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Introduction 

Antibodies (or immunoglobulins) are circulating proteins 

that are produced in response to exposure to foreign 

antigens. Mice immunoglobulins contain IgG, IgA, IgM 

and IgE. Four major subclasses of mouse IgG containing 

IgG1, IgG2a, IgG2b and IgG3 have been defined and 

described, both physiochemically and immunologically.
1-3

 

Isolation methods of immunoglobulins in mice have been 

described by Kalpaktsoglou et al.
4
 Many years ago, 

protein A was shown to interact with mouse antibodies 

such as IgG2a, IgG2b and IgG3, but not with IgG1, IgM 

or IgA.
3,5

 Protein A from Staphylococcus aureus has 

bacterial Fc (or fragment crystalline) receptors which bind 

to IgG. Protein A, with two binding sites, interacts with 

the Fc fragment of antibodies.
6,7

 The isolation and 

purification of proteins that have close functional and 

structural relationships requires many specific procedures. 

The two most common techniques that are applied in order 

to purify antibodies are affinity chromatography and ion-

exchange chromatography. The selection of an appropriate 

technique for the isolation and purification of 

immunoglobulins depends upon the purity and yield of the 

immunoglobulins.
8
 Immunoglobulins are essential tools 

used by researchers in their experiments, and their usage 

has led to many medical developments. The manufacture 

and use of antibodies as identification and purification 

ligands has helped to develop bioresearch and diagnostic 

techniques. Mammalian sources of immunoglobulin are 

efficient and notable resources used extensively in analytic 

and therapeutic applications.
9,10

 The purification of these 

antibodies is beneficial for many types of detection 

methods. For example, polyclonal antibodies are used for 

the assessment, detection, and purification of specific 

proteins. These antibodies can be used in biochemical and 

biological research, usually as ligands for the preparation 

of immunoaffinity columns. They are also used for coating 

or labeling reagents for the determination of molecules in 

immunoassay tests, such as enzyme-linked 

immunosorbent assay (ELISA), Western blot tests, 

immunoradiometric assay (IRMA), radioimmunoassays 

(RIA), and other applications.
11-13
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Abstract 
Purpose: Mouse IgG subclasses containing IgG1, IgG2a, IgG2b and IgG3 have been 

defined and described both physiochemically and immunologically. 

Methods: Sepharose beads conjugated with protein A affinity chromatography was used for 

purification of mouse IgG2b. Sodium citrate buffer (0.1 M, pH: 3.5) was used for separation 

of mouse IgG2b. Verification of the purified fractions was monitored by SDS-PAGE 

(polyacrylamide gel electrophoresis) in reducing condition. Immunized rabbit serum was 

collected and precipitated at the final concentration of 50% ammonium sulfate. After 

dialysis against tris-phosphate buffer (pH: 8.1) ion exchange chromatography column was 

used for purification of rabbit anti-mouse IgG2b. The periodate method was performed for 

conjugation with some variations. After conjugation, direct ELISA was used to determine 

the titer of HRP conjugated rabbit IgG against mouse IgG2b. 

Results: The titer of rabbit anti-mouse IgG2b that determined by ELISA was 32000. The 

purity of rabbit anti-mouse IgG2b was about 95%. The optimum dilution of prepared HRP 

conjugated IgG was 1:10000. This study showed that ion-exchange chromatography and 

affinity chromatography could be appropriate techniques for purification of mouse IgG and 

IgG subclasses respectively.  

Conclusion: This study showed that affinity chromatography could be an appropriate 

method for purification of IgG2b antibodies. 
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is essential because other contents in the source material 

may interfere with the detection process.
8
 Horseradish 

peroxidase (HRP) is used often as an enzyme label in 

medical diagnostic and investigation.
14

 However, enzyme-

labeled antibodies are used in the ELISA method, 

immunoblotting and histochemical staining. Enzyme-

labeled antibodies offer several advantages over 

fluorescent and radio-labeled substances. Furthermore, 

they can provide an instant visual result and good 

sensitivity. The consistency of enzyme immunoassay 

reagents is excellent, and they do not have the safety 

problems related to radio isotopic labels. Enzyme assays 

can also be as sensitive as radioimmunoassays. In 

addition, several enzyme detection methods are observable 

or use a standard spectrophotometer, reducing the need for 

expensive and sophisticated equipment. In this present 

study, our aim was the purification of mouse IgG2b, and 

the production, purification and HRP conjugation of 

polyclonal IgG against mouse IgG2b in rabbits, towards 

designing mouse monoclonal isotyping kits. 

 

Materials and Methods 

Purification of mouse IgG2b 

For production of polyclonal antibodies against mouse 

IgG2b, fifty mice were bled and the collected serum was 

pooled. First, they were clarified by centrifuge (1000 g, 15 

min) and then diluted 1:1 with a phosphate buffer saline 

solution (PBS, pH: 7.2).
15

 After dilution, equal volumes of 

saturated ammonium sulfate and the diluted serum were 

mixed by gentle stirring and the gradual addition of the 

saturated ammonium sulfate solution. After centrifugation 

(1000 g for 20 min.), the precipitate was washed twice 

with a 50% saturated ammonium sulfate solution. The 

final precipitate was dissolved in PBS, and then overnight 

dialysis was performed against the PBS. After dialysis was 

performed against PBS for purification use, Sepharose 

beads conjugated with Protein A, and the column affinity 

chromatography equilibrated with 5-10 column volumes 

of the same buffer. In this study, for the purification of 

IgG2b, in the first stage, the isolation of IgG1 and then 

IgG2a was performed by a specific buffer in a defined pH. 

The initial immunoglobulin fraction was loaded onto the 

column, which was equilibrated at a flow rate of 60 cm/h 

with the selected buffer. After elution of the unbound 

material and separation of IgG1 and IgG2a, the isolation 

of IgG2b (the eluent) was changed to a 0.1 M sodium 

citrate buffer (pH: 3.5) in order to purify the IgG2b 

subclass. We confirmed the purified fractions by 

performing a SDS-PAGE test. 

 

Confirmation of the IgG2b purity by SDS-PAGE 

The purity of the eluted fractions from the affinity column 

was checked by the SDS-PAGE test in a reducing 

condition according to the standard Laemmli protocol.
16

 

The final concentration of the polyacrylamide solution 

was 13%. Samples were boiled with 2% SDS for 10 min, 

and were loaded onto an electrophoresis gel. After they 

separated, we tested for detection of the protein bands by 

staining them with Coomassie Brilliant Blue G 250.
17

 

Immunization of rabbits with mouse IgG2b 

300 μg/300 μl of the purified IgG2b was mixed with equal 

volumes of Complete Freund’s adjuvant (Sigma) and was 

then injected intra-muscularly (IM) into a 6-month–old 

New Zealand white rabbit. The rabbit was fed a regular 

commercial diet. The second and third injections were 

performed on days 21 and 35 with Freund’s incomplete 

adjuvant (Sigma), and finally an injection was done on day 

45 with Freund’s incomplete adjuvant, or without any 

adjuvant. After the last immunization, blood samples were 

collected from the rabbit and its antibody titer was 

checked by ELISA tests. This study was approved by the 

Regional Medical Sciences Research Ethics Committee of 

Tabriz University of Medical Sciences. 

 

Purification of rabbit anti-mouse IgG2b 

Immunized rabbit serum was collected and precipitated 

using a 50% ammonium sulfate. After dialysis against a 

tris-phosphate buffer (pH: 8.1), the protein concentration 

was determined by UV spectrophotometer (280 nm) and 

loaded onto an ion-exchange chromatography column 

packed with diethylaminoethyl (DEAE)-Sepharose fast 

flow (Pharmacia), which was equilibrated with tris-

phosphate buffer (pH: 8.1). The column elution was 

performed in two steps, the first eluting with tris-

phosphate buffer, and second eluting with tris-phosphate 

buffer containing 100 mM of NaCl. The collected samples 

for protein analysis were assayed by using a UV 

spectrophotometer (set on a 280 nm absorbance). The 

washed proteins were collected in 3 mL fractions and 

analyzed by the SDS-PAGE test previously described. 

 

Conjugation of rabbit IgG with peroxidase (HRP) 

The periodate method was performed for conjugation with 

some variations.
18

 First, 2 mg of peroxidase (Sigma) was 

dissolved in 0.5 mL of distilled water in a dark glass 

bottle. Then 100 μl sodium periodate (Merck) was added 

to the solution, and the container was kept at room 

temperature on a stirrer for 20 min. The blend was 

dialyzed against a sodium acetate buffer (0.1 mM, pH: 

4.4) at 4°C overnight followed by the addition of 10 μl of 

carbonate-bicarbonate buffer (0.2 M, pH: 9.5). Four mg of 

the purified rabbit anti-mouse IgG2b in 1 mL of 

carbonate-bicarbonate buffer (10 mM, pH: 9.5) was added 

to the active enzyme, and the bottle was put on the stirrer. 

Then 100 μl of fresh sodium borohydrate solution (Merck) 

was added to the solution and was kept at 4°C for 1.5 

hours on the stirrer. The product was then dialyzed 

overnight against PBS at 4°C with the addition of BioStab 

antibody stabilizer (Sigma Alderich). 

 

Enzyme linked immunosorbent assay (ELISA) 

A direct ELISA was used to determine the titer of the 

HRP conjugated rabbit anti-mouse IgG2b. For this test, 

100 μl of purified mouse IgG2b, which was diluted 1:100 

in PBS (10 μg), was added to each well of a 96-well 

micro titer plate and incubated at 4°C for 24 hours. The 

wells were washed with a PBS-Tween (0.05% Tween 

20) three times and blocked with 200 μl blocking 
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solution (PBS–0.5% Tween 20). After the washing step, 

100 μl of 1:500, 1:1000, 1:2000, 1:5000, 1:10000 and 

1:20000 dilutions of prepared HRP conjugated anti-

mouse IgG2b were added to each well. The reaction was 

developed using 100 μl of 3, 3', 5, 5'- 

tetramethylbenzidine (TMB) as a substrate and the 

absorbance was determined at 450 nm after stopping the 

reaction using a 5% sulfuric acid solution (Sigma). 

 

Results 

Purification of mouse IgG2b 

After initial purification of mouse IgG2b, the purity of 

the eluted fraction was analyzed by SDS-PAGE, 

proceeding in descending order. The purity of the 

fraction was up to 90%. This indicated the electrophoretic 

pattern of purified mouse IgG2b (Figure 1). 

 
Figure 1. SDS-PAGE of mouse IgG2b subclass, purified by 
protein A affinity chromatography in reduced conditions and 
stained with Coomassie Brilliant Blue G-250. Purified mouse 
IgG2b (Lanes 1 and 2), unbounded material (Lane 3) and 
molecular weight markers (Lane 4). 
 

Production of rabbit anti-mouse IgG2b 

In order to check the production of antibodies in the 

rabbit and evaluate the effectiveness of immunization, 

ELISA tests were performed. The titer of anti-mouse 

IgG2b immunoglobulins determined by ELISA was 

32000. 

 

Purification of rabbit anti-mouse IgG2b 

immunoglobulins 

The purification of a polyclonal antibody from an 

immunized rabbit by DEAE ion-exchange 

chromatography resulted in a highly pure fraction. The 

protein content of this fraction after elution from IEC 

was 11 mg, which was about one third of the primary 

protein content (Figure 2). 

 

 
Figure 2. Chromatographic pattern of purified rabbit anti-mouse 
IgG2b by ion-exchange column with Tris-phosphate buffer (pH: 
8.1) (peak 1) and 100 mM NaCl elution (peak 2). Sample, Rabbit 
IgG; Matrix, DEAE Sepharose; working buffer, first step is Tris-
phosphate buffer and second step is Tris-phosphate buffer +100 
mM NaCl. 

 

SDS-PAGE analysis 

The results of the SDS-PAGE for determining the purity 

of rabbit anti-mouse IgG2b (which were purified by ion-

exchange chromatography) have been shown on Figure 

3. A distinct band with a molecular weight of about 50 

kDa indicates that there are heavy chains of rabbit IgG, 

and bands between molecular weights of 20-30 kDa 

indicate that there are light chains of rabbit IgG. The 

purity of the rabbit anti-mouse IgG2b was about 95%. 

The SDS-PAGE analysis showed that purification of IgG 

by ion-exchange chromatography resulted in a highly 

pure and acceptable product. 

 
Figure 3.  SDS- PAGE of purified rabbit anti-mouse IgG2b in 
reduced form. Two bands of 25 and 50 kDa, corresponding to 
the heavy and light chains were detected. 

 

Enzyme linked immunosorbent assay 

A direct ELISA test was used to determine the optimum 

titer of HRP-conjugated rabbit anti-mouse IgG2b. The 

optimum dilution of prepared HRP to conjugated IgG 

was found to be 1:10000. 

 

Discussion 

There is a long history of research regarding methods of 

isolation and purification of antibodies in the effort to 

reach the purest method. These achievements in the mass 

production of antibodies will allow widespread usage of 
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antibodies as diagnostic tools and as pharmaceutics in 

order to better humans’ health. After the first antibody-

based therapy was introduced, many researchers 

attempted to use immunoglobulins for the diagnosis and 

treatment of numerous diseases.
19-21

 In this study, mouse 

IgG2b was purified and used as an immunogen for the 

immunization of a rabbit. Purification of the mouse 

IgG2b was performed by affinity chromatography. In the 

affinity chromatography, protein A was used for the 

isolation of mouse IgG2b. Studies have widely shown 

the occurrence of immunoglobulin binding in many 

mammalian species to Staphylococcal protein A, 

particularly with regard to the subclasses of IgG.
5,22

 The 

ability of protein A to bind to Fc fragments of 

immunoglobulins make them good ligands for the 

analysis of antibodies.
23

 Protein-A chromatography is the 

purification technique which is often selected to purify 

antibodies on a large scale. The binding of mouse IgG to 

protein A-Sepharose is pH-dependent and is most useful 

for the purification of mouse IgG subclasses. After the 

isolation and purification of IgG2b, the purity of IgG2b 

was confirmed by SDS-PAGE. Then, the rabbit was 

immunized with IgG2b. After several immunizations, the 

blood of the rabbit was collected, and ion-exchange 

chromatography was used to purify the polyclonal 

antibody. To estimate the polyclonal antibody titer, an 

ELISA test was the most suitable method. Defining a 

titer of 32000 in an ELISA test shows the high quality of 

the product. Therefore, this antibody is highly 

economical, and in regards to the 30 mL volume of 

serum taken from the rabbit, a noticeable amount of anti-

mouse IgG2b could be obtained, which would meet 

many educational and research requirements in the 

country’s programs. When it comes to electron 

microscopy, a polyclonal antibody is preferable over a 

monoclonal antibody where detection of an antigen with 

different epitopes is the target of study, since the 

polyclonal antibody can bond to more connective sites, 

resulting in better sensitivity. The purification of 

immunoglobulins has numerous applications; especially 

for polyclonal antibody production.
24

 The purification of 

rabbit anti-mouse IgG2b involves several stages, 

including salt precipitation, dialysis, and anion exchange. 

We used ion-exchange chromatography for the isolation 

and purification of the rabbit anti-mouse IgG2b antibody. 

The isolation of proteins from ion-exchange 

chromatography are related to factors such as buffer type 

and pH, flow rate of the mobile phase, length of gradient, 

characteristics of the proteins, charged ligand bound as 

stationary phase and ionic strength. The best conditions 

for antibody purification must include changing some or 

all of these factors. By changing the mobile phase so that 

more counter ions are present, the proteins elute in order 

of increasing interactions with the stationary phase.
25

 

This method was well established in our laboratory for 

the purification of the IgG antibody.
26

 After purification, 

we achieved a protein with a purity of about 95%. The 

results of the SDS-PAGE showed that proteins with a 

molecular weight of about 50 kDa were rabbit IgG heavy 

chains, and bands between molecular weights of 20-30 

kDa were rabbit IgG light chains. In a direct ELISA test 

against mouse IgG2b (10 μg/mL), the optimum dilution 

of prepared HRP conjugated IgG was 1:10000. This 

antibody purification is beneficial for many types of 

detection methods. 

 

Conclusion 

In conclusion, purified immunoglobulin and its 

conjugation with HRP can be used for research and 

diagnosis using mouse monoclonal isotyping kits. 

Polyclonal antibodies can be used for the assessment, 

detection, and purification of specific proteins. 
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