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Abstract

Salinity provide anunhealthy environment that restrictsrmal crop production in Bangladesh.

The saline soil lack Nitrogen and Phosphorous and become nutrient deficient and the organic
matter content of the soils is also reduced. Micronutrients, such as Cu and Zn areeaaiesp
Therefore the possibilities of increasing potential of these saline lands for increased production
of crops is by the isolation ofdiotolerant bacteria that contains the salt tolerant gene which
whentransferred into the plants uptake salt as notiréand store in them for higher yield. The
study focusdon the isolation and identification of the halotoleraatteria. Three samples were
taken from he Patenga area, beach soil aaadisoil near the coastal area of Chittagong. The
samples were inocaled in nutrient media containing wide range of salt concentrations. All the
samples showed that they are 2% (w/v), 4% (w/v) and 6 %( w/v) salt tolerant. Total 18 isolates
were subcultured and 9 of them were further tested. The soil sample collectedfemngaPwith
4%(w/v), 6%(v/v) salt tolerance and the isolate frorealshsoil with 2% (w/v)salt tolerance
showed catalase activity and all the isolates showed negative result for oxidase activity, indole
production, phenol red lactose and motility. dddition to these,all the samples provided
positive result for phenol red dextrose. Other biochemical test provided mixed result for the
samples. Based on the morphological characteristics, biochemical test and ABIS software
analysisthe isolates fall within th EnterobacteriaceaeClostridiumand Corynebacteriumwith

a predominance dPastuerellaceaand Vibrios. Overall the isolates were widely halotolerant,
with best growth observed at lower salinities and no halophilism. The bacterial strains
Volucribacterpsittacicida Pantoestewartii subsp.stewartji Clostridiuminnocuum
Brevibacillusagri, Aggregatibacter Klaemophiluy segnis Corynebacteriumxerosisyibrio
metschnikoviiwere predicted to be present in the samplee gene responsible for tlsalt
tolerant trait in these bacteria can be identified, extracted and finally inserted into the crop plants
to form a transgenic plant. These transgenic plants will now be enriched with this new trait the
ability to resist wide range of salt concentraioThe plants will uptake the salt as nutrient and
will store them to grow and enrich for high crop production for the rest of the year.
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CHAPTER ONE: Introduction



1.1 Introduction

Salinization is one of the roo¢asongor harming the crop production in Bangladesh. 20% of Bangladesh is
covered as coastal area from which about 53% is affected by salinity (H2@QE).Salinity results in
undesirable environment that harm the normal crop production throughoahedluring the rainy season
(JuneOctober) there is flooding iBangladesh, thapward movement of the saline ground water in the dry
season (NovembeMay) are the factors that initiate the development of sawike Thecrops are being
affected depending oiné extend of salinity which decreases the yield and in worst cases vyield is lost anc
results in negative nutrietalance. Thigproblemwas notgiven much attentiopreviously. Thepopulation
growth has increased the pressure tfee demandf food. Thus éod security problem has reached an
alarming rate in theountry. Thehindrance for crop production in the coastal areas is high levels of salts in
the root zone of the soil. The saftenetrate inlandghrouch rivers and channels the dry (winter) season
when freshwater flow downwards becomes very low. That is when the salinity of the river water increases
Firstly thesalts penetratthe soil by flooding with saline river water or by seeping from the rivers, and then
the concentratioof salt intensifyin the surface layers through evaporation. The ground water also gain
salinity and make idifficult for irrigation. Therefore it has become important to discover the possible ways
of increasing the potential of these lands for high production of cropgeritheless, the intrusion of the
seawater also increases the degree of salofitthe coastal drinkingwater. These cause severe health
problemsof the Bangladestpeople. Theeonsumption of toenuch salt resulin hypertension or high blood
pressure, sbke, heart failuregther heartliseases, Preclampsia a multi organ disorder causes swelling and
convulsions in théody. Italso poses danger for the expecting mothers and ¢hiégiren. Skindiseases
commoncold and diarrheal dysfunction occurs due to salinity exposure.

% )
SRR

mpe’rs‘rice |5‘rod<uc‘tion (D.dily star.*net)

r affected areas ha

L 550

Fig: Saline wate
1.2 Extent of salinity

The coastal saline soils form in the river deltas of the sea coast up to 18&tekéis. Thdindings $iowed

that about 1.02 million hectares the cultivated lands are affectbg salinity. About 0.282, 0.297, 0.191,

0.450 and 0.087million hectares ohtis are affected by very sligmhoderate strong and very strong

salinity (Haque 20069.However the crop production can be increased by proper soil @ied management
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practices and by implanting salt tolerant varieties of different crops in slightly alkaline areas

Table 1. Salinity affected areas in the coastal and offshoregions of Bangladesh

Description Total Saline Area of each salinity class (ha)
cultivated area S1 S2 S3 S4 S5(2
area 4.0) (4.18.0) (8.112.0) (12.016.0) (>16.0)
Non-salinewith 4,25,490 1,15,370 82,260 31,590 1,520 0 0
very slightly saline (27%) (72%) (27%) (1%)
Nortsaline with 4,20,420 3,09,190 1,70,380 1,10,390 29,420 0 0
very slightly saline (73%) (55%) (35%) (10%)
Slightly saline 2,57,270 2,40,220 35,490 1,13,890 61,240 25,870 26
with moderately (93%) (15%) (47%) (26%) (11%) (1%
saline
Moderately saline 1,98,890 1,98,890 1,630 36,060 73,400 55,130 32,74
with strongly saline (100%) (1%) (18%) (37%) (28%) (16%)

Source: Soil salinity in Bangladesh (SRDI) 2000
1.3 Fertility status of the saline coastal soil

The il pH value in Chittagong andoRuakhali is 67.8 and it is moderately alkaline to stronglikaline.
Therear e mi c r deficiericies irethe placés with higher phlues. Theorganic matter content is low
in the soils with the exceptionof Paikgachha upazila of Khulna district, where tbpsoil contain high
organicmatter 7%). The organic matter content of the top sailsges from less than 1% to 1.5% (Haque
20069.The poor physical condition of the coastal soils is characterized by low oayarient. TheCEC of
the soilrange from 9.440.6 m.e %. In Khulna and Bagerhat soitke CECvalues are higher because of
finer texture and higher organic matter contents. Thereliffiexent levelsof exchangeable bases in the soll
but in most of thesoils generallyhe higher Ca and K saturation of the exchange complex is compared to Ne
and Mg. The property of the soil and them nutrition is destroyetty Na and Mg saturation of the
exchange complex. Magnesium is essential for both the plant uptake Galdad K .The soils are usually
consist of very low total nitrogen content resulting to low organic matter contents of mostsoflsh&@ he
phosphoroustatus of thesoils shouldnormally range from 125 ppm. It wagesearchedhat Chittagong,
Barguna, Sakhira and Patuakhalidistricts havephosphorous deficient soils. The coastadjions were
observed to have Zn and Cu deficiencies.

1.4 Current agricultural land use:

In differentregions soils, ricejute, sugarcane, pulses, oilseeds, spices, vegetaideBuits are cultivated.

In Barisal, Khulna and Patuakhali regions Aman el HYV Aman rice in theChittagong region are
grown aghe major crop. In Barisal, Khulna, Noakhali, Patuakhali and Chittagegions the dominant crop

is Aman rice in the m&ium highlands. In Chittagongegion ausrice is the major crop where as in the
Khulna, Barisal and Patuakhali regions aman fallow is produced mainlylodaistransplantedman covers
25-28% area in the Noakhali and Chittagong area2% area is coved by the transplanted aman fallow
pattern.In the Noakhali district aman, wheat, potato and vegetables crops are cultivated it covers 11.5% a
(Haque 2006. During both aus and aman seasons the HYV rice are grown in high and medium lands in tl
Noakhai and Chittagongegions.HYV rice during aman season is also found in the highlands of Khulna,
Barisal and Patuakhali regions. HYV aus rice isauttivated inKhulna, Barisal and Patuakhali

3



regions. Nevertheless in the hinds there is possibility fddYV aman ricecultivation. The coatal areas
areusually situatedn the mediumhighlands and it is perfeébr minimumtwo crops and sometimes three
crops with winter wheat or other winter crops becdhesdloodingdepth rages from 0.3.9 meter.

1.5 Halotolerant Bacteria

Bacteriathat grow in the absence of salt amadso inthe presencef high salt concentrations are knovas
halotolerant There are different types of halotolerant bacteria .Nalntolerant which can grow in low salt
concentratiorabout 1% wi/v .Slightly tolerant they are able to survive in up&2moderatelyolerant 18

20% and extremely tolerant the microbes grow over the whole range @osakntrationgrom zero to
satuation. Mostlythe spore formers are found to be halotolerant they can grow updedicentratiomnd

the yeast fungi and algae are also ghaotolerant. Thepoilage bacteria usually represents either the non
tolerant or the slightly toleranbacteria. Thisgroup also consists of known types pfuedomonads,
enterobacteriaandvibrios. Halotolerant bacteria consist thfree domainsArchaea, Bacteria arffucarya;

they represent many differetytpes and can survive at differesdlt concentitions as well as outside this
environment. They around inenvironments such as salt lakes, saline soils, and salted food products. Th
halotolerantorganisms maintainow level of ionic concentrationso synthesize compatible solutes to
balance the osatic level inside the cytoplasm with the outer medium. The adjustment cbtioentration

of solutes and fluid to maintain the osmotic pressure to keep the fluids from becoming too dilute ¢
concentrateds osmoregulation. These mechanisms of maintenahdbe internal environment and the
properties of the cytoplasmic membrane help them to adapt to changes in the salt concentration of
environment. The salt tolerant microbes have unique adaptations, a salty cytoplasm,saftigquiring
proteins, ad light-driven proton and chloride pumps bacteriorhodopsintethorhodopsinAdaptation is the
modification and adjustment of the structure or habit in the bacteria which make them better suited to thri
and reproduce in a particular environment. Theelewf the tolerance and saibncentrationsvary
depending on the species, growth conditions like temperature and medium compositiorgahiemdhat

grow in low saltconcentrationrequire a specific temperature fgrowth. For exampleMarinococcus
halophilusgrows at 0.01 Msaltconcentratiorat 20°C but minimum 0.5 M is required at’€5 Likewise S.
costicolagrow between 0.5 andM NaCl at 30°C and can also graa0.2 M at 20°C.

1.6 List of Halotolerant Bacteria
Organism Name: Halomonas elongéa CHR63

Habitat: Soil
The taxonomy oHalomonas elongate CHR&3that they belong to the

Kingdom: Bacteria

Phylum: Proteobacteria
Class: Gammaproteobacteria
Order: Oceanospirillales
Family: Halomonadaceae
Genus:Halomonas

Organism Name: Thioalkalivibrio versutus

Habitat: Aquatic and terrestrial



The taxonomy of hioalkalivibrio versutusis that they belong to the

Kingdom: Bacteria

Phylum: Proteobacteria

Class: Gammaproteobacteria
Order: Chromatiales

Family: Ectothiorhodospiraceae
Genus: Thioalkalivibrio

Organism Name: Sporosarcina pasteurii

Habitat: Soil
The taxonomy of Sporosarcina pasteuriis that they belong to the

Kingdom: Bacteria
Phylum: Firmicutes
Class:Bacilli

Order: Bacillales
Family: Planococcaceae
Genus: Sporosarcina

Organism Name: Methanosarcina mazei Gol

Habitat: Marine

The taxonomy of Methanosarcina mazeGolis that they belong to the
Kingdom: Bacteria

Phylum: Euryarchaeota

Class: Methahomicrobia

Order: Methanosarcinales

Family: Methanosarcinaceae

Genus: Methanosarcina

Organism Name: Sulfolobus solfataricus

Habitat: Geothermal habitat
The taxonomyf Sulfolobussolfataricusis that they belong to the

Kingdom: Bacteria
Phylum: Crenarchaeota
Class: Thermoprotei
Order: Sulfolobales
Family: Sulfolobaceae
Genus: Sulfolobus



Organism Name: Pseudomonas aeruginosa PAO1

Habitat: Soil
The taxonomy of Pseudomonas aeruginosa PA@H that they belong to the

Kingdom: Bacteria

Phylum: Proteobacteria
Class: Gammaproteobacteria
Order: Pseudomonadales
Family: Pseudomonadaceae
Genus: Pseudomonas

Organism Name: Thermoproteus tenax

The taxonomy of Thermoproteus tenaxs that they belong to the
Habitat: Acidic hot springs and water holes

Kingdom: Bacteria

Phylum: Crenarchaeota

Class: Thermoprotei

Order: Thermoproteales

Family: Thermoproteaceae

Genus: Thermoproteus

Organism Name: Methanocaldococcus jannaschii

Habitat: Soil, Water

The taxonomy oMethanocaldococcus jannaschis that they belong to the
Kingdom: Bacteria

Phylum: Euryarchaeota

Class: Methanococci

Order: Methanococcales

Family: Methanocaldococcaceae

Genus: Methanocaldococcus

Organism Name: Methanopyrus kandleri
Habitat: Variety of habitats

The taxonomy oMethanopyrus kandleris that they belong to the

Kingdom: Bacteria
Phylum: Euryarchaeota
Class: Methanopyri

Order: Methanopyrales
Family: Methanopyraceae
Genus: Methanopyrus



1.7 Strategy of osmoregulation in HalotoleranBacteria

These bacteria have a unique property the ability to adapt themselves according to theviratement.

The water activity ofcytoplasm of the bacterial celdecreases due to the expostoesalt stress which
disrupts and changes the functions of their proteins and otlaeromolecules. Whereabke gradual
plasmolysisrestrict the physiological processes for examplitrient uptake inhibition dDNA replication

and macromolecul®iosynthess. Thesebacteria have adopted two ways of osmoadaptation.Firstly they
balance the osmotic level Iayaintaining the cytoplasmic K&oncentratiorequal to the outer environment
and some of the modifications to protect the metabolic funclitiey generajl do not synthesize organic
solutes to maintain the osmotaquilibrium Another way is to gather the compatible solutes in the
cytoplasm to maintain high osmotic potential in the environnigm. cell retains low salt conagation of

salt in their cytomsm by maintaining the osmotic potential by the uptake and synthesis of compatibl
solutes. Thughey become cajpte to adapt in high salt conteations. Thecompatible solutes are the
solutes which help and promote the enzytoesork properly in high aacentrations.

The organic osmolytes are of three categories:
(i) zwitterionic solutes, (ii) noncharged solutes, and (iii) anionic solutes

Zwitterionic solutes: Occurrence:

Betaine HalotoleTdntalkalivibrio versutus
Ectoine HalotoleBprosarcina pasteurii
Ng-acetyldiaminobutyrate Halotolerant Halomonas elongata CHR63
Ne-acetytb-lysine Halotolerddthanosarcina maz&o1
Uncharged solutes Occurrence:

a-glucosylglycerol HalotolerantPseudomonasiendocina
amannosylglyceramide HalotolerantRhodothermus marinus
Trehalose alotdleram: Sulfolobus solfataricus
Sucrose Halotgreoteobacteria
N-acetylglutaminylglutamine amide HalotolePe@udomonas aeruginoBAO1
Anionic solutes (carboxylates) Ocurrence:

L-a-glutamate Many halotolerant bacteria and methanogens
b-glutamate Halotolekdgtthanothermococcus
Hydroxybutyrate HalotolerBhitobacterium profundum
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poly-b-hydroxybutyrate HalotolerantPhotobacterium profundum

a-glucosylglycerate HalotolerantAgmenellum quadruplicatum;
amannosylglycerate HalotolerantMethanothermus fervidus;
Anionic solutes (phosphatesulfate): Occurrence:

a-diglycerol phosphate Halotolerarchaeoglobus fulgidus
di-myo-inositotl, -phdsphate Halotolerant:Archaeoglobus fulgidys
mannosyDIP Halotolerdiitermotoga maritima
cyclic-2, 3-diphosphogfcerate Halotolerant Methanopyrukandleri

Noncharged solutes

Carbohydrate

Unchargedamino acidsand peptides

Organic anions

b-Glutamate

b-Hydroxybutyrate and derivatives

Anionic polyols and carbohydrates

K+ and other inorganic ions

Halotolerant archae gather organic anions and the negative charge is supplied by the phosphate moiety
also by the sulphate in aitidn to the nonchargesbolute. Thisclass of compounds consists of the glycerol
d er i v diglycerat phasphate and a seriesnoyoinositol phosphodiesters based omdio-inositol 1,

1 6 p h oces (PIR)@hosphomoresters have strong interactions with that ions compared d the
phosphodiesters.The comteationof the solutes inside the caficrease with theutside NaClIThe increase

is significant with the growth temperatures.

1.8 Role of the Halotolerant bactea

1.8.1Food biotechnology

Halotolerant bacteria are essential for producsailty foods such as Thi fish sauce, pickling brines; salt
cured bacon and oil field pdaction brines. In the produ@hi fish sauce they are mixealith concentrated

brine (25 30% NaCl) and allowed to ferment for aroungear Margesin, 2001).
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Halotolerant fermentative bacteria are used to produce food products fermented fish, shrimp, meat, fru
and vegetables (pickles), Asian fish and meat sauces, rice noodles andafiduirsdonesian gosauce. The
bacteria involvedire norobligate halophiles, including species of the gehatobacillus, Halobacterium,
Halococcus, Bacillus, Pediococcumd Tetragenococcus

1.8.2 Decolorization of Textile Azo Dyes

There were 2%trains of halophilic and halotolerant bacteria isolated from effluentsxbletendustries,
three of thenshowed that they are capabled#colorizing the utilized azo dyesAsad 2006.They are able
to decolorize azo dyes in different NaCl concerdret (up to 20% w/v), temperature (ZB°C), and pH (5

11) after 4 days of incubation ioulture; they can @an decolorize a mixture afyes The decolorization
occurs for biodegradation by a reduction of the azo bond, followed by cleavage.

1.8.3Composting process

Salttolerant bacteria were screened in the Organic Composting Production Unit (OCPU) of S&o Pat
Zoological Park Foundation (Lilian C.®liveira et.al2015). The results of the study show these
halotolerant bacteria are able to proelulsome classes of hydrolases, lipases, proteases, amylases ar
cellulases, andibpolymers. The results depithie biotechnological potential of certain microorganisms
recovered from the composting process, including blEmnt species, are capablepobducing enzymes

and biopolymers.

1.8.4 Removal of Hydrocarbon contamination

Four of the halotolerant bactergacillus atrophaeus, Halomonas shengliensis, Halomonas koreansis,
Virgibacillus salaries Kothari,2014) have the ability to metabolize hydrocarfoThe results showed that
asthe V. salariuswas able togrow at high salt concentration, alkaline pH, hy@dmon degradatignn
presence of various metal ions, it can be used for bioremediation of marine oil spills.

1.8.5 Production of enzymes

Halophlic and halotolerant bacteria wefeund to have enzymaticharacteristics. Thegan be used for
production of enzymes with different immunological properties. (Shira2@h§The halotolerant is also
essential for nutrient recycling and for maintaining the soil health in salty environment.

1.9 Literature Review

History Background

It was reported that the amelioration of salt stress inhibitory effect on the canola seed germination w
attributed to the inoculation of ACC deamingseducing halotolerant bacteria modulating ethylene
emission and inducing hydrolytic enzymes (Siddikeex2Qlt was done by using-dminocyclopropané-
carboxylic acid (ACC) deaminag®oducing plant growth promoting halotolerant bacteria

A research was executed on plant greptbmoting rhizobacteria (PGPR) containing aminocyclopropane
1-carboxylate (ACC)deaminasg(Habib, 2019 examined their effect on salinity stress tolerance in okra
through the induction of ROScavenging enzyme activity. PGPR inoculated okra plants exhibited higher
germination percentage, growth parameters, and chlorophyll content dbwatrol plants. Increased
antioxidant enzyme activities (SOD, APX, and CAT) andegulation of ROS pathway genes (CAT, APX,
GR, and DHAR) were observed in PGPR inoculated okra plants under salinity stress.
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Simultaneously in a research the mechanism of salt stress ameriolation in red pepper plants by
aminocyclopropané-carboxyliacid (ACC) deaminase producing halotolerant bacteria was
studied(Siddikee,2011).The result showed salt stress ethylene produciimreasing enzyme activities of
biosyntheticpathway. Inoculatiorwith ACC delaminate producing halotolerdracteria reduces the ACC
concentration although a direct effect on reducing ACO activity was @ltserved. livas also reported that

the growh promotion in inoculated red pepper plants under inhibitory levels of salt stress is due to ACt
deaminase activity present in the halotolerant bacteria.

1.10 Objectivesof the study:

The goal of theesearchwasto isolate and identify halotolerant bacteria from natural sources like soil and
water. The soil samples were studied in faper. Theaim alsofocuseson thepossibilities toreduce the
effects of salinity in crop production. This can be done by tearisfy the salt tolerant gene into the plants
so that these plants uptake salt as nutrient and store in them thus resulting in gabdoyigltbuthe year.
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CHAPTER TWO: MATERIALS
AND METHODS
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2. Materials and Method
2.1 Sources

Three different soisamplesveretaken. Thesoil wastaken fromthe coastal area Chittagong Patenga Beach
soil, Land soil and Patenga area soil.

2.2 Methods
2.2.1Collection of the soil sample

The soil sample was collectém 10-12inch depth in a sterile polythene packet and then kept at the room
temperature until it was further used.

2.2.2 Isolation and screening of bacteria

5g of each of the soil samples were taken in a conical flask and mixed with 20ml of distitezdtava
prepare a sotuspension. Theserial dilution was performed trealilution factors was taken $1.0° and
107.1000+0of the each of the diluted samples was spread on the nutrient agar plates containir
2%(W/V),4%(w/v) , 6%9w/V),8%(w/v) and10%(wv) Nad for 24hr at37 £.There were no bacterialawth
observed for 8%(w/v) and 10%(w/v) Nb@lates so further tests were conducted with 2%,4% and 6%Two
isolates was taken from each of the plates from primary screening. Total 18 organisms isolateshked

in nutrient agar plates for performing further biochemieats. Thespread plate method was used for all the
three dilution factors and for the raw samplenedl. The screening procedure was carried out determining
the size and morphological characteristuidsthe colonies. Each of theolony was marked as per the
concentration from which they were obtained.

2.2.3 Confirmation of bacteria

After 24hrs of incubation allhe nutrient agar platesontaining differentconcentratiorwas observed and
alsorealizedthat the number of colonies decreaseddlkertion. Secondlythe isolation of the twaolonies

was streaked into the plain nutrient agar media without anycsealtentrations Streak plate method was
used to bserve single isolated coloniesfter 24hrs ofincubation a7 € the biochemical tests were done.

2.2.4 Biochemical tests

Biochemical tests were done to detect and confirm the presence of microorgaftésntise observation of

the single isolated colonies. Several biochemical tests were done among them were Gram stairing, Stz
hydrolysis, TSI test, Simma@nsitrate test, Oxidase test, Catalase test, Nitrate reduction, Nitrate Broth medic
, MRVP, Indoletest, Urease, Acid production frocartohydrateand growth at 6.5% NdGolution.

2.2.4.1 Catalase test

The hydrogen peroxide used here is broken down to wateman. Theest is done in a slidene drop

of the 3% hydrogen peroxide was given overdhdace of a glasslide. Testorganism was taken from the
nutrient agar plates and places it on the reagent drop. The presence or the absence of the bubbles or
wasobserved. Thisletermines whether the organism was capable of catalase activity.
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2.2.4.2 Oxidase test

This test is done for the morphological identificatiorPseudomonas aeruginosaNeisseriaspecieslt is
a filter paper spotest. Twodrops of oxidase reageptaminodimethylaniline oxalatevere added to the
surface of growth of test organisms onto the fitaper. Thdest organisms were pickém nutrient agar
plates and smeared in the filter paper. Two drops of oxidase reagemnpdimethylanilineoxalate were
added to the surface giowth of test organisms onto the filteaper. Thecolour changes from pink to
maroon and to purple wenbserved. Positive test colour change will take place iB0E@condnegative
test no colour change or light pink colour.

2.2.4.3 Nitrate reduction est

Nitrate broth consists of beef extract (3g/l), peptone (5g/l), potassium nitrate (5g/l). Nitrate broth we
prepared in which the inoculums from the culture was transferred and incubatefod@dhrs at 37 G
.Secondly five drops of nitrate reagent A was added followed by five drops of nitrate reagent B after ti
incubationperiod. Observatioof red colour indicates a positivesult. Thecultures in whichred colour did

not appear minute amouot zinc wereadded. Theithe conversionof the red colour i®bserved. Basedn

this the organisms capable of nitrate reduction is determined.

2.2.4.4 TSl test

The triple sugar iodine agar is prepared and the filled in the test tubes 7ml pelbeeJtesbrganisms \as
picked up from the nutrient agar plates by needle and stabbed into the TSI consisting of dextrose, lact
and sucrosdutt. Thetubes are kept for incubation fabout24hrs at35 &. If the organism is capable of
fermenting all three sugars therwill produce yellow (acidicolour in the butt, whereas if the slant and the
butt appears red (alkaline) colotlren the organism is a non fezntor.A Black precipitation in the butt
indicates the formation of hydrogen sulphide.lf CO2 is produced therkl weucrack and bubbles in the
medium. The absence of yellow colour in the butt and slant indicates negative result.

2.2.4.5 Gram Staining

A smear is prepared by mixing loopful of culture with a drop of saline. It was then left to air dry for some
time with some heat fixation. Then the crystal violet was added on the smear and washed with tap wa
after 60 seconds. Grambébs |l odine was also added
poured off and the slide washed with tamater. After that few drops of ethanol was added for
decolourization. After 5 seconds it was rinsed off. Safranin was used as a counter stain for 40 to 60 seca
and washeoff. Thewhole slide is air dried and was observed under microscope.

2.2.4.6 MRVP Test

The testorganism fromfresh culture was inoculated into the test tube containing 10mMMRroth. The
broth consistsof peptone, dextrosand potassiunphosphate. lwas kept forinoculation at 37 C for
24hrs.5ml of the inoculum was transferred into another test tube foredtPIn5ml of MR-VP broth
containing tube 5 drops of Methyl Red wafded. Positiveesult shows red ring in the test tube. Naye
result gives a yelloveolour. Theother tet tube containing 5ml of MIRP broth was usetiere. Thetest
tube contains 5ml of the desired bacteaidture. Thirdlyl0 drops of Barite reagent A was added and the
culture
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shaken. Net the Baritts reagent B was added and the culture shagan. Theywere kept for 15minutes
to allow them to react with eaabther. Thered colour shows a positive result and yellow or no colour
changed is indicated as negative result.

2.2.4.7 Indole production test

The indole is produced when the organism carrdiyde thetryptophan. Theest organism are inoculated
into SIM agar deep tube by stab inoculation and kept for incubfara24hrs at37 &. Kov ac 6 sisr e a
used to detect the indole production.

2.2.4.8 Urease test

MIU testwas dondor urease tesindoleandmotility. Organismghat utilizeureaproduce ammonia which
makes the medium alkaline, showing pirekl colour by change in the phenol red indicator.

2.2.4.9 Simmonds Citrate test

This test indicatethe organism capacity to utilize citrate @ carbon source. Simmmsitrate agar consists

of sodiumcitrate as the sole sourad carbon, ammonium dihydroggrhosphate as the sole source of
nitrogen, other nutrients, and the pH indicator bromthymol blue. Fitstliest organism is inoculated into
the Simmonds agar s | a imdcudatiob. yThedultues aneeirecubateforo Zdhrs sitt r e
37 C.The citrate positive cultures show blue coloration and the citrate negative cultures will show no grow
and mediumremain green. Theorganism that show positive resulise the enzyme citrase or citrate
permease to transport the citrate into the cell. They transform the ammonium dihydrogen phosphate
ammonia and ammonium hydroxide, this produce an alkaline envirdnméhe medium. AtpH 7.5 o
above, bromthymol blue turddue and at neutral pH, bromthymol blue is green.

2.2.4.10Carbohydrate fermentation

The ingredients are trygase 10g/I, NaCi5g/l, Phenol red 0.018/I, sugar (Glucose, Lactose and Sucrose)
5g/l .The experimental organism is inoculated into the phenollaetbse, dextrosand sucrose broth by
loopinoculation. Inthis step shaking of the fermentation tube magda bubble of air into the inverted gas
vial displacing themedium. They are incubated at37 C for 24hrs.Based on the colour change of the
carbohydratdroth cultures and the presence or absence of gas bubbles the organism capable of fermen
carbohydatesubstrate with the production of acid or acid and gdstisrmined

2.2.4.11 MIU Test

This test indicates the motilityireaseand indole production in ongo. Inthis methodhe test organism is
taken from the fresh subculture byeedle. Thaneedle is stabbed into the MIU media. This test is done for
motility, indoleand ureasgest. Afterincubation of 24hr if the stab line of the media turn hazy then it is
motility positive, ifthe media turns pink it is urease positive and after addirdydis of Kovacs reagent a
red ring appears in the media then it is considered as indole positive.
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2.2.4.12 Starch hydrolysis test

Starch agar was preparbyg adding 3 g/l of beef extract, 109/l of soluble starch and 15g/l of agar then it was
autoclaved aB7 & for 24 hours.An inoculum from a pure culture is streaked on steidges of starch agar.
Then theplates are incubated for 24Rinally lodine reagent is added to flood thewth. Thepresence of
clear zone is positive that meahgy can digest starch thus indicates presence of alpha amylase.

2.2.4.13 Growth at 6.5% NaCsolution

Firstly a pure inoculum is transferred aseptictd a sterile tube of 6.5% N&Golution. Therthe tubesare
kept for incubation for 24hr.A positivessult isindicated by the presence wirbidity. And ultimately the
turbidity measurements are taken by measuring their OD.

Table 2.2.4.13 OD Measurement

Sample Concentration OD(nm)
Control nil 0.131
Patenga area 2% 0.148
Patenga area 4% 0.384
Patengarea 6% 0.012
Land soil 2% 0.157
Land soil 4% 0.136
Land soll 6% 0.188
Beach soll 2% 0.042
Beach soll 4% 0.015
Beach soll 6% 0.129
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3.1- Isolation of Bacteria

Table: 3.1.1Isolation of bacteria (Land Soil)

Morphology 2% NaG 4% Nad 6 % NaC
Concentration 10-3 105 10-7 103 105 10-7 103 105 10-7
Size
Large X \% \% X \% \% \% \% X
Small \% \% Vv \% \% \% \ \% V
Surface
Smooth \% \% \Y \Y
Dull/rough X X X X X X X X X
form
Circular \% \% \% \Y \% \
Irregular X X X X X X X Vv X
Clustered \% \% \% \% \% \% X X
Colour
Buttery Vv Vv \ \% \ \ \% \% \
Opaque X X X X X X X X X
Translucent X X X X
Elevation
Flat Vv Vv Vv V V
Raised X X X X X X X X X
Margin
Entire Vv Vv Vv \% \% \% \ \% \%
Undulate X X X X X X X X X
Lobate X X X X X X X X X
Total Colony TNTC TNTC TNTC TNTC TNTC 137 214 80 110
No
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Table: 3.1.2Isolation of bacteria (Patenga Area)

Morphology 2% Nad 4% Naad 6 % Nad
Concentration 10-3 105 10-7 10-3 105 10-7 10-3 105 10-7
Size
Large X \% \% X \% X X \% X
Small \% \% \% \% X \% \% \% \%
Surface
Smooth \% \% \% Vv \% \% \% \% \%
Dull/rough X X X X X X X X X
form
Circular Vv Vv Vv \ \% \ \% \% \%
Irregular Vv Vv Vv Vv X X X \% \%
Clustered \% X \% X X X X X X
Colour
Buttery Vv Vv Vv \ \% \ \% \% \%
Opaque X X X X X X X X X
Translucent X X X X X X X X X
Elevation
Flat \% \% \ Vv \% \% \% \% \
Raised X X X X X X X X X
Margin
Entire \% \% \ Vv \% \% \% \% \
Undulate X X X X X X X X X
Lobate X X X X X X X X X
Total Colony 182 68 246 TNTC 1 1 1 TNTC TNTC
No

18




Table: 3.1.3 Isolationof bacteria (Beach Soil)

Morphology 2% NaG 4% NaC 6 % NaQ
Concentration 103 105 107 103 105 107 103 105 107
Size
Large Vv Vv \% Y Y \% V \% \%
Small \% \% \% Vv Vv \% Vv \% \%
Surface
Smooth Vv Vv Y Y Vv \% V \% \%
Dull/rough X X X X X X X X X
form
Circular V V \% \% \% \% Vv \ \%
Irregular X X X X X X X X X
Clustered X X X X X X
Colour
Buttery \% \% \% \% \% \%

Opaque X X X X X X X X X
Translucent X X X X X X X X X
Elevation

Flat Vv Vv \% Y Vv \% Vv \% Vv
Raised X X X X X X X X X
Margin

Entire Vv Vv \% Y Vv \% Vv \% Vv
Undulate X X X X X X X X X
Lobate X X X X X X X X X
Total Colony 13 19 23 TNTC TNTC TNTC TNTC TNTC TNTC
No
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Table: 3.1.4 Morphology of all the three samples before dilution

Morphology Beach Soil Land Soll Patenga area
Concentratior] 2% ‘ 4% ‘ 6% ‘ 8% ‘ 10% ‘ 12% ‘ 14% ‘ 16% | 2% ‘ 4% ‘ 6% ‘ 8% ‘ 10%‘ 12%‘ 14%‘ 16% | 2% ‘ 4% ‘ 6% ‘ 8% ‘ 10%‘ 12%‘ 14%‘ 16%
Size

Large \% \% X |x X X X X |V |V |x X X VvV | X V |V |X X X
Small \% \% V |V X X X |V |V \% \% \% X V |V |V \Y

Surface

Smooth \% \% V |V \ \% \% V |V |V |V |V \% \% \% V |V |V \Y \%
Dull/rough X X X X X X X X [ X | X |X X X X X X |x X X X
form

Circular V V vV |V X V X X (V |V |V |V |V VvV | X vV |V |V |V Vv
Irregular Vv Vv X X X X X X [V |V |X X X VvV | X V X X X

Colour

Cloudy X X X X X X X X [ X | X |X X X X X X |x X X X
Opaque \% \% \% V |V |V \% \% \

Translucent | X X X X X X X X [ X | X |Xx X X X X X |Xx X X X
Elevation

Flat Vv Vv vV |V |V |V |V |V |V |V |V |V |V vV |V vV |V |V |V \Y
Raised X X X X X X X X | X | X |x X X X X X X X X X
Margin

Entire \ \ V |V \ \ \ V |V |V |V |V \ \ \% V |V |V \% \
Undulate X X X X X X X [ X | X |X X X X X X X X X

Lobate X X X X X X X [ X | X |X X X X X X X X X
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Fig: 3.1aColony Morphology of isolation of bacteria from i) Beach soilii) Patengaarea iii) Land soll
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Fig: 3.1b Colony Morphology of isolation of bacteria fromi) Beachsoil ii) Patengaarea iii)Land soil

3.2Subculture

Fig: 3.2 Subculture of a) Beach soil 4% 10 b) Beach soil 2% 10°
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Fig: 3.2 Subculture of ¢) Patenga 4% 10°d) Land soil 6%10°€) Beachsoil 6210’ f) Land soil 4%10°
0) Patenga(%lO's
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3.3Biochemical Test

3.3.1Gram Staining

Fig: 3.3.1a) Beach soil% b)Land soil2% c)Beachsoil2% d)Land soil6%
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