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ABSTRACT

Vibrio cholerae was identified in water, sediment and water hyacinth samples from different
locations of Moyuri River. Among them V. cholerae from water hyacinth was detected
throughout various seasons. A V. cholerae isolate from surface water was used for further studies
to determine its persistency under different biotic and abiotic conditions. The persistence of V.
cholerae at different detergent, pesticides concentrations and in association (direct and indirect)
with Anabaena spp. was investigated. The growth of V. cholerae was not found to be affected in
the presence of pesticides both in LB and MS media during the first 4 hours of incubation.
However, 24 hour of treatment showed slight reduction in growth. The growth of V. cholerae
was found to be reduced at a higher detergent concentration (40%) compared to lower
concentrations (10%, 20%, and 30%). The growth in the presence of detergent was further
reduced over time with initial 6x10° . f. u on Day 1 to 2x10* ¢. f. u on Day 4 at 40% detergent
concentration. The growth of isolated V. cholerae was greatly enhanced in direct association with
two and three week’s old culture of Anabaena sp. PCC 7120. 1t can be anticipated that biotic and

abiotic conditions may have some effect on growth of V. cholerae.
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CHAPTER 1: INTRODUCTION




1. INTRODUCTION:

1.1 Overview:

Vibrio cholerae is a devastating bacterium causing rigorous diarrheal disease known as cholera.
Cholera is a waterborne disease and its occurrence associates with prevalence of causative V.
cholerae strain in aquatic environment (Khan, M.U., et al. 1984). It causes severe threat in
country where sanitation and hygiene is very poor (Faruque, S. M., et al. 1998). Cholera is a very
common disease in Asia, Africa, and America. It is transmitted through food and drinking water
contaminated with this bacterium. Contamination with V. cholerae most often occurs due to the
lack of basic sanitation, contaminated drinking water supplies, crop treatment with infected
human feces or by some sea foods and fishes if consumed raw or in an undercooked form. In
Europe, the risk of Vibrio- associated infectious diseases is limited to a few cases each year but
it is estimated to increase in the future due to raw shellfish consumption, the increase in immune-
compromised people and also the impact of anthropogenic activities and globél warming on the
marine environment (Baker-Austin, C., et al. 2010). Every year worldwide about 120,000
people die because of epidemic cholera (WHO, 1995). It has been estimated that every year 4,
50,000 — 1,000,000 cases of cholera occurs in Bangladesh (WHO, 2009; Rahman, M., 2011).
Bangladesh is considered as a meadow of V. cholerae due its geographical position. Generally
V. cholerae survive and thrive well on coastal and estuarine water. As Bangladesh is a coastal
country its aquatic environment is abundant of V. cholerae. The occurrence of cholera is closely
associated with biotic and abiotic parameters such as precipitation, floods, seasonality, river
level, sea surface temperature, coastal salinity, dissolved organic material and fecal
contamination. In Bangladesh cholera out breaks occurs mainly two seasons during pre and post
monsoon seasons in the country that is influenced by the interaction of V. cholerae with
environment and climate. Apart from this, Water salinity in the coastal area are increasing
gradually with the increase of sea level rise (Faisal and Parveen, 2004; IPCC, 2001; World Bank,
2000) that makes favorable environment for V. cholerae and its spread in coastal area.
Previously, different rural areas of Bangladesh have been studied for outbreak of cholera during
different seasons (Sack, R. B., et al. 2003). But the south part of Bangladesh including western
coastal zone for abundance of V. cholerae and their surveillance is not extensively studied

before. The huge amount of river discharge releases on the coastal zone of southern part of



Bangladesh that makes it one of the most dynamic ecosystems of the world. This zone covers the
Sundarbans mangrove forest, covering greater Khulna. Mangrove swamps, tidal flats, natural
levees and tidal creeks are distinctiveness of the zone. It is also considered as a hotspot of flora
and fauna. Phytoplankton concentrations are found to be considerably higher near the coastal
zone of the Bay of Bengal (BoB). So it can be say that the aquatic environment of this zone is
highly enriched in microbial community. The rivers of Khulna are interconnected with the
coastal area. In Khulna District annual average highest temperature is 35.5°C and lowest is
12.5°C and annual rainfall is 1710 mm (Banglapedia 2005). It is observed that, since last three
decades monsoon was the highest rainfall occurring season in four seasons at Khulna. In Khulna,
Muyuri River nearby Gollamari is outskirt of the town. Every day vast amount of daily waste of
whole city is dumped in this river. Beside these, a big bazar and locality is grown up adjacent to
the river. That makes the river water and sediments affluent in nutrients for microorganisms.
Additionally, sewage line of most of the house is directly’connected with this river that increases
the availability of V. cholerae in this environment. Moreover, peoples wash their cloths, dishes
and other daily works in the river. On the other hand, in rainy season, the pesticides run off from
nearby agricultural field also mixed with the river water. Due to these anthropogenic activity and
natural environment of this zone, it is important to study the abundance of V. cholerae, their
persistence in diverse conditions like detergents, pesticides or other chemicals and its association
with reservoir such as blue green algae (dnabaena spp.) in non epidemic season in the aquatic

environment of Khulna.

1.2 Classification:

The genus of Vibrio contains several species, of which V. cholerae, V. parahaemolyticus, and V.
vulnificus are the most important pathogens of humans. V. mimicus has also been involved in
diarrheal disease. V. cholerae belongs to Vibrionaceae family. V. cholerae was first classified by
Gardner & Venkatraman {1935) based upon its serogroups. Serogroups can be referred as
distinct variation within a species of bacteria of different individuals with common antigens.
Serogroups differ significantly in its sugar lipopolysaccharide (LPS) composition of the heat-
stable surface somatic “O” antigen which shows no evident cross-reactivity between them. LPS
consists of three domains: (a) oligosaccharide part (O-SP) composed of glycosidically-linked

sugars (15-18 substituted perosamine residues); (b) the core sugars (branched



heteropolysaccharides) connecting O-SP to lipid A; (c) lipid A (phosphoglycolipid) part
attaching to bacterial membrane (Chatterjee & Chaudhuri, 2003). To date, 206 serogroups have
been documented, and out of these only two serogroups, known as O1 and O139, are responsible
for epidemic cholera (Tamang, M. D., et al. 2005). ¥. cholerae strains on biochemical tests
which do not agglutinate with “O” antiserum are collectively known as non-O1 V. cholerae. The
O1 serogroup further subdivided into two biotypes on the basis of phenotypic differences
including classical and El Tor. The term biotype refers to a group of organisms having the same
genetic makeup that can be distinguished from the physical appearance of a group of organisms.
The O-SP and core region differentiate O1 and O139 serogroups, whereas the terminal sugar of
the O-SP differentiates the two O1 serotypes, Ogawa and Inaba (Cox, A. D, et al. 1996; Kondo,
s., et al. 1996). Strains of the Ogawa serotype expresses the A and B antigens and a small amount
of C antigen, whereas Inaba strains express only the A and C antigens. Separately from these
serotypes, Hikojima a third serotype expresses all three antigens that are rare and unstable. It has
been reported that, El Tor biotype of the O1 serogroup first emerged in Indonesia at the
beginning of the seventh pandemic in 1961 (Glass, R. I, and R. E. Black., 1992). It has then

been ubiquitous in the Ganges delta of the Indian subcontinent, and subsequently spread into
other countries (Faruque, 8. M., et al. 1998; Siddique, A. K,, et al. 1992). In 1992, a new

serogroup, 0139 also called “Bengal” that cause epidemic cholera came insight (ICDDRB, 1993;
Nair GB, et al. 1994; Ramamurthy T, et al. 1993), posses major outbreaks in India and
Bangl;adesh, spread to neighboring countries, and continues to cause epidemic cholera in
adjacent areas. V. cholerae 0139 contamination had been reported from India, Bangladesh,
Nepal, Burma, Thailand, Malaysia, Saudi Arabia, China, and Pakistan (Albert, M. J., 1993;
Chongsa-nguan, et al. 1993; Fisher-Hoch, et al. 1993).Vibrio cholera 0139 has characteristics in
common with the El Tor biotype but differs from O1 in its polysaccharide surface antigen. V.
cholera other than 01 and 0139 strains called non-01, non- 0139 strains do not have potential for
epidemic cholera. The non-01 serogroups can cause small sporadic cases of diarrhea and milder
extraintestinal infections (Janda, J. M., et al. 1988). The majority of V. cholerae strains isolated
from the environment are non-01 serovars or serogroups, although Q1 serovars have also been
observed in areas where limited outbreaks of cholera has occurred (Singleton, F. L., et al.

1982¢). Despite their nonpathogenecity, a large outbreak of cholera in India and Bangladesh



which subsequently spreaci into several parts of the subcontinent was originated by non-O1
strain, 0139 Bengal (Ramamurthy, T., et al. 1993).

Vibrio Cholerae
Serogroup ) 01 0139 Non-01, Non- 0139
Biotype > Classical and EI
L | I
Qgawa Inaba Hikoiim
AZB - A&C A.B.C

Fig. 1: Classification of Vibrio cholerae

1.3 Characteristics:

Vibrio cholerae is a gram pegative, non-spore forming, and facultative, anaerobic bacterium.
This bacterium is motile which is depends on its single polar flagellum (Albert, M. J., 1994). It is
small, straight, comma shaped, slightly curved rod measuring 2- 3 pm by 0.5um. It belongs to
Vibrionaceae family but it also shows some characteristics of Enterobacteriaceae family
(Adagbada, et al. 2012). Fimbriae are produced by V. cholerae 01 and non-01. These fimbriae

are 5-6 nm wide and form bundles of parallel undulating filaments up to 15 um long. V. cholerae
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serogroup O1 does not have a polysaccharide capsule, but in serogroup 0139, polysaccaride
capsule have been detected. V. cholerae have adherence factors to adhere to microvilli where
several hemagglutinins and the toxin-coregulated pili said to be involved in adherence but actual
mechanism is not known. The motility of the vibrios may influence virulence by penetrating the
mucus layer. V. cholerae produces enterotoxin called cholera toxin, which act on the mucosal
epithelium is responsible for the characteristic diarrhea of the disease cholera (Kenneth Todar,
2008-2012). During the logarithmic phase of growth, they show little or no change to the cellular
envelope. Conversely, towards the end of logarithmic phase and into the beginning of stationary
phase cholera toxin is produced, which is accompanied by internal swelling of the cell and
permeability changes to the cellular envelope. The toxin coregulated protein (TcpA) from pili is
very important because its formation is coregulated with cholera toxin expression and is a key
determinant for colonization. The gene encoding TcpA reside on a pathogenocity island.
Pathogenic serogroups produce cholera toxin (CT) while non pathogenic strains may or may not
produce this toxin (Ryan, K. J., and Ray, C. G., 2004).

1.3.1 Cultural characteristics and biochemical characteristics:

V. cholerae are well defined on the basis of biochemical tests (Baumann, et al., 1984). V.
cholerae produces convex, smooth, round colonies that are opaque and granular in transmitted
light. They have relatively simple growth factor requirements, grow in synthetic media
containing glucose as a carbon and energy source, inorganic nitrogen source and require salt or
sea-water based medium for optimal growth. In sufficient media, they grow rapidly with a
generation time of less than 30 minutes. Their population densities increases when grown with
vigorous aeration, but they can also grow anaerobically (Finkelstein, R. A., 1988). V. cholerae
and most other Vibrios grow well at 37 °C but growth temperature varies from 30-40°C. No
growth occurs at 4°C. Characteristically, Vibrios grow at a very high pH (8.5-9.5), tolerate
alkaline media and are rapidly killed by acid. Most frequently used selective media is
thiosulphate-citrate-bile salts- sucrose (TCBS) agar for isolation of V. cholerae after enrichment
in alkaline peptone water (APW). Strains of V. cholerae produce yellow colonies on TCBS agar
because of fermentation of sucrose. For the metabolism of Vibrios, sucrose is added as a
fermentable carbohydrate and Vibrio able to utilize sucrose will from yellow colonies.

Bromothymol blue and thymol blue are also added in TCBS agar that is pH indicators. The
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alkaline pH of the medium improves the revival of V. cholerae. A few strains of V. cholerae may
appear green or colourless on TCBS agar due to late sucrose fermentation (MacFaddin J. F.,
1985). Generally, V. cholerae regularly ferments sucrose and mannose but not arabinose. Vibrios
are oxidase-positive, which differentiates them from enteric gram-negative bacteria. A positive
oxidase test is a key step in the identification of V. cholerae and other vibrios. Most Vibrio
species are halotolerant, and NaCl often stimulates their growth. Some vibrios are halophilic,
requiring the presence of NaCl to grow. Vibrio cholerae is also capable of changing its colony
morphology. In adverse condition, they go in viable but non culturable state. Viable but non
culturable form indicates that, bacteria cannot be recovered by standard culture techniques. In
this state they can cause infection and can revert to the culturable form (Colwell, R. R., and Hug,
A., 1994).

1.4. Identification:

V. cholerae can be isolated and detected from environment in many ways. The process involves
either direct plating from the study sample (water, plankton, sediment, shellfish) onto
thiosulphate citrate bile-salts sucrose (TCBS) agar and taurocholate tellurite gelatin agar (TTGA)
or pre-enrichment of the sample in alkaline peptone water followed by streaking for isolation
onto agars. In case of environmental samples, a pre-enrichment step is highly suggested to
improve detection or isolation. Following an incubation period, presumptive V. cholerae can be
isolated from these media which can be further confirmed either by biochemical analyses
(Hugq, A, et al. 2006) or directly by PCR. Isolates can then be serogrouped as O1, 0139, or non-
O1/non-0139 by a slide agglutination assay using antisera for the O1 and 0139 antigens or by
PCR using primers developed to target O1 and O139 coding regions of the genomic DNA. These
V. cholerae isolates can then be stored for prolonged periods in nutrient agar containing 0.5%
NaCl overlaid with sterile glycerol stock at —70°C (Hug, A., et al. 2012). Another technique
developed for distinguish colonies of Vibrio cholerae species from others obtained on
thiosulphate citrate bile salts sucrose agar after isolation from different environmental species. It
was demonstrated here that the yellow colonies (sucrose-fermenting), which are able to grow on
nutrient agar without added NaCl and which present a positive oxidase reaction, can be
confidently considered as presumptive V. cholerae. Confirmation of the identification was

carried out using the API 20E microtest and by species-specific omp#-based polymerase chain



reaction. This procedure used for reliable identification of V. cholerae species and is adapted to
the capabilities of routine clinical, food-testing and environmental microbiology laboratories (S.
Baron, s., et al. 2007). Further, the increase in genome sequences now available has allowed
development of PCR-based typing schemes for analysis of variants of strains, genes, and mobile
genetic elements, including pathogenicity islands (Huq, A., et al. 2012). From environmental
water samples, V. cholerae can be detected by using fluorescent labeling technique. In
Bangladesh, Brayton, P. R., ¢t al. (1987) established a fluorescent-antibody (FA) direct viable
count (FA-DVC) assay to detect culturable and nonculturable V. cholerae Cl. The direct
fluorescent antibody (DFA) assay is used to detect viable but nonculturable V. cholerae O1 in
environmental water (Binsztein, N, et al. 2007) and in studies on the role of V. cholerae biofilm

on the transmission of cholera (Alam, M., et al. 2007).

1.5 Environmental Survival and Persistence under biotic condition

V. cholerae is a natural inhabitant of aquatic envirionment. It can survive in a free living state in
both fresh water and salt water. Although human is a key reservoir for disease cholera but this
bacterium has also been found to survive in association with various algae, copepods
(zooplankton), crustaceans and insects (Krauss, H., et al. 2003; Bronze, M.S., and Greenfield,
R.A, 2005). Senderovich, Y., et al. (2010) showed that fish digestive tract can be a reservoir and
vector of V. cholerae. The deep ground water, riverine, estuarine, and coastal water is an
important reservoir of V. cholerae in endemic areas where a significant member of zooplankton
community inhabit these areas as well (Magny, C. G. D, et al. 2011). V. cholerae has a biofilm-
or aggregate-associated lifestyle and can also persist intracellularly in amoebae. Although the
major habitat of V. cholerae is the aquatic environment, little is known about concentrations of
the pathogen in different water types. Although disease is clearly known to be caused in most
cases by consumption of contaminated water, apparent concentrations in surface water are well
below the infectious dose (Faruque, S. M., et al., 2006). During epidemic periods, toxigenic V.
cholerae have been isolated by cultivation only infrequently (Islam, M. S., et al. 1994a) and in

interepidemic periods isolation is extremely rare (Hug, A., et al. 1990).



1.5.1. Aquatic microphytés:

Toxigenic V. cholerae 01 biotype El Tor has been isolated from macrophytes in both seawater
and fresh water. In a study carried out in Bangladesh by Spra et al., toxicogenic V. cholerae 01
biotype El Tor was isolated from the roots of Eichhornia crassipes, a fresh water macrophyte
also known as water hyacinth. The authors observed that adhesion of the microorganism to the
plant roots favors its survival. ¥. cholerae 01 biotype El Tor survived for longer periods when
they were attached to the freshwater macrophyte Lemna minor than when they were suspended
in the water (Islam, M., S., et al., 1990).

1.5.2 Phytoplankton and zooplankton:

A laboratory study by Tamplin, M., et al. {1990) in Bangladesh indicated that five strains of V.
cholerae 01 of clinical origin (three of the classic biotype and two of the El Tor biotype) adhered
primarily to the exoskeleton of copepods (Acartia sp., Acartia chilkaensis, Acartia sewelli, and
Cyclops sp.), cladocerans (Bosmina sp., Ceriodaphnia sp., Diaphanosoma sp., and Bosminopsis
sp.), and rotifers (Brachionus sp.). They were also able to attach to two species of preen algae
(Volvox sp. and Pediastrum simplex) and to two species of blue-green algae (Spirulina sp. and
unicellular cyanobacteria). V. cholerae Ol secrete an enzyme called chitinase, which is
associated with chitinous fauna, mainly zooplankton. Mannose-sensitive hemagglutinin of Vibrio
cholerae promotes adherence to Zooplankton (Chiavelli, D. A, et al. 2003). Zooplankton may
provide attachment sites for V. cholerae to multiply and serve as a vector to transmit infection to
humans.It has been proved the presence of V. cholerae 01 and 0139 in the cyanobacteria of the
aquatic environment in Bangladesh (Islam, M. S, et al., 1992). V. cholerae have been detected in
phytoplankton specimens of the species Anabaena variabilis, a cyanobacterium collected from a
pond in Dhaka, Bangladesh in the viable but nonculturable state. Naturally in nonepidemic
seasons these pathogenic bacteria remain in dormant state. It’s called viable but non culturable
state (Roszak, D. B., and Colwell, 1987) or interepidemic period. In the inter-epidemic period,
cyanobacteria can provide micro environment for the persistence of V. cholerae and can act as a
reservoir (Islam, M. S, et al. 1994b). Islam, M. S., et al. (1994b) hypothesized that V. cholerae
01 uses extracellular products released from 4. variabilis for nutrition and that the availability of

salts on the mucilaginous surface of this blue-green alga enables V. cholerae survive for a long

periods in fresh water environments. In winter season, organic nutrients in pond, lakes, and
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canals become increased and temperature, daylight becomes optimal for algal bloom formation.
In the aquatic environment of Bangladesh, cyanobacteria are available and they maintain a
symbiotic relationship with V. cholerae that causes epidemic cholera (Ahmed, M. S, et al.,

2007). No association has been observed with species of genera such as Fuglena and Phacus.

1.5.3 Fish, crustaceans and mollusks:

Fish act as an important reserviors and vectors of V. cholerae. Fish of various species and
habitats contain. V. cholerae in their digestive tract. In Israel, it has found that, V. cholerae
isolates have the ability to degrade chitin, indicating a commensal relationship between V.
cholerae and fish. Nontoxigenic strains of serogroup 01 biotype El Tor have been isolated from
oysters (Crassostrea virginica) found in estuarine waters in the state of Florida. In 1991, V.
cholerae 01 (of unresearched toxigenicity) was detected in fish and mollusks in the coastal
waters of Lima, Peru (Borroto, J. R., 1997). Senderovich, Y., et al. (2010) suggested that V.
cholerae proliferates by attaching or associated with eukaryotic organisms, likely copepods
(Crustacea). Chironomids (non-biting midges, Diptera) also serve as an intermediate host

reservoir for V. cholerae.

1.5.4 Biofilm community:

Biofilm community is a supplementary reservoir of V. cholerae within aquatic environment
during interepidemic period in Bangladesh (Alam, M., et al. 2006). Several studies have revealed
that environmental non-O1 and non-O139 ¥V. cholerae strains and V. cholerae Ol El Tor and
0139 produce a three-dimensional biofilm on surfaces which creats a microenvironment (Broza,
M., and Halpern, M., 2001; Watnick, P. I, et al. 2001). Biofilm production is a survival strategy
and persistance of V. cholerae in marine environment (He, H., et al. 2012). Biofilms are
microbial environment, attached to living and nonliving surfaces and produce the extra-
polymeric substances. Johnson LR (2008) found that, the exopolymeric wall act as a shield for V.
cholerae by protecting from toxic compounds, such as antibiotics, thermal stress, and predation.
Biofilm formation is dependent on the expression of an exopolysaccharide (EPS) for both O1 El
Tor and 0139 strains of V. cholerae (Watnick, P. I, et al. 2001; Wali, S. N, et al. 1998). EPS
matrix production depend on expression of the Vibrio polysaccharide synthesis genes (vps),

encoded in two gene clusters on the larger chromosome (vpsA-K and vpsL-Q). To form mature



stable biofilm EPS matrix production is prerequisite. If EPS production is in excess, it causes
resistance to osmotic and oxidative stress and bacteriocidal agents (Yildiz, F. H, et al. 1999). In
dynamic environment, biofilm may add the survival of cells by colony formation that contains

thousands of cells (Mizunoe, Y., et al. 1999).

1.5.5 Morphological alteration:

In nutrient stress conditions, non-spore-forming, heterotrophic bacteria adapt some
morphological, physiological, and chemical changes to survive in those conditions (Dawson, M.
P., et al.1981; Marden, P., et al. 1985). Several studies have proposed that the persistence of V.
cholerae in the environment is due to a viable but non culturable state (VBNC) in response to
starvation and cold (Colwell, R. R., et al. 1985; Roszak, D. B., et al. 1984; Shiba, T., et al. 1995;
Xu, H.-S., et al. 1982). It has been depicted that V. cholerae can switch between the well defined
off white smooth and rough shrink white known as rugose colony morphotypes to survive in the
environment. Bruce White (late 1930s) first coined the term ‘rugose’ colony phenotype and is
characterized by wrinkled colonies with the expression of EPS. Under nutrient deprived
conditions smooth V. cholerae cells can spontaneously shift at a low frequency to express
“rugose” exopolysaccharide (tEPS) and exhibit wrinkled (rugose) colonies (Mizunoe, Y., et al.
1999; Morris, J. G., et al. 1996). Rugose colony can be characterized by EPS layer that consist of
heavy, fibrous, electron-dense, ferretin-stained surrounding the cells, but smooth colony V.
cholerae do not have this EPS layer (Wrangstadh, M., et al. 1986). Bruce White (1938) described
that, V. cholerae can form “wrinkled” rather than typical smooth colonies on nonselective media
such as LB agar (White, P. B. 1938). Rugose variants produce plentiful amounts of
exopolysaccharide, which gives resistance to chlorine, acid pH, serum killing, and osmotic and
oxidative stresses (Morris, J. G., et al. 1996; Wai, S. N., et al. 1998; Yildiz, F, H., et al. 1999). So
it can anticipate that rugose phenotype's characteristics, plays a vital role in the survival and
persistence of V. cholerae in the environment predominantly under stressful growth conditions
(Al A., et al. 2002; Rice, E. W., et al. 1993)

1.6 Effect of abiotic parameters on growth of V. cholerae:
V. cholerae is widely distributed in temperate and tropical aquatic environments, The West

Bengal of India and Bangladesh has been known as “Homeland of cholera” (Barua, D., 1992).
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Geographically Bangladesh is a riverine country and located in delta region. Flood, natural
disaster occurs rotationally in this region that causes abundance of V. cholera in the environment,
Biotic and abiotic factors significantly enhance the growth of V. cholerae. Abiotic factors
include: Water temperature, salinity, and nutrient concentration known to have impact on
distribution of V. cholerae (Juras, H., et al., 1979, Lee, J. V., et al., 1982). The natural inhabitant
of microorganisms such as; the surface water and ground water are polluted by daily discharge of
industrial effluents, detergents, pesticides run off, alkanoids, and hydrocarbons. These extreme

conditions interrupt the natural growth of microorganisms.

1.6.1 Temperature:

Temperature fluctuation has direct correaltion with seasonal variability and climate change. The
effect of temperature on growth of V. cholerae is immense. Generally, high temperatures during
summer months are suitable for survival of V. cholerae in the environment (Kaper, J., et al.,
1979; Lee, J. V., et al., 1984; Roberts, N. C., et al., 1984). Lobitz et al. (2000) conducted an'
experiment and revealed a correlation between sea surface temperafure, sea surface height, and
occurrence of cholera in the Bay of Bengal in Dhaka, Bangladesh from 1992 to 1995. The
increasing of water temperature in ponds and rivers enhance the cholera cases through the faster
growth rate of the pathogen in aquatic environments. The increase of sea surface temperature
enhances the growth of algae and zooplankton that results the abundance of V. cholerae (Burke,
D., et al. 2001). Cholera outbreaks mainly two season of the year in Bangladesh (Khan, M.U., et
al. 1984). In Bangladesh, most of the cholera epidemic occurred during either the pre- or the
post-monsoon season (The monsoon season is approximately June—September, throughout the
country) (Sack, R. B., et al. 2003). Hugq, A., et al. (1984) reported that, November month after
monsoon is susceptible for cholera epidemic in Bangladesh. Besides this, climatic factors change
such as; floods and droughts affect the abundance of the bacterium in the environment as well as

its survival by affecting other environmental factors (Colwell, R. R., 1996).

1.6.2 P¥ & Salinity:
V. cholerae thrives under high-pH conditions. Hug, A., et al. (1984) found that, alkali condition
(pH 8.5) is favorable for rapid multiplication of V. cholerae with copepods and their association

with plantonic crustaceans but in acidic condition (pH 6.5); the same rate of multiplication is not
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possible. Salinities stimulate the growth of V. cholerae in inland coastal areas and estuaries.
Optimal salinity for V. cholerae growth ranges from 5 and 25 psu, or 2.0% and the optimal pH
for survival is from 7.0 to 9.0, depending on salinity. V. cholerae can tolerate salinities near 45
psu (Singleton, F. L., et al., 1982a).

Although only salinity cannot influence the growth of V. cholerae at low temperature but with
the increase of temperature its impact is enormous (Singleton, F. L. et al., 1982a). It has been
demonstrated that, at an estuarine salinity (25%) and a temperature of 10° C, V. cholerae

survived (i.e., was culturable) for less than 4 days (Singleton, F. L., et al., 1982b).

1.6.3 Detergents:

Detergents are organic compounds, which have both polar and non-polar characteristics. It is
also a surfactant or a mixture of surfactants which has cleaning properties. Detergents can be
classified into threelclasses depending on their electric charges: anionic, cationic, and non-ionic.
Anionic and cationic have permanent negative or positive charges, attached to non-polar
(hydrophobic) C-C chains. If the surfactant carries positive charge then it’s called anionic.
Typical anionic detergents are alkylbenzene sulfonates. Cationic  surfactant carries negative
charge and most commonly used surfactant includes alkyl ammonium chlorides. A non-ionic

surfactant has no charge groups in its head (common types include polyethylene ethoxylates).

e Sodium lauryl sulphate (SLS):

Sodium lauryl sulfate (SLS) is an anionic surfactant, detergent, and emulsifier used in thousands
of cosmetic products, as well as in industrial cleaners. In solution, the sodium cation (Na+t)
separates from the anionic part of the compound (Jauryl or dodecyl sulfate), and this anionic
compound is the active chemical. It is used in many cleaning and hygiene products. One end of
the molecule is charged and therefore has an affinity for water, and the other end is nonpolar and
soluble in fats/oils. The salt is of an organosulfate consisting of a saturated 12-carbon tail for its
“lipophilic” end attached to a sulfate group for its “lipophilic” end which is negatively charged,
giving the material the amphiphilic propertics required of a detergent. SLS has a faint odor of
fatty substances and at room temperature, occurs as white or cream-colored crystals, flakes, or

powder (Chemfinder, 2006), or a clear to yellowish thick fluid. SLS is stable under normal
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conditions of use and storage but is incompatible with strong acids or strong oxidizing agents
(PTCL, 2005). When heated to decomposition, SLS emits toxic fumes (sulfur oxides and sodium
oxides) (HSDB, 2002). SDS is available commercially in powder and pellet forms. It seems the

pellet form dissolves faster than the powder form in water. Structure of sodium lauryl sulphate:

AP
Na* 'OIS\O%\/O);/\/W\N

Sodium lauryl sulphate

It present in higher concentrations with industrial products including engine degreasers, floor
cleaners, and car wash soaps, hair color and bleaching agents, toothpastes, shampoos, shaving

creams, laundry detergents, and bath oils/bath salt.

e Poly ethylene glycol (PEG):

Poly ethylene glycol (PEG) is soluble in water, and dichloromethane, and is insoluble in diethyl
ether and hexane. It is coupled to hydrophobic molecules to produce non-ionic surfactants. It has
low toxicity and various commercial applications. PEG is commonly used as a precipitant for
plasmid DNA isolation and protein crystallization. They used as surfactants, in foods, in
cosmetics, in pharmaceuticals, in ointments, in toothpastes and as laxatives. The structure of
Poly ethylene glycol (PEG):

O H
H O

n
Poly ethylene glyco 1 (PEG)

1.6.3.1 Effect of detergent solutions on growth of V. cholerae:

V. cholerae, liable for disease cholera, is inhabitant of human intestine and natural aquatic
environment. In intestinal epithelium, V. cholerae produce cholera toxin (CT) and a toxin-

coregulated pitus (TCP), for colonization (Kaper, J. B., et al. 1995). In the duodenum bile acid is
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secreted and encountered by enteric V. cholerae bacteria in human. Bile is anionic surfactants
and affects the growth of this pathogen. It also facilitates the expression of virulence factors,
induction of efflux pumps, biofilm formation, motility, production of the outer membrane
proteins OmpU and OmpT in V. cholerae. If V. cholerae grows in the presence of bile,
expression of the major virulence factors CT and TCP repressed, motility enhanced, biofilm
formation is facilitated, and intracellular production of OmpU is stimulated with associated
repression of OmpT synthesis. Beside the intracellular environment in many natural environment
like ponds, rivers huge amount of detergents are dumped by dying industries, household works.
V. cholerae are found to survive by themselves in extreme detergent concentrations by changing
their cell surface characteristics. The outer membranes of environmental V. cholerae is resistant
to hydrophobic compounds, detergents etc (Chaudhuri, K., et al. 1992). Amund et al. (1997)
found that SDS with an alky! sulfate moiety as surfactant supported the highest growth of the
detergent-utilizing organisms and the Vibrio is the most frequently encountered organism of
utiﬁzation while Proteus was the rarest. The transmembrane regulatory protein ToxR of V.
cholerae mediates enhanced bile resistance. Classical and El Tor toxR mutant strains of V.
cholerae exhibits reduced growth rates at subinhibitory concentrations of SDS (Provenzano, D., et
al. 2000). Enterobacter cloacae can grow in 25% sodium dodecyl sulphate and can metabolize it
(Kramer, C. V., et al. 1980). It was found that a Klebsiella isolate (G1) capable of survival and
growth in an environment containing high levels of anionic (15-6%) detergent (Beadle, I. R., and
Verran, J., 1999). Other isolates belonged to Pseudomonas aeruginosa, Pseudomonas mendocina,
Pseudomonas stutzeri, Pseudomonas alcaligenes, Pseudomonas pseudoalcaligenes, Pseudomonas
putida and Pseudomonas otitidis have been shown to degrade and metabolize SDS (Venkatesh,
C., et al. 2011). Cationic detergent alkaline PEG reagent may inactivate common pathogens.
Escherichia coli, Pseudomonas aeruginosa, and Bacillus cereus could not survive in alkaline
60% PEG reagent at room temperature. The alkaline PEG interacts with water at alkaline pH,
binds H+ and dissociates water resulting increase in the concentration of free OH-

(Chomczynski, P., and Rymaszewski, M., 2006).

1.6.4 Pesticides:
Pesticide is a chemical or biological agent (such as a virus, bacterium, antimicrobial, or
disinfectant) that deters, incapacitates, and kills pests. Target pests can include insects, plant

pathogens, weeds, mollusks, birds, mammals, fish, nematodes (roundworms), and microbes that
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destroy property, cause nuisance, or spread disease, or are disease vectors. Chemical pesticides
can be divided into three groups include

Organochlorines, Organophosphates and Carbamates.

¢ Organochlorines:

Organochlorine hydrocarbons (e.g., DDT) disrupt the sodium/potassium balance of the nerve
fiber, forcing the nerve to transmit continuously. They were commonly used in the past, but
many have been removed from the market due to their health and environmental effects and

their persistence (e.g., DDT and chlordane).

e Organophosphates:

Organophosphates are quite toxic to vertebrates, mammals, birds and fish (generally 10-100
times more poisonous than most chlorinated hydrocarbons) (Cunningham et al., 2003). They
usually are not persistent in the environment. They degrade easily, so their bioaccumulation is
rare. Some examples are parathion, malathion, dichlorvos, dimethyldichlorovmylphoi)hate
(DDVP) and tetraethylpyrophosphate (TEPP).

¢ Carbamates:

There are several subgroups within the carbamates. Thiocarbamate and dithiocarbamates are
subclasses of carbamates. They are toxic to bees. They include carbaryl, aldicarb, aminocarb
and carbosulfun.

1.6.4.1 Effect of pesticides on growth of bacteria:

In agricultural field, chemical pesticides are daily used in greater amount throughout the world.
In 1992 the total consumed pesticide was 7400 meiric tons in Bangladesh (BRRI). But in 2010,
the consumed amount was 53460 metric ton which has increased more than 6 times in 2 decades
(BBS). To meet up the food demand, pest control is obligatory. For this reason, farmers of the
developing country apply more toxic strong pesticides without following the instructions of
proper amount and use. So in monsoon season, this chemical pesticides run off comes in contact
of Pond, River, lakes, sea water and then become threats for our aquatic environment. Some

microorganisms of soil such as, Pseudomonas are able to metabolize pesticides in the
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environment. Murugesan, A. G., et al. (2010) identified five bacterial isolates (Pseudomonas
aeruginosa, Klebsiella sp., Escherichia coli, Bacillus sp. and corynebacterium. sp.) from Brinjal
cultivated field that are capable of degrading cypermethrin. Chanika, E., et al. (2011) identified
bacterial isolates Pseudomonas putida that are able to degrade both organophosphates and
carbamates pesticides. Organophosphate esters that interfere with nerve signal transmission in
insects do not affect microbial processes. Microorganisms able to hydrolyze phosphotriesters by
the help of enzyme and utilizes them as source of carbon and phosphorus. Bacteria are more
likely to contain such enzymes because of their tendency to develop new enzymes and metabolic
pathways to supply nutrients (Copley, S. D., 2009). They use these pesticides for their energy.
The degradation rates depend on many microbiological, physical and chemical properties of the
soil, as well as the properties of the pesticide. It has been found that, Pseudomonas aeruginosa is
able to degrade some pesticides like malathion, cypermethrin and carbofuran in different
concentrations (Wz_ithik, A. H,, et al. 2013). Not much has been studied on 1_:he effect of pesticide
on V. cholerae bacteria. It has reported that, exposure of strains of El Tor Vibrio cholerae to
different concentrations of pesticides (fazolone, treflane, prometrine, magnesium chlorate, omait

and gardon) and mineral fertilizers lowers the antibiotic sensitivity (Ziiaev, Shl., et al. 1991).

Aims and objectives of this study were:
Aims-
o To study the association of an environmental isolate of V. cholerae with Arabaena sp.
strain PCC 7120.
o To study the effect of pesticides and detergent solution in persistence of the

environmental isolate of V. cholerae.

Objectives-
e Detection and isolation of V. cholerae from environmental sample.
o Determine the persistence of isolated V. cholerae in the direct and indirect association
with Anabaenae sp. strain PCC 7120.
¢ Determine the persistence of isolated V. cholerae in different concentrations of pesticides

and detergent solution.
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2. Materials and Methods

2.1 Preparation of Culture Media:

¢ Alkaline Peptone Water (APW):

APW (3g) (Oxoid LTB, England) was dissolved in 150 ml of distilled water and dissolved
completely by autoclaving for 15 psi (121°C). Cooled at room temperature prior to use.

Thio-sulphate Citrate Bile Salts Sucrose Agar (TCBS):

TCBS agar (10.8 g) (Biolife, Italy) was boiled with 120 ml of distilled water for 5 minutes. Then
poured into Petri dishes and allowed to solidify.

¢ Luria-Bertani (LLB) broth preparation:

LB broth was prepared by dissolving 1 g of trypton, 1 g of sodium chloride crystal and 0.5 g of

yeast extract on 100 ml distilled water and dissolved completely and sterilized by autoclaving for
15 psi (121°C). Cooled at room temperature prior to use.

¢ Preparation of Blue-Green media:

For 1 L media preparation, 9 components of BG-11 media (appendix) were added in 900 ml of
distilled H,O and autoclaved. Cooled at room temperature prior to use.

e Nutrient broth preparation:

Nutrient broth (2.5 g) was dissolved in 100 ml of distilled water and sterilized by autoclaving for
15 psi {121°C). Then cooled at room temperature prior to use.

e MS ( mineral salt) media preparation:

MS media was prepared by taking 2 ml from stock solution I (appendix) and 1 ml from stock
solution II-VI (appendix) each in conical flask. Then autoclaved distilled water was added to the

flask to give 100 ml solution. Then autoclaved for 15 psi (121°C) and cooled prior to use.
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¢ Microscopy:
Two colonies were picked up from each streaked plates of three different types of samples and
observed under microscope to determine morphological characteristics. Gram staining was also
done in order to determine whether the bacteria were gram positive or gram negative.
Gram staining was done as below:
First 1/2 drop of sterilize distilled water was transferred on a clean glass slide with an inoculation
loop and added a drop of the suspended culture of the test organism to be examined and spread
over a smal! area. Then the smear was allowed to air dry. After drying the smear on the slide
fixed the dried film by passing it briefly through the Bunsen flame two or three times without
exposing the dried film directly to the flame. The following steps are done then respectively:

s Flooded the fixed smear with crystal violet solution and allowed to remain for 1 minute.

o Rinsed off the crystal violet with distilled or tap water.

¢ Flooded the slide with iodine solution. Allowed to remain for one minute.

¢ Rinsed off the iodine solution with distilled or tap water.

o Flooded the slide with decolorizer for one to five seconds.

e Rinsed off the decolorizer with distilled or tap water.

¢ Flooded the slide with safranin. Allow to remain for 30 seconds.

¢ Rinsed off the safranin with distilled or tap water.

o Dried the slide on absorbent paper and place in an upright position.
Microscopically the slide was examined for bacterial organisms under a 100X objective. Several
fields were observed on the slide for bacterial organisms.
In the gram staining test the Gram-positive bacteria stain deep violet to blue and gram-negative
bacteria stain pink to red.
2.2.4.2 Stock culture preparation:
For storage, pure culture of each selected colony was done by streaking in LB agar media.

Colonies were picked and stock cultures were made for further studies.

For long term storage colony from TCBS agar plate was picked up and inoculated in LB broth
by sterile loop. Then incubate for overnight at 37°C. The overnight culture was centrifuged at

10000 rpm at 37°C. The pellet was then washed with autoclaved distilled water. After that, 30%
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autoclaved glycerol was added and vortex vigorously to mix properly. Then samples were stored

in refrigerator at -20°C.

For short term storage, slants of nutrient agar were prepared. Then colonies from TCBS agar
plate were picked up and streaked on slant by sterile loop and capped carefully on sterile
condition. Then incubate overnight at 37°C. Finally, they were stored at -4°C.

2.2.4.3 Confirmative PCR test

2.2.4.3.1 Culture of organism

Five m] autoclaved LB broth was taken into test tube where 10 pl samples (water and sediment)
were added and incubated in a shaking incubator at 37°C overnight. Following overnight culture,
the sample was used for DNA extraction

2.2.4.3.2 DNA Extraction

DNA was isolated by using DNAzoL Reagent. Bacterial DNA was extracted from the cultured
bacteria as described in Invitrogen manual for DNAzoL Reagent. DNAzoL Reagent is a
complete and ready-to-use reagent for the genomic DNA isolation from small and large volume
of solid and liquid samples that normally combines with both reliability and efficiency with
simplicity of isolation protocol. The DNAzoL Reagent procedure is based on the use of a novel
guanidine-detergent lysing solution which permits selective precipitation of DNA from a cell
lysate, During the isolation, sample was lysed (or homogenized) in DNAzoL Reagent and the
genomic DNA was precipitated from the lysate with ethanol. Following an ethanol wash, DNA
was solubilized in 8 mM NaOH. The whole procedure was done in about 30 minutes with DNA
recovery of 70-100%.

2.2.4.3.3 Qualitative and quantitave determination of extracted DNA

According to Sambrook et at-’. (1989), agarose gel electrophoresis helps to study the integrity of
extracted DNA sample. Briefly, electrophoresis was performed using a horizontal electrophoresis
apparatus (Bioneer, Korea) at a constant volt of 100 with a 1.5 % agarose gel containing 2 pi ethidium
bromide in 150 ml 1x TAE buffer. DNA migrated near about the two-third of the gel towards the
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positive electrode and power supply for electrophoresis was maintained at this time. DNA size
was determined by comparison with a DNA size marker (100 bp DNA ladder, Bioneer, Korea).
DNA bands were visualized by UV illumination and photographed using the High Performance

UV Transilluminators, (Ultra-Violet Products Ltd., UK).
2.2.4.3.4 Components for DNA amplification in PCR

2.2.4.3.4.1 Description of Target genes and primers

¢ Target genes:
The target genes were selected for this study included: virA gene for Vibrio. One pair (forward
and reverse) of specific primer was designed from above mentioned gene sequence.

Table 2.2: Specific genes for pathogenic bacteria detection.

Species Specific Gene Accession | References
No.
Vibrio rpoB, toxR gene, vvhA | D26468 Tarr et al.,2007
gene, VirA gene

e Oligonucleotide primers:
Primer selection is the preliminary step for the DNA fragment amplification. Primers are short,
artificial DNA strands that are complementary to the beginning and the end of the DNA
fragment to be amplified. They anneal to the DNA template at these starting and ending points,
where the DNA-polymerase binds and begins the synthesis of the new DNA strand. In this study,
one pairs of primers were used. Sequences of the one PCR primer pairs and size of expected

amplification products are shown in Table 2.3.
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Table 2.3: Primers and expected size of PCR amplified gene targets of pathogenic bacteria.

specie Primers Sequence (5’ =3%) Product | Temp
size (bp)
Vibrio Vibr-F | CGGTGAAATGCGTAGAGAT 663 49

Vibr-R | TTACTAGCGATTCCGAGTTC

2.2.4.3.5 Taq DNA polymerase enzyme

The enzyme was isolated from recombinant E. coli. Strain containing the DNA polymerase gene
from Thermus thermophillus. It exhibits highest activity at pH 9.0 and 72°C (Bioneer, Korea).
To prepare 1 unit Taq DNA Polymerase from purchased 5 units, it was diluted with enzyme
dilution buffer (50 mM Tris-HCL, 0.1 mM EDTA, 1mM DTT, Stabilizers, 50% Glycerol, pH
8.2) at 4: 1 ratio (Buffer : Enzyme).

2.2.4.3.6 Deoxynucleotide Triphosphates ({NTPs) mixture

In the present experiment, 10 mM dNTP mixture (each dNTP 2.5 mM) was used (Bioneer,
Korea).
2.2.4.3.7 Buffer used for PCR

10x Reaction buffer (Tris; pH 9.0, 15 mM MgCl,) was used for PCR test.

2.2.4.3.8 Target gene amplification by Polymerase Chain Reaction (PCR):

At first concentrations of the entire extracted DNA samples were adjusted. Total 25pl reaction
mixture was prepared in a 0.2 ml PCR tube (Eppendrof, Humburg, Germany) which contain 2 pl
DNA sample, 2 pl oligonucleotide primers, 5 pl 5X green reaction buffer, 2 pl 10 mM dNTPs
mixture, 1 pl Tag DNA polymerase and 13 pl de-ionized distilled water. The 0.2 ml PCR tube
containing reaction mixtures were then placed in a DNA thermal cycler (C1000™ , BIO-RAD,

USA) for polymerase chain reaction.
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Table 2.4: The component of reaction mixture and their compositions in 25 ul reaction mixture

together with final concentration for the PCR

Component Final volume Final concentration

Di-ionized water 13 pl

5X Green Reaction Buffer 5ul 1x

(Tris; P¥ 9.0, 15 mM MgCl,

10 mM dNTP mixture (each |2 ul 1.0mM

dNTP 2.5 mM)

Primers 2 pl ( Forward 1 pl + | 1.0 uyM
Reverse 1 pul)

Template DNA 2l 0.25 pug/ pul

Taq DNA polymerase™ 1l 1.25 unit

(5 units/ ul)

*To prepare 1 unit Tag DNA polymerase, it was 3 times diluted with di-ionized water.

PCR amplification was performed in a Gene Cycler under the following conditions: In brief, heat
denaturation at 94°C for 2 min followed by 35 cycles of heat denaturation at 94°C for 1 min.
primer annealing at 58°C for 1 min and DNA extension at 72°C for 1 min. This is followed by
incubation at 72°C for 10 min followed by cooling at 4°C. While running PCR reaction a

positive control was kept.

2.2.4.3.9 Evaluation of PCR products:

After completion of the thermal cycling, a sample of 10 pl from each PCR products was
analyzed electrophoretically by running on a 1.5 % agarose gel and the amplified product size was
determined by comparison with a 100 bp DNA size marker.
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2.3 Analysis of colony morphology of V. cholerae with seasonal variation:

2.3.1 TCBS agar plating:

To analysis the colony morphology of V. cholerae with seasonal variation water hyacinth
samples were used. Four roots of water hyacinth plants were prepared separately as described in
2.2.3. Then, drops of 5 pl enrichment (APW) culture were given onto TCBS plate by
micropipette and incubated at 37°C for 24hour.

2.3.1 Colony transfer onto LB agar plate:

Colonies were transferred in March, April, November and January. During March, colonies were
picked up from TCBS agar plate with a sterile loop and inoculated into LB broth and incubating
for overnight at 37°C. After incubation, Sul of culture was inoculated onto LB agar plate and
incubated overnight. Subculture of two different colonies was done from LB agar plate in one
plate by streaking with sterile loop. In April and January each colony of every TCBS agar plate
was transferred in test tube of 5 ml LB broth with sterile inoculating loop and incubated for 4
hour at 37°C. After incubation 5 pl drops of fresh culture were given in LB agar plate and
duplicate plates were also prepared and incubated at 37°C for 10 days. During November
colonies were transferred by velveteen cloths. For colony transfer replica discs were prepared by
covering the discs with velveteen cloth and sealed by gum. Then the disc was slightly touched on
the surface of master TCBS agar plate for colony transfer to the discs. The replica disk was then

slightly préssed against LB agar plates and incubated at 37°C for 10 days.
2.4 Growth of V. cholerae in different pesticides solutions:
2.4.1 Preparation of Seed culture of V. cholerae:

Seed culture of isolated V. cholerae and referred V. cholerae collected from Biochemistry Lab
was prepared by centrifuging overnight culture at 1500 rpm for 15 minutes. Then supernatant
was discarded and the pellet was washed twice with sterile distilled water. Then resuspended in
distilled water and the optical density of both cultures were measured to give an optical density
of 1.0 at 600 .
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2.4.2 Preparation of Stock pesticides solution:

For preparation of stock pesticides solution 5ml of pesticides (Cypermethrin, Milathion,
Carbosulfun) solution was prepared according to Appendix 4A. For studies 100 ul from stock

pesticides solution was used.
2.4.3 Analysis of persistence of V. cholerae:

For analysis of persistence of V. cholerae in pesticide solution two different media were used,
such as LB and MS media. 100 pl of mixed pesticides solution prepared (described in section
2.4.2) was added to 50 ml LB of MS and LB media. 1 ml of seed culture (OD = 1.0) of isolated
environmental V. cholerae (described in section 2.4.1) was also added to each of LB and MS
media containing pesticides. A similar set was also prepared for reference V. cholerae. For
control experiments, flasks were prepares similarly without adding the pesticides solution. After
adding bacterial culture the flasks were incubated in rotary incubator at 120 rpm at 28°C. For
measurement of growth OD was taken at 0, 4 and 24 hour respectively. Viable cell counts were
carried out only in case of MS media after 48 hour by serial dilution and spreading a 100 pl of
aliquot on LB-agar plate. Then incubation was done for overnight and colonies were counted and

expressed as c. f. w/ml.

2.4.4 Colony morphology analysis in presence of pesticides:

The above mentioned culture of 48 hour in MS media was used for analysis of colony
morphology and was compared with fresh culture of enriched environmental isolate of V.
cholerae in APW media. In order to study the colony morphology of environmental (isolated) V.
cholerae, MS media was prepared with mixed pesticides solutions containing bacterial culture. A
culture grown overnight was inoculated in APW media for enrichment and incubated for 24 hour
in rotary incubator. Then drops of 5 pl overnight APW culture and culture with mixed pesticides
on MS media were given on LB agar plate and incubate for 8 days. In this case as control APW

culture without pesticides and only culture on MS media was kept for comparison the effect.
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2.5 Persistence of isolated V. cholerae in detergent solution:
2.5.1 Detergent solution preparation:

Detergent solution of different percentages (10%, 20%, 30%, 40%)(w/v) was prepared by
dissolving an anionic detergent, Sodium lauryl sulphate (SL.S) and an non ionic detergent, poly
ethylene glycol (PEG) in 100 ml distilled water (Table 2.5) and autoclaved at 121°C for 15

minutes. For each experiment duplicate plates were prepared.
2.5.2 Inoculum preparation:

An overnight grown V. cholerae stock culture inoculated in 100 ml LB broth and incubate on
orbital shaker at 28°C for 24 hours. The culture was then centrifuged at 1500 rpm for 15 minutes
and media was discarded. The pellet was washed twice with sterile distilled water and
resuspended in sterile distilled water to give an optical density of 1.0 at 600 5. This culture was

used as inoculum for studying of persistence.

2.5.3 Studies of persistence:

In ten glass vials 1m} (OD = 1.0) of bacterial inoculums was transferred. The effect of different
percentages of detergent solution on V. cholerae was determined by directly adding different
amount of detergent to the vials according to the table (Table: 2.5) and a control without
detergent was kept. Then vial were capped loosely with enough air and incubate at 37°C for 96
hours. Viable cell counts were carried out by serial dilution and spreading a 100 pl of aliquot on
LB-agar plate after 24 hours and 96 hours incubation. Plates were incubated at 37°C for 24

hours.
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Table 2.5: Percentage of detergent solution and amount of detergent used:

Percentage Amount of detergent used in each vial (W/V)
of detergent

Control No detergent

10% 0.05 g of SLS and PEG each

20% 0.1 gof SLS and PEG each

30% 0.15 g of SLS and PEG each

40% 0.2 g of SLS and PEG each

2.6 Association of isolated V. cholerae with Anabaena sp. PCC 7120:
2.6.1 Preparation of Anabaena sp. PCC 7120:

Eight flasks of 100 ml BG-11 media were prepared by inoculating 1ml of cyanobacterial culture.
For experimental studies four flasks of culture were grown for two weeks and other four flasks of

culture were grown for three weeks at 25°c.
2.6.2 Preparation of seed culture of isolated V. cholerae:

For experimental studied stock cultures were received by overnight incubation. Then 50 pi of
overnight culture was inoculated in 30 ml autoclaved LB broth and culture was shaken in room

temperature at 120 rpm for 4 hours to made seed culture of V. cholerae.
2.6.3 Determination of association of V. cholerae with Anabaena sp. PCC 7120:

For determination of association similar experiments were performed for two and three week’s

cyanobacterial old culture.

o For direct association, 2 ml prepared bacterial seed cuiture was inoculated in 2 flasks of 2
weeks culture of Anabaena sp. PCC 7120.
¢ For indirect association, 2 flasks of 2 weeks cyanobacterial culture were centrifuged at

4000 rpm for 30 minutes. Then 80 ml supernatant was taken in a sterile flask by
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micropipette from centrifuge tube to prepare cyanospent culture and 1.6 ml bacterial seed
culture was inoculated into the flasks.

e Control cultures were prepared by replacing the cyanospent culture with BG-11 media
and 2 ml of bacterial seed culture was also added in 2 flasks of 100 ml BG-11 media and
kept as control. Then all flasks were grown for 12 days in a shaker incubator at 100 rpm
and plating was done every 2 days later by spreading 200 pl aliquot on TCBS-agar plate.

Fig 2.2: Anabaena sp. strain PCC 7120 (three weeks culture) with V. cholerae.
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CHAPTER 3: RESULTS




3. RESULTS:

3.1 Detection of V. cholerae in environmental sample:

3.1.1 Isolation of V. cholerae from environmental samples:
¢ Thio-sulphate Citrate Bile Salts Sucrose Agar (TCBS) plate:

To isolate V. cholerae from environment samples were streaked on TCBS agar plate and the
colonies were observed for typical V. cholerae. In case of water samples only yellow colored
colonies observed on TCBS agar plate (Fig: 3.1). For sediment and water hyacinth samples two
different (yellow & green) colonies appeared on TCBS agar plate (Fig: 3.2 & 3.3). Among two
different colonies that appeared on TCBS agar plate, only yellow colored colonies were selected
from TCBS plate for further identification. All colonies appeared smooth, round with opaque
center and translucent peripheries. Yellow colored colonies were as large as 2-3mm, but green

colored colonies were larger than yellow (Fig: 3.2).

Table 3.1: Colony characteristics of vibrio isolates from different samples:

Sample | Color Transparency | Colony morphology ( from TCBS | Assumed

on agar plates) bacteria
TCBS Shape Elevation | Surface
Water Yellow Opaque  center | Small and | Raised Smooth V. cholerae
colonies and translucent | round (2-3mm)
peripheries
Sediment | Yellow Opaque  center | Small and | Raised Smooth V. cholerae
colonies and  translucent | round
peripheries (2-3 mm)
Green Deep green | Small and Raised Smooth V. mimicus V.
colonies centered slightly damsel V.
flattened vulnificus V.
{3-4mm) hollisae

Water Yellow Opaque  center | Small and | Slightly Smooth V. cholerae
hyacinth | colonies and translucent | round elevated and rough

peripheries (2-3 mm)
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e Growth on TUBS plate:

Fig 3.2: Calony characteristics on TCBS-agar plate for sediment sample.
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Fig 3.3: Colony characteristics on TCBS-agar plate for water hyacinth sample.

e Microscopic observation:

Under the microscope the bacteria were seen as slightly curved rod or “comma” shaped. After
gram staining the bacteria appeared as red that representing the characteristics of gram negative
bacteria.

3.1.2 Confirmation of isolated samples by PCR test:

To confirm the presence of V. cholerae in collected sample, PCR test was carried out. In the PCR
test, the PCR product was amplified with designed primers directed towards virulence gene. The

summery of the results were shown in Table 3.2.

Table 3.2: The summery of the PCR test results:

Sample Result of PCR
Water-1 Positive (+)
Water- 2 Positive (+)
Sediment- 1 Positive (+)
Sediment- 2 Negative (-)
~ Water -3 Negative (-)
sediment-3 Negative (-)
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Fig 3.4: Agarose gel electrophoresis for PCR amplicons of virA gene from the vibrio isolates.
Lane W-1 and W-2 represent V. cholerae isolates from water samples of two different location
show 663 bp amplicon of virA gene. Lane W-3 represents water isolate from third location
shows no amplicon. Lane S-1 shows PCR amplicon of virA gene from sediment isolate of V.
cholerae. Lane S-2 and S-3 represent sediment isolate of V. cholerae from location-2 and -3

shows no amplicon.

The water samples showed two bands on electrophoresis gel at 663 bp positions indicating
characteristic two bands that indicated the presence of V. cholerae in water of sample 1 and 2.
For sediment samples, one band was observed in the sediment sample that indicated the presence
of V. cholerae in sediment of sample 1. In case of water and sediment of sample 3, both in water
and sediment no band was observed (Fig: 3.4) that indicated the absence of V. cholerae in these

samples.
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3.2 Analysis of colony morphology of V. cholerae with seasonal variability:

The colony characteristics from water hyacinth on TCBS agar plate were analysed. The colonies
appeared yellow, round and smooth (Fig: 3.5) which showed the characteristics of V. cholerae
colonies (Appendix 3). In order to analyse seasonal variation, colonies from TCBS were
transferred on LB agar plate.

3.2.1 Colony morphology on transferred LB plates at different month:

Two different types of colony smooth and rugose appeared on LB media after colonies were
transferred from TCBS agar plate. During March, both smooth and rugose colonies were
observed onto LB agar plate (Fig: 3.5). The colonies were subcultured further analysed under
electron binocular microscope that showed the characteristics smooth and rugose colony
morphology of V. cholerae (Fig 3.6).

Smooth colony

Rugose colony

Rugose calony

Smooth colony

Fig 3.5: Two different colony morphology observed on LB agar plate during March.
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In month of April and November smooth, yellowish coloured colonies appeared on LB agar

plate. In January smooth and slightly rugose colonies were observed. The overall results of

different months are summerized in Table 3.3.

Fig 3.6: Smooth and rugose colonies under sterio bionocular microscope.

Table 3.3: Overview of colony morphology analysis with seasonal variability.

Month Part of water hyacinth plant | Colony morphology
March root Smooth and ruguse

April root smooth only

November using velveteen | root Smooth but flattened
cloths

January root Smooth and slightly rugose

3.3 Study of persistence of isolated V. cholerae in different pesticides solutions:

The growth of isolated V. cholerae from water of sample 1 (described in section 3.1.2) in the
presence of pesticides was analyzed by measuring the optical density (ODso) using different
media (LB broth and MS) over 24 hour time interval. Control culture were grown in absence of

pesticides using LB and MS media on different period of time and compared to that of the

pesticides (Appendix 4)
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3.3.1 Growth of V. cholerae on LB and MS media

Growth of both isolated and reference V. cholerae was increased with time in LB media in

compared with that of MS media in presence of pesticides.

Comparison between LB and MS media in presence of pesticides

A m growth of isclated V. cholerae
0.9 I in LB media with pesticides
08
0.7
Y u growth of reference V.
e 0.6 L 5
= cholerae in LB media with
£ o5 pesticides
.g 04 +
< - growth of isolated V. cholerae
’ in MS media with pesticides
0.2
01
g o=} " growth of reference V.
0 hour 4 hour 24 hour cholerae in MS media with
pesticides

Time

Fig 3.7: Growth of isolated V. cholerae in the presence of pesticides. The graph shows growth of
isolated and reference V. cholerae (ODgop) measuring absorbance in 600nm in presence of

pesticides at time interval of 0, 4, 24 hour in LB media and MS media.

A higher growth was observed in LB media compared to that of MS media both in presence of
pesticides. No difference in growth was observed between the isolated strain and reference strain

in both media and in the presence of pesticides.
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Fig 3.11: Slightly rugose and smooth colony onto LB agar plate.

]m 3.4 Study of persistence of isolated V. cholerae in detergent solution:

YPersistence of isolated V. cholerae was tested using different concentrations of detergent
olution. Persistence was determined by counting number of c¢fu/ml and comparing of V.

@ cholerae with that of the control (no detergent) (Table: 3.4).

':'6 Table 3.4: Persistence of V. cholerae in different concentrations of detergent solutions during 4

% day period.

|

Q Cfu/ml

<

s Control (No | Detergent Detergent Detergent Detergent
C? detergent) solution solution solution solution

| Days (10%) (20%) (30%) (40%)
f% Day1 |3x10° 1.7x107 4.8x10° 2.6x10° 6x10"
o

M

Day4 |3.6x10’ 6.1x10° 4.6%10° 22 x10° 2x10°




Persistence calculated as cfu/ml at 10%, 20%, 30% and 40% detergent solution. Bacterial cfu/ml
at different detergent concentration decreased compared to the respective control cultures (Table
3.4). Colony count was found to decrease with increasing detergent concentration from 10-40%
on both Day 1 and Day 4 (fig: 3.12).

30408 |

256408 |

2.06408
£ isewe whard
€ mDay4

1.0E+08

5.0E+07

.i:.-_ —— ~_J-:,.— Bt

Control (No Detergent Detergent Detergent Detergent
detergent)  solution salution solution solution !
{10%) {20%) (30%) (40%) '

0.0E+00

|
|
i
Fig 3.12: Cfu/ml of V. cholerae measured at different detergent concentration with control (no
detergent).

In control cultures (no detergent) the growth of V. cholerae showed higher growth in Day 1
compared to Day 4. Cfu/ml of V. cholerae was found to decrease with increasing detergent
concentration both in Day 1 and Day 4 in comparison to the control (Fig. 3.12).
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Fig 3.13: Cfu/ml of V. cholerae measured at different detergent concentration. Detergent
concentration 10%, 20%, 30% and 40% were used and cfu calculated on Day 1 and Day 4.

The number of c.f.u/ml decreased on Day 4 compared to Day 1 with increasing detergent

solution.

B

Fig 3.14: Persistence of V. cholerae following exposure to 10% and 20% detergent solution. A
and B represent counts of colonies from 100 pl aliquets following 4 days exposure to 10% and
20% detergent respectively.
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Fig 3.15: Persistence of V. cholerae follawing exposure to 30% and 40% detergent solution. C
and D represent counts of colonies from 100 pl aliquets following 4 days exposure to 30% and
40% detergent respectively.

3.5 Study of association of isolated V. cholerae with Anabaena sp. PCC 7120:

3.5.1 Growth of V. cholerae in association with two weeks culture of Anabaena sp. PCC
7120:

In the study of two weeks culture of V. cholerae in direct association with Anabaena sp. strain
PCC 7120, the cfu/ml of V. cholerae increased gradually compared to that of the indirect
association and control. The highest of cfu/ml was observed in direct association with Anabdaena
sp. PCC 7120 on day 12 (Table: 3.5). In case of indirect association, different trend was
observed compared to direct association. The cfu/ml was found to gradually decrease reaching
lowest on day 12. In control cultures the cfu/ml was found to remain almost constant throughout
the 12 days period (Fig: 3.16).



Table 3.5: Enumeration (Cfu/ml) of V. cholerae in association (direct and indirect) with two
weeks culture of Anabaerna sp. PCC 7120:

Cfu/ml

Control | Direct association | Indirect association
Two weeks BG-11 media with | Anabaena sp. PCC 7120 | Cyanospent  cuture

Vibrio cholerae with Vibrio cholerae with Vibrio cholerae
Day3 12 cfu/ml 9 cfu/ml 15 cfu/ml
Day6 8 cfu/ml 15 cfu/ml 13 cfu/ml
Day9 10 cfu/ml 55 cfu/ml 10 cfu/ml
Dayl12 10 ctu/ml 85 cfu/ml 8 cfu/ml

# Anabaena sp. strain PCC
7120 with Vibrio cholerae |
{Direct associaton)

cfu/ml

® Cyanospent cuture with
Vibrio cholerae (Indirect
association)

BG-11 media with Vibrio
cholerae (control) |

day 3 day 6 day 9 day 12
| Day period

Fig 3.16: Cfu/ml with period of time for direct and indirect association in two weeks culture.
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3.5.2 Growth of V. cholerae in association with three weeks culture of Anabaena sp. PCC
7120:

Anabaena is a slow growing bacteria so they were grown for three weeks. In the direct
association of V. cholerae with Anabaena sp. PCC 7120 it was found that, cfu/ml increased
gradually through 12 days compared to that of the indirect association and control. The highest
of cfu/ml was observed in direct association with Anabaena sp. PCC 7120 on day 12 (Table:
3.6). In case of indirect association, the cfu/m! slightly decreased but almost remained same
during the 12 days period. In control cultures the cfu/ml was found to increase steadily
throughout the period. (Fig: 3.17).

Table 3.6: Enumeration (cfu/ml) of ¥. cholerae in association (direct and indirect) with three
weeks culture of Anabaena sp. PCC 7120:

Cfu/ml
Control Direct association Indirect association
3 BG-11 media with | Anabaena sp. Cyanospent cuture
ks
wee Vibrio cholerae PCC 7120 with Vibrio | with Vibrio cholerae
cholerae
Day 3 4 cfu/ml 10 cfu/ml 15 cfu/ml
Day 6 9 cfu/ml 25 cfu/ml 12 cfu/ml
Day 9 10 cfu/ml 35 cfu/ml 10 cfu/ml
Day 12 13 cfu/ml 50 cfu/ml 15 cfu/ml
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Fig 3.17: cfu/ml with period of time for direct and indirect association in three weeks culture.
The graph shows that, cfu/ml was comprehensively high in presence of Anabaena sp.PCC 7120

PCC 7120 (direct association) in comparison with cyanospent culture with V. cholerae (indirect
association) during 12 days time period for two and three weeks culture.
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CHAPTER 4: DISCUSSION




4. Discussion

Microbial species can grow in a large amount in waste enriched aquatic environment. It is
evident that, Vibrio cholerae have been identified from aquatic environment containing high
quantity of waste materials and detergents from Mozambique and Nigeria. But detection and
isolation of V. choleare from polluted aquatic environment in southern part of Bangladesh is not
well known. The river Moyuri of Khulna, from where the samples were collected is highly
contaminated. So the organic content of the river is very high. Here, Algae, cyanobacteria,
phytoplankton, zooplankton and water hyacinth are detected in a large amount. Three locations
of Myori river which is more or less polluted were selected for sample collection to represent the
whole river. V. cholerae was isolated from samples of water, sediment and water hyacinth. V.

cholerae was isolated throughout the year from water hyacinth of polluted area.

In Bangladesh cholera occurs twice a year and in epidemic seasons they isolated from surface
water of pond, river, lake etc. apparently in interepidemic period they disappears from
environments (khan, M. U., et al. 1984). In interepidemic period they may hide in
microenvironment for survival and multiplication. It has been suggested that blue green algae
may act as a reservoirs (Islam, M. S., et al. 1994). V. cholerae has been detected in mucilaginous
sheath of blue green algae Anabaena variabilis (Islam, M. S., et al. 1990). In aquatic
environment of bangladesh about 307 different species of cyanobacteria has been reported from

all kinds of water sources (river, canal, ponds, ditches, lakes etc.).

Direct attachment or formation of biofilm is well known as prerequisite in the survival at
unfavorable environmental condition. It has been found from the experiment that cfu/ml of
isolated V. cholerae from Moyuri river increased in dircet association with Anabaena sp. strain
PCC 7120 compared to the indirect association. It may be that in direct association, the bacteria
attaches to the filament of algae and utilizes metabolites as nutrients (Islam, M. S., et al. 1994),
In such association bacteria can supplies carbondioxide and produce an environment of reduced
oxygen that facilitates photosynthesis and nitrogen fixation by Anabaena. 1t is also possible that
Anabaena produce a balance P? environment by secreting nutrient in surrounding aquatic
environment forming a symbiotic relationship. 4rnabagena can secrete nutrients and other

substances in surrounding environment in indirect association. V. cholerae with cyanobacteria
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was tested to see whether any cyanobacterial extracellular substances promote growth of 7.
cholerae. It was observed that in indirect association c. f. u of V. cholerae increased compared to
the control indicating that extracellular substances secreted by Anabaena can also enhance
growth. However, since c¢. f. u of V. cholerae was higher in direct association compared to

indirect it can be possible that V. cholerae relatively can persist in association with Anabaena.

In Bangladesh cholera out breaks mainly in pre and post monsoon season. Seasonal outbreaks
closely related with survival strategies of V. cholerae in aquatic environment, Alteration of
smooth to rugose colony morphotypes of V. cholerae plays a critical role to survive in the
environment. Smooth and rugose variants of V. cholerae are able to form biofilm. Biofilm of
rugose variant composged of microorganisms and extrapolymeric substances that are not present
in smooth variant (Wrangstadh, M., et al. 1986). The extrapolymeric substances of rugose variant
shows resistance to cold, osmotic, acid, nutrient deprived and oxidative stresses in nonepidemic
seasons (Wai et al. 1998). V. cholerae attaches water hyacinth plants by forming biofilm. To see
whether V. cholerae were smooth or rugose variant when attached with water hyacinth, colony

morphology was analyzed.

To analyze colony morphology experiments were carried out in different months. During March
and January both smooth and rugose colonies of V. cholerae were found from water hyacinth of
Moyuri river. Interestingly in April and November we observed only smooth colonies. It can be
say that in April prior to monsoon and November after monsoon the aquatic environment
remains nutrient rich conditions for V. cholerae whereas in March and January the non epidemic
season nufrients becomes lower in aquatic environment. To survive this condition they may

switch to form rugose colony.

Bangladesh is an agricultural country and every year huge amount of pesticides are used in this
field. Pesticides are mixed with pond, lake or river water by runoff resulting from rainfall or
irrigation. The presence of milathion, cypermethrin and carbamate pesticides residue was found
in some pond water of Bangladesh (Uddin, M. A., et al. 2012). Bacteria can metabolize

pesticides for integration of essential nutrients and energy.

In the study it was observed that environmental isolates of V. cholerae can grow in presence of

pesticides both in LB and MS media. In our experiment pesticides mixture of 50 ppm was used.
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In other study pesticides of 50 ppm was also used to assess the growth of pesticides degrading
bacteria (S. KaviKarunya and D. Reetha 2012). In presence of pesticides the growth of V.
cholerae was reduced slightly but not markedly, which may be due to resistance of V. cholerae
to pesticides. It has been found that different species of Enterobacteriaecae are involved in the
degradation of organophosphorous insecticides like chlorpyrifos (Singh, K., et al. 2004),
phosphonate (Lee, K. S., et al. 1992) and glyphosate (Dick, R. E, and Quinn J. P. 1995) but

whether V. cholerae degrade the pesticides is not known.

In Moyuri River V. cholerae comes in contact with detergents in aquatic environment. Since,
everyday people on the river side use river water for various washing purposes. It has been found
that environmental V. cholerae are much more resistant to hydrophobic compounds, detergents
etc than V. cholerae isolated from clinical sample (Chaudhuri, K et al., 1992). Detergents are
lipophilic compound that have various effects on cell membranes. Detergents can disrupt the

organization of the cell membranes. The detergent concentration is very high of Moyuri river and |
bacterial population is found to survive in presence of this constrains. For this reason persistence
in presence of detergent solution of isolated V. cholerae from this river was studied. Detergent
solution containing same amount of Sodium lauryl sulphate (SLS) and polyethylene glycol
(PEG) was considered as the test detergent solution because SLS is one of the major surfactant
used in our country in washing up liquids, soaps, shampoos etc. PEG is a mild surfactant used in

toothpaste.

Vibrio is the most frequently encountered organism for detergent degradation and utilization
(Amunt et al., 1990). In the study of the persistency of V. cholerae to different concentrations of
detergent solution it was found that, the colony count was decreased at detergent concentration
up to 40% both on Day 1 and Day 4. Colonies were found to be round and smooth with opaque
center and translucent periphery. At higher concentrations it may provide adverse environment
for the growth and survival of V. cholerae resulting decreased number of colonies. In extended
period of incubation it may undergoes stress conditions that resulted in lower growth on Day 4
compared to Day 1. Report shows that inhibition of growth occurs when cells of V. cholerae
were grown in the presence of a detergent (0.01% SDS) (Hung, D. T., and Mekalanos, J. J.
2005).
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Conclusion

In this is study it can be concluded by that, environmental isolate of V. cholerae, from Moyuri
river can survive immediate disposal of pesticides, detergent in the river. It can also grow
favorably in association with Anabaena sp. strain PCC 7120. Everyday huge amount of
industrial waste, agricultural waste, human waste are disposed and available water hyacinth are
detected in Moyuri river. In our experiment V. cholerae showed considerable growth in different
pesticides mixture and higher concentratrions of detergent. These biotic and abiotic conditions
may affect the growth of V. cholerae. Study of persistency of V. cholerae in biotic and abiotic
conditions have greater importance to reveal the actual mechanism of their adaptaion in these
conditions. Further studies are needed regarding these that may help us to understand the

mechanisms of survival of V. cholerae in biotic and abiotic stress.
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> Appendix 1
Composition of Agar powder:
Component Quantity
| Foreign insoluble matter 1%
Loss on drying 18%
Sulphated ash 5%
Acid insoluble ash 1%
Arsenic (As) 0.0003
Heavy metals (as Pb) 0.004%
Foreign starch passes 1%
N Foreign organic matter 1%
Typical Composition of Nutrient agar (g/liter)
Ingredients g/liter
Beef Extract 3g
Peptone 5g
Agar 15g
. Typical Composition of Luria Broth (LB} (g/liter)
i Ingredients g/liter
Tryptone 10g
. Yeast 5g
NaCl 10g
£y
a
4




LY =) B}
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Typical Composition of Minimal minerals salt nutrient culture medium (Bacteria) (mg/liter)

Stock 1
chemicals mg/l
NH/NO3 1650
KNO3 1900
Stock 2
MgS0,.7HO 370
MnSO,4H,0 22.3
ZnS04.7H,0 8.6
CuS04.5H;0 0.025
Stock 3
CaChL.2H,0 440
CoCl,.6H;0 0.025
KI 0.83
Stock 4
KH,PO, 170
H3BO; 6.2
Na;Mo04.2H;0 0.25
Stock 5
Na; EDTA 37.3
FeS04.7HO 27.8
Stock 6
Inocitol 100
Glycin 2
Nicotinic acid 0.5
Pyridoxin HCI 0.5
Thiamin 0.1




d. 1.5 pl Ethidium bromide was added to the solution and mixed well;

e. The solution was poured into the gel casting tray containing sample comb and were
allowed to solidified at room temperature; (Note: with decreasing temperature gel will be
solidify rapidly thus step 1.4 tol.6 was done quickly without consuming high time.

f.  After gel has solidified, the comb was removed, using care not to rip the bottom of the
wells.

g. The gel could be stored at -4°C for further use.

3. The gel, still in its plastic tray, was inserted horizontally into the electrophoresis chamber and
was covered by adding approximately 450 ml TAE buffer;

4. 4 ul of the extracted DNA sample was mixed with 2 pl of loading buffer on a parafilm and
were poured into a sample wells. By maintaining sample's serial number, this was done for
every sample separately. To avoid cross-contamination, separate micro-tips were used for
every sample.

5. Approximately 2 pl of colored DNA size marker was poured into first sample wells on gel ;

6. The electrophoresis chamber was covered with the lid;

7. The power supply was switched on, only volt was fixed at a constant value of 50, the
machine was run until DNA migrated to the two-third of the gel towards the positive
electrode (DNA was usually blue colored baséd on loading buffer);

8. After 25 to 30 minutes The power supply was switched off and the lid of the electrophoresis
chamber was removed;

9. The gel, still in its plastic tray, was removed from the electrophoresis chamber and placed on
an ultraviolet (UV) transilluminator.

10. The UV transilluminator was switched on, DNA banding pattern was visible;

11. The resulting banding pattern was captured by using the digital camera and software.



100p] of stock solution was added in 51 ml media containing culture.
So, in 51 mi or 0.051L contains 0.0003 gm cypermethrin
Then 1L contains 0.0003/0.051 gm cypermethrin
= 5.88x 10~ gm cypermethrin
We know, 100gm/L = 100114.2303 ppm
Then, 5.88x 107 gn/L = 100114.2303 x 5.88x 10”/100 ppm
= 5.89 ppm of cypermethrin.
e Carbosulfun 20 E.C. or emulsifying concentrates (Sandat, Singapur):
In 1Lor 1000000 pu! solution carbosulfun present 200gm
So, in 150 pl solution carbosulfun present = 200x150/1000000
= 0.03gm

150ul of carbosulfun solution was added in 4850ul distilled water to made 5000u1 or Sml stock

pesticide solution.

So, in 5000ul stock pesticide solution carbosulfun present 0.03gm

100 pl stock pesticide solution carbosulfun present 0.03x 100/5000

=6x 10*gm
100pu! of stock solution was added in 51 ml media containing culture.
So, in 51 ml or 0.051L contains 6x 10 gm carbosulfun
Then 1L contains 6x 10*/0.051 gm carbosulfun
=0.012 gm carbosulfun

We know, 200gm/L =200228.4606 ppm



Then, 0.012 gm/L = 200228.4606 x 0.012/200 ppm
= 12.01ppm of carbosulfun
e Milathion 57 E.C. or emulsifying concentrates (Cheminova, Denmark):
In 1Lor 1000000 ! solution milathion present 570gm
So, in 150 pl solution milathion present = 570x150/1000000
= (.0855gm

150pu] of milathion solution was added in 4850p! distilled water to made 5000ul or Sml stock

pesticide solution.
50, in 500031 stock pesticide solution milathion present 0.0855gm
100 ! stock pesticide solution milathion present 0.0855 x 100/5000
=1.71 x 107 gm
100p1 of stock solution was added in 51 ml media containing culture.
So, in 51 ml or 0.051L contains 1.71 x 10-gm milathion
Then 1L contains 1.71 x 10°/0.051 gm milathion
=0.033 gm milathion
We know, 570gm/L = 570651.11275 ppm
Then, 0.033gm/L = 570651.11275 x 0.033/570 ppm
= 33.03 ppm of milathion
Total ppm of three pesticides=5.89+12.01+33.03

= 50ppm



Appendix 4B:

Growth of V. cholerae without pesticides in LB and MS media.

Time Growth of Growth of Growth of Growth of
environmental V., | referred V. environmental V. | referred V.
cholerage in LB cholerae in LB cholerae In MS | cholerae in MS
media media media media

0 hour 0.012 0.018 0.025 0.034

4 hour 0.740 0.745 0.285 0.270

24 hour 1.140 1.377 0.391 0.374

Appendix 4C:

Growth of V.cholerae in presence of pesticides in LB and MS media

Time Growth of Growth of Growth of Growth of
environmental ¥, | environmental V. | referred V. referred V.
cholerae in LB cholerae in MS cholerae in LB cholerae in MS
media media media media

0 hour 0.017 0.030 0.019 0.032

4 hour 0.70 0.268 0.710 0.260

24 hour 0.964 0.324 0.997 0.316

Appendix 4C:

Growth of ¥.cholerae with pesticides vs without pesticides in LB media
Time Growth of Growth of Growth of Growth of
environmental ¥. | environmental V. | referred V. referred V.
cholerae with cholerae without | cholerae with cholerae without
pesticides pesticides pesticides pesticides

0 hour 0.017 0.012 0.019 0.018

4 hour 0.70 0.740 0.710 0.745

24 hour 0.964 1.140 0.997 1.377




