Preparation and purification of IgG immunoglobulin against pneumococcus to implement in diagnostic kits

Abstract
Purpose Pneumococcus is the leading cause of a wide range of mild infections including middle ear infections, sinusitis, and severe infections such as pneumonia, septicemia, and meningitis. It is also the most important cause of mortality in children under 5 years of age. The diagnosis of pneumococcus is made by separation of blood and sterile body fluids. Detection of the pathogen is recommended by means of serum tests that have sensitivity, specificity, high operative speed and lower cost. The aim of this study is to prepare antiserum against pneumococcus for use in agglutination and ELISA diagnostic kits. We also evaluated the antigens of Streptococcus pneumoniae to select the best candidate for stimulating the immune system and specifically produce antiserum against this bacterium.
Material and Methods We performed culture of pneumococcus, inactivation and reaping of the bacteria. The antiserum of the isolate was prepared after 5 times injection into two adult New Zealand rabbits. Then, using ammonium sulfate precipitation, dia-filtration using tangential flow filtration and ion exchange chromatography, the antiserum purification stages were carried out. Pure antibody was used to diagnose pneumococcus in clinical specimens based on agglutination.
Results The results of agglutination test on primary antigen and clinical sample was +3. Meningococci was used for negative control which let to negative result. The results of gel electrophoresis under Non-reducing conditions were observed in 150 kDa band, indicating high purity of antiserum produced against pneumococcus. The results of ELISA test at 450 nm reading demonstrated that optical absorption for blank and the serum of healthy person was zero and for other samples was different based on the concentration used. The concentrations of 1 μg (primary antibody) and 80 μg (biotinylated antibody) had the highest optical absorption. Also, the results of pneumococcus measurements by ELISA test results in clinical samples at concentrations of 2.5 and 40 μg for primary and biotinylated antibodies, showed positive clinical specimens and as negative for meningococcus.
Conclusion The antibody produced in presented approach is qualitatively and quantitatively desirable and has high purity. The implemented methods to purify the antiserum against pneumococcus indicated that this antiserum can be used in clinical diagnosis in agglutination and ELISA tests. 
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Introduction
Pneumococcus is a gram-positive diplococcus with a diameter of 0.5 to 2.5 μm, alpha-hemolytic and oxygen-bearing Streptococcus. It is one of the most important pathogenic bacteria in humans. Pneumococcus is one of the major causes of mortality in the world and is the second leading cause of meningitis in young adults and the main bacterial cause of middle ear and bacteremia. It is also the main cause of pneumonia. Other infections caused by this bacterium include sinusitis, otitis, bacteremia, sepsis, meningitis, osteomyelitis, septic arthritis, endocarditis, peritonitis and pericarditis. Pneumococcus can also cause cellulitis and brain abscesses. It is also the most important cause of mortality in children under 5 years. There are some factors affecting in pneumococcal pathogenesis including the removal of the capsule and hence susceptibility to phagocytosis (1), adhesion (1), PspC protein (2), and Autolysin enzyme (2).
Detection of pneumococcus in early stages of the disease is an important step in controlling and treating the disease and can also reduce antibiotic use, drug resistance and reduce mortality. Currently, there are two common tests, i.e. sensitivity to Optochin and solubility in bile for bacterial identification in the laboratories, which do not confirm the presence of bacteria and require further tests and quality control. In most countries, the use of dedicated antisera for the diagnosis of pneumococcus due to its high accuracy and speed as well as its optimal price is highly acceptable. Unfortunately, due to the lack of complementary tests, bacterial identification is not performed properly in Iran. 
Pneumococcus difficultly grows on conventional media, but by adding blood, serum, or some glucose, conditions can be favorable for bacterial growth. Enriched infusion agar, trypticase soy broth and agar mediums or brain-heart infusion medium containing 5% defibrinated blood are generally used for pneumococcal culture. Adding reducing agents such as Cysteine and Thioglycolate guarantees the growth of low bacterial inoculation and protects it against prolonged exposure to air. The optimum pH for the pneumococcus is 7.4-7.8 and the temperature range is 15-42 ° C with optimum temperature of 37 ° C. Heating at 55 ° C kills the bacterium in 10 minutes and it does not grow at temperatures above 45 ° C. Pneumococcal resistance to light is also low. Candle Jar or CO2 incubator is used since 5-10% of all strains require 5-10% carbon dioxide for initial separation in solid medium. Pneumococcus is positive in the hot logarithmic phase but gradually becomes hot negative phase during cells’ aging. If more time elapses after culture, the liquid medium becomes transparent by reducing the number of living cells, due to the presence of autolytic alanine amidase enzymes. The activity of autolysin in solid environments leads the colonies to get umblicate appearance after a few days and their centers have recesses.
Compounds such as bile salts, sodium dodecyl sulfate, sodium deoxycholate, quinine, and its derivatives such as optochin or ethylhydrocopyrin hydrochloride degrade F antigen and thereby cause untimely activation of the autolytic enzyme (amidase) which in turn causes bacterial lysis. Pneumococci with solid capsules produce round, bright, pigment-free and sometimes gelatinous colonies that their diameter can reach 1 mm. Generally, the larger the capsule, the larger the colony will be and the more mucoid. The pneumococci lose their capsule after several cultivation phases in the laboratory and their colonies become rough. Pneumococcus has a compulsive nutritional need for choline and, if ethanolamine is replaced by choline, physiological deficiencies such as autolysin resistance, incomplete cell division, inadequate transformation, and phage resistance occur. There is a direct relationship between these disorders and choline-containing teichoic acid antigen. About 85% of choline molecules are found in the cell wall teichoic acid and the rest are in the membrane lipoteichoic acid (3).
For pneumococcus diagnosis different methods has been employed. Direct testing using special pneumococcal antisera, usually polyvalent (4), culture of infectious specimens (5, 6), and Optochin (Opt) susceptibility (7, 8) are of diagnostic methods for pneumococcus. Besides, serological diagnosis of pneumococcus can be performed by solubility in bile (9), animal inoculation (10, 11), Neufeld quelling test (12), and Coagglutination and Latex agglutination methods (13).
The aim of presented study is to prepare a specific antiserum against Streptococcus pneumonia in order to use in agglutination and ELISA diagnostic kits. Also, the best candidate for immunization boycott is selected and different methods of antigen injection are employed to produce more efficient antiserum against . As a result, Iran is self-sufficient in producing and preparing antisera against Streptococcus pneumoniae and avoids excessive costs in preparing foreign samples due to the high cost of foreign samples.
Material and Methods
Culture of pneumococcal bacteria
First, BHI culture medium was prepared by dissolving 37 grams of BHI powder in 1 liter distilled water and then using an autoclave at 121 ° C and 5.1 atmospheric pressure was sterilized for 15 minutes. The prepared culture medium was added 10 ml to the bolted pipes and then 100 µl of pneumococcal strain prepared by Iranian Pasteur Institute was introduced into the bolted pipes with the aid of pipette Pasteur. The pipes were then incubated in the incubator for 24 hours at 37 ° C to allow bacteria to grow.
In the phase of bacterial inactivation, the growing bacteria were inactivated. For this purpose, pipes containing bacteria were incubated in a shaker bain marie for 60 hours at 60 ° C. The contents of the pipes were added to the 50 ml Falcon tubes after bacterial inactivation. Then it was centrifuged for 1 hour at 4 ° C at 3000 rpm in order to precipitate the bacteria. The supernatant was discarded After this time and the precipitate was prepared for the next stage. Appropriate concentration of pneumococcal bacteria for injection into rabbits for antiserum preparation is standard 3 McFarland. To this end, physiological serum was added to the sediment obtained from the centrifuge to achieve its turbidity to 3 McFarland standard. Then, concentration was determined using the spectrophotometer with a wavelength of 600 nm. The bacterial count (standard 3 McFarland) was 16 ml. Then the alum adjuvant (aluminum hydroxide) was added.
Injections and blood sampling
Two New Zealand white rabbits were injected. The injection was done 5 times at 72 h intervals and with the amount of 1 ml. The injection was given intravenously (through ear). The first rabbit blood sampling was performed one week after the last injection. Blood sampling was performed for 6 weeks at one week intervals. Blood samples were drawn from the vein of the animal's ear. After each blood sampling, centrifugation was performed 2 times each for 30 minutes at 4 ° C at 3000 rpm in order to obtain serum and obtained serum was stored in a freezer.
Purification and evaluation of antibody quality
To purify the extracted protein, deposition was performed using ammonium sulfate. Then, tangential flow filtration was used for dialysis (diafiltration). In the next stage, ion exchange chromatography was performed. Then diafiltration was performed again for final purification. The quality of purified antibody was evaluated by SDS-Page technique and Bradford method was used for quantitative assessment of protein. Purified antibody was also used in order to diagnose pneumococcus in clinical specimens based on agglutination.
Conjugation to biotin for use in ELISA
First, we made phosphate buffer (Na2HPo4). After fabricating the buffer, we filtered it with a syringe filter. Each 1 µg of biotin was dissolved in 180 µl of water, for each 1 ml of antibody, 26.6 µl of water and biotin was required to be injected. The mixture was then incubated at room temperature for 50 minutes. At this stage, 1.079 ml of pneumococcal antibody was diluted with initial phosphate buffer 12.043 mg, and reaches to the volume of 6.5 ml. Then, 172.9 µl biotin and water for injection were added to 6.5 ml of antibody that was prepared in the previous step.
ELISA test
For coating primary antibody, first 100 µl of the primary antibody was diluted with the help of coating buffer (bicarbonate buffer) and added to each well. It was then placed on the shaker overnight at 4 ° C. The next day, the wells were discarded and washed 3 times with buffer. Antibody blocking was performed to block antibodies that were loosely attached to the wells or not attached at all. This was done using skim milk powder or bovine serum albumin (BSA). To do this, 250 µl of bovine serum albumin was added to each well and placed on the shaker for 2 h at room temperature and then washed (repeated three times). At this stage, the inactivated antigen (bacteria) was added to all wells except for the blank row and negative control wells and incubated for 1 hour at 37 ° C. Then it was washed three times using washing buffer. At this stage, diluted biotinylated antibody was added to all wells in the coating buffer. It was washed four times again with washing buffer. Then, streptavidin HRP conjugate was added to all wells except blank row wells and incubated at 37 ° C for 30 minutes and five times washing was performed using buffer. The chromogen substrate was added to all wells and the plate was placed in the dark for 15 min. At this stage stop solution was added to all wells. In the final stage, the plate content of the sample was inserted into the ELISA reader and the optical absorption was read at 450 nm.
Agglutination test
Agglutination test was performed twice on antiserum before purification. Antigens prepared for immunization and negative meningococcal bacteria were used for the first round. In the second round, a clinical specimen (positive sputum culture) from Dey Hospital was used
Results
For first round of agglutination test, Results were negative for meningococcal and it was +4 pneumococcal antigens (Fig. 1)
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Figure 1. Results of first round of agglutination test
In the second round of agglutination test the results were reported to be +3. (Fig.2)
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Figure 2. Results of second round of agglutination test

SDS-PAGE technique in non-reducing conditions was used for qualitative evaluation of antiserum in two stages. Next, the gel electrophoresis technique was performed on the antiserum after ion exchange chromatography and the sample buffer without reducing agent such as two mercaptoethanol was used. The resultant 150 kDa band indicated high purity of the antiserum obtained. In the next step, purified antibody (after TFF) was used. The sample buffer lacked the reducing agent, such as two mercaptoethanol. The resultant 150 kDa band indicated a high purity of purified antiserum (Fig. 3)
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Figure 3. 1) After ion exchange chromatography, 2) Purified antibody (after TFF)
In this study, ELISA kit design was performed to assess the quality of antiserum produced against pneumococcus. The optimum initial and biotinylated antibody levels were assessed and then the optical absorption was read at 400 nm (Table 1)
Table 1. Concentrations used for optimization
B = Blank, C- = negative control, S = sample (antigen used for immunization)
	Primary antibody concentration (μg)
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	Row

	1
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	C-
	B
	A

	2
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	C-
	B
	B

	5
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	C-
	B
	C

	10
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	C-
	B
	D

	Concentration of Biotinylated Antibody (µg)
	80
	40
	20
	10
	5
	
	


The findings demonstrate that the optical absorption for blank and serum of healthy person was zero and it was different for the samples according to the concentrations used. 
The highest optical absorption related to the concentrations of 1 μg (primary antibody) and 80 μg (biotinylated antibody) was read (Table 2)
Table 2. Optical adsorption of sample at different concentrations of antibody
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	80µg
	40µg
	20µg
	10µg
	5 µg
	C-
	B

	1.983
	1.818
	1.144
	1.202
	0.676
	0.730
	0.486
	0.447
	0.318
	0.304
	0
	0
	A
	1

	1.827
	1.772
	1.107
	1.147
	0.644
	0.691
	0.439
	0.450
	0.332
	0.388
	0
	0
	B
	2.5

	1.873
	1.685
	1
	1.049
	0.661
	0.664
	0.458
	0.512
	0.312
	0.347
	0
	0
	C
	5

	1.804
	1.619
	0.983
	1.073
	0.611
	0.591
	0.407
	0.452
	0.298
	0.311
	0
	0
	D
	10



After optimizing the concentrations required for primary and biotinylated antibodies, the designed kit was used to measure pneumococcus in clinical specimens. In ELISA test, concentrations of 2.5 and 40 μg were used for primary and biotinylated antibodies, respectively. The results showed that the clinical specimens were positive, and they are negative for meningococcus (in order to check for specificity of the kit) (Table 3).
Table 3. ELISA results on clinical specimens
	6
	5
	4
	3
	2
	1

	Men
	Ag
	CS2
	CS1
	C-
	B
	

	0.439
	0.738
	0.221
	0.454
	0
	0
	A

	0.407
	0.742
	0.240
	0.481
	0
	0
	B



B = Blank, C- = Negative Control, CS1= Clinical Sample 1, CS2 = Clinical Sample 2, Ag = Antigen, Meningococcus = Men

Discussion
Pneumococcus is a gram-positive bacterium that usually lives in a diploid form and is covered by a polysaccharide capsule. Pneumococcus bacteria can cause infection when the body's natural barriers are damaged. According to World Health Organization estimation, about 1.6 million people die each year from pneumococcal diseases, with more than one million of them children under the age of five. One of the necessary measures in controlling the disease is the early diagnosis of pneumococcus in the infected persons. Due to the ease of use and the low cost of dedicated antiserum against pneumococcus, agglutination tests on slides have always been of great interests.
Clover et al. (14) conducted a study in which they compared the two antiserum preparation methods proposed by Wolf (1939-1935) and Prom (1943). The difference between these two methods was the antigen injection routes, which were used intravenously in the Wolf method and in Prom method was intramuscular. Wolf's approach required significantly less time, fewer steps, as well as less chemical knowledge, making antigen preparation and application much easier. In our study, the Wolf method was used according to the proposed method. Krause et al. (15) performed a study and concluded that the best time to obtain antibodies after rabbit immunization was 4 to 8 days after the last injection. In presented study, rabbit blood sampling was performed 7 days after the last time of antigen injection. Antiserum concentration was 25.925 mg / ml after ammonium sulfate deposition, which indicated an appropriate time for rabbit blood sampling. 
In 2017, Parker AR and colleagues (16) conducted a study in which purity analysis of pneumococcal polysaccharide IgG immunoglobulin purification was performed using SDS-PAGE. IgG separation, surface adsorption of polysaccharide capsules (CPS) and chromatography were done using Pneumovax®-Sepharose. The results of SDS-PAGE analysis indicated that the IgG anti-polysaccharide capsule had purity over the 95%. SDS-PAGE is a method employed to evaluate purification steps, calculate relative amounts, and determine the molecular weight of proteins. In SDS-PAGE technique, due to the use of sodium dodecyl sulfate (SDS) and the excellent properties of polyacrylamide gel, the protein resolution becomes very high. We implemented ion-exchange chromatography with dialysis in order to remove residual impurities. The gel used in the chromatographic method was diethylaminoethyl ethyl Sepharose fastflow (DEAE Sepharose Fast Flow). Evaluation of the antibody purity after purification was performed using SDS-PAGE method. The results of gel electrophoresis under Non-reducing conditions were observed as 150 kDa band. Nonspecific bands were not observed due to the high quality and purity of the antiserum. 
Lankinen et al. in 2004 (17), and after him Leeming et al. in 2005 (18) investigated the Enzym-Linked ImmunoSorbent Assay method (EIA), a biochemical technique in the presence of antigen or antibody. Pneumococcal cps sample contained in serum, nasopharyngeal swabs and urine were used in this method. The basis of this method was that some of the antigen pours onto a plate containing a well and then attaches to the antigen after the antibody is added. In fact, it was an antibody attached to an enzyme that was added to the plate in the final step so that the enzyme could generate some detectable signals such as color change. This method had high sensitivity and accuracy.
Currently, ELISA test is also used as one of the most important and widely used methods in pneumococcal diagnosis. In our study, 98% of test’s specificity is reported compared to conventional methods. Moreover, 23 different serotypes are used. The time required for sample preparation and performing the test is one day. However, differentiation between different serotypes is not possible in this test and direct detection of clinical specimens is reported to be positive.
We performed ELISA test in order to evaluate the quality of pneumococci and the optimal rate of primary and biotinylated antibodies in ELISA kit design was investigated. Clinical specimen (patient sputum specimen) was also used for qualitative evaluation of produced antiserum. The results obtained after optical absorption readings by ELISA reader in 450 nm wavelength showed that the highest optical absorption was related to concentrations of 1 µg (primary antibody) and 80 µg (biotinylated antibody). The designed kits were also used in order to the evaluation of pneumococcus in clinical specimens after optimizing the concentrations required for primary and biotinylated antibodies. In this test, concentrations of 2.5 and 40 μg were used for primary and biotinylated antibodies, respectively. The results indicated that the clinical specimens were positive and meningococcus was negative (to check for specificity of the kit). It took two days to test and prepare the samples for our study.
To the best of our knowledge, it is for the first time that production methods, purification of antiserum against pneumococcus and design of ELISA kits for pneumococcus is done in Iran. Foreign kits were used to check the presence of pneumococci in the specimens.
Conclusion 
[bookmark: _GoBack]Based on the quantitative and qualitative tests including bacterial culture properties, glass slide agglutination, Nessler’s test, SDS-PAGE and ELISA on the antiserum produced during our investigation, the purity of produced antiserum and its high quality are of great acceptance. In our study, Streptococcus pneumoniae was obtained from Iranian native microbial bank and antiserum prepared from this native strain during agglutination and ELISA tests on clinical specimens obtained from sputum of patients. The results of these tests are positive and show high quality and product performance. As a result, it is capable of being used in diagnostic and research experiments and it can be an appropriate alternative for the foreign specimens.
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