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INTRODUCTION

Global  meat  production  is  predicted  to  rise  by  1.6%  over  the outlook period,

with poultry becoming the largest meat sector by 2020 (AVEC, 2014) estimated to nearly

triple by 2020. So besides paying attention towards important diseases of poultry need to

focus also on emerging diseases of poultry. Gallibacterium anatis infection is an emerging

disease of poultry. Growing concern about G. anatis is its poorly understood pathogenesis

and growth kinetics. These knowledge gaps are inhibitory for taking countable step for control

and prevention of G. anatis infections. G. anatis (earlier known as Pasteurella anatis) is

resident in the upper respiratory tracts and the lower genital tracts of healthy chickens (Bisgaard,

1977; Mushin et al., 1980). It has been reported to be associated with bacteremia, oophoritis,

follicle degeneration, salpingitis, peritonitis, hepatitis, enteritis, and respiratory tract diseases

in chickens (Addo and Mohan, 1985; Bojesen et al., 2003b; Jordan et al., 2005; Neubauer

et al., 2009; Kristensen et al., 2011).

Gallibacterium anatis is an important pathogen of intensively farmed poultry birds

causing loss in production with heavy mortality in broiler chicken and drop in egg production

in layers with increased mortality (Bojesen et al., 2008). G. anatis is also reported to infect

turkeys, geese, ducks, pheasants, partridges, budgerigars, peacock, cage birds, wild birds,

cattle and pig (Kjos-Hansen, 1950; Bisgaard, 1977; Mushin et al., 1980; Bisgaard, 1993;

Christensen et al., 2003; Rzewuska et al., 2007; Bisgaard et al., 2009; Gregersen et al.,

2010). Recently, it has also been associated with fatal bacteremia in an immunocompromized

patient (Gautier et al., 2005; Aubin et al., 2013). The global distribution of G. anatis in

Europe (Mráz et al., 1976; Bisgaard, 1977; Christensen et al., 2003; Bisgaard et al., 2009),

Africa (Addo and Mohan, 1985), Asia (Suzuki et al., 1996), Australia (Gilchrist, 1963) and

1
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the America (Hacking and Pettit, 1974; Shaw et al., 1990; Bojesen et al., 2007; Mendoza

et al., 2014) indicated its worldwide prevalence. Its association with a variety of pathology

makes it difficult to be diagnosed even after postmortem in absence of pathognomonic lesion

and the disease often create a state of hocus and pocus with Fowl Coryza, New Castle

disease and Bird Flu (Christensen et al., 2003).

Gallibacterium anatis is a gram-negative, rod shaped, non-motile, capsulated,

facultative anaerobic bacteria, kept in family Pasteurellaceae by Pohl 1981 (Christensen et

al., 2003, Bisgaard et al., 2009). G. anatis has two biovar, i.e., a haemolytic bv.s haemolytica

and a non-haemolytic bv. anatis (Christensen et al., 2003). Currently, G. anatis and

Gallibacterium genomospecies 1 and 2 (Christensen et al., 2003), Gallibacterium

genomospecies 3 and Gallibacterium group V are members of the genus Gallibacterium

(Bisgaard et al., 2009).

Though the infection of Gallibacterium is treatable with antibiotics, the frequency of

treatment failure of Gallibacterium seems to be a recurrent problem (Kehrenberg et al.,

2006; Bortolaia et al., 2010). Ocurrence of multidrug resistant strains of G. anatis has been

observed (Aarestrup et al., 2004; Schwarz et al., 2004; Kehrenberg et al., 2006; Bojesen

et al., 2011) showing resistance towards novobiocin, tylosin, clindamycin, tetracycline and

penicillin (Post et al., 1991; Watts et al., 1994; Mevius and Hartman, 2000; Malik et al.,

2005; Berge et al., 2006; Hendriksen et al., 2008; Johnson et al., 2011; Jones et al., 2013).

Resistance to sulpha drugs and streptomycin has also been reported in Gallibacterium strains

a few years ago (Guo et al., 2009).

Deuterium (2H or D), one of the two stables isotopes of hydrogen contains one neutron

and one proton; it was first separated by Urey and coworkers (1932). The chemical properties

of heavy water, oxide of deuterium (D
2
O), and simple water (H

2
O) are same but difference

exists in physical properties of the two. Two independent physiological effects; (1) Isotope

exchange effect and (2) Solvent isotope effect (Bass and Moore, 1973; Sugiyama, and

Yoshioka, 2012) are the major reasons behind its biological effects on exposed living cells.

Naturally D
2
O is present in low concentration in natural water bodies (1 ppm) without any

noticeable effect on life processes, but when its concentration goes above 20% its adverse

health effects become evident specifically on higher life forms. It is due to 10 times stronger

Introduction...
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C-D bond than C-H bond (Bass and Moore, 1973; Sugiyama, and Yoshioka, 2012) leading

to structural tightening of biomolecules in turn causing, reduction in synthesis of proteins and

nucleic acids, changes in kinetics of enzymatic reactions and morphological changes in cells

(Katz et al., 1957; Thomson, 1960; Katz and Crespi, 1971; Ramakrishnaiah, 1990; Cioni

and Strambini, 2002). However, microbes have been reported to adapt to grow in presence

of even 100% D
2
O. Adaptation to grow in D

2
O is a multifactorial phenomenon, affecting

cellular systems including biosynthesis of macromolecules, metabolism and transport functions

of cells (Mosin and Ignatov, 2014). The ability of adaptation in heavy water is not same in all

species of bacteria and may be varied in one frame of taxonomic family (Mosin et al., 1996a,

1996b). Deleterious effects of heavy water have been observed on luminous bacteria indicated

by slow growth and low luminesces (Steinbach, 1949). Heavy water confer the stability to

complex proteins when dissolved in it (Tomita et al., 1962). The data obtained confirm that

adaptation to heavy water is a phenotypic phenomenon (Mosin et al., 1993) and may lead to

morphological changes in macromolecules and thus in living cells (Walker and Syrett, 1959;

Mosin, 2012). Heavy water is understood to affect stability and probably growth pattern of

microbes. Thus, it may be exploited to increase shelf-life of microbes and their macro-molecules

which may be used for development of thermostable vaccine, preservation of cells, organs

and industrially useful enzymes. Moreover, through enhancing stability of pharmacologically

important molecules biological efficacy of some of the drugs can be enhanced. Besides, if we

can adapt the commercially important bio-molecule synthesizing microbes to D
2
O they may

be exploited for larger utility. Therefore, it is envisaged that growth kinetics, survival of adapted

strain and parent strain, thermo-stability and antimicrobial drug resistance of Gallibacterium

anatis, a fragile kind of bacterium difficult to maintain in laboratory under normal culture

conditions, should be studied in presence of D
2
O.

Therefore this study has been planned with the following objectives:

Objectives:

1. To understand the growth kinetics and survivability of Gallibacterium anatis

in presence of heavy water, and

2. Phenotypic characterization of D2O adapted and parent (non-adapted) isogenic

strain of Gallibacterium anatis.



Introduction...
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REVIEW OF LITERATURE

2.1 Classification of Gallibacterium anatis biovar haemolytica

Phylum: Proteobacteria, Class: Gammaproteobacteria, Family: Pasteurellaceae,

Genus: Gallibacterium, Species: anatis, bv.: heamolytica and anatis (Mutters et al., 1985;

Christensen et al., 2003).

2.2 History of naming Gallibacterium

First time the bacteria was isolated from cloaca of healthy chickens and described as

haemolytic “cloaca bacterium” by Kjos-Hansen in 1950. The meaning of Gallibacterium is

‘bacterium of chicken’. Being similar to Pasturella in several characters it was earlier known

as P. anatis. The genus name Gallibacterium was first given by Bisgaard in the year (1982)

on the basis of certain phenotypic characters used for identification of Actinobacillus

salpingitidis and avian P. haemolytica. Christensen et al., (2003) established the genus

Gallibacterium within the family of Pasteurellacae based on 16s rRNA (Christensen et al.,

2003b) gene sequences. The genus includes the strains belonging to G. anatis,Gallibacterium

genomospecies 1, 2, (Christensen et al., 2003) 3 and un-named group V (Bisgaard et al.,

2009).

Taxon 1 designated as a third group of strains by Bisgaard in 1982 and named

Pasteurella anatis (Mutters et al., 1985) was also found closely related to A. salpingitidis

and avian P. haemolytica. However, with DNA -DNA hybridization they could not be clubbed

into one genus (Piechulla et al., 1985; Bisgaard et al., 2009). Confusion is still persistent in

naming bv.s and may be a continued debate in coming years.

2
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2.3  Epidemiology

2.3.1 Prevalence

Gallibacterium have been reported from many European countries like Switzerland,

Denmark, Germany, Austria (Mráz et al, 1976; Bisgaard, 1977; Mirle et al., 1991; Neubauer

et al., 2007), African countries like Nigeria (Addo and Mohan, 1985), Asian countries like

Japan (Suzuki et al., 1996), American countries like USA, (Shaw et al., 1990; Bojesen et

al., 2007) and recently in India (Singh, 2015, IVRI annual Report 2015-16).

The factors related to host and environment also have been observed to nurture the

infection of G. anatis. Host factors playing a role are hormonal influences (Kohlert, 1968;

Gerlach, 1977), age (Janetschke and Risk, 1970; Bisgaard, 1977), stress (Rzewuska et al.,

2007) and compromised immunological status (Bojesenet al., 2004). Important environmental

factors are seasonal changes (Mirle et al., 1991) and cold stress (Matthes and Loliger, 1976)

in the similar pattern reported for infections with other members of Pasteurellaceae (Gilchrist,

1963; Matthes et al., 1969; Shaw et al., 1990).

2.3.2 Habitat and Host range

Gallibacterium strains are known since long as common inhabitants of the respiratory

tract and lower genital tract of healthy chickens (Bisgaard, 1977; Bisgaard et al., 1993;

Bojesen et al., 2003b). Gallibacterium anatis has been isolated from chickens, ducks,

geese, guinea fowl, turkeys, pheasants, psittacine birds, partridges, web-footed birds and

budgerigars (Mushin et al., 1980; Bisgaard et al., 1993; Bojesen et al., 2003b). Especially

bv. haemolytica has also been isolated from healthy (Harry, 1962; Bisgaard, 1977; Mushin

et al., 1980; Bojesen et al., 2003b) as well as sick birds, cattle and pigs (Gerlach, 1977;

Bisgaard, 1982, 1993; Christensen et al., 2003; Jordan et al., 2005; Bisgaard et al., 2009).

2.4  Cultural and Biochemical Characterization

The family of Pasteurellaceae comprises large group of facultatively anaerobic, gram-

negative, non-sporing, chemo-organotrophic and fermentative bacteria including the genus

Gallibacterium. All Gallibacterium species strains are non-motile have rod-shaped or

pleomorphic cells occurring singly or in pairs. Colonies on bovine blood agar are strongly β-
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haemolytic, smooth, greyish, non-transparent, shiny, circular and raised with an entire margins,

1-2 mm diameter after 24-48 h at 37 °C, glowing at the periphery having appearance of

butyrous consistency (Bisgaard, 1982).

All strains are catalase, oxidase, and phosphatase positive, and reduce nitrate

(Christensen et al., 2003). Gallibacterium genus can be differentiated from other genera of

Pasteurellaceae with catalase, symbiotic growth, haemolysis, urease, indole, acid production

from (+) D-xylose, (-) D-mannitol, (-) D-sorbitol, (+) D-mannose, maltose, raffinose, dextrin,

ONPG and PNPG tests (Table 1) (Christensen et al., 2003).

Table 1. Phenotypic characterisation of Gallibacterium species by sugar fermentation
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Characteristics G. anatis bv.: G. anatis bv.: Gallibacterium Gallibacterium

haemolytica anatis genomospecies 1 genomospecies 2
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
-Haemolysis + - + +

Production of acid from:

(-) D- Arabinose (+) - (+) D

(+) L- Arabinose - - D D

Mannitol + D D

m-Inositol D D - D

(-) D- Sorbitol D D - -

(-) L- Fucose (+) - +/(+) D

Maltose D - + +

Trehalose D + + D

Dextrin D - +/(+) +

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Note: Characters are scored as: +, >90% of strains positive within 1–2 days; (+), >90% of strains positive
within 3–14 days; -, <10% of strains positive within 14 days; D, doubt (+/-) 11–89 % of strains positive.
Besides these tests G. anatis was found to be positive for sugar D- Mannose, Melibiose, Raffinose, L-
Rhamnose, Salicin, Sucrose and D-Xylose (GIDEON, Guide to Medically Important Bacteria).

2.5  Transmission

The common way of spreading infection is through horizontal dissemination. Infection

of month old poultry bird is common and appears to be natural (Bisgaard, 1977). Trans-

ovarian infection supporting the vertical transmission has been experimentally proved (Matthes

and Hanscke, 1977) for G. anatis. Isolation of G. anatis from the egg yolk and detection of

G. anatis in a 4-day-old chicken descended from a diseased parent also supported vertical
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transmission hypothesis for the infection (Kohlert, 1968; Janetschke and Risk, 1970; Huangfu

et al., 2012; Shapiro et al., 2013). Ascending infections appears to be the most probable

route for the infection of reproductive organs (Bojesen et al., 2003b; Neubauer et al., 2009).

Venereal transmission of infections also seems to be feasible as the bacterium has been detected

in semen of infected cockerels (Paudel et al., 2014b). Under favourable circumstances, the

bacterium can invade systemic circulation from its natural habitats in respiratory and reproductive

tract (Hacking and Pettit, 1974; Shaw et al., 1990; Neubauer et al., 2009; Zepeda et al.,

2010; Paudel et al., 2013).

2.6 Virulence factor

2.6.1 RTX toxins are found in many members of Pasteurellaceae and are responsible for

the haemolytic and leukotoxic properties in G. anatis (Frey and Kuhnert, 2002).

Gallibacterium anatis bv. haemolytica produces haemolysin like GtxA which is a

type of RTX-toxin (Kristensen et al., 2010). GtxA induces a strong leukotoxic effect

on avian macrophages and is labelled as a most important virulence factor of G.

anatis (Kristense et al., 2010, 2011). GtxA toxin has two domains: C-terminal with

homology to other RTX toxin and N-terminal with no homology. C-terminal is

responsible for haemolytic function but function of N-terminal is unknown, however,

this domain is required for complete haemolytic activity (Kristensen et al., 2010).

The four operon genes are responsible for RTX toxin and are transcribed in a order

i.e., rtxC, rtxA, rtxB, and rtxD. These toxins target the actin cytoskeleton of the

host cells as their immune evasion strategy (Aktories et al., 2011).

2.6.2 Gallibacterium anatis have capability to adhere on the epithelial cells of chicken

and other host cells (Klemm and Schembri, 2000; Lucio et al., 2012) by short fimbriae

(Vaca et al., 2011). A number of fimbriae of different sizes and shapes have been

defined belonging to the F17-like fimbriae and are grouped in 1-3 different fimbrial

cluster (Kudirkiene et al., 2014). The flfG gene cluster is responsible for adhesion

protein of F17 family (Bager et al., 2013a). One of the detected fimbriae seems to be

type IV-like pili having bundle structure formed by thin filament like other pathogenic

microorganisms evincing type IV pili (Craig et al., 2004). Type IV fimbriae are
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appendages participating in intercellular motility, microcolony formation, colonization,

and the secretion of proteases by host tissues (Craig and Li, 2008).

2.6.3 Gallibacterium anatis produces outer membrane vesicles (OMVs) in vitro (Bager

et al., 2013b) similar to all other gram-negative bacteria. Beside, periplasmic

components, components of cytoplasmic origin such as DNA have also been found

as components contents in OMVs (Mashburn-Warren and Whiteley, 2006; Kulp

and Kuehn, 2010; MacDonald and Kuehn, 2012).

2.6.4 Gallibacterium have capsule in some strain which may contain virulence properties

as seen in Pasteurella multocida (Boyce and Adler, 2000). Capsule is a general

structure made up of extracellular polysaccharide and has been reported both in gram-

negative and gram-positive pathogens (Willis and Whitfield, 2013). The presence of

a thin capsule on G. anatis has been observed with transmission electron microscopy

(Bojesen et al., 2011). The presence of a capsule in primary culture and disappearance

after sub-culture is common finding (Kjos-Hansen, 1950).

2.6.5 Gallibacterium anatis metalloproteases may be having role in infection process

(Garcýa-Go mezl et al., 2005), are extracellular Zn containing enzymes (Hase and

Finkelstein, 1993; Miyoshi and Shinoda, 2000; Garcýa-Go mez1 et al., 2005).

However, their exact role is still to be understood.

2.6.6 Ability of a bacterium to form biofilm indicates its ability of adherence to surfaces and

live tissues and plays role in pathogenesis of persistent and chronic infections with

increased resistance to antimicrobials (Costerton et al., 1999; Donlan and Costerton,

2002). Biofilm forming ability of G. anatis may be weak, moderate and strong with

conflicting reports (Johnson et al., 2013).

2.6.7 Some strains of G. anatis agglutinates avian erythrocytes (Ramirez et al., 2012;

Zepeda et al., 2009). The presence of a potential haemagglutinin in OMVs released

from G. anatis has been observed (Bager et al., 2013b; Johnson et al., 2013).

Some of these haemagglutinins could be responsible for the observed agglutinating

activity of some strains (Bager et al., 2013b; Bager et al., 2014; Johnson et al.,

2013).
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2.6.8 Other potential factors involved in virulence:

2.6.8.1 Clustered regularly interspaced short palindromic repeats (CRISPRs) act as a bacterial

defence system against foreign invasive DNA, such as DNA from phages and plasmids.

CRISPRs have been shown to interfere with transformation, which could explain the

difference in natural competence seen between strains of G. anatis (Horvath and

Barrangou, 2010; Kristensen et al., 2012).

2.6.8.2 Integrative conjugative elements (ICE) are able to excise and integrate in the genome

by genes encoded within these elements (Wozniak et al., 2009). ICEs have been

identified in the genomes of G. anatis (Johnson et al., 2013). Antimicrobial resistance

is widespread among isolates of G. anatis and might be associated with ICEs (Bojesen

et al., 2011). The presence of mobile elements adjacent to genes encoding fimbrial

clusters (flf) have also been identified (Kudirkiene et al., 2014).

2.6.8.3 Studies have described the presence of small colony variants (SCVs), especially

observed in primary cultures of Gallibacterium (Harbourne, 1962; Janetschke and

Risk, 1970; Greenham and Hill, 1962) showing differences in haemolytic activity

(Greenham and Hill, 1962). The SCVs are reported to be associated with increased

persistence, recurrent infections and increased resistance towards antimicrobials

(Proctor et al., 2006).

2.7 Pathogenesis

Repeated isolation of G. anatis from the trachea and cloaca of healthy birds indicates

its commensal status in the upper respiratory tract and lower genital tract of healthy chickens

(Kjos-Hansen, 1950; Harry, 1962; Hacking and Pettit, 1974; Bisgaard, 1977; Mushin et al.,

1980; Bojesen et al., 2003b). However, isolation of G. anatis in association with a wide

range of different pathological lesions, including septicaemia, pericarditis, hepatitis, oophoritis,

follicle degeneration, enteritis, upper respiratory tract lesions, salpingitis and peritonitis revealed

its importance as an opportunistic pathogen (Greenham and Hill, 1962; Harbourne, 1962;

Gilchrist, 1963; Kohlert, 1968; Janetschke and Risk, 1970; Pettit, 1974; Bisgaard, 1977;

Hacking and Gerlach, 1977; Addo et al., 1985; Majid et al., 1986; Shaw et al., 1990; Mirle
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et al., 1991; Suzuki et al., 1996). Recent investigations confirmed that G. anatis colonizes

the upper respiratory tract without causing clinical signs, whereas it may cause severe lesions

in the reproductive tract (Paudel et al., 2013). Studies established G. anatis as the most

common single bacterial infection in chickens causing reproductive tract disorders (Mirle et

al., 1991). Simultaneous infection with other microorganisms (Gilchrist, 1963; Matthes et al.,

1969; Shaw et al., 1990), hormonal influences (Kohlert, 1968; Gerlach, 1977), age

(Janetschke and Risk, 1970; Bisgaard, 1977), seasonal changes (Mirle et al., 1991), stress

(Rzewuska et al., 2007), cold stress (Matthes and Loliger, 1976), and compromised

immunological status (Bojesen et al., 2004) are a few predisposing factors nurturing the

infection of G. anatis.

In experimental infections semen quality has been found to be reduced significantly

due to decrease in sperm density, total motility with progressive motility and membrane integrity

(Paudel et al., 2014b).

2.8 Diseases associated with G. anatis infection

Due to vast range of pathological manifestations of G. anatis infection it is difficult to

decide the exact disease conditions caused by G. anatis. In diseased birds mortality might

take place mainly due to salpingitis, oophoritis and peritonitis. Respiratory tract infections

might be responsible for major economic losses due to the rise in treatment cost and losses

due to higher condemnation rates and mortality. Gallibacterium may be causing primary or

secondary infections leading to fatal bacteremia and septicaemia. The severity of clinical signs,

duration of the disease and mortality rate are variable and influenced by environmental factors,

such as poor hygiene, inadequate management ventilation, ammonia levels in poultry premises

and concurrent diseases. Study on pathogen-specific genes of Gallibacterium populations

(Johnson et al., 2013) suggested the ability of  the pathogen to cause lesions in reproductive

organs such as folliculitis, ruptured and haemorrhagic follicles as well as a drop in egg production

in adult hens ( Hacking and Pettit, 1974; Neubauer et al., 2009; Jones et al., 2013;  Paudel

et al., 2014a).

Mirle et al. (1991) examined 496 hens with reproductive tract lesions and isolated

Gallibacterium in pure culture from 23% of the diseased organs. Haemolytic G. anatis was
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associated with infection in birds kept in intensive husbandry systems and suffering from

reproductive disorders (Neubauer et al., 2009).

2.9  Clinical signs and lesions

Normally the finding and identification of signs and symptom of diseases caused by

Gallibacterium anatis infection in chicken are not pathognomonic leading to creation of

mumbo and jumbo condition between the different similar symptomatic diseases like Newcastle,

fowl cholera and bird flu. Even though haemolytic isolates are primary disease causing bv.

non-haemolytic strains might be associated with chronic cases of localized or generalized

purulent peritonitis with E. coli. Gallibacterium anatis have also been found to cause acute

septicaemia.

2.10 Diagnosis of Gallibacterium infection

Gallibacterium anatis infection can be confirmed only through agent isolation

characterised by phenotypic and genotypic methods. The difference between the

genomospecies 1 and 2 is possible only through genotypic methods due to the phenotypic

heterogeneity among strains (Christensen et al., 2003). Presently the best way to identify the

Gallibacterium is through phenotypic (Table 1) characterisation (Christensen et al., 2003)

or by specific probe, GAN850 (Bojesen et al., 2003b). A number of genotypic methods

have been established for identification of Gallibacterium (Bojesen et al., 2003a, 2007).

The specificity of these methods, however, remains to be investigated (Bisgaard et al., 2009).

Specific ITS-PCR able to amplifies selectivelyGallibacterium DNA and generating

short fragments compared to other members of Pasteurellaceae (Leys et al., 1994; Fussing

et al., 1998; Gu et al., 1998; Christensen et al., 2003b).

Gallibacterium has a relatively short internal transcribed 16S to 23S rRNA gene

sequences compared to other members of Pasteurellaceae, based on the information the

Gallibacterium specific PCR (Bojesen et al., 2007) targeting on 16s rRNA sequence are

designed (Benson et al., 2004). The primer 1133fgal (5’-TATTCTTTGTTACCARCGG-

3’) and 114r (5’-GGTTTCCCCATTCGG-3’) are often the chosen ones with specificity

(Lane, 1991). Besides, AFLP typing method is found to be useful for distinguishing between
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closely related Gallibacterium anatis clones, thus enabling recognition of specific pathogenic

clonal lineages (Bojesen et al., 2003a).

Rapid and specific identification of individual bacterial cells can be achieved by the

fluorescent in situ hybridization technique (FISH) based on fluorescent labelled

oligonucleotides complementary to bacterial 16S rRNA. This method has advantages over

the traditional culture based methods due to its ability to identify live/ intact cells as well as

non-cultivable organisms (Bojesen et al., 2003a).

2.11 Prevention and control

A pan-genomic reverse vaccinology (RV) approach has been applied to identify novel

and potentially broadly protective immunogens from G. anatis (Rappuoli, 2001; Medini,

2005; Bager et al., 2014). However, there is no potential vaccine in the market to control G.

anatis infections. Only antimicrobial chemotherapy is the available method for containment of

the disease caused by G. anatis. Besides, general hygienic measures can be taken in the way

similar to control of other contagious diseases in poultry farms.

2.12  H2O Vs D2O- Physicochemical characteristics

Deuterium (2H or D), an stable isotope of hydrogen, containing one neutron and one

proton, was first separated by Urey et al. (1932). The O-H bonds are 0.5% longer than O-

D bonds, marking the important difference between the molecular structures of ordinary and

heavy water. Heavy water (D
2
O) has completely the same chemical characteristics as H

2
O,

but it is quite different at physical front having higher melting point (3.82 °C), boiling point

(101.72 °C), density (1.017 g/cm3), temperature of maximum density (11.6 °C) and heat of

vaporization (10,864 cal/mol). It has been accepted that two independent physiological effects

occur when a living system is exposed to D
2
O:

i) an isotope exchange effect on functional proteins

ii) a solvent isotope effect on ionic conductivity

These differences are responsible for lower mobility of monovalent cations, reduced

to <20% (Bass and Moore, 1973; Sugiyama and Yoshioka, 2012). When H is replaced with
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D in the biological molecule, the C-D bond is about 10 times stronger than the C-H bond,

which means the C-D bond is more resistant than the C-H bond for dissociation conferring

the increased stability to biomolecues (Sugiyama and Yoshioka, 2012).

2.13  Effect of D2O on living cells/ bacteria

Chemical reactions proceed more slowly in deuterated water (Taylor et al., 1933)

thus affecting all the biological processes which are the outcome of biochemical reactions.

Oxygen consumption of luminous bacteria in water containing deuterium oxide slows down

which shows the harmful effect of heavy water on living things (Taylor et al., 1933; Harvey

and Taylor, 1934; Lewis., 1934). Excess of deuterated water causes reduction in synthesis of

proteins and nucleic acids, disturbance in cell division, changes in enzymatic kinetic rates and

cellular morphological changes (Katz et al., 1957; Katz and Crespi, 1971). For bacteria,

different responses of deuterated water on growth ranging from no effect to inhibition and

even stimulation have been reported (Lester, 1960). In the case of biochemical changes it has

been observed that among citrate-positive organisms in the presence of D
2
O, the utilization of

citrate carbon was delayed and citrate utilizing K. aerogenes failed to do so in presence of

D
2
O (Ramakrishnaiah, 1990). Heavy water increases thermal stability of microorganisms and

reduces disintegration of certain macromolecules (Crainic and Simpson, 1994; Kushner et

al., 1996).

Though not in bacteria, heavy water is known to inhibit cellular processes in mammals

at higher concentrations (Thomson, 1960). Consumption of high amounts of heavy water is

toxic or even lethal to plants, animals, and humans (Katz and Crespi, 1966). The result of

deuteration is cell dysfunction followed by death when > 50% of water is replaced by heavy

water in higher organisms (Kushner et al., 1999). A 4-5oC reduction in storage temperature

have been achieved in the presence of 95% D
2
O compared to H

2
O and 7-25% D

2
O prevent

protein denaturation in macromolecular pharmaceuticals such as vaccines. D
2
O medium has

been suggested for storing organs, tissues, tissue parts, proteins or enzymes, sera and blood

preparations and for the perfusion of organs for transplants and also for longer storage of

microorganisms and enzymes. Though D
2
O stabilizes proteins and other macromolecules, it

does not always make living cells more heat-stable, and may make them less so (Unno et al.,
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1989). Making cells less stable may be due to loss of capability of forming heat shock proteins

and other chaperons (Unno et al., 1987; Unno and Okada, 1991, 1994; Yokogaki et al.,

1995). Toxic effects begin to appear after taking more than 20% D
2
O content of blood, body

fluids and in tissues of experimental animals (Thomson, 1963). Protozoa have ability to grow

in 70-100% D
2
O concentrations (Thomson, 1963). Bacteria showing growth in heavy water

include Escherichia coli, Pseudomonas putrefaciens, Serratia marcescens (Thomson, 1963;

Vanatulu et al., 1993) and extremely halophilic archae bacteria (Crespi, 1982). Mammals,

such as rats, given heavy water to drink die after a week, at a time when their body water

approaches about 50% deuteration (Thomson, 1960). The overall effect of heavy water is

due to deuterium so it has been observed that at different concentration of deuterium the Na,

K-ATPase activity have found to increase at low deuterium concentrations (Lobyshev et al.,

1978, 1982). Heavy water is more toxic to malignant cells than normal cells but the

concentrations needed are too high for regular use (Kushner et al., 1999). Luminous bacteria

will grow slowly in 97 percent heavy water, though not grow as good as in ordinary water are

not killed by long interaction with heavy water (Steinbach, 1949). These data suggest that

adaptation to deuterium oxide is a multifactorial phenomenon, affecting many cellular systems,

as biosynthesis of macromolecules, metabolism, and transport functions of cells (Mosin, and

Ignatov, 2014).

2.14  Effect of D2O on growth pattern/ kinetics of bacteria

After a period of adaptation (“lag phase”), growth resumes, but the rate is usually

slower than in normal isotopic environment (Ernest and Rittenberg, 1960). Here the effects

are coming mainly due to deuterium molecule which is responsible for changing in the physical

properties of heavy water so outcome of deuterium enrichment may be the correct way to

explain the outcome of heavy water. Indeed, literature suggests that the size and shape of the

bacteria may get distorted when grown in a highly deuterated media, especially in the beginning

of growth (Katz et al., 1957; Katz and Crespi, 1966, 1971). Lobyshev et al. (1978, 1982)

studied the Na, K-ATPase activity at different concentration of deuterium and found it to

increase at low deuterium concentrations, reaching maximum at 0.04-0.05%.

Prokaryotic organisms such as bacteria, which do not have the mitotic problems

induced by deuterium, may be grown and propagated in fully deuterated conditions, resulting
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in replacement of all hydrogen atoms in the bacterial proteins and DNA with the deuterium

isotope (Trotsenko et al., 1996).

Even at 50% D
2
O, the maximum growth rate is only slightly (5%) lower than at

normal conditions. Therefore, deuterium enriched medium is more correctly characterized as

an unusual, rather than toxic, environment (Xie and Zubarev, 2014).

2.15  Study of drug resistance

Emergence of antimicrobial resistance has been observed among several organisms

belonging to the Pasteurellaceae family (Aarestrup et al., 2004; Aarestrup, 2005) including

G. anatis isolates. Resistance in chicken origin isolates of Gallibacterium is documented to

novobiocin, tylosin, clindamycin, tetracycline antimicrobials and penicillin (Post et al., 1991;

Watts et al., 1994; Mevius and Hartman, 2000; Lin et al., 2001; Malik et al., 2005;

Hendriksen et al., 2008; Johnson et al., 2011). In contrast, Berge et al. (2006) reported

rarity of tetracycline resistance in G. anatis of sheep and goat origin.


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MATERIALS AND METHODS

The study was conducted in the Laboratory of Epidemiology Section, Indian Veterinary

Research Institute (IVRI), Izatnagar-243122.

3.1. General experimental materials

3.1.1. Glasswares and Plasticwares

During the study, sterilized glasswares (Corning/Borosil grade) and plasticwares

procured from Tarsons (India), Axygen (USA), Hi-media (Mumbai, India) and Nunc (Denmark)

attuned with molecular biology work were used.

3.1.2. Media, Reference Stains, Chemicals, Buffers, Reagents etc.

The details of media, reference stains, chemicals, buffers and molecular biological

reagents used in the study are given in the Appendix. General chemicals used were of analytical

grade, procured from Sigma, USA or Merck, India. The media used in study were procured

from Himedia, Mumbai, India and Difco (France). The Dream Taq Green, PCR MASTER

MIX (2X) used from Thermo Scientific, Lithuania (Europe). The PCR primers were custom

synthesized from Eurofin Pvt. Ltd. Bangaluru, India. All media for molecular biology and

serological work were prepared in triple distilled water and for other works in single glass

distilled water was used.

3.1.3. Equipments

Equipments used in the study were Autoclave (Scientific Equipments Works, New

Delhi, India), Biomedical Refrigerator (BPL), Bio-safety cabinet (Kartos International, Noida,

India), Cooling centrifuge (REMI Instruments Ltd., Mumbai, India), Deep freeze -20°C

3
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(Vestfrost and Blue Star), Electronic balance (Mettler Toledo, Switzerland and Citizen), Gel

documentation System (Bio-Rad, USA), SDS-PAGE Assembly (Bio-Rad and Tarson),

Incubator (Khera Instruments Pvt., Ltd., New Delhi, India), Shaker Incubator (BIO-RED),

Micro pipettes of variable volumes (Finnpipette), Water bath (M. B. Instrument, India), PCR

thermal cycler (Eppendorf, Germany), U. V. IIluminator (Genei, Banglore, India), R8C

Laboratory Centrifuge (REMI Instruments Ltd., Mumbai, India), Hot Air Oven (Scientific

Equipments Works, New Delhi, India), Spectrophotometer (Laby, India) and Nano drop

(Thermo fisher scientific, USA).

3.1.4. The Study strains

Gallibacterium anatis bv. haemolytica strain was the study strain in the present

dissertation isolated from heart blood of dead poultry birds in the laboratory of Epidemiology,

IVRI, IZATNAGAR, U.P., India, which was confirmed by morphological, staining, growth,

biochemical characteristics and finally with amplification of specific PCR product using species

specific primer.

3.1.4.1. Revival of strain of Gallibacterium anatis bv. haemolytica

To revive, the culture of Gallibacterium anatis was aseptically opened in laminar

flow (Kartos international, Noida) in-front of flame and contents from glycerol broth were

transferred to trypticase soya broth and thioglycollate media simultaneously and incubated

overnight at 37°C. Loopful of broth culture was streaked on to blood agar (Blood agar base,

Difco, USA with 5% defibrinated sheep blood) plates and incubated at 37°C for overnight.

Isolated colonies typically greyish, non-transparent, smooth and shiny, circular, raised with an

entire margin were picked to determine the identity of the culture using morphological, cultural

and biochemical characteristics (Holt et al., 1994). The true and confirmed colonies were

grown on blood agar plates and maintained at 4°C during the study for preparation of antigens

used in serology and for different experiments.

3.2. METHODS

The samples collected from dead poultry were processed in two ways for identification

of Gallibacterium anatis:
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3.2.1. Identification of Gallibacterium anatis through conventional bacteriological
method

The suspected colonies (small, pin point, greyish, glowing colonies on BA) were

tested for catalase, oxidase and 10% KOH test. The colonies which were positive for catalase,

oxidase and formed string in 10% KOH were re-streaked on Blood agar plate (Difco, France)

and incubated for 24 h at 37oC. To further characterize the isolates, pure cultures were tested

for biochemicals like citrate utilization, nitrate, reaction on triple sugar iron (TSI) slants, hydrolysis

of tween-20, motility, indole production, lysine decarboxylation, MR-VP reaction and urease

production. The colonies which failed to utilize citrate as sole source of carbon, reduced

nitrate to nitrite, not decaroxylated lysine, not degraded urea and acidic triple sugar iron (TSI)

agar slants, not hydrolysed tween-20, not produced indole and negative in MR-VP were

identified as G. anatis bv. haemolytica. All the suspected isolates were further confirmed

using species specific polymerase chain reaction (PCR) as described elsewhere. The isolated

cultures were tested for in vitro antimicrobial susceptibility against several antimicrobial agents

by the Disc diffusion method (CLSI, 2015) on Muller-Hinton (MHA) Agar (Himedia, Mumbai)

plates.

The isolated culture was used as parent strain. The biochemical tests employed in

identification of G. anatis as prescribed for gram negative organisms in Bergey’s Manual of

Determinative Bacteriology (Holt et al., 1994) were performed. The following tests were

performed to characterize the culture:

Catalase test:  This test was performed by taking 2-3 drops of 3%H
2
O

2
 on clean

grease-free glass slide and single colony from BA plate was mixed with the help of a platinum

wire loop. Immediate formation of gas bubbles was considered as positive test.

Oxidase test: Oxidase discs soaked in 1% NNN’N’–tetramethyl-p-

phenylenediamine dihydrochoride were used to perform the test. The loopful culture from

single colony was just touched on the disc using platinum loop. Development of purple colour

within 15 s. was considered as positive test.

10% KOH test: This test was performed by taking a drop of 10% KOHon clean

grease-free glass slide and mixing of bacterial colony from BA plate with the help of a wire
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loop. The test is positive for gram negative bacteria, and the bacterial colony tested forms

string on lifting of the culture mixed in KOH drop.

Nitrate reduction:  A loopful of culture were added in peptone water containing 0.1

per cent potassium nitrate and then incubated at 37°C for 2 days. Presence of nitrite was

detected by adding approximately 1.0 ml of sulfanilic acid and 1.0 ml of α-naphthylamine

reagent to nitrate broth culture. Development of a distinct red colour (which may turn to

brown rapidly) was considered as positive test. In case of negative test, a pinch of zinc dust

was added into tube to confirm presence of nitrate or reduction of nitrite, development of red

colour after adding zinc indicated no reduction of nitrate by the bacteria.

Urease test: Urea broth heavily inoculated with the test culture were incubated at

37°C and observed for 24 to 48 h. A negative reaction was observed with no colour change

in the broth.

Triple sugar iron (TSI) agar: A single colony was inoculated on to TSI medium

slant with wire loop which is first inserted in butt and then on to slant, incubated for 24 h at

37oC. Oxidative decarboxylation of peptone and fermentation of glucose and sucrose in the

medium byGallibacterium caused acidic reaction in the medium leading to development of

yellow colour in butt and slant both.

Motility indole lysine media: MIL medium (Himedia Laboratories Ltd., Mumbai)

was used for detection of motility, indole production, lysine decarboxylation and H
2
S

production. The loopful culture from single colony was stabbed into the tube and incubated at

37ºC. Non-motile organisms revealed growth along stabbed line while motile revealed diffused

growth. Hydrogen sulphide production was indicated by blackening of the medium. All tests

were negative for Gallibacterium anatis.

Methyl red (MR) and Voges Proskauer (VP) test: A loopful of culture was

inoculated into a test tube containing 5ml MR-VP broth and incubated at 37oC for 48 h. First

MR test was conducted through adding 1-2 drops of MR reagent, development of red colour

indicates positive test. For VP test, in the same tube, 0.3 ml of 5% alpha naphthol in absolute

ethyl alcohol and then 0.1 ml of 40% (w/v) KOH was added. A positive reaction was noticed
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by development of bright red colour after 15 min and colour remaining yellow indicated negative

reaction. Both the tests were negative for Gallibacterium anatis.

Tween-20 hydrolysis: Three ml of Tween 20 medium was heavily inoculated with

test culture and incubated for 48 h, positive reaction is indicated by development of red

colour. The isolated culture was found to be negative (no colour change).

Citrate utilization test: Simmon’s citrate agar determines the ability of organism to

metabolize citrate for energy. Simmon’s citrate slant was inoculated with standard culture and

incubated for 24 h. The citrate was not turned into blue colour (bromothymol blue as indicator),

indicated alkaline byproducts shown the negative for Gallibacterium anatis.

Gelatinase test: A heavy inoculum from standard culture was stabbed into the gelatin

media and incubated for 48 h to 2 week at 37oC. After incubation in refrigerator for

approximately 30 min, the gelatin was not liquefied. It showed that Gallibacterium anatis

did not produce gelatinase and found to be negative.

3.2.2. Identification of Gallibacterium anatis through molecular method: Genus and
species specific PCR

3.2.2.1. Isolation of genomic DNA by Kit Method (QIAamp) from bacterial suspension
cultures

The genomic DNA of isolated culture was extracted by QIAamp DNA Mini Kit

(Qiagen India Pvt. Ltd., New Delhi, India).

1. The culture was prepared by inoculating the isolate in Luria-Bertani broth (LB-Broth;

Hi-media, Mumbai) and incubating at 37°C for 24 h.

2. 1 ml bacterial culture was pipetted into a 1.5 ml microcentrifuge tube, and centrifuged

for 5 min at 7500 rpm.

3. Buffer ATL (supplied in the QIAamp DNA Mini Kit) was added to a total volume of

180 µl.

4. 20 µl proteinase K was added, mix by vortexing and incubated at 56°C until the cells

were completely lysed. Sample was dispersed by vortex during incubation in a shaking

water bath.
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5. 1.5 ml microcentrifuge was centrifuged briefly to remove drops from the inside of the

lid.

6. 200 µl Buffer AL was added to the sample, by mixing with pulse-vortexing for 15 s,

and incubate at 70°C for 10 min.

7. 200 µl ethanol (96–100%) was added to the sample, and mix by pulse-vortexing for

15 s. After mixing, briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops

from inside the lid.

8. Mixture was carefully applied to Step 7 (including the precipitate) to the QIAamp

Mini spin column (in a 2 ml collection tube) without wetting the rim. Cap was closed

and centrifuged at 8000 rpm for 1 min. QIAamp Mini spin column was placed in a

clean 2 ml collection tube, and discared the tube contained the filtrate.

9. QIAamp Mini spin column was opened carefully and added 500 µl Buffer AW1

without wetting the rim. Cap was closed and centrifuged at 8000 rpm for 1 min.

QIAamp Mini spin column was placed in a clean 2 ml collection tube, and discared

the collection tube contained the filtrate.

10. QIAamp Mini spin column was opened carefully and added 500 µl Buffer AW2

without wetting the rim. Cap was Closed and centrifuged at full speed (14,000 rpm)

for 3 min.

11. Centrifuged at full speed for 1 min additionally to eliminate the chance of possible

Buffer AW2 carryover.

12. QIAamp Mini spin column was placed in a clean 1.5 ml microcentrifuge tube, and

discared the collection tube contained the filtrate. QIAamp Mini spin column was

opened carefully and added 200 µl Buffer AE and Incubated at room temperature for

1 min, and then centrifuged at 8000 rpm for 1 min.

13. Bacterial genomic DNA was stored at -20°C.

3.2.2.2. Quantification of DNA

The concentration and purity of the DNA extracted from the overnight culture in LB

broth were measured by Nano-drop after initialization with distilled water and wiping it with a

tissue paper and DNA concentration with the corresponding purity was determined with help
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of the attached computer. DNA from each sample was measured after cleaning the optical

lens with tissue paper at each reading. DNA samples with sufficient amount of concentration

and purity indicated by 260/280 reading in 1.6 to 1.8 ranges with Nano-drop were used as

template for PCR reaction.

3.2.2.3. Standardization of PCR for Gallibacterium anatis

The genomic DNA and snap chilled supernatant used as template DNA for

standardization of PCR for G. anatis. The identification of G. anatis carried out by using

universal primer as control and genus specific primers in PCR and duplex PCR in thermal

cycler (Eppendorf, Germany), (Bojesen et al., 2007).

Primers:Two sets of specific primers were designed from available universal primer to

amplify the 161-bp fragment of all prokaryotic 16S rRNA sequence (Table 2) while

Gallibacterium anatis genus specific primers were designed from 16S rRNA gene and 23S

rRNA gene (Table 3). All the primers were custom synthesized from Eurofin Pvt. Ltd. Bangaluru,

India. Standared Quantity, concentration and thermal cycler condition were used (Table 4 & 5).

Table 2: Primer used as control by amplify the all prokaryotic 16S rRNA sequences
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Name of Sequence 5’-3’ Product References
primers length (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
161UF CCTACGGGAGGCAGCAG (17) 161-bp Bojesen et al., 2007

161UR ATTACCGCGGCTGCTGG (17)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table 3: Genus specific Primer based on 16S rRNA and 23S rRNA genes of
Gallibacterium anatis

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Name of Sequence 5’-3’ Product References
primers length (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1133Fgal TATTCTTTGTTACCARCGG (19) 789 bp, Bojesen et al., 2007

114R GGTTTCCCCATTCGG (15) 985bp, 1032 bp
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Note: (F) = Forward primer; (R) = Reverse primer
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Table 4: Cycling parameters for PCR
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Initial Denaturation Annealing Extension Final Total no.
denaturation extension of cycles
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
95oC 94 oC 55 oC 72 oC 72 oC

35
10 min 1.00 min 1..00 min 1.00 min 10 min
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
*For uniplex (single amplicon) PCR reaction was carried out in 25 μl

Table 5: Quantity and concentration of various components used for uniplex and
multiplex  PCR

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
S1. No Component Vol. Per reaction Final Conc.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 PCR Master Mix (2X) 12.5 µl 1X

2 Forward Primer (10 pmol/ µl 1 µl 10 pmole/ µl

3 Reverse Primer (10 pmol/ µl 1 µl 10 pmole/ µl

4 Template DNA 4 µl -

5 Nuclease Free Water (NFW) 6.5 µl -

6 Total Volume 25 µl
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

3.2.2.4. Agarose gel electrophoresis

The following reagents were used for agarose gel electrophoresis

A. Agarose

B. Tris Borate EDTA (TBE) buffer, pH 8.3 (10X)

C. Ethidium bromide (1%)

To confirm the targeted PCR amplification, 10 µl of PCR product from each tube was

loaded in well of prepared 1.5 per cent agarose gel along with 100bp plus DNA Ladder

(Gene Ruler 100 bp plus, Thermo Scientific) and stained with ethidium bromide (1 per cent

solution at the rate of 5 µl/100 ml) at constant 80 V for 30 min in 1X TBE buffer. The

amplified product was visualized as a single compact band of expected size under UV light

and documented by gel documentation system.
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The PCR was performed three times to ensure the repeatability of the technique and

to make sure that isolates were correctly assigned to respective patterns.

3.3. Plasmid isolation

The standard culture and field isolate were subjected for plasmid isolation via Thermo

Scientific (Gene JET Plasmid Miniprep Kit, Thermo scientific). The cultures were inoculated

in 3 ml tryptic soya broth (TSB), incubated overnight at 37oC.

Plasmid DNA was purified by using centrifuges:

1) The 2 ml of bacterial culture was centrifuged at 8,000 rpm for 2 min at room temperature.

2) After centrifugation, Pelleted cells were resuspended in 250 μl of the resuspension

solution and transfer it to a microcentrifuge tube with proper vortexing or pipetting up

and down until no cell clumps remain.

3) Thereafter, add 250 μl of Lysis Solution and mix thoroughly by inverting the tube 4 to

6 times until the solution becomes viscous and slightly clear.

4) Then 350 μl of the Neutralization Solution was added and mixed immediately by

inverting the tube 4 to 6 times.

5) The mixture was centrifuged at 13,000 rpm for 5 min to pellet cell debris and

chromosomal DNA.

6) The supernatant was transferred to the Gene JET spin column without disturbing or

transferring the white precipitate.

7) The supernatant in the Gene JET spin column was centrifuged at 13,000 rpm for 1

min.

8) Then 500 μl of the Wash Solution was added to Gene JET spin column and centrifuged

at 13,000 rpm for 30-60 seconds. After that discard the flow-through and spin column

was placed back into the same collection tube.

9) Above procedure was repeated again using 500 μl of the Wash Solution.

10) Additional centrifugation at 13,000 rpm for 1 min, was required to remove residual

Wash Solution and ethanol in plasmid preps.

11)  Gene JET spin column was transfered into a fresh 1.5 ml microcentrifuge tube and

add 50 μl of the Elution Buffer to the center of Gene JET spin column to elute the

plasmid DNA.
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12)  After addition of Elution Buffer incubation was recommended at room temperature

for 2 min.

13)  Then centrifugation at 13,00 rpm for 2 min was performed.

14)  The Plasmid DNA eluded with Elution Buffer was stored at -20 oC till further use.

3.4. Adaptation

Adaptation of Gallibacterium anatis strain to grow in 99% D
2
O instead of normal

water was carried out through growing the bacteria in increasing concentrations of D
2
O  (10%,

20%, 30%, 50%, 75%, 90% and 99%) and measuring optical density (OD) at 590 nm

wavelength to monitor the growth in broth medium. For the adaptation, fresh culture growing

in 99% D
2
O medium was inoculated in TSB made in D

2
O incubated at 37oC for 24h and

from the same tube reinoculated and incubated till the 51 passage as under (Table 6).

Table 6: Two loop full cultures were transferred from one step to next step of
adaptation as under mention

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Concentration of D2O in H2O Combination D2O Combination
Percentage
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 10%  D

2
O H

2
OH

2
O  D

2
OD

2
O

2 20%  D
2
O H

2
O H

2
O D

2
OD

2
O

D
2
OH

2
O

3 30%   D
2
O H

2
OD

2
O  H

2
OD

2
O

D
2
OH

2
O D

2
OH

2
O

4 50%   D
2
O H

2
OH

2
O D

2
OD

2
O

D
2
OH

2
O H

2
OD

2
O

6 75%   D
2
O H

2
OH

2
O 50%D

2
O50%D

2
O

D
2
OH

2
O 50%D

2
O75%D

2
O

H
2
O75%D

2
O

7 90%   D
2
O H

2
O H

2
O 75%D

2
O75%D

2
O

D
2
OH

2
O 75%D

2
O90%D

2
O

H
2
O90%D

2
O

8 99%  D
2
O H

2
OH

2
O 90%D

2
O90%D

2
O

D
2
OH

2
O 90%D

2
O99%D

2
O

H
2
O99%D

2
O

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

-25-

Materials and Methods...



Studies on growth kinetics of Gallibacterium anatis in presence of deuterium oxide.....

After adaptation in 99% D
2
O, strain was again subcultured in 99% D

2
O to generate

51 passaged D
2
O adapted strain of G. anatis bv. haemolytica.

3.5. Thermal death Point (Thermal death time)

The thermal death point (TDP) is the temperature at which an organism is killed in

10 min while the thermal death time is a concept used to determine how long it takes to kill

a specific bacteria at a specific temperature. Determination of thermo-tolerance of adapted

and parent strain of G. anatis at 55oC and 60oC and determination of thermal death time

using standard colony forming unit (cfu/ml) counting method (Miles and Misra, 1938).

3.5.1. Strain used

Parent Gallibacterium anatis bv. haemolytica designated as HLY  (parent) and

adapted strain of G. anatis bv. haemolytica in heavy water for 51 passages designated as

51H.

3.5.2. Method

1) Both strains were inoculated in 10 ml Trypticase soya broth (TSB) at 37oC for 24 h

separately.

2) Bacterial suspension was centrifuged at 5,000 rpm for 15 min.

3) Supernatant was discarded and washed twice with PBS, made in heavy water and

also with equal volume of simple PBS made in triple distilled water.

4) Bacterial pellet was resuspended in PBS of equal volume of initial broth culture and

mixed through vortexing for 1 min.

5) Resuspension was divided in 5 (1 ml in each) tubes with equal volume according, one

set for each time parameter (Combination).

6) The stand was kept in water bath, set at 55oC or 60oC as per test.

7) Experiment was performed at 55oC and 60oC with different time combination in min

like:

3.5.2.1 Time combination of 60oC

a) 0 min, 5 min, 10 min, 15 min, 20 min, 30 min, 40 min, 50 min, 60 min

b) 0 min, 2 min, 4 min, 5 min, 7 min, 10 min, 15 min
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c) 0 min, 1 min, 2 min, 3 min, 4 min, 5min

3.5.2.2. Time combination of 55oC

a) 0 min, 5 min, 10 min, 15 min, 20 min, 30 min, 40 min, 50 min, 60 min

b) 0 min, 1 min, 2 min, 3 min, 4 min, 5 min, 6 min, 7 min, 8 min, 9 min, 10 min, 11

min, 12 min, 13 min, 14 min, 15 min, 16 min

8) After completion of experiment, stand was kept at 4oC  untill cfu/ml count.

9) Serial Dilution Protocol

a) Counting of the appropriate plate was determined (30 – 300 cfu/ml).

b) Dilution factor for the dilution tubes was determined and each tube with 10-fold

dilution starting from the undiluted culture. The first tube had 1:10 dilution, the

second a 1:100, the third a 1:1000 and so on, dilution factor for first, second

and a 3rd tube will be 10, 100, 1000 and so on.

c) Number of live bacteria in each tube was determined through plating 10 µl of

the contents in triplicate.

10) Then cfu counts per ml were determined by Miles and Misra (1938) method for

different time and temperature combinations separately.

Total Count Calculation (standard formula) cfu/ml:

Colony counted (CFUs) on an agar plate × 1000 × Dilution factors

Volume plated in µl

11) Result was observed after incubation at 37oC for 24 h to 48 h.

12)  After cfu/mL count thermal death point was determined by graphical method.

Note: In parent strain washing was performed by only simple PBS made in triple

distilled water.

3.6. Growth Kinetics and Growth Curve

Understanding the growth kinetics and growth curves for D
2
O adapted and parent

strain of G. anatis bv. haemolytica in presence and in absence of D
2
O at 10oC, 25oC, 37oC

and 45oC were determined through OD
580

and cfu/ml count methods.
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The experiment for 25oC, 37oC and 45oC were performed in water bath (LABMAN,

INDIA) at room temperature and for 10oC in refrigerated incubator (REMI, INDIA).

3.6.1. Method

1) TSB tubes (2 ml in each) were prepared with 0% D
2
O and 99% D

2
O.

2) Culture was grown in TSB media at 37oC for 18-24 h separately for adapted and

parent strain in 10 ml TSB.

3) 100 µl of culture was inoculated in each TSB tube.

4) OD
580

reading were taken with spectrophotometer up to 48 h at each 2 h interval.

5) Experiment was conducted in triplicate and mean value was calculated at10oC, 25oC,

37oC and 45oC.
6) Cfu/ml counts were determined a described earlier through serial dilutions and plating

on trypticase soya agar plates incubated at 37oC for 24-48h.

3.7. Determination of survival of D2O adapted and parent stain

Determination of survival of D
2
O adapted and parent strain ofG. anatis bv. haemolytica

in presence and in absence of D
2
O in storage medium at 4oC, 37oC and 45oC was done

through cfu/ml count atweekly interval for two months.

3.7. 1. Method

1) TSB tubes were prepared in small 2 ml autoclaved plastic culture tubes.

2) Each experimental combination was performed in triplicate.

3) Different combinations of TSB tube were prepared for each strain with different

percentage of heavy water in medium (Table 7).
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Table 7: Combination chart at different D2O concentration for each temperature

at 4oC, 37oC and 45oC
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
D2O concentration in medium Adapted strain (51H) Parent strain (HLY)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 0% T1, T2, T3 T1, T2, T3

2 20% T1, T2, T3 T1, T2, T3

3 75% T1, T2, T3 T1, T2, T3

4 90% T1, T2, T3 T1, T2, T3

5 99% T1, T2, T3 T1, T2, T3
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Note: T- tube

4) Culture was grown in TSB media at 37oC for 18-24 h separately for adapted and

parent strain in 10 ml glass tube.

5) 100 µl Culture was inoculated in to each 2 ml TSB tube.

6) cfu counting was done as described earlier.

3.8 Method for virulence characterization of G. anatis bv.
haemolytica

3.8.1. Determination of Gallibacterium anatis bv. haemolytica antibodies in Poultry,

Pig and Goat serum

3.8.2. Standardization of Micro-agglutination test (MAT)

3.8.3. Preparation of antigen for Micro-agglutination test (MAT) (Talwar and Gupta,

1992)

3.8.4. Strain used in Antigen preparation: Parent Gallibacterium anatis bv. haemolytica

and adapted strain of G. anatis bv. haemolytica to grow in heavy water.

3.8.5. Preparation of O-Antigen (boiled antigen) and formalized antigen (for

proteinaceous surface antigens)

3.8.5.1. Preparation of O-antigen

Pure culture was streaked on blood agar plate, incubated at 37 °C for 24 h.

Then 3-5 smooth colonies were picked up and inoculated in 5 ml LB broth and

incubated for 16-24 h at 37 °C in shaker incubator at 160 rpm.
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1) Broth culture of G. anatis was inoculated on to trypticase soy agar (Becton Dickson

and company, sparks USA)  made in Roux flasks and incubated for 24-48 h at 37°C.

2) Harvesting: Growth was collected from two Roux flasks in total volume of 25 ml of

normal salinesolution.

3) Purity: Harvesting culture was streaked on blood agar plate and incubated at 37 °C

for 24- 48 h. If pure growth was observed on blood agar plate with haemolysis then

further processing was done otherwise fresh harvests were made.

4) Boiling: Bacterial suspension was placed in boiling water bath by fixing at 80 °C for

two and a half hours.

5) Sterility:  Sterility of bacterial suspension was confirmed by streaking 0.1 ml on

blood agar plate and observed for growth for 48h at 37 °C.

6) Centrifugation: Bacterial suspension was centrifuged at 1400×g for 30 min and

supernatant was discarded.

7) Resuspension: The pellet was resuspended in 0.5% formalinized saline (5ml).

8) Concentration of bacterial suspension was adjusted according to the desired value by

using a spectrophotometer. The stock antigen was diluted  in 0.5% formal saline to

have an OD
620

of 0.5.

9) Stock antigen was store at 4 °C in refrigerator.

3.8.6. Preparation of Formalinized Bacterial Suspension

Pure culture was streaked on blood agar plate, incubated at 37°C for 24 h and

smooth colonies were inoculated in 5 ml LB broth for 16-24h growth at 37°C in shaker

incubator at 160 rpm.

1) One ml LB broth culture of G. anatis was inoculated in trypticase soy broth (500 ml)

(Becton Dickson and company, Sparks USA) in two conical flasks (each have 500

ml TSB) and incubated for 16-24 h at 37°C on orbital shaker incubator with speed of

160 rpm.

2) Purity: After visible growth culture was streaked on blood agar plate and incubated

at 37°C for 24-48 h. If pure and typical to G. anatis bv. haemolytica growth was

observed on blood agar plate with haemolysis then processed further.
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3)  1% formalinized saline solution was added in to each flask and kept at room

temperature for three days.

4) Sterility:  Sterility of bacterial suspension was checked after three days by streaking

on blood agar plate as for O antigen.

5) Rest of the stpes were same as for the ‘O’ antigen described earlier

3.8.7. MAT Procedure

The Micro-agglutination test on poultry, pig and goat sera was performed in V-bottom

(for formalinized antigen) and U-bottom (for O antigen) 96-well microtitre plates (Tarson,

India), using 100 µl serum, serially 2-fold diluted in 100 µl NSS, pH 7.01 (final dilution 1: 2).

The last row in each plate was used as negative control. To each well, 100 µl of G. anatis bv.

haemolytica antigen was added. Micro-titre plates were incubated in a humid chamber to

prevent drying of the plates and incubated for 24-48 h at 37°C. Plates were read against a

dark back-ground after 48h (Boot et al., 1993). The highest dilution up to which MAT

formation was there, considered as positive titre.

3.8.8. Preparation of 3% (v/v) RBCs

Blood from young cow, ox, sheep, goat, horse, pig, dog, guinea pigs, rat, fish, turkey,

and healthy humans (blood groups AB+ and B+) was collected in Alsever’s solution (pH-6.1),

centrifuged at 2000 × g for 10 min to collect erythrocytes (RBCs). Erythrocytes were washed

twice with phosphate buffered saline (PBS, pH 7.2) and finally re-suspended in PBS (3 % v/

v) and stored at 4oC until used. To obtain tanned erythrocytes, one volume of 3 % (v/v) RBCs

was treated with equal volume of 0.003 % (w/v) tannic acid for 10 min at 37°C, then RBCs

were collected as above and washed twice before suspending to 3 % (v/v) in PBS for use

(Singh and Sharma, 2000).

3.8.9. Haemagglutination (HA) test

3.8.9.1. Preparation of bacterial suspension

1) For preparation of bacterial suspension, culture was grown in BHI agar (Brain heart

infusion agar) supplemented with with 10% sheep blood and TSB (Trypticase soya

broth).
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2) Culture grown on BHI agar was kept for 48 h at 37°C was harvested in normal

saline.

3) TSB culture as well as BHI agar harvested cultures were centrifuged at 5000 × g for

10 min, separately.

4) The supernatant was discarded and the bacterial cell pellets were suspended in PBS

(1×) to a final concentration of  about 1 × 1011 cfu (colony forming units)/ ml i.e.,

working solution of bacterial suspension for HA had OD
620

 equal to 0.5.

3.8.9.2. Method

A 100 μl of aliquot of the bacterial suspension was mixed with equal volume of the

3% RBCs with and without 1 % D-mannose. The second last and last row of the microtitre

plate were kept as bacterial suspension control and RBC control which contained 100 µl of

PBS (1×) and 100 µl of 3% RBCs, respectively. Agglutination plates were gently shaken for

20-30 min on a shaking platform, at room temperature (25°C) results were read thereafter.

Haemagglutination with tanned RBCs was done in the same way (Old and Adegbola 1983).

3.8.10. Congo Red Dye Assay (CRDA ) or Congo Red Binding Assay

To have an indication of the invasivness of Gallibacterium anatis bv. haemolytica,

affinity to Congo red dye was measured through colony colour on medium containing Congo

red dye.

CR agar was trypticase soyagar (BD) supplemented with 0.01% or 0.03% of Congo

red dye (Sigma Chemical Co., St. Louis, Mo.) with or without 10% bile salts (Difco, France).

Congo-red-Positive G. anatis were identified by the appearance of red/ brown colonies. The

reaction in the colonies was best seen after 24 hours of incubation at 37 °C, and then by

leaving them at room temperature for an additional 2 days (not to exceed 4 days). Congo-

red-negative G. anatis colonies did not bind the dye (white colonies). To help in preliminary

identification of G.anatis bv. haemolytica, blood agar was used simultaneously with a CR

medium as a selective medium (Berkhoff and Vinal, 1986).
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3.8.11. Detection of efflux pump mediated resistance for antibiotics

The ethidium bromide (EtBr)-agar cart wheel method which involves preparation of

trypticase soy agar (TSA) with EtBr ranging concentration from 1 mg/L, 2 mg/L, 3 mg/L. The

TSA plates was prepared fresh on previous day of the experiment and kept protected from

light. The TSA plates were divided into sectors by radial lines forming a cart wheel pattern

and modified cart wheel method (spotting). The test cultures were grown in LB medium at

37°C with overnight incubation, the test cultures were swab inoculated along the radial lines

marked on the EtBr-TSA plates starting from the centre of the plate to the rim. Each plate

included a reference efflux pump negative strains (DH5) as a control. The TSA plates are

incubated at 37°C for 16-24 h and examined under gel imaging system/UV transiluminator.

Fluorescence of growth was indicator of accumulation of EtBr in bacteria i.e., no activity of

efflux pump while the growth without fluorescence was the indicator of presence of active

efflux pump in the strain.

3.8.12. Antimicrobial drug resistance of the Gallibacterium anatis bv. haemolytica

3.8.12.1. Disc diffusion assay

 The bacterial isolates were subjected to in vitro antibiotic sensitivity test by disc

diffusion assay (CLSI, 2015) on Muller-Hinton agar (MHA) plates (Bauer et al., 1966). The

antibiotic discs were obtained from BD. Isolates were tested against commonly used antibiotics

viz., Penicillin(10 µg), Ampicillin (10 µg), Gentamicin (10 µg), Tetracycline (30 µg), Azithromycin

(30 µg), Chloramphenicol (30 µg), Cotrimoxazole (10 µg), Nitrofurantoin (300 µg),

Ciprofloxacin  (5 µg), Imipenem (10 µg), Meropenam (10 µg), Ertapenem (10 µg), Aztreonam

(30 µg) and also EDTA (10 µg).

      Isolates were grown in LB broth overnight and lawn cultures were prepared on

MHA plates. The plates were allowed to dry. Antibiotic discs were placed on agar surface at

about two cm apart. The plates were incubated at 37°C overnight and diameter of the zones

of inhibition was measured. The measurements were compared with zone size interpretative

chart furnished by the manufacturer and the zones were graded as sensitive, intermediate and

resistant.
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3.8.12.2. Broth dilution / E-strip methods:

The bacterial isolates were subjected to in vitro antibiotic sensitivity test by broth

dilution method (CLSI, 2015) in Muller-Hinton broth (Bauer et al., 1966). E-strip was used

for determining the MIC.

3.8.12.3. Determination of Minimal Inhibitory Concentration (MIC) by broth tube

dilution Method:

  The tube dilution test is the standard method for determining levels of resistance to an

antibiotic. Serial dilutions of the antibiotic was made in a liquid medium which is inoculated

with a standardized number of organisms and incubated for a prescribed time. The lowest

concentration (highest dilution) of antibiotic preventing appearance of turbidity was considered

as minimal inhibitory concentration (MIC).

3.8.13. Protein profiling:

Protien profiling was performed to know the any appreciable effect of D
2
O on G.

anatis bv. haemolytica by comparing the adapted and parent strain by NATIVE-PAGE and

SDS-PAGE.

3.8.13.1. Bacterial Protein Extraction Protein Extraction

1) Pellet of 10ml broth was resuspend in 1ml lysis buffer. 

2) Lysis buffer was used 100 mM NaCl; 25 mM TrisHCl; pH 8.0.

3.8.13.2. Sonication:

1) The suspended cells were sonicated for 5 min in ice using a Soniprep 150 sonicator

(MSE UK Ltd.) at 12 µm amplitude. The sequence followed for sonication was 12

µm for 15 sec followed by 10 sec gap. The cycle was repeated for 10 times (lysis was

completed when the cloudy cell suspension becomes translucent.

2) Centrifugation was performed at 13,000 rpm  for 5 min in temperature maintaining

machine at 4°C. Soluble proteins (supernatant) was separated from insoluble or

inclusion bodies proteins (pellet) and used for next step. 
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3.8.13.3. Native PAGE

Native PAGE uses the same discontinuous chloride and glycine ion fronts as SDS-

PAGE to form moving boundaries that stack and then separate polypeptides by charge to

mass ratio. Protein solution was prepared in a non-reducing non-denaturing sample buffer,

which maintains the proteins secondary structure and native charge density. Therefore, multiple

bands from the native PAGE gel can be seen for a single protein if target proteins were

present in polymerized forms in the sample.

3.8.13.3.1. Gel running protocol

1. Separating gel was prepared in appropriate amount having a small beaker. AP and

TEMED were gently added with swirling of the beaker to ensure a sufficient mixing.

Gel solution was pipetted into the gap between the glass plates of gel casting (don’t

fully fill). Fill the rest space with water (isopropanol alternatively). Allowed for 20-30

min for a complete gelation.

2. Stacking gel was prepared in appropriate amount in a beaker and mix with 10% AP

and 1% TEMED. Water was poured out in the first step and pipetted the stacking gel

solution into the gap and the comb was inserted. Solution was allowed to gelate for

20-30 min.

3. Sample buffer was mixed properly with sample without any heating.

4. Sample was loaded and set at an appropriate voltage to run the electrophoresis.

5. Coomassie-blue dye and silver stain were used for staining purpose.

3.8.13.4. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE analysis was carried out as per the protocol described by Laemmli (1970)

with slight modifications. The gel casting platforms was assembled and sealed with agarose.

The stacking (5%) and separating gels (12%) were prepared as per protocol. About 20 µl of

cell lysate was mixed with equal volume of 2 × sample loading buffer, heated at 95°C for 10

min and then loaded into wells along with protein molecular weight marker. The gel was

electrophoresed at 90 V till the tracking dye traversed the stacking gel. The voltage was then

maintained at 120 V till the dye reached bottom of the separating gel. The gel was then stained
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with Coomassie blue staining. Gel with clear discrete protein bands was analyzed with the

help of silver light illuminator in gel doc and was photographed.

3.8.14. Protocol for Silver Staining

1. Gel was put  in a large glass tray with about 1 liter volume capacity; enough of each

solution was used at each step to cover gel; agitate gently during steps; gel was touched

with a glass rod only or not at all until staining is finished and large amount of water

was used for each washing step to give clean results.

2. Fixation of protein was performed in gel by using fixative for overnight.

3. Reductant was used for 1 min for completion of reduction.

4. Washing was carried out for 30 sec in water at least for three times.

5. After that gel was kept in silver stain for 20 min.

6. Washing was repeated again (like step 4).

7. After that gel was kept in developer for developing band until bands become visible

(fresh developer should be prepared).

8. Washing was repeated again (like step 4).

9. Stop solution was used finally to stop reaction otherwise bands become dark black in

colour.

3.8.15. Protocol for Coomassie Blue Staining

1. Gel was placed in staining solution and shaking for 1h to overnight.

2. Staining solution was replaced with de-staining solution and shaken slowly for 30

min.

3. Destaining Solution was removed and replaced with new destaining solution for three

times at least.

4.  Cracking was minimized by adding 1% glycerol to the last destaining solution before

drying the gel.


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RESULTS

4. Phenotypic characters of adapted (51H) and parent stain of
Gallibacterium anatis bv. haemolytica

4.1. Morphological and Cultural Characteristics

Total 10 strain of Gallibacterium anatis bv. haemolytica from dead poultry birds

and one strain from piegon were isolated with similar biochemical test. Gallibacterium anatis

bv. haemolytica included in this study was isolated from heart blood in pure culture from

broiler birds dying en masse in May-June 2015 at CARI and near by villages in Bareilly

(Singh, 2015, IVRI annual Report 2015-16). Colonies on sheep blood agar of parent strain

were strongly haemolytic, greyish, non-transparent, circular with a butyrous consistency after

incubation at 37°C for 18-24 h while adapted strain had weak haemolyticless transparent

peripheral area, less greyish, compact, and more shiny colonies (Fig. 1a, 1b & 2). The change

in adapted strain was observed at 36 passage onward in medium containing D
2
O (Fig. 3a &

3b). After back passaging of adapted strain in H
2
O some colony had large haemolytic zone

like parent while in most of the colonies had haemolytic zone remained restricted to the centre

of colony (Fig. 4a & 4b). The normal haemolytic zone of parent strain appeared on blood

agar within 18-24 h at 37oC but of adapted strain was very small at the same time (Fig. 5).

The microscopic examination of the Gram stained parent culture revealed that the organisms

were Gram negative bacilli and adapted strain has not shown more change in shape (Fig. 6b).

However, on subculturing change in parent strain have observed from bacilli to coccobacilli

after the passaging in H
2
O (Fig. 6a). The organisms did not grow on MacConkey agar.

4
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4.2. BIOCHEMICAL CHARACTERISTICS

The cultures of G. anatis bv. haemolytica were found positive for catalase, oxidase,

KOH and nitrate reduction test whereas negative reactions were observed for citrate utilization,

methyl red and Voges-Proskauer tests. It fermented mannitol, trehalose, maltose and sucrose.

Adapted strain had similar characteristics except weak string formation with 10% KOH.

Parent strain grew aerobically while the adapted strain had ability to grow anaerobically too in

thioglycollate medium (Fig. 7).

4.3. MOLECULAR CHARACTERIZATION OF G. anatis bv. haemolytica

4.3.1. Isolation of Genomic DNA and PCR

The genomic DNA with high purity (260/280 : 1.6-1.8) was used as template for G.

anatis bv. haemolytica specific PCR using genus specific primer. The genome of bacteria was

confirmed by bacterial specific PCR using16S rRNA universal primer (Fig. 8).  Specificity of

G. anatis PCR using 16S rRNA and 23S rRNA gene primers was established by amplification

of three specific amplicons (Fig. 9) of ~789 bp, 985bp,1032 bp indicating presence of specific

internal transcribed spacer (ITS) regions (Fig. 10) confirmed by sequencing.

4.4. Growth Kinetics

Heavy water in growth medium increased growth time of G. anatis irrespective of

adaptation at all growth temperatures and all concentrations of D
2
O in medium.

However, in medium with 99% D
2
O parent strain had longer lag phase than adapated

strain when grown at 10oC, 25oC, 37oC and at 45oC (Table 8, 9, 10 & 11) (Graph 1-7).

-38-

Results...



Fig. 1a: Morphology of colony in 99% D
2
O at

different passage time with parent
strain of G. anatis bv. haemolytica on
sheep blood agar plate incubated at 37 0C
for 24 h

Fig. 1b: Morphology of colony after 51 time
passage in 99%D

2
O of G. anatis bv.

haemolytica on sheep blood agar plate
incubated at 37 0C for 24 h

Fig. 2: Difference in Colony size after 17 and
36 passage in 99% D

2
O of G. anatis bv.

haemolytica on sheep blood agar plate
incubated at 37oC for 24 h

51H HLY 51H

25H
HLY-A



Fig. 3a: Change observed in haemolytic zone in 99% D
2
O at different passage of G. anatis bv.

haemolytica on sheep blood agar plate incubated at 37oC for 24 h

HLY 14H 18H 37H

51HHLY 8th

Fig. 3b: Pattern of strong to weak haemolytic zone diameter at different passage
strain in 99% D2O of G. anatis bv. haemolytica
HLY : Parent strain of G. anatis bv. haemolytica
14H : 14 time passage in 99% D2O of G. anatis bv. haemolytica
18H : 18 time passage in 99% D2O of G. anatis bv. haemolytica
37H : 37 time passage in 99% D2O of G. anatis bv. haemolytica
51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in

99% D2O

37H

18H HLY-O

14H



Fig. 4a : Difference in heamolytic zone after back passage of 51H strain of G. anatis bv. haemolytica
on sheep blood agar plate incubated at 37oC for 24 h

Fig. 4b : Difference in heamolytic zone of G. anatis bv. haemolytica after passage in H
2
O on sheep

blood agar plate incubated at 37oC for 24 h
HLY : Parent strain of G. anatis bv. haemolytica
51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D

2
O

51H (35) : Adapted strain after 35 time back passage in  H
2
O

6PH4 (35) : G. anatis bv. haemolytica after 35 time passage in H
2
O

Fig. 5 : Differences in haemolytic zone of parent (HLY) and adapted strain (51H) of G. anatis bv.
haemolytica on sheep blood agar plate incubated at 37oC for 24 h
HLY : Parent strain of G. anatis bv. haemolytica
51H : 51 time passage strain in 99% D

2
O of G. anatis bv. haemolytica

HLY 51H



HLY-O 51H

H
2
O-H

2
O H

2
O-H

2
O

Fig. 6: (a) Parent G. anatis bv. haemolytica after passage in H
2
O under microscope (Gram’s staining,

1000X)
(b) 51H strain of G. anatis bv. haemolytica after passage in H

2
O under microscope (Gram’s

staining, 1000X)
HLY : Parent strain of G. anatis bv. haemolytica
PHLY : Parent strain of G. anatis bv. haemolytica after 51 time passage in H

2
O

51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D
2
O

P51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in H
2
O

(a) (b)

Fig. 7: Shifting of parent strain from aerobic to anaerobic after 51th passage in 99% D
2
O

HLY : Parent strain of G. anatis bv. haemolytica
51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D

2
O

PHLY p51H



M          1         2          3          4

100 bp
200 bp
300 bp

Fig 8: Confirmation of bacterial DNA on the basis of 16S rRNA gene universal primers
Lane M : 100 bp DNA ladder
Lane 1 : E. coli genomic DNA
Lane 2 : Brucella species genomic DNA
Lane 3 : Poultry isolated G. anatis bv. haemolytica genomic DNA
Lane 4 : Pigeon isolated G. anatis bv. haemolytica genomic DNA

M        1         2          3         4        5        6       7         8

Fig 9: Specificity of genus specific primer of Gallibacterium targeting 16S rRNA and
23S rRNA gene
Lane M : 100 bp ladder
Lane 1 : Positive control (G. anatis bv. haemolytica genomic DNA)
Lane 2 : Parent strain of G. anatis bv. haemolytica genomic DNA
Lane 3 : Pigeon isolated G. anatis bv. haemolytica genomic DNA
Lane 4 : Mycoplasma bovis genomic DNA
Lane 5 : E. coli genomic DNA
Lane 6 : E. coli genomic DNA
Lane 7 : Pasturella multocida genomic DNA
Lane 8 : Negative control

500 bp

1000 bp



M
1
            1            2              3          4            5              6          M

2

100 bp

500 bp

1000 bp

1500 bp

789 bp
985 bp

1032 bp

Fig. 10 : Genus specific PCR targeting 16S rRNA and 23S rRNA gene
Lane M

1
&M

2
: 100 bp plus ladder

Lane 1 : Positive control (G. anatis bv. haemolytica genomic DNA)
Lanes 2-3 : Parent strain (G. anatis bv. haemolytica genomic DNA)
Lanes 4 -5 : Pigeon isolated parent strain (G. anatis bv. haemolytica genomic DNA)z
Lane 6 : Negative control
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Graph 4: Growth kinetic curve of G. anatis bv. haemolytica at 37°C
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Table 8 : Growth kinetics of G. anatis biovar haemolytica at 10oC (Averge Log 10

count ±SD value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (h)                           0% D2O                      99% D2O

Adapted Non-adapted Adapted Non-adapted
(Parent) (Parent)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0 7.45±0.16 7.47±0.15 7.48±0.07 7.36±0.14
24 7.31±0.07 7.16±0.07 7.63±0.37 7.06±0.05
48 6.49±0.18 6.74±0.22 6.83±0.55 6.30±0.72
72 7.15±0.67 6.70±0.23 5.83±0.07 7.07±0.28
96 6.52±0.31 6.55±0.20 6.72±0.79 5.26±0.05
120 7.29±0.71 6.60±0.48 6.99±0.66 4.90±0.12
144 7.29±0.68 6.35±0.68 6.77±0.61 4.55±0.06
168 7.53±0.87 6.32±0.78 6.31±0.57 4.55±0.03
192 7.59±0.89 6.26±1.00 6.06±0.69 4.47±0.82
216 7.26±0.94 6.01±1.13 5.56±0.87 3.28±0.10

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table 9 : Growth kinetics of G. anatis biovar haemolytica at 25oC (Averge Log 10

±SD value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (h)                           0% D2O                      99% D2O

Adapted Non-adapted Adapted Non-adapted

(Parent) (Parent)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 7.47±0.18 7.47±0.15 7.39±0.19 7.36±0.14

6 7.28±0.12 7.86±0.04 0.00±0.00 7.82±0.03

12 6.51±0.06 6.70±0.07 4.52±2.89 5.92±0.08

18 6.25±0.06 6.81±0.02 0.00±0.00 4.52±2.89

24 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

36 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

48 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

72 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Table 10 : Growth kinetics of G. anatis biovar haemolytica at 37oC (Averge Log 10

±SD value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Time (h)                           0% D2O                      99% D2O

Adapted Non-adapted Adapted Non-adapted

(Parent) (Parent)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 7.47±0.18 7.47±0.15 7.39±0.19 7.36±0.14
6 8.67±0.04 8.73±0.08 6.59±0.17 5.77±0.58
12 8.75±0.03 8.66±0.05 5.03±0.24 5.26±0.93
18 8.92±0.12 8.63±0.14 5.39±0.58 5.12±0.60
24 8.95±0.10 8.59±0.14 7.08±1.19 5.31±0.26
36 8.98±0.09 8.72±0.17 7.33±0.27 5.13±0.18
48 9.47±0.30 8.14±0.06 8.26±0.03 8.23±1.26
72 8.75±0.14 8.29±0.10 7.88±0.81 7.92±0.20

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table 11 : Growth kinetics of G. anatis biovar haemolytica at 45oC (Averge Log 10

±SD value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (h)                           0% D2O                      99% D2O

Adapted Non-adapted Adapted Non-adapted

(Parent) (Parent)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 7.39±0.28 7.51±0.20 7.39±0.19 7.36±0.14

6 6.04±0.20 5.05±0.57 6.33±0.10 7.32±0.29

12 5.56±0.87 6.29±0.16 6.23±0.18 5.53±0.39

18 7.07±0.76 7.03±0.49 6.80±0.40 7.30±0.24

24 7.10±0.06 7.13±0.32 7.87±0.41 7.09±0.05

36 7.46±0.05 7.32±0.17 8.09±0.26 7.29±0.16

48 7.76±0.04 7.45±0.12 7.80±0.08 7.35±0.13

72 7.74±0.13 7.47±0.10 8.04±0.15 7.45±0.06
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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4.5. Survival

Survival of parent as well as adapted strain in storage medium having 0%, 20%,

75%, 90% and 99% D
2
O was best at 37oC, (112-119 days) less at 45oC (35-56 days) and

the least (14-28 days) at 4oC.  However, survival was better when D
2
O was added in storage

medium irrespective of adaptation to grow in presence of D
2
O (Table 12, 13, 14, 15, 16 &

17) (Graph 8-12).

Table 12:Survival of Adapted G. anatis biovar haemolytica at 4oC (Averge Log 10 ±SD

value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (days) 0% D2O 20% D2O 75% D2O 90% D2O 99% D2O
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 7.24±0.13 7.29±0.20 7.26±0.12 7.28±0.16 7.26±0.24

7 7.03±0.20 7.40±0.16 7.28±0.12 0.00±0.00 0.00±0.00

14 6.12±0.08 6.85±0.04 6.51±0.06 4.52±2.89 0.00±0.00

21 6.48±0.03 6.43±0.04 6.25±0.06 0.00±0.00 0.00±0.00

28 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

35 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table 13. Survival of Non-adapted (Parent) G. anatis biovar haemolytica at 4oC
(Averge Log10  ±SD value)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (days) 0% D2O 20% D2O 75% D2O 90% D2O 99% D2O
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 7.41 ± 0.17 7.39±0.08 7.33±0.31 7.31 ±0.27 7.28±0.33

7 8.00 ± 0.06 7.93±0.07 7.86±0.04 7.82±0.03 0.00 ± 0.00

14 6.16 ± 0.12 7.00±0.11 6.70±0.07 5.92±0.08 0.00 ± 0.00

21 0.00 ± 0.00 6.94±0.03 6.81±0.02 4.52±2.89 0.00 ± 0.00

28 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

35 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Table 14: Survival of Adapted G. anatis biovar haemolytica at 37oC (Averge Log 10 ±SD

value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (days) 0% D2O 20% D2O 75% D2O 90% D2O 99% D2O
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 5.55±0.17 5.52±0.10 5.49±0.18 5.44±0.13 5.40±0.14

7 7.91±0.09 7.83±0.16 7.91±0.06 8.00±0.11 7.87±0.06

14 7.67±0.07 7.27±0.18 7.75±0.05 7.62±0.07 7.59±0.10

21 6.99±0.07 7.00±0.02 7.00±0.04 7.00±0.05 7.00±0.08

28 6.95±0.04 7.00±0.06 7.00±0.03 6.52±0.14 7.00±0.11

35 6.99±0.11 7.00±0.07 6.81±0.06 6.88±0.04 6.99±0.11

42 7.67±0.09 7.43±0.07 7.64±0.09 7.44±0.15 7.43±0.09

49 7.51±0.13 7.58±0.18 7.41±0.24 7.22±0.26 7.51±0.79

56 7.09±0.21 7.39±0.15 7.58±0.14 7.60±0.07 7.80±0.08

63 6.75±0.12 6.40±0.06 7.00±0.09 6.88±0.11 6.95±0.07

70 6.00±0.04 6.87±0.08 6.75±0.20 6.60±0.15 7.00±0.12

77 6.24±0.09 6.80±0.14 7.00±0.13 7.00±0.08 7.00±0.11

84 6.70±0.04 6.87±0.05 7.00±0.24 6.52±0.14 7.00±0.06

91 6.05±0.24 6.87±0.04 7.00±0.05 6.70±0.11 7.00±0.12

98 7.00±0.08 6.92±0.08 7.00±0.17 7.00±0.04 7.00±0.15

105 7.00±0.09 6.82±0.03 6.66±0.07 6.36±0.05 6.87±0.09

112 0.00±0.00 6.04±0.08 5.60±0.24 0.00±0.00 6.46±0.19

119 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

126 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Table 15. Survival of Non-adapted (parent) G. anatis biovar haemolytica at 37oC

(Averge Log 10  SD value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (days) 0% D2O 20% D2O 75% D2O 90% D2O 99% D2O
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 5.64±0.09 4.98±0.18 5.49±0.17 5.43±0.06 5.38±0.16

7 8.00±0.07 7.87±0.14 7.94±0.05 7.96±0.10 8.00±0.03

14 6.98±0.08 7.02±0.08 6.95±0.06 7.01±0.07 6.90±0.15

21 6.88±0.04 6.52±0.11 7.00±0.04 6.22±0.15 6.64±0.06

28 7.00±0.04 7.00±0.06 6.75±0.09 6.80±0.06 7.00±0.13

35 6.62±0.23 7.00±0.15 6.93±0.07 6.87±0.10 6.88±0.13

42 6.56±0.14 7.00±0.03 6.75±0.05 6.88±0.29 6.70±0.17

49 6.25±0.20 7.00±0.03 6.98±0.11 6.54±0.25 6.85±0.04

56 7.07±0.11 6.95±0.10 6.93±0.08 6.95±0.08 6.75±0.13

63 6.74±0.11 6.73±0.30 6.79±0.19 6.10±0.05 6.60±0.22

70 6.60±0.09 7.00±0.07 6.75±0.03 6.52±0.18 7.00±0.04

77 6.70±0.22 7.00±0.23 7.00±0.21 7.00±0.11 7.00±0.14

84 6.97±0.14 6.87±0.13 6.64±0.07 7.00±0.08 7.00±0.14

91 6.97±0.14 6.87±0.11 6.92±0.15 7.00±0.15 7.00±0.27

98 7.00±0.16 7.00±0.08 6.62±0.16 6.85±0.12 6.87±0.23

105 6.99±0.13 6.89±0.06 6.53±0.15 6.85±0.09 6.95±0.13

112 0.00±0.00 5.98±0.18 0.00±0.00 0.00±0.00 6.22±0.04

119 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

126 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Table 16: Survival of Adapted G. anatis biovar haemolytica at 45oC (Averge Log 10

±SD value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (days) 0% D2O 20% D2O 75% D2O 90% D2O 99% D2O
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 7.00 ±0.04 6.85±0.22 6.82±0.13 6.87±0.29 6.90±0.31

7 7.36 ± 0.16 6.95±0.10 7.70±0.18 7.43±0.18 7.19±0.15

14 6.79 ± 0.05 6.85±0.02 0.00 ± 0.00 6.76±0.02 6.40±0.03

21 6.48 ± 0.03 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 6.03±0.15

28 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 6.94±0.09

35 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 6.81±0.06

42 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 3.34±0.12

49 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 4.64±0.22

56 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

63 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

70 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table 17: Survival of Non-adapted (Parent) G. anatis biovar haemolytica at 45oC

(Averge Log 10 ±SD value)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Time (days) 0% D2O 20% D2O 75% D2O 90% D2O 99% D2O
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 7.18±0.16 6.97±0.19 7.01±0.23 6.87±0.22 7.00±0.15

7 6.88±0.06 7.16±0.07 7.33±0.04 7.52±0.02 7.03±0.11

14 6.82±0.11 7.87±0.18 6.95±0.10 7.12±0.22 6.87±0.07

21 6.85±0.29 7.31±0.07 7.30±0.16 7.26±0.08 7.29±0.32

28 6.88±0.06 6.90±0.07 6.66±0.07 6.84±0.05 6.75±0.09

35 6.91±0.15 0.00±0.00 6.54±0.16 6.98±0.19 6.82±0.09

42 5.37±0.10 0.00±0.00 6.59±0.04 5.73±0.33 6.93±0.12

49 6.45±0.12 0.00±0.00 6.50±0.14 6.68±0.34 6.73±0.07

56 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

63 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

70 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Graph 8: Survival of adapted and non-adapted strain of G. anatis bv. haemolytica
in 0% D2O at different temperature

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

A
vg

L
og

10
cf

u/
m

l

Time (days)

Survival in 20% D2O

A 4°C NA 4°C A 37°C NA 37°C A 45°C NA 45°C

Graph 9: Survival of adapted and non-adapted strain of G. anatis bv. haemolytica
in 20% D2O at different temperature



Graph 10:Survival of adapted and non-adapted strain of G. anatis bv. haemolytica
in 75% D2O at different temperature

Graph 11: Survival of adapted and non-adapted strain of G. anatis bv. haemolytica
in 90% D2O at different temperature
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4.6. Phenotypic characteristics and virulence markers of parent and
D2O adapted isogenic strain of G. anatis bv. haemolytica

4.6.1. Congo Red Dye Binding (CRDB) Assay

Of the two Congo red dye concentrations (0.01% and 0.03%) employed, 0.03%

permitted the better discrimination of strains included in study for CRDB ability (Fig. 11).

Parent strain was negative in CRDB assay producing colourless colonies while 51H (adapted

strain) of G. anatis bv. haemolytica formed brown to dark brown colonies on CRD agar

plates having 0.01% and 0.03% of dye, respectively (Fig. 12). Addition of bile salt in CRD

medium inhibited growth of parent strain totally but a few red colonies could be seen of

adapted strain (Table 18).

Table 18 :  Growth and colour of colonies on trypticase soy agar

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Tested bacteria With   0.01% Congo red dye With 0.03% Congo red dye

species On TBC On TBnC On TBC On TBnC

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
G. anatis bv. haemolytica (HLY) NG Little       NG Little

from Poultry

G. anatis bv. haemolytica (PH4)  NG Little       NG Little

from Pigeon

Adapted G. anatis bv. haemolytica Few red Brown Few red Dark brown

(51H) colonies colonies colonies colonies

Staphylococcus aureus (SAM)  Slight Red Slight Red Slight Red Slight Red

Pseudomonas aeruginosa (A-290) White White White White

Avibacterium species. (CHB) NG NG NG NG

Escherichia coli (DPE) from Dog Slight Red Slight Red Slight Red Slight Red

Escherichia coli (M-97) from calf Red colonies Red colonies Red colonies Red colonies
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Note : NG- No growth, TBC- Trypticase soya agar with 10 % bile and congo red dye
TBnC- Trypticase soya agar with congo red dye

4.6.2. Efflux pump activity in adapted and parent strain of Gallibacterium anatis
bv. haemolytica

Of the 5 strain tested including parent and adapted strain of G. anatis bv. haemolytica

named HLY, 14H, 25H, 51H and PH4 (6PH4) growth of first three was non-fluorescent i.e.

having active efflux pump while the last two strains formed fluorescent growth indicating loss

of efflux pump activity (Fig. 13, 14 & 15).
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4.6.3. Antibodies for Gallibacterium anatis bv. haemolytica:

Results for 70 serum samples of poultry (Table 19), 8 of pig (Table 20) and goat

(Table 21) each revealed presence of antibodies in serum of 23 birds, 7 pigs and 8 goats for

formailinized antigen and in 15, 5 and 8 serum samples for O antigen, respectively.

Table 19: Microagglutination test in Poultry
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Species Total                MAT titre for ‘O’antigen         MAT titre for ‘formalinized’ antigen

Sample                   Total Positiv sample                       Total Positive sample
(N) No. of Titre No. of

Sample Sample Titre
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Poultry 70 13 1:2 3 1:2

2 1:4 2 1:4
5 1:8
5 1:16
6 1:32
1 1:64
1 1:128

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Table 20: Microagglutination test in Pig
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Species Total                MAT titre for ‘O’antigen         MAT titre for ‘formalinized’ antigen

Sample                   Total Positiv sample                       Total Positive sample
(N) No. of Titre No. of

Sample Sample Titre
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Pig 8 1 1:2 2 1:8

3 1:4 1 1:16
1 1:8 2 1:32

2 1:64
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Table 21: Microagglutination test in Goat
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Species Total                MAT titre for ‘O’antigen         MAT titre for ‘formalinized’ antigen

Sample                   Total Positiv sample                       Total Positive sample
(N) No. of Titre No. of

Sample Sample Titre
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Goat 8 5 1:8 2 1:8

2 1:16 2 1:16
1 1:32 2 1:32

1 1:64
1 1:128

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Fig. 11: Growth and colour of colonies of strain CHB, SAM, A-290P and DPE on trypticase soya
agar in Congo red binding assay

Fig. 12: Growth and colour of colonies of HLY, 25H, 51H and PH4 strain of Gallibacterium anatis
bv. haemolytica on trypticase soya agar in Congo red binding assay
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Fig. 13: Control strain DH5of E. coli without efflux pump showing fluorescence on Ethidium
bromide plate

Fig. 14: Efflux pump activity at different concentration of Ethidium bromide plate in HLY, 14H,
25H, 51H and 6PH4 strain of G. anatis bv. haemolytica by Cart wheel method
Fluorescence : Efflux pump inactive
Non- fluorescence : Efflux pump active
HLY : Parent strain of G. anatis bv. haemolytica
14H : 14 time passage in 99% D

2
O of G. anatis bv. haemolytica

25H : 25 time passage in 99% D
2
O of G. anatis bv. haemolytica

51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D
2
O

6PH4 : 37 time passage in 99% D
2
O of G. anatis bv. haemolytica

DH5 : Control strain DH5 (E. coli)
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Fig. 15: Efflux pump activity at different concentration of modified Ethidium bromide plate in
HLY, 14H, 25H, 51H and 6PH4 strain of G. anatis bv. haemolytica by Cart wheel method
Fluorescence : Efflux pump inactive
Non- fluorescence : Efflux pump active
HLY : Parent strain of G. anatis bv. haemolytica
14H : 14 time passage in 99% D

2
O of G. anatis bv. haemolytica

25H : 25 time passage in 99% D
2
O of G. anatis bv. haemolytica

51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D
2
O

6PH4 : 37 time passage in 99% D
2
O of G. anatis bv. haemolytica

DH5 : Control strain DH5 (E. coli)

1 mg/L D9
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4.6.4. Haemagglutination (HA)

The results of HA patterns of Gallibacterium anatis bv. haemolytica shown in Table

22 indicated that there was difference in HA pattern of the parent and adapted strains.

Table 22: Hemagglutinating activity of Parent (HLY) and Adapted (51H) strain of

G. anatis bv. haemolytica
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Source of                            Agglutination of fresh                                      Agglutination of tanned
Erythrocytes                   RBCs with parent (HLY)                                 RBCs with adapted strain 51H

Mannose Mannose Mannose Mannose
resistant sensitive resistant sensitive

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Pig          -          +           -           -

Dog          -          -           -          +

Rat          +          +           -           -

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

4.6.5. Antibiotic sensitivity and MIC of parent and adapted strain

The results revealed (Table 23) that the parent strain was more sensitive to Gentamicin,

Chloramphenicol, Azithromycin, Nitrofurantoin, Ampicillin, Imipenem, Meropenem, Ertapenem

and EDTA while adapted strain was more sensitive for Penicillin, Gentamicin, Chloramphenicol,

Azithromycin, Nitrofurantoin, Ampicillin, Imipenem, Meropenem, Ertapenem and EDTA. The

MIC results indicated that adaptation of G. anatis bv. haemolytica  to grow in D
2
O containing

medium affected the MIC of different drugs differently. The adpated strain had more MIC for

ampicillin and ciprofloxacin while less for Azithromycin and Chloramphenicol than its parent

(Table 24).
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Table 23: Antibiotic sensitivity test of parent and adapted strain of G. anatis bv.
haemolytica

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Drug Parent (HLY) Inhibition Adapted (51H)

zone (mm) Inhibition zone (mm)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 Penicillin          14 18

2 Tetracycline          12 10

3 Co-trimoxazole           0 0

4 Gentamicin          18 24

5 Chloramphenicol          30 32

6 Azithromycin          17 24

7 Nitrofurantoin          23 28

8 Ciprofloxacin          7 8.5

9 Ampicillin          20 26

10 Imipenem          24 35

11 Meropenem          30 25

12 Ertapenem          30 33

13 EDTA             24 28
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table:24 MIC determination of selective drug in parent and adapted strain of G.
anatis bv. haemolytica

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Drug Parent (HLY) Adapted (51H)

(µg/mL) (µg/mL)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ampicillin 16 32

Azithromycin 64 32

Ciprofloxacin 64 128

Chloramphenicol 16 8
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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4.6.6. Protein profiling:

NATIVE-PAGE of parent (HLY) and adapted (51H) strains under study revealed

presence of more than 6 distinct bands in Coomassie blue staining (Fig. 16) and 8-10 in silver

staining (Fig. 17) of NATIVE-PAGE.  The SDS-PAGE profile revealed the presence of

proteins by use of 10 to 180 kDa ladder with lysate of the G. anatis bv. haemolytica strains in

the study. Each of the two strains (parent and adapted) had at least one distinct band different

from the other in NATIVE-PAGE while in  SDS-PAGE protein band between 51 kDa to 71

kDa was missing in adapted strain (Fig. 18).


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Fig. 16: NATIVE-PAGE profile of HLY, 51H, PHLY AND P51H by Coomasie brilliant blue staining
Lanes 1-2 : 51H
Lanes 3-4 : HLY
Lanes 5-6 : P51H
Lanes 7-8 : PHLY
Lanes 9-10 : Positive control HLY

Fig. 17: NATIVE-PAGE profile of HLY, 51H, PHLY AND P51H by Silver staining
Lanes 1-2 : 51H
Lanes 3-4 : HLY-O (Positive control)
Lanes 5-6 : P51H
Lanes 7-8 : PHLY
HLY : Parent strain of G. anatis bv. haemolytica
PHLY : Parent strain of G. anatis bv. haemolytica after 51 time passage in H

2
O

51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D
2
O

P51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in H
2
O

1           2           3          4                      5          6          7          8

  1       2       3       4     5       6       7      8                9     10



1         2        3        4        5         6       M     7        8      9      10

Fig. 18: SDS-PAGE profile of HLY-O, 14H, 25H, 51H and 6PH4 by  Coomasie brilliant blue staining
Lanes 1-2 : HLY-O

Lanes 3-4 : 14H
Lanes 5 -6 : 25H
Lane M : Protein molecular weight marker in kDa
Lanes 7-8 : 51H
Lanes 9-10 : 6PH4
HLY-O : Parent strain of G. anatis bv. haemolytica
14H : 14 time passage in 99% D

2
O of G. anatis bv. haemolytica

25H : 25 time passage in 99% D
2
O of G. anatis bv. haemolytica

51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D
2
O

6PH4 : G. anatis bv. haemolytica isolated from Pigeon
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DISCUSSION

5.1. Growth kinetics

In presence of D
2
O increase in lag phase was evident for both adapated and parent

strains of Gallibacterium. anatis bv. haemolytica. However, in case of E. coli strain there

appeared to be no significant effect on lag phase but growth was significantly reduced as in

case of G. anatis bv. haemolytica strains. Similar results have been reported for E. coli in

earlier studies (Anthony salvagno, 2013). The difference between E. coli and G. anatis bv.

haemolytica strains might be due to the inherent difference in the two bacteria (Katz et al.,

1957; Thomson, 1960; Katz and Crespi, 1971; Ramakrishnaiah, 1990; Cioni and Strambini,

2002). In the present study G. anatis bv. haemolytica strains grew better at 37oC than at

10oC, 45oC. It is a known fact that different species of microbes have a specific temperature

for optimal growth. The adapted strain when was re-grown in medium made in normal water,

it grew as efficiently as the parent and in instances even better. However, earlier observations

report that lag phase is often longer on change of isotopic environment (Ernest and Rittenberg,

1960). This might be due to some specific growth characteristics of G. anatis bv. haemolytica,

not explored in the study.

5.2. Survival

Though there was no marked difference in survival of D
2
O adapted and isogenic

parent strains of G. anatis bv. haemolytica when stored in presence or in absence of D
2
O in

storage medium at different temperatures of storage, presence of D
2
O in storage medium
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increased the survival of the bacterium irrespective of adaptation. The increased survival might

be associated with increased stability of structural proteins in presence of D
2
O reported earlier

(Moner, 1972). Stability of pathogens has been reported to change with addition of D
2
O in

medium at different temperatures depending on concentration of D
2
O in the medium (Wu et

al., 1995; Ikizler et al., 2002; Kushner et al., 1999). In the present study too, survival was

the best at 99% of D
2
O concentration in the storage medium that too at 37oC.

5.3. Congo Red dye Assay

In the present study parent strain of Gallibacterium anatis biovar haemolytica failed

to produce red or brown colonies on Congo red agar while adapted strain (51H) formed

brown or dark brown colonies. The colour of colonies get darker with increase in CR dye in

the growth medium. Congo red dye binding assay (CRBA) is established method to determine

virulence traits of several bacterial species (Kayet al., 1985; Cangelosi et al., 1999; Kimizuka

et al., 2009). Congo red binding (CRB) cells produce intense red colonies and non-CRB

cells produce colourless colonies (Qadri et al., 1988), this property has been shown to be

associated with cell surface hydrophobicity (CSH) in many of the bacteria colonizing the skin

and various mucosal surfaces (Doyle & Rosenberg, 1990; Goulter et al., 2010). Though, G.

anatis bv. haemolytica is known to colonise in upper respiratory and lower reproductive tract

(Bisgaard, 1977; Mushin et al., 1980). CRB does not appears to be an important virulence

marker for G. anatis bv. haemolytica as the CR binding increased on subculturing of the

bacteria which is known to cause decrease in virulence (Cruickshank et. al., 1968).

Though the parent strain of G. anatis bv. haemolytica didn’t grow in presence of bile

salt, growth of D
2
O adapted strain in presence of bile salt indicated some physiological change

in the bacteria. Similar effect of bile has been reported on over expression of fimbriae and

increase in bacterial adhesion in E. coli and B. fragilis (de Jesus et al., 2005; Pumbwe et al.,

2007).

5.4. Effulx pump

Efflux-mediated drug resistance has been reported in bacteria (Li and Nikaido, 2009).

Out of 5 strains tested including parent and adapted strain of G. anatis bv. haemolytica, HLY,

Discussion...
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14H and 25H had active efflux pump forming non-fluorescent colonies on EtBr medium while

51H and PH4 (6PH4) strains growth showing fluorescence indicated loss of efflux pump

activity. However, studies on drug resistance and MIC patterns of adapted and parent strains

didn’t corroborated with the activity of efflux pump in the study. It might be due to the fact that

all kinds of drug resistance in not mediated through efflux pum activity (Kumar and Singh,

2013). Although tetracycline resistance determinant (tet31) G. anatis  is reported to be mediated

through efflux pump activity (Bojesen et al., 2011), in the present study tetracycline resistant

G. anatis bv. haemolytica strain remained resistant to tetracycline even after complete loss of

efflux pump in adapted strain. This might be due to maintenance of other tetracycline resistance

trait by G. anatis bv. haemolytica as reported earlier in many other bacteria (Kumar and

Singh, 2013).

5.5. Gallibacterium anatis bivovar haemolytica antibodies in birds

and animals

The study revealed presence of antibodies for formalinized antigen (probably fimbrial

antigens) and O antigen of G. anatis bv. haemolytica in serum of birds as well as goat and

pigs. It indicated that though G. anatis bv. haemolytica was isolated for the first time in India,

it may not be a novel pathogen in Indian environment. It necessitate the study to understand

the prevalence of the pathogen in different birds and animals in India.  Similar studies in other

parts of the world has revealed prevalence of G. anatis bv. haemolytica infection in many

parts and animals of different continents (Wang et al., 2011; LI et al., 2012).

5.6. Haemagglutination patterns (fimbriae)

Parent as well as adapted isogenic strain of Gallibacterium anatis biovar. haemolytica

failed to agglutinate erythrocytes of most of the animals except rat, pig and dog. Adapted

strain failed to induce mannose resistant haemagglutination (MRHA) of rat erythrocytes and

mannose sensitive HA (MSHA) of pig erythrocytes but it started to induce MSHA of dog

erythrocytes. This might be due to change in binding epitopes of fimbriae resulting in changed

affinity to different erythrocytes. This kind of change might be associated with change in protein

folding or tightening associated with growth in presence of D
2
O (Katz et al., 1957; Thomson,

Discussion...
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1960; Katz and Crespi, 1971; Ramakrishnaiah, 1990; Cioni and Strambini, 2002). The

haemagglutinating ability of bacteria for different erythrocytes has been used to screen for the

presence of the different colonization factor or fimbrial antigens of bacteria (Evans et al.,

1979). Either the change in HA pattern observed in the present study was associated or not

with colonization ability of adapted strain needs further studies.

5.7. Minimum Inhibitory Concentration and antimicrobial drug

resistance

The study strains (adapted and parent) both were resistant to penicillin, tetracycline,

cotrimoxazole and ciprofloxacin. Though the inhibition zone for penicillin was more (18 mm)

for adapted strain than the parent (14 mm), it cannot be marked sensitive. The observation

corroborate well with the earlier reports of resistance in Gallibacterium strains of poultry

origin (Post et al., 1991; Watts et al., 1994; Mevius and Hartman, 2000; Lin et al., 2001;

Malik et al., 2005;  Hendriksen et al., 2008 and Johnson et al., 2011). Emergence of

antimicrobial resistance has been observed among several organisms belonging to the

Pasteurellaceae family (Aarestrup et al., 2004; Aarestrup, 2005) including G. anatis isolates.

No difference in adapted and parent strain with respect to antibiotic sensitivity revealed stability

in the trait which might be associated with several mechanisms of resistance than efflux pump

(Kumar and Singh, 2013). The antibiotic sensitivity assay results were further confirmed by

MIC studies of the two strains. The study revealed two fold decrease in sensitivity on adaptation

for ampicillin (32 mcg/ ml) and  ciprofloxacin (128 mcg/ ml), it may not be the simple effect of

subculturing as on subculturing studies has indicated icrease in sensitivity rather decrease

(Kumar and Singh, 2013). It can be explained with the changed molecular structure of bacteria

on adaptation to grow in presence of D
2
O leading to important changes in molecular structure

of macromolecules some of them might be associated with decrease or altered receptors for

the drugs (Katz et al., 1957; Thomson, 1960; Katz and Crespi, 1971; Ramakrishnaiah,

1990; Cioni and Strambini, 2002). The adapted strain had less MIC than parent strain for

azithromycin and chloramphenicol, which can be attributed as effect of sub-culturing during

adaptation procedure as reported earlier (Kumar and Singh, 2013).

Discussion...
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5.8. Protein profiles of adapted and parent strain

Results of protein profiling revealed changes in proteins of the two strains. The change

might be due to just change in macromolecular structure, protein folding or tightening of the

protein molecules altering the migration of the proteins or it might be due to induction of

synthesis of new protein molecules to cope the stress of D
2
O or might be due to stoppage of

expression of some proteins of parent strain. However, the dilemma can only be cleared

through more studies at molecular level. Heavy water is known to make changes in molecular

folding of biological macromolecules (Milstien et al., 1997; Newman et al., 1995; Sen et al.,

2009) and changes in gene expression (Hohlefelder et al., 2013) in several life forms leading

to  overexpression of certain heat shock proteins (Unno et al., 2005).

The observation of the study indicated that G. anatis bv. haemolytica though difficult

to isolate and grow in general laboratory was quite able to adapt the stress and grow even in

presence of 99% D
2
O. Further, there was no much effect of adaptation of G. anatis bv.

haemolytica to grow in D
2
O medium specifically on survivability, growth rate and antimicrobial

drug resistance. However, there was appreciable effect detected in protein profile of the two

strains and also with respect to haemagglutination and Congo red dye binding, which might

affect its pathogenic potential and warrant more targeted studies. The addition of D
2
O in

storage medium was helpful in long term maintenance of the pathogen even at 37oC which is

an important finding and can be utilized for thermostable packaging of live vaccines. The study

concludes that the G. anatis bv. haemolytica infection might also be common in India and

needs further studies to establish the true prevalence of the infection.


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SUMMARY AND CONCLUSIONS

India is a country where agriculture and animal husbandry sectors are the important

pillars of economy. In the livestock industry, poultry sector has emerged the fastest as an eco-

business in world. Due to significant losses due to diseases conditions caused Gallibacterium

anatis infection; it has been identified as one of the important emerging bacterial diseases in

Asian countries. Due to its fastidious nature, commensal status and with no pathgnomonic

lesions in diseased birds G. anatis infection often remains obscure for diagnosis. The outbreaks

of the disease are reported all over the world and recently in northern India (Singh, 2015,

IVRI Annual Report 2015-16). However, little is understood about the pathogen with respect

its adaptation to changing environment, expression of its virulence factors, diagnosis of the

infection and utility/ availability of good vaccine for control of the outbreaks. The present

study was designed to understand the growth kinetics, survival, thermal death point, multiple

drug resistances and phenotypic characteristics, changes in protein profile in presence of D
2
O

using an D
2
O adapted and parent strain. The genotypic confirmation of G. anatis was done

with PCR through observation of three band of different molecular weight by gel electrophoresis

due to presence of internal transcribed spacer region (ITS) separating the 16s and 23 gene.

Gallibacterium anatis growth at different levels of D
2
O in growth medium and differences in

growth of D
2
O adapted and parent strains were observed with reference to colony morphology,

haemolytic zone, growth patterns in liquid thioglycollate medium, and microscopic morphology

of bacteria.
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In presence of heavy water in growth medium G. anatis took longer time to grow

than without D
2
O. On increasing the concentration of the heavy water (10%, 20%, 30%,

50%, 75%, 90% and 99%) prolongation of lag phase was evident. However, when 50%

water contents of medium were replaced by D
2
O growth was much better than at other

concentration of D
2
O in growth medium. Even D

2
O adapted strain grew better in medium

without D
2
O.

Both adapted as well as non-adapted G. anatis strains survived at 60°C for 2 minutes

but not for 3 minutes, while at 55°C for 15 minute but not for 16 minute, irrespective of

adaptation to grow in D
2
O.

Irrespective of adaptation to grow in D
2
O survival at 37°C was for the longest periods

(119days) in comparison to other temperatures as at 45°C, 25°C and 10°C. On storage in

presence of D
2
O, survival was better at 37°C than at 45°C and 4°C suggesting that addition

of D
2
O in storage medium might be helpful to increase the life of bacteria.

Phenotypic differences in parent and adapted strain of G. anatis biovar haemolytica

were observed with respect to colony morphology, haemolysis zone, Congo red dye binding,

haemagglutination patterns, drug resistance, ability to grow in anaerobic environment and

presence of Congo red dye and bile salt, and in activity of efflux pump. At molecular level

effect of adaptation was evident in protein profiles of the two strains.

With the increase passage level of the parent strain in D
2
O inactivation of efflux pump

was more and more evident and finally got inactivated. Congo red dye binding assay was

negative for parent strain but brown to dark brownish colonies of adapted strain (51H) was

observed. Mannose sensitive haemagglutination (MSHA) of pig erythrocyte was detected

with parent G. anatis strain while MSHA tanned dog erythrocyte was detected with adapted

G. anatis strain only. Antibodies against boiled and formalized antigen of G. anatis were

detected in poultry, pig and goat serum with agglutination titres ranging from <2 to 128.

6.1. Conclusion

Heavy water induced changes in phenotypic characteristics of G. anatis both at

macroscopic and molecular levels. Detection of G. anatis antibodies in serum of healthy
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poultry birds (23/70), Pig (8/7) and Goat (8/8) indicated prevalence of infection in birds and

animals in Bareilly region. The study revealed that G. anatis can adapt easily to grow in D
2
O

and probably in other stressful environment too. Adaptation to grow in presence of D
2
O not

affected survival of G. anatis at different storage temperature, however, caused reduction in

MIC of azithromycin, chloramphenicol and increase in MIC of ampicillin and ciprofloxacin.

Though growth of G. anatis was slower in presence of D
2
O irrespective of adaptation or no-

adaptation, adapted strain grew much faster than parent strain in presence of D
2
O, similarly in

presence of 0.01% to 0.03% Congo red dye in growth medium. The adapted strain of G.

anatis also grew in presence of bile salt while parent strain failed to grow. Protein profiling of

adapted and parent strain of G. anatis revealed that some of the protein were missing in

adapted while few were missing in parent strain indicating that D
2
O causes either changes in

expression or in molecular weight of protein or in folding of protein molecules affecting migration

of protein in NATIVE-PAGE and SDS-PAGE. Back passage of adapted strain in medium

without D
2
O helped the bacteria to regain the parental protein profile. Study on HA of fresh

as well as tanned RBCs with adapted and  parent strain indicated that adaptation to grow in

presence of D
2
O causes change in HA pattern i.e., expression of fimbriae. Survival of G.

anatis was always better in presence of D
2
O (20% to 99%) irrespective of prior exposure of

D
2
O (adaptation) or storage temperature.


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MINI ABSTRACT

Gallibacterium anatis is an important pathogen of intensively farmed poultry birds causing

loss in production with heavy mortality in broiler chicken and drop in egg production in layers with

increased mortality. Gallibacterium anatis (earlier known as Pasteurella anatis) is resident in the upper

respiratory tracts and the lower genital tracts of healthy chickens. It has been reported to be associated

with bacteremia, oophoritis, follicle degeneration, salpingitis, peritonitis, hepatitis, enteritis, and respiratory

tract diseases in chickens. Due to its fastidious nature, commensal status and with no pathognomonic

lesions in diseased birds G. anatis infection often remains obscure for diagnosis. Poor understanding of

its growth kinetics, environmental survival, epidemiology, virulence factors and pathogenesis work on

development of effective vaccine get obscured. However, once entered it is difficult to get rid of G. anatis

infection on affected poultry farms. Thus to understand more detailed studies on its virulence factors,

growth kinetics and phenotypic characterization is necessary. This study using conventional

bacteriological, serological and molecular method (PCR, cloning and sequencing) revealed the potential

of G. anatis to survive and grow under adverse environment. Gallibacterium anatis biovar haemolytica

included in this study was isolated from heart blood in pure culture from broiler birds dying en masse in

May-June 2015 Izatnagar, Bareilly and in nearby villages (Singh, 2015, IVRI Annual Report 2015-16). The

G. anatis biovar haemolytica isolate got adapted to grow in 99% heavy water (D
2
O, Deuterium oxide). On

comparison of heavy water adapted strain with parent strain (non-adapted) for survival, growth kinetics,

thermal death point, multiple drug resistances and phenotypic characteristics revealed that G. anatis die

at 60oC in 3 minutes and in 16 min at 55oC, irrespective of adaptation However, adaptation to D
2
O lead to

reduction in minimum inhibitory concentration (MIC) of azithromycin and chloramphenicol and increase

in MIC of ampicillin and ciprofloxacin. Irrespective of adaptation, G. anatis survival at 37oC was the best

than at 4oC and 45oC . However survival of adapted strain at 45oC in 99% D
2
O was better than parent

strain. Growth of parent strain at 37oC was faster than the adapted strain but with similar growth pattern.

The growth of parent strain was slower than the adapted strain in media made in 99% heavy water. On

subculture, the adapted strain had more consistent morphology and maintained its bacillary form while

parent strain acquired coco-bacillary form. Delayed formation of string in KOH, better anaerobic growth

in thioglycollate medium, reduced colony size and haemolytic zone, ability to grow in presence of bile

salt and Congo red dye after adaptation to D
2
O were some important changes observed. Besides,

appreciable difference in protein profile and haemagglutination pattern of D
2
O adapted and parent

strains were also evident effects of adaptation to grow in presence of D
2
O. The study concluded that G.

anatis adaptation to grow in presence of D
2
O may cause changes in morphology, growth and virulence

factor expression probably through altering gene expression which needs to be explored further for

explicit understanding of the effect of D
2
O. However, this study has lucidly shown that for storage of G.

anatis at 37oC in presence of D
2
O was much better and may be a used for storage of live vaccines to

enhance their thermo-stability.
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y?kq lkjka'k

l?ku dqDdqV mRiknu iz{ks=ksa esa xSyhcSDVsfj;e ,ukfVl ¼th- ,ukfVl½ ,d egRoiw.kZ jksx tud thok.kq

gS] ftlds dkj.k czk;yj dqDdqVksa esa vf/kd e`R;q ,oa eqfxZ;ksa esa v.Ms ds mRiknu esa deh ds lkFk e`R;qnj esa o`f)

gksrh gSA xSyhcSDVsfj;e ,ukfVl dks igys ik”pqjsYyk ,ukfVl ds uke ls tkuk tkrk FkkA ;g thok.kq LoLFk dqDdqVksa

ds “olu ra= ds mijh ,oa tuukax ds fupys Hkkxksa esa eq[;r% ik;k tkrk gS rFkk dqDdqVksa esa thok.kqjDrrk] fMacxzafFk

“kksFk] iqVd vituu] fMacokfguh&”kks/k] i;qZn;kZ “kksFk] ;d`r “kksFk] vka= “kksFk ,oa “olu ra= dh chekfj;k¡ mRiUu

djrk gSA bldh nqjkjk/; ,oa lgHkksth izd̀fr rFkk jksx xzLr dqDdqVksa esa fof”k’V O;kf/kKkid fo{kfr ds deh ds dkj.k

th- ,ukfVl laØe.k ds funku ds lkFk vLi’Vrk cuh jgrh gSA bl thok.kq ds o`f) cyxfrdh] i;kZoj.k vfLrRo]

tkuindh; Kku] mxzrk dkjdksa ,oa jksx tuu dh vYi tkudkjh ds dkj.k izHkkoh Vhds dk fodkl dj ikuk lansgiw.kZ

gSA xSyhoSDVsfj;e ,ukfVl dk laØe.k fdlh dqDdqV iz{ks= esa ,d ckj gks tkus ij blls NqVdkjk ikuk eqf”dy

gS izLrqr v/;;u esa ikjEifjd thok.kqfod] lhjeh; ,oa vk.kfod ¼ihlhvkj] Dyksfuax ,oa vuqØe.k½ fof/k;ksa dk

mi;ksx dj th ,ukfVl dh laHkkfor vfrthou vkSj izfrdqy okrkoj.k esa thfor jg ldus dh {kerk dk irk yxk;k

x;k gSA bl v/;;u esa th- ,ukfVl tSo Hksn fgeksfyfVdk dk mi;ksx fd;k x;k gS] tks ebZ&twu 2015 esa bTtruxj]

cjsyh] vkSj vkl&ikl ds xk¡oksa ds czk;yj dqDdqVksa ds ân; jDr ls i`Fkd fd;k x;k Fkk ftuls czk;yjksa esa vf/kd

e`R;q gks jgh FkhA th- ,ukfVl dks 99 izfr”kr Hkkjh ikuh ¼D
2
O M~;sVsfj;e vkWDlkbM½ esa fodflr djus ds fy,

vuqdqfyr fd;k x;kA Hkkjh ikuh esa vuqdqfyr miHksn dh rqyuk xSj vuqdqfyr miHksn ls vfLrRo] o`f)cyxfrdh]

rki èR;q fcUnq] nok izfrjks/k] ǹ”; iz:ih fo”ks’krkvksa ds fy, fd;k x;kA th- ,ukfVl ¼vuqdqfyr ,oa xSj vuqdqfyr½

4 ,oa 45% lsfYl;l dh rqyuk esa 370 lsfYl;l ij lcls T;knk o`f) ik;h xbZ rFk 550 ls-xzs- ij 16 feuV ,oa

600 lsfYl;l ij 3 feuV esa ej tkrk gSA 99 izfr”kr Hkkjh ikuh esa vuqdqfyr th- ,ukfVl miHksn ewy miHksn ls

450 lsfYl;l ij lcls T;knk vfLrRo esa jgrk gSA Hkkjh ikuh esa vuqdqyu ds dkj.k ,thFkzksekblhu ,oa

DyksjksQsuhdky ds ,e-vkbZ-lh- esa deh ijUrq ,Eihlhfyu ,oa lhizks¶yksDlkflu ds ,e-vkbZ-lh- esa o`f) ik;h xbZA

99 izfr”kr Hkkjh ikuh ;qDr lao/kZu ek/;e esa vuqdqfyr th- ,ukfVl miHksn ewy miHksn ls T;knk ik;h x;hA

v/k^ lao/kZu ij] vuqdqfyr miHksn dk cSlhyjh vkdkj cuk jgkA tcfd ewy miHksn us miHksn dk vkdkj cuk jgk

tcfd ewy miHksn us dksdks&cSlhyjh :i ys fy;kA Hkkjh ikuh esa vuqdqfyr miHksn esa iksVsf”k;e gkbMªksDlkbM fLVax

dh nsjh ls xBu] Fkk;ksXykbdksysV ek/;e esa csgrj vkok;oh; fodkl] dkWyksuh vkdf̀r ,oa jDrlayh; tksu esa deh]

fiRr yo.k vkSj dkaxksa yky jax dh mifLFkrh esa fodkl djus dh {kerk bR;kfn egRoiw.kZ ifjorZu feykA Hkkjh ikuh

vuqdqfyr miHksn ,oa ewy miHksn ds izksVhu ik”oZ n`”; ,oa jDrk.kq&lewg.k iSVuZ esa i;kZIr varj ik;k x;kA bl

v/;;u ds ifj.kkeksa ls ;g fu’d’kZ fudyk fd th- ,ukfVl  dk Hkkjh ikuh esa lao/kZu djus ls mlds vkd`fr o`f)

,oa mxzrk dh vfHkO;fDr esa ifjorZu “kk;n thu vfHkO;fDr esa varj vkus ds dkj.k gqvkA Hkkjh ikuh dh mifLFkrh

esa th- ,ukfVl dk HkaMkj.k 370 lsxzs- ij vfr mi;qDr ik;k x;kA vr% ikjh ikuh @ ty] fufeZr thfor Vhdk dk

mi;ksx rki&fLFkjrk c<+kus ds fy, HkaMkj.k gsrq fd;k tk ldrk gSA
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APPENDIX

Bacteriological media
BLOOD AGAR

Yeast extract and agar in BHI (Himedia)
Sheep blood 5-10%
Blood agar base first sterilized by autoclaving at 15 psi (1.05Kg/cm2) for minutes and
after cooling to 50°C, blood should be added.

BRAIN HEART INFUSION AGAR (BHI Agar) (BD, Difco)
Calf Brains, Infusion from 200g 7.7 g
Beef Heart, Infusion from 250g 9.8 g
Proteose Peptone 10.0 g
Dextrose 2.0 g
Sodium Chloride 5.0 g
Disodium Phosphate 2.5 g
Agar 15.0 g
Distilled water 1000 ml
Dissolve the ingredient by boiling, sterilize by autoclaving at 121°C at 15 psi (1.05
Kg/ cm2) for 20 minutes and the solution was stored at 4°C.

EOSIN METHYLENE BLUE (EMB) AGAR (BD, Difco)
Peptic digest of Animal tissue       10.0 g
Di-potassium phosphate         2.0 g
Lactose                             5.0 g
Sucrose                                         5.0 g
Eosin-y                                            0.4 g
Methylene blue                               0.065 g
Agar                                15.0 g
Distilled water                        1000 ml
pH 7.2

LURIA-BERTANI BROTH (LBB) (BD, Difco)
Tryptone 10.0 g
Yeast Extract 5.0 g
Sodium Chloride 10.0 g
Distilled water                          1000 ml
pH 7.0



MacCONKEY AGAR (BD, Difco)
Pancreatic digest of gelatin             17.0 g
Peptic digest of animal tissue          1.5 g
Casein enzymic hydrolysate               1.5 g
Lactose                                             10.0 g
Bile salts                                         1.5 g
Sodium chloride                                     5.0 g
Neutral red                                    0.03 g
Crystal Violet                                   0.001 g
Agar                                       15.0 g
Distilled water                                  1000 ml
pH 7.2

MULLER HINTON AGAR (BD, Difco)
Beef Extract Powder              2.0 g
Acid Digest of Casein                     17.5 g
Starch                           1.5 g
Agar                            17.0 g
Distilled water 1000 ml
pH 7.3

MULLER HINTON BROTH (BD, Difco)
Beef Extract Powder                 2.0 g
Acid Digest of Casein               17.5 g
Starch                                    1.5 g
Distilled water 1000 ml
pH 7.3

NUTRIENT AGAR (BD, Difco)
Beef extract                                   10.0 g
Peptone                                           10.0 g
Sodium chloride                                 5.0 g
Agar                                          20.0 g
Distilled water                                      1000 ml
pH 7.2

OXGALL (BD, Difco)
Dehydrated Fresh Bile
100g/ 1000 ml Distilled water



TRYPTIC SOYA AGAR (BD, Difco)
Pancreatic Digest of Casein 15.0 g
Papaic Digest of Soybean 5.0 g
Sodium Chloride 5.0 g
Distilled water 1000 ml
pH  7.3

TRYPTICASE SOYA BROTH (BD, BBL)
Pancreatic Digest of Casein 17.0 g
Papaic Digest of Soybean 3.0 g
Sodium Chloride 5.0 g
Dipotassium Phosphate 2.5 g
Dextrose 2.5 g
Distilled water 1000 ml
pH  7.3

SOLUTIONS BUFFERS FOR AGAROSE GEL ELECTROPHORESIS
a) 0.5 M EDTA (pH 8.0)

EDTA (Disodium dihydrate salt) 18.60 g
Double distilled water 80 ml
The pH was adjusted to 8.0 with NaOH pellets. The volume was made up to 100 ml.

b) 0.5 M EDTA (pH 8.0)
EDTA (anhydrous acid free EDTA 14.61 g
(Molecular Weight 292.24)
Double distilled water 80 ml
The pH was adjusted to 8.0 with NaOH pellets. The volume was made up to 100 ml.

c) Tris-borate-EDTA (TBE) buffer 5X
Tris-base 54 g
0.5 M EDTA (pH 8.0) 20 ml
Boric acid 27.5 g
DW 900 ml
Add DW to make the final volume upto 1000 ml. A working solution of 0.5X used.

d) Ethidium bromide stock solution (10 mg/ml)
Ehidium bromide 100 mg
Distilled water  10 ml
The solution was mixed and stored at 4°C. A concentration of 0.5 mg/ml was used

e) DNA ladder marker
100bp Plus ladder: It contains 12 bands ranging from 100bp to 1500 bp
100bp ladder: It contains 6 bands ranging from 100 bp to 600 bp

f) Isopropanol
Molecular biology grade stored at 4



g) 70 % Ethanol
Dehdrated ethanol 70 ml
TDW 30 ml
Store at 4

MISCELLANEOUS BUFFERS AND SOLUTIONS
AlSEVER’S SOLUTION

Dextrose 2.05 g
Sodium citrate 0.80 g
Sodium Chloride 0.42 g
Distilled Water 100 ml
pH adjusted to 6.1 with 10% citric acid before autoclaving at 10 1bs for 15 minutes.
Filter before used with syringe filter and stored at 4oC until used.

PHOSPHATE BUFFER SALINE (PBS; 0.85 M, pH-7.2)
Sodium chloride (NaCl) 8 g
Disodium hydrogen phosphate 1.16 g
Potassium chloride 0.2 g
Potassium dihydrogen orthophosphate 0.2 g
Distilled water 1000 ml
Sterilized at 151bs pressure for 20 min and stored at 4oC until used.

NORMAL SALINE SOLUTION (NSS; 0.85 M, pH-7.00)
Sodium chloride (NaCl) 8.5 g
Distilled water 1000 ml

SOLUTIONS FOR ESTIMATION OF PROTEIN
Modified Lowry’s Method (for 0.1 to 1 mg / ml protein)

Solution A:1% CuSo
4
.5H

2
O 1 g/ 100 ml distilled water

Solution B: 2% sodium potassium tartarate 1 g/ 50 ml distilled water
Solution C: 0.2 M, NaOH 0.8 g/100 ml
Solution D:  4% Na

2
CO

3
4 g/100 ml

Reagent Mixtures
Solution E: 49 ml each of solution C and solution D and 1 ml each of solution A and
solution B were mixed prior to use.

Standard solutions
1% bovine albumin 0.1 g in 10 ml distilled water
Folin Reagent: To 10 ml Folin Ciocalteau, add 10 ml Distilled water and use it as
reagent F.
Procedure: To 0.5 ml sample containing up to 0.5 mg protein, mix 2.5 ml of reagent
E and keep for 10 min then add 0.25 ml of reagent F and incubate for 30 min at RT.
Measure absorbance at 750 nm.



Lysis Buffer
NaCl 100 mM
TrisHCl 25 mM
pH  8.0

REAGENTS AND SOLUTIONS FOR SDS-PAGE
1. 30% Acrylamide- Bisacrylamide mix

Acrylamide 29.0 g
Bis-acrylamide 1.0 g
Make volume upto 100 ml using distilled water. Mix by boiling and filter. Store at 4°C.

2. 0.5M Tris
Tris  6.05 g
Dissolve in 65 ml of distilled water by gently heating. pH adjusted to 8.8 using 1N HCl
and volume made up to 100 ml with distilled water. Autoclave and store at 4°C

3. 1.5M Tris (PH 8.8)
Tris 18.15
Dissolve in 65 ml of distilled water by gentle heating. pH adjusted to 8.8 using 1N
HCL and volume made up to 100 ml with distilled water. Autoclave and store at 4°C.

4. 10% SDS
Sodium dodecyl sulphate 10 g
Made volume upto 100 ml with distilled water

5. 10% APS
Ammonium per sulphate 100 mg
Make volume up to 100 ml with distilled water. Mix and store at 4°C

6. Tris glycine buffer (5X) (electrode buffer)
Tris base 15.1 g
Glycine 54.0 g
DW 900 ml
10% SDS 50 ml
Adjust volume to 1000 ml and adjust pH to 8.2

7. Sample loading buffer (2X)
Tris HCl (1M, pH 6.8) 3.12 ml
Glycerol 5 ml
10% SDS 10 ml
2-Mercapto ethanol 1 ml
Bromophenol blue 1 mg
Adjust the volume to 25 ml using DW. Mix and store at 4°C

8. Staining solution
Coomassie brilliant blue 1.0 g
Methanol 250 ml
Mix by stirring
Acetic acid 50 ml
Mix and filter through whatman filter paper no. 1 and store at amber coloured bottle.



9. Destaining solution
Methanol 150 ml
Glacial acetic acid 50 ml
DW 300 ml

10. GEL COMPOSITION FOR SDS-PAGE
COMPONENT RESOLVING STACKING

GEL (12%) GEL (5%)
DW 4.9 ml 3.4 ml
1.5 M Tris (pH 8.8) 3.8  ml -
0.5 M Tris (pH 6.8) - 630 µl
30% Acrylamide-Bisacrylamide mix 6.0 ml 830 µl
10% SDS 150 µl 50 µl
10% APS 150 µl 50 µl
TEMED 6 µl 5  µl

11) PROTEIN coloured marker for SDS-PAGE (LONZA)
9 colour bands ranging from 11 kDa to 184 kDa or 10-180 kDa.

REAGENTS AND SOLUTIONS FOR NATIVE-PAGE:
Buffers:
For a 5ml native PAGE stacking gel:
1. 0.375 M Tris-HCl pH=6.8 4.275 ml
2. Acrylamide/Bis-acrylamide(30%/0.8% w/v) 0.67 ml
3. 10% (w/v) ammonium persulfate   (AP) 0.05 ml
4. TEMED 5 μl
 
For a 10ml native PAGE separating gel:

Acylamide percentage 10%
1. Acrylamide/Bis-acrylamide(30%/0.8% w/v) 3.4 ml
2. 0.375M Tris-HCl (pH=8.8) 6.49 ml
3. 10% (w/v) ammonium persulfate   (AP) 100 μl
4. TEMED 10 μl
Sample Buffer for 10 ml (2X):
1. 62.5 mM Tris-HCl, pH 6.8 0.1 g
2. 25% glycerol 2.5 ml
3. 1% Bromophenol Blue 0.1 g
Running Buffer (For 1Litre):
1. 25 mM Tris 3.9 g
2. 192 mM glycine 14.41 g
Note: running buffer should be~ pH 8.3. Do not adjust the pH.



A) Silver staining solution
Fixative:

40% methanol; 10% acetic acid; 50% water
Wash Sol:

30% ethanol in water
Water:

Single and Triple d.i. water
Reductant:

200 mg sodium thiosulfate in 1 liter water
Silver stain:
2 g silver nitrate; 200 µl formaldehyde in 1 liter of water. Wrap bottle in aluminum foil
to prevent light from getting in.

Developer:
30 g sodium carbonate; 5 mg sodium thiosulfate; 500 µl formaldehyde in 1 L water

Stop Sol:
5% acetic acid in water
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