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1. INTRODUCTION

Disease is one of the major hurdles in livestock development
progrﬁmmes. Many age-old infectious diseases affecting the animals and
causing heavy economic loss have been successfully controlled by adopting
suitable prophylactic measures. In spite of this, production loss due to
morbidity interferes with attainment of anticipated output in livestock
industry. Among such diseases “Chlamydiosis” stands as one important

entity.

Chlamydiae are obligate intracellular prokaryotic pathogens of animals
birds and man, exhibiting a wide variety of clinical symptoms. The diverse
diseases caunsed by these organisms are having both public health importance

and economic significance.

In animals, abortion is the most common pathological effect caused by
Chlamydia psittaci. Abortion occﬁrs in late pregnancy as a consequence of
placental necrosis due to colonization of bacteria in the placenta. Ovine
abortifacient C. psiltaci has an affinity for human placenta and thus it is a
specific hazard in pregnant women. Isolation of chlamydial species was
reported from cases of urogenital infections, polyarthritis, encephalomyelitis,
enteritis aﬂd pneumonia, though laboratory investigations indicated only

casual association of these organisms in these conditions.
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Until the twentieth century, based on phenotypic, morphologic and
ecologic traits, Chlamydia was classified as a single genus in the family,
Chlamydiaceae of the eubacterial order Chlamydiales. Now based on the
established taxonomic criteria, including the analyses_ of ribosomal and coding
genes, there is clear evidence for nine different species in the family
Chlamydiaceae in two different genera, namely Chlamydia and
Chlamydophila. Thus, the erstwhile Chlamydia psittaci causing abortion in
animals are now reclassified as Chlamydophila abortus — a species with the
ability to colonize the placenta and primarily be associated with cases of

abortion and weak neonates.

Among the several infectious diseases which include epizootic and
sporadic infection in ewes and other animals, chlamydiosis has been reported
as an important disease from many parts of the world including India. The
reporting of this disease in animals in India had been limited to the states other
than Kerala. But there were few solitary reports (Francis, 1988; Sulochana,
1994 and Mani, 2001) about the occurrence of this disease in this state,
without much indepth studies on the chlamydial species associated with this

condition and characterization.

Realising the ability of C. psittaci (proposed Chiamydophila abortus)
in the causation of a wide spectrum of diseases, the very need for sensitive
reliable and definitive laboratory diagnostic techniques is badly felt. Early

diagnosis of Chlamydiosis is mainly based on direct demonstration of the
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organism in clinical materials and confirmatory diagnosis is through cultural
recovery of Chlamydia in cell culture and embryonated eggs. The C. psittaci
causing abortion and other forms of diseases are shown to exist in
antigenically distinct forms by biotyping, serotyping and the molecular
characterization. Thus, the isolates of C. psittaci from a species or a locality
cannot be easily differentiated based on the usual diagnostic methods
employed for the purpose. But to understand the epidemiology and
epizootiology of chlamydiosis in animals and to discern the phylogenetic
relationship between the species, sophisticated molecular characterization

techniques are essential.

Molecular characterization techniques mainly focus on DNA/RNA
based differentiation to discriminate the strains. The fundamental nature of
these type of analyses reveal precise information since it is the genetic

difference that determines strain variation.

Comparison of the genomic DNA of C. psittaci isolates of diverse
origin by Restriction Endonuclease Analysis (REA) has been accomplished as
an approved technique by McClenaghan et al. (1984) and Rodolakis and
Souriau (1992). It had also been claimed that compilation of the genomic
profiles could indicate the source/route of the incriminating bacteria in the

causation of the disease.

Plasmid profiling has also attracted a disproportionate degree of

research interest because plasmids carry genes which determine many
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interesting features displayed by bacteria like resistance to antibiotics,
virulence, exotic metabolic activity, production of enterotoxins, production of
restriction and modifying enzymes, symbiosis etc. Plasmid profiling helps to
differentiate strains from one another and has proven to be a very

discriminating tool.

There have been reports for and against, about the presence of
plasmids in various strains of C. psittaci. These reports further clairfy the
absence of extra chromosomal DNA in the C. psiftaci isolates causing
abortion (the proposed C. abortus) (Lovett et al., 1980; McClenaghan et al,,
1988; Thomas et al., 1997; Everett, 2000). Hence demonstration of plasmid
may be considered as of taxonomic value in subgrouping mammalian

members of C. psittaci.

The Department of Microbiology, had isolated and partially
characterized C. psitiaci from cases of abortion. To understand and highlight
the epidemiology of this infection, further characterization with regard to the
homology/heterogenity of these isolates has to be established,  This
information will definitely help in chalking out suitable control measures

including development of vaccine against chlamydiosis.

In this context, the present study was designed to compare the genomic
DNA of the local isolates of C. psittaci, employing Restriction Endonuclease
Analysis (REA) in relation to a reference isolate obtained from Himachal

Pradesh.
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An attempt was also made to elucidate the presence of extra

chromosomal DNA in all the strains of C. psitfaci employed in the study.

Parameters included in this study were:

1. Characterization of genomic DNA of C. psittaci local isolates of
animal origin by restriction enzyme analysis, in comparison to isolate

obtained from Himachal Pradesh.

2. Comparative plasmid profile of the isolates.



Review of Literature




2. REVIEW OF LITERATURE

In recent years, interest in the family Chlamydiaceae has increased
because of the wide variety of human and animal diseases caused by this
obligate intracellular bacteria. In animals, one of the most common diseases
encountered with this bacterium is abortion resulting from the placental

infection with Chlamydia psittaci.
2.1 Taxonomic status

Investigation of Chlamydia started in 1907 by Halberstaedter and Von
Prowazek who found characteristic intracytoplasmic microorganisms within a
vacuole in the cells of conjunctival scrapings from human paﬁens with
trachoma. The organism was considered as a protozoa and was conferred the

name Chlamydozoaceae.

In 1930, the causative agent of psittacosis was isolated from human
beings and affected birds (Coles, 1930) and at the same time, organism
resembling the one causing psittacosis, namely lymphogranuloma venereum

(LGV) was isolated in humans (Hellerstorm and Wassen, 1930).

Lillie (1930) named the etiological agent of pneumonia in the owners

of exotic psittacine birds as Rickettsia psittaci.
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Meyer (1960) suggested the name Bedsoria for all the members of the
psittacosis lymphogranuloma venereum group in memory of Sir Samuel

Bedson, who first described the developmental cycle of these organisms.

Moulder (1966) proposed that the organism was bacteria, considering
their unique developmental cycle that completely differed from viral

replication mechanism.

Page (1966) studied all the organisms of psittacosis -
lymphogranuloma venereum trachoma group and assigned them into one
genus Chlamydia, recognising their similarities in morphology, mode _of
replication and the antigenically similar lipopolysaccharide moieties in the

cell wall of these organisms.

Chlamydiae differ from other gram-negative bacterié by their
morphology, developmental cycle and common group antigens, Because of
these characteristics, they were placed in a separate order Chlamydiales which
contains the family chlamydiaceaec and one genus chlamydia with three
species, Chlamydia trachomatis, = Chlamydia psittaci and Chlamydia

pneumoniae (Storz and Page, 1971; Grayston ef al., 1989).

Fukushi and Hirai (1992) proposed the fourth species C. pecorum on
the basis of the results of genetic analysis of chiamydia. Strains were isolated
from cattle and sheep with various diseases including sporadic encephalitis,

infectious polyarthritis, pneumonia and diarrhoea. The levels of DNA-DNA
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homology between C. pecorum and strains of C. psittaci, C. preumoniae and
C. trachomatis were less than 10 per cent. The C. pecorum strains were

distinguished from C. psittaci strains by the results of immunological assays.

Comparison of the Ompl gene of the isolates from genital infection of
Koala with isolates from other animal species revealed that variation in DNA
sequence did exist, suggesting that a reclassification of the organism to other
species or sub-species of C. psittaci based on host origin was essential (Martin

and Gross, 1997).

Analysis of the 16S and 23S rRNA gene sequence revealed that the
order Chlamydiales contained four distinct groups at the family level and that
within the family Chlamydiaceae, were two distinct genera which branched

into nine separate species (Everett and Anderson, 1999).

The order Chlamydiales contains family Chlamydiaceae,
Parachlamydiaceae, Simkaniaceae and Waddleaceae. The family
Chlamydiaceae consist of two genera, Chlamydia and Chlamydophila. The
genus Chlamydia possess three species viz., C. trachomatis, C. suis and C.
muridarum. The genus chlamydophila possess six species, viz., C. psittaci, C.

preumoniae, C. pecorum, C. felis, C. caviae and C. abortus (Everett, 2000).



2.2 Isolation of Chlamydia

Chlamydial organisms are obligate intracellular pathogens which do
not grow on artificial media. Hence isolation is attempted using living media

like embryonated chicken eggs, laboratory animals and cell cultures.
2.2.1 Isolation using chick embryo (CE)

Rake et al. (1940) first identified that the most favourable culture
medium for cultivation and isolation of chlamydia is the yolk sac of

developing chick embryo.

Though embryonated chicken eggs were reported as a universal system
for growing chlamydia, variations in growth characters were reported by Tang

et al. (1957) and Storz (1971).

Incubation of eggs at 37°C to 39°C with 60 per cent humidity was

found to be better for the growth of chlamydial organisms (Page, 1971).

The chlamydial strains infected and multiplied in the endodermal cells
of the yolksac of six to eight day-old developing chicken embryo (Duguid

et al., 1978).

Collier (1984) observed that chick embryo died three to fourteen days
after inoculation. The death pattern was characteristic for a given chlamydial

strain adapted to the yolksac of chick embryo.
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" Jdtse (1984) reported that at least two or three passages of the
chlamydial strain in chicken embryo was required for obtaining sufficient

concentration of the organism.

Page (1984) suggested that the chlamydia multiplying in the lining
cells of the yolksac. produced vascular congestion and haemorrhages in the

membrane.

Krishna and Rajya (1985) observed that the harvested, infected
yolksacs of different isolates of C. psittaci stored at —70°C maintained their
viability upto nine to ten months, while the yolksac preserved at —20°C

retained viability only upto five to six months.

Francis (1988) observed that the chick embryo that died due to
chlamydial infection might be deep red with patchy haemorrhages on the skin,

cyanotic legs and toes.

Sreeramalu et al. (1989) observed that C. psittaci inoculated through
yolksac route of chick embryo produced oedema and congestion of yolksac
membranes, and cherry red diffuse haemorrhage all through the embryo
during initial passages. From the fifth passage onwards the yolksac was thin

and yolk was watery.

Batta et al. (1997) reported that the C. psittaci isolated from
pneumonic cases caused regular death of the chick embryo from third passage

onwards and death of the embryo was more within four to eight days.
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Mani (2001) observed that if the clinical material was having high
concentration of organism, isolation through chick embryo was possible in
first passage itself and those found negative in the primary passage had not

turned out positive in the subsequent passages.

2.2.2 Isolation using laboratory animals

2.2.2.1 Isolation using mice

Storz (1971) reported that most chlamydial agents could infect mice
aged three weeks afler intra nasal instillation. This method was useful for
propagation and isolation of chlamydial strains of human and avian origin.
Attempts to isolate chlamydial agents from field material of other animal

species by intranasal inoculation gave negative result.

Cottral (1978) cautioned the use of mouse for isolation of chlamydial

agents as the species was demonstrated to get latently infected.

Anderson and Baxter (1986) observed that abortion isolates of C.
psittaci inoculated into mouse foot pad produced significant spleenic

enlargement, but was not a satisfactory method for testing the virulence.

Francis (1988) used mice aged three to six weeks and six to eight
weeks for pathogenicity studies. He observed that mortality was more in
younger group. Lesions detected at necropsy included a stringy yellowish
fibrinous exudate on the peritoneal surface, severe congestion of the visual

organs and extensive pneumonia.
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Rodolakis et al. (1989) attempted experimental infection of mice to
reveal variation between isolates from sheep. The chlamydia strains were
inoculated into the foot pad of mice and these were killed six to nine days
after infection. Strains isolated from chlamydial abortions colonized the
spleen and V\;ere termed invasive. The fecal isolates that had not left the
infection site were termed non invasive. In pregnant mice invasive group

produced placental and foetal infection.

Biolatti et al. (1991) reported that mice that had been experimentally
infected with undiluted yolk sac suspension of ovine abortion isolates showed
clinical signs 45 h after infection. They had a rough coat and were not taking
feed and cornered in the cage. Those that had been given diluted yolksac
suspension of 1 in 10, had not produced any clinical signs. But in both groups,

there was spleenic hyperplasia and pneumonia.

Ward and Ridgway (1998) stated that mouse could be infected through
various routes, but intravenous inoculation resulted in rapid death within

hours to few days.

Mani (2001) used mice of three to four weeks for pathogenicity study
of three different C. psiftaci isolates. He observed that the intra peritoneal
inoculation of the caprine strain caused death of micel2 to 15 days post
inoculation (PI) whereas no muortality were caused by bovine strain. He
opined that chlamydial isolates from ruminants were of low pathogenicity for

mice.
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2.2.2.2 Isolation using guinea pigs

Guinea pigs were reported to naturally harbour chlamydial agents and
hence the use of theseanimalb for isolation attempts must be done with caution

(Murray, 1964).

Guinea pigs infected intraperitoneally with chlamydial agent
developed severe fibrinous peritonitis with fever, weakness, progressive
emaciation and possibly death within seven to fourteen days. The necropsy
findings inclu&ed splenoﬁlegaly, hepatomegaly, pulmonary consolidation with

a fibrinous yellow grey mat-like covering of the visceral organs (Storz, 1971).

Guinea pigs were the laboratory animals of choice for bovine and
ovine chlamydial strains because these animals were more prone to pick up
infection even with lesser number of chlamydiae, compared to chicken

embryos (Cottral, 1978).

Page (1981) reported that certain strains of C. psittaci which were
capable of producing death or lesion in mice might not produce infection in

guinea pigs and vice versa.

Francis (1998) used guinea pigs for isolation of C. psiftaci. QOut of the
eight isolates, six produced an acute infection resulting in death of the animal
after 12 to 15 days PI. The remaining two produced latent infection and

extremely few organisms could be isolated from them.
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Mani (2001) used guinea pigs for isolation and pathogenicity studies.
He observed that the two bovine strains were not virulent enough to produce

mortality in guinea pigs, while the caprine strain was moderately virulent.
2.2.3 Isolation using cell culture

The uniformity in susceptibility of cultured cells have potential
advantage over the chick embryo technique for the isolation and propagation
of the chlamydial agent, although the chick embryo yolksac is a more reliable
medium for primary isolation. Several cell lines support growth of a variety
of strains of chlamydia. Investigators have individual preference as to which

cell line and which conditions produce the best result.

Gorden and Quan (1965) described a tissue culture method for the

isolation of agents causing trachoma.

Piraino (1969) reported that chick embryo fibroblast primary cell

culture could be used for isolation of C. psittaci.

Page (1981) reported that both 1.929 and Mc Coy cell line had rapidly

growing cells that supported growth of most chlamydial strains.

Johnson ef al. (1983) described Mc Coy cell line to be more sensitive

for isolation of C. psittaci from abortion cases.

Anderson and Baxter. (1986) preferred BHK 21 cells for the isolation

of ovine abortion isolates.
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Timms ef al. (1988) compared the sensitivity of DNA spot
hybridization and direct immunofluorescence staining with cell culture for
diagnosis of C. psittaci of avian origin. They observed that cell culture was
by far the most sensitive technique for detecting chlamydial infection in low

levels.

Cell lines that supported growth of the organism included L 929,
(Perez-Martinez and Storz, 1985, Everett et al. 1991, Kaltenboeck ef al.
1992) Mc¢ Coy (Gatel et al. 1989, Ho]]and et al., 1990, Denamur et al.1991,
Rodolakis and Souriau, 1992; Amin and Wilsmore 1994), HeLa (Caldwell
et al 1981; Cox et al. 1988; Campbell et al., 1987), BHK 21 (McClenaghan
et al., 1984, Anderson, 1987), Vero (Anderson, 1991) and BGM cell lines

(Meissler and Kraus 1986, Vanrompay et al., 1992).

Vanrompay et al. (1992) compared the sensitivity of three different
cell cultures viz.,, BGM, Mc Coy and Vero cell lines. They reported that
BGM cell line was the most sensitive, followed by Vero and Mc Coy cell

lines.
2.2.4 Enhancement of infectivity of chlamydia in cell culture
Infectivity of the cultured cells can be enhanced by several methods.

Spears and Storz (1979) enhanced the infectivity of C. psittaci for
L 929 cells by cycloheximide treatment @ 0.5 microgram per millilitre of

maintenance medium. They observed a three fold increase of inclusions and
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noticed that infectivity could also increased by treating cells with diethyl

amino ethyl dextran (DEAE-D).

Treatment with cytochalasin B (Evans and Taylor-Robinson, 1979),
cyclic nucleotides and prostaglandins (Ward and Salari, 1980) and colchicine
(Dennis and Storz, 1982) could enhance the infectivity of chamydiae in cell

culture.

Lee and Moulder (1981) used Mc Coy cell line for the growth of
chlamydiae. To increase the infectivity, the cell monoclayer moculated with

chlamydial inoculum was centrifuged.

The success of chlamydial culture depended on the type and age of the
host cell used and on the quality control and expertise of the laboratory

culturing the organism (Vanrompay ef al., 1992).

Amin and Wilsmore (1997) studied the effect of placental extract and
erythritol on growth of C. psittaci in Mc Coy cells. They observed that
erythritol enhanced the infectivity of chlamydiae for Mc Coy celis while

placental extract depressed their growth in this cell line.
2.2.5 Growth characteristics of C. psittaci in infected cell culture

Spears and Storz (1979) reported that the inclusions appeared in L 929
cells infected with C. psittaci 30 h PI as round or oval bodies. The inclusions

produced slight or no change to the host cell until late infection.
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Page (1981) reported that in infected cell cultures cytopathic changes
in the form of rounding, swelling and detachment of infected cells occurred

after two to six days of incubation.

Johnson (1984) observed that faecal isolates produced diffuse

inclusions by 32 h, whereas placental isolates produced inclusions by 42 h.

Anderson and Baxter (1986) observed large, compact, dark staining
inclusions 48 h PI for abortion isolates of C. psittaci in cell culture, while the
arthritis isolates produced diffuse light staining inclusions from 24 h PI

onwards, which later became dark and larger.

Persistent infection of Mc Coy cell line with C. psittaci virulent and
avirulent strains produced different cytopathic changes. The virulence of
virulent strain was not attenuated even after six months of culture, but after
two or three months, avirulent strains became invasive for mice and abortive
for ewes. The invasive strains of chlamydia caused destruction of monolayer

with gigantic chlamydial inclusions (Rodolakis ef al., 1989).

Bollo et al. (1992) detected intracytoplasmic chlamydial inclusions and
scattered elementary bodies in infected McCoy cell line using monoclonat

antibodies.

Griffiths ef al. (1992) observed that the ovine abortion and intestinal
isolates were distinguishable by inclusion development and morphology in

cell culture. Abortion isolates developed compact deeply methylene blue
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stained inclusions which were visible after 41 h and reached maturity around
72 h, whereas ovine intestinal isolates of C. psittaci produced less deeply

staining inclusions that were visible after 24 h and matured within 48 h.

Kaltenboeck and Storz (1992) reported that the C. psittaci isolated
from pigs showed two types of inclusion morphology in cell culture. One
type had finely granular inclusions whereas the other had pleomorphic
reticulate bodies in inclusions. They further reported that when the cell
culture medium containing cycloheximide was inoculated and centrifuged,

there was a 1.5 fold increase in the number of inclusions produced.

Philips and Clarkson (1992) observed that abortion and enteric isolates
of C. psittaci from sheep differed considerably in their growth in ovine
fibroblast cell culture. Abortion isolates could be passaged several times and
produced large inclusions whereas enteric isolates could not be passaged and

produced sparse inclusions.

The ovine abortion and non-abortion isolates of C. psittaci could be
distinguished by analysing the inclusion morphology. The abortion strains
produced compact, helmet-shaped inclusions with well defined margin
whereas the inclusions of non-abortion strains were irregular lobed with

poorly defined margins and had a granular appearance (Markey ef a/., 1993).
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Storz and Kaltenboeck (1993) reported that the chlamydial infectivity
could be determined by counting the inclusion forming units in cell culture 24

to 48 h PI, after staining with Giemsa or Gimenez staining,

Vanrompay et al. (1996) on studying the ultrastructural changes of the
various serovars of avian C. psittaci in BGM cells observed that the most
pathogenic serovars replicated faster and produced larger inclusions with
numerous infectious organisms. The inclusions were scattered throughout the

cytoplasm and induced severe degenerative changes in BGM cells.

Nagal et al. (1997) reported that the chlamydial inclusions or
elementary bodies in Mc Coy cells were visible after 72 h PI. Inclusions were
intracytoplasmic, pink and finely granular ball like structures with bluish

green background when stained by modified Gimenez staining.

Escanlente-Ochoa et al. (2000) compared L. 929 and BGM cell lines
for the development of C. psittaci inclusions in the presence or absence of
cycloheximide and polyethelene glycol. Significant differences were found in
growth of the organism in both the cell lines. Higher number of inclusions
were observed in L. 929 cells, while larger inclusions were found in BGM
cells. Free extracellular inclusions were found in both cell lines towards later
periods of study. Addition of cycloheximide or polyethelene glycol had no

effect on the number of inclusions or their size.
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2.2.6 Confirmation of C. psitfaci in infected cell culture by serology

Several diagnostic methods were reported for the detection of
chlamydia in infected cell cultures. The most specific and sensitive method
was reported to be detection of chlamydia antigen in cycloheximide treated
stationary Mc Coy cells using fluorescent antibody technique (Stamm et al.,

1983; Thomas et al., 1997).

Immunoperoxidase staining was used to detect chlamydial antigen in

mouse L cells infected with C. psiftaci (Shatkin et al., 1976).

Page (1981) reported the use of fluorescein-conjugated antiserum
preparation for specific identification of chlamydiae in tissues of infected

animals and in cell culture.

Anderson (1987) reported the use of indirect immunofluorescence as a

method to detect C. psittaci in embryonic bovine tracheal cells.

Griffiths et al. (1992) and Vanrompay et al. (1994) reported the use of
indirect immunofluorescence for the detection of C. psittaci antigens in

infected Mc Coy cells.

Nagal ef al. (1997) reported that the indirect immunofluoresence with
the group specific monoclonal antibody could result in detection of

intracytoplasmic inclusions.
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2.3 Characterization of C. psittaci isolate
2.3.1 Biotyping

The species of C. psittaci consists of several biotypes which cause
specific infection in divergent species of animals. Studies have indicated that

these agents have distinct serologic, biologic and pathologic properties.

Spears and Storz (1979) subdivided C. psittaci based on their
biological characteristics into eight biotypes. For this the criteria adopted
were the morphology of inclusions and time afier infection at which they
appeared on cell line, effect of chlamydial multiplication on the host cell
cytoskeleton and the change in the number of cells infected in response to

(DEAE-D) and cycloheximide.

Perez-Martinez and Storz (1985) revealed the limited usefulness of
biotyping scheme because considerable experience was required and the

process was very laborious.

Anderson (1986) had also utilized biotyping approach to differentiate

C. psittaci isolates of divergent origin by foot pad inoculation into mice.

Abortion isolates were much more invasive than enteric isolates of
C. psittaci in mice and sheep (Buzoni-Gatel and Rodolakis, 1983, Anderson

and Baxter, 1986, Rodolakis and Souriau, 1989).
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Rodolakis et al. (1989) observed that the mouse model! could be used
for graded differentiation between virulent and non virulent strains of

C. psittaci isolated from ruminants.

2.3.2 Immunological typing techniques

Immunological typing techniques were employed to differentiate
mammalian and avian strains of C. psitfaci. The mammalian strains were

further differentiated into that causing abortion, enteritis or polyarthritis.

Schachter ef al. (1974) used neutralization test based on plaque assay
to differentiate abortion strains from those associated with polyarthritis,

conjunctivitis and encephalomyelitis.

Eb and Orfila (1982) observed the usefulness of micro
immunofluroscence test to differentiate C. psittaci of ovine origin. They were

separated into two antigenic groups.

Perez-Martinez and Storz (1985) immunotyped the different biotypes
of C. psittaci of mammalian origin by indirect micro immunofluorescence

test. They observed a close correlation between immunotypes and biotypes.

Eb et al. (1986) recognised eight immunotypes in C. psittaci based on

micro immunofluorescence test.

Takahashi et al. (1988) classified the avian C. psittaci into three

immunotypes based on indirect immunofluorescence test with monoclonal
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antibodies. He identified that mammalian strains were distinct from the avian

strains.

Puy et al. (1990) reported that serotyping using monoclonal antibodies
could recognise genus, species, subspecies and type specificity of chlamydia,

thus improving the diagnostic efficiency.

Anderson (1991) divided the avian isolates of C. psittaci into four
serovars (turkey, psittacine, pigeon and duck) based on their reactivity to the
monoclonal antibodies. On comparison of avian isolates with mammalian

isolates, it was observed that they were distinctly different.

Souriau et al. (1993) serotyped the C. psittaci strains from ruminant
into two serotypes. Serotype 1 was responsible for inducing abortion whereas

the intestinal strains were serotype-2.

Vretou et al. (1996) classified C. psittaci abortion strains into four

immunotypes based on microimmunoflucrescence test.

Vanrompay et al. (1997) characterized C. psittaci strains using serovar
specific monoclonal antibodies in a microimmunofluorescence test. They

revealed four avian C. psittaci serovars.
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233 Comparison of polypeptide profiles

Caldwell et al. (1981) electrophoresed the purified elementary body
proteins on polyacrylamide gel and demonstrated proteins of molecular

weight 105 kDa, 68 kDa, 57 kDa, 52 kDa and 45 kDa.

Vitu and Russo (1984) reported that the polypeptide profiles of

C. psittaci isolates of ovine, bovine and caprine origin were almost similar.

Buzoni-Gatel et al. (1989) observed that the protein pattern of
C. psittaci invasive and non-invasive strains showed some major differences
at three regions. The invasive strains possessed 96 kDa, 90 kDa and 78 kDa
polypeptides. The 90 kDa band could be regarded as a virulence marker for

invasive strains.

Rodolakis et al. (1989) reported that the invasive and non-invasive
strains differed in their protein profile. Invasive strains had an estimated
molecular mass of 78 kDa and protein bands of molecular mass 96 and

90 kDa.

Baghian et al. (1990) reported that the MOMP of C. psittaci strains
possessed genus-, species-, serovar-, specific epitopes and immune response
to serovar specific epitopes of MOMP predominated when infectious

elementary bodies were used for immunisation.

Cevenini ef al. (1991) reported some difference in the major outer

membrane protein (MOMP) of avian and abortion strains of C. psittaci by
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immunoblot analysis, though high cross reactivity was detected between the
polypeptides of the two strains. The MOMP of avian strain was recognized at
molecular weight position of 40 kDa whereas in abortion strain it was at
38 kDa. A band of 97 kDa was detected in abortion strain but not in avian

strain,

McClenaghan et al. (1991) reported that SDS-PAGE analysis of the
purified elementary bodies of eight isolates of C. psittaci revealed four distinct

profile types. All ovine abortion isolates had similar profiles.

Griffiths et al. (1992) compared placental and intestinal isolates of
C. psittaci of ovine origin. The bands seen at 40 kDa, 49 kDa and 50 kDa in

abortion isolates were not detected in intestinal isolates.

Markey et al. (1993) compared abortion and non-abortion isolates of
C. psittaci. The profiles of the abortion isolates were similar to each other and

readily distinguishable from non-abortion isolates.

Mani (2001) observed that protein profiling could be considered as a

valuable tool in differentiating various strains of C. psittaci.
2.3.4 Genomic DNA analysis by restriction enzyme (RE) digestion

Studies on the nucleic acid of C. psiftaci isolates presented clear
differences in the size distribution of DNA fragments produced by restriction
endonuclease digestion of the genome. The problems faced with RE profiling

technique was that it required large scale culture and purification procedure
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for the isolation of elementary body to yield enough DNA for analysis and

again the profiles presented were complex and difficult to quantify.

Peterson and DelLa Maza (1983) characterised and compared the DNA
from C. psittaci and C. frachomatis using nine restriction enzymes.
Significant difference was noted between the DNA of both species but small

or no difference was noticed between the strains.

McClenaghan et al (1984) compared the DNA extracted from
different isolates of C. psittaci by RE analysis and reported that the technique
represented a valuable additional tool for the taxonomy and epidemiology of

C. psittaci.

Fukushi and Hirai (1989) reported that the chlamydial genus could be
classified into different groups by DNA fingerprinting, using restriction
enzymes. They divided the C. psittaci mto four groups — two avian, one feline
and one ruminant group. The ovine abortion strain belonged to one of the

avian group.

Anderson (1991) examined the genomic DNA of the four avian
serovars of C. psittaci by RE analysis using three enzymes viz., Eco RI, Bam
HI and Pst I. Turkey serovars differed from others by three to four bands with
all enzymes. Duck and pigeon isolates showed only minor differences when

compared with psittacine isolates.
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Rodolakis and Souriau (1992) studied in detail the strains of C. psittaci
isolated from ruminants by RE analysis of the DNA. They observed that the

DNA fragments of invasive strains differed from that of non-invasive strains.

Anderson et al (1996) analysed the genomic DNA of chlamydia
isolated from various mammalian species by Southern blot hybridization and
RE anlysis of DNA amplified by Polymerase Chain Reaction (PCR). The

genomic RE profiles were found to be identical for all the isolates.

Pudjiatmoko et al. (1997a) amplified the DNA samples from
C. psittaci isolates of different origin by Random Amplification of
Polymorphic DNA (RAPD) and obtained eight distinct patterns of feline

origin, five patterns of avian origin and one pattern of guinea pig origin.
2.3.5 Plasmid typing

Demonstration of plasmid in chlamydia led to the possibility of
plasmid typing. Plasmid in both C. trachomatis and C. psittaci were first

reported in 1980 by Lovett et al.

McClenaghan et al. (1984) reported the presence of 7.9kb plasmid in

avian strains of C. psittaci.

Joseph et al. (1986) compared C. psittaci and C. trachomatis plasmids
using RE analysis and southern blot analysis. The size of the plasmids were
6.2 kb and 7.3 kb respectively and the two plasmids were found to be distinct

by RE analysis and partial homology was observed by southern blotting,
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A broad survey to detect plasmids in avian-and mammalian strains of

C. psittaci was done by McClenaghan et al. (1988). They had purified
plasmid DNA from avian strains of C. psittaci and estimated it to be 7.9 kb in
size by REA.A 5.9 kb fragment of this plasmid was cloned and used to screen
a range of chlamydial strains. They observed that while all the avian isolates
investigated bad plasmid, ovine abortion and ovine arthritis isolates lacked
plasmid. But related sequences were detected in infective pneumonitis,
guinea pig inclusion conjunctivitis and ovine conjunctivitis strains and in

C. trachomatis serovar L2.

Timms et al. (1988) demonstrated plasmids with homologous DNA
sequences in avian, ovine polyarthritis and sporadic encephalomyelitis strains
of C. psittaci, but not in Koala kerato conjunctivitis, ovine abortion and feline

conjunctivitis strains. Plasmid size determined was 6.2 to 7.2/7.3 kb.

Girjes et al. (1989) opined that plasmid DNA was not ubiquitous in
C. psittaci and this casted some doubt on the importance of its role in the life

cycle of the organism.

Hugal et al. (1989) compared the DNA sequence in three C. psittaci
plasmids. A plasmid with size 7.4 kb was obtained from Koala strain and
sporadic bovine encephalomyelitis strain. A 6.2 kb plasmid was noticed in

avian C. psitfaci.



29

Restriction mapping and southern blot hybridization revealed diversity
among plasmids obtained from avian, feline equine and guinea pig isolates.
Despite this diversity, they shared some sequence homology which was
mapped to two separate regions in the plasmid molecule. One region showed
high degree of homology between C. psittaci plasmids and also detectable
homology with the C. trachomatis plasmid which might be representing a
common replication coding region for plasmids of this genus (Lusher et al,

1989).

Wills ef al. (1990) characterised the plasmid DNA obtained from

C. psittaci isolated from horse and a single 7 kb band was obtained.

Thomas et al. (1997) determined the complete nucleotide sequence for
plasmids from C psittaci avian strain and compared it with C. pneumoniae and
C. trachomatis. More than 60 per cent sequence conservation was detected.
The plasmid of avian C. psittaci was reported to be 7553 nucleotides in length

and no biological finction was identified for the plasmids.

2.3.6 Polymerase chain reaction (PCR) based techniques

PCR has emerged as one of the most widely used techniques in
molecular biology and for good reason, it is a rapid, simple and reliable tool in
the hands of microbiologist for disease diagnosis. As the PCR technique is
based on production of relatively large number copies of DNA molecule from

the target DNA, its significance as a diagnostic test is all the more high.
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The PCR based characterization of chlamydia mainly depended on the
amplification of the coding region of the MOMP gene followed by the RE

analysis of the DNA.

Pickett et al (1988) determined the complete nucleotide sequence
coding the MOMP of abortion strain of C. psiftaci and compared it with
C. trachomatis. Thirty four per cent nucleotide homology and 65 per cent

amino acid homology were revealed.

Herring et al. (1989) cloned and sequenced the MOMP gene from an
ovine abortion strain. Subsequent RE analysis of the DNA showed that it had
an avian type genomic profile and had sequential divergence from

C. trachomatis.

Zhang et al. (1989) cloned and sequenced MOMP genes from two
C.  psittaci strains, guinea pig inclusion conjunctivitis and
meningeopneumonitis strains. They observed that the similarity between the
MOMP genes of the two strains were about 80.6 per cent. When C. psittaci
was compared with C. frachomatis 68 per cent similarity was observed, thus

indicating their evolutionary homology.

Holland et al. (1990) detected the MOMP gene sequences of three
species of chlamydia using PCR and reported three corresponding genotypes

as C. trachomatis, C. psittaci and C. pneumoniae.



31

Denamur ef al. (1991) illustrated the usefulness of the MOMP gene
restriction mapping in typing chlamydia. They compared the various isolates
of C. psittaci by analysing Alu I restriction patterns of the MOMP gene after
DNA amplification by PCR. He used a pair of nucleotide primers CTU (5'-
ATGAAAAAACTCTTGAAATCGG-3") and CTL (5-CAAGATTTTCTA

GA (T/C) TTCAT (C/T) TT GTT-3") for PCR amplification.

Everett et al. (1991) cloned and sequenced the MOMP genes of
C. psittaci psittacine strains and compared with other strains of C. psiffaci. A
79 per cent identity was obtained with guinea pig inclusion conjunctivitis
strain, 83 per cent with ovine abortion strain and 99 per cent with meningeo-
pneumonitis strain. It was thus confirmed that psittacine and non-psittacine
avian strains were closely related and distinct from guinea pig inclusion

conjunctivitis and abortion strains of C. psittaci.

Frost et al. (1991) used PCR amplification of the coding region of the
MOMP gene, followed by RE analysis of the DNA using 4A/u I and Msp I to

show that the serovars of C. frachomatis could be distinguished.

Kaltenboeck et al. (1991) using two step PCR amplified the MOMP
gene DNA sequences and digested with Hae IIl. They observed a close
relationship between C. psittaci strains of avian and mammalian serovar I,
while those of mammalian serovar seven and eight exhibited distinct
restriction patterns. The other serovars could not be amplified by this

technique.
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Rasmussen and Timms (1991) described that PCR amplification of
chlamydial DNA for conserved sequences of the MOMP gene enabled the

detection of even very few elementary bodies in the clinical samples.

Storey et al. (1992) reported that an isolate of C. psittaci from a
partridge had MOMP sequence related to the abortion strain rather than to the

avian Strain.

Kaltenboeck et al. (1993) amplified a lar,c:r;e part of the MOMP gene
coding region by multiplex PCR and classified all chlamydiae into four
MOMP genotype groups as follows. (1) Trachoma group with C. trachomatis
strain along with porcine isolate and mouse pneumonitis, (2) Pneumonia
group with C. pneumonia and one Koala isolate, (3) psittacosis group with
avian, ruminal abortion, feline pnumonitis and guinea pig strains and (4) the
polyarthritis group with strains isolated from ruminants and pigs suffering

mainly with symptoms of polyarthritis and enteritis.

Sayada ef al. (1994) compared the various strains of C. psittaci MOMP
gene after DNA amplification by PCR and observed genetic relatedness

between various strains.

Griffiths et al. (1995) sequenced the MOMP gene of C. psittaci
abortion strain from cattle and when compared with the type strain of ovine
enzootic abortion, the gene sequence was identical, but different from that of

C. pecorum. Thus it was confirmed as serotype 1.
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Anderson et al. {1996) analysed the MOMP gene of C. psiftaci isolated

from various mammalian species.  The results showed considerable
heterogenity in the DNA sequence in the MOMP gene region of the C. psiftaci
isolated from ruminants and pigs. The porcine strain has more sequence

homology to the C. pecorum and thus the isolate was included in this species.

Hewinson et al. (1997) reported the suitability of PCR assay for
detection of C. psiftaci DNA in clinical samples. The oligonucleotide
primers selected were CPF (5'- GCAAGACACTCCTCAAGCC - 3") and CPR

(5'- CCTTCCACATAGTGCCATC —3".

Martin and Gross (1997) compared the MOMP gene of C. psittaci
isolates causing genital infection in Koala with isolates from other animal
species using PCR amplification and RE analysis. There was immense
variation in the gene sequence of C. psittaci isolates from different species of
animals and also between isolates responsible for different diseases in the
same animal species. Based on this the isole;tes could be classified into

distinct groups.

Sykes et al. (1997) opined that PCR was less time consuming and less
expensive than culture or genomic DNA extraction. The MOMP gene of
C. psinaci feline strains from different partsof world were amplified and
subsequent RE analysis indicated identical restriction patterns thus suggesting
that the feline chlamydial strains causing conjunctivitis were similar

throughout the world.
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Longbottom et al. (1998) identified and isolated the four putative
- MOMP genes from C. psittaci and detected that these four genes were highly

homologous, sharing 82 to 100 per cent similarity with each other.

Yoshida ef al. (1998) amplified the MOMP gene of all the four species
in the genus chlamydia using PCR. Subsequent RE analysis revealed four

distinct patterns.

Bush and Everett (2001) used PCR primers CTU (5-
ATGAAAAAACTCTTGAAATCGG — 3" and TGLY (5~ GGCTACAGC
TCTACCATTGA — 3') to amplify the major outer membrane protein
(MOMP) gene of C. psiftiaci. They observed that the invasive isolates of
various origin shared restriction pattern, thus representing a strictly
homologous group. This was not observed in the non-invasive strains. They

had eight distinct restriction pattern suggesting the heterogenity in serotype-2.

2.3.7 Ribotyping

Weisburg ef al. (1986) sequenced the 16S rRNA gene from C. psittaci
and on comparing with other organisms showed that the organism was an

eubacterium, peripherally related to plantomyces.

Fukushi and Hirai. (1993) analysed rRNA genes of the four chlamydia
species by Restriction Fragment Length Polymorphism (RFLP) and observed

that the RFLP were characteristic for each chlamydia species.
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Herring (1993) amplified 16S rRNA since it was having less variable
genes than MOMP and obtained distinct patterns for C. frachomatis,

C. psittaci, C. pneumonia and C. pecorum.

Petterson ef al (1997) investigated the nucelotide sequences of 16S
rRNA from stra.ins of four species of chlamydia. Genetic homogenity were
identified among the strains. The phylogenetic tree revealed two distinct lines
of descent of the family chlamydiaceae which was built of two main clusters
noted as C. pneumonia and C. psittaci clusters. The C. trachomatis was

identified as a recently evolved species.

Pudjiatmoko et al. (1997b) compared the 16S rRNA sequences of the
different strains of C. psittaci, C. pecorum and C. trachomatis. They
identified eight genetic groups which formed two clusters, First cluster had
C. pecorum, C. pneumoniae and C. psittaci with three genetic groups (one
group with avian, human and ovine strains; two with feline strains and three
with guinea pig strains). The second cluster of C. trachomatis also included

three genetic groups.

Sheehy ef al. (1997) determined the 16S nucleotide sequences of
C. psittaci isolates of various origin. They observed interspecies sequence
conservation. RE analysis of the nucleotide sequence clearly distinguished

the various isolates.
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Takahashi ef al. (1997) determined the nucleotide sequence of 168
rRNA of C. psiftaci avian and mammalian strains and C. pecorum strains.
Sequence comparison revealed the interspecies conservation but diversity
were also noticed suggesting at least four groups within the species of

C. psittaci.

Everett and Anderson (1999) distinguished nine chlamydial species by

PCR-RFLP test of 16S and 23S rRNA.



Materials and Methods
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3. MATERIALS AND METHODS

Analytical grade chemicals procured from Sisco Research laboratory
(SRL), Bombay were used, wherever the source is not mentioned. Glasswares

of Borosil brand and Laxbro brand plastics wére used in this study.

3.1 Revival of isolates

3.1.1 Chick embryo (CE) inoculation

3.1.1.1 Materials

(1) Chlamydia psittaci isolates

a. M-28 — An isolate from liver of an aborted caprine foetus.
b. M-430 — An isolate from lung of an aborted caprine foetus
c. M—121- Anisolate from liver of an aborted bovine foetus

d. P-156 — The infected yolk sac (YS) material obtained from the Department
of Microbiology, Veterinary College, Palampur, Himachal Pradesh as

reference isolate.

All the local isolates were preserved as infected YS material in the
Department of Microbiology, College of Veterinary and Animal Sciences,

Mannuthy.

(i)  Embryonated chicken eggs (CE)
Six to seven day-old embryonated eggs were procured from University
Poultry Farm, Mannuthy. These eggs were obtained from hens fed on

antibiotic free diet.
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3.1.1.2 Method

Viable and healthy CE were selected by candling. The sample
emulsion was prepared from the infected YS material and was brought to
room temperature prior to inoculation. Inoculated 0.25 millilitces of the
sample into the egg through YS route. Five embryos were used for each

sample and incubated at 37°C.

The inoculated eggs were candled daily. The embryos that died within
the first 48 h of inoculation was considered non specific and discarded. Those
embryos which died on subsequent days were chilled by keeping in
refrigerator overnight. The embryos found viable even aﬂc_ar ten days post
inoculation were killed by placing them in refrigerator overnight. Harvesting

of inoculated CE was done on the next day.

3.1.2 Harvesting of inoculated CE
3.1.2.1 Collection of YS
3.1.2.1.1 Materials
(i) Inoculated CE
(it) Calcium — Magnesium Free Phosphate buffered saline (CMF-PBS) (0.15
M, pH 7.2)
Sodium chloride - 8¢

Potassium chloride - 02¢g

Potassium dihydrogen phosphate anhydrous 0.02g

Disodium hydrogen orthophosphate - 1.15g
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Triple distilled water - 1000 ml
Sterilized by autoclaving at 15 Ibs pressure at 121°C for 15 min.

(iii) Sucrose-phosphate glutamate (SPG) buffer with antibiotics (pH 7.2)

Sucrose (0.218 M) - 74.62 g
Potassium dihydrogen phosphate (0.0038 M) - 052¢g
Dipotassium hydrogen phosphate (0.0072 M) - 164 g
Sodium glutamate (0.0049 M) - 082¢g
Triple distilled water - 1000 ml

Autoclaved at 10 Ibs pressure and 110°C for 20 min. This buffer was

supplemented with the following antibiotics.

Streptomycin - 500 pg/ml
Kanamycin - 500 TU/ml
Nystatin - 50 IU/ml
Vancomycin - 100 pg/ml
Gentamicin - 50 pg/ml

3.1.2.1.2 Method

The shell was disinfected with 70 per cent ethyl alcohol. It was opened
by cutting and removing the shell over the air sac region using sterile scissors
and forceps. The shell membrane and the chorioallantoic membrane in the
area of the air sac were removed. With a pair of sterile forceps, the inner
contents were emptied into a sterile petri dish. The YS and the embryo were
washed in sterile PBS. Pieces of YS blotted dry on a blotting paper were used

to prepare impression smears on clean grease free slides.
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The YS so obtained was then suspended in SPG, with antibiotics,

dispersed in sterile vials, labelled and kept at —20°C.,

3.2 Staining of infected YS
3.2.1 Giemsa staining
3.2.1.1 Materials
(i) Impression smears from YS
(i1) Giemsa stain
Prepared by dissolving 0.6 gram of Giemsa stain powder in 50 ml of

glycerol and kept at 55°C to 60°C till the stain powder was dissolved

completely. Then added 50 ml of methanol and allowed to stand for a day.
3.2.1.2 Method

Impression smears prepared from yolk sac membrane were stained by
the slow method of staining advocated by Cruickshank ef al. (1975) with

slight modifications.

The impression smears were fixed using methanol for five minutes.
Then 0.5 millilitre of the stock solution of Giemsa stain was dissolved in 80
ml of distilled water. The smears were then left immersed in this dilute stain
solution for 16 to 18 h. Finally they were washed, dried and then examined

under oil immersion objective,

3.2.2 Modified Ziehl-Neelsen staining (MzN)
3.2.2.1 Materials

1) Impression smears from YS
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(i)  1:10 dilution of Ziehl-Neelsen carbol fuchsin
(iii)  Acetic acid (0.5 per cent)
(iv)  Loeffler’s alkaline methylene blue

3.2.2.2 Method

The smears were fixed by heat and stained with diluted Ziehl-Neelsen
carbol fuchsin for 10 min, then washed in running tap water and decolourised
with freshly prepared 0.5 per cent acetic acid for five seconds. They were
then washed in running water, and counterstained with methylene blue for
one minute, again washed in running water, dried and examined under oil

immersion objective.

3.2.3 Gimenez staining
3.2.3.1 Materials

(1) Impression smears from YS
(i) Primary stain

Stock solution

Solution I
Basic fuchsin - 10g
95% ethanol - 100 ml
Solution 11
Phenol crystals -10g
Triple distilled water - 250 ml
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Solutions I and II were prepared separately and were mixed slowly and
thoroughly. Then added 650 ml of triple distilled water to this mixture and

was incubated at 37°C for 48 h and stored in amber coloured bottle.

(iti)  Phosphate buffered saline (PBS) (0.01 M pH 7.5)

Sodium dihydrogen phosphate (NaH,PO4.2H,0) - 0.15g

Disodium hydrogen orthophosphate anhydrous - 127 g

Sodium chloride - 800¢g

Triple distilled water - 1000 ml
Working solution

Stock solution - 1 part

PBS (0.01 M pH 7.5)- 2 parts

(iv) Counter stain
Malachite green - 800 mg

Triple distilled water - 100 ml

3.2.3.2 Method

The smears were fixed over flame. The slides were flooded with
filtered working solution for 15 min and washed with water. Counter stained
with malachite green for three minutes. Washed the slides with water, dried

and examined under oil immersion.

3.3 Grading of infected YS
3.3.1 Materials

Stained Y'S impression smears
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3.3.2 Method
Grading of infected YS was performed based on the average number of
chlamydial elementary bodies (EBs) present on stained YS smears.

YS (3+): those showing more than 100 EBs per microscopic field in
the stained smear,

YS (2+): those showing about 50 to 100 EBs per microscopic field.

YS (1+): those showing about 10 to 50 EBs per microscopic field.

3.4 Propagation of chlamydial isolates in Mc Coy cell line
3.4.1 Maintenance of cell line
3.4.1.1 Materials

(i) Mc Coy cell line obtained from National Centre for Cell Sciences
(NCSS), Pune

(ii))  Eagles minimum essential medium (MEM)
Ready made medium purchased from Hi-media, Bombay was
reconstituted as per manufacture’s instruction and filtered using millipore

filter (0.2 pm).

(iii) 7.5 per cent sodium bicarbonate in triple distilled water, sterilized by
filtration.

(iv) 025 per cent trypsin (1:250), in CMF-PBS (0.15 M, pH 7.2) and
sterilized by filtration.

(v) A stock solution of five per cent trypsin was prepared in CMF-PBS,
sterilized by filtration through millipore filter (0.2 um), distributed in
small quantities and stored at —20°C. When needed the working
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solution was prepared by diluting the stock solution with CMF-PBS to
give a final concentration of 0.25 per cent.

(vij CMF-PBS(0.15M, pH 7.2) [3.1.2.1. (ii)]
(vil) Foetal calf serum (PAA Laboratories, Austria)

(viii) Cell culture growth medium: Eagles MEM containing 10 per cent
foetal calf serum was prepared and pH was adjusted to 7.2 with 7.5 per

cent sodium bicarbonate.

(ix)  Cell culture maintenance medium: Differ from growth medium in

having five per cent foetal calf serum.

3.4.1.2 Method

The maintenance medium was poured off from the bottle containing
confluent monolayer. The monolayer was washed twice with MEM not
containing serum. Two millilitres of 0.25 per cent trypsin solution was added
to the bottle containing monolayer with gentle shaking and kept at 37°C for
two minutes. When cells started dislodging from the monolayers, added
double volume of maintenance medium and kept at room temperature for five
minutes. The cells were detached from the surface by mechanical disruption
using sterile pepette attached with bulb. A split ratio of 1:3 was employed for
seeding into new tissue culture bottles and the cells were also seeded into test
tubes containing coverslips. Enriched the tissue culture bottles and test tubes
containing cover slips with growth medium at the rate of eight millilitre and
two millilitre respectively. The bottles and tubes were incubated at 37°C.

They were observed daily for the formation of monolayer. When monolayer
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of cell was formed, they were used for further growth with chlamydial

isolates.

3.4.2 Inoculation of cell line
3.4.2.1 Materials

@) Mec Coy cell monolayer in tissue culture bottle and cover slips.

(i)  Chlamydia psittaci infected YS membrane from all isolates processed

for inoculation.
@) SPG[3.1.2.1.1 (ii1)]

(iv)  Cycloheximide — 10 mg dissolved in 10 ml tripple distilled water,

sterilized using millipore filter and stored at —20°C.
(v)  Sterile glass beads

3.4.2.2 Method

Tissue culture bottles with monolayers were selected, the growth

medium was poured off and, then washed with maintenance medium.

Twenty per cent suspension of heavily infected YS (3+) in SPG was
prepared. Centrifuged at 3800 rpm for 15 min. The sediment and the fat
layers were discarded and the middle layer was collected. It was diluted with
maintenance medium at the rate of 1:100. This was used as inoculum. The
monolayer was inoculated with three millilitres of inoculum and was
incubated at 37°C for one hour to facilitate adsorption. The inoculum was
then poured off. The monolayer was washed with maintenance medium and

added maintenance medium containing cycloheximide at a concentration of
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0.1 millilitre per 100 ml at the rate of eight millilitre per bottle. Control cover
slips were prepared simultaneously in which instead of inoculum maintenance

media was added.

All the tissue culture bottles were incubated at 37°C and were
examined at 24 h intervals for a period of 96 h, under an inverted microscope
for evidence of any cytopathic effect (CPE). When the monolayers were
sufficiently infected and produced cytopathic changes, the cells were detached

from the surface using sterile glass beads and collected aseptically.

For infecting cover slip cultures, 0.2 millilitres of inoculum and two
millilitres of maintenance medium containing cycloheximide at a
concentration as above were used. In control tubes maintenance medium
alone was inoculated instead of the isolates. Infected coverslip cultures were
collected at 24 h, 48 h, 72 h, 96 h interval and stained using May-Grunwald
Giemsa stain as well as indirect immunoflorescence technique to appreciate
the cytopathic effect and/or inclusion bodies. The control cover slips were

also stained and studied.

3.4.3 Staining of coverslip cultures
3.4.3.1 May-Grunwald Giemsa staining
3.4.3.1.1 Materials

@) Cover slip cultures
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(ii) May — Grunwald stain

Prepared by dissolving 2.5 gram of May-Grunwald stain powder in
100 ml of absolute methanol and allowed to age for one month.
(ili) Giemsa stain

Prepared by dissolving one gram of stain powder in 66 ml of glycerol

and kept at 60°C till the stain powder got dissolved completely. Then added

66 ml of absolute methanol and kept for a day.

(iv) Methanol
(v) Acetone
(vi) Xylene

(vii) -DPX mountant

3.4.3.1.2 Method

The coverslip cultures were fixed overnight in methanol. They were
stained for 10 min in May-Grunwald stain and for 20 min in 1 in 10 diluted
Giemsa stain. The cover slips were rinsed rapidly in two changes of acetone
and then in two parts of acetone and one part of xylene for five seconds. They
were then placed in one part of acetone and two parts of xylene for one
minute, cleared in two changes of xylene, two minutes each, dried and
mounted with DPX on a clean grease free glass slide and examined for CPE
and/or inclusion bodies under a microscope. The uninfected coverslips each

were also fixed as described above and studied in detail.
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3.4.3.2 Indirect immunofluorescence technique
3.4.3.2.1 Materials
(i) Coverslip cultures

(i)  Antichlamydial group specific monoclonal antibodies (Courtesy Dr.
Buendia, Spain)

(iii)  Rabbit antimouse IgG Fluorescin isothiocyanate conjugate (Bangalore,

Gener)

(iv) PBS(0.15M, pH 7.2) [3.1.2.1 (i1)]
(v)  Glycerol saline
Glycerol - 50 ml
Physiological saline (0.85 per cent) - 50ml
- Mixed and sterilized by autoclaving at 15 1bs pressure for 15 min.
(vi)  Evans blue - 0.5 per cent in CMF-PBS
3.4.3.2.2 Method

The glass coverslips with infected monolayer at intervals of 24 h, 48 h,
72 h and 96 h were fixed in ice cold acetone for five minutes. Antichlamydial
group specific monoclonal antibodies developed in mice was diluted to 1:10
and added to egch monolayer at the rate of 0.1 millilitre and incubated at 37°C
for one hour. Monolayer was then thoroughly rinsed with PBS and triple
distilled water thrice respectively. Allowed to react with 0.1 millilitre of
fluorescin isoﬂliocyanate conjugated antimouse antiglobulins produced in
rabbit at a dilution of 1:30 in PBS and incubated at 37°C for one hour. Nine
parts of the conjugated antiglobulin was mixed with one part of 0.5 per cent

Evans blue before it was used to react with the monolayer culture. They were
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again rinsed well in PBS and triple distilled water. The cover slips were
mounted in glycerol saline to demonstrate chlamydial inclusion bodies.
Uninfected coverslips were also processed as described above and studied in

detail.

3.5 Characterization of chromosomal DNA of C. psittaci

3.5.1 Preparation of purified elementary bodies from infected Mc Coy
cell line

3.5.1.1 Materials
)] Mc Coy cell line infected with C. psittaci iS(;Iates
(i)  Urografin — 76 (Scherring AG, Germany)
(iii))  Tris-potassium chloride (T-KCI) (pH 7.5)
Tris - 20 mM
KCl - 150 mM
Triple distilled water - 100 ml

Autoclaved at 121°C at 15 1bs pressure for 15 min and stored at 4°C.

3.5.1.2 Method

Chiamydia psittaci were harvested from Mc Coy cell line 96 h PI,
when sqfﬁcient numbers of inclusions or CPE were seen. Cells were detached
from culture bottles using sterile glass beads and the suspension was collected.
Ten culture bottles were used per isolate and 10 ml of the cell suspension
obtained per bottle was pooled and homogenized. The suspension obtaiﬁed
was centrifuged at 6000 rpm for five minutes at 4°C to remove the cell debris.

The supernatant were layered on 30 per cent (v/v) urografin-76 diluted with
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T-KCl and centrifuged at 25000 rpm for one hour at 4°C. The pellet was
resuspended in one millilitre of T-KCI. It was layered on 30 to 60 per cent
(v/v) urografin-76 gradients in T-KCl and centrifuged at 25000 rpm for two
hours at 4°C. The diffuse band seen in between 40 and 50 per cent gradient
was collected, diluted with three millilitre of T-KCl and centrifuged at 25000
rpm for one hour at 4°C. The pellet obtained was resuspended in 0.2 millilitre
T-KClI and stored at —70°C. The purity of the suspension was checked by

staining with Gimenez method.

3.5.2 Preparation of purified elementary bodies from infected yolk sac
membrane

3.5.2.1 Materials
() YS (3+) infected with C. psittaci isolates
(1) Hanks balanced salt solution (HBSS)

Readymade medium purchased from Hi-media, Bombay was

reconstituted as per manufacturer’s instruction.
(i)  Urografin-76 (Schering AG, Germany)
(iv) T-KC1(3.5.1.1 —iii)

(v}  Silica gel

3.5.2.2 Method

Twelve yolksac membranes (3+) infected with C. psittaci isolate were
washed in HBSS to remove the yolk completely. Disrupted thoroughly with
sterile silica gel and T-KCl in mortar and pestle and centrifuged at 3800 rpm

for 15 min to remove the coarse sediments. The supernatant collected was
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centrifuged again at 6000 rpm for five minutes to remove the cell debris. The
supernatant collected were layered on 30 per cent (v/v) urografin-76, diluted
with T-KCl and centrifuged at 25000 rpm for one hour at 4°C. The pellet was
resuspended in one millilitre of T-KCl. The remaining procedures done for
purifying the elementary bodies obtained from Mc Coy cell line were
followed here also. The purity of the final suspension-was checked by

staining with Gimenez method.

3.5.3 DNA extraction from purified EBS
3.5.3.1 Materials
() Purified EBS suspended in T-KCl

(i)  Tris-EDTA sucrose buffer (TES) (pH 7.5)

Tris - 20 mM
EDTA - 20 mM
Sucrose - 20 per cent

Triple distilled water — 100 ml

Autoclaved at 10 1bs pressure for 20 min. and stored at 4°C

(iii)  Proteinase K (Genei Private Limited, Bangalore)
A stock solution was prepared by dissolving 10 mg of proteinase K in
one millilitre of sterile triple distilled water and pre incubated at 37°C

for one hour. The stock solution was then stored at —20°C.

(iv)  Sodium dodecyl sulphate (SDS) — 10 per cent solution was prepared in
triple distilled water and stored at room temperature,
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(v)  Phenol-chloroform-isoamyl alcohol (25:24:1 ratio) (Sigma-Aldrich,
USA).

Distilled phenol equilibrated with Tris-EDTA (TE) buffer of pH 7.5

was mixed with chloroform isoamyl alcohol at the said ratio.

(vi)  Chloroform isoamyl alcohol mixture — Chloroform and iscamyl
alcohol mixture in the ratio of 24:1 (V/V) was prepared and stored at

room temperature.

(vii) Tris EDTA (TE) buffer (pH 7.5)
Tris-Chloride - 10 mM
EDTA - 1 mM
Triple distilled water - 100 ml

Autoclaved at 15 1bs pressure for 15 min. and stored at 4°C.

(viii) Distilled ethanol

(ix) Sodium chloride (5 M) (pH 7.5)

Sodium chloride -29.2 gram
Triple distilled water - 100 ml

Autoclaved at 15 1bs pressure for 15 min. and stored at 4°C,

3.5.3.2 Method
The chlamydial suspension was homogenized thoroughly in a glass
homogenizer. Added 300 pl of TES buffer, gently mixed and then added

proteinase K, at a final concentration of 200 pg per ml.
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Mixed gently and incubated at 55°C for one hour,20 ul of 10 per cent

SDS was added to this mixture and incubated at 37°C for three hours. This
solution was extracted with equal volume of phenol-chloroform-isoamyl
alcohol (25:24:1) and centrifuged at 12000 rpm for 15 min. The upper
aqueous phase collected was again extracted with chloroform isoamyl alcohol
(24:1) and centrifuged at 12000 rpm for 15 min. To the upper aqueous phase
collected added 1/20 V of 5 M sodium cilloride. Mixed slowly and added
double volume ethanol. Slowly mixed for 10 min and kept at —20°C overnight.
Centrifuged at 14000 rpm for 15 min. The pelleted DNA was washed with 70

per cent ethanol and resuspended in TE (pH 7.5).

3.5.4 Estimation of purity and concentration of DNA
3.5.4.1 Materials

(i) DNA samples from each isolate

(ii) TE buffer (pH 7.5) (3.5.3.1 —vi)

3.5.4.2 Method

The purity and concentration of DNA were assessed by
spectrophotometry. Ten microlitre of DNA sample suspended in TE buffer
was diluted with one millilitre of sterile triple distilled water. The
spectrophotometer was set to zero with 10 microlitre of TE buffer diluted with
one millilitre of sterile triple distilled water at 260 and 280 nm wavelength.
The DNA samples from each of the isolate were taken in turn in the cuvette

and optical density (OD) was measured at 260 and 280 nm. One OD at 260
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nm was taken as 50 pg per ml of double stranded DNA. Ratio of OD 260/280
indicated the purity of the DNA samples. DNA samples having ratio of less
than 1.8 were again subjected to DNA extraction procedure to obtain

sufficiently pure DNA.

3.5.5 Restriction endonuclease (RE) digestion
3.5.5.1 Materials
(i) Purified DNA from C. psittaci isolates

(ii)  Restriction enzymes (RE) (Genei Private Limited, Bangalore)

Eco RI - 20w/pL ’
10x assay buffer
Bam HI - 10u/ uL
| 10x assay buffer
Hae HI - 10uw/pl
10x assay buffer
Lamda DNA (Genei) - 250 pgfvial

Sequence specificities and source of restriction enzymes.

RE Bacterial source Sequence cleaved
EcoRI E. coli RY 13 5" G'AATTC 3'
CTTAA+G
Bam HI Bacillus amyloliquifaciens H 5 G'GATCC 3'
CCTAG:G
Hae lI Haemophilus aegypticus 5'GG'CC 3'

CGiGG
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3.5.5.2 Method

The purified DNA obtained from each isolate of C. psiftaci was
digested with the restriction enzymes Eco RI, Hae III and Bam HI. Ten
microgram of the purified DNA from each isolate, 10x RE assay buffer of 2x
concentration and RE of two units per microgram of DNA were taken in
eppendorf tubes containing distilled water so that the total reaction volume in
each tube was 20 uL. The digestion mixture was incubated at 37°C overnight
in waterbath. The restriction enzyme activity was then inactivated by heating
at 55°C for 15 min. The samples were prepared for agarose gel
electrophoresis by mixing 20 puL of the RE digest with two microlitre of the

sample dye.

3.5.6 Agarose gel electrophoresis
3.5.6.1 Materials
(i) Agarose (Sigma)
Agarose - 0.8¢g
Tris-borate EDTA buffer — 100 ml
Agarose was dissolved by heating and then cooled to 60°C,

(iii)  Tris-Borate — EDTA buffer (TBE) stock solution (5x) ( pH 8.0)

Tris base - 54g
Boric acid - 275¢g
0.5 MEDTA - 20 ml
Triple distilled water - 980 ml

The stock solution was diluted to 1x before use.
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(iv)  Gel loading buffer

Bromphenol blue - 0.25 per cent

Xylene cyanol - 0.25 per cent
Glycerol - 30 per cent

(v)  Ethidium bromide stock solution
Ethidium bromide - 10 mg
Triple distilled water - 1 ml

The solution was mixed using a magnetic stirrer and the solution was

then dispensed in amber coloured bottles and stored at room temperature.

Ethidium bromide was added at a concentration of 0.5 pg/ml to the

agarose at 60°C.
3.5.6.2 Method

The clean and dry platform edges were sealed with adhesive tape and
the comb was kept in position before pouring the agarose solution into the
glass plate for setting. A gap of one millimetre was provided between the
glass plate and the comb tip so as to form a seal of agarose within the well
formed beneath the comb tip. Agarose solution was left at room temperature
for one hour to set into a gel. The tape and the comb were then removed, the
platform with the gel placed within the tank filled with TBE buffer (1x}, so
that the agarose gel was completely submerged within the buffer. The DNA

digest of each isolate mixed with the sample buffer were loaded into each slot
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of the prepared gel. Lambda DNA digested with Hind III was taken as the

molecular weight standard.

Electrophoresis was carried out at 50 V till the loading dye reached
three fourth of the anode end of the gel. The gel was viewed and

photographed in Alpha imager (Alpha Innotech Corporation, USA).

3.6 Plasmid profile of C. psittaci isolates
3.6.1 Extraction of plasmid DNA
3.6.1.1 Materials

(i) Purified EBS of C. psittaci isolates

(i)  Tris EDTA glucose (TEG) buffer (pH 8.0)

Tris-Cl (pH 8.0) - 25 mM
EDTA (pH 8.0) - 10 mM
Glucose - 50 mM
Triple distilled water - 100 ml

Autoclaved at 10 1bs pressure for 20 min and stored at 4°C.

(iii)  Sodium dodecyl sulphate (SDS) — 10 per cent (3.5.3.1-iv)
(iv)  Sodium hydroxide ™NaOH) (IN) solution

Sodium hydroxide - 4g

Triple distilled water - 100 ml
(v)  SDS-NaOH solution

SDS - 10g

Sodium hydroxide - 02N

Triple distilled water - 100 ml
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The solution was prepared fresh from the stock solution of 10 per cent

SDS and IN NaOH.

(vi)  Sodium acetate solution (3 M) (pH 4.8)
Sodium acetate - 40.81 g
Triple distilled water - 100 ml
pH was adjusted to 4.8 with glacial acetic acid

Autoclaved at 15 Ibs pressure for 15 min and stored at 4°C.

(vii) Distilled ethanol
(viii) TE buffer pH 7.5 (3.5.3.1 —vi)

3.6.1.2 Method

The chlamydial suspension was homogenized in a glass homogenizer.
Added 100 pL of ice cold TEG buffer, mixed thoroughly and kept in ice for
15 min. To this suspension added 200 pl of freshly prepared SDS-NaOH
solution and the contents were mixed gently till the solution became

translucent. Incubated in ice for 15 min.

Sodium acetate (3M) was added at the rate of 150 pL. and mixed gently
and incubated in ice for 10 min. The solution was Ithen centrifuged at 12000
rpm for 15 min at 4°C. The supernatent was collected into a fresh eppendorff
tube and to this added double the volume of ice cold ethanol. Mixed gently
but thoroughly and kept at —20°C over night. The DNA was pelleted by
centrifuging at 14000 rpm for 15 min. The pellet was washed with 70 per cent

ethanol and resuspended in 50 uL of TE buffer.
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3.6.2 Extraction of plasmid from E. coli V 517

3.6.2.1 Materials

(i) E. coli V 517 (Microbial Type Collection Centre) (MTCC Chandigarh)
(ii)  Luria Bertani (LB) Medium (Hi-media)

(iii) TEG buffer pH 8.0 —(3.6.1.1 ii)

(iv)  Lysozyme (Merck)

Five milligram per ml was prepared as fresh solution in TEG buffer
(pH 8.0) :

(v)  SDS-—10 percent (3.5.3.1-1v)
(vip NaOH (IN)-(3.6.1.1-iv)
(vii) SDS-NaOH solution (3.6.1.1. —v)
(viii) Sodium acetate (3M) (3.6.1.1. — vi)
(ix) Distilled ethanol
(x)  TEbuffer pH 7.5 (3.5.3.1 — vi)
3.6.2.2 Method

E. coli V 517 procured from MTCC, Chandigarh was inoculated into
10 ml of LB medium and incubated at 37°C for 18 h with intermittent
shaking. The cells were harvested by centrifugation at 6000 rpm for 20 min at
4°C and then subjected to plasmid extraction as described for C. psittaci,
except that the cell pellet was dissolved in 100 uL. of TEG buffer containing

lysozyme at a final concentration of five milligram per'ml.
3.6.3 Agarose gel electrophoresis of plasmid DNA (Done as per 3.5.6)

E. coli V 517 was taken as the molecular weight standard having eight

plasmids.



Results
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4. RESULTS

4.1 Revival of isolates

4.1.1 Propagation in chick embryo

The four isolates (M-28, M-430, M-121 and P-156) which were
preserved in the Department of Microbiology as infected yolk sac (YS) were
revived by YS route of inoculation at the rate of 0.25 millilitre per egg into six

to seven day-old embryonated chicken eggs.

The isolate M-28 killed the inoculated embryos within five to seven
days Pl where as M-430 killed the embryos between eight to ten days PI. The
other two isolates had not caused mortality within ten days, but the embryos
appeared stunted. The typical changes noticed on the embryo were
haemorrhagic patches on the skin all over the body. The legs were hyperemic.
The YS was thin walled with deeply injected blood vessels. The Yolk was
found to be more liquid than normal (Fig.1). The isolates M-28 and M-430
presented more pronounced lesions on the embryo and YS than P-156 and
M-121. The lesions observed in chick embryo when inoculated with different

isolates of C. psiftaci are presented in Table (1).
4.1.2 Staining of infected YS

The impression smears prepared from the YS membranes revealed

elementary bodies of Chlamydia by different staining reactions.
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The impression smear prepared from YS membrane infected by the
isolates when stained by the slow method of Giemsa staining revealed reddish

purple extracellular elementary bodies in dark blue background.

Modified Ziehl-Neelsen staining presented deep red EB in blue

background but differentiation of the EB appeared to be difficult.

The impression smear from the infected YS membrane revealed pink
stained extracellular EB in bluish green background when stained by Gimenez
method. This staining method was found to be the most suitable one for

differentiation and identification of the EB (Fig. 2).
4.2 Grading of infected YS

Grading of the infected YS was performed based on the average number
of Chlamydial EB present on stained YS smears. The smears prepared from the
YS of embryo that died five to seven days PI had the maximum number of
organisms per microscopic field. The concentration of EB decreased as the age
of the embryo increased. The impression smears which were prepared from
areas of marked éongestion, exhibited varying numbers of EB per microscopic
field. Based on the number of EB present per microscopic field of the stained
smear, grading of the YS into 3+, 2+ and 1+ was done and they were preserved

separately.



Chick embryo eight days PI.
C - Control

| - Infected showing stunting and injected YS vessels

YS impression smear - Gimenez staining (1000X)

revealing chlamydial EBs



Fig.1

Fig.2
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Table 1. Changes in developing CE after inoculation with isolates of C. psittaci

Isolates

M-28

M-430

M-121

P-156

Lesions observed

Death of embryo in five to seven days Pl. The YS
blood vessels deeply injected. Yolk more fluidy than
normal. Stunting of embryo more pronounced.

Haemorrhagic patches all over the embryo.

Death of embryo in eight to ten days. Dwarfing of
embryo, unabsorbed yolk and injected yolk sac blood

vessels noticed.

Death of the embryo not usual within 10 days but yolk
sac haemorrhagic with unabsorbed yolk and stunting

ofembryo noticed.

Death of the embryo not noticed within 10 days.
Moderate congestion of blood vessels supplying yolk
sac. Yolk with a tendency for inspissation. Stunting of
embryo noticed. Haemorrhagic patchy areas on the

skin not exhibited.
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4.3 Propagation of Chlamydial isolates in Me Coy cell line

Me Coy cell line obtained from NCCS, Pune was subcultured into tissue
culture bottles and coverslips. Eagles MEM with 10 per cent foetal calf serum
was used as growth medium. The seeded plates/tubes were incubated at 37° C
and observed at intervals of 24 h for growth characteristics. Confluent
monolayer (Fig. 3) developed 24 h after subculturing. All the four isolates were
used for propagation in Me Coy cell line. The monolayer with inoculum was
incubated with maintenance medium containing cycloheximide (Ipg/ml) at
37°C. The rounding and swelling of cells observed at 24 h interval indicated

the multiplication of C. psittaci in the inoculated cells.

To study the CPE, the coverslip cultures inoculated with the isolates
were stained and examined at 24 h intervals. The control culture tubes in which
maintenance medium was inoculated instead of the isolates, showed no changes

during the observation period and remained as confluent monolayers (Fig. 5, 7).

4.3.1 Staining of coverslip cultures

The coverslip cultures fixed in methanol overnight were stained with
May —Grunvvald Giemsa stain. Hie stained monolayers exhibited specific
cytopathic changes such as rounding and swelling of the fibroblastic cells. The
coverslip cultures inoculated with all the four isolates presented rounding and
swelling of cells by 24 h PI. Clumping of cells with syncytia formation was

additionally presented by the isolates M-28 and M-430 (Fig.4).



Me Coy cell line 24 h PI (May-Grunwald Giemsa Stain - 400X)

Fig.3 Control

Fig-4 M-430 infected showing rounding and swelling of cells



Fig. 3

Fig.4
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The CPE was found progressively increase as time passed.

By 48 h, rounding, swelling and syncytia formation of cells were
prominent with M-28 and M-430 (Fig.6). Similar changes were observed to a
lesser degree in coverslip cultures infected with P-156 and M-121. In these
cultures the clumping of cells were comparatively less when compared to the

changes produced by M-28 and M-430.

Complete rounding of most of the attached cells infected with all four
isolates was observed by 72 h Pl (Fig.8), By this time inclusion bodies (IB)
were noticed in cells inoculated with M-28 and M-430. The IB were seen as
round, dense, pink stained intracytoplasmic structures. They were not discretely
present in cells inoculated with P-156 and M-121. By 72 h Pl the cells
inoculated with M-28 and M-430 started getting detached from the glass

surface.

By 96 h PI, intracytoplasmic inclusions were appreciable in coverslip
cultures inoculated with all the four isolates (Fig.9). Extracellular EB were also
observed in cells that were infected with M-28 and M-430 (Fig. 10). By this

time the monolayers infected by all the four isolates were almost detached.

The CPE in Me Coy cell line after inoculation with different Chlamydial

isolates at 24 h intervals are presented in Table 2.



Me Coy cell line 48 h PI (May-Grunwald Giemsa - 400X)

Control

M-28 infected showing syncytia formation



Fig.5

Fig.6
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Me Coy cell line 72 h PI (May-Grunwald Giemsa - 400X)

Control

M-430 infected showing detachment of cells



Fig 7



Me Coy cell line 96 h PI (May-Grunwald Giemsa - 1000X)

9 M-430 infected showing Chlamydial inclusions

10 M-28 infected showing extracellular chlamydial EBs



Fig.9

Fig.10
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Table 2. CPE in Mc Coy cell line after inoculation with isolates of C. psittaci

Isolate CPE
24 h 48 h 72 h 96 h
M-28 Rounding and | Syncytia Inclusion Inclusion bodies
swelling of formation bodies visible | very clear. Extra
M-430 | cells with pronounced | as pink cellular elementary
syncytia intracyto- bodies also visible.
formation plasmic round | Cell detachment
bodies; cells | from glass surface
started almost complete
detaching
from glass
surface
M-121 | Rounding and | Clumping of | Syncytia Intracytoplasmic
P-156 swelling of cells with formation inclusion bodies
cells syncytia more visible and cells
formation prominent started detaching
started from glass surface
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4.3.2 Indirect immunofluorescence technique

The infected coverslip cultures were subjected to immunofluorescence
reaction at 24 h interval until 96 h. Specific apple green fluorescence was
observed when the infected cells were treated first with mouse monoclonal
C. psittaci antibody and then with antimouse antiglobulin conjugated with
fluorescin isothiocyanate, revealing intracytoplasmic chlamydial inclusions
(Fig.12). The fluorescence was detected from 72 h PI with M-28 and M-430
isolates and maximum fluorescence was detectable by 96 h PI. In the cells
infected with P-156 and M-121, fluorescence was noticed only by 96 h P1. In

control coverslip cultures no specific fluorescence was noticed (Fig.11).

4.4 Characterization of chromosomal DNA

4.4.1 Preparation of purified EB

Purified EB were obtained from both cell culture and YS membrane
harvest. From both the sources sufficient concentration of elementary bodies
could be obtained, though Chlamydiae grown in chick embryo YS membrane

involved lengthier purification procedures.

4.4.2 DNA extraction from purified EB

The method employed for extraction of DNA from EB was successful in

obtaming purified DNA.



FAT stained Mc Coy cell line (400X)

Fig.11 Control

Fig.12 M-28 infected revealing apple green fluorescence



Fig.11

Fig.12
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The DNA extracted from all the four isolates of C. psiftaci was
suspended in TE buffer. The concentration and purity of the extracted DNA of
the four isolates were assessed by spectrophotometry. The optical density (OD)
at 260 nm and at 280 nm for the different isolates are shown in Table 3. The
concentration of DNA in each sample was calculated by the formula OD 260 x
50 (a constant for double stranded DNA) x 100 (dilution factor). The purity of
the DNA was measured by calculating the ratio of OD 260/280 which indicated

absence of extraneous material and hence the purity of the sample.
4.4.3 Restriction endonuclease analysis (REA) of genomic DNA

Pure DNA samples having the OD ratio 1.8 or more were subjected to
restriction enzyme digestion. The DNA extracted from all the four isolates
were digested separately by Eco RI, Bam HI and Hae III enzymes. The DNA
could be digested by all the REs employed in the study when used in two units
per microgram of DNA. When the enzyme digested mixture was
electrophoresed in 0.8 per cent agarose gels containing ethidium bromide
0.5 pg/ml, it presented discrete bands which could be appreciated by UV
illumination. The Hind IIT digested Lambda DNA electrophoresed along with
the DNA digested mixture when used for comparison, the molecular size of
different restriction fragments generated by different enzymes could be
calculated based on the comparative distance migrated by them in the agarose

gel.



Table 3. Concentration and purity of DNA from C. psitfaci isolates
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M-28 M-430 M-121 P-156
OD 260 0.342 0.226 0.309 0.295
OD 280 0.188 0.122 0.168 0.164
Concentration 1710 1130 1545 1475
(ng/ml)
Purity 1.82 1.85 1.84 1.80
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When the electrophoresed gel was viewed in Alpha Imager for reading

the results, fewer number of discrete bands could only be appreciated. But
when the same gel was autoqueried for calculating the molecular size of the
bands, more bands could be discerned with different molecular weights. These
additional bands were detected by the autoanalyses in the diffused zones of the

gel (Fig.13).
4.4.3.1 REA wusing Eco RI

On digestion with Eco RI enzyme the M-28, M-430, M-121 and P-156
isolates yielded eight, nine, ten and nine fragments respectively and the
molecular sizes are listed in Table 4 and diagrammatically represented in

Fig.15.

The molecular sizes of the restriction fragments of the isolates ranged
from 11.1 kbp to 0.2 kbp with respect to M-28, from 12.3 to 0.2 kbp for M-430

from 17.3 to 0.2 kbp for M-121and from 10.6 to 0.2 kbp for P-156.

All the four isolates had five bands in common among them at the 0.2
kbp, 0.3 kbp, 0.7 kbp, 2.0 kbp and 3.3 kbp region. In addition to these bands,
isolate P-156 shared a band withM-121 at 8.3 kbp region and with M-430 at

10.6 kbp region.

The M-28 isolate shared one band with M-430 at 6.8 kbp region.
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Unique fragments were shown at 11.1 kbp and 10.1 kbp region by M-28,
12.3 kbp and 1.3 kbp region by M-430, 17.3 kbp, 11.7 kbp, 6.2 kbp and at 0.8

kbp by M-121 and at 5.7 kbp and 0.6 kbp region by P-156.

4.4.3.2 REA using Hae Ill

The DNA of the isolates M-28, M-430, M-121 and P-156 on digestion
with Hae III enzyme yielded eight, eight, seven and nine fragments
respectively. The molecular sizes are listed in Table 5 and diagrammatically

represented in Fig.16.

The digested DNA presented fragments ranging in molecular sizes from
7.5 kbp to 0.2 kbp (M-28), 8.3 kbp to 0.2 kbp (M-430), 9.1 kbp to 0.2 kbp

(M-121) and 11.7 kbp to 0.2 kbp {P-156) respectively.

Common bands were noticed at 0.2 kbp 0.3 kbp and 2.8 kbp for all the
four isolates. P-156 shared bands with M-430 at 0.8 kbp and with M-28 at
0.4 kbp. M-121 isolate shared bands with M-430 at 4.6 kbp and with M-28 at
0.7 kbp and 2.1 kbp. Unique bands for P-156 isolates were observed at
11.7 kbp, 7.9 kbp, 3.1 kbp and 2.0 kbp region. For M-121 they are noticed at
9.1 kbp, region alone whereas for M-430 at 8.3, 2.2 and 0.9 kbp and for M-28

at 7.5 and 4.2 kbp respectiely.

4.4.3.3 REA using Bam HI

On digestion with Bam HI the DNA of the isolates M-28, M-430, M-121

and P-156 yielded eight, eight, seven and eight fragments respectively. The
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molecular sizes are represented in Table 6 and diagrammatically represented in

Fig.17.

The molecular sizes of the restriction fragments ranged from 10.6 kbp to
0.2 kbp for M-28; 12.3 kbp to 0.2 kbp for M-430; 10.1 kbp to 0.2 kbp for

M-121 and 9.1 kbp to 0.2 kbp for P-156 isolates respectively.

Sharing of bands between all the four isolates were observed at 0.2 kbp
and 0.7 kbp only. P-156 shared common bands with M-28 and M—430 at

0.3 kbp and with M-121 at 9.1 kbp and 4 kbp.

Unique bands were noticed at five region viz. 10.6 kbp, 8.7 kbp,
5.6 kbp, 3.9 kbp and 0.9 kbp molecular size region for M-28 and at 12.3 kbp,
9.6 kbp, 5.9 kbp, 4.2 kbp and 1 kbp for M-430. For M-121 unique bands were
observed at 10.1 kbp, 5.3 kbp and 0.8 kbp molecular size region and for P-156
at 7.9 kbp and 4.9 kbp and 0.6 kbp region respectively.

-

4.5 Plasmid profile of C. psittaci isolates

The procedure for extraction of plasmid DNA from all the four siolates
of C. psittaci employed in the present study could not procure any plasmid
DNA, while with the above procedure the E. coli V517 yielded plasmid DNA.
This was evidenced when the extracts from C. psittaci isolates and E. coli
V517 where subjected to agarose gel electrophoresis. The E. coli V517

generated eight plasmid bands of molecular sizes ranging from 48.1 kb to

1.9 kb (Fig. 14).



Fig.13 Restriction enzyme analysis of chromosomal DNA

Lane 1, 14 - A DNA Hind I1] digest

Lane 2-5 - EcoRI digested genomic DNA. 2 (M-28);
3 (M-430); 4 (M-121) and 5 (P-156)

Lane 6-9 - Hae IIT digested genomic DNA. 6 (M-28);
7 (M-430); 8 (M-121) and 9 (P-156)

Lane 10-13 - Bam HI digested genomic DNA. 10 (M-28);

11 (M-430); 12 (M-121) and 13 (P-156)

Fig.14 Plasmid profile of C. psittaci isolates
Lane 1 - E. coli V517

Lane 2 (M-28); 3 (M-430); 4 (M-121) and 5 (P-156)
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Fig.15 Diagrammatic represen'tation of restriction pattern of C. psittaci

isolates on digestion with Eco RI
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Table 4. REA using EcoRI
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DNA Molecular sizes (kbp) of the restriction fragments of the
fragment isolates
M-28 M-430 M-121 P-156
I -- - 17.3 --
I - 12.3 - --
I -- - 11.7 -
v 11.1 - — -
A" — 10.6 - 10.6
VI 10.1 - — -
Vil - - 8.3 8.3
VIII 6.8 6.8 - -
IX - - 6.2 -
X - - - 5.7
X1 3.3 3.3 33 3.3
Xil 20 2.0 2.0 2.0
X1 - 1.3 - -
X1v - - 0.8 -
XV 0.7 0.7 0.7 0.7
XVI - - - 0.6
XVII 03 0.3 03 0.3
XVIIE 0.2 0.2 0.2 0.2
Total number 8 9 10 9
of fragments




Fig.16 Diagrammatic representation of restriction

isolates on digestion with Hac 111

pattern of C. psittaci
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Table 5. REA using Hae 1]
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DNA Molecular sizes (kbp) of the restriction fragments of the
fragment isolates
M-28 M-430 M-121 P-156

I - - —~ 11.7
b ~ — 9.1 —
il - 83 - -
v - - - 7.9
Vv 1.5 - - -
VI - 4.6 4.6 -
viI 42 - - -
VIl - - - 3.1
X 2.8 2.8 2.8 2.8
X - 2.2 — —
X1 2.1 - 2.1 -
X1 - ~ - 2.0
XIII - 0.9 - -
X1v — 0.8 - 0.8
XV 0.7 - 0.7 -
Xvi 0.4 - - 0.4
XVII 0.3 0.3 03 03
Xvin 0.2 0.2 02 0.2
Total number 8 8 7 9

of fragments




Fig.17 Diagrammatic representation of restriction pattern of C. psittaci

isolates on digestion with Bam HI

I 2 3 4 5
(kbp)
23—
I
9.4 t— 1
Lot b— B
ke n N
2.3 || ]
2.0 [
o [ — ___ —
| L |
i
Lane 1 - % DNA Hind 11T digest
Lane 2 - M-28
Lane 3 - M-430
Lane 4 - M-121

Lane 5 - P-156



74

Table 6. REA using Bam HI

DNA Molecular sizes (kbp) of the restriction fragments of the
fragment isolates
M-28 M-430 M-121 P-156

1 - 12.3 - -
I 10.6 - - -
I - -- 10.1 -
v - 9.6 — -
A" -- - 9.1 9.1
V1 8.7 - - -
VII - - - 7.9
VIII -- 5.9 - —
X 5.6 - - -
X - -- 5.3 -

-- -- -- 4.9
X1 - 42 - -
X1 - - 4 4
X1V 3.9 - - -
XV -- 1.0 - -
XVI 0.9 - - -
XVIL - - 0.8 -
XV 0.7 0.7 0.7 0.7
XIX -- -~ e 0.6
XX 0.3 0.3 - 0.3
XX1I 0.2 0.2 0.2 0.2
Total number 8 8 7 8
of fragments




Discussion
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5. DISCUSSION

Chlamydia psittaci is an obligate intracellular bacterium which causes a
wide variety of clinical syndromes in animals and birds. Among the pathogenic
manifestations, abortion in bovines and ovines in late pregnancy is known to
cause heavy economic loss in livestock industry and is recognized as a world
wide problem. The discrimination of the isolates of C. psiffaci from divergent
origin at the molecular level is essential as variations are shown by different
strains in biological and serological characterization. The present study reports
the results of genetic characterization of local isolates of C. psittaci in

comparison to that of a reference strain obtained from Himachal Pradesh.
5.1 Revival of isolates

All the four isolates used in this study could be propagated in six to
eight day old embryonated chicken eggs by yolk sac route of inoculation and

produced characteristic lesions in YS and embryo.

The lesions seen in the embryo were almost similar for all the isolates.
When compared with uninoculated YS, the infected YS were thin walled,
severely congested and the yolk tended to be more liquid in nature. The typical
changes observed in the embryo included hyperemic legs and toes and patchy
haemorrhages on the skin. Though the lesions on the YS and embryo were

similar with different isolates, the isolate M~28 had more pronounced lesions.
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This isolate, M-28, was the one isolated last and it had been passaged
considerably less number of times when compared to other C. psittaci isolates

employed in this study.

Collier (1984) and Batta ef al. (1997) have also reported a similar death

pattern of the CE as observed in this study.

The lesions on the YS and embryo observed in the present study are in
conformation with the observétions of Page (1984), Francis (1988) and

Sreeramalu et al. (1989).
5.1.1 Staining of the infected YS

Impression smears prepared from the YS membrane were stained and
examined to detect Chlamydial EB. Giemsa, modified Ziehl-Neelsen and
Gimenez staining technique were employed. All the staining techniques could
demonstrate successfully chlamydial elementary bodies. Among the three
different staining techniques, Gimenez staining method was found to give more
reliable and consistent results. Storz (1971) and Hanna et al (1974)
recommended the use of Giemsa staining whereas Krishna (1984) and Francis
(1988) advocated MZN staining technique for direct demonstration of
chlamydial bodies in infected materials. However, Katoch (1997) had reported
the Gimenez staining method to be the most suitable one for the demonstration

of C. psittaci in clinical materials/infected tissue.



77

5.2 Propagation in Mc Coy cell line

Schachter and Dawson (1978) suggested that cell culture methods
superseded chick embryo in chlamydial isolation as the latter procedure was
cumbersome and messy. But, for high yield of antigens both the procedures

went hand in hand.

Page (1981) reported that Mc Coy cell lines were having rapidly
growing cells that supported growth of most chlamydial strains and so were

ideal for propagation of C. psittaci from cases of abortion.

In the present study, Mc Coy cell line was used for propagation of

C. psittaci and characteristic growth of organism could be obtained.

When the isolates were passaged in Mc Coy cells, marked CPE were
visible from 24 h onwards. Rounding and swelling of cells were produced by
all the isolates. Formation of syncytia also started by 24 h in the monolayer
infected with M-28 and M-430. By 48 h, synéytia formation were more
pronounced. By 72 h, intra cytoplasmic inclusion bodies started appearing and
were prominent by 96 h and cells were seen to get detached from adjacent ones.
Even extra cellular bodies were visible by this time. Complete dislodgement of

cells from the glass surface occurred at the end of 96 h.

On comparison, the degree and onset of cytopathic changes were faster
in cell lines infected with the caprine isolates viz., M-28 and M-430 as against

the bovine isolates P-156 and M-121.
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Page (1981) reported similar cytopathic changes in cell cultures infected

with C. psittaci in two to six days of incubation. The time required for the
inclusion of CPE as observed in the present study was almost similar to the

observations made by Page (1981).

Spears and Storz (1979) demonstrated intracytoplasmic inclusions in

cells 30 h PI similar to that observed in the present study.

Anderson and Baxter (1986) and Griffiths et al. (1992) also observed
large compact inclusions in infected cell line 48 h PI for isolates causing

abortion which reached maturity by around 72 h.

Katoch (1997) and Nagal et al. (1997) described intracytoplasmic
granular inclusions in Mc Coy cell line 72 h PI. Thus, the observations made in

the present study corroborate with reports by earlier workers.
5.2.1 Enhancement of infectivity of cell lines

Various metabolic inhibitors have been reported to be employed in cell
lines to enhance chlamydial growth and suppress the host cell replication.

These included treatment of cells with Cytochalasin, Mitomycin C,

cycloheximide, DEAE-D etc.

Spears and Storz (1979) enhanced infectivity of cell line to C. psittaci by

treatment with cycloheximide. A three fold increase of inclusions were noticed.
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In the present study, the treatment of Mc Coy cell line with
cycloheximide has resulted in increase of infectivity of all the isolates and was

found to contribute to the development of discrete inclusions.

Dennis and Storz (1982) observed that in vitro infectivity of C. psittaci
of bovine origin had been enhanced by centrifugation. | Physically the
infectivity could be enhanced by the use of centrifugation of cells at the rate of
3000 g or more. This increased the infectivity by a combination of pressure and
directional force, resulting in cell surface changes and reduced the electrostatic

repulsive barriers of cells.

Katoch (1997) used a combination of centrifugation and cycloheximide

treatment to increase the infectivity of cells.
5.2.2 Staining of coverslip cultures

In the present study, May-Grunwald Giemsa staining and indirect
mmmunofluorescence staining techniques were used to confirm the presence of

C. psittaci in cell culture.

Using May-Grunwald Giemsa staining, compact deéply pink staining
intracellular inclusions were noticed 72 h PI which became prominent by 96 h.
Elementary bodies which were lightly pink were also noticed by 96 h. These
bodies were extracellular in nature. Similar observations have been made by

Spears and Storz (1979) and Anderson (1986).
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Thomas et al. (1997), Stamm et al. (1983), Griffiths et al. (1992),
Vanrampay et al. (1994) and Nagal et al. (1997) reported that the Fluorescent
Antibody Technique (FAT) was a superior technique for detection of

chlamydial inclusions in cell cultures.

In the present study, our attempt to demonstrate chlamydia in cell lines
- employing monoclonal antibodies revealed apple green flourescing inclusions
96 h PI in sufficient number to be of diagnostic level. These observations were

in confirmation with those of Vanrampay et al. (1994) and Nagal et al. (1997).
5.3 Characterization of chromosomal DNA

In this study, purified EB of C. psittaci were obtained from Mc Coy cell
and YS membrane. Sufficient concentration of EB was obtained by both the
methods, eventhough chlamydiae grown in chicken embryo yolk sacs required

a lengthier purification procedure as reported by McClenaghan et al. (1984).

The homogenized EB in TES buffer were treated with proteinase K,
followed by SDS and then extracted with phenol-chloroform isoamyl alcohol
mixture. Nucleic acid was precipitated from the aqueous phase by addition of
5 M NaCl and double volume ethanol. The concentration and purity of DNA
extracted from all the four isolates were assessed by spectrophotometry. The
purity of DNA from isolates was more than 1.80. The concentration of DNA

varied from 1130 to 1710 pg/ml for different isolates.
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The procedure of McClenaghan et al. (1984) varied from our procedure

in the first step only. In their study they had treated homogenized EB in TES
buffer containing N-laur=yl sarcosine and proteinase K. But in the present
experiment we have used proteinase K in the first step followed by SDS. We

were able to get enough concentration of sufficiently pure DNA.

5.3.1 REA of genomic DNA

Restriction enzyme analysis is one of the typing methods that has been
used with increasing frequency to identify and differentiate the strains and to

test their homogenity without any ambiguity.

Peterson and Del.a Maza (1983) characterized the DNA from C. psittaci
and C. frachomatis using a panel of nine restriction enzymes and observed
small or no variation between the strains of one species, though marked

difference was noticed between the DNA of different species.

Anderson (1991) reported the use of three restriction enzymes Eco RI,

Bam HI and Pst I to characterise the avian serovar of C. psittaci.

Isolates causing abortion in sheep had been surveyed by RE analysis
(McClenaghan ef al., 1984; Herring et al., 1989) but no convincing variation

within UK isolates had been revealed.

In this study four isolates of C. psiftaci were compared by REA with

Eco RI, Hae Il and Bam HI.
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5.3.1.1 Eco RI profile

Digestion of DNA of isolates with Eco RI resulted in eight, nine, ten,
and nine fragments for M-28, M-430, M-121 and P-156 respectively. The
banding pattern were complex together with poorly resolved fragments. The
DNA of M-28 had presented fragments of their own at 11.1 and 10.1 kbp
region and M-430 at 12.3 and 1.3 kbp region. The M-121 had unique segments
at 17.3, 11.7, 6.2 and 0.8 kbp. P-156 had unique fragments at molecular size of
5.7 kbp and 0.6 kbp. The other fragments of caprine isolates were similar but

different from bovine isolates, especially at higher molecular size range.

McClenaghan etr al. (1984) obtained a low number of discrete fragments
on Eco RI digestion in higher molecular weight range of 10 to 20 kbp whereas
the resolution of smaller fragments were poor. They opined that too many
fragments cut by the enzymes presented difficulty in their analysis and

identification, appearing as poorly resolved bands on electrophoresis.
5.3.1.2 Hae III profile

Hae IIT digestion of the DNA of isolates presented eight fragments for
M-28 and M-430 and seven fragments for M-121. Nine cuts were generated by
this enzyme in the DNA of P-156. The enzyme produced similar bands for all
the isolates at 0.2, 0.3 and 2.8 kbp range. At higher molecular range there was

marked variation among the isolates.
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Rodolakis and Souriau (1992) used this enzyme for comparison of the
various C. psittaci isolates. Minor difference between the fragments were
observed by them. Better resolution of fragments was noticed at lower

molecular range region than at higher levels.

Restriction enzymes with four base recognition sequences produced
fragments too small for effective resolution in low concentration agarose gels
(McClenaghan er al., 1984). Similar results also were observed in the present

study.
5.3.1.3 Bam HI profile

This enzyme digested the DNA of isolates M-28, M-430, M-121 and
P-156 into eight, eight, seven and eight fragments respectively. All the isolates
had bands at molecular size of 0.2 and 0.7 kbp in common. M-28, M-430 and
P-156 had additionally common bands at 0.3 kbp whereas M-121 and P-156
had common bands at 9.1 and 4 kbp regions. Unique fragments were also

observed for different isolates.

Rodolakis and Souriau (1992) obtained almost similar RE digestion
fragments with Bam HI and hence recommended its use in the discrimination of
strains of C. psittaci. The restriction pattern evidenced in this study also

confirm with the observation of the above workers.
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5.4 Plasmid profile of C. psittaci

Lovett et al. (1980) reported the presence of plasmids in C. psittaci.
Later on, McClenaghan et al. (1988) carried out a broad survey to detect
plasmids in avian and mammalian strains of C. psittaci. They observed
plasmids in avian isolates, whereas, certain mammalian isolates were free of

plasmids.

In this study, efforts were made to separate and characterize plasmids
from C. psittaci. Repeated attempts employing the techniques which had
proved fruitful for isolation of plasmids from gram negative bacteria including
chlamydia had failed to detect the presence of plasmids in all isolates. Everett
(2000) also reported the absence of an extra chromosomal plasmid in all strains

of Chlamydophila abortus.

Conclusion

Characterization of chromosomal DNA of C. psittaci by REA revealed a
near homogenity among the isolates. The lack of plasmids in all isolates also
indicate the homogenity of their origin and probably the genetic relationship.
Thus, the restriction enzyme digestion analysis with other genetic tools can

better resolve the similarity/dissimilarity among the isolates.

The electrophoresis of digested DNA on PAGE is accredited as an

approved technique for higher resolution of individual fragments. This can
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further delineate the homogenity/heterogenity in C. psittaci. This has been the

approach by McClenaghan et al. (1984).

There are two problems with the RE profiling technique. First, it
requires the large scale culture and purification of EB to yield DNA for
analysis. Second, although small differences can be easily distinguished by eye,

the profiles are complex and difficult to quantify.

These problems can be partially overcome by incorporating the
“Southern blotting™ technique in which the fragment pattern is transferred to a

nitrocellulose membrane and analysed by hybridization.



Summary
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6. SUMMARY

Abortion due to Chlamydia psittaci has caused significant economic loss
in livestock production industry throughout the world. Reports on the
prevalence of the disease in this part of the country had indicated the need for

an indepth study.

The present study was undertaken to unearth differences, if any, among
the various isolates of C. psittaci at molecular level. The pathological
alterations in embryonated eggs, cytopathic changes in cell line, plasmid
profiling and restriction enzyme analysis of genomic DNA were used for

comparison of the isolates.

Four isolates of C. psittaci (M-28, M~430, M-121 and P-156) preserved
in the bepartment of Microbiology were revived by passaging into six to seven
day old developing chick embryo through YS route. The embryos that died due
to specific infection had patchy haemorrhage all over the body and hyperemic
legs. The yolk sac was thin walled with deeply injected blood vessels and
contained thin and watery yolk. Death of the embryo occurred five to seven
days PI for M-28 whereas death occurred in eight to ten days PI for M-430.
The other two isolates had not caused mortality within teﬁ days, -but the
embryos were stunted in growth. The impression smears from infected YS

revealed EB by different staining techniques.
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Marked CPE was exhibited by M-28 and M-430 in inoculated Mc Coy

cell lines. In stained preparations rounding and clumping of cells, syncytia
formation and intracytoplasmic inclusion bodies were noticed. For the isolates

P-156 and M-121 the CPE developed later.

Fluorescent antibody staining technique was used in coverslip cultures
to confirm the identity of the isolates. Specific apple green fluorescing

inclusions were observed which were very prominent by 96 h P1.

The purified EB of each isolate was prepared from infected cell culture
harvest and directly from YS by urografin density gradient centrifugation.
These were used for DNA extraction. The purity and concentration of the
extracted DNA were determined by spectrophotometry.  The DNA
concentration of M-28, M-430, M-121 and P-156 were 1710 pg/ml, 1130

ug/ml, 1545 png/ml and 1475 pg/ml respectively.

Extracted DNA of the four isolates were digested by Eco RI, Hae Il and
Bam HI Electrophoresis was done in 0.8 per cent agarose gel containing
ethidium bromide (0.5 ug/ml) to study the restriction profile of each strain. The
DNA fragments were observed in Alpha imager and photographed. The
molecular sizes of the restriction fragments were estimated by comparison of
the distance migrated by them with that of standard molecular weight marker.
Hind IIT digested Lambda DNA was used as molecular weight marker in this

study.
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All the four isolates of C. psittaci DNA were cleaved into fragments
ranging from eight to ten with slight differences in fragment size on digestion
with Eco RI. The isolates differed mainly in size of the heavy fragments. Most

of the light fragments were similar in size,

On digestion with Hae 1] the number of fragments ranged from seven to
nine. The caprine isolates were having eight fragments each, but fragment size
varied between the isolates. In case of bovine isolates the fragment size and

number differed.

Digestion of DNA of the isolates with Bam HI yielded eight fragments
for all the isolates except M-121 wherein seven fragments were only noticed.

But variation was noticed in fragment size among the isolates.

All the three REs produced some difference in resiriction profile of the
DNA of isolates of C. psittaci and hence these enzymes are found to be useful

in distinguishing the isolates used in this investigation.

The isolates were screened for the presence of plasmids. Repeated

attempts revealed no plasmids at all in any of the isolates.

Hence, the present study revealed that genotyping and plasmid profiling
could be used as an adjunct with other typing methods to differentiate the

strains of C. psittaci in epidemiological studies.
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ABSTRACT

Four isolates of Chlamydia psittaci (M-28, M-430, M-121, P-156)
obtained from ruminant a_bortion were subjected to restriction enzyme analysis
and plasmid profiling to assess molecular level differences/homogenity among
the isolates. The changes produced in developing chick embryo and the
cytopathic effect in Mc Coy cell line by the isolates were also investigatéd in

this study.

The C. psittaci isolates preserved in the Department of Microbiology
were revived by passaging in embryonated chicken eggs through yolk sac route.
Six to seven 'day-lold developing chick embryo were used for propagation of the
isolates. The isolates, M-28 and M-430 were found to produce death of the
embryos within 10 days. The isolates M-121 and P-156 were not able to cause
death within 10 days. The embryosappeared stunted with patchy haemorrhages
all over the body and hyperemic legs. The yolk sac was thin walled, with
deeply injected blood vessels and the yolk was thin and watery. M-28 and
M-430 produced more severe lesions of the inoculated embryoscompared with

the other 1solates.

The isolates were grown in Mc Coy cell line. All isolates revealed
marked CPE, characteristic of C. psittaci, with rounding and clumping of cells

to form syncytia at 48 h PI and formation of intra cytoplasmic inclusion bodies



by 96 h P1. The isolates M-121 and P-156 took more time for the production of
CPE compared with that of M-28 and M-430. The isolates were confirmed as
C. psittaci by fluorescence antibody technique which revealed, apple green

fluorescing chlamydial inclusions in the infected cell line by 96 h P1.

The CE as well as cell line propagated isolates were used as a source of
elementary bodies for DNA extraction. The purified EBs were prepared by
urografin density gradient centrifugation. After obtaining sufficient amount of
EBs, it was subjected to DNA extraction. The isolates M-28, M-430, M-121
and P-156 had DNA concentrations of 1710 ug/ml, 1130 pg//ml, 1545 pug/ml

and 1475 pg/ml respectively.

Restriction enzyme digestion of all the isolates were done separately

with Eco RI, Hae I1] and Bam HI.

Eco RI cleaved DNA of the isolates M-430 and P-156 into nine
fragments, M-28 into eight and M-121 into ten fragments respectively. The
molecular size of bands for all isolates had variation in heavier fragments.

Common bands were observed at five regions for all isolates.

Hae I1I cleaved the caprine isolates into eight fragments and the bovine
isolate M-121 into seven and P-156 into nine fragments. Variation could be

observed on the molecular size of the fragments.



Bam HI digested all isolates except M-121 into eight fragments. For
M-121, seven fragments were obtained. Common bands were noticed at 0.2

and 0.7 kbp region.

All enzymes were found to be useful in the differentiation of C. psittaci
isolates as these REs produced variation as well as similarity in the restriction

fragment sizes.

Plasmid profiling revealed the absence of plasmids in all the four

isolates screened.

Thus, a combination of phenotypic and genotypic methods could be
used as epidemiological tools in the differentiation of C. psittaci strains of

mammalian origin.





