthus amarus against MRSA. Among these plant methanol extract of P.
granatum (inhibition zone 20mm) showed remarkable results against MRSA. We also checked the synergistic effect of
some antibiotics with Punica granatum. They showed synergistic effect with Amoxicillin Cephalothin and Cefepime.

Keywords: MRSA, Solanum trilobatum, Psidium guajava. Antibacterial activity
INTRODUCTION

All over the ages, humans have relied on nature for their basic needs, such as food, shelter, clothing,
transportation, fertilizers, flavors , medicine etc, (Critchley, A.T. (1983).). For thousands of years, plants formed the
basis of traditional medicine systems that have been existing and continue with new remedies to mankind.
Eventhough some of the therapeutic properties of the plants have been proven. It is based on the empirical findings
of thousands of years (Heinrich et al., 2004). Various types of plants used in herbalism and many of these plants
have medicinal properties. 3.3 billion Peoples in the developing countries utilize the medicinal plants which are the
“backbone” of traditional medicine (Davidson-Hunt | et al., 2000).

Fruits and vegetables are most popular due to their dietetic value worldwide and rich sources of beneficial
vitamins and fibers, anti-oxidants, minerals. The standard consumption of fresh fruits and vegetables may diminish
the risk of cardiovascular diseases, stroke and certain cancers. Usually fruits are processed into beverage, squash
juice and syrups. However by-products can be used as functional food ingredients such as phytochemicals,
pharmaceuticals, essential oils, seed oil, pectin, food products, and dietary fibers (Azad et al., 2014). Therefore,
fruits by-products not only superior source of bioactive compounds but also could be used as several value-added
products (Noor et al., 2014).

In conventional chemistry and pharmacology plants might provide a useful source for the production of
new effective medicines and this may be used to replace existing drugs . In general traditional medicine is turned out
to be very useful in the discovery of natural products such as pharmaceutical drugs (Patwardhan et al., 2004). The
shrub Prosopsis juliflora (Sw.) DC. (P. juliflora) commonly identified as mesquite has been used as a traditional
medicine on various continents for curing catarrh, inflammation, colds, sore throat, excrescences, flu, measles,

diarrhea, dysentery and hoarseness, for the healing of wounds (Hartwell et al., 1971).
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METHODOLOGY
Isolation of Staphylococcus aureus
For the isolation of Staphylococcus aureus, pus samples were collected from wounds. The specimens
were collected from Bose Clinical Lab, Madurai. Fluid Thioglycollate medium was used as an enriched medium
for Staphylococcus aureus. The specimen was inoculated on Mannitol salt agar, Mac Conkey agar and Blood agar
plates. The plates were incubated aerobically at 37°C overnight. The test organisms further confirmed by their
physiological and biochemical characters.
Detection of MRSA
Disk Susceptibility Test (Acar and Goldstein, 1991). The Kirby-Bauer disk diffusion test was developed for
this study.
The sensitivity pattern of MRSA strains to -lactam antiboiotics
Disk susceptibility test (Acar and Goldstein., 1991).
The Kirby —Bauer disk diffusion test was developed for these studies as described above with the antibiotic
disks methicillin, amoxyclav, amoxicillin, cefdin, cephalothin, cefepime, cefaclor, vancomycin and teicoplanin. The

sensitivity pattern of the test organism was recorded.
Determination of the degree of methicillin resistance

The Kirby-Bauer disk diffusion test was developed for this study. MRSA strains were individually tested

for their degree of methicillin resistance with methicillin 5 pg and 10 pg.
Collection of herbal plants

The following fresh plant materials and sea weeds were collected from Vilathikulam, Thoothukudi district.
Plants such as Punica granatum, Prosopis juliflora, Ocimum tenuiflorum, and sea weeds such as Sargassum

muticum and Jania . rubens.

Preparation of plant extract
Water extract
Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently

grounded into fine powder. 5g of plant materials were mixed with 25ml of sterile distilled water. They were placed
in shaker for 24 hours. The water extract was filtered by using Whatmann no:1 filter paper.
Methanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of methanol. They were placed in shaker for

24 hours. The methanol extract was filtered by using Whatmann No:1 filter paper.
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Ethanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of ethanol. They were placed in shaker for
24 hours. The ethanol extract was filtered by using Whatmann no:1 filter paper.
Petroleum ether

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of petroleum ether. They were placed in

shaker for 24 hours. The water extract was filtered by using Whatmann no: 1 filter paper.

Determination of antibacterial activities of plant extract against MRSA strain
Loading sterile disks with plant extract

Antibacterial activity was measured using disk diffusion method according to the Clinical and Laboratory
Standards Institute (CLSI). Briefly petriplates containing approximately 25-30 ml of Mueller-Hinton agar medium
were inoculated using a cotton swab with a 4-6 fold culture of the bacteria. (Acar and Goldstein, 1991).
Disk susceptibility test

The Kirby- Bauer disk diffusion test was developed for these studies as described above with the disks of
plant extract. The sensitivity pattern of the test organism was recorded.
Determination of synergetic effect of plant extract with some antibiotics against MRSA

The Kirby- Bauer disk diffusion test was developed for these studies as described above. To access possible
interactions between the extract of plant materials and B-lactam antibiotics, disk containing the extract of plant
materials and B-lactam antibiotics were placed on a plate that had been inoculated with MRSA strain. The distance
between the disks was equal to the sum of the radii of their zones of inhibition when examined alone.
Checkerboard method to determine the antimicrobial combinations against MRSA

The checkerboard (or chessboard) method is the technique used most frequently to assess antimicrobial
combinations in vitro, presumably because its rationale is easy to understand, the mathematics necessary to
calculate and interpret the results are simple, it can readily be performed in the clinical laboratory using
microdilution systems that are obtain able commercially, and it has been the technique most frequently used in
studies that have suggested an advantage of synergistic therapy in the treatment of neutropenic patients with Gram-
negative septicemia. The term “checkerboard” refers to the pattern (of tubes or microtiter wells) formed by multiple
dilutions of the two antimicrobials being tested in concentration equal to, above, and below their minimal

inhibitory concentrations for the organisms being tested.

RESULTS
Isolation and characterization of staphylococcus aureus

Eight numbers of MRSA strains were isolated from pus. Various media (Table 3) were used to
identify the pathogenic strain. Mannitol salt agar was used as a differential and selective medium for recovering

strain from the specimen. Staphylococcus aureus produced yellow colour colonies in Mannitol Salt agar.
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Table 1.Cultural characterization of Staphylococcus aureus

ISSN NO: 1076-5131

S. No Medium Colony Morphology Interpretation
1 MacConkey Agar Pink colour colonies Lactose fermentation
positive
2 Blood Agar Yellow to cream colonies or white B-haemolytic
colonies with clear zone colonies
3 Mannitol Salt Agar Yellow colonies Mannitol fermentation
positive

Table.2. Degree of Methicillin Resistance of MRSA strains (Fig. 20)

Methicillin Disk Zone diameter of Reaction of the
S.No
Content inhibition (mm) Organism
1 Methicillin (5 pg) - Resistant
2 Methicillin (10 pg) - Resistant
3 Methicillin (30 pg) - Resistant

Determination of antibacterial activities of plant extract against MRSA strain

The antimicrobial activity of various extracts of Punica granatum and Prosopis juliflora were
tabulated (Table 7 -9). (Fig. 5-12).

Table.3. Antimicrobial activity of various extracts of Punica granatum

Diameter of zone of inhibition (mm)
Organism Water Extract Ethanol Methanol Petroleum Ether
Extract Extract Extract

MRSA 10 15 15 _
MRSA 1 Partial 10 15 _
MRSA 2 Partial 10 20 _
MRSA 3 Partial 15 20 _
MRSA 4 10 15 21 _
MRSA 6 10 15 20 ~
MRSA 7 Partial 10 15 _
MRSA 8 10 15 20 ~
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Table 4.Antimicrobial activity of various extracts of Prosopis juliflora
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Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 _
MRSA 6 16 21 22 _
MRSA 7 15 20 23 _
MRSA 8 17 20 24 _

Table 5. Antimicrobial activity of various extracts of Prosopis juliflora

Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 B
MRSA 6 16 21 22 ~
MRSA 7 15 20 23 _
MRSA 8 17 20 24 B
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Fig. 3 S. muticum Fig. 4. J.rubens

Plate 1. Synergistic effect between P. granatum and methicillin 10 pg

[

Plate 2. Synergistic of P.juliflora with Amoxyclav
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PeakTable
Detector A Chl 270nm
Peak# Ret. Time Area Height Area % Height %
1 3.183 3714639 41377 100.000 100.000
Totall 3714639 41377 100.000 100.000
Fig. 6. HPLC analysis of P. granatum
DISCUSSION

Medicinal plants constitute an effective source of both traditional and modern medicines, herbal medicine has
been shown to have genuine utility and about 80% of rural population depends on it as primary health care. Over the
years, the World Health Organization advocated that countries should interact with traditional medicine with a view
to identifying and exploiting aspects that provide safe and effective remedies for ailments of both microbial and non-
microbial origin (WHO. 1978).

The increasing occurrence, particularly in hospitals, of S. aureus resistant not only to methicillin but to a
wide range of antimicrobial agents, including all kinds of B-lactams, has made therapy more difficult (Unci Ney et
al.,2006).. Although strategies have been proposed in an attempt to control the spread, the search for new ways to
treat MRSA infections stimulates the investigation of natural compounds as an alternative treatment of these

infections.In the present study, the analysis of the growth inhibition activity by the disk diffusion method showed
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that 10 medicinal plants (P. juliflora, P. granatum, S.trilobatum, O.tenuiflorum, R.uva-crispa, P.guajava, C. cajan,

E. hirta,P.niruri and P. amarus),were active against hospital strains of MRSA under test conditions with crude

extract concentrations as high as 59/20ml.( Williams, et al.,2007)

In the present study, 2 plant extracts (P. juliflora, P. granatum) were effective against MRSA, MRSA1,
MRSA2, MRSA 3, MRSA 4, MRSA 6, MRSA 7, MRSA 8 strains. We were using water, ethanol, methanol,
petroleum ether extracts for all the 8 strains. Methanol extract inhibit the growth of 8strains of MRSA. The

synergistic method were also performed for the methonal extracts with 10 antibiotics of methicillin (5ug),

methicillin (10pg), amoxyclav (30 pg 10 pg), amoxicillin (30 pg 10ug), cefdin (5ug), cephalothin (30ug), cefepime

(30uQ), cefaclor (30ug), vancomycin (30 ug) and teicoplanin (30ug) in MRSA strain.
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Abstract - The major problem existing in the field of medicine is drug resistance. The organisms were developing
resistance to almost all the existing drugs. Among such organisms MRSA pose a major threat. The prevalence of MRSA
infection is also increasing steadily. So we are in need of alternative therapy to cure such infections. One such remedy
could be the use of extracts from medicinal plants. In the present study we used the extracts of some herbal plants such as
Punica granatum, Solanum trilobatum, Ocimum tenuiflorum, Ripes uva-crispa, Psidium guajava, Cajanus cajan,
Euphorbia hirta, Phyllanthus niruri, Phyllanthus amarus against MRSA. Among these plant methanol extract of P.
granatum (inhibition zone 20mm) showed remarkable results against MRSA. We also checked the synergistic effect of
some antibiotics with Punica granatum. They showed synergistic effect with Amoxicillin Cephalothin and Cefepime.

Keywords: MRSA, Solanum trilobatum, Psidium guajava. Antibacterial activity
INTRODUCTION

All over the ages, humans have relied on nature for their basic needs, such as food, shelter, clothing,
transportation, fertilizers, flavors , medicine etc, (Critchley, A.T. (1983).). For thousands of years, plants formed the
basis of traditional medicine systems that have been existing and continue with new remedies to mankind.
Eventhough some of the therapeutic properties of the plants have been proven. It is based on the empirical findings
of thousands of years (Heinrich et al., 2004). Various types of plants used in herbalism and many of these plants
have medicinal properties. 3.3 billion Peoples in the developing countries utilize the medicinal plants which are the
“backbone” of traditional medicine (Davidson-Hunt | et al., 2000).

Fruits and vegetables are most popular due to their dietetic value worldwide and rich sources of beneficial
vitamins and fibers, anti-oxidants, minerals. The standard consumption of fresh fruits and vegetables may diminish
the risk of cardiovascular diseases, stroke and certain cancers. Usually fruits are processed into beverage, squash
juice and syrups. However by-products can be used as functional food ingredients such as phytochemicals,
pharmaceuticals, essential oils, seed oil, pectin, food products, and dietary fibers (Azad et al., 2014). Therefore,
fruits by-products not only superior source of bioactive compounds but also could be used as several value-added
products (Noor et al., 2014).

In conventional chemistry and pharmacology plants might provide a useful source for the production of
new effective medicines and this may be used to replace existing drugs . In general traditional medicine is turned out
to be very useful in the discovery of natural products such as pharmaceutical drugs (Patwardhan et al., 2004). The
shrub Prosopsis juliflora (Sw.) DC. (P. juliflora) commonly identified as mesquite has been used as a traditional
medicine on various continents for curing catarrh, inflammation, colds, sore throat, excrescences, flu, measles,

diarrhea, dysentery and hoarseness, for the healing of wounds (Hartwell et al., 1971).
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METHODOLOGY
Isolation of Staphylococcus aureus
For the isolation of Staphylococcus aureus, pus samples were collected from wounds. The specimens
were collected from Bose Clinical Lab, Madurai. Fluid Thioglycollate medium was used as an enriched medium
for Staphylococcus aureus. The specimen was inoculated on Mannitol salt agar, Mac Conkey agar and Blood agar
plates. The plates were incubated aerobically at 37°C overnight. The test organisms further confirmed by their
physiological and biochemical characters.
Detection of MRSA
Disk Susceptibility Test (Acar and Goldstein, 1991). The Kirby-Bauer disk diffusion test was developed for
this study.
The sensitivity pattern of MRSA strains to -lactam antiboiotics
Disk susceptibility test (Acar and Goldstein., 1991).
The Kirby —Bauer disk diffusion test was developed for these studies as described above with the antibiotic
disks methicillin, amoxyclav, amoxicillin, cefdin, cephalothin, cefepime, cefaclor, vancomycin and teicoplanin. The

sensitivity pattern of the test organism was recorded.
Determination of the degree of methicillin resistance

The Kirby-Bauer disk diffusion test was developed for this study. MRSA strains were individually tested

for their degree of methicillin resistance with methicillin 5 pg and 10 pg.
Collection of herbal plants

The following fresh plant materials and sea weeds were collected from Vilathikulam, Thoothukudi district.
Plants such as Punica granatum, Prosopis juliflora, Ocimum tenuiflorum, and sea weeds such as Sargassum

muticum and Jania . rubens.

Preparation of plant extract
Water extract
Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently

grounded into fine powder. 5g of plant materials were mixed with 25ml of sterile distilled water. They were placed
in shaker for 24 hours. The water extract was filtered by using Whatmann no:1 filter paper.
Methanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of methanol. They were placed in shaker for

24 hours. The methanol extract was filtered by using Whatmann No:1 filter paper.
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Ethanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of ethanol. They were placed in shaker for
24 hours. The ethanol extract was filtered by using Whatmann no:1 filter paper.
Petroleum ether

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of petroleum ether. They were placed in

shaker for 24 hours. The water extract was filtered by using Whatmann no: 1 filter paper.

Determination of antibacterial activities of plant extract against MRSA strain
Loading sterile disks with plant extract

Antibacterial activity was measured using disk diffusion method according to the Clinical and Laboratory
Standards Institute (CLSI). Briefly petriplates containing approximately 25-30 ml of Mueller-Hinton agar medium
were inoculated using a cotton swab with a 4-6 fold culture of the bacteria. (Acar and Goldstein, 1991).
Disk susceptibility test

The Kirby- Bauer disk diffusion test was developed for these studies as described above with the disks of
plant extract. The sensitivity pattern of the test organism was recorded.
Determination of synergetic effect of plant extract with some antibiotics against MRSA

The Kirby- Bauer disk diffusion test was developed for these studies as described above. To access possible
interactions between the extract of plant materials and B-lactam antibiotics, disk containing the extract of plant
materials and B-lactam antibiotics were placed on a plate that had been inoculated with MRSA strain. The distance
between the disks was equal to the sum of the radii of their zones of inhibition when examined alone.
Checkerboard method to determine the antimicrobial combinations against MRSA

The checkerboard (or chessboard) method is the technique used most frequently to assess antimicrobial
combinations in vitro, presumably because its rationale is easy to understand, the mathematics necessary to
calculate and interpret the results are simple, it can readily be performed in the clinical laboratory using
microdilution systems that are obtain able commercially, and it has been the technique most frequently used in
studies that have suggested an advantage of synergistic therapy in the treatment of neutropenic patients with Gram-
negative septicemia. The term “checkerboard” refers to the pattern (of tubes or microtiter wells) formed by multiple
dilutions of the two antimicrobials being tested in concentration equal to, above, and below their minimal

inhibitory concentrations for the organisms being tested.

RESULTS
Isolation and characterization of staphylococcus aureus

Eight numbers of MRSA strains were isolated from pus. Various media (Table 3) were used to
identify the pathogenic strain. Mannitol salt agar was used as a differential and selective medium for recovering

strain from the specimen. Staphylococcus aureus produced yellow colour colonies in Mannitol Salt agar.
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Table 1.Cultural characterization of Staphylococcus aureus

ISSN NO: 1076-5131

S. No Medium Colony Morphology Interpretation
1 MacConkey Agar Pink colour colonies Lactose fermentation
positive
2 Blood Agar Yellow to cream colonies or white B-haemolytic
colonies with clear zone colonies
3 Mannitol Salt Agar Yellow colonies Mannitol fermentation
positive

Table.2. Degree of Methicillin Resistance of MRSA strains (Fig. 20)

Methicillin Disk Zone diameter of Reaction of the
S.No
Content inhibition (mm) Organism
1 Methicillin (5 pg) - Resistant
2 Methicillin (10 pg) - Resistant
3 Methicillin (30 pg) - Resistant

Determination of antibacterial activities of plant extract against MRSA strain

The antimicrobial activity of various extracts of Punica granatum and Prosopis juliflora were
tabulated (Table 7 -9). (Fig. 5-12).

Table.3. Antimicrobial activity of various extracts of Punica granatum

Diameter of zone of inhibition (mm)
Organism Water Extract Ethanol Methanol Petroleum Ether
Extract Extract Extract

MRSA 10 15 15 _
MRSA 1 Partial 10 15 _
MRSA 2 Partial 10 20 _
MRSA 3 Partial 15 20 _
MRSA 4 10 15 21 _
MRSA 6 10 15 20 ~
MRSA 7 Partial 10 15 _
MRSA 8 10 15 20 ~

Volume VI, Issue VI, JUNE/2019

Page No0:2859



JASC: Journal of Applied Science and Computations

Table 4.Antimicrobial activity of various extracts of Prosopis juliflora
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Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 _
MRSA 6 16 21 22 _
MRSA 7 15 20 23 _
MRSA 8 17 20 24 _

Table 5. Antimicrobial activity of various extracts of Prosopis juliflora

Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 B
MRSA 6 16 21 22 ~
MRSA 7 15 20 23 _
MRSA 8 17 20 24 B
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Fig. 3 S. muticum Fig. 4. J.rubens

Plate 1. Synergistic effect between P. granatum and methicillin 10 pg

[

Plate 2. Synergistic of P.juliflora with Amoxyclav
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Chromatogram
Mdu-P @C:\HPLCO\DATAS\Mdu-P.led

uV

1Det.A Chl

T —— T —— —— —
0 5 10 15 20 25 30

min
1 DetAChl/270nm

PeakTable
Detector A Chl 270nm
Peak# Ret. Time Area Height Area % Height %
1 3.183 3714639 41377 100.000 100.000
Totall 3714639 41377 100.000 100.000
Fig. 6. HPLC analysis of P. granatum
DISCUSSION

Medicinal plants constitute an effective source of both traditional and modern medicines, herbal medicine has
been shown to have genuine utility and about 80% of rural population depends on it as primary health care. Over the
years, the World Health Organization advocated that countries should interact with traditional medicine with a view
to identifying and exploiting aspects that provide safe and effective remedies for ailments of both microbial and non-
microbial origin (WHO. 1978).

The increasing occurrence, particularly in hospitals, of S. aureus resistant not only to methicillin but to a
wide range of antimicrobial agents, including all kinds of B-lactams, has made therapy more difficult (Unci Ney et
al.,2006).. Although strategies have been proposed in an attempt to control the spread, the search for new ways to
treat MRSA infections stimulates the investigation of natural compounds as an alternative treatment of these

infections.In the present study, the analysis of the growth inhibition activity by the disk diffusion method showed
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that 10 medicinal plants (P. juliflora, P. granatum, S.trilobatum, O.tenuiflorum, R.uva-crispa, P.guajava, C. cajan,

E. hirta,P.niruri and P. amarus),were active against hospital strains of MRSA under test conditions with crude

extract concentrations as high as 59/20ml.( Williams, et al.,2007)

In the present study, 2 plant extracts (P. juliflora, P. granatum) were effective against MRSA, MRSA1,
MRSA2, MRSA 3, MRSA 4, MRSA 6, MRSA 7, MRSA 8 strains. We were using water, ethanol, methanol,
petroleum ether extracts for all the 8 strains. Methanol extract inhibit the growth of 8strains of MRSA. The

synergistic method were also performed for the methonal extracts with 10 antibiotics of methicillin (5ug),

methicillin (10pg), amoxyclav (30 pg 10 pg), amoxicillin (30 pg 10ug), cefdin (5ug), cephalothin (30ug), cefepime

(30uQ), cefaclor (30ug), vancomycin (30 ug) and teicoplanin (30ug) in MRSA strain.
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Abstract: Medicinal plants such as Allium cepa L. (Onion) and Allium sativum (Garlic) have become the focus of
intense study regarding to gather conservation and potential pharmacological effects. Allium cepa L. (Onion)
which belongs to the family Alliaceae is also known as ‘garden onion’ or ‘bulb’ onion (Yin & Cheng, 1998).
Allium sativum (Garlic) has been used as herbal medicine in world wide and it help prevent various diseases and
disorders. Allicin is the main biologically active component present in freshly crushed garlic cloves it is an
antioxidant compounds found to have been health-protecting factor. Primary sources of antioxidants Allicin
compounds are naturally present in whole grains, fruits and vegetables (Lawson et al., 1991). In the present study,
two important medicinal plants namely Allium cepa (Onion) and Allium sativum (Garlic), assessed the phytochemical
components and antifungal activity against skin pathogens with different concentration and combination.

Keywords: Allium cepa, Allium sativum, Allicin, Alliaceae

l. Introduction:

Allium cepa L. (Onion):

About 80% of individuals developed countries used traditional medicine, which has compound
derived being medicinal plants. Medicinal plants such as Allium cepa L. (Onion) and Allium sativum
(Garlic) have become the focus of intense study regarding to gather conservation and potential
pharmacological effects. Allium cepa L. (Onion) which belongs to the family Alliaceae is also known as
‘garden onion’ or ‘bulb’ onion (Yin & Cheng, 1998). It is an oldest cultivated vegetables in history. The
bulbs from in onion family have being utilized as a food source for millennia. The bulb grows
underground and is used for energy storage. The leaves are bluish green and hollow, the bulbs are large, fleshly
and firm. Three main varieties of onion are available red, white and purple skinned. Onions are easily
propagated, transported and stored (Nivas et al., 2006).

Allium sativum (Garlic):

Allium sativum (Garlic) has been used as herbal medicine in world wide and it help prevent
various diseases and disorders. Allicin is the main biologically active component present in freshly
crushed garlic cloves it is an antioxidant compounds found to have been health-protecting factor.

Primary sources of antioxidants Allicin compounds are naturally present in whole grains, fruits and
vegetables (Lawson et al ., 1991). All of the background research involving allicin has been done by
either garlic powder from different manufactures or processing the garlic cloves through the many
different chemicals in order to obtain allicin. It is produced by the interaction of non-protein amino
acid allin with used enzyme alliinase (Ponnulakshmi et al., 2013).

Many infectious diseases have been known to be treated with herbal remedies throughout the
history of mankind. Garlic has traditional dietary and medicinal applications as anti-infective agent.
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In vitro evidence of the antimicrobial activity of fresh and freeze-dried garlic extract against many
bacteria , fungi, virus (Rahman M.M et al., 2012).

1. Materials and Method:

In the present study, two important medicinal plants namely Allium cepa (Onion) and Allium
sativum(Garlic), assessed the phytochemical components and antifungal activity against skin pathogens with
different concentration and combination.

The following objectives were carried out in this study:
e The organic solvents viz., Petroleum ether, Chloroform, Methanol, Acetone, Ethyl acetate, water was
used for the extraction of plant material.

e The extracts were screened for the presence of phytochemical compounds and also test antifungal

activity against Aspergillus spp, Mucor spp Altertaria spp, and Culvularia sp

The selected medicinal plants used in different concentration with different combinations to analyze the
antibiogram activity.
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Collection plant materials:

The plant materials, red onion and white garlic were selected for the investigation of antimicrobial
activities. Fresh Onion and Garlic were procured from the local market in Tirunelveli Dt, Tamil Nadu,
India.

I11. Extraction Plant Materials:
i) Aqueous extract:

Fresh onions and garlic were peeled of the outer layer and 1 kg of onion and garlic washed
thoroughly a distilled water and the bulb has cut the pieces and was made into a crude paste. The
paste was soaked in llitre of sterile distilled water for 24 hours at 4°C and it was then filtered thrice
using a sterile muslin cloth. The filtrate was poured into a beaker and concentrated on a water bath at
100°c to obtain semi-solid residues and they  aqueous extract was weighted and this was immediately
subjected to preliminary phyto-chemical and antifungal analysis using standard method (Ponnulakshmi et
al., 2013).

ii) Ethanolic extract :

After cleaning 1kg of onion and garlic as described earlier they were made into a paste was
soaked in 500ml of ethanol for 15 days at room temperature than it were filtered using sterile muslin
cloth and the filtrate was poured into a beaker and concentrated on a water bath at 70-80°C to obtain
semi-solid residue. The weight of the yield was noted and this was subjected in preliminary phyto-
chemical and antifungal analysis using standard method.(Mazhood Khan et al., 2012)

iii) Chloroform extract:

After making a paste of 1 kg onion and garlic of different varieties as described earlier, they
were separately soaked in 300 ml of chloroform for a week at room temperature the filtered using
sterile muslin cloth and filtrate was concentrated in a beaker at 60-62°C to obtain semi-solid residue.
This have weighted and subjected to preliminary phyto-chemical and antifungal analysis.(Prakash s. et
al., 2016)

iv) Petroleum ether extract:

Following the earlier procedure, onion and garlic bulb of different varieties was prepared and
soaked in 200ml of petroleum ether for 15 days at room temperature. It was filtered and the filtrate
we concentrated at 40-60°c. The extract were weighted and subjected to preliminary phyto-chemical and
antifungal analysis standard method. ( Gulsen Gonagul et al 2010)

Test Pathogens:

Antifungal activities of aqueous, ethanol, chloroform, petroleum ether extracts of various
A.cepa and A.sativum varieties small onion and garlic were studied. Ketoconazole was used as standard
drug. The microorganisms, maintained on Potato Dextrose agar. (Four species of fungi, Aspergillus spp,
Mucor spp Altertaria spp, and Culvularia sp were used in study.

Processing of Clinical Sample:
The skin scraping is collected from wound infected patients. The sample was emulsed in saline water.

Isolation:
The skin scrapping was further transfer to Nutrient agar plate for isolation of bacteria. The skin
scrapping was inoculated with Potato Dextrose agar for the isolation of Fungi.

Selective Medium:
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The isolated organisms of Staphylococcus sp, were streaked on the selective medium of Mannitol Salt
agar. The isolated organisms of Bacillus sp, were streaked on the selective medium of Nutrient agar. The
isolated organisms of Pseudomonas sp, were streaked on the selective medium of King’s medium.

IV. Phytochemical Anasysis
a. Determination of Water content:

Water content of A.cepa and A.sativum determined using a method of a Thermal drying
method was used in a determination in water content of the samples. 10g bulbs of different A.cepa
and A.sativum varieties were weighted crucible. This was placed in oven and dried at 105°C (Hot air
oven) for 3 hours. The samples were allowed to cool in a desiccators and then reweighted. The
percentage of water content has calculated can be expressing he loss the weight on drying as a fraction
of the initial weight of sample used and multiple by 100.

b.Determination of Total ash:

A known weight of varieties dry bulb which to has and the weight of there by obtained a
expressed canbe terms of percentage. In a clean crucible, three varieties of A.cepa and A.sativum
dry bulb as taken and weighted. Weighted dish was placed over the tripod stand carefully. The crucible
were opened partially and directed to the tip of the flame for gradual heating at 500°c. The onion and
garlic samples were heated gently to avoid catching fire. When the smoke subsides the burner was
placed the dish. Then the dish was cooled to room temperature and weighted with the contents. Again
the sample was heated to effect for any possible and weighted. The process was repeated three
consecutive weighing and complete combustion was taken. The total was then determined and recorded.
The percentage of an content has calculated using the formula:

Ash(%) = Ma/Msx100
Where M4 = mass of ash (g) and M§ =Mass of sample used (g)

c.Determination of pH:

pH of different A.cepa and A.sativum varieties were determined per the method of park and
the pH values of A.cepa were measured. A.cepa and A.sativum varieties were homogenized with 90 ml
of sterile double distilled water, after which, pH values were, measured five times for its concurrency
and expressed in average values.

d. Phytochemical screening:
The various solvent extracts of powder of leaves of Leucas asper were subjected to the phytochemical

test for the identification of various active constituents, using the method followed by Malcom and Sofowora
,1969.

i) Test for tannis:
About 2ml of the aqueous extract was mixed with 2ml of distilled water and few drops of Fe Cl3z solution
were added.
ii) Test for saponins:
3ml of the aqueous extract shaken vigorously with 3ml of distilled water in a test tube and warmed.
ii) Test for phlobatannins:
2ml of aqueous extract was added and 2ml of 1%HCI and the mixture was boiled.
iii) Test for flavonoids:
5ml of aqueous extract was added and 1ml of H, SO4 added. Few minutes wait and observe the result.

iv) Test for Terpenoids:
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2ml of aqueous extract was dissolved in 2ml of chloroform and evaporate it. Then 2ml of concentrated H»
SO, was added and heated for about 2min.
v) Test for Glycosides:
2ml of aqueous extract was dissolved in 2ml of chloroform and 2ml of acetic acid was added in it. The
solution was cooled in ice. Then H> SO4 was added carefully. Then observe the result.
vi) Test for Steroids:
2ml of extract was dissolved in 2ml of chloroform and 2ml of concentrated H, SO4 was added and observe
the result.
vii) Test for Phenols:
1ml of aqueous extract were dissolved in 5ml of alcohol and treaded with few drops of Fecls solution.
viii) Test for Protein and Aminoacids:
2ml of plant extract dissolved in 2ml of water. Change the colour indicates the presence of protein.
ix) Test for Alkaloids:
5ml of plant extract was mixed with 1% HCI. The solution obtained was filtered and then 1ml of
filtrate was treated with few drops of Mayer’s reagent. Formation of turbidity or cream precipitate indicates
presence of alkaloids.
X) Test for Carbohydrates:
1ml of agueous extract was added and few drops of molischs reagent was added, and then few minutes
wait. Then few drops of concentrated H. SO, was added and heated for about 2minutes.
xi) Test for Quinins:
1ml of aqueous extract was added and 1ml of H, SO4 4, added, few minutes wait and observe the result.
xii) Test for Glycosides:
1ml of aqueous extract was added and 2ml of glacial acetic acid wait for few minutes. Then few drops
of 5% ferric chloride was added. Then added 1ml of H, SO, added. Few minutes wait and observe the result.
xiii) Test for coumarin:
1ml of aqueous extract was added and 1ml of 10% of NAOH added, few minutes wait and observe the
result.
xiv) Test for Triterpeniods:
1.5ml of aqueous extract was added and 1ml of libeman buchard reagent was added. Then added 1ml
of concentrated H, SO, added. And then added few minutes.
xv) Test for anthraquinones:
1ml of aqueous extract was added and few drops of 10% Ammonia solution.

V. RESULTS:

In the present investigation Allium cepa and A.sativum collected from the Local Markets Tirunelveli
Dt., Collected samples processed and analysed their Phytochemical characters. Table 1 show that Flavonoids.

Coumanis are positive for the five extracts and Anthrequinones is negative.

Table:1 Phytochemical results for Allium cepa

Volume VI, Issue VI, JUNE/2019 Page N0:2848



JASC: Journal of Applied Science and Computations

ISSN NO: 1076-5131

S.No | Chemical Petroleum Chloroform Methanol Ethyl Aqgueous
Constituents ether (H20) acetate

1 Carbohydrates - + + -

2 Tannins - - + ~

3 Saponins - - _ _

4 Flavonoids + + + +

5 Alkaloids + + + _

6 Quinins - + + +

7 Glycosides - - B _

8 Cardiac glycosides + + + +

9 Terpenoids + - + B

10 Phenols + - _ ~

11 Coumanis + + + +

12 Steroids - - - +

13 Phlobatannins - - - +

14 Triterpenoids + + + +

15 Proteins + + - +

16 Anthrequinones - - - -

Table 2 shows that phytochemical characters of Allium sativum from that Coumanis and Cardiac

glycosides and Flavonoids shows positive results followed by Triterpenoids, proteins and Anthroguinones

showed negative results

Table: 2. Phytochemical results for Allium sativum

S.No | Chemical Petroleum chloroform Methanol Ethyl Aqueous
Constituents ether (H20) acetate
1 Carbohydrates - + + +
2 Tannins - - + _
3 Saponins - - _ _
4 Flavonoids + + + +
5 Alkaloids + + + _
6 Quinins - + + +
7 Glycosides - - _ _
8 Cardiac glycosides + + + +
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9 Terpenoids + - +
10 Phenols + - _
11 Coumanis + + +
12 Steroids - - -
13 Phlobatannins - - -
14 Triterpenoids + + +
15 Proteins + + -
16 Anthrequinones - - -
Table: 3 Antifungal activities of Allium cepa against Aspergillus sp
S.NO Solvents Well diffusion method(mm) Disc diffusion method (mm)
25ul 50ul 75ul 150ul 2.5ul 5ul 7.5ul 10pl
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5
Table: 4 Antifungal activities of Allium cepa against Mucor spp
S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)
25ul 50ul 75ul 150ul 2.5ul 5ul 7.5ul 10pl
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5
Table: 5 Antifungal activities of Allium cepa against Altertaria spp
S.NO | Solvents Well diffusion method(mm) Disc diffusion method(mm)
25ul 50pl 75ul 150ul 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether 14 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
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3 Ethanol 3.5 3.7 3.9 41 - 0.1 0.3 0.4

4 Agueous 18 2.5 2.7 3 - 0.1 0.3 0.5

Table: 6 Antifungal activities of Allium cepa against Culvularia sp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50pl 75ul 150ul 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 3.4 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5

Table: 7 Antifungal activities of Allium sativum against Aspergillus sp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50pl 75ul 150pl 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5

Table: 8 Antifungal activities of Allium sativum against Mucor spp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50ul | 75l 150ul 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether 14 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 3.4 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 25 2.7 3 - 0.1 0.3 0.5
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Table: 9 Antifungal activities of Allium sativum gainst Altertaria spp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50pl 75ul 150ul 2.5ul 5ul 7.5ul 1oul
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 3.4 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 3.5 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5

Figure 1: Phytochemical Analysis of A.cep

Figure 2: Phytochemical Analysis of A.sativum
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Figure 3: Fungal pathogens

V1. DISCUSSION:

A.cepa and A.sativum extracts has been extensively studied for its antimicrobial activity
against a wide range of fungal, and parasitic organisms. However, a limited data is available so far
regarding its efficacy against Aspergillus spp. Both the extracts exhibited antifungal activity against
aspergiius spp. The antifungal activity of purple type of A.cepa and A.sativum extracts was found to be
better as compared to yellow type of A.cepa and A.sativum extract. Agar well diffusion method
showed that EEP both the tested extracts had antifungal activity against Aspergillus spp than EEY
demonstrated at 12.5 % and showed no activity at 6.25%. our results are comparable with a study
conducted by Nelson at al revealed that ethanolic extract of onion and garlic gave 11 mm zone of
inhibition with MIC 0.8 mg /ml against Mucor spp and 9 mm of inhibition with MIC 0.8
mg/ml.8.9.In a study conducted by N.Benkebila in Algeria, red/ purple onion and garlic exhibited better
antifungal activity as compared to yellow onion and garlic alternoria spp. The zone of inhibition of
extracts. In study conducted by Mahash in India, antimicrobial activity of certain plants was evaluated
using the disc diffusion method against certain fungi.The onion and garlic bulbs contain numerous
organic sulphur compounds including sulfoxide, flavinoides, phenolic acids, sterols including cholesterol,
saponins, sugars and atrace of volatile oil compounds may explain the anti - microbial activity of this
plants.The phytochemical screening in the present, study, has revealed the presence of triterpenoids,
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steroids, glycosides, flavonoids, tannins, carbohydrates and vitamin C inthe seeds extract. Further the
presence of different phytoconstituents in the four different extracts may be responsible for the
therapeutic properties of onion and garlic.The preliminary phyto chemical screening tests may be useful
in the detection of the bioactive components and subsequently may lead to the drug discovery and
development. Further, these tests facilitate their quantitative estimation and qualitative separation of
pharmacological active chemical compounds.
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ABSTRACT

Fish is considered to be one of the most-traded food commodities worldwide with more than half of fish exports by value originating in developing
countries. In order to increase its shelf life and maintain its nutritional value, texture and flavour, food preservation becomes necessary. Fish spoilage
results from three basic mechanisms: Enzymatic autolysis, oxidation, microbial growth. With advancements in nanotechnology, different metals like
silver, copper, zinc etc., have been engineered into a nanometre size and have attracted great research interest for use in different food industries
because of their potential antimicrobial property. Vitamins like Pyridoxine, alpha tocopherol acetate, folic acid are commonly used as a dietary
supplement and therapeutic agent possessing antioxidant and cell proliferation activity. Therefore, in the present research, copper oxide nanoparticles
complexed with vitamin-E (MnV-C) were synthesized, and its potential to control the oxidative damage in the cells of seafood; and the microbial
spoilage in seafood is investigated. All the bacterial species were found to be sensitive to the nanometal vitamin complex. The MICs of nanometal
vitamin complex ranged from 1.6mg/ml to 6.4mg/ml. Maximum inhibitory zones obtained against Bacillus cereus and Shigella sp. were 17mm and
16mm. Thus the metal nanoparticles coupled vitamins (MnV-C) was effective against the oxidative cell damage and pathogenic microbes in seafood.

This technology can be used as a preservation technique; can improve the quality fish and fish products.

Keywords: Fish spoilage, Nanometals, Vitamin complex, antimicrobial property, oxidative cell damage

INTRODUCTION

Fisheries and aquaculture remain important sources of food,
nutrition, income and livelihoods for hundreds of millions of
people around the world. World per capita fish supply reached a
new record high of 20 kg in 2014. Moreover, fish continues to
be one of the most-traded food commodities worldwide with
more than half of fish exports by value originating in developing
countries. Recent reports by high-level experts, international
organizations, industry and civil society representatives all
highlight the tremendous potential of the oceans and inland
waters now, and even more so in the future, to contribute
significantly to food security and adequate nutrition for a global
population expected to reach 9.7 billion by 2050. With the ever
growing world population and the need to store and transport the
food from one place to another where it is needed, food
preservation becomes necessary in order to increase its shelf life
and maintain its nutritional value, texture and flavour. Fish is
highly perishable commodity and also much in demand One-
fourth of the world’s food supply' and 30% of landed fish® are
lost through microbial activity alone. Spoilage of food products
is due to chemical, enzymatic or microbial activities®. During
fish spoilage, there is a breakdown of various components and
the formation of new compounds. These new compounds are
responsible for the changes in odour, flavour and texture of the
fish meat. Fish spoilage results from three basic mechanisms:
Enzymatic autolysis, oxidation, microbial growth. Low
temperature storage and chemical techniques for controlling
water activity, enzymatic, oxidative and microbial spoilage are
the most common in the industry today. Thus prevention of fish

from cell damage and microbial spoilage is an essential part in
preservation of seafood*.

Nanotechnology is an emerging science and with growing use
particularly in developing new materials at nanoscale levels’.
Nanometals have been engineered and have attracted great
research interest for use in different food industries. The metal
nanoparticles have emerged as a potential alternative to
conventional antibiotics because of their potential antimicrobial
property. The bactericidal effect of metal nanoparticles has been
attributed to their small size and high surface to volume ratio,
which allows them to interact closely with microbial membranes
and is not merely due to the release of metal ions in solution.
Nanotechnology increasing the shelf life of different kinds of
food materials and also help brought down the extent of wastage
of food due to microbial infestation®. Different nanometals from
silver, copper, zinc, etc. can be synthesized which possess anti-
microbial, anti-oxidant, anti-biotic and anti-fungal activities etc.,
Due to a wide presence in nature, implementation of different
functions within the majority of living organisms, relatively low
cost and environmental safety, copper compounds (Cu) have a
high potential for their application as antibacterial agents being
capable to replace silver and composites of different precious
metals’. Cu nanoparticles are hypotoxic and show a high
antibacterial effect in relation to the cells of test cultures of gram
positives and gram negative organisms. Nanoparticles attached
to the microbial surfaces can decrease both cell mobility and
nutrient flow between the cell’s exterior and interior
compartments. It was reported that® copper has the potential to
disrupt cell function in multiple ways, since several mechanisms
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acting simultaneously may reduce the ability of microorganisms
to develop resistance against copper. The nonspecific mode of
action of nanoparticles against bacteria makes them ideal
candidates as antimicrobial agents with less risk of development
of bacterial resistance’. In addition, no research has discovered
any bacteria able to develop immunity to copper as they often do
with antibiotics'’.

Vitamins like Pyridoxine, alpha tocopherol acetate, folic acid
etc., possess antioxidant and cell proliferation activity.
Oxidation occurs as a result of the reaction between atmospheric
oxygen and the unsaturated fatty acids. Peroxides are
intermediate products in the oxidation process, which in turn
break down to odor and flavor-producing compounds. Other
studies have shown that supplemental vitamin E improves the
stability and flavor of veal fat, frozen poultry, milk and pork''""*
when added to the feed over a long period of time. Vitamin E
and C has ability in preventing oxidative damage of cells and
repairing already existing damage'’. Therefore, the main
objective of this research is to synthesis metal nanoparticles
complexed with vitamins (MnV-C), and its potential to control
the oxidative damage in the cells of seafood; and the microbial
spoilage in seafood is investigated.

MATERIALS AND METHODS
Synthesis of copper oxide nanoparticles'®

Solution I: 6.9g of copper sulphate pentahydarate was dissolved
in 100ml of distilled water.

Solution II: 34.6g of sodium potassium taratate and 12g of
sodium hydroxide was dissolved in 100ml of distilled water.

About 50ml of solution I and 50ml of solution II was mixed
together with vigorous stirring and 5g of glucose (reducing
agent) was added and then the mixture was stirred vigorously
was 10mins and then keep in boiling water bath at 60°C for
10mins. Then, the obtained mixture is centrifuged and washed
with distilled water twice and with ethanol twice and it was air
dried and the powdered substance was used for further analysis.

Preparation of Nanometal vitamin complex'’

A series of Nanometal vitamin complex were synthesized
according to the following general procedure: copper oxide
nanoparticles were added gradually to magnetically stirred
ethanol solution (20ml). Then, to the first reaction mixture,
vitamin E oil was added and stirred carefully at about 60-80 °C
till the reaction reached equilibrium. Then evaporation of the
solvent (by placing the reaction mixture in a fume cupboard)
and nanometal vitamin complex is synthesized.

Determination of minimum inhibitory concentration'®
(MIC)

Minimum inhibitory concentration (MIC) of nanometal vitamin
complex against Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Salmonella sp., and Shigella sp. was
determined by standard broth macrodilution method. All the test
cultures were inoculated in a sterile liquid media (Nutrient broth
(Composition g/L: Peptone: 5g; Yeast extract: 5g, Beef extract:
3g, Sodium chloride: 5g; Final pH (7.0 + 0.2) and allowed to
attain the growth for 24 to 48hours. To determine the MIC, a set
of tubes with Iml of Nutrient broth was added under sterile
conditions. About 150ul of nanometal vitamin complex at
different concentrations (25pg/ml, 50pg/ml, 100pg/ml,

200pg/ml, 400pg/ml, 800ug/ml, 1.6mg/ml, 3.2mg/ml,
6.4mg/ml, 12.8mg/ml) was added to the tubes containing broth
solution. To this above mixture, 500ul inoculum of each test
cultures was added to their respective tubes. All the inoculated
tubes were incubated at 37°C + 0.2°C for 24 to 48hours. Organic
solvent, methanol was used as negative control and antibacterial
drug gentamicin (100pg/ml) was used as positive control.

Antibacterial activity of Nanometal vitamin complex"’

The antibacterial activity of Nanometal vitamin complex was
evaluated against the five test organisms (Staphylococcus
aureus, Bacillus cereus, Escherichia coli, Salmonella sp., and
Shigella sp.) by well diffusion method. Sterile Nutrient Agar
(Composition g/L: Peptone: 5g; Yeast extract: 5g, Beef extract:
3g, Sodium chloride: 5g, Agar 15 g; Final pH (7.0 £ 0.2) plates
were prepared and allowed to solidify. About 0.1% inoculum
suspensions of each of the bacterial cultures were streaked with
the sterile cotton swab three times by turning the plate at 60°
angle between each streaking. Under sterile conditions, 6mm
wells were cut on the agar surface of each Nutrient Agar (NA)
plates. About 50ul each of Nanometal vitamin were loaded into
the well and the plates were incubated at 37°C for 24 - 48h. The
antibacterial activity was evaluated in terms of zone of
inhibition around the wells of each extract in all the inoculated
NA plates. The inhibition clear zones were measured and
recorded in millimetre.

RESULTS AND DISCUSSION

Minimal Inhibitory Concentration of Nanometal vitamin
complex

The MICs of Nanometal vitamin complex against five test
bacteria, Staphylococcus aureus, Bacillus cereus, Escherichia
coli, Salmonella sp., and Shigella sp. were shown in Table 2.
The MICs of Nanometal vitamin complex ranged from
1.6mg/ml to 6.4mg/ml. The results were identified to be well
coincided with the antibacterial activity presented in Table. All
the bacterial species were found to be sensitive to the Nanometal
vitamin complex. MIC of 1.6mg/ml was found to be the least
concentration for test organisms Staphylococcus aureus Bacillus
cereus. Similarly Escherichia coli and Salmonella sp. exhibited
3.2mg/ml as the MIC value. About 6.4mg/ml was found to be a
satisfactory MIC value for the test organism Shigella sp. The
obtained results in the present research were found satisfactory,
supportive and also in accordance to the following literature
analysis.

Minimal Inhibitory Concentration of Copper oxide nanoparticles
were evaluated by Ruparelia er al., 2008%. Based on disk
diffusion tests, minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC), the bactericidal
effect of silver and copper nanoparticles were compared
dispersed in batch cultures. Many bacterial species were found
sensitive to nanoparticles. Disk diffusion tests carried out with
E. coli and S. aureus showed silver nanoparticles had better
bactericidal effect on bacterial species compared to the copper
nanoparticles. On comparing to the other bacterial strains B.
subtilis was found to be more sensitive to nanoparticles
especially copper nanoparticles. In MIC/MBC and disk
diffusion test bactericidal effect of copper nanoparticles showed
a good negative correlation observed between the inhibitory
zones (r2=-0.75). E. coli showed strain-specific variation and
strain specific-variation for S. aureus in MIC/MBC was
negligible.
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Table: 1 Anti-bacterial activity of Nanometal vitamin complex against test organisms

S.No Test organism Zone of Inhibition(in mm)
1x 2x 3x 4x Ciprofloxacin
1 Staphylococcus aureus 0 07 10 11 29
2. Bacillus cereus 0 12 14 17 18
3. Escherichia coli 0 0 09 12 15
4 Salmonella sp 8 11 13 14 16
5 Shigella sp 8 13 14 16 17

Bacillus cereus

Escherichia coli Salmonella sp

Shigella sp

Figure 1: Antibacterial activity of Nanometal vitamin complex against different organisms
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Silver and copper metal nanoparticles were synthesised by
chemical processes. Silver nitrate and copper nitrate was
reduced by ascorbic acid in the presence of chitosan®'. Particle
size was increased by reducing the chitosan concentration and
increasing the nitrate concentration. Surface zeta potentials for
silver and copper nanoparticles produced varied from 27.8 to
33.8 mV. Antibacterial activities of Silver, Copper, Silver and
Copper mixtures and bimetallic nanoparticles of Silver or
Copper were tested using Bacillus subtilis and Escherichia coli.
The more susceptible organism among Bacillus subtilis and
Escherichia coli was found to be Bacillus subtilis. Silver
nanoparticles showed higher antibacterial activity than copper
and mixtures of nanoparticles. Bimetallic Ag/Cu nanoparticles
proved to possess the highest antibacterial activity with with
minimum inhibitory concentrations (MIC) of 0.054 and 0.076
mg/L against B. subtilis and E. coli respectively.

Antibacterial activity of Nanometal vitamin complex

The antibacterial activity of Nanometal vitamin complex against
five test bacteria, Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Salmonella sp., and Shigella sp. were
evaluated by agar diffusion method (Figure 1). Four different
concentrations of Nanometal vitamin complex were used to
determine the antibacterial activity against each organism.
Maximum inhibitory zones were obtained against Bacillus
cereus and Shigella sp at 4x concentration was 17mm and
16mm (Table.1). Thus, antibacterial activity of Nanometal
vitamin complex against five test bacterial species showed
promising results in the present research. During the analysis,
the Nanometal vitamin complex showed good antibacterial
activity against Shigella sp when compared to other organisms
(Table: 1).

The antibacterial activity of copper nanoparticles is due to
interaction with the bacterial outer membrane (peptidoglycan),
causing the membrane to rupture and killing bacteria®. Kim et
al., 2000% emphasized that the bactericidal effects observed in
this study might have been influenced by the release of Cu*"
ions. Copper ions released by the nanoparticles may attach to the
negatively charged bacterial cell wall and rupture it, thereby
leading to protein denaturation and cell death. Copper ions inside
the bacterial cells may bind to deoxyribonucleic acid molecules
(DNA) and become involved in cross-linking within and
between the nucleic acid strands, resulting in the disorganized
helical structure®.

The antibacterial properties of Cu nanoparitcles (Cu-NPs) were
investigated against Salmonella typhi by Anamika et al., 2016%.
The Cu-NPs were prepared by the reduction of copper acetate
with the help of ethylene glycol (EG), then sample was
characterized by XRD for its average particle size identification.
The antibacterial activity assessed by well diffusion and
disc diffusion method on different concentration
of nanoparticles. It was found that these Cu-NPs showed
antibacterial activity in form of zone inhibition, wherein, zone of
inhibition increased with increase in concentration of Cu-NPs.

Overuse of antibiotics has become the major factor for the
emergence and dissemination of multi-drug resistant strains of
several groups of microorganisms and this lead to search for
agents that may have antibacterial effects. Vitamin E emerged as
an essential, fat-soluble nutrient in the human body and it is
essential, because the body cannot manufacture its own vitamin
E, so foods and supplements must provide it. The anti-bacterial
analysis of vitamin E against pathogenic bacteria was
investigated by Dalia Abd et al., 2013%°. Results showed that

gram negative bacteria were shown to be more resistant than
gram positive bacteria. The resistance of gram negative bacteria
towards antibacterial substances may be related to
lipopolysaccharides in their outer membrane.

In a study of the effect of Vitamin E on secondary bacterial
infection after influenza infection in young and old mice which
was done in 2004 by Gay et al.,*" the result was that Vitamin E
supplementation abolished the priming effect of influenza
infection on S.aureus and the researchers concluded that vitamin
E may exert its effect by number of mechanisms, including
reducing reactive oxygen species (ROS), decreasing
proinflammatory cytokines and adhesion molecule expression
and production, increasing antioxidant and antimicrobial
activity. Most of the animal studies that investigated the effect of
Vitamin E on infectious diseases reported a protective effect
despite the variations in the dose and duration of the
supplementation, infectious organisms involved, and route of
administration. Only a limited number of studies have
investigated the effect of vitamin E on resistance against
infections in humans.

CONCLUSION

In order to increase its shelf life and maintain its nutritional
value, texture and flavour food preservation becomes necessary
in storage and transport of food products. Nano metals and
vitamins having antimicrobial and has potential to control the
oxidative damage in the cells of seafood can be used as an
alternative for the preservatives in storage of sea foods. The
Nanometal vitamin complex against five test bacterial species
showed promising results in the present research. The developed
Nanometal vitamin complex in the present study revealed the
significance of the preservation of stored sea foods preventing
oxidative and microbial spoilage. Thus the metal nanoparticles
coupled vitamins (MnV-C) was effective against the oxidative
cell damage and pathogenic microbes in seafood which can
improve the quality fish and fish products and increase their
shelf life.
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ABSTRACT: Due to a couple of reasons like increasing bacterial resistance to the commercial antibiotics, re-
emerging bacterial diseases, identification of new infectious agents, challenges in the anti-tumor therapy etc,
the scientific world is searching for new antibiotics with significant action modes. A group of bacteriaq,
notorious for ‘escaping’ the actions of antibiotic and forming resistance to them are identified and described
as ‘the ESKAPE pathogens’.They are Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp.They pose a new threat in
pathogenesis, transmission and drug and antibiotic resistance through newly acquired mechanism. The
antimicrobial peptides (AMPs) are such molecules of a new promise with multiple mechanisms of action as
antibiotics, antifungals, anti-biofilm agents, anti-fouling agents, anti-tumor agents etc. and are the key agents
of the only innate immune system of marine invertebrates, which are exposed to a large number of pathogens.
On the other hand, the metal nanoparticles which have proved their activity against multidrug resistant
bacteria can be conjugated with AMPs to improve the potentiality of action against the MDR pathogens. The
present review analyses the chances of conjugating silver nanoparticle (AgNPs) with the antimicrobial
peptides (AMPs) to get the anti-MDR bacterial activity multiplied.

Key Words: Multidrug resistance; ESKAPE pathogens; marine invertebrates; antimicrobial peptides; silver
nanoparticle

1. Introduction

Over the past two decades the global emergence and spread of antimicrobial resistant strains of
commonly encountered pathogens has been observed [1] and their alarming increase has become a serious
global health issue threatening the achievements of modern medicine [2]. The World Health Organization
warns that the 21st century may be seeing the beginning of a pre-antibiotic era, posing the biggest threat to
health, food security and development [3]. Fatalities from antibiotic-resistant infections are predicted to rise
into the millions by 2050. [4]. This trend of antimicrobial resistance (AMR) is more serious among bacterial
pathogens [5] and a survey of hospital acquired infections (HAIs) in the United States in 2011 reported a
total of about 722,000 cases, with 75,000 deaths associated with nosocomial infections [6]. A study
conducted in 2002 had already estimated that, taking all types of bacterial infections into the account
approximately 1.7 million patients suffered from HAls, which contributed to the deaths of 99,000 patients
per year [7].

The antibiotic resistance can affect anyone of any age, in any country and it leads to longer hospital
stays, higher medical costs and increased mortality [3].Infections in hospital-born babies were estimated to
account for up to 56% of all neonatal deaths in some under-resourced countries. Klebsiella pneumoniae,
Escherichia coli, Pseudomonas spp., Acinetobacter spp. and Staphylococcus aureus were the most frequent
causative pathogens of neonatal sepsis; 70% of these isolates would not be eliminated by an empiric
regimen of ampicillin and gentamicin. Many infections could be untreatable in resource-constrained
environments, as a recent report demonstrated that 51% of Klebsiella spp. were extended-spectrum (-
lactamase (ESBL) producers, 38% of Staphylococcus aureus strains were methicillin-resistant (MRSA) and
64% were resistant to co-trimoxazole [8].

The most serious, life-threatening infections are caused by a group of drug-resistant bacteria are
named by the Infectious Diseases Society of America (IDSA) as ESKAPE pathogens, as they effectively escape
the effects of antibacterial drugs. The six ESKAPE bacteria are Enterococcus faecium (E), Staphylococcus
aureus (S), Klebsiella pneumoniae (K), Acinetobacter baumannii(A), Pseudomonas aeruginosa (P) and
Enterobacter species/Escherichia coli (E). These bugs are responsible for two third of all healthcare
associated infections (HAIs) [9]. They form the most common multidrug-resistant (MDR) and extensively
drug-resistant (XDR) bacteria [10], representing a serious threat to the patients who are frequently in an
immunocompromised state (e.g. those undergoing transplantation, cancer and critically ill patients [5].
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The objective of the present review is to consider the clinical importance of emerging Gram
negative members of the ESKAPE pathogens and to investigate the possibility of using marine invertebrate
derived antimicrobial peptides (AMPs) conjugated with silver nanoparticles (AgNPs) as a promising tool in
controlling theses ‘bad bugs’.

2. The ESKAPE pathogens

The ESKAPE pathogens will be of increasing relevance to antimicrobial chemotherapy in the coming
years, not only due to the clinical threat they pose, but the anticipated honing of academic and industrial
interests towards them[11]. The ESKAPE pathogens are known to ‘escape’ the effects of currently marketed
antimicrobial agents. They are frequently multidrug-resistant (MDR) and are associated with poor patient
outcomes because the patients infected with ESKAPE pathogens often receive inappropriate empirical
antimicrobial therapy that leads to unfavorable clinical outcomes, high case fatality rates and opportunities
for pathogen spread to other patients [12]. ESKAPE pathogens frequently present clinicians with serious
therapeutic dilemmas because of their complex resistance profiles [13]. The following is a brief introduction
to the group members.

2.1. Enterococcus faecium

Enterococci are gram positive, facultatively anaerobic, opportunistic pathogens frequently involved
in Healthcare Associated Infections (HAIs) or nosocomial infections and can cause severe infectious diseases
especially among immunocompromised patients [7, 14]. Enterococcus species were formerly classified as
part of the genus Streptococcus [7]. They are distribute extensively in nature such as grounds, water, plants,
food and are a part of the normal flora of human and animal enteric tract. [14]. Within the hospital
environment, Enterococci have been described as 'triple-threat' pathogens displaying exemplary
colonization of the gut and skin - with Enterobacteriaceae and Staphylococcus aureus respectively -
alongside an environmental persistence characteristic of Clostridium difficile[15]

Some strains of the genus Enterococci are resistance to a broad number of antimicrobial drugs such
as erythromycin, glycopeptides, tetracycline, vancomycin (vancomycin - resistant Enterococci - VRE, which
have nine vancomycin resistance genes as van A, B, C, D, E, G, L, M and van N. [14]), aminoglycosides (high-
level resistance - HLR), gentamicin (high-level resistance gentamicin - HLGR) and streptomycin (high-level
resistance streptomycin - HLSR. These strains show inherent and acquired antimicrobial resistance. [16].
Also, the transmission of vancomycin resistant gene from Enterococcus spp. to Staphylococcus aureus has
been detected in the laboratory. Since vancomycin has been considered as a drug of choice for treatment of
Enterococcal and MRSA infections, the emergence of vancomycin- intermediate (VISA) and vancomycin-
resistant Staphylococcus aureus (VRSA) can produce important problems to the treatment of Staphylococcus
aureus [14].

Apart from the world widely reported nosocomial infections, various reports have demonstrated
that Enterococcus faecalis and Enterococcus faecium can cause several infections including septicemia with
higher toxicity rates in patient such as nephrotoxicity than monotherapy diet [17].

2.2. Staphylococcus aureus

Staphylococcus aureus - a Gram positive coccus - is a common representative of the skin microbiota
and is most commonly isolated from the moist areas such as the anterior nares and the axillae. This was the
first microorganism in clinical history to be shown growing as a biofilm. Nearly 25 - 30% of skin or noses of
healthy people are colonized by Staphylococcus aureus [14, 18].

They show a wide -category of resistance characteristics described as methicillin-
resistant Staphylococcus aureus (MRSA - which are resistant to certain antibiotics such as methicillin,
dicloxacillin, oxacillin, cloxacillin, nafcillin and closely related class of drugs such as cephalosporins) [14,
18], healthcare associated (HA-MRSA) or community-associated (CA-MRSA), vancomycin-intermediate
Staphylococcus aureus (VISA) and vancomycin-resistant Staphylococcus aureus (VRSA) and so on [14].
Infected patients and health care providers may act as carriers and play a significant role in spreading and
transferring this bad bug in hospitals. Staphylococcus aureus strains isolates from the hospital are named as
hospital acquired Staphylococcus aureus (HASA) [14, 19, 20].

Staphylococcus aureus causes atopic dermatitis (AD) and induces skin inflammation by secreting
super antigens following a chronic relapsing course and defects in innate and acquired immune responses
resulting in a heightened susceptibility to bacterial, viral and fungal infections [14]. The high rate of
Staphylococcus aureus colonization in the nasal cavity and skin lesions of AD patients has been reported,
especially in ranges between 76-100%, compared to 2-25% in healthy people [14, 21].
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2.3. Klebsiella pneumoniae

Klebsiella pneumonia are non-fastidious, Gram negative bacillibelonging to the family
Enterobacteriaceae. They are usually encapsulated and frequently cause lower respiratory tract infection
and catheter-associated urinary tract infection [7]. Along with Escherichia coli, and together they lead a
mounting pathological threat as they are globally prevalent in both the hospital and community sectors [22].

Klebsiella pneumoniae is one of the MDR organisms identified as an urgent threat to human health
by the World Health Organization, the US Centers for Disease Control and Prevention and the UK
Department of Health. Klebsiella pneumoniae infections are particularly a problem among neonates, elderly
and immunocompromised individuals within the healthcare setting, but this organism is also responsible
for a significant number of community-acquired infections including pneumonia and sepsis [23, 24].
2.4. Acinetobacter baumannii

Acinetobacter baumannii is a typically short, almost round, rod-shaped (coccobacillus), Gram
negative bacterium. It can be an opportunistic pathogen in humanand is becoming increasingly common in
intensive care units (ICUs), causing infections that include bacteremia, ventilator associated pneumonia,
meningitis, urinary tract infections, central venous catheter-related infections and wound infections [22,
25].

The most important human pathogen belonging to this genus is Acinetobacter baumannii, which has
a relatively long survival time on human hands, and can lead to high rates of cross contamination in
nosocomial infections [26]. Many strains of Acinetobacter baumanniiis highly resistant even to carbapenems
and polymyxin/colistin in some instances and thushas arisen as a particularly worrisome threat for which
there is no new antibiotic in development. Thus, the emergence of antibiotics-resistant Acinetobacter
baumannii especially, multi-resistant strains seriously challenges the treatment of these infections [27].
2.5. Pseudomonas aeruginosa

This is a Gram negative, rod-shaped, facultatively anaerobic bacterium which is a part of the normal
gut flora that has an intrinsic resistance characteristic. The outcomes of infection caused by MDR
Pseudomonas spp. may be related to enlarge morbidity and mortality, which can cause narrow effective
antimicrobial choices as resistance to at least three of the five classes of antibiotics, mainly carbapenems,
antipseudomonalpenicillins, cephalosporins, aminoglycosides and fluoroquinolones [7]. Pseudomonas
aeruginosa is responsible for 9% of all healthcare-associated infections and the resistance to Pseudomonas
aeruginosa is increasing [28]. Pseudomonas aeruginosa that infects Cystic Fibrosis patients has serious
implications for infection control in the hospitals [7].
2.6. Enterobacter species

Enterobacter spp. are Gram negative rods that are sometimes encapsulated and are significantly
responsible for urinary and respiratory tract infections. The emergence of antimicrobial resistance
among Enterobacter spp. is of great concern worldwide in human medicine [29, 30]. They are also known to
cause bloodstream infections and are becoming increasingly responsible for serious nosocomial infections,
displaying broad MDR [7]. The resistance of Enterobacter spp. to extended-spectrum cephalosporins (ESC)
is of particular concern [31]. They can cause opportunistic infections in immunocompromised, usually
hospitalized patients and contain a wide range of antibiotic resistance mechanisms [7].

3. Antibiotic resistance in Gram negative ESKAPE pathogens

Out of the above mentioned MDR pathogens, the Gram-negative ESKAPE bacteria act as important
reservoirs and transmitters of resistance, and are responsible for increased reporting of antimicrobial
resistant nosocomial infections worldwide [12].The increasing prevalence of carbapenem-resistance
presents a significant challenge for physicians as carbapenems are conventionally used to treat persistent
infections caused by Gram-negative bacteria [7, 32]. Even if several intensive infection control practices are
used, outbreaks of carbapenemase-mediated multidrug resistant (MDR) strains are only reduced and cannot
be completely eradicated [7].
3.1. Klebsiella pneumonia

Klebsiella pneumonia belongs to the extended-spectrum f-lactamase or ESBL strains and is
increasingly multidrug-resistant (MDR) to a wide spectrum of antibiotics such as cephalosporin or
ceftazidime [33]. In recent years, many Klebsiella pneumoniae strains have acquired a massive variety of -
lactamase enzymes which can destroy the chemical structure of f-lactam antibiotics such as penicillins,
cephalosporins and carbapenems [7, 34]. The emergence of Klebsiella pneumonia isolates producing
carbapenemases (KPCs) has become a major obstacle in the last 5 years. Carbapenemases are able to
destroy the carbapenems and cause resistance against a wide spectrum of antibiotics [14].

i118 | I[JRAR- International Journal of Research and Analytical Reviews Research Paper




[VOLUME 6 1 ISSUE 1 I JAN.- MARCH 2019] e ISSN 2348 -1269, Print ISSN 2349-5138
http://ijrar.com/ Cosmos Impact Factor 4.236

In addition, the emergence of the Klebsiella pneumoniae super enzyme, known as NDM-1 has
increased the proportion of carbapenem-resistant Klebsiella pneumoniae isolates and may pose a threat to
other antibiotics such as f-lactams, aminoglycosides and fluoroquinolones [7, 35]. As the carbapenems are
conventionally used to treat persistent infections caused by Gram-negative bacteria, the increasing
prevalence of carbapenem-resistant Klebsiella pneumoniae (CRKP), with resistance encoded by blaKPC
presents a significant challenge for physicians [7].

3.2. Acinetobacter baumannii

Acinetobacter baumannii is intrinsically resistant to antibiotics due to the protection afforded by a
Gram-negative outer membrane, constitutively expressed active efflux pump systems and low-quantity
expression of small-aperture outer membrane porins (which greatly reduce the permeability of
antimicrobials) [7, 14, 22].The epidemic potential and the clinical severity of Acinetobacter
baumanniiinfections are primarily related to the capability to survive and propagate in healthcare settings
and to expand resistance to a diversity of antimicrobial agents containing fluoroquinolones, broad-spectrum
B-lactams and carbapenems [14, 36]. MDR Acinetobacter baumanniiis resistant to 3 or more several classes
of antibiotics containing 5-lactams, aminoglycosides, fluoroquinolones and 3rd generation of cephalosporin
[36]. Pan-drug resistance (PDR) Acinetobacter baumanniiwas described as the strains that were resistant to
all examined antibiotics excluding colistin and tigecycline [14].

Recently, the emergence of carbapenemase producing Acinetobactebaumanniistrains carrying
imipenemmetallo-f-lactamases, encoded by blaIMP and oxacillinase serine - lactamases encoded by
blaDXA has been reported. These strains show resistance to both colistinand imipenem, and the
combination of resistance genes makes them capable of evading the action of most of the traditional
antibiotic compounds [7, 37].

3.3. Pseudomonas aeruginosa

The reduced permeability of the Gram negative outer membrane,function of multidrug efflux
pumps, mutations in targets of antibiotics, the horizontal gene transfer of antibiotic resistance deter minants
etc. make the Pseudomonas aeruginosaresistant to a range of antimicrobials[14, 38]. Many of the
Pseudomonas aeruginosa strains show an intrinsic reduced susceptibility to several antibacterial agents as
well as a propensity to develop resistance during therapy especially in carbapenem-resistant (chiefly
imipenem) strains [14, 39]. The emergence of MDR in Pseudomonas aeruginosa containing resistance to 3-
lactams, aminoglycosides and fluoroquinolones is extremely problematic in the treatment of burn patient.
Serious infections such as burn wounds due to Pseudomonas aeruginosa are treated through the
combination of a f-lactam drugs and an aminoglycoside. The continuous increase of MDR isolates presents a
complicated situation for antimicrobial therapy; however colistin is still effective in most cases [14, 7].

3.4. Enterobacter spp.

Many Enterobacter strains contain ESBLs and carbapenemases including VIM, OXA, metallo-£-
lactamase-1 and KPC [7]. Furthermore, stable de-repression of the AmpCp-lactamases that can be expressed
at high levels by mutation in this bacterial group is also notable. These MDR strains are resistant to almost
all available antimicrobial drugs except tigecycline and colistin [7, 40]. Extended-spectrum {3-lactamases
(ESBLs) and carbapenemases have been identified in Enterobacter spp., exacerbating the issue of extended-
spectrum cephalosporins (ESC) resistance. An even greater concern is that most ESC-
resistant Enterobacteriaceae exhibit multidrug resistance, including fluoroquinolone resistance, mainly due
to chromosomal mutations in the enzymes targeted by the drug and plasmid -mediated quinolone resistance
(PMQR) [14, 40]. In recent years, these resistance mechanisms have been well documented
among Enterobacter spp. isolates across several countries [7, 22].

Although few antimicrobials such as colistin and tigecycline are influenced by these resistant
bacteria (and also against many of the other ESKAPE pathogens) there is little or no drugs in the 'pipeline’,
being remarkably effective in addressing this mounting health crisis [14]. In short, nosocomial ESKAPE
bacteria represent paradigms of resistance, pathogenesis and disease transmission.

4. Mechanisms of antimicrobial resistance in Gram negative ESKAPE pathogens

There is a wide range of antimicrobial resistance mechanisms used by the nosocomial ESKAPE
pathogens including enzymatic inactivation, modification of drug targets, changing cell permeability and
mechanical protection provided by biofilm formation. Antimicrobial resistance genes may be carried on the
bacterial chromosome, plasmids or transposons [41]. Mechanisms of drug resistance may be one or a
combination of two or more of the following categories.
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4.1. Drug inactivation or alteration

Many bacteria produce enzymes (that irreversibly modify and inactivate the antibiotics) such as -
lactamases, aminoglycoside-modifying enzymes or chloramphenicol acetyl transferases. The f-lactamases
are highly prevalent and act by hydrolyzing the [-lactam ring which is present in all f-lactams like
penicillins, cephalosporins, monobactams and carbapenems [42]. f-lactamases are classified using two
main classification systems: the Ambler scheme (molecular classification) and the Bush-Jacoby-Medeiros
system [43], out of which the former is being discussed here briefly.

Ambler class A enzymes consist of penicillinase, cephalosporinase, broad-spectrum f-lactamases,
extended-spectrum f- lactamases (ESBLs) and carbapenemases. They can inactivate penicillins (except
temocillin), third-generation oxyiminocephalosporins (e.g: ceftazidime, cefotaxime and ceftriaxone),
aztreonam, cefamandole, cefoperazone and methoxycephalosporins (e.g: cephamycins and carbapenems).
Class A enzymes can also be inhibited by f-lactamase inhibitors such as clavulanic acid, sulbactam or
tazobactam [7]. The Ambler class A group contains a number of significant enzymes including ESBLs (eg:
TEM-1 which is widespread among the members of the family Enterobacteriaceae like Kiebsiella
pneumoniae, Enterobacter spp. and in non-fermentative bacteria such as Pseudomonas aeruginosa. Another
set of enzymes, the CTX-Ms have been identified in ESKAPE pathogens including K. pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter species. Some of the highest prevalence
and significant clinical impact are associated with the extended spectrum f-lactamases in Klebsiella
pneumoniae [7, 44]) and KPCs (eg: KPC-1 which is prevalent in K. pneumonia that imparts resistance to
imipenem, meropenem, amoxicillin/clavulanate, piperacillin/tazobactam, ceftazidime, aztreonam and
ceftriaxone [7]. The fast propagation of Kilebsiella pneumonia resistance is perhaps due to the bla- KPC gene
carriage on plasmids. Plasmid-mediated imipenem-hydrolyzing enzyme (KPC-2) among multiple
carbapenem resistant bacteria is increasing [45].

Ambler class B enzymes or group 3 enzymes include metallo- f-lactamases (MBLs), which require
Zn2* as a cofactor. Bacteria that produce these enzymes show resistance to all f-lactams including
penicillins, cephalosporins, carbapenems and f-lactamase inhibitors except aztreonam. Genes encoding
MBLs are found on plasmids; hence, they are easily transmitted to other microorganisms. The most common
MBLs are imipenemasemetallo-f- lactamases (IMP - found in Pseudomonas aeruginosa, Klebsiella
pneumoniae, Acinetobacter baumannii and Enterobacter cloacae), veronaintegron encoded metallo-£-
lactamases (VIM - mostly in Pseudomonas aeruginosa and Acinetobacter baumannii) and the newly
described New Delhi metallo-S-lactamase-1 (NDM-1 identified in Klebsiella pneumoniae and Enterobacter
cloacae) [7, 46].

The Ambler class C group consists of enzymes including penicillinase and cephalosporinase such as
AmpCp-lactamase, which results in low level resistance to narrow-spectrum cephalosporin drugs.
Chromosomally encoded AmpC are usually identified in Pseudomonas aeruginosa and bacteria in the
Enterobacteriaceae family such as Enterobacter species where their production is typically in very low level
and does not elicit any clinically relevant resistance but can be inducible during drug therapy.
In Enterobacter spp., the extended-spectrum cephalosporins (ESC) resistance is most typically caused by the
overproduction of AmpC f-lactamases, which is due to the de-repression of a chromosomal gene or the
acquisition of a transferable AmpC B-lactamase [47].

Ambler class D consists of a variety of enzymes like oxacillin hydrolyzing enzymes (OXA). The most
common members of this class such as 0XA-11, 0XA-14 and OXA- 16 demonstrate ESBL properties and are
normally found in Pseudomonas aeruginosa [7, 48]. Almost all of the OXA enzymes except 0XA-18, are
resistant to f-lactamase inhibitors [20]. Furthermore, OXA-type carbapenemases are commonly found in
Acinetobacter spp. [7].

4.2. Modification of drug binding sites

Some resistant bacteria avoid recognition by antimicrobial agents by modifying their target sites.
The mutation of gene encoding for penicillin-binding proteins (PBPs) results in the expression of unique
penicillin-binding proteins. By changing the peptidoglycan crosslink target (D-Ala-D-Ala to D-Ala-D-Lac or
D-Ala-D-Ser) encoded by a complex gene cluster (Van-A, Van-B, Van-D, Van-C, Van-E and Van-G),
Enterococcus faecium and Enterococcus faecalis can increase their resistance to many of the glycopeptides in
current clinical use [41].

4.3. Reduced intracellular drug accumulation

Reducing the amount of antibiotic able to pass through the bacterial cell membrane is one of the
strategis used by bacteria to develop antibiotic resistance. This may be achieved by either of the following
methods.
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4.3.1.Porin Loss.

The outer membranes of Gram-negative bacteria contain proteins called porins that form channels
which allow the passage of many hydrophilic substances including antibiotics. Pseudomonas aeruginosa,
Acinetobacter baumannii and MDR Klebsiella pneumonia make use of this mechanism in particular cases [7,
49].

4.3.2. Efflux Pumps.

To increase the removal of antibiotics from the intracellular compartment some bacteria contain
membrane proteins that function as exporters, called efflux pumps for certain antimicrobial agents. These
pumps expel the drug from the cell at a higher rate and most efflux pumps are multidrug transporters that
efficiently pump a wide range of antibiotics and thus contributing to multidrug resistance. This has been
reported in different strains of Pseudomonas aeruginosa, Enterobacter aerogenes and Klebsiella pneumoniae
[7,50].

4.4. Biofilm formation

Biofilms are complex microbial communities living as a thin layer on biotic or abiotic surfaces in a
matrix of extracellular polymeric substances created by the members themselves [51]. The matrix of
biofilms seems to provide a mechanical and biochemical shield that provides the conditions needed to
attenuate the activity of the drugs (e.g. low O3, low pH, high CO, and low water availability). Under these
conditions it is difficult to eliminate bacteria using conventional antibiotics. Moreover, when the bacteria
experience nutrient scarcity, they could become tolerant to antibiotics [7]. The most common Gram negative
ESKAPE pathogens found in biofilms in a healthcare setting are Pseudomonas aeruginosa, Acinetobacter
baumannii and Klebsiella pneumonia [52].

As mentioned elsewhere, members of the ESKAPE pathogenic group may achieve the drug
resistance through a combination of two or more mechanisms described above. For example, the most
common mechanism of imipenem resistance in Pseudomonas aeruginosa is a combination of chromosomal
AmpC production and porin change [7, 53]. Also, Pseudomonas aeruginosa produces ESBLs and can harbor
other antibiotic resistance enzymes such as Klebsiella pneumoniae carbapenemases (KPC), VIM encoded by
blaVIM gene and imipenemmetallo-fS-lactamases. The combination of these enzymes leads to high rates of
carbapenem resistance amongst Pseudomonas aeruginosa isolates and also to the emergence of
fluoroquinolone-resistant strains as the corresponding mechanisms of resistance may be carried by the
same plasmid [7].

5. Need for new antibiotics

The growing number of bacteria resistant to conventional antibiotics, reemergence of bacterial
diseases, identification of new infectious agents, nosocomial and other dreaded infections by ESKAPE
pathogens, limited number of available antibiotics, the similarities in the activity spectrum of the antibiotics
[5, 54] etc. pose a major threat to the human life on earth [1] and has resulted in a major crisis in modern
medicine which has stimulated major research efforts to develop novel antibiotic therapeutics [1, 55].
Unfortunately, the development of novel classes of antibiotics has been limited in the last 4 decades [5, 56].
While the development of new antibiotic drugs has been dramatically slow, the resistance rate has increased
rapidly. The diversity of bacterial resistance mechanisms has largely outperformed our current classes of
antibiotics [5]. Antimicrobial resistance causes major limits to treatment options in infected patients,
particularly in isolates with carbapenems resistant [14, 57]. There is no current therapy that consistently
provides bactericidal activity for critical infections due to vancomycin - resistant Enterococci (VRE) [14].

Nosocomial ESKAPE bacteria represent paradigms of resistance, pathogenesis and disease
transmission. Antimicrobial resistance in these pathogens is a major menace to public health systems
worldwide and seems likely to increase in the near future as resistance profiles change. Thus it remains as a
challenge as there is no new antimicrobial agents with spectra of activity that reliably encompass multidrug-
resistant and pan-resistant Gram negative ESKAPE isolates have not appeared in as a timely manner as
hoped, and nosocomial infections remain a constant concern for patient health, particularly for critically ill
inpatients as well as for patients requiring placement of invasive devices or surgical procedures [13,
37].There are very few new antimicrobial agents in development to treat gram-negative ESKAPE pathogens
despite the well-recognized need [12, 37].

As the rise of new diseases is outnumbering, the goal of the pharmaceutical research is to find a new
drug or a novel therapeutic compound to fight against deadly diseases. Though there are an umpteen
number of drugs commercially available in the market, their use could be restricted due to the limitations
such as side effects, no selectivity, low specificity and toxicity etc. among others [58]. There is an urgent
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need to develop novel antibiotics with less chance of resistance development to combat the threat from
multidrug-resistant (MDR) pathogens [1]. The Infectious Diseases Society of America (IDSA) supported a
program called ‘Bad Bugs, Need Drugs; 10 x 20 Initiative’, with the aim of developing ten new systemic
antibacterial drugs by 2020 [37].

A lack of new antibiotics for treatment together with the appearance and persistence of multidrug-
resistant bacterial strains, has led to demands that new antimicrobial strategies be developed and explored
[59]. Thus, intensive nonclinical and clinical research is now invested into the identification of new and non-
conventional anti-infective therapies, including adjunctive or preventive approaches such as antibodies
targeting a virulence factor, probiotics and vaccines [5, 54, 60]. This results in the dearth of potential
therapeutic agents in the pipeline that causes real concerns but should trigger research and development of
new antibiotics or new approaches to control the infections they cause [7].

6. The importance of marine source

The ocean covers 71% of the surface of the earth and contains approximately half of the total global
biodiversity with estimates ranging between 3 and 500 x 106 different species [61]. They constitute almost
80% of the world biota and the marine macro fauna alone comprise 0.5 to 10 x 106 species [62]. It is a wide
and largely unexplored environment[59] with genetic uniqueness and diversity (in the tropical zones there
are almost 1000 different species per square meter) [63]and has the presence of large chemical diversity
structures (which is only rarely seen in terrestrials)[64].0ut of the 33 known animal phyla, 32 are presentin
the aquatic environment& 21 are exclusively marine[61, 65].

Since marine organisms live in complex habitats and are exposed to extreme conditions such as
salinity, pressure, temperature and illumination, they produce a wide variety of secondary metabolites that
cannot be found elsewhere [66]. The marine organisms also have special structures that imparts different
bioactivities ike antioxidant activity, antimicrobial activity, anticancer activity, antihypertensive activity,
anti-inflammatory activity and so forth [67].

The marine environment is a potentially prolific source of highly bioactive secondary metabolites
(in organisms such as fish, shellfish, molluscs, univalves, cephalopods, crustaceans and echinoderms, which
significantly contribute to economic and research development [66] that might represent useful leads in the
development of new pharmaceutical agents [61]. The first attempt to locate antimicrobial activity in marine
organisms was initiated in 1950s. Since then, a large number of marine organisms from a wide range of
phyla have been screened for antimicrobial activity. Many of these organisms have antimicrobial properties
although most of the antibacterial agents that have been isolated from marine sources have not been active
enough to compete with the classical antimicrobial activity[68].

However, utilization of marine organisms as sources of bioactive metabolites started seriously at
the end of 1960s [69] with the isolation of prostaglandin derivatives from the Caribbean Gorgonian -
Plexaurahomomalla. In the 1980s effective collaborations were established between marine chemists and
pharmacologists and the investigations were focused on central nervous system membrane active toxins,
ion channel effectors, anticancer and anti-viral agents, tumor promoters and anti-inflammatory agents [70].

7. Drugs from marine invertebrates

Invertebrates comprise approximately 60% of all marine animal diversity [62] and most of them
belong to the phyla porifera (sponges), annelida, arthropoda, bryozoa, cnidaria, echinodermata, mollusca
and chordata. Several studies addressing marine invertebrates also include these groups of organisms [70].

Marine invertebrates have proven to be the rich sources of bioactive compounds with activities
ranging from antimicrobial to antitumor. [72]. This is better explained by the fact that, they lack an acquired,
memory-type immunity based on T-lymphocyte subsets and clonally derived immunoglobulins, which
means that their defense relies solely on innate immune mechanisms that include both humoral and cellular
responses which differs from the vertebrate immune system [61].

The marine invertebratesare known for the presence of potential antimicrobial compounds in the
blood and plasma. Their survival in an environment with invading microorganisms, numbering up to
10¢ bacteria/ml and 109 virus/ml of seawater, some of which are also present in anthropic environments
[73] suggests that their innate immune system is effective and robust [74].

Marine natural sources as potential anticancer agents were reviewed in 2011 which mentioned 39
marine-derived potential anticancer agents, and among them 18 compounds were from sponges with
different mechanisms of action. Interestingly, from the 16 marine natural products that are currently under
preclinical trials as new drug candidates, most are derived from invertebrates [70]. Invertebrates - mainly
sponges, tunicates, bryozoans or mollusks provided the majority of the marine natural products involved in
clinical or preclinical trials [75]
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The discovery of marine natural products has accelerated over the last two decades with the
number of new compounds discovered annually increasing from 20 to more than 200 [76]. It has been
estimated that by 2010 more than 15,000 new marine natural products (NMNP) had been discovered with
8368 new compounds recorded for the decade between 2001 and 2010. This constitutes over half of all the
compounds discovered since 1951. [70]. Out of the NMNPs from invertebrates, 33% from sponges, 18%
from coelenterates (sea whips, sea fans and soft corals) and 24% from the representatives of other
invertebrate phyla such as ascidians (also called tunicates), opistho-branch mollusks (nudibranchs, sea
hares, etc), echinoderms (starfish, sea cucumbers etc.) and bryozoans (moss animals) [77].

TABLE 1. The most important bioactive compounds isolated from marine non-chordates.

Marine sources Major bioactive compounds Disease prevention

(Major phylum)

Porifera Manzamine, phenolic or quinoid, | Antimalarial, antiviral especially
alkaloids, terpenoids, brominated | AIDS, antibacterial, antifungal,
tryptamines, anticancer

Coelenterata Postaglandins, proteins, enzymes, | antibacterial, antifungal, antialgal,
steroids, terpenoids, brominated | cariac and nerve muscle
alkaloids, macrolides and | relaxation, antitumour,
ceramides anticancer, antineoplastic

Annelida Peptides, Arenecins, hedistins, | Arthritis, oesteoporesis, bone
antimicrobial peptide (AMP), cancer, antimicrobial,

antibacterial, antifungal

Arthropoda Lectin viz. limulin and | Antibacterial, anti cancer,
carcinoscorpin, thiol ester | antioxidant, antiproliferative,
protein, fatty acids, triglycerides, | antimutagenic, antiinflamatory,
carotenoids and lipids, immune response

Mollusca Dolostatin, lectin, steroid, | Antleukemic, immune response,
terpenoids, acetylenic | hypotension, relaxation smooth
compounds, dollstains, | muscle, antinicotinic activity,
polysaccharides antiviral especially HIV virus

inhibiting compound

Echinodermata Saponinsans sterol derivatives, | Hemolytic, antibacterial,
tarpenoids, glycoproteins, | antifungal, antineoplastic,
cerebrosides, pyrimidine | antitumor, antiviral especially
nucleaosides, thymine | anti HIV activity, antiinflamatory,
deoxyriboside and uracil | anti-cancer, anti-allergic
deoxyribose, polysaccharides, f-
carotene

8. Antimicrobial peptides (AMPs) - the ‘natural antibiotics’

AMPs are themajor component of the innate immune defense system in marine invertebrates with a
broad spectrum of antimicrobial activities against bacteria, viruses and fungi [77]. They are also termed as
"natural antibiotics"and areevolutionarily conserved [78].Alternative terms for AMPs have also appeared
which include better descriptive terms such as “host defense peptides,” “alarmins” and even ‘“defensins”
(used in a broad context instead of the gene family)[79]

AMPs are relatively short (commonly consist of 6-100 amino acid residues, display an overall
positive charge ranging from +2 to +11 and contain a substantial proportion (typically 50%) of hydrophobic
residues [80]. They are mostly ribosomally produced peptides with less than 10 kDa in mass and provide an
immediate and rapid response to invading microorganisms and are post-translationally activated by
proteolytic cleavage [61].

AMPs have been found virtually in all the organisms including bacteria, fungi, protozoa, parasites
and in vertebrates as a host defense mechanism against invading microorganisms and they display
remarkable structural and functional diversity [81]. Even the human skin secrets some AMPs that act as a
barrier against the invasion of microorganisms.[82]. Besides the direct antimicrobial activity, AMPs carry
immunomodulatory properties [83], which make them especially interesting compounds for the
development of novel therapeutics or food additives [59]. The ubiquitous presence of AMPs (AMPs) in
nature attests to their overall importance in building the defense strategies of most organisms. They are
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considered part of the humoral natural defense of invertebrates against infections. Their enhanced
expression, due in part to various stress factors such as infective organisms, has been directly linked to the
quick and efficient innate immune response of their hosts [59].

Sources of AMPs range from single celled microorganisms such as bacteria (bacteriocins) to
invertebrates. Many AMPs exhibit relatively non-specific bactericidal activity against both Gram-positive
and Gram-negative species and selectively kill prokaryotic rather than eukaryotic cells. Their value in innate
immunity lies in their ability to function without either high specificity or memory. Moreover, they are
synthesized without dedicated cells or tissues and they can rapidly diffuse to the point of infection[84, 85].

Since their discovery in the 1980s, AMPs have been considered to be promising candidates for
therapeutic uses in humans, animals and plant health. During, more than the last 30 years, AMPs have been
considered as a potential source for the development of new therapeutic molecules to control infectious
diseases owing to their significant specificity for micro-organisms with low toxicity for mammal cells
[58].Due to the fact that they exhibit broad spectrum antimicrobial activity, possess selective toxicities and
are less prone to microbial resistance [2], AMPs represent an exciting class of bioactive compounds that
could potentially provide major reprieve for mankind in the efforts to curb/control infections [59].

The biological activities of the amino acid residues of AMPs are based on their composition and
sequence [67]. Recently, much attention has been paid to unravelling the structural, compositional, and
sequential properties of bioactive peptides [86]. Many marine organisms are exposed to more extreme
conditions than that on land, which make the marine bioactive peptides have significant different amino
acid compositions and sequences from land bioactive peptides; besides, the species and amounts of marine
bioactive peptides are more than that of land bioactive peptides. Moreover, marine bioactive peptides can
be obtained from various marine animals, plants and lower organisms. Each is unique as a species,
considering its great taxonomic diversity and special characteristics, marine bioactive peptides have better
bioactivity in some areas than land bioactive peptides [67]. Despite these responses, additional care has to
be taken when assessing the origin of the antimicrobial content in marine organisms [59]

The cationic charge of the AMPs promotes selectivity for negatively charged microbial cytoplasmic
membranes over zwitterionic mammalian membranes and hydrophobic residues facilitate interactions with
the fatty acyl chains. Many eukaryotic peptides act on bacterial membranes or other generalized targets, in
contrast to most antibiotics, which usually target specific proteins. This creates an advantage for AMPs as
the development of microbial resistance by gene mutation is less likely to occur[59, 87]. New vistas on AMPs
suggest that they are capable of playing multifunctional roles that extend beyond their capacity to act as
gene-encoded antibiotics. Thus, some of these peptides have not only been shown to display anticancer
activity [88], but also act effectively to stimulate the immune system by favoring cytokine release,
chemotaxis, antigen presentation, angiogenesis, inflammatory responses and adaptive immune induction
[89, 59]

AMPs are a potential source of novel antimicrobial agents currently being extensively investigated
and are considered attractive alternatives to conventional antibiotics in the fight against MDR pathogens [2].
The combination of a broad spectrum antimicrobial activities targeted at non-protein cellular components
with localized, high-level expression at the site of infection, makes AMPs highly effective antimicrobial
agents with significant potential as a source of new antimicrobial drugs such as new more effective anti-
tubercular agents active against multidrug resistant (MDR) and extensively drug resistant (XDR)
Mycobacterium tuberculosis complex pathogens [90, 91].

In many organisms AMPs are produced as inactive precursors requiring proteolytic cleavage to
become active [92]. Their regulation is therefore not only dependent on their own expression but also on
the abundance of appropriate proteases [93]. In multicellular organisms, some AMPs are constitutively
expressed, stored at high concentrations as inactive precursors in granules and released locally at infection
and inflammation sites, whereas the expression of others is induced in response to pathogen- associated
molecular patterns (PAMPs) or cytokines [3, 93]. Criticality emerges in the case of deeper skin burn patients
prone to nosocomial bacterial infections, their medical treatment becoming a major problem. [82]

Only a few AMPs have reached phases of clinical and preclinical pipelines [82, 95]. They have
limitations in therapeutic development due to their poor enzymatic stability and low permeability across
biological barriers [2, 96]. Chemical modifications such as peptide cyclization, the use of non-protein amino
acids, peptidomimetics, lipidation, etc. are often used to overcome these drawbacks, particularly to enhance
enzymatic stability [2].

There are encouraging examples of AMPs already introduced into the market, and many AMPs are
currently being tested in clinical trials [97], which provide are as on for optimism for introduction of novel
AMP-based drugs in several indication areas [60]. An updated database (Jan. 2012) shows 1773 AMPs and
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are distributed as: antiviral (5.8%), antibacterial (78.56%), antifungal (31.19%) and antitumor
(6.14%).Means, some of them function against more than one type of pathogens [58], in short, as a class,
natural and synthetic AMPs exhibit a very high potential as new therapeutic agents because of their novel
mechanism of antimicrobial activity, coupled with the difficulty of bacteria to develop resistance to them.
19-21 AMPs have also been shown to be key components of the innate immune response [60, 98]

Considering the diverse functions that AMPs exert, much of the research in this field has been
focused over the past decade on the bioprospecting of novel antimicrobial compounds capable of exhibiting
a broad spectrum of activity against a wide range of microorganisms, which include Gram-positive and
Gram-negative bacteria, yeasts, fungi, viruses, protozoa and parasites such as nematodes [77]. More
recently, bioinformatics tools have also helped to develop and/or remodel preexisting AMPs, driving their
synthesis toward more selective and effective drugs [59]. Several databases exist for natural AMPs, today
covering more than 2000 peptides [99]. Thus, interestingly, the AMPs (AMPs) have rapidly captured
attention as novel drug candidates[60] and are currently being used for drug development due to their
activity as immune modulators, which give them clinical potential beyond the treatment of antibiotic-
resistant strains [100].

9. Marine invertebrate derived AMPs (AMPs) - anew promise

When considering marine invertebrates which are thought to account for 30% of all animal species,
comprising 20 different phyla, it is noteworthy that they should have retained an ancestral, nonspecific
innate immune-defense system mainly composed of AMPs. In such animals, critical elements such as
antibodies and lymphocytes, immunological memory and true self vs. non-self-discrimination are absent.
[59]. The cellular component of marine invertebrate immunity - as mentioned elsewhere in this article, is
mediated by hemocytes, motile cells that phagocytose microbes, secreting soluble antimicrobial and
cytotoxic substances in the hemolymph. For this reason, most of the AMPs reported in different groups of
invertebrates have been isolated from hemocytes, which represent an interesting natural source of AMPs
[59, 65].

AMPs with potential interest for biopharmaceutical companies have been isolated from marine
invertebrates. Some AMPs, such as molluscdefensins, have very low MICs in the nanomolar range against
Gram-positive bacteria [101]. Their fungal homologue - plectasin - is considered to be a major candidate for
therapeutic use [100]. The AMPs characterized in marine invertebrates include those from arthropods,
molluscs and cnidarians. They are cationic and hydrophobic, and target essential components of microbial
cell walls and membranes, which determines their spectrum of activity [102]. In recent years, researchers
have isolated AMPs from mud crab (Scylla paramamosain), oyster (Crassostreagigas), sponge
(Trichodermasp.), the marine snail (Cenchritismuricatus) etc.[66]. Among AMPs from marine invertebrates,
ALF-derived peptides have been shown to modulate the inflammatory response in murine macrophage cell
lines and display anti-tumour activity against HeLa cells through the alteration of the cell membrane. Those
novel activities may open the way to future drug developments [100]. LL37, a cationic AMP produced by the
innate immune system exhibits antimicrobial activity and has a direct effect in wound healing,
neovascularization and angiogenesis [103].

Approximately 75% of AMPs contained in the different databases are of animal origin [16], among
which invertebrates represent over 80% of the Animal Kingdom and a huge majority of them are marine
derived AMPs from invertebrates have been extensively studied with particular interest in marine
invertebrates in the context of bioprospecting research for natural products [58]. Likewise, the value of
invertebrate AMP research is not only focused on their capacity to kill microorganisms but also on their
potential as insecticides, as in the case of peptides found in toxins and venoms of insects and their natural
enemies [58, 104]. Thus, the marine invertebrates represent a potentially rich source for pharmacologically
useful AMPs as presumably share antimicrobial tools effective against related pathogenic microorganisms
present in vertebrate and invertebrate organisms [59]. Thus, the AMPs from marine organisms have safe,
natural, inexpensive and high bioactivity properties [66].

10. Classification of AMPs

AMPs can be dassified based on different criteria. Based on biosynthesis they can be grouped into i)
non-ribosomally synthesized peptides (that contain at least two moieties acquired from amino acids are
mostly produced by bacteria and significantly modified and ii) ribosomally synthesized peptides are
produced by both prokaryotic and eukaryotic organisms [60].
Based on their structure they belong to any one of the four following classes.
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(i) a-helices peptides: This group is composed of a-helical peptides such as magainins, cecropins and LL-37
and are often unstructured in aqueous solution, but adopt anamphipathic helical structure in contact with a
biological membrane [80]. Two of the most studied peptides in this group are LL-37, which is present in
neutrophils and epithelial cells and the human lactoferricin, which is derived from the proteolytic cleavage
of the antimicrobial and immunomodulatory iron-binding glycoprotein lactoferrin, present in milk and
exocrine secretions [105].

(ii) B-sheet peptides

The second group includes cationic peptides that contain two to four disulfide bridges that form 3-sheet
structures including (- defensins, plectasin and protegrins [2]. Due to their rigid structure the 3-sheet
peptides are more ordered in aqueous solution and do not undergo as drastic conformational change as
helicalpeptides up on membrane interaction [60]. The best-studied -sheet peptides are the defensins - a
large group of AMPs, which are produced as inactive precursors in neutrophils, macrophages and epithelial
cells [80, 89].

(iii) Loop peptides: They are the smallest group of AMPs that form loop structures due to interlinking by at
least one disulfide bridge such as the dodecapeptides59 and tachyplesins.[60, 106]

(iv) Extended peptides: This group contains cationic peptides which are rich in proline, tryptophan, arginine
or histidine.[106]

Based on the general mechanisms of action, the AMPs can be divided in two classes - the membrane
disruptors and non-membrane disruptors. Based on the biological activity AMPs are classified as
antibacterial, antifungal, antiviral, antitumoral, antiparasitic, spermicidal, insecticidal etc. They have also
been classified on the basis of charge, length and hydrophic residue contents. [106, 107]
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FIGURE 1.Peptides representing the three main categories of the secondary structures of AMPs. LL-
37and human lactoferricin represent a-helicalpeptides, human b-defensin1 represents b-sheet
peptides, and indolocidin represents extended/random-coil structures. Structures are from Protein
Data Bankin Europe

11. The role of AMPs on the innate immune response

AMPs have been vastly studied with a special importance to marine invertebrate organism that lack
an adaptive immune system. AMPs are a part of the innate immune response with a relevant role in the first
line of defense against microorganisms. In addition to their direct antimicrobial activity, some AMPs possess
different immunomodulatory functions [106]. Some of the most relevant are:
i) Chemotactic activity: In this case, they act as chemo-attractants capable of recruiting immune cells to the
site of infection. in other words, AMPs induce the expression of a broad range of chemokines [106, 108]
ii) Anti-endotoxin activity: AMPs possess the capacity to dampen production of endotoxin-induced pro-
inflammatory mediators such as tumor necrosis factor alpha (TNF-a) by blocking or modulating toll like
receptor (TLR) signaling pathways [106].
iii) Immune cell differentiation: AMPs appear to have a direct link inducing cell differentiation and
activation thereby bridging the innate and adaptive immune responses [106, 109]
iv) Wound healing and angiogenesis: Wound healing involves the re-growth of epithelial layers and the
formation of new blood vessels (angiogenesis). AMPs act directly on the epithelial and endothelial cells
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inducing promoting re-epithelialization and angiogenesis. AMPs also induce wound healing indirectly
through their chemotactic effects.[109]

Due to these immunomodulatory and antibacterial properties, AMPs are excellent candidates for
infection treatment as they can also control inflammation at the site of infection.
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FIGURE 2.Representative secondary structure of AMPs.a-helix (Moricin), B-sheet (Hepcidin-20),
mixed a-helix/ 3-sheet (Hydramacin-1) and lineal or random (Lf11). a-helix structures are shown in
magenta, 3-sheet in yellow, and green lines represent the disulfide bridges.

12. Mechanisms of AMPs action

The mechanism of action of the AMPs is completely different to common antibiotics. These are very
primitive molecules which have been functioning as a chemical shield of defense over millions of years in
plants and animals [110]. Now, at this time of escalation in multi-drug resistant pathogens or superbugs, the
scientific world is enthusiastically analyzing the possibilities to make these molecules an alternative for
combating diseases, including those by Gram negative ESKAPE pathogens. The mechanism by which these
peptides act make them very difficult to generate bacterial resistance, becoming a promising future as more
durable therapeutic agents. Besides, knowing the role of peptides as modulator of the innate immune
response, they can be helpful as guide for developing immunomodulatory therapies [110]. The mechanism
of action of APMs may be by one or a combination of two or more of the following,

12.1. Interaction with bacterial membrane

The primary step in the direct antimicrobial activity of AMPs is the membrane interaction [60].
Many AMPs display a direct and rapid antimicrobial activity by causing disruption of the physical integrity
of the microbial membrane and/ or by translocating across the membrane in to the cytoplasm of bacteria to
act on intracellular targets [111]. Electrostatic forces between the cationic AMPs and the negatively charged
bacterial surface are critical determinants for this interaction between peptides and microbial membrane
[60].

The cytoplasmic membranes of both Gram-positive and Gram-negative bacteria are rich in the
phospholipids phosphatidylglycerol, cardiolipin and phosphatidylserine, which have negatively charged
head groups, highly attractive for positively charged AMPs. The teichoic acids which is present in the cell
wall of Gram-positive bacteria and lipopolysaccharides (LPS) in the outer membrane of Gram- negative
bacteria provide additional electronegative charge to the bacterial surface [60, 89]

12.2. Membrane disruption and intracellular targets in bacterial cells

As the outer membrane of Gram-negative bacteria constitute permeability barriers to the
cytoplasmic membrane by cations like Ca2+ and Mg?* (which bind with the inner layer of LPS), AMPs have to
pass through the outer membrane and are proposed to be translocated through this outer membrane via so
called self-promoted uptake [60]. This model suggests that, due to greater affinity for the LPS, AMPs displace
the divalent cations and bind to the LPS. By being bulky, the AMPs then cause transient cracks and
permeabilize the outer membrane, thereby permitting passage of the peptide itself across the membrane. In
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contact with the cytoplasmic membrane, the AMPs form an amphipathic secondary structure essential for
interaction with the cell membrane. The charged domains of the peptide allow for interaction with the
hydrophilic head groups of the phospholipids, while the hydrophobic domains of the peptide interact with
the hydrophobic core of the lipid bilayer, thereby driving the AMP deeper into the membrane [112]

Several models have been proposed describing the next events occurring at the bacterial
cytoplasmic membrane, which ultimately lead to membrane permeabilization. According to the “barrel-
stave model,” the peptides insert perpendicularly into the bilayer while recruitment of additional peptides
subsequently results in formation of a peptide-lined transmembrane pore. In this pore, the peptides are
aligned with the hydrophobic side facing the lipid core of the membrane and the hydrophilic regions facing
the interior region of the pore. According to the “toroidal-pore model,” insertion of peptides forces the
phospholipid to bend continuously from one leaflet to the other, resulting in a pore lined by both peptides
and the head groups of the phospholipids. Finally, in the “carpet model,” accumulation of peptides on the
membrane surface causes tension in the bilayer that ultimately leads to disruption of the membrane and
formation of micelles. [60, 113]

Membrane permeabilization by AMPs is suggested to initially lead to leakage of ions and
metabolites, depolarization of the transmembrane potential with subsequent membrane dysfunction (e.g,
impaired osmotic regulation and inhibition of respiration) and ultimately, membrane rupture and rapid
lysis of microbial cells [60, 112]. Besides leading to membrane dysfunction and disruption, membrane
permeabilization is important for translocation of certain AMPs into the cytoplasm, where they target key
cellular processes including DNA/RNA and protein synthesis, protein folding, enzymatic activity, and/ or
cell wall synthesis [ 60,114, 115].

The microbial death caused by AMPs could be a result of multiple and complementary actions,
referred to as multi-hit mechanism. This strategy helps to increase the efficiency of AMPs and to evade
resistance development [60]. It is likely that the mode of action of individual AMPs varies depending on
parameters such as peptide concentration, target bacterial species, as well as tissue localization and growth
phase of the bacteria [60, 116]. The membrane disruptor peptides are the most predominant and much of
them have a-helix structures, which directly act at the plasma membrane level, altering the cell permeability
or lysing cells through pores formation [100].

The non-membrane disruptor AMPs use show a variety of mechanisms like binding to nucleic acids,
interference with the synthesis of nucleic acids, inhibition of the synthesis of proteins, inhibition of the
enzymatic activity, inhibition of the synthesis of cell wall, blocking some virulence factors, such as flagella,
proteases, secretion systems, effector proteins etc. [100, 117]

12.3. Inmunomodulatory activities

Along with the anti-bacterial activities, the immunomodulatory actions of AMPs are also well
documented [60, 117]. They include stimulation of chemotaxis, modulation of immune cell differentiation
and initiation of adaptive immunity. All these contribute to the bacterial clearance of the host. The activities
under this mechanism also include suppression of toll-like receptors (TLR), cytokine-mediated production
of pro-inflammatory cytokines and anti-endotoxin activity, together preventing excessive and harmful pro-
inflammatory responses including sepsis [60].
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FIGURE 4.Schematic models of action mechanisms of membrane disruption by AMPs. A. Barrel stave
pore. Peptides on the membrane surface are aggregated and inserted inside the membrane; the
hydrophobic regions are aligned with the central lipid region of the bilayer, while the hydrophilic
regions form the pore interior. B. Toroidal pore. Peptides are aggregated and induce that the lipid
monolayer are continuously curved forming a pore; the pore interior is covered of peptides and also
of polar heads of lipids. C. Carpet or detergent type. Peptides cover the membrane surface forming a
carpet; toroidal pore are transitorily formed, which permit the entry of peptides and the membrane
is starting to be disaggregated by the formation of micelles. Hydrophobic regions are represented in
black and the hydrophilic in blue.

12.4. Differentiation between mammalian and bacterial cells

The basic differences in the net charge and chemical constitution between the microbial and
mammalian membranes protect the latter from the action of AMPs [60]. The cytoplasmic membrane of
mammalian cells is rich in the zwitterionic phospholipids phosphatidylethanolamine, phosphatidylcholine
and sphingomyelin, providing a membrane with a neutral net charge [60]. There is also an asymmetric
distribution of phospholipids in mammalian membranes, with the zwitterionic phospholipids being present
in the outer leaflet, while phospholipids with negatively charged head groups, if present, are localized in the
inner leaflet facing the cytoplasm [60, 93]. So, the interactions between AMPs and mammalian cell
membrane occur mainly via hydrophobic interactions, which are relatively weak compared to the
electrostatic interactions taking place between AMPs and bacterial membranes. The high cholesterol
content of mammalian cell membranes is proposed to reduce the activity of AMPs via stabilization of the
phospholipid bilayer [60]

The differences in the mechanisms of action of AMPs, in many cases, determine the type of cells on
which they act. For example, molluscdefensins, which are essentially active against Gram-positive bacteria,
bind to lipid II, the precursor of peptidoglycan [37]. Arthropod anti-lipopolysaccharide factors (ALFs) and
mollusc bactericidal/permeability-increasing protein (BPI), which are essentially active against Gram
negative bacteria, bind to lipopolysaccharide (LPS) [38-40]. Finally, crustacean PvHCt, which is strictly
antifungal, permeabilizes the fungal plasma membrane [41].

13. AMP databases

As the number of bacterial strains and other pathogens developing resistance against conventional
antibiotics increase, the search for natural compounds with novel modes of action reached in extraction
and purification of many new AMPs [91]. The AMPs have achieved scientific and medical relevance by the
identification of cecropins (in insects), magainins (in amphibians) and defensins (in humans) in 1980s. As
an outcome of the extensive studies, various groups of AMPs have been described such as the cecropins and
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defensins in insects, the clavanins in tunicates, the penaeidins and crustins in crustaceans, the caenopores in
nematodes [58] etc.

As mentioned, thousands of AMPs have been isolated from plants, animals, fungi and several micro-
organisms [58, 119] and obtained through a conventional chemistry approach or designed using AMPs as
models to produce peptides with improved selectivity and potency [58]. This expanse of data has been
compiled in approximately 23 specialized databases that facilitate extraction of information and provide
bioinformatics tools to rationalize the design of new AMPs [120]. To mention few examples for such
databases are CAMP, APD , YADAMP, DRAMP, PhytAMP (for plant AMPs), BACTIBASE (for bacterial AMPs),
DADP (for amphibian AMPs), MilkAMP (for AMPs of dairy origin), InverPep (for AMPs from invertebrates)
[58, 91] etc. AMSdb, Defensin knowledgebase, Peptaibol Database, SAPD, AMPer, CyBase, BAGEL, Minicope
(the Innate immunity defense peptides MiniCOPE Dictionary) CAMP, RAPD, Dragon Antimicrobial Peptide
Database (DAMPD, http://apps.sanbi.ac.za/dampd) etc. are other examples [58, 91, 121, 122]. Each of them
contains details of hundreds and thousands of AMPs arranged based on different criteria such as taxonomy,
species, AMP family, citation, keywords and a combination of search terms and advanced search fields.

14. Nanoparticles: candidates for conjugation to AMPs

Particles that are having at least one dimension ranging from 1nm to 100 nm are considered as
nanoparticles (NPs). Richard P. Feynman (1959) introduced the concept, and it was Norio Taniguchi who
coined the term “nanotechnology” in 1974 [2]. Feynman’s idea about the possibilities of manipulating
matter at the atomic scale led to numerous revolutionary developments in multidisciplinary science. Thus,
nanotechnology is emerging as a useful tool for various applications in biomedical devices, waste
management, material science, and electronics [123]

Nanoparticles provide another potential solution to combat multidrug resistant pathogens. The
large surface area to volume ratio of Nanoparticles provides a high loading of coated molecules.97
Nanoparticles by themselves (e.g. silver, other metal oxides such as titanium, copper, zinc and iron etc.) have
been known to possess antimicrobial activities and work through numerous modes of action [2].
Nanoparticles can disrupt the bacterial cell membrane, causing cell penetration, react with intracellular
target and cause toxicity [2, 124].

The area of bioconjugation in general and the conjugation of peptides and nanoparticles in
particular is of growing interest and would attain great heights in the near future.90. When peptides are
conjugated to nanoparticles, the resulting conjugate will have new critical properties like enhanced potency,
site of action targeting capability, less toxicity, etc. that are directly acquired from the peptides but not
previously possessed by the nanoparticles.[82] Nanoparticles are excellent candidates for transporting
drugs to their targets [2]

The use of nanoparticles in combination with antibiotics makes it possible to decrease the toxicity
from both agents toward human cells because of the synergistically enhanced antimicrobial activities and
the reduced requirement for high dosages [125]. Nanoparticles as antibiotic carriers to the site of infection
are emerging as a promising strategy in antibiotic therapy. The results from recent research in which
nanoparticles have been combined with AMPs are promising and show an increasing trend toward a safer
profile of the conjugates toward mammalian cells [2].

The linkage between nanoparticles and peptides should be stable and be responsive to other
foreign agents and physical factors 99 for the effective release of drugs (peptides) from nanoparticles to the
site of action. The density or ratio of the peptide to nanoparticles is also important for efficient uptake. The
four strategies that are proposed to conjugate peptides and nanoparticles100 are, (a) the electrostatic
interaction (between oppositely charged nanoparticles and peptides), (b) the direct interaction (binding of
the peptides with the nanoparticle surface with high affinity), (c) the secondary interactions (like the
biotinylation where the biotin on the peptide would mediate directional assembly) and (d) covalent
attachment linkages (which utilize EDC-based coupling of amines to carboxylic acids and N-
hydroxysuccinimide- and maleimide-mediated couplings to amines and thiols) [2, 82]

The examples for some peptides commonly used for the therapeutic delivery of nanoparticles are
TAT and TAT-like peptides, RGD peptides, the pep-I peptide, organelle-specific peptides, neuropeptides, the
rabies virus-derived peptide etc. Several recent studies have shown that the nanoparticles provide an
efficient way to kill bacterial pathogens, including drug-resistant bacteria and have low probability for
resistance development by the pathogens [2, 126]. The peptide conjugated nanoparticles have found
numerous applications in various fields including intracellular delivery, drug delivery, cancer therapy,
neurology and many others.
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15. Silver nanoparticle - antimicrobial peptide (AgNPs - AMPs) conjugation

The interaction between proteins and silver nanoparticles (AgNPs) has been demonstrated to play a
pivotal role in the nanomaterial’s biocompatibility and ultimately, its antimicrobial performance. Proteins,
peptides and free amino acids can be used to control the structure of AgNPs during synthesis and improve
their stability under a variety of conditions. However, the mechanism(s) that underlie such stabilization as
well as the exact role of various amino acid moieties remains elusive [127]. It is being increasingly
recognized that nanoparticles, especially silver nanoparticles have good antimicrobial properties and their
conjugation with AMPs have been proposed to enhance the activity . The bio-functionalized AgNPs could
remove endotoxin thus maximizing their potential in various applications [82].

Silver nanoparticles are known to be toxic to mammalian cells above a certain concentration and
one way to reduce its toxicity is to conjugate it with peptides [128]. The conjugate is less toxic to
mammalian cells as revealed by the MTT assay compared to AgNP alone, up to a concentration of 96 1g/mL
concentration. The conjugation through weak interactions between the AMPs and the nanoparticles is
sufficient to reduce the toxicity of the AgNP, which in turn may be due to controlled release of Ag+ [82].

The combination of AgNPs with the CSG-LL37 peptide (LL37@AgNP) has been used as the
antimicrobial and anti-biofilm agent by [129] and they found that the LL37 @AgNP exhibited very low MIC
values against both Gram-positive and -negative bacteria. Also, LL37 capped AgNPs were not cytotoxic at
the MIC levels or even at double the MIC level and they did not hinder cell proliferation at this level. The
conjugate was found to be more biocompatible and more stable. Apart from that, the conjugate the ability of
this conjugate to was able to prevent the biofilm formation by Pseudomonas aeruginosa [82,129]

The activity of the cell penetrating peptide GGGRRRRRRYGRKKRRQRR (G3R6TAT) as the stabilizer
and reductant to produce AgNPs and the screening of the same against Gram positive Bacillus subtilis, Gram
negative Escherichia coli and the yeast Candida albicans showed that he conjugate dramatically improved
the biocide efficacy as much as 50 times against Bacillus subtilis, at least 10 times against Escherichia coli and
3.3 times against Candida albicans with a very low MIC value. The SEM results have also shown the
breakdown of bacteria and the conjugate showed low hemolytic activity at effective concentrations. Hence,
this platform could provide an alternative therapy for topical or systemic infections [82, 130]. Also, it has
been shown that the AgNPs with 20 nm diameter exhibit more cytotoxicity than the 40 nm diameter. Also,
the AgNP-based hydrogels showed high antimicrobial efficiency against MDR Pseudomonas aeruginosa [131]
It is expected that this Ag releasing biomaterial offers great potential for application in wound healing,
particularly after surgery, and in the treatment of chronic and large surface wounds, such as diabetic ulcers
or severe burns, due to its potential to reduce inflammation and prevent infection [82]. The antimicrobial
and hemolytic properties of AgNPs in combination with different AMPs found that the need for high dosages
can be reduced by the synergistic action of antimicrobial agents that can also bring down the side effects
[82, 132]. Thus the silver nanoparticle - antimicrobial peptides (AgNPs - AMPs) conjugates bring a new
hope ofray to the ongoing war against MDR pathogens including the Gram negative ESKAPE members.

The peptide exhibits a dynamic exchange from the surface of the AgNPs without undergoing a
significant conformational change. The weak interaction is useful particularly in the case of AMPs where the
charge and structure of the peptide is important for their activity [133] and hence too strong an interaction
with Ag nanoparticles through the positively charged residues will reduce their activity. Very strong
interactions can also perturb the structure of the AMPs resulting in reduced activity. Thus, the balance of
strong interaction/stability vis-a-vis the activity is a key feature to be considered for design of new
conjugates [133, 134]. Simulations predict high affinities of Arg, Cys, and Met residues for the Ag facet.
However, cooperative effects over larger portions of the peptide sequence have long been known to be
essential in determining affinity for metal surfaces and peptides selective for Ag surfaces [135] further
demonstrate that the affinity is not determined solely by individual amino acids but also by the
conformational statistics of the peptide as determined by its sequence [127].

The stability of the AgNP-AMP conjugate originates from steric repulsion. It has been shown that
stability is enhanced if AgNPs are conjugated with polypeptides, where the steric repulsion between
proteins prevent Nanoparticles from approaching each other at close distance, thereby preventing their
aggregation [136]. The nature of interaction is closely associated with stability of the system. As the AgNPs
are generally unstable in solution an AgNP-AMP system having long-term stability with enhanced activity is
preferable. Conjugating a cysteine containing peptide with AgNP is expected to have a favorable effect on the
strength and nature of nanoparticle-peptide interactions. However, for designing AgNP-AMP conjugates
with increased stability and antimicrobial activity, it is important to understand the nature of interactions
between the AMP and AgNP. [134].

Research Paper [JRAR- International Journal of Research and Analytical Reviews| i131




[ VOLUME 6 I ISSUE 1 [ JAN.- MARCH 2019] E ISSN 2348 -1269, PRINT ISSN 2349-5138

16. Conclusion

It has been more than two decades that spread of the ‘bad bugs’, which are resistant to a wide
spectrum of conventional antibiotics bothering the healthcare systems globally. The emergence of new
infectious agents, infections that emerge out of surgical devices pose, the never lasting threat of nosocomial
infections and other dreaded incidents by bacteria including the Gram negative members of ESKAPE group
are serious threats which account for very high morbidity in hospitals [6]. In 2014, the World Health
Organization (WHO) first looked at the antimicrobial resistant data globally; the data on the issue also
revealed the serious and worldwide threat on the public health [137]. It is at these circumstances that the
scientific world turned back to the nature in search for new antibiotics with novel modes of action.

Because the ocean occupies almost 70% of Earth’s surface, it offers unlimited potential for
biological and chemical diversity. Marine ecosystems comprise a continuous resource of immeasurable
biological activities and vast chemical entities. The invertebrates, as the biggest group of the animal
kingdom, are the principal source of Antimicrobial peptides with validated antimicrobial activity. Especially
the marine invertebrates that rely solely on innate immune mechanisms for host defense is a spectacular
resource for the development of new antimicrobial compounds [61] and is mainly composed of AMPs, which
are endogenous and are exciting candidates as new antibacterial agents due to their broad antimicrobial
spectra, highly selective toxicities, and the difficulty for bacteria to develop resistance to these peptides [58].
Thus the AMPs offer promising alternatives to standard therapies as anti-infectives and immunomodulatory
agents with mechanisms of action which are less prone to resistance induction compared to conventional
antibiotics. Although challenges in translating nonclinical candidate AMPs into successful clinical products
are well recognized, the discovery and commercial development of next-generation therapeutic peptides
and peptide mimeticsis predicted to be accelerated by recent advances in overall understanding of their
mechanism of action, resistance patterns ,and smart formulation strategies. With several AMPs currently
undergoing latest age clinical development in different therapeutic areas, the next years hold a promise to
confirm the therapeutic benefit of these novel candidates and lead to market authorization of several new
AMP-based drugs [60]. It is apparent that many peptide drugs have entered the market and several are in
the pipeline and few are in various stages of preclinical and clinical trials [82] Thus, peptide-based
molecules present a promising future in drug discovery programmes.

It is at this stage that, the nanoparticles emerge as the bridge to fill this gap since these are endowed
with unique properties and potential therapeutic applications. Their small size and high surface-to-volume
ratio make them attractive both in therapeutic and biomedical fields. Further, these materials can also be
used in theranostics, which incorporate both therapeutic and diagnostic moieties in a single species. This is
possible because nanoparticles can be tethered with differently functionalized entities. Taking the
advantage of this unique feature, there are pieces of evidence wherein nanoparticles are conjugated to
different biologically active molecules and one among them is the peptides. These are considered as the
“value added” constructs that will have the properties from both the moieties in-connection [58].

A wide variety of nano-technological devices for the treatment of infectious diseases have been
developed, including microemulsions, vaccines and metallic, inorganic, lipid and polymeric-based
Nanoparticles (Nanoparticles) [87]. Metallic Nanoparticles such as silver (AgNP) and gold (AuNP) show
unique and considerably distinct physical, chemical and biological properties due to their high surface-to-
volume ratio, with which surfaces can be modified with ligands containing functional groups, providing an
electrostatic or steric stabilization [138].

The antibacterial activity of Ag nanoparticles against a broad spectrum of bacteria is well-known.
Ag nanoparticles have been conjugated to different molecules with antibacterial activity in order to obtain
synergic effects, such as poly (ethyleneimine), amoxicillin, polysaccharides, peptides, surfactants and
polymers [87, 128]. Thus, the silver nanoparticles conjugated antimicrobial peptides open a window to the
new horizon of hope in the fight against the ‘bad bugs’
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Abstract: The Micro Organisms found in the human oral cavity have been refered to as the oral micro flora,
oral micro biota or more recently as the oral micro biome. The mouth acts as a window to lot of systemic
diseases and serves as a part of entry of the various infections that can alter and affect the immune status of the
person, probiotics are dietary supplements containing potentially beneficial bacteria or yeasts. These products
help in stimulating health by promoting flora and also suppressing the pathologic colonization and disease
spread. Probiotics are living microbes that have a beneficial influence on health. The advent of probiotics into
the field of periodontics would possibly open new horizons to address the attractive alternative to antibiotics
and to target particular periodontal pathogen, thus increasing the long — term of periodontal therapy.

KEY WORDS: Probiotics, Periodontal Therapy, Oral Microbiota, Oral Microflora & Periodontal Pathogens.

HISTORY OF PROBIOTICS

Gibson and Roberfroid introduce the term “prebiotic”™?. In 1965 lilley and still well introduced the
term probiotics the antonym of the term “Antibiotics”. Fermented yoghurt is discovered by Mann and
Spooering in 1974, fermented yoghurt reduced blood serum cholesterol. Hull identified the first probiotic
species, the Lactobacillus acidophilus in 1984. Holcomph in 1991 identified Bifidobacterium bifidum, in 1994 world
health organization [WHO)] described the probiotics as the next most important in the immune defense system

following antibiotic resistance . In 1984 Hull e# a/, introduce first probiotic species in research was Lactobacillus
acidophilus, followed by Bifidobacterium bifidum by Holcombh et al,, in 19917,

INTRODUCTION

Probiotics are live microorganisms when consumed may confer a health benefit to the host. The term
probiotic is currently used to name ingested microorganisms associated with benefits for humans and animals.
Probiotics are live microorganisms that resemble the beneficial microorganisms found in the human gut. Most
probiotics are small single celled bacteria that provide beneficial health effects. They are also known as “good”
or “friendly” bacteria.

Probiotic microorganisms are Lactobacillus, Lactococci, Bifidobacteria and Saccharomyces. Various dairy products
available in the Lactobacillus strain [cheese, yoghurt and curd]?. Probiotic are capable to promote effects on host
health, they must tolerate environments with high concentrations of bile salts and low pH and display high

antimicrobial activities '

. Lactic acid bacteria [LAB] are a group of Gram — positive, non — spore forming,
cocci or rod shaped, catalase negative and fastidious organisms frequently isolated from milk and dairy
products". Yogurt is a food product produced by bacterial fermentation of milk. Traditional probiotic yogurt is
made from dairy that’s fermented into a creamy food packed with beneficial probiotics and is a balanced source

of protein, fats, carbohydrates, vitamins and minerals. Yogurt is considered as a super food cows or goats.

Volume 5, Issue 10, October/2018 Page No:77



JASC: Journal of Applied Science and Computations ISSN NO: 1076-5131

The yogurt nutrition is maximized supply of Omega — 3 fatty acid, protein, calcium, magnesium, potassium,
vitamin D, K2, enzymes and probiotics. There are numerous claimed benefits of using commercial probiotics
such as reducing gastrointestinal discomfort, improving immune health, relieving constipation, avoiding the
common cold. Probiotics are considered generally safe, but may cause bacteria — host interactions and unwanted
side effects in rare cases.

Biofilms are defined as microbially derived sessile communities characterized by the cells that are irreversibly
attached to a substratum or to each other!"”. Microorganisms growing in a biofilm are intrinsically more resistant
to antimicrobial agents than planktonic cells. Biofilms are associated with many medical conditions including
medical devices, dental plaque, upper respiratory tract infections, peritonitis and urogenital infections'". Biofilm
producing bacteria not only for gram — positive but both gram positive and gram negative bacteria have the

(17

capability to form biofilms

TYPES OF MICROORGANISMS

Health benefits have mainly been demonstrated for specific probiotic strains of the following genera:
Lactobacillus, Bifidobacterinm, Saccharomyces, Enterococcus, Streptococcus, Pediococcus, 1enconostoc, Bacillus, E.coli. Lactobacillus
acidophilus play a role in treatment of travellers diarrhea"” and reduction of hospital stay of children with acute

20

diarrhea'™. Reduction of irritable bowel syndrome™. ILactobacillus plantarnm used to prevent the endotoxin

production®™. Lactobacillus casei used to treat the functional constipation in adults™. Lactobacillus brevis used to

protect the bile salt tolerance™.

PROBIOTIC FORMULATION

CAPSULE FORM: In 2004 Montalto e# al., administered probiotic mix both in capsules and liquid
form without observing statistically significant difference, however, in the S.zutans counts between the two test
groups®™.

CHEWING GUM: The recent invention for caries prophylaxis is a chewing gum containing
Lactobacillus reuteri prodentis consumed twice daily this was marketed to regulate S.mutants counts in the oral
cavity, the average content of Lactobacillus renteri was 10° CFU/ml. So however, the most suitable means of
delivery and dosages of probiotics for various oral health purposes have not been defined™".

TABLET FORM: In 1994 Pozharitskaia ez al., Lactobacillus acidophilus contained in a tablet named the
Acilact. It was first clinically tested and improved clinical parameters in periodontitis patients and shifts in local
microflora towards gram positive cocci and Lactobacilli. In 2002 Grudianov e# al, carried out a clinical study
where they obtained a probiotic mix in the tablrt forms viz, Acilact and Bifidumbacterin and found
normalization of microflora and reduction of signs of gingivitis and periodontitis™.

TOOTH PASTE: Tooth paste is available in the probiotic formulation. In 2017 F.Basak e a/., The in
vivo study a new innovational aspect has been reached in the use of probiotics to ensure the balance between
bacterial flora in the oral cavity. In daily routine the administration of probiotics to children is difficult. The
toothpaste can be used as a vehicle to transport probiotics to children’s mouth .

HEALTH BENEFITS OF PROBIOTICS

There is effective in favour of the claims of the beneficial effects of probiotics. It plays an effective role
in treating diarrheal disease, brain function disorder, reduction of cholesterol level, to maintain the blood
pressure, irritable bowel syndrome, enhancement of the immune response and cancer prevention.
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CONCLUSION

Probiotics are dietary supplements containing potentially beneficial bacteria or yeasts. Which helps in
stimulating health by promoting flora and suppressing the pathologic colonization and disease spread? It plays
an effective role treating diarrheal disease, brain function disorder, reduction of cholesterol level, to maintain the
blood pressure, irritable bowel syndrome, enhancement of the immune response and cancer prevention. In
recent years there has been an upgrade in research in probiotics as well as growing commercial interest in the
probiotic food concept. The role of probiotics in nutrition and medicine shows a significant increase of interest
for upcoming generation. Which should be considered by medical provisional and food industries?
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Abstract - The major problem existing in the field of medicine is drug resistance. The organisms were developing
resistance to almost all the existing drugs. Among such organisms MRSA pose a major threat. The prevalence of MRSA
infection is also increasing steadily. So we are in need of alternative therapy to cure such infections. One such remedy
could be the use of extracts from medicinal plants. In the present study we used the extracts of some herbal plants such as
Punica granatum, Solanum trilobatum, Ocimum tenuiflorum, Ripes uva-crispa, Psidium guajava, Cajanus cajan,
Euphorbia hirta, Phyllanthus niruri, Phyllanthus amarus against MRSA. Among these plant methanol extract of P.
granatum (inhibition zone 20mm) showed remarkable results against MRSA. We also checked the synergistic effect of
some antibiotics with Punica granatum. They showed synergistic effect with Amoxicillin Cephalothin and Cefepime.

Keywords: MRSA, Solanum trilobatum, Psidium guajava. Antibacterial activity
INTRODUCTION

All over the ages, humans have relied on nature for their basic needs, such as food, shelter, clothing,
transportation, fertilizers, flavors , medicine etc, (Critchley, A.T. (1983).). For thousands of years, plants formed the
basis of traditional medicine systems that have been existing and continue with new remedies to mankind.
Eventhough some of the therapeutic properties of the plants have been proven. It is based on the empirical findings
of thousands of years (Heinrich et al., 2004). Various types of plants used in herbalism and many of these plants
have medicinal properties. 3.3 billion Peoples in the developing countries utilize the medicinal plants which are the
“backbone” of traditional medicine (Davidson-Hunt | et al., 2000).

Fruits and vegetables are most popular due to their dietetic value worldwide and rich sources of beneficial
vitamins and fibers, anti-oxidants, minerals. The standard consumption of fresh fruits and vegetables may diminish
the risk of cardiovascular diseases, stroke and certain cancers. Usually fruits are processed into beverage, squash
juice and syrups. However by-products can be used as functional food ingredients such as phytochemicals,
pharmaceuticals, essential oils, seed oil, pectin, food products, and dietary fibers (Azad et al., 2014). Therefore,
fruits by-products not only superior source of bioactive compounds but also could be used as several value-added
products (Noor et al., 2014).

In conventional chemistry and pharmacology plants might provide a useful source for the production of
new effective medicines and this may be used to replace existing drugs . In general traditional medicine is turned out
to be very useful in the discovery of natural products such as pharmaceutical drugs (Patwardhan et al., 2004). The
shrub Prosopsis juliflora (Sw.) DC. (P. juliflora) commonly identified as mesquite has been used as a traditional
medicine on various continents for curing catarrh, inflammation, colds, sore throat, excrescences, flu, measles,

diarrhea, dysentery and hoarseness, for the healing of wounds (Hartwell et al., 1971).
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METHODOLOGY
Isolation of Staphylococcus aureus
For the isolation of Staphylococcus aureus, pus samples were collected from wounds. The specimens
were collected from Bose Clinical Lab, Madurai. Fluid Thioglycollate medium was used as an enriched medium
for Staphylococcus aureus. The specimen was inoculated on Mannitol salt agar, Mac Conkey agar and Blood agar
plates. The plates were incubated aerobically at 37°C overnight. The test organisms further confirmed by their
physiological and biochemical characters.
Detection of MRSA
Disk Susceptibility Test (Acar and Goldstein, 1991). The Kirby-Bauer disk diffusion test was developed for
this study.
The sensitivity pattern of MRSA strains to -lactam antiboiotics
Disk susceptibility test (Acar and Goldstein., 1991).
The Kirby —Bauer disk diffusion test was developed for these studies as described above with the antibiotic
disks methicillin, amoxyclav, amoxicillin, cefdin, cephalothin, cefepime, cefaclor, vancomycin and teicoplanin. The

sensitivity pattern of the test organism was recorded.
Determination of the degree of methicillin resistance

The Kirby-Bauer disk diffusion test was developed for this study. MRSA strains were individually tested

for their degree of methicillin resistance with methicillin 5 pg and 10 pg.
Collection of herbal plants

The following fresh plant materials and sea weeds were collected from Vilathikulam, Thoothukudi district.
Plants such as Punica granatum, Prosopis juliflora, Ocimum tenuiflorum, and sea weeds such as Sargassum

muticum and Jania . rubens.

Preparation of plant extract
Water extract
Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently

grounded into fine powder. 5g of plant materials were mixed with 25ml of sterile distilled water. They were placed
in shaker for 24 hours. The water extract was filtered by using Whatmann no:1 filter paper.
Methanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of methanol. They were placed in shaker for

24 hours. The methanol extract was filtered by using Whatmann No:1 filter paper.
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Ethanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of ethanol. They were placed in shaker for
24 hours. The ethanol extract was filtered by using Whatmann no:1 filter paper.
Petroleum ether

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of petroleum ether. They were placed in

shaker for 24 hours. The water extract was filtered by using Whatmann no: 1 filter paper.

Determination of antibacterial activities of plant extract against MRSA strain
Loading sterile disks with plant extract

Antibacterial activity was measured using disk diffusion method according to the Clinical and Laboratory
Standards Institute (CLSI). Briefly petriplates containing approximately 25-30 ml of Mueller-Hinton agar medium
were inoculated using a cotton swab with a 4-6 fold culture of the bacteria. (Acar and Goldstein, 1991).
Disk susceptibility test

The Kirby- Bauer disk diffusion test was developed for these studies as described above with the disks of
plant extract. The sensitivity pattern of the test organism was recorded.
Determination of synergetic effect of plant extract with some antibiotics against MRSA

The Kirby- Bauer disk diffusion test was developed for these studies as described above. To access possible
interactions between the extract of plant materials and B-lactam antibiotics, disk containing the extract of plant
materials and B-lactam antibiotics were placed on a plate that had been inoculated with MRSA strain. The distance
between the disks was equal to the sum of the radii of their zones of inhibition when examined alone.
Checkerboard method to determine the antimicrobial combinations against MRSA

The checkerboard (or chessboard) method is the technique used most frequently to assess antimicrobial
combinations in vitro, presumably because its rationale is easy to understand, the mathematics necessary to
calculate and interpret the results are simple, it can readily be performed in the clinical laboratory using
microdilution systems that are obtain able commercially, and it has been the technique most frequently used in
studies that have suggested an advantage of synergistic therapy in the treatment of neutropenic patients with Gram-
negative septicemia. The term “checkerboard” refers to the pattern (of tubes or microtiter wells) formed by multiple
dilutions of the two antimicrobials being tested in concentration equal to, above, and below their minimal

inhibitory concentrations for the organisms being tested.

RESULTS
Isolation and characterization of staphylococcus aureus

Eight numbers of MRSA strains were isolated from pus. Various media (Table 3) were used to
identify the pathogenic strain. Mannitol salt agar was used as a differential and selective medium for recovering

strain from the specimen. Staphylococcus aureus produced yellow colour colonies in Mannitol Salt agar.
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Table 1.Cultural characterization of Staphylococcus aureus

ISSN NO: 1076-5131

S. No Medium Colony Morphology Interpretation
1 MacConkey Agar Pink colour colonies Lactose fermentation
positive
2 Blood Agar Yellow to cream colonies or white B-haemolytic
colonies with clear zone colonies
3 Mannitol Salt Agar Yellow colonies Mannitol fermentation
positive

Table.2. Degree of Methicillin Resistance of MRSA strains (Fig. 20)

Methicillin Disk Zone diameter of Reaction of the
S.No
Content inhibition (mm) Organism
1 Methicillin (5 pg) - Resistant
2 Methicillin (10 pg) - Resistant
3 Methicillin (30 pg) - Resistant

Determination of antibacterial activities of plant extract against MRSA strain

The antimicrobial activity of various extracts of Punica granatum and Prosopis juliflora were
tabulated (Table 7 -9). (Fig. 5-12).

Table.3. Antimicrobial activity of various extracts of Punica granatum

Diameter of zone of inhibition (mm)
Organism Water Extract Ethanol Methanol Petroleum Ether
Extract Extract Extract

MRSA 10 15 15 _
MRSA 1 Partial 10 15 _
MRSA 2 Partial 10 20 _
MRSA 3 Partial 15 20 _
MRSA 4 10 15 21 _
MRSA 6 10 15 20 ~
MRSA 7 Partial 10 15 _
MRSA 8 10 15 20 ~
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Table 4.Antimicrobial activity of various extracts of Prosopis juliflora

ISSN NO: 1076-5131

Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 _
MRSA 6 16 21 22 _
MRSA 7 15 20 23 _
MRSA 8 17 20 24 _

Table 5. Antimicrobial activity of various extracts of Prosopis juliflora

Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 B
MRSA 6 16 21 22 ~
MRSA 7 15 20 23 _
MRSA 8 17 20 24 B
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Fig. 3 S. muticum Fig. 4. J.rubens

Plate 1. Synergistic effect between P. granatum and methicillin 10 pg

[

Plate 2. Synergistic of P.juliflora with Amoxyclav
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min
1 DetAChl/270nm

PeakTable
Detector A Chl 270nm
Peak# Ret. Time Area Height Area % Height %
1 3.183 3714639 41377 100.000 100.000
Totall 3714639 41377 100.000 100.000
Fig. 6. HPLC analysis of P. granatum
DISCUSSION

Medicinal plants constitute an effective source of both traditional and modern medicines, herbal medicine has
been shown to have genuine utility and about 80% of rural population depends on it as primary health care. Over the
years, the World Health Organization advocated that countries should interact with traditional medicine with a view
to identifying and exploiting aspects that provide safe and effective remedies for ailments of both microbial and non-
microbial origin (WHO. 1978).

The increasing occurrence, particularly in hospitals, of S. aureus resistant not only to methicillin but to a
wide range of antimicrobial agents, including all kinds of B-lactams, has made therapy more difficult (Unci Ney et
al.,2006).. Although strategies have been proposed in an attempt to control the spread, the search for new ways to
treat MRSA infections stimulates the investigation of natural compounds as an alternative treatment of these

infections.In the present study, the analysis of the growth inhibition activity by the disk diffusion method showed
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that 10 medicinal plants (P. juliflora, P. granatum, S.trilobatum, O.tenuiflorum, R.uva-crispa, P.guajava, C. cajan,

E. hirta,P.niruri and P. amarus),were active against hospital strains of MRSA under test conditions with crude

extract concentrations as high as 59/20ml.( Williams, et al.,2007)

In the present study, 2 plant extracts (P. juliflora, P. granatum) were effective against MRSA, MRSA1,
MRSA2, MRSA 3, MRSA 4, MRSA 6, MRSA 7, MRSA 8 strains. We were using water, ethanol, methanol,
petroleum ether extracts for all the 8 strains. Methanol extract inhibit the growth of 8strains of MRSA. The

synergistic method were also performed for the methonal extracts with 10 antibiotics of methicillin (5ug),

methicillin (10pg), amoxyclav (30 pg 10 pg), amoxicillin (30 pg 10ug), cefdin (5ug), cephalothin (30ug), cefepime

(30uQ), cefaclor (30ug), vancomycin (30 ug) and teicoplanin (30ug) in MRSA strain.
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Abstract: The Holy aromatic medicinal plants such as Ocimum tenuiflorum (Tulsi), Solanum trilobatum (Thuthuvalai)
and Coleus aromaticus (Karpooravalli) was chosen for the antibacterial activity against respiratory pathogens such as
MRSA and K.pneumoniae .This medicinal plants was studied against two different pathogens identified from clinical
samples. The phytochemical test for three medicinal plants Tannins, Flavanoids, Trepenoids are present in three plants.
From the phytochemical analysis plant contains some components. These components play a main role in antibacterial
activity. We compared our finding with standard antibiotic disc against respiratory pathogens. Our finding shows the
maximum zone of inhibition observed in Tetracycline antibiotic. Then antibiotic sensitivity of respiratory pathogens
Methicillin Resistant Staphylococcus aureus (MRSA) against Vancomycin, Bacitracin, Tetracyclin, Kanamycin were
used. Among the 4 antibiotics Tetracycline was more effective against MRSA. Klebsiella pneumoniae against the
antibiotic for Tetracycline, Azithromycin, Erythromycin were used. Among the 3 antibiotics Tetracycline was more
effective against Klebsiella pneumoniae . The antibacterial activity of aromatic medicinal plants against respiratory
pathogens. In our present study analysed by four different concentration of plant extract 10mg,7.5mg,5mg,2.5mg both
disc and well diffusion methods.

Keywords: Klebsiella pneumonia, Azithromycin, Methicillin, Ocimum tenuiflorum, Coleus aromaticus, Solanum
trilobatum

Introduction:

A country like India is very much suited for the development of drugs from the medicinal plants. Because
of its vase and wide variations in soil and some types of climatic conditions, the Indian sub-continent is suitable
for cultivation of large number of medicinal and aromatic plant which can be used as raw plant materials for
pharmaceuticals, perfumery, cosmetics, food and agrochemical industries. Many of the plant materials used in
traditional medicine are readily available in rural areas at low cost than modern medicine (Milin Agarwal et al.,
2012). Solanun trilobatum playing an important role in health of all people’s life in many villages of India in
their day to day life by its traditional usage. It has been widely used to treat the respiratory disorders, diabetes,
cholera, bronchitis, high blood pressure, asthma, tuberculosis etc ., (Daunay &Chadha 2004). This Tulsi’s
different plant parts are used to the Ayurveda and Siddha systems of medicine for prevention and cure some
illnesses and common cold, head ache, cough, sore throat, bronchitis, asthma, flu, earache, fever, colic pain,
hepatic diseases, malaria fever, snake bite, scorpion sting, migraine headaches, fatigue, digestive disorders,
wound, arthritis, skin diseases, night blindness and diarrhea. Also the Tulsi leaves are good for the nerves
system sharpen memory and cure the ulcers and infections of mouth (Prajapati et al., 2003). The leaves of
Thuthuvalai are specific to treat the fever and common cold. During the rainy season some of viral and bacterial

infections are spread and cause infections

Materials and Method:
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In the present study, three important medicinal plants namely Ocimum tenuiflorum, Solanum
trilobatum and Coleus aromaticus assessed the phytochemical components and antibacterial activity against

respiratory pathogens with different concentration and combination.
The following objectives were carried out in this study:

e The organic solvents viz., Petroleum ether, Chloroform, Methanol, Acetone, Ethyl acetate, water
were used for the extraction of plant material.

e The extracts were screened for the presence of phytochemical compounds and also test antibacterial
activity against respiratory pathogens such as Klebsiella pneumoniae, Methicillin Resistant
Staphylococcus aureus (MRSA).

e The selected medicinal plants used in different concentration with different combinations to analyze

the antibiogram activity.

Collection of plant materials:

Healthy leafs of Ocimum tenuiflorum, Solanum trilobatum and Coleus aromaticus were collected from
Kandiyaperi near by Villages, Tirunelveli Dt. The leaves were washed thoroughly with normal tap water
followed by the sterile distilled water . Then the leaves were dried under shadow condition at room
temperature. Dried leaves were crushed to powder using grinding machine. Powder was stored at 4°C in tight air
container bottle.

Test Microorganisms :

Microorganisms choosen were obtained from the Laboratory of Micro Lab, Tirunelveli. The organisms
used for this study were; Methicillin Resistant Staphylococcus aureus (MRSA), Klebsiella pneumoniae. The
bacterial isolates were confirmed by using Gram staining, biochemical tests and plates on selective medium
via of MSA (Mannitol Salt Agar) medium, Mac Conkey agar.

Preparation of leaf extract:

The preparations of different leaves extract was done through the standard method . We choose the
solvent low polar to high polar concentrations. Solvents are 1.Petroleum ether 2.Chloroform 3.Methanol
4. Acetone 5.Ethyl acetate 6.Water.

Petroleum ether extraction method:

The shaded dried leaf materials were used to treat the petroleum ether solvent.50gms of each powder were
weighed and mix the petroleum ether (1:3w/v) 150ml. This was incubated for 24 hours. After 24hrs the extract
was filtered through the gauze cloth and Wattman No.1 filter paper in a beaker and allow to dry it for

evaporation. The plant powder was further treated with chloroform.

Chloroform extraction method:
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The petroleum ether treated the each plant powder was again dry it, and weigh the each plant powder. The
powder were mixed with the chloroform solvent (1:3 w/v) which was incubated for 24hours. After 24hrs, the
extract was filtered through the gauze cloth and Whattman No.1 filter paper in a beaker, and allow to dry it for

evaporation. The plant powder was further treated with methanol.
Methanol extraction method:

The chloroform treated with the each plant powder was dry it. And weigh the each powder. The powder were
mixed with the methanol solvent (1:3 w/v) which was incubated for 24hours. After 24hrs, the extract was
filtered through the gauze cloth and Whattman No.1 filter paper in a beaker, and allows to dry it for evaporation.

The plant powder was further treated with acetone.
Acetone extraction method:

The methanol treated with the each plant powder was dry it. And weigh the each powder. The powder
were mixed with the acetone solvent (1:3 w/v) which was incubated for 24hours. After 24hrs, the extract was
filtered through the gauze cloth and Whattman No.1 filter paper in a beaker, and allow to dry it for evaporation.

The plant powder was further treated with Ethyl acetate.
Ethyl acetate extraction method:

The acetone treated with the each plant powder was dry it. And weigh the each powder. The powder were
mixed with the ethyl acetate solvent (1:3 w/v) which was incubated for 24hours. After 24hrs, the extract was
filtered through the gauze cloth and Whattman No.1filter paper in a beaker, and allow to dry it for evaporation.

The plant powder was further treated with distilled water.
Water extraction method:

The ethyl acetate treated with the each plant powder was dry it. And weigh the each plant powder. The
powder were mixed with the Distilled water (1:3 w/v) which was incubated for 24hours. After 24hrs, the extract

was filtered through the gauze cloth and Whattman No.1 filter paper in a beaker, and allow to dry it .
Phytochemical screening:

The various solvent extracts of the powder of leaves of Ocimum tenuiflorum, Solanum trilobatum and
Coleus aromaticus were subjected to the phytochemical test for the identification of various active

constituents, using the method followed (Malcom and Sofowora ,1969).
Test for Tannins:

About 2ml of the aqueous extract was mixed with 2ml of distilled water and few drops of FeCls

solution were added.
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Test for Saponins:
3ml of the aqueous extract shaken vigorously with 3ml of distilled water in a test tube and warmed.
Test for Phlobatannins:
2ml of aqueous extract was added and 2ml of 1%HCI and the mixture was boiled.
Test for Flavonoids:
5ml of aqueous extract was added and 1ml of H,SO4 added. Few minutes wait and observe the result.
Test for Terpenoids:

2ml of aqueous extract was dissolved in 2ml of chloroform and evaporate it. Then 2ml of concentrated

H,SO4 was added and heated for about 2min.
Test for Glycosides:

2ml of aqueous extract was dissolved in 2ml of chloroform and 2ml of acetic acid was added in it. The

solution was cooled in ice. Then H,SO4 was added carefully. Then observe the result.
Test for Steroids:

2ml of extract was dissolved in 2ml of chloroform and 2ml of concentrated H,SO, was added and observe

the result.
Test for Phenols:

1ml of aqueous extract were dissolved in 5ml of alcohol and treated with few drops of FeCls solution.
Test for protein and Aminoacids:

2ml of plant extract dissolved in 2ml of water. Change the colour indicates the presence of protein.
Test for Alkaloids:

5ml of plant extract was mixed with 1% HCI .The solution obtained was filtered and then 1ml of filtrate
was treated with few drops of Mayer’s reagent. Formation of turbidity or cream precipitate indicates

presence of alkaloids.
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Antibacterial Activity:
Well Diffusion Method:

The modified Antibacterial test was performed using agar well diffusion method. (Collins et al, 1995).The
test microorganisms were inoculated on Muller Hinton agar (MHA) and spread uniformly using the organism
swab. Wells are 8mm in diameter were made on MHA using a sterile well puncher. The agar blocks were
carefully removed by the use of sterilized forceps. The various concentration of each plant extracts were
transferred to the wells. Then the one of the well were filled with solvents are used to take the extract, so that
solvent was adding the one well. The plates were allowed to stand for Z1hour at room temperature for
diffusion of the substances before the growth of the microorganism commenced. The plates were incubated

at 37°C for 24hours and the zone of the inhibition was recorded.
Disc Diffusion Method:

The Muller Hinton agar was poured into sterile petriplates separately which were labeled
appropriately using aseptic technique. The broth culture of the microorganisms was spread over the
surface of agar plate. And the standard disc was placed . And another petriplate , solvent control was added.
Each solvent was added to each disc and finally each plant solvent was treated with Dimethyl sulphoxide
(DMSO) dissolve it. Then different concentrated each extracts were added to the discs. The petriplate were
incubated at 37°C for 24hours in an inverted position. The inhibition zone of microbes was observed and were

measured and control disc were observed.

Result and Discussion:

In the present investigation the respiratory pathogens were isolated from the clinical samples. The
organisms were identified by the preliminary and biochemical test. Based on the results we isolated two
respiratory pathogens namely Methicillin Resistant Staphylococcus aureus (MRSA) and  Klebsiella

pneumoniae. these two pathogens selected for antibacterial studies.

Table :1. Preliminary Bacterial Identification Test

S.NO. | Name of the organisms Gram’staining Motility Oxidase Catalase
1. Methicillin Resistant Gram positive Non-motile Negative Positive
Staphylococcus cocci (Grape like
aureus(MRSA) clusters)
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2. Klebsiella pneumonia Gram negative Non-motile Negative Positive
bacilli (rod)
Table : 2. Biochemical reactions of Respiratory pathogens
Organism Name
Indole MR VP Citrate | Urease | TSI G S L M
Methicillin Resistant - + + - - AIA | AIG | AIG | AIG | AG
G()
Staphylococcus aureus H,S
Q]
A/A
G(+)
Klebsiella pneumoniae - - + + + H,s | AG | AIG | AIG | AIG
Q]

Table: 3. Phytochemical results for Ocimum tenuiflorum, Solanum trilobatum and Coleus aromaticus

(Aqueous extract)

S.NO Chemical Ocimum Solanum Coleus
constituents tenuiflorum trilobatum aromaticus
1 Tannins + + +
2 Saponins - + -
3 Phobatannins + - -
4 Flavanoids + - +
5 Terpenoids + - +
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6 Glycosides +

7 Steroids +

8 Phenols -

9 Protein,Amino acid -

10 Alkaloids -

Figurel: Antibacterial activity of Coleus aromaticus by disc diffusion method against MRSA

Zone of inhibition in cm

m10 mg

m7.5mg

5 mg

Concentration of C.aromaticus against MRSA

2.5mg

Table 4: Antibacterial activity of Ocimum tenuiflorum &Solanum trilobatum (OT&ST) against Klebsiella pneumoniae

S.No Solvent Well diffusion method (mm)
10mg 7.5mg 5mg 2.5mg
1. Methanol 1.2+0.15 1.0+0.05 0.8+0.05 0.8+0.05

Sensitive: > 10 mm Resistant: < 10 mm
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Picture.1. Methicillin Resistant Staphylococcus aureus
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Abstract

Plants and plant products have been used as medicine from the ancient. It is estimated by the World
Health Organization that approximately 75 — 80 % of the world's population uses plant medicines either
party entirely as medicine. Recently there been a shift inuniversal trend from synthetic to herbal medicine,
which we can say Return to Nature Medicinal plants have been known for millennia and are highly esteemed
all over the world as a rich oftherapeutic agents for the prevention of diseases and ailments. Nature has
bestowed our country withan enormous wealth of medicinal plants, therefore India has often been referred to
as the Medicinal Garden of the world Medicinal plants are the important source for the new chemical
substances withpotential therapeutic effects (Sharma et al., 2012).
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1. Introduction

Research in herbal medicine has increased
in developing countriesway to restore ancient
traditions as well as an alternative solution to
health problems. Therefore with the increasing
acceptance of traditional medicine as an
alternative form of health care, the screening of
medicinal plants for active compound has become
very important (Deepa Chandra, 2013). Prosopis
juliflora has been used as a folk remedy for
catarrh cold, diant dysentery, excrescences, Nu,
inflammation, measles, sore throat and in healing
of wound from Prosopis juliflora is one of the
most economically and ecologically important tree
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species in arid and semi-atidzones of the world. It
is an important species because of its high
nitrogen fixing potential in very dryareas and in
drought seasons and also because of it provides
shelter and food to many species of animals on its
nectar, pollen, leaves and fruits. The shrubs of
Prosopis juliflora are highly esteemedfor
windbreaks, soil binders, sand stabilizers, living
fences, fuel wood, bee plants and animal feed.
These uses together with fast growth, drought
resistance and salt tolerance love lead to its
introduction in many arid ones. The genera
Prosopis and each contain some of the
mostwidespread and important tree species in the
arid and semi-arid zones of the tropical and sub-
tropical world species of these two genera have
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been estimated to occupy some 3.1 million square
kilometers. Prosopis juliflora grows abundantly in
Indian sub-continent and commonly it is known as
Mosquito (English), Algarroba (Spanish), Vilayati
babul, Vilayati khan, Gando baval and Vilayati
kikar (India). The genus Prosopis is thought to be
evolved approximately 70 million years ago,
before the African and south American continents
separated. Prosopis genus cropped up in the
American sub continent with two centers of
diversity, the Texan-Mexican and the Argentinean
center having a large number of sympatric species.
Laves are bipinnate, with 1 to 10 leaves per node
and petiole plus rachis 5 to 20 cm long. While
trees are generally evergreen, Prosopis juliflorais
occasionally deciduous, possibly due to drought or
cold temperature.

2. Materials and Methods
Collection of plant materials

Healthy leafs of Prosopis juliflora were
collected from Tirunelveli, Tamil Nadu, India.
The leaves were washed thoroughly with normal
tap water followed by the sterile distilled water.
Then, the leaves were dried under shadow
condition at room temperature. Dried leaves were
crushed to powder using grinding machine.
Powder was stored at 4°C in tight air container
bottle for further use.

Test microorganisms

Test sample were collected form reputed
laboratory in Tirunelveli, Tamil Nadu, India.
Pathogens were isolated from wound infections.
The test pathogens identified based on their
physiological and biochemical characters. The
bacterial isolates were confirmed by using Gram
staining, Biochemical tests and Platting on
selective medium like MSA (Mannitol Salt Agar)
medium, MacConkey agar and King’s Medium.
The organisms used for the current study were
Staphylococcus sp., Bacillus sp. and Pseudomonas

sp.

Preparation of Leaf extracts

The preparation of different leaves extract
was done through the Standard method. The
solvent with low polar concentrations like

Petroleum ether, Chloroform, Methanol, Ethanol,
Ethyl Acetate and Water were used for the present
research.

Petroleum ether extraction method

The shaded dried leaf materials were used
to transfer to the Petroleum ether solvent. Fifty
grams of each powder were weighed and mixed
with the 150 ml Petroleum ether (1:3 w/v) and
incubated for 24 hours. After 24 hrs, the extract
was filtered through the gauze cloth and Wattman
No.1 filter paper in a beaker and allows drying it
for evaporation. The plant powder was further
treated with chloroform.

Chloroform extraction method

The Petroleum ether treated each plant
powder was again dried and weighed. The powder
was mixed with the Chloroform solvent (1:3 w/v)
which was incubated for 24 hrs. The extract was
filtered through the gauze cloth and Whattman
No.1 filter paper in a beaker, and allow to dry it
for evaporation. The plant powder was further
treated with methanol.

Methanol extraction method

The chloroform treated with each plant
powder was dried and weighed. The powder was
mixed with the methanol solvent (1:3 w/v) which
was incubated for 24 hours. After 24 hrs, the
extract was filtered through the gauze cloth and
whattman No.1 filter paper in a beaker, and
allowed to dry it for evaporation. The plant
powder was further treated with ethanol.

Ethanol extraction method

The methanol treated with each plant
powder was dried and weighed. The powder was
mixed with the ethanol solvent (1:3 w/v) which
was incubated for 24 hours. After 24 hrs, the
extract was filtered through the gauze cloth and
Whattman No.1 filter paper in a beaker, and
allows drying it for evaporation. The plant powder
was further treated with ethyl acetate.

Ethyl acetate extraction method

The ethanol treated with each plant powder
was dried and weighed. The powder was mixed
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with the Ethyl acetate solvent (1:3 w/v) which was
incubated for 24 hours. After 24 hrs, the extract
was filtered through the gauze cloth and
Whattman No.1 filter paper in a beaker, and
allowed to dry it for evaporation. The plant
powder was further treated with distilled water.

Aqueous extraction method

The ethyl acetate treated with each plant
powder was dried and weighed. The powder was
mixed with the distilled water (1:3 w/v) which was
incubated for 24 hours. After 24 hrs, the extract
was filtered through the gauze cloth and
Whattman No.1 filter paper in a beaker, and
allows drying it.

Phytochemical screening

The various solvent extracts of powder of
leaves of Prosopis juliflora were subjected to the
phytochemical test for the identification of various
active constituents, using the method followed by
Cowan (1999).

Test for Tannins

About 2 ml of the aqueous extract was
mixed with 2 ml of distilled water and few drops
of FeClssolution were added.

Test for Saponins

About 3 ml of the aqueous extract shaken
vigorously with 3 ml of distilled water in a test
tube and warmed.

Test for Phlobatannins

About 2 ml of aqueous extract was added
and 2 ml of 1 % HCI and the mixture was boiled.

Test for Flavonoids

About 5 ml of aqueous extract was added
and 1 ml of H,SO, was added. Few minutes wait
and observe the result.

Test for Terpenoids

About 2 ml of aqueous extract was
dissolved in 2 ml of chloroform and evaporate it.
Then 2 ml of concentrated H,SO, was added and
heated for about 2 minutes.

Test for Glycosides

About 2 ml of agueous extract was
dissolved in 2 ml of chloroform and 2 ml of acetic
acid was added in it. The solution was cooled in
ice. Then, H,SO, was added carefully and results
observed.

Test for Steroids

About 2 ml of extract was dissolved in 2
ml of chloroform and 2 ml of Concentrated
H,SO,was added and observe the result.

Test for Phenols

About 1 ml of aqueous extract were
dissolved in 5 ml of alcohol and treaded with few
drops of FeCls solution.

Test for Protein and Aminoacids

About 2 ml of plant extract dissolved in 2
ml of water. Change the colour indicates the
presence of protein.

Test for Alkaloids

About 5 ml of plant extract was mixed
with 1 % HCI. The solution obtained was filtered
and then 1ml of filtrate was treated with few drops
of Mayer’s reagent. Formation of turbidity or
cream precipitate indicates presence of alkaloids.

Test for Carbohydrates

About 1 ml of aqueous extract was added
and few drops of Molisch’s reagent were added,
and then few minutes wait. Then, few drops of
concentrated H,SO, was added and heated for
about 2 minutes.

Test for Quinins

About 1 ml of aqueous extract was added
and 1 ml of H, SO, was added after few minutes
result was observed.

Test for Glycosides

About 1 ml of aqueous extract was added
with 2 ml of Glacial acetic acid and waited for few
minutes. Then, few drops of 5 % Ferric chloride
were added. Then, 1 ml of H,SO, was added,
waited for few minutes to observe the result.
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Test for Coumarin

About 1 ml of aqueous extract was added
and 1 ml of 10 % of NaOH was added. After few
minutes, result was observed.

Test for Triterpeniods

About 1.5 ml of aqueous extract was added
and 1ml of Libeman buchard reagent was added.
Then, 1 ml of concentrated H,SO, was added and
the results were observed after few minutes.

Test for Anthraquinones

About 1 ml of aqueous extract was added
and few drops of 10 % Ammonia solution were
added.

Determination of Antibacterial activity by Well
diffusion method

The modified antibacterial test was
performed using agar Well diffusion method. The
test microorganisms were inoculated on Muller
Hinton agar (MHA) and spread uniformly using
the swab. Wells are 8 mm in diameter were made

1723

on MHA using a sterile well puncher. The agar
blocks were carefully removed by the use of
sterilized forceps. The various concentrations of
each plant extracts were transferred to the wells.
Then, the one of the well were filled with solvents
are used to take the extract, so that solvent was
adding the one well. The plates were allowed to
stand for 1 hour at room temperature for diffusion
of the substances before the growth of the
microorganisms commenced. The plates were
incubated at 37 °C for 24 hours and the zone of
inhibition was recorded.

3. Results and Discussion

The microorganisms were identified by the
preliminary and then biochemical test. Based on
the biochemical characterization, three respiratory
pathogens were isolated namely Staphylococcus
sp., Bacillus sp. and Pseudomonas sp. were
identified and the results were given in Table — 1.

Table — 1: Biochemical characterization of identified bacteria

Name of the bacteria

Indole

MR

VP

Citrate

Urease

TSI

Staphylococcus sp.

+

+

+

+

Bacillus sp.

+

+

Streptococcus sp.

+

Table — 2: Phytochemical character for Prosopis juliflora

Chemical Constituents

Acetone

Benzene

Chloroform

Water

Carbohydrates

+

Tannins

=+

+

Saponins

Flavonoids

Alkaloids

Reducing sugar

+ |+ |+

+ [+ |+

Phytosterols

Xantho proteins

Phenols

Coumarins

+| 4]

Steroids

Triterpenoids

Anthra quinines

+

©2019 Published by JPS Scientific Publications Ltd. All Rights Reserved




S. Muthu Raj/ Life Science Archives (LSA), Volume — 5, Issue — 6, 2019, Page — 1720 to 1725 1724

10

Zone of inhibition in mm

» 100l
» 90ul
75ul

60l

Figure — 1: Screening of Prosopis juliflora crude fresh green extract as assayed by Well diffusion
method against different pathogenic bacteria
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array-based high-throughput proteomics. This provides considerable outputs in differential prommc expression



Highlight

Highlight

Highlight

Highlight


JASC: Journal of Applied Science and Computations ISSN NO: 1076-5131

1L Proteomics techniques

Proteomics studies can be carried out by diverse field of techniques which make platform for
separation and identification of protein and to determine the bio molecular interactions, function,
regulation and many other processes for distributing protein information (Figure 1)

111 Microarray techniques

High-throughput detection from meagre quantity of sample is performed by protein microarray
methods which are classified into three types viz., analytical protein microarray, functional protein
microarray and reverse-phase protein microarray. Antibody microarray is one of the representative
type of analytical protein microarray. Protein samples are detected by direct protein labeling after
antibody capture. Protein expression level and its binding affinities are typically used to measure
cancer cells through antibody microarray (Ebhardt et.al., 2015). Differential protein expression in
tissues derived from squamous carcinoma cells of oral cavity was carried out through antibody
microarray by Knezevic etal., (2001). Functional protein microarray method is created by using
purified protein thereby permitted to observe various interactions like protein—DNA, protein—RNA and
protein—protein, protein—drug, protein—lipid and enzyme-substrate. The reverse-phase protein array
(RPPA) is used analyze signaling pathways by using tissue samples. In RPPA, the cell lysates prepared
from different cells and tissues are arrayed on nitrocellulose coated slide that are probed with
antibodies. The antibodies are detected by fluorescent, chemi-luminescent and colorimetric assays.
For quantification of protein, reference peptides are printed on slides. The altered or dysfunction
protein are indicating the particular disease can be determined by using microarrays.
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VL Proteomics in diagnostics

L Proteomics technology is emerged as a powerful tool to understand molecular basis of disease by the way
; to identify active biomarker to find suitable drug discovery. This novel technique is widely used worldwide in the
field of cancer research and other diseases threating the human population. Analysis of protein sample can be done
| by 2 DE followed by MS can be quantitatively measured by label based or label free methods. Disease markers are

to be identified for the identification and examination of protein sample. Latest development noticed in proteomics

technology pave the way for the simultaneous analysis of thousands of low molecular weight proteins. This
envisages the patterns of disease and early detection and assessing prognosis of a disease. Thus, the biomarkers are

used as the potential diagnostic markers to identify the state of disease to perform precision translational medicine.

Many proteomics studies are focused on cancer and earlier diagnosis of cancer is possible by using modern

proteomic approach, Early diagnosis of cancer can be done by MALDI. Ovarian cancer is highly lethal due to lack

of specific screening tool for early detection. Identification of biomarkers using proteomic techniques resulted
predictive value

improved positive s ion. P i
(Bast. et.al., 2005). Drug resistant Mycobacterium (uberculosis strain is affecting millions of population. Proteomic

j P N inical trial
study enable the detection of protein secreted by Mycobacterium tuberculosis during 1n vitro clinical trials
(Bahk.et.al.,. 2004).

Vil.  Proteomics in therapeutics
' onsi e disease. A sequence of study
Prtcomic i an effcient ool fo denificton o 54 e dleNCL) patients by 2-DE and
Satied ut using autopsy brain tssue oflate infafile s ceroid lipo fuscinosis (LINCL) pati
e Lo rotein in LINCL patients compared to

bserved . absence of p

Page No:2905
¢ VI, Issue VI, JUNE/ 2019



L |

ISSN NO
10760,
Sy

ysis of the gen¢ in LINCL patients (S !
. ea
er diseases followed by the research us; t ey, 1
mg the

has established a distinctive ability to ang|
Yze

JASC: Joutnal of Applied Science and Computations

during sequence anal

normal persons. Mutations Were identified
dentified for oth

al.,1999). Innumerable proteomic markers were 1

genes responsible for the disease. The reverse-phase protein array
an cells collected from b

using gene arrays is considerably important for the classificati
ation of (F

iopsy specimens obtained during clini
g clinical tr
trials

signaling pathways using tiny amount of hum
(Paweletz et.al, 2001). Molecular profiling
patients based on the disease stage Of clinical

outcome (Fig.2)-




[SSN NO: 1076-5131

Journal of Applied Science and Computations

VIIL Conclusion

and proteomic data t0
bserved in the field
on of

-'k& deal the diagnosis and therapeutics by integration of biochemical, genetic
cars there is a tremendous development 0
linical problems. Combinati

nd efficient to solve ¢
able solutions for the potential diseases.
the diseases

ide appropriate remedy for

M to be a rapid, accurate a
to further more development of new insights and prob

n‘_gethn&s-md novel approaches enable us to provi

Acknowledgement

‘The
‘authors ax; extending their immense pleasure 10 thank Dr.G. 8. Vijayalal
Wmﬂt&l iotechnology, Manonmaniam Sundaranar University, Tirunelveli

su,ggasti
ons given during the preparation of the manuscript.

akshmi, former Professor of
for the support and valuable

References

04). Antlgens secreted ﬁom Mycobm:r.mum

Mﬁm by mteomws appmach and test for dmgnosnc

” Jr, Badgwell D, Lu Z, Mmquan Rosen
&gr.uﬂ G}’nmgiﬁdc 15 GF 274281, D, et al. (2005) New tumor markers: CA125 and beyond. International

R., Roth 'Mihm?m,ﬁdg . 3rd. and Liotta
i ture ’
p ease progression show activation of pro-survival path
ways at

ia0 CC, Kao CH, et al. Compara
185 7()5!%705 4l tive proteomic profiling reveals a role for Cisd2 i
isd2 in

Al of Nutrition, 133: 24765-2484



Available online at www.jpsscientificoublications.com

Life Science Archives (LSA)

ISSN: 2454-1354
Volume - 4; Issue - I; Year - 2018; Page: 1239 - 1247
DOI: 10.22192/1s2.2018.4.1.1

Research Article

RESPONSE OF DIFFERENT FORMULATIONS OF 1-AMINOCYCLOPROPANE-1-
CARBOXYLATE (ACC) DEAMINASE POSITIVE WILD AND DEFICIENT
MUTANT STRAINS OF Pseudomonas AND Paenibacillus ON PLANT GROWTH
PROMOTING CHARACTERISTICS IN MAIZE (Zea mays L.) cv. CO1

S. Esath Natheer®”, R. Haseena?, M. Syed Abdul Rahman® and K. Feroz Khan®
'Department of Microbiology, Nehru Arts and Science College, Coimbatore — 641 105. Tamil Nadu, India.
Department of Food and Agricultural Process Engineering, Tami Nadu Agricultural University,
Coimbatore — 641 003, Tamil Nadu, India.

*Department of Marine Microbiology, Faculty of Marine Sciences, Centre of Advance Study in Marine
Biology, Annamalai University, Parangipettai — 608 502, Tamil Nadu, India.

Abstract

The response of different formulations of 1-aminocyclopropane-1-carboxylate (ACC) deaminase
positive wild and acd deficient mutant strains of Pseudomonas fluorescens and Paenibacillus polymyxa on
plant growth promoting characteristics in maize was studies under in vitro condition. The bioinoculation
effect of Pseudomonas fluorescens and Paenibacillus polymyxa as co-flocs, augmented the seed vigour index
and adhesion to maize roots to a higher level and also decreased the incidence of Helminthosporium
turcicum, followed by co-inoculation and single strain inoculation. Between the two wild and mutant strains
of Pseudomonas fluorescens and Paenibacillus polymyxa, wild strains of Pseudomonas fluorescens and
Paenibacillus polymyxa recorded the highest value for plant growth promoting characteristics when
compared to their respective mutant strains. When comparing among two wild strains of Pseudomonas
fluorescens and Paenibacillus polymyxa, the wild strain Pseudomonas fluorescens were found to produce
better performance than wild strains of Paenibacillus polymyxa. The results of the present study clearly
envisaged the positive effect of co-flocs formulation of Pseudomonas fluorescens and Paenibacillus
polymyxa wild strains, exhibiting ACC deaminase activity in augmenting the plant growth promoting
characteristics.

Article History Key words: Maize, Pseudomonas fluorescens,
Received : 15.10.2017 Paenibacillus polymyxa, ACC deaminase, Co-
Revised : 12.11.2017 flocs, Wild, acd deficient mutant and Plant growth
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1. Introduction

Impact of rhizobacteria generally on plant However, plant growth promoting rhizobacteria
growth and health may be classified as neutral, (PGPR) specifically are beneficial and the
deleterious or beneficial (Kloepper, 1989). beneficial effects have been utilized in many areas

including biofertilizer, disease control, microbe-
* Corresponding author. Dr. S. Esath Natheer rhizoremediation,  biopesticide, in  forestry
E.mail: esathnatheer@gmail.com (Kloepper, 2003; Lucy, 2004), as well as

probiotics. PGPR are naturally occurring soil
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bacteria that aggressively colonize plant roots and
enhance the plant growth directly by eliciting root
metabolic activities by supplying biologically
fixed nitrogen (Glick et al., 1999), hormonal
interaction, improvement in root growth,
solubilization of nutrients and indirectly by acting
against phytopathogens (Lugtenberg et al., 2002;
Morrissey et al., 2004; Ehlers, 2006). The well
known PGPR include genera, viz., Azospirillum,
Azotobacter, Pseudomonas, Bacillus, Azoarcus,
Klebsiella, Arthrobacter, Enterobacter, Serratia
and Rhizobium on non-legumes (Burdman et al.,
2000; Berg, 2009). Among these bacteria
Pseudomonas and Bacillus are the most widely
reported PGPR.

Maize (Zea mays L.) is the third major
crop of the world after wheat and rice which
provides more nutrients for humans and animals
than any other cereals and the same is grown in
many countries, including India. The desire of
every grain producer is to obtain high yields at
reduced production costs so as to optimize net
returns on investments. Crop establishment and
plant vigour represent key factors that influence
the success of grain crop production
(Hammermeister et al., 2008). Certain bacteria
possess an enzyme viz., ACC-deaminase (acd) that
hydrolyzes  1-aminocyclopropane-1-carboxylate
into ammonia and o-ketobutyrate (Mayak et al.,
1999). PGPR strain containing ACC-deaminase
activity could suppress the accelerated
endogenous ethylene synthesis, thus facilitate the
root elongation and nutrient absorption of host
plant which resulted in improved growth and yield
of crop plant improved growth and yield of crop
plant. The inoculant formulations play a critical
role in determining the success of bioinoculant.
Among the various novel agricultural bioinoculant
technologies, the EPS rich “Intergeneric PGPR co-
flocs”, containing ACC-deaminase positive
rhizobacterial strains, seems to be a better one, in
terms of, high cell titre, increased adhesion to
plant roots, enriched in encysted cells and spores
with EPS rich network, longer shelf life and
Induced systemic resistance (ISR) mediated
biocontrol against phytopathogens.

Seed inoculation of PGPR strains
containing acd activity reduces the inhibitory
effect of ethylene at spermosphere and leads to the
improvement plant growth promotion (Penrose et
al., 2001; Mayak et al., 2004). Pseudomonas and
Paenibacillus are the two important PGPR genera
which are frequently encountered from the
rhizosphere of maize and the PGPR characteristics
of the same have been described by many authors
in different crop plants (Sheng et al., 2008;
Timmusk et al., 2005). Among the various novel
agricultural bioinoculant technologies, the EPS
rich “Intergeneric PGPR co-flocs”, containing
ACC-deaminase positive rhizobacterial strains,
seems to be a better one, in terms of, high cell
titre, increased adhesion to plant roots, enriched in
encysted cells and spores with EPS rich network
and longer shelf life. However, there were no
reports on the response of different formulations
of Pseudomonas and Paenibacillus ACC-
deaminase wild and deficient mutants on different
plant growth promoting attributes in maize crop.

Hence, the present study has been
undertaken with an aim to exploit the response of
acd positive (wild) and acd deficient mutant strain
of Pseudomonas fluorescens and Paenibacillus
polymyxa along with “intergeneric co-flocs” on
enhancement of plant growth promotion and
biocontrol of leaf blight disease.

2. Materials and Methods
Culture condition

Pseudomonas fluorescens and
Paenibacillus polymyxa, isolated from the
rhizosphere of maize grown at Kadampuliyur,
Chidambaram taluk, Cuddalore district, Tamil
Nadu state, India were used in the present study.
The P. fluorescens and P. polymyxa isolates were
positive for their ACC-deaminase (acd) activity,
maintained in King’s medium B (King et al.,
1954) and Nutrient Glucose agar (Englesberg and
Ingraham, 1957) slants, respectively, and
incubated at 28+2°C, with monthly transfer.
Helminthosporium turcicum (AU-1), obtained
from the Department of Plant Pathology, Faculty
of Agriculture, Annamalai University, Annamalai
Nagar, India, was used as a reference strain for the
biocontrol study and the same was maintained in
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Potato Dextrose agar (PDA) slants and examined
periodically for its virulence.

P. fluorescens and P. polymyxa was also
grown on DF salts minimal medium [(composition
in g per litre) KH,PO4 4.0; Na,HPO, 6.0;
glucose, 2.0; gluconic acid, 2.0; citric acid, 2.0;
MgSO4'7H20, 0.2; FeSO,4-7H,0, 0.0001; H;BO3,
0.0010; ZnSO4-7H,0, 0.0070; CuSO4-5H,0,
0.0050; MoOs;, 0.0010] (Dworkin and Foster,
1958). The medium was supplemented with either
2.0 g of ammonium sulphate or 3.0 mM ACC
(Clearsynth, Mumbai).

Chemical mutagenesis and selection

The construction of ACC-deaminase
deficient mutant (acd) of P. fluorescens and P.
polymyxa isolates was carried out according to
Miller (1972) and selection was carried out
according to Glick et al. (1994).

Preparation of P. fluorescens and P. polymyxa
co-flocs

The co-flocculation of P. fluorescens and
P. polymyxa isolates were prepared in co-floc
buffer as described by Grimaudo and Nesbitt
(2997). One ml aliquot of each PGPR isolates viz.,
P. fluorescens and P. polymyxa strains were mixed
together in 10 ml co-floc buffer. The mixtures
were vortexed for 10 sec, shaken on a rotary
platform shaker for 3 min and left undisturbed at
room temperature for 24 hrs. All co-floc reactions
were performed in triplicate and uninoculated
buffer served as control. After incubation co-
flocculation  percentage was measured as
described by Madi and Henis (1989).

Preparation of different bioformulation

One ml culture of each PGPR isolate (1 x
10" CFU per ml) under different formulations
were prepared viz., control, single strain
inoculation of either wild or acd deficient mutants
of P. fluorescens and P. polymyxa, co-inoculation
of wild or acd deficient mutants of P. fluorescens
and P. polymyxa and co-flocs application of wild
and acd deficient mutants of P. fluorescens and P.
polymyxa and used to evaluate plant growth
promoting characteristics of maize cv. CO1 on the

enhancement of seed vigour index, adhesion to
maize roots and reduction in Helminthosporium
turcicum incidence was studied under in vitro
condition.

Response of different formulations on plant
growth promoting characteristics
Seed vigour index of maize

Maize (Zea mays L.) cv. CO1 maize seeds
were surface sterilized by immersion in 95%
ethanol for 1 min, followed by 20 min in 1%
NaOCIl. After rising three times with sterile
distilled water, the sterilized seeds were placed on
the surface of 1 per cent water agar in petriplates
(9 cm dia, at five seeds per plate) were treated
with the different bioformulations as mentioned
above. The maize seeds were subjected to the
above treatments, dried in shade for 30 min.
Then, the inoculated maize seeds were arranged in
two rows on a sheet of blotting paper dipped in
sterile water. Then, they were covered with
another blotting paper dipped in sterile water,
rolled and placed vertically in a moist chamber at
20 °C. Uninoculated seeds with distilled water
treatment served as control. After the incubation
for 5 days, each roll was opened and the vigour
indices of germinated maize seeds were calculated
by the method of Abdul-Baki and Anderson
(1973).

Vigour index = (mean root length + mean
hypocotyl length) x % germination

Adhesion to maize roots

Surface sterilized seeds were incubated in
an inverted position for 3 days at room
temperature to allow germination. The plates were
sealed with wax to avoid agar dryness during
germination. After germination, the three day old
seedlings were transferred to slopes of Fahraeus
solution (Fahraeus, 1957) solidified with 1.5 per
cent agar in test tubes. Sterile Fahraeus solution
was added to fill the empty portion of the agar
slopes and the tubes were incubated for three more
days (24°C day / 22°C night). After the incubation
period, the roots were collected from each tube
separately, washed first with sterile water and later
three times in 0.1 M phosphate buffer (pH 6.8),
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cut into 5 cm pieces and used for adsorption study
as described by Gafni et al. (1986).

Preparation of growth chamber and challenge
inoculation

The growth chamber was a desiccator (12
x 10 cm) consisting of two parts. The lower part
was filled with weaver’s medium (Weaver et al.,
1975) and upper part contained stainless steel wire
mesh (mesh size 3 mm) supports. The lid was
placed over the cotton and the chamber was closed
before sterilization. The growth chamber was
sterilized by autoclaving. Fifty germinated maize
seeds with coleoptile (2 cm high) were transferred
aseptically onto the stainless steel wire mesh,
incubated for 10 days in the growth chamber with
14 hrs day and 10 hrs night cycle and temperature
ranging from 24°C at night to 32°C around noon.
By this time, the maize roots yielded many lateral
roots, well spread in the Weaver’s medium
maintained at the lower part of the growth
chamber.

Maize plants were challenge inoculated by
spraying the spore suspension of
Helminthosporium  turcicum at a  spore
concentration of 50,000 spores per ml inoculum
level on 10™ DAS with an atomizer and control
plant was sprayed with sterile Weaver’s medium.
High humidity was created by sprinkling the water
frequently in the polyhouse.

After one week of challenge inoculation,
three plants from each treatment were carefully
removed and rinsed with sterile distilled water.
The leaf blight disease incidence was enumerated
with a score chart of 0 to 9 grades devised by
International Rice Research Institute (1980).

Statistics analysis

The experimental results were statistically
analyzed in randomized block design (RBD) and
in Duncan’s multiple range test (DMRT) as per
the procedure described by Gomez and Gomez
(1984).

3. Result and Discussion

Pseudomonas fluorescens and
Paenibacillus polymyxa wild strains registered a

normal growth in the DF salts medium amended
with ACC and suggested the ability of the wild
strains to utilize ACC, as a sole ‘N’ source
whereas the ACC deaminase (acd) deficient
strains could not able to metabolize ACC and
resulted in poor or no growth (data not shown).
Glick et al. (1994) constructed an acd deficient
mutant strain of Pseudomonas putida GR-12-2 by
chemical mutagenesis (nitrosoguanidine) and
reported the inability of the respective mutants to
utilize ACC. The results of the present study also
clearly in accordance with the earlier findings of
Glick et al. (1994).

The response of different formulations of
wild and acd deficient mutants of P.
fluorescens and P. polymyxa cells viz., control,
single strain inoculation of either wild or acd
deficient mutants of P.  fluorescens and P.
polymyxa, co-inoculation of wild or acd deficient
mutants of P. fluorescens and P. polymyxa and co-
flocs application of wild and acd deficient
mutants of P. fluorescensand P. polymyxa, on
plant growth promoting characteristics of maize
cv. COL1 viz., enhancement of seed vigour index,
adhesion to maize roots and reduction in
Helminthosporium turcicum was studied under in
vitro condition. Among the different formulations
of P. fluorescens and P. polymyxa cells, the
application of co-flocs of P. fluorescens and P.
polymyxa wild cells augmented the highest level
of seed vigour index and adhesion to maize roots,
followed by the co-flocs of P. fluorescens and P.
polymyxa acd mutant strains, coinoculation of P.
fluorescens and P. polymyxa wild strains,
coinoculation of P. fluorescens and P. polymyxa
mutant strains, single wild strain inoculation of P.
fluorescens and P. polymyxa, single mutant strain
inoculation of P. fluorescens and P. polymyxa and
control. Moreover, the application effect of P.
fluorescens and P. polymyxa wild strains as co-
flocs positively reduced the incidence of leaf
blight disease to a higher level when compared to
other treatments (Table - 1).

The improved plant growth promoting of
seed vigour index is due to application of co-flocs
containing acd positive P. fluorescens and P.
polymyxa suggested the positive role of acd in
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modifying the ethylene level during germination
of maize seeds as suggested earlier by Glick et al.
(1994). Phytostimulatory effect of Pseudomonas
cells has been already reported by Ahmad et al.
(2005) and Glick et al. (2007). Neyra et al. (1999)
described the phytostimulatory effect of
“Intergeneric coaggregates” containing
Azospirillum and Rhizobium, on the enhancement
of growth parameters in faba bean. Further, the

positive role of rhizobacterial ACC-deaminase
activity on the enhancement of seed germination
and plant growth stimulation has been reported by
many authors (Glick et al., 1994; Contesto et al.,
2008; Ma et al., 2008; Barnawal et al., 2017). The
production of ACC-deaminase by P. fluorescens
and P. polymyxa has been confirmed (Glick et al.,
1994; Belimov et al., 2007).

Table — 1: Response of different formulations of P. fluorescens and P. polymyxa wild and acd deficient mutant strains of
different plant growth promoting (PGP) characteristics in maize cv. CO1

Seed vigour No. of adhered cells Percentage of
Treatment? e (10* CFU g™ dry wt. of disease
Index root h™')°° incidence®®

Control 10320 + 19.18' - 82.58 + 1.27'
P. fluorescens (W) 12980 +9.72° 272.81 +2.97° 59.85 + 0.93°
P. fluorescens (M) 11850 + 17.27¢ 198.16 + 2.07¢ 70.21 +0.529
P. polymyxa (W) 12420 + 16.83" 248.72 + 2.60" 64.63 + 0.34"
P. polymyxa (M) 11350 + 20.08" 183.31+1.81" 76.48 + 0.83"
Co-I-P. fluorescens + P. polymyxa (W) 14462 + 15.37° 331. 45 +3.97° 48.07 £ 0.67°
Co-I-P. fluorescens + P. polymyxa (M) 13625 + 12.43° 300.23 + 3.32° 52.31 + 0.56°
Co-F-P. fluorescens + P. polymyxa (W) 16030 +14.06° 408.62 + 5.11° 22.72 £0.31°
Co-F-P. fluorescens + P. polymyxa (M) 15370 + 11.16° 385.19 + 4.27° 32.11+0.35°
LSD (P<0.05) 0.99 0.98 0.98

W —Wild; M — Mutant; Co-1 — Coinoculation; Co-F — Co-floc
a - At1x10” CFU per ml inoculum level
b - Values are mean of three replication £ SD

¢ - Values followed by different letters are significantly differed at 5 % level according to student ‘t’ test

The adhesion mechanism of Pseudomonas
and EPS rich Paenibacillus cells has already been
reported in many crop plants by many authors
(O’Sullivan and O’Gara, 1992; Wei et al.,
1996; Puente et al., 2009). The results of the
present study clearly revealed the improved
adhesion of EPS rich PGPR co-flocs, containing
ACC-deaminase  positive  strains of P.
fluorescens and P. polymyxa to maize roots when
compared to PGPR co-flocs, containing acd
deficient mutant strains of P. fluorescens and P.
polymyxa and individual application of either acd
positive wild or acd deficient PGPR cells and
emphasized the positive role of EPS rich, ACC-
deaminase positive rhizobacterial strains in the
early events of adhesion to maize roots.

The application effect of different
formulations of PGPR cells on the incidence of
Helminthosporium turcicum in maize, the co-
flocs, consisting of ACC-deaminase positive wild
strains of P. fluorescens and P. polymyxa reduced
the leaf blight disease incidence to a higher level
when compared to others formulations. Pieterse et
al. (2000) reported the positive role of ACC-
deaminase containing rhizobacterial strains on the
modulation of ethylene in crop rhizosphere which
leads to induction of systemic resistance (ISR) in
Arabidopsis thaliana. The biocontrol of maize leaf
blight disease due to Pseudomonas and
Paenibacillus bioinoculation has already been
reported by Belimov et al.
(2007), Haggag (2007) and Jalili et al. (2009) in
various plant crops and also it is believed to
alleviate drought and salt tolerance (Ann Maxton
etal., 2017; Saikia et al., 2018).
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4. Conclusion

The results of present study envisaged the
positive effect of PGPR strains, containing ACC
deaminase positive wild strains of P. fluorescens
and P. polymyxa, in augmenting the seed vigour
index, adhesion to maize root and biocontrol
against H. turcicum in semiarid maize cv. COl
when compared to acd deficient strains of P.
fluorescens and P. polymyxa. The mechanism
regarding the improved PGPR characteristics by
acd positive wild strains of P. fluorescens and P.
polymyxa needs further exploitation.
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Abstract

The response of different formulations of 1-aminocyclopropane-1-carboxylate (ACC) deaminase
positive wild and acd deficient mutant strains of Pseudomonas fluorescens and Paenibacillus polymyxa on
plant growth promoting characteristics in maize was studies under in vitro condition. The bioinoculation
effect of Pseudomonas fluorescens and Paenibacillus polymyxa as co-flocs, augmented the seed vigour index
and adhesion to maize roots to a higher level and also decreased the incidence of Helminthosporium
turcicum, followed by co-inoculation and single strain inoculation. Between the two wild and mutant strains
of Pseudomonas fluorescens and Paenibacillus polymyxa, wild strains of Pseudomonas fluorescens and
Paenibacillus polymyxa recorded the highest value for plant growth promoting characteristics when
compared to their respective mutant strains. When comparing among two wild strains of Pseudomonas
fluorescens and Paenibacillus polymyxa, the wild strain Pseudomonas fluorescens were found to produce
better performance than wild strains of Paenibacillus polymyxa. The results of the present study clearly
envisaged the positive effect of co-flocs formulation of Pseudomonas fluorescens and Paenibacillus
polymyxa wild strains, exhibiting ACC deaminase activity in augmenting the plant growth promoting
characteristics.
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1. Introduction

Impact of rhizobacteria generally on plant However, plant growth promoting rhizobacteria
growth and health may be classified as neutral, (PGPR) specifically are beneficial and the
deleterious or beneficial (Kloepper, 1989). beneficial effects have been utilized in many areas

including biofertilizer, disease control, microbe-
* Corresponding author. Dr. S. Esath Natheer rhizoremediation,  biopesticide, in  forestry
E.mail: esathnatheer@gmail.com (Kloepper, 2003; Lucy, 2004), as well as

probiotics. PGPR are naturally occurring soil
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bacteria that aggressively colonize plant roots and
enhance the plant growth directly by eliciting root
metabolic activities by supplying biologically
fixed nitrogen (Glick et al., 1999), hormonal
interaction, improvement in root growth,
solubilization of nutrients and indirectly by acting
against phytopathogens (Lugtenberg et al., 2002;
Morrissey et al., 2004; Ehlers, 2006). The well
known PGPR include genera, viz., Azospirillum,
Azotobacter, Pseudomonas, Bacillus, Azoarcus,
Klebsiella, Arthrobacter, Enterobacter, Serratia
and Rhizobium on non-legumes (Burdman et al.,
2000; Berg, 2009). Among these bacteria
Pseudomonas and Bacillus are the most widely
reported PGPR.

Maize (Zea mays L.) is the third major
crop of the world after wheat and rice which
provides more nutrients for humans and animals
than any other cereals and the same is grown in
many countries, including India. The desire of
every grain producer is to obtain high yields at
reduced production costs so as to optimize net
returns on investments. Crop establishment and
plant vigour represent key factors that influence
the success of grain crop production
(Hammermeister et al., 2008). Certain bacteria
possess an enzyme viz., ACC-deaminase (acd) that
hydrolyzes  1-aminocyclopropane-1-carboxylate
into ammonia and o-ketobutyrate (Mayak et al.,
1999). PGPR strain containing ACC-deaminase
activity could suppress the accelerated
endogenous ethylene synthesis, thus facilitate the
root elongation and nutrient absorption of host
plant which resulted in improved growth and yield
of crop plant improved growth and yield of crop
plant. The inoculant formulations play a critical
role in determining the success of bioinoculant.
Among the various novel agricultural bioinoculant
technologies, the EPS rich “Intergeneric PGPR co-
flocs”, containing ACC-deaminase positive
rhizobacterial strains, seems to be a better one, in
terms of, high cell titre, increased adhesion to
plant roots, enriched in encysted cells and spores
with EPS rich network, longer shelf life and
Induced systemic resistance (ISR) mediated
biocontrol against phytopathogens.

Seed inoculation of PGPR strains
containing acd activity reduces the inhibitory
effect of ethylene at spermosphere and leads to the
improvement plant growth promotion (Penrose et
al., 2001; Mayak et al., 2004). Pseudomonas and
Paenibacillus are the two important PGPR genera
which are frequently encountered from the
rhizosphere of maize and the PGPR characteristics
of the same have been described by many authors
in different crop plants (Sheng et al., 2008;
Timmusk et al., 2005). Among the various novel
agricultural bioinoculant technologies, the EPS
rich “Intergeneric PGPR co-flocs”, containing
ACC-deaminase positive rhizobacterial strains,
seems to be a better one, in terms of, high cell
titre, increased adhesion to plant roots, enriched in
encysted cells and spores with EPS rich network
and longer shelf life. However, there were no
reports on the response of different formulations
of Pseudomonas and Paenibacillus ACC-
deaminase wild and deficient mutants on different
plant growth promoting attributes in maize crop.

Hence, the present study has been
undertaken with an aim to exploit the response of
acd positive (wild) and acd deficient mutant strain
of Pseudomonas fluorescens and Paenibacillus
polymyxa along with “intergeneric co-flocs” on
enhancement of plant growth promotion and
biocontrol of leaf blight disease.

2. Materials and Methods
Culture condition

Pseudomonas fluorescens and
Paenibacillus polymyxa, isolated from the
rhizosphere of maize grown at Kadampuliyur,
Chidambaram taluk, Cuddalore district, Tamil
Nadu state, India were used in the present study.
The P. fluorescens and P. polymyxa isolates were
positive for their ACC-deaminase (acd) activity,
maintained in King’s medium B (King et al.,
1954) and Nutrient Glucose agar (Englesberg and
Ingraham, 1957) slants, respectively, and
incubated at 28+2°C, with monthly transfer.
Helminthosporium turcicum (AU-1), obtained
from the Department of Plant Pathology, Faculty
of Agriculture, Annamalai University, Annamalai
Nagar, India, was used as a reference strain for the
biocontrol study and the same was maintained in
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Potato Dextrose agar (PDA) slants and examined
periodically for its virulence.

P. fluorescens and P. polymyxa was also
grown on DF salts minimal medium [(composition
in g per litre) KH,PO4 4.0; Na,HPO, 6.0;
glucose, 2.0; gluconic acid, 2.0; citric acid, 2.0;
MgSO4'7H20, 0.2; FeSO,4-7H,0, 0.0001; H;BO3,
0.0010; ZnSO4-7H,0, 0.0070; CuSO4-5H,0,
0.0050; MoOs;, 0.0010] (Dworkin and Foster,
1958). The medium was supplemented with either
2.0 g of ammonium sulphate or 3.0 mM ACC
(Clearsynth, Mumbai).

Chemical mutagenesis and selection

The construction of ACC-deaminase
deficient mutant (acd) of P. fluorescens and P.
polymyxa isolates was carried out according to
Miller (1972) and selection was carried out
according to Glick et al. (1994).

Preparation of P. fluorescens and P. polymyxa
co-flocs

The co-flocculation of P. fluorescens and
P. polymyxa isolates were prepared in co-floc
buffer as described by Grimaudo and Nesbitt
(2997). One ml aliquot of each PGPR isolates viz.,
P. fluorescens and P. polymyxa strains were mixed
together in 10 ml co-floc buffer. The mixtures
were vortexed for 10 sec, shaken on a rotary
platform shaker for 3 min and left undisturbed at
room temperature for 24 hrs. All co-floc reactions
were performed in triplicate and uninoculated
buffer served as control. After incubation co-
flocculation  percentage was measured as
described by Madi and Henis (1989).

Preparation of different bioformulation

One ml culture of each PGPR isolate (1 x
10" CFU per ml) under different formulations
were prepared viz., control, single strain
inoculation of either wild or acd deficient mutants
of P. fluorescens and P. polymyxa, co-inoculation
of wild or acd deficient mutants of P. fluorescens
and P. polymyxa and co-flocs application of wild
and acd deficient mutants of P. fluorescens and P.
polymyxa and used to evaluate plant growth
promoting characteristics of maize cv. CO1 on the

enhancement of seed vigour index, adhesion to
maize roots and reduction in Helminthosporium
turcicum incidence was studied under in vitro
condition.

Response of different formulations on plant
growth promoting characteristics
Seed vigour index of maize

Maize (Zea mays L.) cv. CO1 maize seeds
were surface sterilized by immersion in 95%
ethanol for 1 min, followed by 20 min in 1%
NaOCIl. After rising three times with sterile
distilled water, the sterilized seeds were placed on
the surface of 1 per cent water agar in petriplates
(9 cm dia, at five seeds per plate) were treated
with the different bioformulations as mentioned
above. The maize seeds were subjected to the
above treatments, dried in shade for 30 min.
Then, the inoculated maize seeds were arranged in
two rows on a sheet of blotting paper dipped in
sterile water. Then, they were covered with
another blotting paper dipped in sterile water,
rolled and placed vertically in a moist chamber at
20 °C. Uninoculated seeds with distilled water
treatment served as control. After the incubation
for 5 days, each roll was opened and the vigour
indices of germinated maize seeds were calculated
by the method of Abdul-Baki and Anderson
(1973).

Vigour index = (mean root length + mean
hypocotyl length) x % germination

Adhesion to maize roots

Surface sterilized seeds were incubated in
an inverted position for 3 days at room
temperature to allow germination. The plates were
sealed with wax to avoid agar dryness during
germination. After germination, the three day old
seedlings were transferred to slopes of Fahraeus
solution (Fahraeus, 1957) solidified with 1.5 per
cent agar in test tubes. Sterile Fahraeus solution
was added to fill the empty portion of the agar
slopes and the tubes were incubated for three more
days (24°C day / 22°C night). After the incubation
period, the roots were collected from each tube
separately, washed first with sterile water and later
three times in 0.1 M phosphate buffer (pH 6.8),
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cut into 5 cm pieces and used for adsorption study
as described by Gafni et al. (1986).

Preparation of growth chamber and challenge
inoculation

The growth chamber was a desiccator (12
x 10 cm) consisting of two parts. The lower part
was filled with weaver’s medium (Weaver et al.,
1975) and upper part contained stainless steel wire
mesh (mesh size 3 mm) supports. The lid was
placed over the cotton and the chamber was closed
before sterilization. The growth chamber was
sterilized by autoclaving. Fifty germinated maize
seeds with coleoptile (2 cm high) were transferred
aseptically onto the stainless steel wire mesh,
incubated for 10 days in the growth chamber with
14 hrs day and 10 hrs night cycle and temperature
ranging from 24°C at night to 32°C around noon.
By this time, the maize roots yielded many lateral
roots, well spread in the Weaver’s medium
maintained at the lower part of the growth
chamber.

Maize plants were challenge inoculated by
spraying the spore suspension of
Helminthosporium  turcicum at a  spore
concentration of 50,000 spores per ml inoculum
level on 10™ DAS with an atomizer and control
plant was sprayed with sterile Weaver’s medium.
High humidity was created by sprinkling the water
frequently in the polyhouse.

After one week of challenge inoculation,
three plants from each treatment were carefully
removed and rinsed with sterile distilled water.
The leaf blight disease incidence was enumerated
with a score chart of 0 to 9 grades devised by
International Rice Research Institute (1980).

Statistics analysis

The experimental results were statistically
analyzed in randomized block design (RBD) and
in Duncan’s multiple range test (DMRT) as per
the procedure described by Gomez and Gomez
(1984).

3. Result and Discussion

Pseudomonas fluorescens and
Paenibacillus polymyxa wild strains registered a

normal growth in the DF salts medium amended
with ACC and suggested the ability of the wild
strains to utilize ACC, as a sole ‘N’ source
whereas the ACC deaminase (acd) deficient
strains could not able to metabolize ACC and
resulted in poor or no growth (data not shown).
Glick et al. (1994) constructed an acd deficient
mutant strain of Pseudomonas putida GR-12-2 by
chemical mutagenesis (nitrosoguanidine) and
reported the inability of the respective mutants to
utilize ACC. The results of the present study also
clearly in accordance with the earlier findings of
Glick et al. (1994).

The response of different formulations of
wild and acd deficient mutants of P.
fluorescens and P. polymyxa cells viz., control,
single strain inoculation of either wild or acd
deficient mutants of P.  fluorescens and P.
polymyxa, co-inoculation of wild or acd deficient
mutants of P. fluorescens and P. polymyxa and co-
flocs application of wild and acd deficient
mutants of P. fluorescensand P. polymyxa, on
plant growth promoting characteristics of maize
cv. COL1 viz., enhancement of seed vigour index,
adhesion to maize roots and reduction in
Helminthosporium turcicum was studied under in
vitro condition. Among the different formulations
of P. fluorescens and P. polymyxa cells, the
application of co-flocs of P. fluorescens and P.
polymyxa wild cells augmented the highest level
of seed vigour index and adhesion to maize roots,
followed by the co-flocs of P. fluorescens and P.
polymyxa acd mutant strains, coinoculation of P.
fluorescens and P. polymyxa wild strains,
coinoculation of P. fluorescens and P. polymyxa
mutant strains, single wild strain inoculation of P.
fluorescens and P. polymyxa, single mutant strain
inoculation of P. fluorescens and P. polymyxa and
control. Moreover, the application effect of P.
fluorescens and P. polymyxa wild strains as co-
flocs positively reduced the incidence of leaf
blight disease to a higher level when compared to
other treatments (Table - 1).

The improved plant growth promoting of
seed vigour index is due to application of co-flocs
containing acd positive P. fluorescens and P.
polymyxa suggested the positive role of acd in
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modifying the ethylene level during germination
of maize seeds as suggested earlier by Glick et al.
(1994). Phytostimulatory effect of Pseudomonas
cells has been already reported by Ahmad et al.
(2005) and Glick et al. (2007). Neyra et al. (1999)
described the phytostimulatory effect of
“Intergeneric coaggregates” containing
Azospirillum and Rhizobium, on the enhancement
of growth parameters in faba bean. Further, the

positive role of rhizobacterial ACC-deaminase
activity on the enhancement of seed germination
and plant growth stimulation has been reported by
many authors (Glick et al., 1994; Contesto et al.,
2008; Ma et al., 2008; Barnawal et al., 2017). The
production of ACC-deaminase by P. fluorescens
and P. polymyxa has been confirmed (Glick et al.,
1994; Belimov et al., 2007).

Table — 1: Response of different formulations of P. fluorescens and P. polymyxa wild and acd deficient mutant strains of
different plant growth promoting (PGP) characteristics in maize cv. CO1

Seed vigour No. of adhered cells Percentage of
Treatment? e (10* CFU g™ dry wt. of disease
Index root h™')°° incidence®®

Control 10320 + 19.18' - 82.58 + 1.27'
P. fluorescens (W) 12980 +9.72° 272.81 +2.97° 59.85 + 0.93°
P. fluorescens (M) 11850 + 17.27¢ 198.16 + 2.07¢ 70.21 +0.529
P. polymyxa (W) 12420 + 16.83" 248.72 + 2.60" 64.63 + 0.34"
P. polymyxa (M) 11350 + 20.08" 183.31+1.81" 76.48 + 0.83"
Co-I-P. fluorescens + P. polymyxa (W) 14462 + 15.37° 331. 45 +3.97° 48.07 £ 0.67°
Co-I-P. fluorescens + P. polymyxa (M) 13625 + 12.43° 300.23 + 3.32° 52.31 + 0.56°
Co-F-P. fluorescens + P. polymyxa (W) 16030 +14.06° 408.62 + 5.11° 22.72 £0.31°
Co-F-P. fluorescens + P. polymyxa (M) 15370 + 11.16° 385.19 + 4.27° 32.11+0.35°
LSD (P<0.05) 0.99 0.98 0.98

W —Wild; M — Mutant; Co-1 — Coinoculation; Co-F — Co-floc
a - At1x10” CFU per ml inoculum level
b - Values are mean of three replication £ SD

¢ - Values followed by different letters are significantly differed at 5 % level according to student ‘t’ test

The adhesion mechanism of Pseudomonas
and EPS rich Paenibacillus cells has already been
reported in many crop plants by many authors
(O’Sullivan and O’Gara, 1992; Wei et al.,
1996; Puente et al., 2009). The results of the
present study clearly revealed the improved
adhesion of EPS rich PGPR co-flocs, containing
ACC-deaminase  positive  strains of P.
fluorescens and P. polymyxa to maize roots when
compared to PGPR co-flocs, containing acd
deficient mutant strains of P. fluorescens and P.
polymyxa and individual application of either acd
positive wild or acd deficient PGPR cells and
emphasized the positive role of EPS rich, ACC-
deaminase positive rhizobacterial strains in the
early events of adhesion to maize roots.

The application effect of different
formulations of PGPR cells on the incidence of
Helminthosporium turcicum in maize, the co-
flocs, consisting of ACC-deaminase positive wild
strains of P. fluorescens and P. polymyxa reduced
the leaf blight disease incidence to a higher level
when compared to others formulations. Pieterse et
al. (2000) reported the positive role of ACC-
deaminase containing rhizobacterial strains on the
modulation of ethylene in crop rhizosphere which
leads to induction of systemic resistance (ISR) in
Arabidopsis thaliana. The biocontrol of maize leaf
blight disease due to Pseudomonas and
Paenibacillus bioinoculation has already been
reported by Belimov et al.
(2007), Haggag (2007) and Jalili et al. (2009) in
various plant crops and also it is believed to
alleviate drought and salt tolerance (Ann Maxton
etal., 2017; Saikia et al., 2018).
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4. Conclusion

The results of present study envisaged the
positive effect of PGPR strains, containing ACC
deaminase positive wild strains of P. fluorescens
and P. polymyxa, in augmenting the seed vigour
index, adhesion to maize root and biocontrol
against H. turcicum in semiarid maize cv. COl
when compared to acd deficient strains of P.
fluorescens and P. polymyxa. The mechanism
regarding the improved PGPR characteristics by
acd positive wild strains of P. fluorescens and P.
polymyxa needs further exploitation.
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Abstract - The major problem existing in the field of medicine is drug resistance. The organisms were developing
resistance to almost all the existing drugs. Among such organisms MRSA pose a major threat. The prevalence of MRSA
infection is also increasing steadily. So we are in need of alternative therapy to cure such infections. One such remedy
could be the use of extracts from medicinal plants. In the present study we used the extracts of some herbal plants such as
Punica granatum, Solanum trilobatum, Ocimum tenuiflorum, Ripes uva-crispa, Psidium guajava, Cajanus cajan,
Euphorbia hirta, Phyllanthus niruri, Phyllanthus amarus against MRSA. Among these plant methanol extract of P.
granatum (inhibition zone 20mm) showed remarkable results against MRSA. We also checked the synergistic effect of
some antibiotics with Punica granatum. They showed synergistic effect with Amoxicillin Cephalothin and Cefepime.

Keywords: MRSA, Solanum trilobatum, Psidium guajava. Antibacterial activity
INTRODUCTION

All over the ages, humans have relied on nature for their basic needs, such as food, shelter, clothing,
transportation, fertilizers, flavors , medicine etc, (Critchley, A.T. (1983).). For thousands of years, plants formed the
basis of traditional medicine systems that have been existing and continue with new remedies to mankind.
Eventhough some of the therapeutic properties of the plants have been proven. It is based on the empirical findings
of thousands of years (Heinrich et al., 2004). Various types of plants used in herbalism and many of these plants
have medicinal properties. 3.3 billion Peoples in the developing countries utilize the medicinal plants which are the
“backbone” of traditional medicine (Davidson-Hunt | et al., 2000).

Fruits and vegetables are most popular due to their dietetic value worldwide and rich sources of beneficial
vitamins and fibers, anti-oxidants, minerals. The standard consumption of fresh fruits and vegetables may diminish
the risk of cardiovascular diseases, stroke and certain cancers. Usually fruits are processed into beverage, squash
juice and syrups. However by-products can be used as functional food ingredients such as phytochemicals,
pharmaceuticals, essential oils, seed oil, pectin, food products, and dietary fibers (Azad et al., 2014). Therefore,
fruits by-products not only superior source of bioactive compounds but also could be used as several value-added
products (Noor et al., 2014).

In conventional chemistry and pharmacology plants might provide a useful source for the production of
new effective medicines and this may be used to replace existing drugs . In general traditional medicine is turned out
to be very useful in the discovery of natural products such as pharmaceutical drugs (Patwardhan et al., 2004). The
shrub Prosopsis juliflora (Sw.) DC. (P. juliflora) commonly identified as mesquite has been used as a traditional
medicine on various continents for curing catarrh, inflammation, colds, sore throat, excrescences, flu, measles,

diarrhea, dysentery and hoarseness, for the healing of wounds (Hartwell et al., 1971).

Volume VI, Issue VI, JUNE/2019 Page N0:2856



JASC: Journal of Applied Science and Computations ISSN NO: 1076-5131

METHODOLOGY
Isolation of Staphylococcus aureus
For the isolation of Staphylococcus aureus, pus samples were collected from wounds. The specimens
were collected from Bose Clinical Lab, Madurai. Fluid Thioglycollate medium was used as an enriched medium
for Staphylococcus aureus. The specimen was inoculated on Mannitol salt agar, Mac Conkey agar and Blood agar
plates. The plates were incubated aerobically at 37°C overnight. The test organisms further confirmed by their
physiological and biochemical characters.
Detection of MRSA
Disk Susceptibility Test (Acar and Goldstein, 1991). The Kirby-Bauer disk diffusion test was developed for
this study.
The sensitivity pattern of MRSA strains to -lactam antiboiotics
Disk susceptibility test (Acar and Goldstein., 1991).
The Kirby —Bauer disk diffusion test was developed for these studies as described above with the antibiotic
disks methicillin, amoxyclav, amoxicillin, cefdin, cephalothin, cefepime, cefaclor, vancomycin and teicoplanin. The

sensitivity pattern of the test organism was recorded.
Determination of the degree of methicillin resistance

The Kirby-Bauer disk diffusion test was developed for this study. MRSA strains were individually tested

for their degree of methicillin resistance with methicillin 5 pg and 10 pg.
Collection of herbal plants

The following fresh plant materials and sea weeds were collected from Vilathikulam, Thoothukudi district.
Plants such as Punica granatum, Prosopis juliflora, Ocimum tenuiflorum, and sea weeds such as Sargassum

muticum and Jania . rubens.

Preparation of plant extract
Water extract
Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently

grounded into fine powder. 5g of plant materials were mixed with 25ml of sterile distilled water. They were placed
in shaker for 24 hours. The water extract was filtered by using Whatmann no:1 filter paper.
Methanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of methanol. They were placed in shaker for

24 hours. The methanol extract was filtered by using Whatmann No:1 filter paper.

Volume VI, Issue VI, JUNE/2019 Page No0:2857



JASC: Journal of Applied Science and Computations ISSN NO: 1076-5131

Ethanol extract

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of ethanol. They were placed in shaker for
24 hours. The ethanol extract was filtered by using Whatmann no:1 filter paper.
Petroleum ether

Fresh plant materials were collected and then dried at room temperature for 6 days. They were subsequently
grounded into fine powder. 5g of plant materials were mixed with 25ml of petroleum ether. They were placed in

shaker for 24 hours. The water extract was filtered by using Whatmann no: 1 filter paper.

Determination of antibacterial activities of plant extract against MRSA strain
Loading sterile disks with plant extract

Antibacterial activity was measured using disk diffusion method according to the Clinical and Laboratory
Standards Institute (CLSI). Briefly petriplates containing approximately 25-30 ml of Mueller-Hinton agar medium
were inoculated using a cotton swab with a 4-6 fold culture of the bacteria. (Acar and Goldstein, 1991).
Disk susceptibility test

The Kirby- Bauer disk diffusion test was developed for these studies as described above with the disks of
plant extract. The sensitivity pattern of the test organism was recorded.
Determination of synergetic effect of plant extract with some antibiotics against MRSA

The Kirby- Bauer disk diffusion test was developed for these studies as described above. To access possible
interactions between the extract of plant materials and B-lactam antibiotics, disk containing the extract of plant
materials and B-lactam antibiotics were placed on a plate that had been inoculated with MRSA strain. The distance
between the disks was equal to the sum of the radii of their zones of inhibition when examined alone.
Checkerboard method to determine the antimicrobial combinations against MRSA

The checkerboard (or chessboard) method is the technique used most frequently to assess antimicrobial
combinations in vitro, presumably because its rationale is easy to understand, the mathematics necessary to
calculate and interpret the results are simple, it can readily be performed in the clinical laboratory using
microdilution systems that are obtain able commercially, and it has been the technique most frequently used in
studies that have suggested an advantage of synergistic therapy in the treatment of neutropenic patients with Gram-
negative septicemia. The term “checkerboard” refers to the pattern (of tubes or microtiter wells) formed by multiple
dilutions of the two antimicrobials being tested in concentration equal to, above, and below their minimal

inhibitory concentrations for the organisms being tested.

RESULTS
Isolation and characterization of staphylococcus aureus

Eight numbers of MRSA strains were isolated from pus. Various media (Table 3) were used to
identify the pathogenic strain. Mannitol salt agar was used as a differential and selective medium for recovering

strain from the specimen. Staphylococcus aureus produced yellow colour colonies in Mannitol Salt agar.
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Table 1.Cultural characterization of Staphylococcus aureus

ISSN NO: 1076-5131

S. No Medium Colony Morphology Interpretation
1 MacConkey Agar Pink colour colonies Lactose fermentation
positive
2 Blood Agar Yellow to cream colonies or white B-haemolytic
colonies with clear zone colonies
3 Mannitol Salt Agar Yellow colonies Mannitol fermentation
positive

Table.2. Degree of Methicillin Resistance of MRSA strains (Fig. 20)

Methicillin Disk Zone diameter of Reaction of the
S.No
Content inhibition (mm) Organism
1 Methicillin (5 pg) - Resistant
2 Methicillin (10 pg) - Resistant
3 Methicillin (30 pg) - Resistant

Determination of antibacterial activities of plant extract against MRSA strain

The antimicrobial activity of various extracts of Punica granatum and Prosopis juliflora were
tabulated (Table 7 -9). (Fig. 5-12).

Table.3. Antimicrobial activity of various extracts of Punica granatum

Diameter of zone of inhibition (mm)
Organism Water Extract Ethanol Methanol Petroleum Ether
Extract Extract Extract

MRSA 10 15 15 _
MRSA 1 Partial 10 15 _
MRSA 2 Partial 10 20 _
MRSA 3 Partial 15 20 _
MRSA 4 10 15 21 _
MRSA 6 10 15 20 ~
MRSA 7 Partial 10 15 _
MRSA 8 10 15 20 ~
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Table 4.Antimicrobial activity of various extracts of Prosopis juliflora
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Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 _
MRSA 6 16 21 22 _
MRSA 7 15 20 23 _
MRSA 8 17 20 24 _

Table 5. Antimicrobial activity of various extracts of Prosopis juliflora

Diameter of zone of inhibition (mm)
Ethanol Methanol Petroleum Ether
Organism Water Extract Extract Extract Extract

MRSA 15 20 28 _
MRSA 1 15 20 25 _
MRSA 2 15 22 23 _
MRSA 3 16 20 20 _
MRSA 4 18 23 24 B
MRSA 6 16 21 22 ~
MRSA 7 15 20 23 _
MRSA 8 17 20 24 B
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Fig. 3 S. muticum Fig. 4. J.rubens

Plate 1. Synergistic effect between P. granatum and methicillin 10 pg

[

Plate 2. Synergistic of P.juliflora with Amoxyclav
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Chromatogram
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1Det.A Chl

T —— T —— —— —
0 5 10 15 20 25 30

min
1 DetAChl/270nm

PeakTable
Detector A Chl 270nm
Peak# Ret. Time Area Height Area % Height %
1 3.183 3714639 41377 100.000 100.000
Totall 3714639 41377 100.000 100.000
Fig. 6. HPLC analysis of P. granatum
DISCUSSION

Medicinal plants constitute an effective source of both traditional and modern medicines, herbal medicine has
been shown to have genuine utility and about 80% of rural population depends on it as primary health care. Over the
years, the World Health Organization advocated that countries should interact with traditional medicine with a view
to identifying and exploiting aspects that provide safe and effective remedies for ailments of both microbial and non-
microbial origin (WHO. 1978).

The increasing occurrence, particularly in hospitals, of S. aureus resistant not only to methicillin but to a
wide range of antimicrobial agents, including all kinds of B-lactams, has made therapy more difficult (Unci Ney et
al.,2006).. Although strategies have been proposed in an attempt to control the spread, the search for new ways to
treat MRSA infections stimulates the investigation of natural compounds as an alternative treatment of these

infections.In the present study, the analysis of the growth inhibition activity by the disk diffusion method showed
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that 10 medicinal plants (P. juliflora, P. granatum, S.trilobatum, O.tenuiflorum, R.uva-crispa, P.guajava, C. cajan,

E. hirta,P.niruri and P. amarus),were active against hospital strains of MRSA under test conditions with crude

extract concentrations as high as 59/20ml.( Williams, et al.,2007)

In the present study, 2 plant extracts (P. juliflora, P. granatum) were effective against MRSA, MRSA1,
MRSA2, MRSA 3, MRSA 4, MRSA 6, MRSA 7, MRSA 8 strains. We were using water, ethanol, methanol,
petroleum ether extracts for all the 8 strains. Methanol extract inhibit the growth of 8strains of MRSA. The

synergistic method were also performed for the methonal extracts with 10 antibiotics of methicillin (5ug),

methicillin (10pg), amoxyclav (30 pg 10 pg), amoxicillin (30 pg 10ug), cefdin (5ug), cephalothin (30ug), cefepime

(30uQ), cefaclor (30ug), vancomycin (30 ug) and teicoplanin (30ug) in MRSA strain.
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Abstract

Identification and quantification of fish diet diversity was the first step in
understanding the food web dynamics and ecosystem energetics, where the contribution of
DNA barcoding technique has been important. We used DNA barcoding to identify the
stomach contents of a euryhaline, benthophagous catfish Ariius maculatus. From 40 catfish
stomach items sampled in two different seasons, we barcoded 67 piscine and macro-
invertebrates prey items, identified as belonging to 13 species in 4 major phyla (viz.,
Chordate, Arthropod, Annelida and Mollusca). It is important to note that the mollusc taxa
(Meritrix meritrix and Perna viridis) and a species of fish (Stolephorus indicus) could not be
found among the gut contents of A. maculatus sampled during the pre- and post-monsoon
season, respectively. Among the piscine diets of A. maculatus, Eubleekeria splendens
(23.5%) and Stolephorus indicus (23.5%) were the major prey taxa during pre-monsoon
season. The hermit crabs forms the major constituents of both pre- and post-monsoon
seasons, among invertebrate taxa. Polychaete, Capitella capitata (25.92%) was abundantly
consumed invertebrates next to hermit crabs. We noticed that in pre-monsoon A. maculatus
was more piscivorous than post-monsoon. As revealed through Kimura-2 parametric pair-
wise distance analysis, the diet diversity was relatively higher in post-monsoon. The
accumulation curve estimated 57 haplotypes within 14 barcoded species (including the host
A. maculatus). Majority of haplotypes were found among fishes (47.36%) followed by
Arthropods (28.07%), Annelids (14.03%) and Mollusca (10.52%), respectively. This study
also highlights that there is a growing concern about A. maculatus’s aggressive predation on
commercially important stocks of fish and invertebrates. We will continue to expand the
coverage of species barcoded in the reference database, which will become more significant

as meta- and environmental DNA barcoding techniques become cheaper and prevalent.

Keywords: Arius maculatus, catfish, Stomach analysis, DNA barcoding, pairwise distance,
diet diversity

1. Introduction
In Ichthyology, the first step towards identifying trophic levels of the fish species was
the determination and quantification of fish stomach contents (Hynes, 1950; Hyslop, 1980;

Cresson et al., 2014) and understanding of food web dynamics and energy of the ecosystem
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(Beauchamp et al. 2007). The traditional visual survey of stomach content, however, did not
provide data to be compared across studies (Cortés, 1997; Hernandez, 2019), as level of
taxonomic resolution at which a prey was classified (e.g. order, family, genus or species
level) and the metrics used for quantification (e.g. count, volume) differed between the
studies (Berg, 1979; Hyslop, 1980; Hansson, 1998; Hernandez, 2019). While much work has
been expended in standardizing dietary analysis (Pinkas, 1971; Cortés, 1997), it has not been
universally accepted as a standard technique (Baker et al., 2014). Prey items that is present at
different digestive stages when analysing the gut produces ambiguity in taxonomic resolution
and identification. These findings differ through studies and rely on different factors, such as
the methodology adapted for prey identification, prey condition, prior taxonomic knowledge
of the prey species, and the objective of the gut analysis (example: Elliott, 1967; Baker and
Sheaves, 2005; Saunders et al., 2012; Gray et al., 2015). In addition to complications due to
unreported prey assumption, variable taxonomic resolutions compound the inconsistency and
make the findings incomparable between studies.

DNA barcoding refers to sequencing the standard barcode region and matching them
with archived sequences derived from validated species to facilitate species identification
(Hebert et al., 2003; Joly et al., 2014; Kress et al., 2015). DNA barcoding has been used to
study trophic dynamics (Valdez-Moreno et al. 2012; Wirta et al. 2014; Moran et al. 2015),
environmental forensics (Dalton and Kotze 2011; Handy et al. 2011; Gongalves et al. 2015),
cryptic diversity and invasive species identification (Hebert et al. 2004; Conway et al. 2014;
Bariche et al. 2015), ecosystem and evolutionary diversity evaluation (Ward et al. 2005;
Baldwin et al. 2011; Weigt et al. 2012a; Leray and Knowlton 2015) and phylogenetic
exploration (Nagy et al. 2012; Baeza and Fuentes 2013; Betancur-Ret al. 2013). While a
number of markers available (e.g., 16sRNA, 18sRNA, matK, rbcL, ITS), a ~ 650 base pair
(bp) region in the mitochondrial cytochrome ¢ oxidase 1 (COI) gene is one of the most
widely used in fish (and other animals) (Ward et al., 2005; Lakra et al., 2010; Khan et al.,
2011; Weigt et al. 2012b). Species recognition is made by comparing the query sequence to
that of archived sequences in reference databases, such as the Barcode of Life Database
(BOLD) (Ratnasingham and Hebert 2007) using the BOLD-Identification System (BOLD-
IDs) and in GenBank (National Center for Biotechnology Information) using Basic Local
Alignment Sequence Tool (BLAST) (Altschul et al. 1990). DNA barcoding has been widely
applied in assessment of diversity and composition of fin and shell fishes (Teodoro et al.,
2016; Sharawy et al., 2017; Zhang et al., 2017; Wang et al., 2017; Kuguru et al., 2018; Ran et

al., 2020; Xu et al., 2021). DNA barcoding is currently commonly used in consumer markets

3
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to identify sharks and their products (Holmes et al., 2009; Nijman et al., 2015; Hellberg et al.,
2019). DNA barcodes acts as a potential forensic tool to track illegally traded and mislabeled
endangered fishery products (Pappalardo & Ferrito, 2015; Di Pinto et al., 2015; Sembiring et
al., 2015; Velez-Zuazo et al., 2015; Carvalho et al., 2017; Bunholi et al., 2018).

In recent years, the use of DNA barcoding to identify digested prey items has
increased, especially in the identification of deepwater sharks prey items (Barnett et al. 2010;
Dunn et al. 2010); Lake fish predators (Carreon-Martinez et al. 2011); invasive lionfish
Pteroissp. (Valdez-Moreno et al. 2012; Cote et al. 2013; Rocha et al. 2015; Dahl et al., 2017;
Ritger et al., 2020; Santamaria et al., 2020); groundfish (Paquin et al. 2014); pterygophagous
(fin eating; Arroyave and Stiassny 2014) and lepidophagous (scale eating; Boileau et al.
2015) fishes; introduced largemouth Bass Micropterus salmoides (Jo et al. 2014); warm-
water catfish (Moran et al. 2015); herbivorous juvenile Sandy Spinefoot Sganus fuscescens
(Chelsky Budarf et al. 2011); gray seals Halichoerus grypus and harbor porpoises Phocoena
phocoena (Méheust et al. 2015) and stranded Humboldt squid Dosidicus gigas (Braid et al.
2012). Nonetheless, few studies have investigated the effectiveness of DNA barcoding in
relation to the digestive state of fish prey (Carreon-Martinez et al. 2011; Moran et al. 2015).
Although few studies have successfully used DNA barcoding in the analysis of catfish
piscine prey items of (Moran et al., 2015; Aguillar et al., 2016; Guillerault et al., 2017),
studies are rare in elucidating both vertebrate and invertebrate prey content of benthophagous
catfishes like Arius maculatus (Thunberg 1792). A. maculatus is a euryhaline, benthophagous
species in tropical and sub-tropical waters, estuaries, rivers and coastal regions (Mazlan et al.,
2008; Chu et al., 2011; Jumawan et al., 2020), whose economic importance and potential for
aquaculture have recently been recognised (Jumawan et al., 2020). Commonly referred as
spotted catfish (Chu et al., 2011), A. maculatus belongs to Ariidae family (Carpenter and
Niem 1999), along with eight other species and is known for its pharmaceutical and
nutraceutical values (Al-Bow et al., 1997; Osman et al., 2007). The present study aims to
identify the species composition in the dietary items of A. maculatus occurring in the Vellar
estuary (southeast coast of India).

The effectiveness of DNA barcoding for species identification largely depends on the
establishment of broad and robust barcode reference databases of validated, verified species
with vouchered specimens. A lack of vouchered or incorrectly identified sequences (Ekrem et
al. 2007; Valdez-Moreno et al. 2012; Weigt et al. 2012a) would severely decrease the utility
of reference databases. In addition, to capture potential genetic variation, including

undocumented cryptic diversity, it is important to sequence an adequate number of
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individuals from across a species range (Weigt et al. 2012b). We have made considerable
efforts in the past decade as part of the Indian Census of Marine Life (ICOML) to recover
barcodes in reasonable numbers of marine phyla including fin & shell fishes, invertebrates
(Khan et al., 2010, 2011; PrasannaKumar et al., 2012; Thirumaraiselvi et al., 2015; Rajthilak
et al., 2015; Rahman et al., 2013, 2019; Hemalatha et al., 2016; Palanisamy et al., 2020;
PrasannaKumar et al., 2020a, b; Manikantan et al., 2020; Thangaraj et al., 2020) and plants
(Sahu et al., 2016; Narra et al., 2020) occurring in and around the Vellar estuary. Hence we
predict a high rate of success in identification of dietary items of A. maculatus occurring in

this environment.

2. Material and methods
2.1. Catfish collection and stomach analysis

During April (pre-monsoon) and December (post-monsoon) 2011, catfish sampling was
carried out in the Vellar estuary (latitude: 11° 29'N; longitude: 79° 46'E). Individuals were
collected fresh from local fishery folks who used hand nets to fish regularly in Vellar estuary.
A total of 40 catfishes were collected (18 in pre-monsoon; 22 in post-monsoon). Upon
collection freshly captured fish were transported to DNA barcoding Lab, Centre of Advanced
Study in Marine Biology, Annamalai University, within 1 km from collection site, in the
saltwater ice slurry to slow down catfish digestion and prey DNA degradation (Baker et al.,
2014). Each catfish has been measured (to nearest mm; total length (Lt)) and weighed (to
nearest 0.1Q).

After examination of the oesophagus and gills for prey, Catfish (Arius maculatus
(Thunberg, 1792)) digestive tracts were removed. In order to remove digestive enzymes,
excess chyme and particulate organic matter using 500 pm sieves, the digestive tracks were
dissected and their contents were rinsed with RO water. Recognisable prey taxa were divided
into two classes, namely fish and invertebrates, and into 2 digestive stages, namely whole
animals (i.e., most of the biomass was present) and digestive remnants (in bits and pieces).
The remnants were rinsed once in 100% molecular grade ethanol (Sigma) and approximately
3 mm? tissue plug was exercised under the ~1 mm top tissue layer (especially in fish preys)
from all recognisable prey items (examined under binocular microscope whenever necessary)
to avoid sample contamination by A. maculatus cells (Cote et al., 2013). Once again, the
tissues exercised were rinsed and stored in microfuge tubes (Thermo Fisher Scientific)
containing 100% ethanol at 4°C until further analysis. Residual tissues in scalpel and forceps

were removed with 95% ethanol and flame sterilized between each exercise. Samples of

5


https://doi.org/10.1101/2020.09.18.268888
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.09.18.268888; this version posted October 17, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

lateral tissue samples were also taken from A. maculatus for DNA barcoding because if
cannibalism was alleged in the diet, it would provide useful reference (Valdez-Moreno et al.,
2012).

2.2. DNA extraction, PCR and sequencing the dietary contents

The DNA was extracted using the DNeasy Blood & Tissue Kits (Qiagen), following the
manufacturer’s instructions or standard protocols (Prasannakumar et al., 2020). Tissue was
placed in an extraction buffer containing proteinase K and homogenized with polypropylene
disposable sterile pestles (Thermo Fisher Scientific). The homogeneous was digested at 56 °C
until complete digestion of the sample (i.e, when most of the homogenate is more translucent)
that was within 12 hours. Elution buffer was used as the negative control to test the purity of
the reagents. The extracted DNA for quantification and purity estimation (i.e., using 260/280
nm ratio) was quantified using Nanodrop (Thermo Fisher Scientific). Elution buffer provided
in the kit was used during Nanodrop measurements to calibrate the blank. Also, DNA
concentration was checked in 1.2% Agarose gels and the high DNA yields (>85 ng/ul) were
10X diluted before PCR in ultrapure water.

DNA from fish-like prey samples was PCR amplified using COI primers; FishF1 and
FishR1 (Ward et al., 2005) and invertebrate samples were using LCO1490 and HCO2198
(Folmer et al., 1994). A reaction mixture volume of 25ul was used to conduct PCR; 12.5ul
Tag PCR Master Mix (Invitrogen, India), 11ul distilled water, 0.5ul forward primer (10 uM),
0.5ul reverse primer (10 uM), and 0.5ul DNA template (50-80 ng/ul) were used. Initial steps
of 2 min at 95 °C, followed by 35 cycles of 30 s at 94 °C, 30 s at 54 °C, and 1 min at 72 °C,
followed by 10 min at 72 °C and kept at 4 °C were used for FishF1/FishR1 primer amplified
samples. Initial denaturation for 2 min at 95 °C, followed by 5 cycles at 94 °C for 30 s, 46 °C
for 45's, 72 °C for 45 s and 35 cycles at 94 °C for 30 s, 51°C for 45 s, 72 °C for 45 s, and a
final elongation stage at 72 °C for 5 min were used for LCO1490/HCO2198 primers
amplified samples. Positive and negative control were used each set of PCR sample runs.
Ultrapure water, which replaces DNA templates, serves as a negative control and extracted
DNA of A. maculatus was used as positive control. On 1.5% agarose gels, PCR products
were visualized and positive reactions were verified by a clear band aligned parallel to 650 bp
of the Invitrogen 100 bp DNA ladder (Thermo Fisher Scientific, MA) fragment. All positive
PCR products were labelled with the acronym DADB1, DADB?2,...DADB71, (Dietary
Analysis using DNA Barcodes) (n=71) alongside positive and negative control and were

commercially sequenced bi-directionally with the sequencing primers M13F and M13R
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(lvanova et al., 2007) and BigDye Terminator Cycle sequencing kit (Applied Biosystems) on
an ABI 3730 capillary sequencer at Macrogen Inc. (South Korea).

2.3. DNA sequence analysis
Until at least every generated sequence was >600 bp in length, sequencing efforts were
repeated. Forward and reverse sequences were trimmed using ChromasLite ver.2.1 to remove
ambiguous and/or low quality bases and remnant primer from amplification or sequencing
reactions. Sequences were compiled, and by translating DNA sequences into putative amino
acid sequences in BioEdit ver. 7.9 (Hall, 1999) and aligned in Clustal X ver. 2.0.6
(Thompson, 1997), the gaps within the DNA sequences were tested. More than 600 bp length
were all final contigs. The Barcode of Life Data Systems (BOLD) ID search engine
(Ratnasingham and Hebert, 2007) and GenBank’s BLAST tool (Altschul et al., 1990) have
been used as a reference libraries to identify the barcode sequences generated. Molecular
Evolutionary Genetic analysis (MEGA) ver. 4.1 (Kumar et al., 2018) using Kimura 2
parameters (K2P) (Kimura, 1980) was used to construct neighbour-joining (NJ) tree (Saitou
et al., 1987). Bootstrap test (100 replicates) was used to test the reliability of the branches
(Felsenstein, 1985). For tree based identification, sequences of statistically significant
(highest query coverage (q) or lowest error (e) values) references were extracted from
GenBank. For better representation of tree based identification, the NJ tree was redrawn
using the Interactive Tree Of Life (iTOL) (Letunic and Bork, 2019). The K2P model and the
Tajima’s test for pair-wise distance and nucleotide diversity (Tajima, 1989) estimation were
conducted in MEGA, respectively. The compositions of nucleotides and the diversity of
haplotype were measured using the workbench tools delivered in BOLD. Less than 3% of the
divergence between the unknown and the reference sequence was used to assign a specie
level identity (Valdez-Moreno et al., 2012). That is, if the sequence matches reference
GenBank sequence by at least 97%, the species identity has been accepted. To estimate the
number of species and haplotypes present in the sample, we used the accumulation curve
provisions provided in BOLD to visualise the taxonomic and sequence diversity. The also
helps the user to monitor and compare the efficacy of sampling between groups or sites.
Sequence data generated in this study was released through GenBank and accessible

via accession numbers JX676110-JX676180. Sequences along with their meta-data were also

made available via BOLD (www.barcodeoflife.org) and could be accessed via project code
DADB, and title; “Dietary analysis wusing DNA barcodes” or through
http://dx.doi.org/10.5883/DS-DADB.
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3. Results
3.1. Morphometric characterization of A. maculatus

This is the first study that explores A. maculatus’s gut content that occurr in Indian water
using DNA barcodes. Out of 40 A. maculatus sampled, average length of 21.15 cm and
biomass of 130.27 g was recorded (Table 1). The total length varied from 11 and 30 cm, and
biomass ranged between 112 and 151 g. In pre- and post-monsoons sampling, maximum (30

cm) and minimum (10.3 cm) lengths were recorded, respectively.

Table 1: Mean values and ranges of Arius maculatus total length (Lt) and biomass sampled

from the velar estuary

Season No. of guts Lt (cm) Biomass (g)

Mean + SD  Range Mean + SD Range
Pre-monsoon 22 22.67 +6.7 11.67-30.6 134.23 +14.28 114.56-151.23
Post-monsoon 18 19.28 +6.13 10.3-27.98 12544 +14.22 112.6-148.78
Over all 40 21.15+6.6 11.67-30.6 130.27 + 1475 112.6-151.23

3.2. Dietary composition and sequence analysis

Of the 40 stomach contents examined (22 in pre-monsoon, 18 in post-monsoon), 32
stomachs (80%) had prey taxa that could be measured. 6 and 2 individuals collected in pre-
monsoon and post-monsoon did not had measurable prey items, respectively. A total of 76
prey items were collected, of which 67 items were successfully sequenced (88.15%). The
prey taxa could be classified into 4 major phyla, viz., Chordata, Arthropoda, Annelida and
Mollusca. 4 barcodes of A. maculatus and 67 prey taxa constituted 71 sequences (DADBL1 to
DADB71) for BLAST analysis. DADB1 to DADB4 were A. maculatus tissue samples
randomly sampled twice each time during pre-and post-monsoon. The pre-monsoon
samplings of prey items were tagged from DADB5 to DADB33 (n=29) and the post-
monsoon sampling were from DADB34 to DADB71 (n=38). Table Sl list the respective
PCR primer pairs (FishF1/FishR1 or LCO1490/HC02198) used to barcode.

In GenBank database, all 71 sequences were matched with <3% cut off with that of
reference sequences by identifying the taxa to species level. The prey taxa belonged to 13
species (12 genera in 11 families) under 4 phyla (viz., Chordate, Arthropod, Annelida and
Mollusca) (Table S1). Pisces constituted the major prey items (43.28%) followed by
Arthropod (29.85%), Annelida (17.91%) and Mollusca (8.95%). List of Pisces and
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invertebrate species and their seasonal variability was represented in Fig. 1. Of 29 Pisces

sequences, 7 species were recognized viz.,, Eubleekeria splendens, Stolephorus indicus,

Photopectoralis bindus, Leptomelanosoma indicum, Lutjanus fulviflamma, Upeneus vittatus,

and Gerres filamentosus, respectively. In Annelida (Capitella capitata, Perinereis vallata),

Arthropoda (Clibanarius clibanarius, C. longitarsus) and Mollusca (Meretrix meretrix, Perna

viridis), the remaining taxa were made up of 2 species each.

i

L

eptomelanosomaindicum

Pernaviridis

Meretrix meretrix
Clibanariuslongitarsus
Clibanariusclibanarius
Capitella capitata
Perinereisvallata
Upeneus vittatus
Stolephorusindicus
Photopectoralisbindus
Lutjanusfulviflamma

.l.|||||||

m Total numbers
Post-monsoon
® Pre-monsoon

Gerresfilamentosus
Eubleekeria splendens

W

o

1 2 3 4 5 6 7 8 9 1011
Frequency of occurences

Fig. 1. Seasonal variation in diet diversity of A. maculatus. The isolated species and their

frequency of occurrence were given in the X and Y axes, respectively.

The mean BLAST similarity score was 98.94% with standard deviation of +0.99%

(Table S1). The maximum and minimum similarity scores were respectively 100% and
97.01%. All 4 barcodes of A. maculatus was precisely identified with >99.3% identity (Table
S1). All 71 barcodes produced in this study contained 43% average GC content (in the range
of 35-50%) (Table 2).

Table 2: Summary statistics for nucleotide frequency distribution of dietary barcodes

Compoasition (%) Minimum Mean Maximum  Standard Error
Guanine (G) 16.98 19.12 22.73 0.22
Cytosine (C) 13.49 23.91 30.08 0.64
Adenine (A) 19.16 24.10 29.84 0.35

Thymine (T) 27.76 32.87 42.68 0.59
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GC 35.04 43.03 50.86 0.56
GC Codon position 1 40.47 52.15 59.45 0.64
GC Codon position 2 38.14 42.63 44.08 0.13
GC Codon position 3 19.52 34.31 52.58 1.08

3.3. NJ tree-based species identification
Identification of A. macultus specimens were also verified using the reference sequences
extracted from GenBank via NJ tree construction. Other species in the Arius genera, such as
A. manillensis (HQ682617), A. dispar (KF604635), A. subrostratus (MK348195), and A.
jella (KU894613) was used as an out-group in the construction of NJ tree. All four sequences
(DADB1-DADBA4) have been placed in a single clade (Fig. 2). Presence of haplotypes within
the 4 COI sequences of A. maculatus was also hinted.
For the construction of the NJ tree, all 7 piscine species with their reference sequences
(2 to 5 reference sequences per species) constituting a total of 56 nucleotide sequences were
used. All pisces prey taxa clustered in one clade with its respective species indicating the
similarity between the sequenced COI and sequenced taxa in the database (Fig. 3). Even the
cladding patterns of constructed NJ tree suggested the presence of haplotypes among the prey
taxa; for example, 2 sub-clades were evident among the Stolephorus indicus clade (the top
most clade of the NJ tree) (Fig. 3). One contained DADB11, DADB12 and DADB24 with
other sequences of reference, and another contained DADB26 and DADB30 with other
sequences of reference. Similar patterns were also observed in U. vittatus, E. splendens and
L. indicum clades. For the NJ tree based invertebrate prey taxa identification, the 2 to 9
reference sequence per invertebrate prey taxa was similarly used. The final dataset had 68
nucleotide sequences. All invertebrate prey taxa in Arthropod, Annelid and Mollusca,
clustered with its respective sequences of the reference species in single clade (Fig. S1),

indicating the success of tree based identification.

3.4.Dietary diversity: Pre-monsoon ver sus Post-monsoon

The major difference between pre- and post-monsoon dietary composition is that, in pre-
monsoon, the molluscan taxa was completely absent and a piscine species (Solephorus
indicus) was present only in pre-monsoon (Fig. 1). Among piscine taxa, Eubleekeria
splendens (23.5%) and Solephorus indicus (23.5%) were the major prey taxa followed by
Photopectoralis bindus (17.6%) during pre-monsoon while E. splendens (36.36%) alone
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forms the major prey taxa followed by Leptomelanosoma indicum (18.18%) and Lutjanus

fulviflamma (18.18%) during the post-monsoon season.

Tree scale: 0.01 ———— HQO009490 Arius maculatus
MK348199 Arius maculatus
— KJ959637 Arius maculatus
! MK348145 Arius maculatus

[ | KF824828 Arius maculatus
I_ MK348146 Arius maculatus
I KU894607 Arius maculatus
! I MK348198 Arius maculatus
MK348197 Arius maculatus
DADBI1
DADB2Z
! DADB3
FJ869855 Arius maculatus
| MK348147 Arius maculatus
| KF824826 Arius maculatus
I KF824827 Arius maculatus
| JQ697691 Arius maculatus
1 MK348149 Arius maculatus
I MK348148 Arius maculatus
- DADB4
HQ682617 Arius manillensis
KF604635 Arius dispar
MK348195 Arius subrostratus
KUB894613 Arius jella

Fig. 2. COI-NJ tree based identification of Arius maculatus. DADB1-DADB4 were the

sequences produced in this study. The alpha-numerical present prefix to species name

represent the Genbank accession numbers. Different species of Arius genera was used as an

out-group was successfully delineated.

The hermit crabs forms the major constituents of both pre- and post-monsoon seasons
(81.81% & 40.74%, respectively) among invertebrate taxa. The dominant (54.54%)
invertebrate prey taxa were the hermit crab, Clibanarius clibanarius was followed by C.
longitarsus (27.27%) during pre-monsoon sampling. Clibanarius longitarsus were the
dominant (33.33%) invertebrate prey taxa during post-monsoon sampling followed by a
polychaete worm Capitella capitata (25.92%) (Fig. 1).
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Tree scale: 0.01 —— r ELUS541321 Srolephorus indicus
FI347956 Stolephorus indicus
TR DADBI1 Sivlephorus indicus
| = RPADBT2 Stolephorus indicus
1 DADRBZ4 Stolephorus indicus
DADB2Z2E Stolephorus indicus
DADRBI0 Stolephorus indicus
KXO064463 Stolephorus indicus
KX064464 Stolephorus indicus
KX064465 Stoflephorus indicus
MGGI37180 Photopectoeralis bindu
MG637181 Photopectoralis bindu
PADE9 Phaotopectoralis bindus
DADBI16 Photopectoralis bindus
MGG637179 Photopectoralis bindu
DADRB23 Photopectoralis bindus
DADEB38 Photopectoralis bindus
MGG637182 Photopectoralis bindu
JTIN242 718 Photopectoralis bindu
DADEI1S Eubleekeria splendens
DADEBEG3 Eubleckeria splendens
I DADB33 FCubleekeria splendens
DADE1Z7 Eubleekeria splendens
DADBG66 Eubleckeria splendens
MKGI10267 Eubleekeria spiendens
DADEB6 Eubleekeria splendens
DADBS3 Eubleekeria splenndens
DADB67 Eubleekeria splendens
HQ993145 Eubleekeria splenderns
] DADEI13 Upeneus vittatus
DADB32 Upeneurs vittalus
I I— GUBO4964 Upeneus villatus
il KX024776 Upeneus vittatus
i FJ237538 Upeneus vittatuis
u DADB46 Upenewus vitiatus
' F.I347945 Upeneus vitlatus
MEQ9S508F | eptomelanosormna indic
4w MF281369 Leptomelunosomu indic
I L MF281370 Leptomelanosoma indic
DA DBZ L eptomelanosoma indicurm
' DADBA3 Leptomelanosoma indicum
1+ DADB44 I eptomelanosoma indicum
' DADBZ2 I eptormelanosoma indicum
r DPADBS8 Lugianus fulviflamma
11 PADR3S Tutglanus fulviflamma
! DADBS4 Lutjonus fulviflamma
JQ639266 Luganus fulviflamma
JF42383F Futjanus fulviffamma
i HQI149877 Luganus fulviflamma
JINZ242557 Gerres fillamentosus
KY371548 Gerres filamentosus
LC4B4882 Gerres fllamentosus
KFZ714948 Gerres filamentosus
| DADBS Gerres filamentosis
1 DADBG1 Gerres filamentosus
! FNO21215 Gerres filamentosus
Fig. 3: NJ tree constructed for tree based identification of pisces prey taxa. The percentage of
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replicate trees in which the associated taxa clustered together in the bootstrap test (100
replicates) are shown as circles next to the branches. The number of base substitutions per
site was indicated as tree scale given on the top left corner. The acronym DADB and alpha-
numerical prefix to the species name indicates the sequences produced in this study and
reference sequence, respectively.

During pre-monsoon, piscine gut items constituted the major prey taxa (58.62%) and
invertebrate forms the major prey (71.05%) taxa in post-monsoon season. During the post-
monsoon, consumption of piscine items dropped by 20.69% and invertebrate taxa increased
by 42.11%. However, as the sample size was severely limited to draw such inference, it was
possible to adjust further sampling efforts accommodated with next generation sequencing to
verify such claims.

For invertebrate taxa, the average pair-wise distance (pwd) and nucleotide diversity
were higher (0.35 and 0.26, respectively) than for pisces (0.22 and 0.18, respectively) (Table
3). During the post-monsoon season, the total higher pwd values (0.40) were observed than
pre-monsoon values (0.31) suggesting higher dietary diversity consumed in the post-monsoon
season. Similarly, the decrease in pisces’s pwd and nucleotide diversity values and increased
values of the same parameters in post-monsoon invertebrate prey taxa indicate that
invertebrates were more preferred diet during the post-monsoon season. The overall pwd

values for the barcoded prey taxa were 0.377.

Table 3: Pair-wise distance (Pwd) and nucleotide diversity () of diet-DNA barcodes

Pre-monsoon Post-monsoon Overall

Pwd T Pwd T Pwd T
Pisces 0.223 0.187 0.124 0.180 0.221 0.184
Invertebrates 0.206 0.164 0.386 0.282 0.346 0.257
Overall 0.314 0.246 0.405 0.299 0.377 0.283

3.5. Haplotype diversity

The analysis of the accumulation curve in BOLD reveals the presence of 57 haplotypes
within 14 species barcoded (including the host A. maculatus) (Fig. 4). In Pisces (47.36%), the
majority of haplotypes were found, followed by Arthropods (28.07%), Annelids (14.03%)
and Mollusca (10.52%). Inthis analysis, the mean haplotype (n=57) richness per taxa
barcoded taxa (n=14) was found to be 4.07.
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Fig. 4: Accumulation curve demonstrating the documentation of various haplotypes present

among the taxa in dietary composition.

4. Discussion and conclusion

In this study, the mean length recorded was comparable to A. maculatus occurring on the
west coast of India (Maitra et al., 2019), but comparatively smaller than those occurring on
the coast of Philippines (Chu et al., 2011). Many studies have not been able to identify the
stomach content (prey items) of fishes using conventional morphological analysis (Legler et
al. 2010; Paquin et al. 2014; Moran et al. 2015), as the digestive process rapidly disintegrates
the morphological characteristics of the prey item (Schooley et al. 2008; Legler et al. 2010;
Carreon-Martinez et al. 2011), resulting in substantial losses of the valuable data for
taxonomist and resource managers. While in this study, most prey items were in high
digestive state and rendered morphological identification impossible, segregating and treating
the individual stomach content for DNA barcoding resulted in a success rate of 88%
sequencing with 100% species level identification. Using visual survey, previous analysis,
which could only assign 10% of catfish gut content to species level, used DNA barcoding to
witness the taxonomic assignments to species level identification of 90% of prey items
(Aguilar et al., 2016). None of the specimen could be recognised in this study without DNA
barcoding, which could lead to poor understanding of catfish and their diet diversity.
Previous nationalised efforts to barcoding the marine diversity (Lakra et al., 2010; Bineesh et

al., 2014; Bamaniya et al., 2015) along with localised efforts to barcode the diversity of
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Vellar estuary (Khan et al., 2010, 2011; PrasannaKumar et al., 2012; Thirumaraiselvi et al.,
2015; Rajthilak et al., 2015; Rahman et al., 2013, 2019; Hemalatha et al., 2016; Sahu et al.,
2016; Palanisamy et al., 2020; PrasannaKumar et al., 2020; Manikantan et al., 2020;
Thangaraj et al., 2020; Narra et al., 2020) resulted in strengthening the reference library
which insured that no ambiguous sequences were present in this study (as all sequences were
identified to species level). Identification success was likely due to the use of previously
generated references sequences from Indian waters from morphologically verified species
and published through reference databases (such as GenBank and BOLD). This is significant
because the ability of DNA barcoding to identify unknown specimens might be impeded by
miss-identification of reference specimen, cryptic diversity, sharing of haplotype, and lack of
reference sequences (i.e., species yet not barcoded) in the database.

Previously, cryptic diversity has been recorded among catfish prey (April et al., 2011) and
Indian waters have vast marine fish diversity (2443 species) (Gopi and Mishra, 2015) with
several cryptic families (Bamaniya et al., 2015). The application of DNA barcoding in this
study, identified 57 haplotypes in 14 species barcoded. When we previously barcoded Vellar
estuarine fishes (43 species), for the first time 58% (n=25 species) were sequenced (Khan et
al., 2011). These first time barcodes have been useful to identify Lutjanus fulviflamma,
Solephorus indicus, Upeneus vittatus, and Eubleekeria splendens in this study. In this study,
the wide diversity of marine fish in catfish diets (7 species in 5 families) was not surprising,
as previous studies have witnessed 23-25 fish taxa (up to 11 families) in catfish diets (Moron
et al., 2015; Aguilar et al., 2016). Previous studies using DNA barcoding to investigate the
catfish diet were limited to fish prey items (Moron et al., 2015; Aguilar et al., 2016),
considering the difficulties of segregating and sequencing invertebrates. This study is the first
of its kind to investigate the diversity of invertebrate prey in the diet of catfish using DNA
barcodes. The economically important clams (Meritxix meritrix ) (Yeh et al., 2016; Desrita et
al., 2019) and mussel (Perna viridis) (Sulvina et al., 2020) found in the diet of A. maculatus
in this study is of concern, as local populations were known to depend on these resources for
food. Since accurate identification of macro-benthic invertebrates from benthophagous fish
could facilitate the assessment of human impact on the ecosystem (Tupinambaés et al., 2015),
further studies could be directed toward a detailed picture of trophic levels in DNA barcoding
based gut analysis of other catfish and fin fish species inhabiting Vellar estuary (Khan et al.,
2011; Sakthivel et al., 2012).

We found that in pre-monsoon A. maculatus was more piscivorous than post-monsoon.

However such conclusions should be supported by multiple seasonal sampling and not with
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single seasonal sampling like in this study. It was also appropriate to note that most prey
items (almost all larvae and immature forms) identified in this study, were of commercially
important fish species such as Eubleekeria splendens, which occurred abundantly in the East
and West coast of India (Rawat et al., 2019). The diversity of diet estimated through DNA
barcoding shows that, A. maculatus can feed at a range of depths and habitats (especially
indicated by the high haplotype diversity), including shallow margins (such as mangrove
habitats where immature forms seeks habitats) and open waters. The DNA sequencing
mechanism and success of the detection of prey items might be disrupted by co-amplificatin
of the predator's DNA along with its prey (Vestheim and Jarman 2008; Leray et al. 2015).
We have not obtained any co-amplification of A. maculatus, however. Similar observations
were also previously made (Carreon-Martinez et al., 2011). While contaminations may have
triggered sequencing failures (since approximately 12% of the samples were not successfully
sequenced), false positive detections did not result (as all prey barcodes matched the level of
species cut off with that of the same species in the reference database).

We found that DNA barcoding was very effective in the identification of even highly
digested prey items. In this and other studies, prey items have been digested to the point that
even higher taxonomic ranks of the prey could not be given an indication by the visual exam
(Carreon-Martinez et al. 2011; Schloesser et al. 2011; Moran et al. 2015; Rocha et al. 2015;
Aguilar et al., 2016). Even though the present study involved the detection of fish and
invertebrates through DNA barcoding, the success rates of barcoding were higher than
previously reported ~65% by Moran et al. (2015), 70% by Cote et al. (2013), ~80% by
Carreon-Martinez et al. (2011) and nearly equivalent to (93%) Aguilar et al. (2016). The
variations in the success rate of barcoding may be due to the choice of sequencing techniques,
predator/prey within each study, prey item acquisition, predator/prey handling, and prey
condition (digestion resistant features) (Macdonald, 1982; Buckland et al., 2017). Although
the DNA barcoding techniques for fish and invertebrate using universal robust primers have
been well developed (lvanova et al. 2007; Weigt et al. 2012, Ward et al., 2005,
Prasannakumar et al., 2012, 2020), barcoding success rates may be more likely to be affected
during prey acquisition and other upstream barcoding processes (storage, pre-processing,
DNA extraction, etc.), as higher success rate was witnessed in processing freshly acquired
guts rather than the ethanol preserved whole predator samples. Limited diffusion of
preservative medium into gut contents was reported for decrease success rate (Valdez-
Moreno et al., 2012). In this study, care was taken to process the gut samples as fresh as

could and the individual prey items was stored in ethanol rather than the whole predator. We
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also recommend that the extracted gut contents be stored in a deep freezing condition rather
than in a preservative medium for a higher success rate of barcoding as previously observed
(Aguilar et al., 2016).

We propose estimating the degree of generalist predation among the predators through
pair-wise distance (pwd) and nucleotide diversity (w) estimation. For example, in post-
monsoon in the diet of A. maculatus, the pwd and nucleotide values of prey items increases,
indicating more post-monsoon generalist predation than pre-monsoon predation. However, it
was beyond the scope of this study to investigate the factors responsible for such a rise. For
now, the influence of pwd and = values on predator's biology, functioning of predator habitats
is unexplored, as more studies may be directed towards it in the near future. These barcode
data (along with the associated full diet analysis) will reveal A. maculatus' trophic dynamics
in Vellar estuary and provide valuable data for the development of management strategies,
particularly in relation to its predation of commercially important fish and invertebrates.
Pisces and invertebrates from these ecosystems will continue to be collected and barcoded, as
the coverage of species barcodes in the reference database will become more significant as
meta- and environmental DNA barcoding is becoming cheaper and more prevalent in fishery
surveys (Leray et al. 2013; Miya et al. 2015; Galal-Khallaf et al., 2016; Evans & Lamberti,
2018).
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Abstract

For the yeast population and diversity, marine habitats are the least explored niches
and the lack of validated database is considered to be a drawback for yeast research. The aim
of the present study is to create a comprehensive DNA barcode library for marine derived
yeast species isolated from organic burial hotspots such as coastal sediment in mangrove and
continental shelf ecosystems. As we enriched, isolated and ITS gene sequenced 1017 marine
derived yeast isolates belonging to 157 marine species in 55 genera, 28 families, 14 orders, 8
classes of 2 Phyla (viz., Ascomycota and Basidiomycota) of which 13 yeast species were first
time barcoded. We witnessed yeast species of both terrestrial and marine endemic origin in
the barcode datasets. Due to the large volume of sequencing trace files, the variable length of
extracted sequences, and the lack of reference sequences in public databases, difficulties were
faced in taxonomic sequence validation. The length of the majority of the sequences
(99.42%) were more than or equal to 600 base pairs. BLAST analysis revealed that 13 yeast
species were barcoded for the first time. The genus, Candida was the speciose genera isolated
in this study. K2P intra-species distance analysis performed for selective groups yielded an
average of 0.33%, well below the previously proposed yeast barcode gap. ITS gene NJ-tree
based identification conducted for selective species in Ascomycota and Basidomycota,
precisely clustered the same species into one group, indicating the efficacy of ITS gene in
yeast species delineation. Besides isolating some of the common marine yeast species such as
Candida oceani, Bandonia marina and Yarrowia lipolytica, we found approximately 60% of
the yeast species isolates were previously unrecorded from the marine environment (example;
Cystobasidiopsis lactophilus, Sooffia cresolica, Udeniozyma ferulica, Colacogloea fal catus
and Pichia guilliermondii), of which 16.5% were recognised as potential human pathogens
(example; Candida orthopsilosis, C. rugosa, Debaryomyces fabryi and Yamadazyma
triangularis). Apart from releasing the barcode data in GenBank, provisions were made to
access the entire dataset along with meta-data in the Barcode of life database
(http://dx.doi.org/10.5883/DS-MY IC). This research constitutes the largest dataset to date for

collecting marine yeast isolates and their barcodes. As meta- and environmental barcoding
analysis were expanding its scope including environmental assessment and monitoring, the

datasets such as ours will be more useful.

Key words: Marine yeast, DNA barcoding, unrecorded yeasts, yeast pathogens, ITS gene
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1. Introduction

In the tropical and subtropical geographies, mangroves and its associated mycobiota
are vital components of the ecologically and economically significant food web (Lee et al.,
2014). So far 69-77 mangrove species (including their associates and hybrids) have been
documented (Alappatt, 2008; Statzell-Tallman et al., 2008). The mangroves constitutes 4
Gton of Carbon with global biomass of 8.7 Gton, distributed in 112 countries over 10-24
million hectares (Kathiresan & Bingham, 2001; Giri, 2011). The primary production rate in
mangrove ecosystems is equal to the rates in evergreen tropical humid forests (Alongi et al.,
2014). On the other hand, in the Bay of Bengal, one of the largest sediment inputs occurs
among the world's ocean, receiving 2000 million tons of sediments annually (Mohanty et al.,
2008) along with significant amount of terrestrial organic materials (Hedges and Keil, 1995;
de Haas et al., 2002) contributed by various rivers including the Kaveri on the southeast coast
of India (Khan et al., 2012). Yeast populations have rarely been explored in these sites
besides an abundant occurrence of culturable filamentous fungal isolates in these large carbon
burial sites (Das et al., 2009; Velmurugan et al., 2013; Godson et al., 2014).

In comparison to aquatic ecosystems, fungi in terrestrial and fresh water environments
have been well studied (Gulis et al., 2009; Raja et al., 2018). Through decomposition plant
material and nutrient replenishments (Schmidt & Shearer, 2004; Shearer et al., 2007), fungi
plays a significant role in the mangrove ecosystems by providing food for fishes and
invertebrates (Hogarth, 1999). The unicellular fungi, yeast (Kutzman and Fell, 2015) is a
polyphyletic group (Kutty and Philip, 2008), and when requires seawater for its growth was
described as marine yeast (Chi, 2012). Marine yeasts are known for their parasitic,
mutualistic or saprophytic relationship with marine animals in addition to their significance in
nutrient cycling, and may therefore be associated with various marine invertebrates, including
crabs, clams, mussels, prawns, oysters or other substrates (Jones and Pang, 2012; de Araujo
et al., 1995; Kosawa da Costa et al., 1991; Pagnocca et al., 1989). In two major phyla viz.,
Ascomycota and Basidiomycota, the diverse marine yeast is largely classified (Kurtzman
2011; Boekhout et al. 2011). Though basidiomycetous yeast species were known for high salt
tolerance (Tekolo et al., 2010), most of marine derived Ascomycetous yeast species are of
terrestrial origin with widespread phylogenetic diversity (Fell, 2012).

Since its first isolation (Fischer and Brebeck, 1894), which was recently overcome
using molecular taxonomy (Fell, 2012), numerous difficulties have existed in marine yeast
nomenclature and taxonomy. DNA barcoding has simplified the recognition of biological

species using short DNA fragment sequencing and analysis (Hebert et al., 2003). One of the
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vision behind DNA barcoding was the simple identification of biological species by non-
experts for the advancement of biological, ecological and medical research. Internal
transcribed spacer (ITS) gene has been recognised as DNA barcode which successfully
delineates filamentous fungal species (Schoch et al., 2012; Velmurugan et al., 2013; Vu et al.,
2019) and even works better for classification of yeast species (Vu et al., 2016), substituting
the previously used laborious and frequently inaccurate phenotypic analysis (Kurtzman et al.,
2015). Lack of validated data sets for yeast research is considered to be a drawback for its
identification (Bidartondo, 2008). The goal of this study is to use DNA barcoding to explore
the marine sediments in mangrove swamps along Indian coast and continental shelf off
southeast coast of India for yeast diversity. We aim to synthesise and publish, in GenBank
and BOLD, a sizable amount of marine derived yeast DNA barcodes. Besides evaluating
such database for identification of yeast species, we suspect that even after the production of
large yeast barcode dataset (8669 barcodes for 1351 yeast species) (Vu et al., 2016), marine
habitats will still be able to incubate some yeast species yet to be barcoded. The purpose of
the study was to gather as many marine derived yeast cultures as possible for a
comprehensive DNA barcode library synthesis, as studies are uncommon in exploring such a

large scale marine environments for yeast isolates.

2. Materials and methods
2.1.Study area and sample collection

Between Nov, 2008 and Jan 2013, sediment samples were extensively collected from
two separate ecosystems, viz., 1) inter-tidal sediments flats under mangrove trees along
Indian’s coastline, 2) continental shelf sediments off India’s southeast coast. The setails of
sampling sites with geographical descriptions were given in Table S1.

Inter-tidal sediments under mangrove trees were collected along the Indian coastline
from various mangrove environments ranging from Gujarat’s Kachchh Mangroves in West
coast of India to West Bengal’s Sundraban ecosystem in East coast of India. Sampling of 14
mangrove station called M1 through M14 and details of collection date, geographical
coordinates, and number of samples per station are provided in table S1. During pre-monsoon
seasons, mangrove sediments were collected mainly at low tide. Approximately 50 to 100g of
undisturbed sediments were collected (in triplicates) using sterile spatula, transferred to
sterile polythene bags (Nasco bags, HiMedia), and transported to laboratory in ice. Samples
were processed normally within 48 hours. In mangrove environment, sediments (n=52) were

obtained from 13 mangrove species viz., Avicennia sp., A. ilicifolius, A. alba, A. marina, A.
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officinalis, Bruguiera cylindrical, Ceriops decandra, Excoecaria agallocha, Pongama
pinnata, Rhizophora mucronata, Sonneratia apectala, S caseolaris and Xylocarpus
mekongensis in 14 sampling stations (named as M1 —-M14) (table S1). Sediment pore water
salinity was measured using hand-held refractometer (BEXCO, USA). Highest of 35ppt
salinity was measured in Parangipettai and Pitchavaram mangroves (station, M9 and M10,
respectively) whereas station M14 which is upstream mangroves infringe inland of
Sundarbans, West Bengal, records the lowest salinity of 8ppt.

During cruise No. 260 (Lyla et al., 2012) of Fishery and Ocean Research Vessel
(FORV) Sagar Sampada conducted from 06™ to 28™ December 2008 using Smith—Mclntyre
grab which covers an area of 0.2m?, sediment samples along the Southeast continental self of
India were collected. On the Southeast continental shelf, the sampling station was fixed at the
depth gradients of about 30, 50, 100, 150 and 200 meters at each transacts, constituting a total
of 7 transects and 32 sampling stations, called from CS1 through CS32 (table S1). In-built
with FORV-Sagar Sampada, the depths of sediment sampling were measured using multi-
beam echo sounder (capable of measuring up to 1000m depth). Sterile spatula was used for
sediment sub-sampling (trice per station) from the grab. The cruise collected a total of 96
sediment samples. Salinity of continental shelf sediments ranged from 33 to 35ppt. All
culture media were prepared using the ambient seawater (AS) obtained from respective
collection sites, as it provides closer to natural environmental conditions (Zaky et al., 2014).
AS was filtered through 0.22u cellulose filter membrane (Miilipore) and autoclaved, before

being used to prepare culture media.

2.2. Enrichment and isolation of yeast-like cells

Two types of media were used for enrichment, as enrichments were known to increase
the number of yeast species isolates (Gadanho & Sampaio, 2004). Either one or both of the
media (for most samples collected after 2010) was used for enrichment of yeast cells before
plate culture. Briefly, after homogenization of the sediment samples in the collection
container, yeast cells were enriched by adding one gram (g) of sediments to 100ml of
Yeast/Malt extract (YM) broth (3 g malt extract, 3 g yeast extract, 10 g dextrose, and 5 g
peptone, in 1L sterile-AS) and/or GPY broth (2% glucose, 1% peptone, 0.5% yeast extract in
100ml sterile-AS) supplemented with an antibiotic cocktails (300 mg L™ penicillin, 300 mg
L streptomycin, 250 mg L™ sodium propionate, and 0.02% of chloramphenicol) to inhibit
bacterial growth. We used both enrichment media for sediments sampled after 2010, to

increase the number of yeast species being isolated. At 150 rpm, the enrichment broth with

5


https://doi.org/10.1101/2020.08.29.273490
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.29.273490; this version posted October 12, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

sediment samples in a 250 mL Erlenmeyer flasks was shaken on a rotary shaker, incubated
for 2-3 days at 17-20 °C (temperature >20 °C was found to accelerate filamentous fungal
growth in plate cultures). Autoclaved AS has been used as control. After incubation from
corresponding broth cultures, 100u! to 1000ul (based on the turbidity of the broth) was
spread over (in triplicates) YM and/or GYP agar plates (composition as same for broth
preparation with addition of 1.5% agar). Culture media was autoclaved twice (at 100°C for
30min) during two consecutive days to reduce mould contaminations (Gadanho and Sampaio,
2005). The remaining broth was conserved at 4°C with the over lay of mineral oil for future
use, just in case the incubated plates did not produce any colonies or over production of
filamentous fungi. The inoculated plates were incubated for 10-20 days or until colonies
appeared and continuously monitored at every 24 hours. In order to promote the full recovery
of yeast-like species including slow growing colonies, prolonged incubation period with
concurrent removal of fast growing colonies were adopted. Also care was taken to stop the
incubation when there was a high probability of mould over growth.

Microscopic analyses of yeast-like colonies were started from the minimum of 5 days
of incubation with methylene blue staining (checked for single type forms and to ensure no
association of bacterial cells) and purified by streaking onto fresh agar (YM or GYP) plates
(to prevent growth over other colonies or to save from rapidly growing moulds). Gradually
one representative morphotype of each colony per sample (i.e., when the yeast colonies were
<50 numbers or when the mould was entirely absent or scarce in the agar plates) was streaked
twice on corresponding agar plates for purification. The representative number of colonies
(40-70 colonies) is randomly selected and purified twice in other cases (i.e., when yeast
colonies is >50 or dense mould growth in the agar plates).

Enrichments cultures as mentioned above were done for continental shelf sediments
on the ship board Microbiology lab, FORV-Sagar Sampada. After 2 sub-culturing of yeast-
like cells, the isolates were grown for 2-3days in the shaker (at 120 rpm) 1mL of GPY broth
(in duplicates) prepared in 2mL microfuge tubes. The culture in one tube was used for DNA
isolation and other cryopreserved (culture increased to 1.5ml volume using 2% GPY broth,
10% glycerine) in the Marine Microbial Culture Facility, Centre of Advanced Study in
Marine Biology, Annamalai University. There were a total of 1398 colonies for molecular
analysis (916 colonies from mangrove sediments, and 482 colonies from continental shelf
sediments). Each purified cultures were numbered under DBMY (DNA Barcoding Marine
Yeast) acronym. The key features described in Yarrow (1998) and Kurtzman et al. (2010)

were used for the macro- and micro-morphological analysis for identification.
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2.3.DNA extraction, polymerase chain reaction and DNA sequencing

In order to recover the yeast-like cells grown in the 2mL microfuge, the tubes were
centrifuged at 8000 X g for 5 minutes. Following manufacturer’s instructions, DNA was
extracted from the pellets using GeneiPure Yeast DNA preparation kit (GeNei) or DNeasy
blood and tissue kit (Qiagen). The DNA was eluted in the elution buffer (provided with the
kit) and stored at -20°C. The ITS primers; ITS1 (5-TCCGTAGGTGAACCTGCGG) and
ITS4 (5-TCCTCCGCTTATTGATATGC) (White et al., 1990) was used for amplification.
The primers targets the DNA fragments containing, partial 18S ribosomal RNA gene;
complete sequences of internal transcribed spacer 1, 5.8S ribosomal RNA gene, internal
transcribed spacer 2 and partial sequences of 28S ribosomal RNA gene. PCR was performed
on a thermal cycler 130045GB (GeNei) under following conditions: 4 min at 94 °C, followed
by 30 cycles of 30 s at 94 °C, 40 s at 48 °C for annealing and 90 s at 72 °C, with a final
extension at 72 °C for 7 minutes. PCR amplicon were separated by 1.5% agarose gel
electrophoresis. Amplicons were sequenced two ways using commercial sequencing services

of Macrogen (South Korea) or Bioserve Biotechnologies Pvt. Ltd. (India).

2.4.DNA sequence analysis

Following sequencing, the forward and reverse sequences were assembled using
BioEdit ver. 5.0 (Hall, 1999). Sequences were aligned using CLUSTAL X (Larkin et al.,
2007) and manually adjusted in MEGA X (Kumar et al., 2018). DNA sequences were
compared with GenBank sequences using BLAST algorithms (Altschul et al., 1997) and a
cut-off species threshold of 98.41% (Vu et al., 2016) was used for delamination of yeast
species. The species that were first time barcoded (i.e., when species threshold is <98%) were
confirmed by double checking BLAST search similarity values and by searching for ITS
gene sequences of the species in GenBank.

Using the reference sequences extracted from GenBank, the Neighbor-Joining method
(Saitou and Nei, 1987) was used for tree based yeast species identification. In the bootstrap
test, the percentage of replicate trees in which the associated taxa clustered together (100
replicates) (Felsenstein, 1985) is indicated as circles next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those used to infer the phylogenetic tree
from evolutionary distances. The evolutionary distances have been computed using the
Kimura 2-parameter method (Kimura, 1980) and are in the units of the number of base

substitutions per site. All positions containing gaps and missing data were eliminated
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(complete deletion option). Evolutionary analyses were conducted in MEGA X (Kumar et al.,
2018). The NJ trees were manipulated in interactive Tree of Life (iTOL) database (Letunic
and Bork, 2019) for better representation.

DNA sequences generated in the present study were release to GenBank and could be
accessed through accession numbers: KJ706221-KJ707237. Entire dataset produced in this
study could also be accessed through Barcode of life database under the project title “DNA
barcoding marine yeast” with a tag, “DBMY” or through a digital object identifier;
http://dx.doi.org/10.5883/DS-MYIC .

3. Resultsand discussion
3.1.Composition of marine yeast speciesrevealed through BLAST analysis
Out of the 1398 isolates selected for molecular analysis, 1017 (72.74%) were
successfully sequenced. The BLAST analysis shows that ITS gene sequences belonged to
157 yeast species in 55 genera, 28 families, 14 orders, 8 classes (viz., Agaricostilbomycetess,
Cystobasidiomycetes,  Dothideomycetes, = Exobasidiomycetes,  Microbotryomycetes,
Saccharomycetes, Tremellomycetes, Ustilaginomycetes) in 2 Phyla (viz., Ascomycota and
Basidiomycota). Two species (viz., Curvibasidium cygneicollum (J.P. Sampaio, 2004), and
Hasegawazyma lactosa (T. Hasegawa, 1959)) could not be classified into any defined family,
and were therefore placed under incertae sedis. Of the total number of sequences (n=1017)
generated, 52.01% (n=529) of the sequences were the representatives of Ascomycota and the
remaining 47.99% (n=488) of the sequences were the representatives of Basidiomycota. List

of recovered species and their respective sampling stations were given in Table 1.

Table 1: List of marine derived yeast species and its respective sampling station. Colonies

that could not be identified to species level was indicated by “sp.”

No.of Family Genera Species Sampling sour ce
* 1 Agaricostilbaceae Serigmatomyces elviae CS23, M5, CS25, CS5, CS6.
2 halophilus M5, M6, M7, CS28, CS26.
3 Buckleyzymaceae Buckleyzyma Kluyveri-nielii CS4, M6, M7, M8, M9.
4 salicina CS25, M7, M10, M11, M12, M13.
5 Chionosphaeraceae Cystobasidiopsis lactophilus M3, CS31, M2, CS19.
6 Chrysozymaceae Chrysozyma griseoflava M9, CS13, M9, CS26, M1.
7 Fellozyma inositophila M4, M5, CS5, CS30, CS31.
8 Hamamotoa lignophila M2, CS3, CS13, M10, M11.
9 singularis M1, CS16, M2, CS29, M4.
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10 Oberwinklerozyma yarrowii M10, CS14, CS27, M2.

11 Pseudohyphozyma bogoriensis M11, CS15, CS28, M3.

12 buffonii M14, CS17, M13, CS28.

13 pustula CS27, M14, CS11, M8, M9.

14 Sooffia cresolica CS28, M10, CS18, CS26, CS27.

15 pilati M12, M13, M14, M8., CS8

16 tsugae M13, CS27, CS15, CS16.

17 Trigonosporomyces hylophilus CS25, CS26, CS27, M8, M9.

18 Udeniozyma ferulica M4, CS32, CS20, M5, M6.

19 Vonarxula javanica M3, CS4, CS14, M11.

20 Cystobasidiaceae Cystobasidium pallidum M12, CS26, CS14, CS15.

21 pinicola M13, M14, CS25, CS26, CS27.

22 dooffiae M13, M14, CS25, CS26, CS27.

23 Cystofilobasidiaceae Cystofilobasdium macerans M5, M9, CS28, CS29.

24 Filobasidium globisporum CS19, M1, M11, CS16, M14.

25 stepposum M5, CS7, M3, CS31, M6.

26 uniguttulatum M4, M5, CS26, CS27, CS28.

27 Debaryomycetaceae Debaryomyces fabryi M9, CS29, CS30.

28 hansenii M10, CS11, CS12, CS13.

29 mycophilus M13, CS13, M10, CS11, CS12,
CS29, M11, CS19, CS27, CS28,
M8.

30 nepalensis M1, CS30, M2, CS18, M5.

31 pseudopolymorph  CS27, CS28, CS32, M12, CS29,

us M10.

32 subglobosus M14, CS28, CS16, CS15.

33 Millerozyma acaciae M1, CS30, CS31.

34 Scheffer somyces coipomoensis M13, CS29, CS11, CS25, CS26.

35 shehatae M12, M1, CS31, CS30, CS30,
CS29, CS28, CS27, CS20, CS19,
CS11.

36 Yamadazyma scolyti M11, CS27, CS13, CS14, CS15.

37 triangularis CS20, CS6, M1, M2, M3.

38 Dipodascaceae Galactomyces geotrichum M1, M2, M11, CS11.

39 Yarrowia lipolytica CS18, CS4, M9, M10, M11.

40 Erythrobasidiaceae Erythrobasidium elongatum M13, CS29, CS3, CS13.

41 Filobasidiaceae Cryptococcus adeliensis M12, M7, CS7, M3.

42 albidus M11, CS25, CS13, CS14.

43 diffluens CS24, CS26, M8, CS25.

44 magnus CS25, CS28, CS29, M10, CS26.

45 oeirensis CS4, CS27, M9, CS25.

46 randhawai M1, M2, M3, M4, CS22, CS20.

47 sp.1 M6, CS31, CS21, M3.

48 uzbekistanensis M14, M9, CS26, CS27, CS28.

49 Naganishia globosa CS20, CS13, M4, M5, M10.

50 liquefaciens M2, M3, CS31, CS32, CS3.
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51 vishniacii CS25, CS28, M10, CS26, CS25,
CS27, M14, M3, M4, M5, M6,
CS11, CS29, CS30, M8, M9.

52 Heterogastridiaceae Colacogloea diffluens CS29, CS18, CS19, M13, M14.

53 eucalyptica CS27, CS28, M12, M13.

54 falcata CS24, CS25, CS26, M11, M12.

55 foliorum CS31, CS32, M10, M11.

56 philyla CS5, CS6, CS11, M9, M10.

57 incertae sedis Curvibasidium cygneicollum CS28, CS31, CS32, M8, M9.

58 Hasegawazyma lactosa M1, M2, M3, CS30, CS12.

59 Kondoaceae Kondoa aeria M12, M13, M11, CS18, CS19.

60 malvinella CS28, CS29, CS30, M7, M8.

61 Kriegeriaceae Phenoliferia glacialis CS28, CS29, CS18, CS19, M6, M5.

62 psychrophenolica  CS5, CS26, CS27, M5, M6.

63 Leucosporidiaceae Leucosporidium fellii CS6, CS31, CS32, M1.

64 SCottii CS18, CS15, CS16, M5, M6.

65 Metschnikowiaceae Metschnikowia noctiluminum CS15, CS16, CS30, M4, M5.

66 Microsporomycetaceae  Microsporomyces pini CS28, CS29, CS5, CS14, M3, MA4.

67 Microstromataceae Microstroma bacarum CS29, CS30, M3, M2.

68 Phaffomycetaceae Wickerhamomyces anomalus CS31, CS17, CS18, M2, M3.

69 subpelliculosus CS29, CS6, M13, M14.

70 Pichiaceae Nakazawaea pomicola CS22, M6, CS31, CS21, M3.

71 Pichia cecembensis CS32, M14, CS31, CS18.

72 farinosa CS11, CS27, CS28, M9.

73 fermentans CS25, CS29, CS30, CS31, M9.

74 guilliermondii CS6, CS11, CS25, M14.

75 jadinii CS30, CS31, CS32, M1, M2.

76 Kluyveri CS27, CS28, CS29, M14, M1.

77 kudriavzevii M8, M5, M11, M10, CS6, CS5,
CS29, CS28.

78 subpelliculosa CS28, CS29, CS30, M3, M12.

79 Ruineniaceae Ruinenia dracophylli CS26, CS27, M4, M11.

80 rubra CS11, CS28, M5, M10.

81 Saccharomycetaceae Candida albicans CS19, M14, M1, CS16, M2.

82 boidinii M12, CS28, M10, CS26.

83 boleticola CS26, CS31, M12, CS23.

84 carpophila CS27, M14, M3, M4, M5.

85 catenulata CS5, CS6, M14, M13, CS31.

86 carvajalis M3, M14, M11, M10, CS31, CS28,
CS27, CS26, CS26, CS25.

87 dubliniensis CS27, CS28, M5, M9, M10.

88 duobushaemulonii  CS6, CS7, CS26, M6, M8.

89 ergatensis CS5, CS25, M7, CS32, CS22, M4,
CS24, CS4, M6, M8, M9, M10,
CS18, CS19, CS20, CS21.

90 fermenticarens CS28, CS29, CS18, M7, M8.

91 fragi CS28, CS26, CS27, M14, M13.
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92 glaebosa CS31, CS26, CS27, M10, M11.
93 haemulonii CS29, CS30, M5, M6.
94 humilis CS26, CS27, CS28, M8, M9.
95 hungchunana CS11, CS25, M9, M10, M11.
96 insectamans M8, M5, M2, M13, M10, CS32,
CS31, CS30, CS28.

97 intermedia CS4, CS32, CS6, M11, M12.
98 magnoliae CS22, CS32, CS3, M13, M14.
99 molendinolei M12, M11, CS26, CS27.

100 nivariensis CS30, CS31, CS32, M1, M3.

101 oceani CS28, CS29, M6, M7.

102 orthopsilosis CS26, CS27, M3, M7.

103 pal mioleophila M13, CS21, M5, CS30.

104 parapsiloss M2, M3, M5, CS29, CS31.

105 quercitrusa M14, M9, M1, CS31, CS32.

106 railenensis CS28, CS2, M10, CS26.

107 rugosa M7, CS31, M8, CS27, CS32.

108 santamariae CS6, CS26, CS26, M8.

109 sp.1 CS3, M14, CS22, M6.

110 spencermartinsiae  CS3, CS25, CS26, M9.

111 viswanathii CS1, CS2, M12, CS28.

112 xylopsoci CS3, M13, CS21, M5.

113 zeylanoides CS2, CS5, CS13, M7, M9.

114 Hanseniaspora guilliermondii CS3, CS4, CS6, M14.

115 occidentalis M2, CS30, M3, CS31, CS9.

116 opuntiae CS6, CS29, CS30, M6.

117 uvarum CS10, CS25, CS28, CS29, M10.

118 | ssatchenkia orientalis CS11, CS12, M3, CS19.

119 Kazachstania aerobia CSb5, CS2, CS25, M7.

120 exigua CS32, CS22, M4, CS24.

121 humilis CS1, CS4, CS5, M14.

122 Kluyveromyces dobzhanskii CS6, CS26, CS27, CS31, M1.

123 lactis M4, CS24, CS4, M6.

124 marxianus M7, M8, M9, CS5.

125 Saccharomyces bayanus M12, CS28, M14, CS22.

126 cerevisiae M6, CS31, CS21, M3.

127 kudriavzevii M8, CS2, CS23, M5.

128 Torulaspora delbrueckii CS2, M10, CS26, CS25.

129 franciscae CS23, M5, CS25, CS5.

130 Williopsis saturnus M1, M2, M3, M4, CS25, M7.

131 Saccharomycopsidaceae Saccharomycopss fibuligera M13, M14, M9, CS32.

132 Saccotheciaceae Aureobasdium pullulans M12, M13, CS22, M4.

133 mansoni M6, M14, M13, M11, M10, CS32,

CS31, CS28, CS27, CS26, CS25.
134 sp.l CS16, M13, CS27, CS15, M14,

CS22, M6, M11, CS28, CS25, M10,
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M7, CST7.
135 Sakaguchiaceae Sakaguchia dacryoidea M6, CS27, CS20, M7.
136 Sporidiobolaceae Rhodosporidiobolus  fluvialis M7, CS7, M3, CS31.
137 Rhodosporidium diobovatum M2, M3, M4, CS7.
138 Rhodotorula araucariae M14, M9, M1, CS3, CS4, CS5.
139 babjevae M12, M13, CS1, CS4.
140 dairenensis M12, CS28, M10, M11.
141 glutinis M13, M14, M9, CS32, CS26.
142 graminis M5, CS3, CS4, CS5, CS6.
143 ingeniosa M7, M8, M9, CS8, CS28.
144 kratochvilovae CS3, M7, CS24, M6, CS26.
145 mucilaginosa CS22, CS11, CS25, M6, M7.
146 nothofagi M3, M4, M5, CS7, CS8.
147 paludigena CS1, M9, CS28, CS25.
148 sphaerocarpa M1, CS1, CS2.
149 toruloides CS22, M6, CS31, CS21.
150 Spoorobolomyces beijingensis M3, CS2, CS31, CS18.
151 koalae CS9, CS27, CS28, M8.
152 oryzicola M12, CS20, CS28, CS29.
153 roseus CS29, CS6, M7, M8.
154 Symmetrosporaceae Symmetrospora foliicola M6, M7, CS26, CS11.
155 gracilis M1, CS16, M3, CS29.
156 Tetragoniomycetaceae Bandonia marina M9, M4, M3, M2, M13, M12, M11,

M10, M1, CS28, CS25.
157 Ustilentylomataceae Usdtilentyloma graminis M11, CS19, CS27.

Minimum of 6 isolates was sequenced from each yeast species isolated in this study.

The isolates of Scheffersomyces ergatensis (Santa Maria, 1971), Naganishia vishniacii
(Vishniac & Hempfling, 1979) and Aureobasidium sp. (Viala & G. Boyer, 1891) provided a
maximum of 19 sequences each. Each of the yeast species; viz, Aureobasidium mansonii
(Cooke W.B., 1962), Bandonia marina (Uden & Zobell, 1962), Candida carvajalis (James S.
A., 2009), Candida insectamans (D.B. Scott, Van der Walt & KIlift, 1972), Debaryomyces
mycophilus (Thanh, Van Dyk & M.J. Wingf., 2002), Scheffersomyces shehatae (H.R.
Buckley & Uden, 1964) was sequenced for 13 times and the Pichia kudriavzevii (Boidin,

Pignal & Besson, 1965) was sequenced for 12 times. Candida spp. was the most speciose

genera (n=33 species) followed by Rhodotorula spp. (n=13 species). Largely, we did not find

clear pattern of differentiation in yeast species isolated from mangrove and continental shelf

sediments.

3.2.Character based identification and BLAST analysis

12


https://doi.org/10.1101/2020.08.29.273490
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.29.273490; this version posted October 12, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

The length of the ITS sequence recovered varied from 542bps to 891bps (Fig. 1). The
majority of the sequences (62.24%; n=633 sequences belonging to 81 species) were between
600 and 649 bps. Minimum length of 552 - 599 bps was only recovered only for 6 sequences
(0.58%). All remaining recovered sequences (99.42%) were larger than or equivalent to
600bp length. The list of 1017 barcodes with their respective species match was given in
Table S2 containing details of the GenBank reference sequence (with percentage of
similarity, its accession numbers and its taxonomy).

BLAST analysis revealed that 13 yeast species were barcoded for the first time
(Table 2) and individual search of the ITS gene of those species in GenBank did not yield
any results, re-confirming that those species were first time barcoded. Despite Candida spp.
was speciose genera reported and DNA barcoding, the ITS gene sequences of Candida
carvajalis (n=15), C. duobushaemulonii (n=6) and C. haemulonis (n=6) was barcoded for the
first time, as they were absent in the reference database until now. Even though previous
extensive study, barcoded 1351 yeast species producing 8669 barcodes (Vu et al., 2016), the
above mentioned 13 Candida spp. species was not included in their collection, as the

previous study did not explore marine environments.
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Fig. 1. ITS gene sequence length (bps) variations distributed among 1017 sequences. More
than 60% of the sequences were in between 600 and 649 bps lengths.

Of the 13 first time barcoded species, a minimum of 0.25 K2P distance and 0.024
nucleotide diversity were reported for Candida carvajalis (n = 13) (fig. 2). Maximum K2P
distance of 0.37 was recorded for Buckleyzyma salicina (n=6), Trigonosporomyces hylophilus
(n=6) and Rhodosporidiobolus sphaerocarpa (n=6) (where maximum of nucleotide diversity

of 0.036 was also recorded).
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Fig. 2: Intra-species average K2P distance and nucleotide diversity (xr) of ITS gene sequences
of 13 species barcoded for the first time.

The overall intra-species K2P distance average was 0.33% which was well below the
threshold proposed for the yeast species (1.59%) (Vu et al., 2016). Nucleotide diversity
values directly proportionated the K2P distances (Fig. 2).

3.3.Tree based identification

Since the tree based identification was not feasible for all 157 species and requires the
construction of mega tress which will be difficult to curate. Randomly selected genera in
phylum Ascomycota (Cryptococcus spp.) and Basidomycota (Colacogloea spp.) were thus
used to evaluate the tree based identification. We used a maximum of 3 sequences per species
generated in this study belonging to 5 selective species against the corresponding available
GenBank reference sequences to create NJ tree of Cryptococcus spp. All selected species in
the Cryptococcus spp. genera, precisely clustered its corresponding reference sequences in
one clade (Fig. 3). This indicates the efficacy of ITS gene sequences in delineating yeast
species. The overall mean K2P pairwise distance of Cryptococcus spp. genera was 0.7%
which is well within the proposed yeast species cut off (1.59%) (Vu et al., 2016). Tree based
Colacogloea spp. identification reveals that the individual species clusters the in one clade
along with its corresponding GenBank reference sequence (Fig. 4). The overall kimura-2
parametric distance was 1.4% which is well within the cut-off value proposed by Vu et al.
(2016).
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Table 2: List of marine derived yeast species first time barcoded with their respective species

authority and corresponding accession numbers in GenBank

No. Family and species Authority Acc. Nos.
1 Family: Buckleyzymaceae B.N. Johri & Bandoni  KJ706369, KJ706528, J706687,
Buckleyzyma salicina KJ706846, KJ707005, KJ707163
2 Family: Chrysozymaceae Nakase & M. Suzuki KJ706363, KJ706522, J706681,
Chrysozyma griseoflava KJ706840, KJ706999, KJ707157
3 Trigonosporomyces hylophilus ~ Van der Walt, D.B. KJ706323, KJ706482, J706641,
Scott & Klift KJ706800, KJ706959, KJ707117
4 Family: Cystobasidiaceae Lodder KJ706324, KJ706483, J706642,
Cystobasidium pallidum KJ706801, KJ706960, KJ707118
5 Family: Erythrobasidiaceae R.G. Shivas & Rodr. KJ706362, KJ706521,KJ706680,
Erythrobasi dium elongatum Mir. KJ706839, KJ706998, KJ707156
6 Family: Heterogastridiaceae Nakase, Itoh & M. KJ706367, KJ706526,KJ706685,
Colacogloea falcata Suzuki KJ706844, KJ707003, KJ707161
7 Family: Saccharomycetaceae S.A. James, E.J. KJ706236, KJ706395,KJ706554,
Candida carvajalis Carvajal, C.J. Bond, K. KJ706713, KJ706872,KJ707031,
Cross, N.C. Nufiez KJ707176, KJ707185,KJ707194,
KJ707203, KJ707212,KJ707221,
KJ707230
8 Candida duobushaemulonii Cend.-Bueno, Kolecka, KJ706233, KJ706392,KJ706551,
Alastr.-Izq., Gémez- KJ706710, KJ706869, KJ707028
Lopez, Cuenc.-Estr. &
Boekhout
9 Candida haemulonis Uden & Kolip. KJ706229, KJ706388,KJ706547,
KJ706706, KJ706865, KJ707024
10 Kazachstania aerobia F.Y.Bai & Y.M. Cai KJ706291, KJ706450,KJ706609,
KJ706768, KJ706927, KJ707085
11 Family: Saccotheciaceae Castell. KJ706380, KJ706539,KJ706698,
Aureobasidium mansonii KJ706857, KJ707016,KJ707174,
KJ707183, KJ707192,KJ707201,
KJ707210, KJ707219,KJ707228
12 Family: Sporidiobolaceae Fell, Kurtzman, KJ706317, KJ706476,KJ706635,
Rhodosporidiobolus fluvialis Tallman & J.D. Buck  KJ706794, KJ706953, KJ707111
13 Rhodosporidiobolus S.Y. Newell & Fell KJ706316, KJ706475,KJ706634,

sphaerocarpa

3.4.New occurrences of marine derived yeast species

KJ706793, KJ706952, KJ707110

Only 25.5% (n=40) of the isolated marine yeast species in this study were previously isolated
form marine environment. Example; Serigmatomyces halophilus was known to improve

marine fish immunity (Reyes-Becerril et al., 2017). Yarrowia lipolytica has been known for
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its crude oil degradation capability (Hassanshahian et al., 2012) and for its dimorphic growth

when it is especially isolated from oil polluted seawater (Zinjarde et al., 1998).

Tree scale: 0.01 +——
MT542688 C.randhawai

— DBMY371 C.randhawai .
Cryptococcus randhawai
DBMY689 C.randhawai
| PBMY51 C.randhawai
| 70993379 C.randhawai
I DBMY52 C.oeirensis
| DBMY213 C.oeirensis Cryptococcus oeirensis
| JQ993375 C.oeirensis
+— DBMYG690 C.oeirensis
' NR 077106 C.oeirense
KF307729 C.diffluens
DBMY528 C.diffluens Cryptococcus diffluens
B _| DBMY109 C.diffluens

DBMYG685 C.uzbekistanensis
I JX174416 C.uzbekistanensis

Cryptococcus uzbekistanensis

L _| DBMY208 C.uzbekistanensis
DBMY526 C.uzbekistanensis
l AF444449 C.adeliensis
I— JX188117 C.adeliensis
I DBMY376 C.adeliensis Cryptococcus adeliensis

| DBMY56 C.adeliensis

I JQ768936 C.adeliensis

Fig. 3: NJ tree based identification of Cryptococcus spp. spp. (phylum: Ascomycota, class:
Saccharomycetes). The acronym “DBMY” denotes the sequences produced in the present
study. The acronym other “DBMY” denotes the accession number of GenBank reference
sequences.

Another species isolated in this study, Candida oceani, first isolated from
hydrothermal vents in Atlantic (Burgaud et al., 2011), was noted for its ability to withstand
high hydro-static pressure (Burgaud et al., 2015). Bandonia marina reclassified from
Candida marina (Liu et al., 2015), first isolated from the marine environment (Van Uden and
Zobell, 1962), was also recognized for its hydrocarbonoclastic potential (Itah and Essien,
2005), and was previously isolated from tar balls obtained from the northwest coastal waters
of India (Shinde et al., 2017). Other species (~58%; n=91) recorded in this study were either

reported to occur in soil, plants and animals (including insects) and their presence in the
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marine environment was previously unrecorded. Approximately 16.6% of the yeast species

isolated in this study were previously reported as potential human pathogens (n=26 species).

Tree scale: 0.01 +—— —- DBMY422 C.foliorum

|-- KY102574 C.foliorum

Colacogloea foliorum
- KJ706480 C.foliorum

[- NR 073331 C.foliorum
- KJ706957 C.foliorum

DBMY429 C.diffluens

- DBMY270 C.diffluens
—- DBMY747 C.diffluens Colacogloea diffluens
- NR 073289 C.diffluens
- KY102571 C.diffluens

I— DBMY309 C.falcata

L—- DBMY468 C.falcata

- DBMY786 C.falcata Colacogloea falcate

-KY102573 C.falcata
NR 073297 C.falcata
[— KY102572 C.eucalyptica

- DBMY447 C.eucalypti i
eucalyptica Colacogloea eucalyptica

—- DBMY765 C.eucalyptica

LNR 111685 C.eucalyptica
- DBMY288 C.eucalyptica
—- DBMY437 C.philyla

- DBMY755 C.philyla
— - DBMY278 C.philyla

Colacogloea philyla
- KY102577 C.philyla

" KY102576 C.philyla
KY102575 C.philyla

Fig. 4: NJ tree based identification of Colacogloea spp. (phylum: Basidiomycota, class:
Microbotryomycetes). The acronym “DMBY” denotes the sequences produced in the present

study.

3.4.1. Yeast species previousy unrecorded from marine environment

Approximately 60% of the yeast species (n=94) reported in this study were previously
unrecorded in the marine environment. Since it would be exhaustive to describe the previous
source of occurrences of 94 yeast species, we present a few examples as follows.
Cystobasidiopsis lactophilus has been reclassified from Sporobolomyces lactophilus (Wang
et al., 2015), previously isolated from phyllosphere of the coniferous trees (Nakase et al.,
1990). Previously known to occur in forest soils (MaSinov4 et al., 2018), Oberwinkierozyma

yarrowii reclassified from Rhodotorula silvestris (Wang et al., 2015) was first recorded to
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occur in mangrove sediments. River run off could be an important medium of transport to
occur in mangrove sediment. Sooffia cresolica reclassified from Rhodotorula cresolica
(Wang et al., 2015) was considered to be a part of soil microbiome (Middelhoven and Spaaij,
1997) and its abundances was also correlated with soils with high oil contaminations (Csutak
et al., 2005). Formerly known for high hydrocarbon levels (Lyla et al., 2012) are the
continental shelf sediments from which these strains were isolated in the present study.
Similarly, in the present study Candida catenulata previously isolated from polluted sites
with hydrocarbon (Habibi et al., 2017; Babaei et al., 2018) was also isolated.

First isolated from tree associated beetles (van der Walt et al., 1971), is
Trigonosporomyces hylophilus reclassified from Candida hylophila (Wang et al., 2015) and
their isolation from the mangrove sediments in this study suggests their potential occurrences
in mangrove habitat related insects. Udeniozyma ferulica and Vonarxula javanica,
reclassified from Rhodotorula ferulica and Rhodotorula ferulica, respectively (Wang et al.,
2015) were known to occur in polluted river waters (Sampaio and Van Uden, 1991). River
run offs could be the reason for these species to occur in mangrove and continental shelf
sediments.

The fact that Debaryomyces mycophilus was first isolated from wood lice (Thanh et
al., 2002) opens the possibility that this species may also occur in mangrove habitat related
insects, as the genetic materials of insect could be obtained and studied from the sediment of
its habitat (Thomsen et al., 2009). Debaryomyces pseudopolymorphus has been extensively
involved in the wine fermentation and associated processes (Potgieter, 2004; Villena et al.,
2006; Arevalo-Villena et al., 2007). D. pseudopolymorphus isolation and its function in the
mangrove environment is new and unknown. Scheffersomyces shehatae has been known to
occur in degrading woods (Kordowska-Wiater et al., 2017) and in wood digesting insects
(Suh et al., 2013) was also commonly used for the production of bio-ethanol (Tanimura et al.,
2015; Kordowska-Wiater et al., 2017). The association of S. shehatae with mangroves and its
associated insects could be further explored. Colacogloea falcatus reclassified from
Soorobolomyces falcatus (Wang et al., 2015) were first isolated from dead plant leaves
(Nakase et al., 1987). Also, they were isolated from plants phylosphere (Nakase et al., 2003;
Takashima and Nakase, 2000) and acidic soils (Delavat et al., 2013). Though ubiquitous
distribution trends of certain yeast taxa in decomposing leaves were known (Sampaio et al.,
2007), their presence in sediments of mangrove and continental shelf was unknown until

now.
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Pichia guilliermondii has widespread occurrences such as plant endophytes (Zhao et
al., 2010), citrus fruit flora (Arras et al., 1998), beetle associated (Suh et al., 1998), and in
sewage sludge (de Siloniz et al., 2002). Therefore their isolation in this study may be
correlated with multiple sources. Kazachstania aerobia, first isolated from plants (Magalhaes
et al., 2011) and latter recognised as plant associated yeast (Lu et al., 2004) was unknown to
occur in mangrove related habitats until now. Sporobolomyces koalae was first isolated from
koalas bear (Satoh and Makimura, 2008), and found in other animals such as horses (Fomina

et al., 2016) were unknown to occur in marine related habitats until now.

3.4.2. Potential human pathogenic yeasts

Of 157 species isolated in this study, 26 yeast species were recognised as potential
human pathogens (Table S3). Candida spp. contributes 42.3% (n=11 species), followed by
Cryptococcus spp. (19.2%; n=5). While few human pathogens (such as Candida
orthopsilosis, C. viswanathii, Rhodotorula mucilaginosa and Sterigmatomyces elviae)
isolated from this study was previously reported in marine environments (Li et al., 2010;
Zaky et al., 2016; Pinheiro et al., 2018; Rasmey et al., 2020), species such as Candida
dubliniensis, C. duobushaemulonii , C. haemulonii, C. nivariensis, C. parapsloss, C.
rugosa, Debaryomyces fabryi and Yamadazyma triangularis were obligate human pathogens
(Gasparoto et al., 2009; Ramos et al., 2018; Gade et al., 2020; Ben-Ami et al., 2017; KLi et
al., 2014; Mesini et al., 2020; Mloka et al., 2020; Tafer et al., 2016; Kurtzman et al., 2011)

with previously unknown occurrences outside of the human host.

4. Conclusion

Although the definition of species was not widely applicable (Wheeler and Meier,
2000), in particular for non-obligatory sexually reproductive species such as fungi, the
identification of species is a key step for various biological fields such as ecology,
agriculture, biotechnology and medicine to identify biological interactions, for example;
biodiversity assessment, bioremediation and pathology (de Queiroz, 2007). There could be
~3.8 million unknown fungal species (Hawksworth and Liicking 2017) and the environmental
selection pressure plays a crucial role in new species evolution (Handelsman, 2004, Hibbett,
2016; Gabaldon, 2020). The present study was first of its kind in exploring large scale of
marine environments for culturable species of yeast. As a result, 1017 barcodes of 157 marine
yeast species were produced, of which 91 barcodes of 13 species was barcoded for the first

time. This study recorded terrestrial yeast species introduced into the marine environment
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(ex., Cystobasidiopsis lactophilus, Oberwinklerozyma yarrowii) and marine endemic species
whose occurrences was restricted to specific marine ecosystem (Ex., Bandonia marina,
Candida oceani). The DNA barcodes have been published via GenBank and BOLD
databases for public use, which will also improve the yeast species barcode coverage and
taxonomy in the public databases. The barcodes published in this study (on 2014, in
GenBank), have already proved worthy in identifying majority yeast species in previous
studies (Vu et al., 2016). These DNA barcodes can also help identify and estimate marine
yeast diversity from environmental samples, as many metagenomic diversity studies suffers
from lack of local species barcode library (Hawksworth, 2001; Handelsman, 2004; Hibbett,
2016). The entire DNA barcode set produced from this study could be exclusively accessed at
http://dx.doi.org/10.5883/DS-MYIC.

Our next challenge will be to explore the synthetic biology, biochemistry, clinical and

industrial potential of the isolated strains by venturing into new marine environments with
continuous expansion of the barcode databases, as marine derived yeast species were known
for many unique features (Guaragnella et al., 2013; Zaky et al., 2014; Dai et al., 2014,
Deparis et al., 2017; Zhang et al., 2017; Yashiroda & Yoshida, 2019; Kumar & Kumar,
2019). This may be the largest DNA barcode dataset for culturable marine yeast species. The
yeast barcode data produced may be used to explore taxonomic distribution of specific
physiological traits (ex., theromotolerance), species of climate and pathological significance
(Robert et al. 2015). Correlation of the yeast barcode data with other traits such as the ability
to produce various metabolites and industrial products of biotechnological significance
(example, antibiotics) would be a valuable resource for yeast researchers willing to apply

DNA barcoding technology beyond taxonomic and identification applications.
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Abstract: Medicinal plants such as Allium cepa L. (Onion) and Allium sativum (Garlic) have become the focus of
intense study regarding to gather conservation and potential pharmacological effects. Allium cepa L. (Onion)
which belongs to the family Alliaceae is also known as ‘garden onion’ or ‘bulb’ onion (Yin & Cheng, 1998).
Allium sativum (Garlic) has been used as herbal medicine in world wide and it help prevent various diseases and
disorders. Allicin is the main biologically active component present in freshly crushed garlic cloves it is an
antioxidant compounds found to have been health-protecting factor. Primary sources of antioxidants Allicin
compounds are naturally present in whole grains, fruits and vegetables (Lawson et al., 1991). In the present study,
two important medicinal plants namely Allium cepa (Onion) and Allium sativum (Garlic), assessed the phytochemical
components and antifungal activity against skin pathogens with different concentration and combination.

Keywords: Allium cepa, Allium sativum, Allicin, Alliaceae

l. Introduction:

Allium cepa L. (Onion):

About 80% of individuals developed countries used traditional medicine, which has compound
derived being medicinal plants. Medicinal plants such as Allium cepa L. (Onion) and Allium sativum
(Garlic) have become the focus of intense study regarding to gather conservation and potential
pharmacological effects. Allium cepa L. (Onion) which belongs to the family Alliaceae is also known as
‘garden onion’ or ‘bulb’ onion (Yin & Cheng, 1998). It is an oldest cultivated vegetables in history. The
bulbs from in onion family have being utilized as a food source for millennia. The bulb grows
underground and is used for energy storage. The leaves are bluish green and hollow, the bulbs are large, fleshly
and firm. Three main varieties of onion are available red, white and purple skinned. Onions are easily
propagated, transported and stored (Nivas et al., 2006).

Allium sativum (Garlic):

Allium sativum (Garlic) has been used as herbal medicine in world wide and it help prevent
various diseases and disorders. Allicin is the main biologically active component present in freshly
crushed garlic cloves it is an antioxidant compounds found to have been health-protecting factor.

Primary sources of antioxidants Allicin compounds are naturally present in whole grains, fruits and
vegetables (Lawson et al ., 1991). All of the background research involving allicin has been done by
either garlic powder from different manufactures or processing the garlic cloves through the many
different chemicals in order to obtain allicin. It is produced by the interaction of non-protein amino
acid allin with used enzyme alliinase (Ponnulakshmi et al., 2013).

Many infectious diseases have been known to be treated with herbal remedies throughout the
history of mankind. Garlic has traditional dietary and medicinal applications as anti-infective agent.
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In vitro evidence of the antimicrobial activity of fresh and freeze-dried garlic extract against many
bacteria , fungi, virus (Rahman M.M et al., 2012).

1. Materials and Method:

In the present study, two important medicinal plants namely Allium cepa (Onion) and Allium
sativum(Garlic), assessed the phytochemical components and antifungal activity against skin pathogens with
different concentration and combination.

The following objectives were carried out in this study:
e The organic solvents viz., Petroleum ether, Chloroform, Methanol, Acetone, Ethyl acetate, water was
used for the extraction of plant material.

e The extracts were screened for the presence of phytochemical compounds and also test antifungal

activity against Aspergillus spp, Mucor spp Altertaria spp, and Culvularia sp

The selected medicinal plants used in different concentration with different combinations to analyze the
antibiogram activity.
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Collection plant materials:

The plant materials, red onion and white garlic were selected for the investigation of antimicrobial
activities. Fresh Onion and Garlic were procured from the local market in Tirunelveli Dt, Tamil Nadu,
India.

I11. Extraction Plant Materials:
i) Aqueous extract:

Fresh onions and garlic were peeled of the outer layer and 1 kg of onion and garlic washed
thoroughly a distilled water and the bulb has cut the pieces and was made into a crude paste. The
paste was soaked in llitre of sterile distilled water for 24 hours at 4°C and it was then filtered thrice
using a sterile muslin cloth. The filtrate was poured into a beaker and concentrated on a water bath at
100°c to obtain semi-solid residues and they  aqueous extract was weighted and this was immediately
subjected to preliminary phyto-chemical and antifungal analysis using standard method (Ponnulakshmi et
al., 2013).

ii) Ethanolic extract :

After cleaning 1kg of onion and garlic as described earlier they were made into a paste was
soaked in 500ml of ethanol for 15 days at room temperature than it were filtered using sterile muslin
cloth and the filtrate was poured into a beaker and concentrated on a water bath at 70-80°C to obtain
semi-solid residue. The weight of the yield was noted and this was subjected in preliminary phyto-
chemical and antifungal analysis using standard method.(Mazhood Khan et al., 2012)

iii) Chloroform extract:

After making a paste of 1 kg onion and garlic of different varieties as described earlier, they
were separately soaked in 300 ml of chloroform for a week at room temperature the filtered using
sterile muslin cloth and filtrate was concentrated in a beaker at 60-62°C to obtain semi-solid residue.
This have weighted and subjected to preliminary phyto-chemical and antifungal analysis.(Prakash s. et
al., 2016)

iv) Petroleum ether extract:

Following the earlier procedure, onion and garlic bulb of different varieties was prepared and
soaked in 200ml of petroleum ether for 15 days at room temperature. It was filtered and the filtrate
we concentrated at 40-60°c. The extract were weighted and subjected to preliminary phyto-chemical and
antifungal analysis standard method. ( Gulsen Gonagul et al 2010)

Test Pathogens:

Antifungal activities of aqueous, ethanol, chloroform, petroleum ether extracts of various
A.cepa and A.sativum varieties small onion and garlic were studied. Ketoconazole was used as standard
drug. The microorganisms, maintained on Potato Dextrose agar. (Four species of fungi, Aspergillus spp,
Mucor spp Altertaria spp, and Culvularia sp were used in study.

Processing of Clinical Sample:
The skin scraping is collected from wound infected patients. The sample was emulsed in saline water.

Isolation:
The skin scrapping was further transfer to Nutrient agar plate for isolation of bacteria. The skin
scrapping was inoculated with Potato Dextrose agar for the isolation of Fungi.

Selective Medium:
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The isolated organisms of Staphylococcus sp, were streaked on the selective medium of Mannitol Salt
agar. The isolated organisms of Bacillus sp, were streaked on the selective medium of Nutrient agar. The
isolated organisms of Pseudomonas sp, were streaked on the selective medium of King’s medium.

IV. Phytochemical Anasysis
a. Determination of Water content:

Water content of A.cepa and A.sativum determined using a method of a Thermal drying
method was used in a determination in water content of the samples. 10g bulbs of different A.cepa
and A.sativum varieties were weighted crucible. This was placed in oven and dried at 105°C (Hot air
oven) for 3 hours. The samples were allowed to cool in a desiccators and then reweighted. The
percentage of water content has calculated can be expressing he loss the weight on drying as a fraction
of the initial weight of sample used and multiple by 100.

b.Determination of Total ash:

A known weight of varieties dry bulb which to has and the weight of there by obtained a
expressed canbe terms of percentage. In a clean crucible, three varieties of A.cepa and A.sativum
dry bulb as taken and weighted. Weighted dish was placed over the tripod stand carefully. The crucible
were opened partially and directed to the tip of the flame for gradual heating at 500°c. The onion and
garlic samples were heated gently to avoid catching fire. When the smoke subsides the burner was
placed the dish. Then the dish was cooled to room temperature and weighted with the contents. Again
the sample was heated to effect for any possible and weighted. The process was repeated three
consecutive weighing and complete combustion was taken. The total was then determined and recorded.
The percentage of an content has calculated using the formula:

Ash(%) = Ma/Msx100
Where M4 = mass of ash (g) and M§ =Mass of sample used (g)

c.Determination of pH:

pH of different A.cepa and A.sativum varieties were determined per the method of park and
the pH values of A.cepa were measured. A.cepa and A.sativum varieties were homogenized with 90 ml
of sterile double distilled water, after which, pH values were, measured five times for its concurrency
and expressed in average values.

d. Phytochemical screening:
The various solvent extracts of powder of leaves of Leucas asper were subjected to the phytochemical

test for the identification of various active constituents, using the method followed by Malcom and Sofowora
,1969.

i) Test for tannis:
About 2ml of the aqueous extract was mixed with 2ml of distilled water and few drops of Fe Cl3z solution
were added.
ii) Test for saponins:
3ml of the aqueous extract shaken vigorously with 3ml of distilled water in a test tube and warmed.
ii) Test for phlobatannins:
2ml of aqueous extract was added and 2ml of 1%HCI and the mixture was boiled.
iii) Test for flavonoids:
5ml of aqueous extract was added and 1ml of H, SO4 added. Few minutes wait and observe the result.

iv) Test for Terpenoids:
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2ml of aqueous extract was dissolved in 2ml of chloroform and evaporate it. Then 2ml of concentrated H»
SO, was added and heated for about 2min.
v) Test for Glycosides:
2ml of aqueous extract was dissolved in 2ml of chloroform and 2ml of acetic acid was added in it. The
solution was cooled in ice. Then H> SO4 was added carefully. Then observe the result.
vi) Test for Steroids:
2ml of extract was dissolved in 2ml of chloroform and 2ml of concentrated H, SO4 was added and observe
the result.
vii) Test for Phenols:
1ml of aqueous extract were dissolved in 5ml of alcohol and treaded with few drops of Fecls solution.
viii) Test for Protein and Aminoacids:
2ml of plant extract dissolved in 2ml of water. Change the colour indicates the presence of protein.
ix) Test for Alkaloids:
5ml of plant extract was mixed with 1% HCI. The solution obtained was filtered and then 1ml of
filtrate was treated with few drops of Mayer’s reagent. Formation of turbidity or cream precipitate indicates
presence of alkaloids.
X) Test for Carbohydrates:
1ml of agueous extract was added and few drops of molischs reagent was added, and then few minutes
wait. Then few drops of concentrated H. SO, was added and heated for about 2minutes.
xi) Test for Quinins:
1ml of aqueous extract was added and 1ml of H, SO4 4, added, few minutes wait and observe the result.
xii) Test for Glycosides:
1ml of aqueous extract was added and 2ml of glacial acetic acid wait for few minutes. Then few drops
of 5% ferric chloride was added. Then added 1ml of H, SO, added. Few minutes wait and observe the result.
xiii) Test for coumarin:
1ml of aqueous extract was added and 1ml of 10% of NAOH added, few minutes wait and observe the
result.
xiv) Test for Triterpeniods:
1.5ml of aqueous extract was added and 1ml of libeman buchard reagent was added. Then added 1ml
of concentrated H, SO, added. And then added few minutes.
xv) Test for anthraquinones:
1ml of aqueous extract was added and few drops of 10% Ammonia solution.

V. RESULTS:

In the present investigation Allium cepa and A.sativum collected from the Local Markets Tirunelveli
Dt., Collected samples processed and analysed their Phytochemical characters. Table 1 show that Flavonoids.

Coumanis are positive for the five extracts and Anthrequinones is negative.

Table:1 Phytochemical results for Allium cepa
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S.No | Chemical Petroleum Chloroform Methanol Ethyl Aqgueous
Constituents ether (H20) acetate

1 Carbohydrates - + + -

2 Tannins - - + ~

3 Saponins - - _ _

4 Flavonoids + + + +

5 Alkaloids + + + _

6 Quinins - + + +

7 Glycosides - - B _

8 Cardiac glycosides + + + +

9 Terpenoids + - + B

10 Phenols + - _ ~

11 Coumanis + + + +

12 Steroids - - - +

13 Phlobatannins - - - +

14 Triterpenoids + + + +

15 Proteins + + - +

16 Anthrequinones - - - -

Table 2 shows that phytochemical characters of Allium sativum from that Coumanis and Cardiac

glycosides and Flavonoids shows positive results followed by Triterpenoids, proteins and Anthroguinones

showed negative results

Table: 2. Phytochemical results for Allium sativum

S.No | Chemical Petroleum chloroform Methanol Ethyl Aqueous
Constituents ether (H20) acetate
1 Carbohydrates - + + +
2 Tannins - - + _
3 Saponins - - _ _
4 Flavonoids + + + +
5 Alkaloids + + + _
6 Quinins - + + +
7 Glycosides - - _ _
8 Cardiac glycosides + + + +
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9 Terpenoids + - +
10 Phenols + - _
11 Coumanis + + +
12 Steroids - - -
13 Phlobatannins - - -
14 Triterpenoids + + +
15 Proteins + + -
16 Anthrequinones - - -
Table: 3 Antifungal activities of Allium cepa against Aspergillus sp
S.NO Solvents Well diffusion method(mm) Disc diffusion method (mm)
25ul 50ul 75ul 150ul 2.5ul 5ul 7.5ul 10pl
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5
Table: 4 Antifungal activities of Allium cepa against Mucor spp
S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)
25ul 50ul 75ul 150ul 2.5ul 5ul 7.5ul 10pl
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5
Table: 5 Antifungal activities of Allium cepa against Altertaria spp
S.NO | Solvents Well diffusion method(mm) Disc diffusion method(mm)
25ul 50pl 75ul 150ul 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether 14 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
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3 Ethanol 3.5 3.7 3.9 41 - 0.1 0.3 0.4

4 Agueous 18 2.5 2.7 3 - 0.1 0.3 0.5

Table: 6 Antifungal activities of Allium cepa against Culvularia sp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50pl 75ul 150ul 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 3.4 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5

Table: 7 Antifungal activities of Allium sativum against Aspergillus sp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50pl 75ul 150pl 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 34 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5

Table: 8 Antifungal activities of Allium sativum against Mucor spp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50ul | 75l 150ul 2.5ul 5ul 7.5ul 10ul
1 Petroleum ether 14 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 3.4 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 35 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 25 2.7 3 - 0.1 0.3 0.5
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Table: 9 Antifungal activities of Allium sativum gainst Altertaria spp

S.NO Solvents Well diffusion method(mm) Disc diffusion method(mm)

25ul 50pl 75ul 150ul 2.5ul 5ul 7.5ul 1oul
1 Petroleum ether | 1.4 2 3.7 3.2 0.1 0.3 0.5 0.7
2 Chloroform 3.4 3.7 4 4.2 0.3 0.5 0.7 0.9
3 Ethanol 3.5 3.7 3.9 4.1 - 0.1 0.3 0.4
4 Aqueous 1.8 2.5 2.7 3 - 0.1 0.3 0.5

Figure 1: Phytochemical Analysis of A.cep

Figure 2: Phytochemical Analysis of A.sativum
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Figure 3: Fungal pathogens

V1. DISCUSSION:

A.cepa and A.sativum extracts has been extensively studied for its antimicrobial activity
against a wide range of fungal, and parasitic organisms. However, a limited data is available so far
regarding its efficacy against Aspergillus spp. Both the extracts exhibited antifungal activity against
aspergiius spp. The antifungal activity of purple type of A.cepa and A.sativum extracts was found to be
better as compared to yellow type of A.cepa and A.sativum extract. Agar well diffusion method
showed that EEP both the tested extracts had antifungal activity against Aspergillus spp than EEY
demonstrated at 12.5 % and showed no activity at 6.25%. our results are comparable with a study
conducted by Nelson at al revealed that ethanolic extract of onion and garlic gave 11 mm zone of
inhibition with MIC 0.8 mg /ml against Mucor spp and 9 mm of inhibition with MIC 0.8
mg/ml.8.9.In a study conducted by N.Benkebila in Algeria, red/ purple onion and garlic exhibited better
antifungal activity as compared to yellow onion and garlic alternoria spp. The zone of inhibition of
extracts. In study conducted by Mahash in India, antimicrobial activity of certain plants was evaluated
using the disc diffusion method against certain fungi.The onion and garlic bulbs contain numerous
organic sulphur compounds including sulfoxide, flavinoides, phenolic acids, sterols including cholesterol,
saponins, sugars and atrace of volatile oil compounds may explain the anti - microbial activity of this
plants.The phytochemical screening in the present, study, has revealed the presence of triterpenoids,
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steroids, glycosides, flavonoids, tannins, carbohydrates and vitamin C inthe seeds extract. Further the
presence of different phytoconstituents in the four different extracts may be responsible for the
therapeutic properties of onion and garlic.The preliminary phyto chemical screening tests may be useful
in the detection of the bioactive components and subsequently may lead to the drug discovery and
development. Further, these tests facilitate their quantitative estimation and qualitative separation of
pharmacological active chemical compounds.
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