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Polyclonal antibodies are mixtures of monoclonal antibodies that were produced against different
epitops. The goal of this project is to know the production, purification and horseradish peroxidase
(HRP) conjugation of polyclonal antibodies against hamster immunoglobulins in rabbits. 300 pg/300 pl
of ten hamster immunoglobulins was mixed with the same volume (300 pl) of adjuvant and injected into
three 6-month-old white New Zealand rabbits. Anti hamster rich rabbits serums were isolated from
whole blood and precipitated with ammonium sulfate in the final concentration of 50%. The precipitate
was dialysed against phosphate buffered saline (PBS) (pH: 7.4) and applied to ion exchange
chromatography (IEC) on diethylaminoethyl (DEAE)-sepharose 6B with tris-phosphate (pH: 8.1), and
tris-phosphate contain 50 mM NaCl buffer. The purity of produced antibody was confirmed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under reduced condition. Then purified
immunoglobulin G (IgG) was conjugated with HRP. For exact measurement of conjugated IgG titer and
evaluating of cross reaction, enzyme linked immunosorbent assay (ELISA) test was designed. Since
IEC is a more simple and inexpensive method for the purification of IgG, we obtained a protein with
approximate purity of 95%. Produced IgG showed high titer and high specificity in the designed ELISA.
Purified antibody and its conjugation with HRP are used in research and diagnosis of hamster disease.
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INTRODUCTION

Polyclonal antibodies represent a group or mixture of
antibodies produced by different B-lymphocytes in res-
ponse to the same antigen; thus, different antibodies in
the group recognize different parts of the antigen. The
diversity of antibodies provides an advantage by allowing
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Abbreviations: PAbs, Polyclonal antibodies; ELISA, enzyme
linked immonosorbent assay; HRP, horseradish peroxidase;
1gG, immunoglobulin G; PBS, phosphate buffered saline; IM,
intra  muscularly; SDS-PAGE, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis; CFA, complete Freund’s
adjuvant.

the detection of multiple epitope sites on the protein of
interest (Afolabi et al., 2009).

Polyclonal antibody production in mammals is generally
associated with multiple injections of antigens, adjuvants
and repeated blood sampling procedures (Hau and
Hendriksen, 2005), although, the production of these
antibodies requires the use of substantial number of
animals with considerable animal welfare consequences.
In the case of polyclonal antibodies (PAbs), animals are
given injections of antigen or antigen/adjuvant mixtures
for the induction of effective antibody responses, and it is
usually necessary to collect blood to monitor antibody
response during the experiment to obtain the antibodies
(Leenaars and Hendriksen, 2005).

In biochemical and biological researches, polyclonal
antibodies are routinely used as ligands for the preparation
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of immunoaffinity columns (Shin et al., 2001) and they
have application in immunoassay tests such as: Enzyme
linked immonosorbent assay (ELISA), western blot,
double diffusion (Calabozo et al., 2001; Cheung et al.,
2002; Verdoliva et al., 2000), immunohistozchemistry
(Smedley et al., 2007) and immunofluorescence (Lipman
et al., 2005).

Separation and recovery of proteins from ion exchange
chromatographic (IEC) media are affected by factors
such as buffer type and pH, length of gradient, flow rate
of the mobile phase, ionic strength, nature of counter ion
and characteristics of the proteins (Stec et al., 2004).

This study was carried out to know the production,
purification and horseradish peroxidase (HRP) conjuga-
tion of polyclonal antibodies with the nature of immuno-
globulin G (IgG) class against hamster immunoglobulins
in rabbits. HRP conjugated IgG against hamster immuno-
globulins are used in diagnosis of hamster diseases such
as Leishmania by ELISA or western blotting tests.

MATERIALS AND METHODS
Preparation of antigen

For production of polyclonal antibodies against hamster immuno-
globulins, ten hamster were bled and related serums were pooled,
clarified with centrifugation (1000 g, 15 min) and diluted 1:1 with
phosphate-buffered saline (PBS, pH: 7.2) (Stec et al., 2004).

Equal volumes of diluted serum and saturated ammonium sulfate
were mixed by slow addition of the ammonium sulfate during gentle
stirring. Therefore, immunoglobulins were precipitated with ammo-
nium sulfate at the final concentration of 50%. The suspension was
centrifuged at 2000 g for 20 min, and washed twice with 50%
saturated ammonium sulfate (Sakhuja et al, 2009). Immuno-
globulins rich precipitate was dialyzed against phosphate buffered
saline (PBS) (pH: 7.2) overnight with stirring (Abdel et al., 2003).
Final protein concentration of solution was adjusted to 1 mg/ml.

Immunization of rabbits with hamster immunoglobulins

300 pg/300 pl of prepared immunoglobulins was emulsified with
equal volumes of Complete Freund’s adjuvant (Sigma) and
inoculated intra muscularly (IM) in to the three 6-month—old New
Zealand white rabbits. The second and third inoculations were
performed on days 21 and 35 with incomplete Freund's adjuvant
(Sigma), and fourth inoculation was done on day 45 without any
adjuvant. After final immunization, blood samples were taken from
the rabbits (Uwaifo and Winter, 2003).

Purification of rabbit anti-hamster immunoglobulins

Immunized rabbits serum were collected and precipitated by 50%
ammonium sulfate after dialysis against PBS and tris-phosphate
buffer (pH: 8.1). The concentrated crud extract was loaded onto an
ion exchange chromatography column packed with diethy-
laminoethyl (DEAE)-Sepharose (Javanmard et al., 2005) fast flow
(Pharmacia) equilibrated with tris-phosphate buffer (pH: 8.1). The
column was eluted with starting buffer and samples of fraction 1
were collected in 5 ml fractions. The second fraction was eluted
with the same buffer containing 50 mM NaCl. The flow rate used at
all stages was 0.25 ml/min. Protein content of the collected samples

was assayed by using UV spectrophotometer on 280 nm absor-
bance.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) analysis

Purity of the eluted fractions from the IEC column was checked by
SDS-PAGE analysis that was performed under reducing conditions
according to the standard Laemmeli method (Mohammadian et al.,
2010). The total polyacrilamide concentration was 12% for sepa-
rating gel and 4% for stacking gel. Detection of the protein bands
was performed with the Coomassie Birilliant Blue R-250.

Conjugation of rabbit IgG with peroxidase

The conjugation was performed by the periodate method (Nakane
and Kawaoi, 1974). 5 mg of peroxidase (Sigma) was dissolved in
1.23 ml of distilled water in dark glass container. And 0.3 ml of 0.1
M sodium periodate (Merck) was dissolved in 10 ml of sodium
phosphate (pH: 7) and placed in room temperature for 20 min.
Then, it was dialyzed against 1 mM sodium acetate (pH: 4) with
several times exchanges overnight. Peroxidase was added to the
solution of 10 mg/ml of IgG dissolved in sodium carbonate (pH: 9.5)
and incubated for 2 h in room temperature. 100 pl of sodium
bourhidrate (Merck) (4 mg dissolved in 1 ml water) was added and
incubated for 2 h at 4°C. Finally, it was dialyzed against PBS
overnight at 4°C with several times exchanges.

Enzyme linked immunosorbent assay (ELISA)

Direct ELISA for determining the titer of HRP conjugated I1gG and
evaluating cross-reaction of produced antibody among rat and
Balb/c was designed. 100 pl of prepared hamster, rat and Balb/C
immunoglobulins were added to each well of 96 well microtiter
plates and incubated at 37°C for 1 h. The wells were washed with
PBS-Tween (0.05% Tween 20) three times. The wells were
saturated with PBS containing 2% bovine serum albumin (BSA) for
1 h at 37°C, to block nonspecific sites of the wells. After a washing
step, 100 pl of 1:400, 1:800, 1:1600 and 1:3200 dilutions of pre-
pared HRP conjugated anti-hamster immunoglobulins were added
to each well. The plate were incubated for 0.5 h at 37°C and
washed five times with PBS 0. 5% Tween 20. The reaction was
developed using 100 pl of 3,3 ,5,5-tetramethylbenzidine (TMB) as
substrate. The absorbance was determined at 450 nm after
stopping the reaction by 5% sulfuric acid.

RESULTS

For the evaluating of the production of rabbit anti-hamster
immunoglobulins double diffusion test was performed.

In double diffusion test interaction among antigen,
undiluted and diluted (with 1:2 and 1:4 dilution) antibodies
were shown the sharp and weak line of precipitation
respectively. The line of precipitation are not formed
between antigen and undiluted antibody with 1: 8 dilution.

At the first step of purification, elution of protein with
Tris-phosphate buffer resulted in purification of about 37
mg of pure IgG. In this step the elution profile gave one
main 1gG peak. At the second step of IEC the elution of
protein was performed with Tris-phosphate buffer
containing 50 mM NaCl at the same pH, over 2 hours, at
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Figure 1. Chromatographic pattern of purified rabbit anti-hamster immunoglobulins by ion-
exchange column with tris- phosphate buffer, pH = 8.1 (first peak) and 50 mM NaCl elution
(second peak). Sample, Rabbit 1gG; Column, DEAE-Sepharose; Flow rate, 0.25 ml/min;
Fraction 1, tris-phosphate pH = 8.1; Fraction 2, tris-phosphate + NaCl 50 mM pH = 8.1.

a flow rate of 0.25 ml/min and resulted in isolation of
about 8 mg of pure IgG. Finally we obtained appro-
ximately 45 mg purified IgG after elution from IEC which
was about more than one third of the primary gross
protein mixture. The result of chromatography has been
shown on figure 1.

In this study we obtained a protein with approximate
purity of 95% which its purity was confirmed by SDS-
PAGE under reduced condition (figure 2).

Lane 1 and lane 2 contain polled fractions from the first
ion exchange step. Lane 3 corresponds to the sample of
2" fraction obtained from salt step elution. On figure 2
the distinct polypeptide bands show molecular weight
about 50 KDa which correspond to rabbit IgG heavy
chain. Also diffused bands between molecular weight s of
20-30 KDa correspond to rabbit IgG light chains. Lane 4
contains LMW marker proteins.

The result of titration of HRP conjugated IgG with the
disigned ELISA was 1600 Prepared HRP conjugated IgG
has no cross reactivity with Rat and Balb/C immuno-
globulins at optimized dilution.

DISCUSSION

In this study rabbits were immunized with hamster
immunoglobulins was mixed with the same volume
(300ul) of complete Freund’'s adjuvant (CFA), which this
adjuvant is a very potent and effective adjuvant with a

wide range of antigen (Harold and Stills, 2005).

For evaluating the production of IgG double diffusion
test was used that the result was recognized by line of
precipitation. These result showed that the polyclonal
anti-hamster immunoglobulins could be readily produced
in New Zealand rabbits. The ability of diagnostic of this
test is 18-30 pg/ml. The traditional purification of IgG
involves several steps, including salt precipitation,
dialysis, and anion exchange (Akita and Li-Chan, 1998).
We used ion exchange chromatography for purification of
rabbit IgG polyclonal antibody. Separation and recovery
of proteins from ion exchange chromatographic media
are affected by factors such as buffer type and pH, length
of gradient, flow rate of the mobile phase, ionic strength
and nature of counter ion, and characteristic of the
proteins. The selec-tion of ideal conditions for protein
purification involves changing some or all of these
parameters.

Result showed that salt step elution between 0-50 mM
may elute a considerable volume of bound protein from
the column. Using Tris-phosphate buffer with DEAE-
Sepharose gel for obtaining high purity products from
purification strategies. Our findings like previous experi-
ments verified that IEC, is an appropriate and useful
method for the purification of polyclonal antibodies with
the nature of IgG class appropriate method for the
purification of rabbit IgG (Javanmard et al., 2005)

We obtained a protein with approximate purity of 95%,
which its purity was approved by SDS-PAGE. We have
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Figure 2. SDS-PAGE analysis of rabbit anti-hamster
immunoglobulins purified by ion exchange chromatography
in 12% polyacrylamide gel under reduced condition and
stained with Coomassie brilliant blue R-250. Lanes 1 and 2,
First fraction; Lane 3, second fraction; Lane 4, low
molecular weight markers; HC, IgG heavy chains; LC, IgG
light chains.

used enzyme horseradish peroxidase (HRP) to prepare
enzyme conjugate for enzyme immunoassay through
periodate method. HRP is one of the most popular
enzymes used in immunoassay for its stability, wide pH
range and high turnover (Anupam et al., 2005). HRP
widely is used in enzyme based, immunodetection techni-
ques to detect and characterize analytes. We used the
periodate method for IgG cojugation becouse this method
is an efficien means to conjugate peroxidase and protein.
The performance of conjugates prepared with NalO,-
activated HRP is superior by other common conjugation
to that of conjugates prepered methods. Following the
reduction of the Schiff base bond the conjugates are
stable for extended periods of time. This mdification has
minimal effect on HRP activity (Nakane and Kawaoi.,
1974). Enzyme immunoassays rea-gents are more stable
and do not have safety problems associated with radio
isotopic labels. In addition, enzyme assays can be at
least assensitive as radio-immunoassays. Many enzyme
detection methods are visual or use a standard spectro-
photometer eliminating the need for expensive,
sophisticated equipment (Ali et al., 1981).

The produced antibody showed a high specificity to
hamster immunoglobulins in the designed ELISA test in

optimized titer because the conjugated IgG did not
interact with Rat and Balb/C immunoglobulins.

The purified 1gG is applicable in immunoassay tests for
detection of hamster disease and instruction these tests
to the medical students.

REFERENCES

Abdel W, Abdel M, Helmy M (2003). Efficacy of IgG Fab and F (ab) 2
frogment of horse antivenom in the treatment of local symptoms after
Cerastes cerastes (Egyptian snake) bite. Afr. J. Biotechnol. 17: 189-
193.

Afolabi S, Akator S, Abo E, Onasanya A, Séré Y (2009). Production of
polyclonal antibodies to various strains of rice yellow mottle
virus (RYMV) obtained across different agro-ecological zones in
West Africa. Afr. J. Biotechnol. 4(4): 306-309.

Ali M, Nalebuft D, Fayemi A, Ramanayanan MP, Mesa-Tejada R
(1981). Enzyme immunoassays for allergic disorder. U.S. Patent.
Patent number 4256833. and characterization, CRC Press Ltd,
Bocuraton, Florida. pp. 1-49.

Anupam B, Kiran R, Shrivastav TG (2005). Health and Population.
Periodate method for the preparation of Steroid enzyme conjugate for
enzyme immunoassays. 28(4): 205-214.

Calabozo B, DUffort O, Carpizo JA, Barber D, Polo F (2001).
Monoclonal antibodies against the major allergen of Plantago
lanceolata pollen 1 1: affinity chromatography purification of the
allergen and development of an ELISA method for Pla 11
measuremant. Allergy, 5: 429-435.

Cheung H, Chan K, Cheng C (2002). Production of polyclonal antibodiy
against recombinant goldfish prolactin and demonstration of its
usefulness in a non-competitive antigen-capture ELISA. Comp.
Biochem. Physiol. B Biochem. Mol. Biol. 131: 37-46.

Djuro J, Yow PL (2001). Analytical and preparative methods for of
purification antibodies. Food Technol. Biotechnol. 39: 215-226.

Harold F, Stills Jr. (2005). Adjuvants and antibody production: Dispelling
the Myths associated with Freunds complete and other adjuvants.
ILAR J. 46: 280-293.

Hau J, Hendriksen C (2005). Refinement of Polyclonal Antibody
Production by Combining Oral Immunization of Chickens with
Harvest of Antibodies from the Egg Yolk. ILAR J. 46 (3): 294-299.

Howard GC, Bethell DR (2000). Basic methods in antibody production
and characterization, CRC Press Ltd, Bocuraton, Florida, pp. 1-49.

Javanmard H, Majidi J, Abdolalizadeh J (2005). Purification of
polyclonal anti- thimocyte globulin by lon Exchange Chromatography.
Int. Med. J. p. 4 http://www.e-imj.com.

Leenaars M, Hendriksen C (2005). Critical Steps in the Production of
Polyclonal and  Monoclonal  Antibodies:  Evaluation  and
Recommendations. ILAR J. 46(3): 269-79.

Lipman N, Jackson L, Trudel L, Weis-Garcia F (2005). Monoclonal
versus polyclonal antibodies: Distinguishing, characteristics,
application and information resources. ILAR J. 3: 258-268

Mohammadian T, Doosti M, Paknejad M, Siavoshi F, Massarrat (2010).
Preparative SDS-PAGE Electroelution for Rapid Purification of Alkyl
Hydroperoxide Reductase from Helicobacter pylori. Iran. J. Publ.
Health, 39(1): 85-91.

Nakane PK, Kawaoi A (1974). Peroxidase labeled antibody a new
method of conjugation. J. Histochem. Cytochem. 22: 1084-1091.

Sakhuja A, Sears J, Nunez A, Liu H (2009). Production of polyclonal
antibodies against Pelargonium zonate spot virus coat protein
expressed in Escherichia coli and application for immunodiagnosis. J.
Virol. Methods, 160: 29-37.

Shin K, Hayasawa H, Lonnerdal B (2001). Purification and quantification
of lactoperoxidase in human milk with use of immunoadsorbents with
antibodies against recombinant human lactoperoxidase. Am. J. Clin.
Nutr. 73: 984-989.

Shin S, Lee S, Manning E, Collins M (2009). Production of and
Applications for a Polyclonal IgY Diagnostic Reagent Specific for
Mycobacterium avium subsp. Paratuberculosis. J. Microbiol. 47(5).

Smedley R, Patterson J, Miller R, Massey J, Wise A, Maes R, Wu P,



Kaneene J, Kiupel M (2007). Sensitivity and specificity —of
monoclonal and polyclonal immunohistochemical staining for West
Nile virus in various organs from American crows (Corvus
brachyrhynchos). BMC Infect Dis. 7: p. 49. http://www.biomedcentral.
com.

Stec J, Bica L, Kuzak J (2004). Isolation and purification of polyclonal
IgG antibodies from bovine serum by high performance liquid
chromatography. Bull. Vet. Inst. Pulawy, 48: 321-327.

Uwaifo A, Winter ST (2003). Production of monoclonal and polyclonal
antibodies against a Nigerian isolate of banana streak virus
Agindotan. African Journal of Biotechnology. 2: 171-178.

Ahmadzadeh et al. 367

Verdoliva A, Basile G, Fassina G (2000). Affinity purification of
immunoglobolins from chicken eggs yolk using a new synthetic
ligand. Chromautogr. J. B. 9: 233-242.



