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Abstract

Background: Cryptosporidium parvum is a parasitic protozoan that functions as important
causative agent of diarrhea in human and animals. The host's immune response to surface anti-
gens of C. parvum has been previously demonstrated. In this respect, the role of humoral immu-
nity in the development of host protective immunity against this protozoon has been well demon-
strated.

Methods: The effect of specific chicken egg yolk antibody (IgY) against recombinant C. parvum
P23 was examined. IgY sample was prepared from eggs of chickens immunized with recombi-
nant C. parvum protein p23 and analyzed with C. parvum lysate and recombinant P23.

Results: The anti P23 specific IgY was recognized a protein band with approximately 23 kDa in
lysates prepared from the C. parvum oocysts. Also dot blot analysis of recombinant P23 showed
that it could be recognized by the anti P23 specific IgY up to 1/1000 dilution of antibody. But the
best antibody dilution for immunological studies was determined as 1:200.

Conclusion: Since P23 is an immunodominant surface glycoprotein expressed in the early phase
of infection, specific IgY against recombinant p23 could be recommended as a favorable candi-
date for passive immunization against C. parvum infection in human and animals.
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Introduction
ryptosporidium  parvum  causing
cryptosporidiosis is a coccidian
parasite  that infects intestinal

epithelium in a wide variety of mammalian
including human.

Millions of oocysts of C. parvum can be re-
leased from infected human and animal into
the environment and can contaminate soil,
food, water or surfaces contaminating with
the feces harboring oocysts. Due to this, C.
parvum is a significant health care problem
because no practical disinfectant is available
for destroying the parasite and due to its
small size the oocysts are difficult to remove
from water using standard filtration proce-
dures. The oocysts can also remain viable
for several months under a wide range of
environmental temperatures (1-5).

The disease causes a great economical loss in
cattle industry and serves as one of the major
causes of diarrhea in neonatal calves, lambs and
goat kids (4-8). Cryptosporidium is rarely lethal
but in immunocompromised patients such as
AIDS patients can lead throughout to the death
of patients. It is believed that infective dose of
this agent is less than 10 oocysts and most
probably one organism can initiate an infection.
The incubation period is up to 12 days with the
average of 7 days and asymptomatic infection
is common (8). Until now, there are no effec-
tive methods of treating or preventing C. par-
vum infection in animals or human (6-10). Pas-
sive immunization with bovine hyperimmune
colostrum or monoclonal antibodies has been
used for treatment of cryptosporidiosis in both
animals and human (4, 7). Although these anti-
bodies resulted in reduction of oocyst shedding
and improvement of clinical signs, no antibody-
based products have been marketed until now.
The main problems for development of these
antibody products are high production cost and
the difficulty in achieving high and stable anti-
body titers. Chicken egg has been known as a
cheap and convenient source for mass produc-
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tion of specific antibody (11). Egg yolk anti-
body, or IgY, has been used extensively for
treatment and prevention of various infections
in animals and human with mixed successes
3).

The aim of this study was to produce spe-
cific IgY against recombinant p23 that
recognized a protein band with approxi-
mately 23kDa in lysates prepared from the
C. parvum oocysts.

Materials and Methods

Preparation of recombinant protein P23

Formerly, the recombinant P23 cDNA-
pGEX- 5X-2 was cloned in the Department
of Parasitology, Faculty of Veterinary Medi-
cine, University of Tehran, Iran (12). In this
study, the recombinant E. coli colons were
separately grown and the plasmids were iso-
lated using plasmid isolation kit (MBST, Te-
hran, Iran). The presence of insert DNA in
pGEX- 5X-2 was controlled using primers F
and R derived from the flanking region of
multicloning site in vector. Moreover, the
extracted plasmid was cut by the restriction
endonucleasis BamH1 to control the size of
the P23 cDNA in vector DNA. After that,
this recombinant plasmid was transferred to
the competent E. coli BL21 and incubated at
37 °C overnight. Five hundred microliter of
overnight — grown transfected E. coli was
incubated in 10 ml LB medium containing 1
mM IPTG and 10 pl ampicillin ( 100 mg /
ml ) for 3h under shaking condition for
expression of the recombinant protein . The
GST - recombinant P23 protein was purified
with purification module microspine GST kit
and the P23 was then cleavaged from GST
using factor Xa enzyme (Amersham, USA )
according to manufacture’s instruction. The
GST- recombinant P23 protein and pure re-
combinant P23 protein were analyzed by
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SDS- PAGE. The P23 was additionally ana-
lyzed with cryptosporidium positive serum
by western blotting.

Anti P23 specific IgY production:

Twelve 28-week-old white leghorn hens
(Tehran, Iran) were used. The hens were
housed in two 6 hens groups in separated
cages. One group was used for the
immunization with P23 and the other group
functioned as control group. Six microgram
(137ul) of P23 was mixed with 113 ul PBS
7.2. The resulted solution was then emulsi-
fied with an equal volume (250ul) of
Freund’s complete adjuvant and injected into
pectoral muscle of each chicken from test
group.

The hens were boosted two weeks after the
first immunization with the second injection
composing of 250 ul P23 (6ug) in PBS 7.2 +
250 pl incomplete Freund’s adjuvant. In
control group same injections were done
with PBS instead of P23 antigen. The hens
were boosted again 2 days after the second
immunization with the same condition as the
second immunization. Finally, the eggs were
harvested 7 days after the third immuniza-
tion (13).

Purification of IgY from egg yolk

Egg yolks were separated from egg whites,
washed with distilled water to remove as
much albumen as possible, and rolled on pa-
per towels to remove adhering egg white
(14).

Based on Tini et al. (2002) the yolk was
brought to 25 ml with sodium phosphate
buffer (100 mM, pH 7.2) and vigorously
mixed. Subsequently, chloroform (20 ml)
was added and the mixed. The mixture was
shaken until a semisolid phase was obtained.
After centrifugation at 1200xg for 30 min,
the supernatant was decanted and solid poly-
ethylene glycol 6000 was added to a final
concentration of 12% (w/v). Following cen-
trifugation at 15700xg for 10 min, the pellet
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containing the antibody was resuspended in
2 ml of sodium phosphate buffer and exam-
ined in SDS-PAGE. The purified IgY
concentration in egg yolk determined by
spectrophotometer (Biorad,USA) and Brad-
ford method. Finally, the IgY antibodies
were stored at -20°C until use (15).

Immunization of rabbits with chicken IgY

Two 4-6 month old rabbits (Razi Institute,
Karaj, Iran) were immunized intramuscu-
larly with 0.5ml purified IgY, 2 times with
2- weeks interval. The first immunization
was performed using emulsion of 0.5 ml
purified IgY and 0.5 ml complete Freund’s
adjuvant and the second immunization was
performed with emulsion of 0.5ml purified
IgY and 0.5ml incomplete Freund’s adjuvant
(16). Two days after the second immuniza-
tion, serum was prepared from the immu-
nized rabbits and stored at -20 °C until used.

Evaluation of rabbit anti IgY

One micro liter of IgY, chicken's serum, goat
serum and bovine serum were dotted on the
one corner of each Ix 1 cm square
nitrocellulose membrane. As negative con-
trol, purified Theileria sp. antigen was used
and dotted on other site of the square diago-
nal to the first dots. Serum from the immu-
nized rabbit with IgY was used in 1:200
dilutions for screening. Briefly, the dot blot-
ted nitrocellulose membranes were incu-
bated in 3% skim milk in TBS buffer (20
mM Tris base and 0.15 M NaCl in H,O)
containing 0.05% Tween 20 for 1h at RT to
block the free binding sites on the mem-
branes. Subsequently, the membrane was
incubated in the prepared rabbit anti IgY
(1/200 in TBS containing 0.05% Tween 20)
for 1h at room temperature (RT). The mem-
brane was then washed three times with TBS
containing 0.05% Tween 20 for 5 min at RT.
After that horseradish-conjugated goat anti-
rabbit Ig (Dako, Denmark) (1:2000) were
added to the washed membrane and incu-
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bated for 1h at RT. After incubation, the
membrane was washed three times as de-
scribed above. The positive reaction was
developed using DAB (Sigma, USA) as sub-
strate under visual observation within 5 min.

Evaluation of hen anti P23 IgY

One micro liter of recombinant P23 was
doted on one corner of a 1x1 cm square
nitrocellulose membrane .As negative con-
trol purified Theileria sp. was used. After
that the free binding sites on the membrane
were blocked with 3% skim milk in TBS
buffer (20 mM Tris base and 0.15 M NaCl in
H20) containing 0.05% Tween 20 for 1h at
RT. Subsequently, the membrane was incu-
bated in a corresponding diluted hen anti
P23 IgY (1/100, 1/200, 1/500, 1/800, 1/1000,
1710000 in TBS containing 0.05% Tween
20) for 1h at RT. The membrane was then
washed three times with TBS containing
0.05% Tween 20 for 5 min at RT. Then
membrane was incubated in diluted rabbit
anti IgY (dilution 1/200 in TBS containing
0.05% Tween 20) for 1h at RT. The mem-
brane was then washed three times with TBS
containing 0.05% Tween 20 for 5 min at RT.
After that horseradish-conjugated goat anti-
rabbit Ig (Dako, Denmark) (1:2000) were
added to the washed membrane and incu-
bated for 1h at RT. After incubation, the
membrane was washed three times as de-
scribed above .The positive reaction was
developed using DAB (Sigma, USA) as sub-
strate under visual observation within 5 min.
In all experiments IgY from chickens before
first injection and IgY from control group
was used as negative control.

SDS-PAGE and Western blot analysis

C. parvum oocysts were lysed in PBS/PMSF
(ImM) buffer by freeze and defreeze and
sonication (amplitude 70%, 0.5 cycles, Dr.
Hielscher GmbH, Germany). The debris was
removed by centrifugation at 12,000 xg at 4°
C for 20 min. Supernatant was collected and
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used for SDS-PAGE and Western blotting
(Lorenzo et al.1993). The prepared lysate
from oocysts, the P23-GST fusion protein,
and recombinant P23 were separated in 12%
SDS-PAGE. The protein bands were either
stained with Coomassie brilliant blue solu-
tion (0.1g Coomassie brilliant blue in 50%
H20/40% methanol/10% acetic acid) or
transferred to the nitrocellulose membrane
using Semi Dry trans-blotter (BioRad,
USA). The western blot analysis was per-
formed with 1:200 diluted anti P23 IgY as
described above. In all experiments IgY
from chickens before first injection and IgY
from control group was used as negative
control.

Results

PCR analysis of recombinant P23 cDNA-
pGEX- 5X-2 with the primers F/R resulted
in the expected PCR product of 495bp.
BamH I restriction endonuclease analysis of
recombinant P23 cDNA-pGEX- 5X-2 re-
sulted in the expected DNA fragment of
342bp (P23 cDNA) in length (Fig. 1D). Af-
ter induction of E. coli transfected with
recombinant P23 c¢cDNA-pGEX- 5X-2, the
GST-recombinant P23 and recombinant P23
were isolated and analyzed on SDS-PAGE.
The SDS-PAGE analysis showed the ex-
pected 43 kDa protein band for GST-P23
(Fig. 1B) and a 23kDa protein band for
recombinant P23 (Fig. 1C). Fig. 1A showed
the SDS-PAGE analysis of lysate prepared
from E. coli transfected with recombinant
P23 cDNA-pGEX- 5X-2 without induction.

After purifying of IgY from egg yolk, the
IgY concentration in egg yolk determined by
spectrophotometer ( Biorad, USA) and Brad-
ford method. The analysis showed 9.7 mg
IgY in ml of egg yolk. Other investigators
have determined the amount of specific IgY
within egg yolk as 2 to 10 % (17, 18). The
SDS-PAGE analysis of purified IgY under
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reducing  conditions  (with 5%  B-
mercaptoethanol) showed two bands of 67
and 25 kDa (Fig. 2B). Fig. 2A showed the
SDS-PAGE analysis of crude yolk extract.
Since horseradish-conjugated anti IgY was
not available for Dot blot and western blot
analysis, rabbit anti IgY was first prepared
using isolated IgY to detect the P23 positive
bands with horseradish-conjugated anti rab-
bit Ig in sandwich procedure. For this aim
the rabbit anti IgY was first evaluated with
serum from hen, goat and bovine, to ensure
that the antibody can recognize specific the
hen immunoglobulin. Fig. 3 part A, showed
that the serum prepared from rabbit immu-
nized with hen IgY could recognize the IgY
and serum collected from hen (Fig. 3 a and
b) and could not recognize the serum of goat
and bovine (Fig. 3 ¢ and d), which was ana-
lyzed by dot blot. The results showed that
the serum from immunized rabbit can be
used for further analysis. The IgY from egg
yolk of immunized hens was prepared and

analyzed for presence of specific antibody
against P23. For this aim, different dilutions
of IgY solution were used. Also dot blot
analysis of recombinant P23 showed that it
could be recognized by the anti P23 specific
IgY up to 1/1000 dilution of antibody (Fig.
3B row 1 e) . But the best antibody dilution
for immunological studies was determined
as 1:200 (Fig. 3B row 1 b), which was deci-
sive for the choosing this dilution for further
analysis. Fig. 3B row 2 showed the positive
and negative control. To ensure that the puri-
fied IgY can recognize the P23, lysate pre-
pared from oocysts of C. parvum and
recombinant P23 was analyzed by western
blotting. Western blot analysis showed a 23
kDa protein band by both probes, which de-
note the presence of anti P23 specific IgY in
isolated IgY from egg yolk collected from
hens immunized with recombinant P23 (Fig.
3C).

Tablel: Primers used in this study were derived from pGEX-5X-2 sequences

Primer Accesion No. gene sequence Melting tem-
perature
F U13857 pGEX-5X-2 S'gcatggcctttgcagggctgg3’ 70
U13857 pGEX-5X-2 S'cgaaacgcgegaggceagatc3’ 66
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Fig. 1:

A: SDS-PAGE analysis of E. coli BL21 before expression of recombinant P23 (lane 1).
B: SDS-PAGE analysis of E. coli BL21 after expression of recombinant P23 (lane 1), GST-recombinant
P23 (lane 2).
C: SDS-PAGE analysis of extracted P23 (lane 1 and 2).
M: unstained protein marker.
D: recombinant pGEX-5X-2-P23 was analyzed using restriction endonucleasis BamH I (lane 1), PCR
fragments with primers F and R (lane 2 and 3). Lane 4 amplification of plasmid DNA without insert with
primers F and R, Lane 5 positive control for recombinant pGEX-5X-2-p23. M is 100 bp marker.

12 3 M 12 3 4 M

IsY (heavy chain)

IgY (light chain)

|

Fig. 2: A: Crude yolk extract (lanes 1, 2 and 3), B: reduced IgY extracted by chloroform plus
PEG6000 (lanes 1, 2, 3 and 4). M: unstained protein marker
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Fig. 3:

A: Purified IgY, serum of chicken, goat and cattle was dotted on the lower left site of nitrocellu-

lose membrane a, b, c and d respectively. As negative control Theileria sp. antigen was dotted at

the upper right side of the corresponding membranes. The membranes was analyzed using rabbit

anti IgY

B: P23 was dotted on the lower left site of nitrocellulose membrane a, b, c and d respectively. As
negative control Theileria sp. antigen was dotted at the upper right site of the corresponding
membranes. The membranes was analyzed with different LgY dilutions against P23 (lane 1a:

1/100, b: 1/200, c: 1/500, d: 1/800, e: 1/1000, f: 1/10000). Lane 2 presents positive control ana-
lyzed with positive cattle serum against Cryptosporidium parvum and negative control analyzed
with chicken serum before immunization with P23
C: Westren blot analysis of Cryptosporidium parvum oocysts lysate (lane 2) and P23 (lane 1) us-
ing anti-P23 specific IgY. M: prestained protein marker

Discussion

Passive immunization by specific antibodies egg yolk is a cheap and convenient source
has been an attractive approach against for mass production of specific antibodies
gastrointestinal (GI) pathogens including C. (24-26). Egg yolk contains 100-150 mg of
parvum, in both human and animals (1). IgY per yolk that 2-10% of it is specific IgY
Different studies have demonstrated that (17, 18). Oral administration of IgY has
treatment with bovine colostrom, hyperim- proved successfully for treatment of a vari-
mune sera, and monoclonal antibodies pro- ety of GI infections (25).

vides protection against the cryptosporidio- Kobayashi et al. (2004) have reported that
sis in mice, calves, lambs and humans (19- the specific IgY against C. parvum whole
23). oocyst antigens, caused morphological
Given the fact that no therapeutic products changes and damages of cryptosporidium
are available for cryptosporidiosis, chicken sporozoites (1).
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The protective immunity against cryptosporidi-
osis could be achieved using different antigens
such as whole oocyst antigens (27), P23 (28-
30), RC7 (31) and CP15/60 (32). The immune
bovine colostrums induced by single C. parvum
recombinant protein could reduce 99.8% of oo-
cyst excretion in experimental calves (31).
Since the surface protein P23 demonstrated to
be involved in the infection process, its expres-
sion was determined in early and late stages of
infection on sporozoites, and merozoites, P23
can play an important role in the infection. In-
deed, it could be shown that P23 is expressed
on diverse C. parvum isolates and also can in-
duce protective immunity (14, 20, 21, 28-30).
In this study, the specific IgY against recombi-
nant P23 was produced in hens and examined.
The anti P23 IgY could recognize the P23 in
lysate prepared from C. parvum oocysts as well
as recombinant P23. Interestingly, the IgY
could recognize the P23 in 1:1000 dilution. We
could isolate 9.7 mg IgY/ml yolk. In compari-
son with the other published data about the con-
centration of IgY in yolk (100-150 mg), we
could obtain 194 mg per yolk. The difference
between the amounts of IgY concentration in
our study compared to the others, is probably
due to the used modified PEG/chloroform
procedure used in our study. It is known that an
egg has approximately 20 ml yolk and approxi-
mately 2-10% of this belong to the antigen with
which the hen is immunized (17, 18), therefore
it is easy to produce enough specific IgY
against antigens such as P23 in eggs. Since a
protective immunity could be achieved with the
antibody against P23 and the production of
such antibodies is easy to perform and addition-
ally chicken egg yolk is a cheap and convenient
source for mass production of specific antibod-
ies, the use of yolk IgY against recombinant
P23 could be a suitable candidate for passive
immunization against the cryptosporidiosis in
human and animals.
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