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Antibodies are biologically active proteins produced by plasma cells in response to the 
presence of foreign substances. Antibodies such as immunoglobulin G (IgG) have been 
used extensively for diagnostic and therapeutic purposes. Polyclonal antibodies against 
hepatitis B core antigen raised in rabbits that react to diseases can be used as 
medication for human subjects. Protein A affinity chromatography, has been a standard 
method used to purify antibodies for the past few decades due to its high affinity to 
antibodies efficient product capture. However, this approach has a number of 
disadvantages, especially in large scale applications due to its low ligand stability and 
high production cost.  Thus, a simple and economical method for antibody purification 
via precipitation and adsorption chromatography in combination with hydrophobic and 
ion exchange approaches, was investigated as an alternative to overcome this 
problem.The development of simple and short execution time as well as low cost 
techniques for antibody separation and purification by ammonium sulfate precipitation 
was examined in the current study. Salting out with different percentages of ammonium 
sulfate was introduced as an early step in this study to separate IgG from other serum 
impurities. Serum albumin is the main challenge in this purification process, as it is a 
major contaminant in the serum. From the precipitation study in a single purification 
system, 40% of ammonium sulfate saturation gave the best result in terms of the 
concentration of IgG recovered (7.8 mg/mL) and albumin removal (27.9 mg/mL). From 
the observations, concentrations of saturated ammonium sulfate (SAS) greater than 
40% caused the precipitation of serum albumin together with the IgG, hence reducing 
its purity. At this ideal condition, the yield, purity and purification factor were 99%, 
94% and 7.8, respectively. Besides, due to the incorporation of salt in this method, the 
final product showed high value of conductivity, which was 16 ± 1 mS/cm. Moreover, 
its high ionic strength could affect the productivity of the purified antibody as it would 
shield the active sites of the protein. Thus, SepFastTM MM AH-1 which has a 
combination of anionic and hydrophobic groups was introduced to be incorporated with 
the salt precipitation method. The integrated system approach showed a promising 
result as it successfully reduced the ionic strength by up to 75%. Due to this, the need 
of desalting the final product was abolished. At the final polishing process, the yield 
and purity of the polyclonal IgG also showed a good improvement as it increased to 
97% and 98%, relatively.  In comparison to salt precipitation, the IgG recovered by the 
coupling method with mixed mode column was significantly more productive as it 
produced mostly monomeric immunoglobulin. Besides, a monomodal regularisation 
histogram revealed the particle size distribution of the polyclonal IgG recovered from 
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rabbit serum as being about 10.3 nm in diameter, which is equivalent to the reported 
size of IgG. The efficiency of the single-step purification approach based on prepacked 
SepFastTM Supor DEAE column for the purification of the anti-HBcAg IgG from rabbit 
serum was also evaluated in this study. Furthermore, the optimal pH, which was 
determined as pH 8.0, offered the highest recovery of IgG of about 20% from the total 
proteins. This single step of purification showed excellent recovery with yield and 
purity at about 94% and 83%, which corresponded to 7.4 purification factor. The 
aggregation study by dynamic light scattering (DLS) revealed that the molecular size of 
the anti-HBcAg IgG from rabbit serum was around 10 nm, which is equivalent to the 
native IgG. In conclusion, this study shows that SepFastTM MM AH-1 column has a 
great potential to be used in the polishing step as it is able to reduce the ionic strength 
of the sample solution and to separate the monomers from its aggregates. Besides, 
SepFastTM Supor DEAE column chromatography shows potential application at 
industry scale to purify IgG with only a single step of application.
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SHARIFAH MARIAM BT SAYED HITAM 

 Jun 2016

Pengerusi : Profesor Tan Wen Siang, PhD 
Fakulti  : Institut Biosains 

Antibodi merupakan protein biologi aktif yang dihasilkan oleh sel plasma sebagai 
tindak balas terhadap kehadiran bahan-bahan asing. Antibodi seperti imunoglobulin G 
(IgG) telah digunakan secara meluas untuk tujuan diagnostik dan terapeutik. Antibodi 
poliklonal terhadap antigen teras hepatitis B diperoleh daripada arnab yang mana 
bertindak balas bagi melawan jangkitan kuman dan penyakit merupakan sasaran untuk 
kajian ini. Kebiasaannya kromatografi afiniti protein A  merupakan kaedah pengeluaran 
antibodi piawaian untuk beberapa dekad yang lalu kerana penghasilan produk yang 
sangat berkesan. Walau bagaimanapun, pendekatan ini telah menunjukkan beberapa 
kelemahan, terutamanya dalam aplikasi berskala besar kerana kestabilan ligan yang 
rendah dan protein A yang mahal. Justeru itu, satu kaedah penulenan antibodi yang 
mudah dan berkos rendah diperkenalkan melalui kaedah pemendakan dan penjerapan 
kromatografi yang bersifat dual iaitu gabungan hidrofobik dan pernukaran ion  di 
perkenalkan untuk menangani masalah ini. Pembangunan kaedah yang mudah dan 
singkat serta teknik kos yang rendah untuk pemisahan dan penulenan antibodi dengan 
menggunakan kaedah pemendakan ammonium sulfat dikaji terlebih dahulu. 
Penggaraman keluar dengan peratusan ammonium sulfat yang berbeza merupakan  
langkah awal dalam kajian ini untuk memisahkan IgG daripada bendasing serum. Bagi 
sistem pemendakan  tunggal ini, ketepuan 40% memberikan hasil yang paling optimum 
dari segi kepekatan IgG yang diperoleh semula (7.8 mg/mL) dan penyingkiran albumin 
(27.9 mg/mL). Daripada pemerhatian, peningkatan kepekatan ammonium sulfat tepu 
(SAS) dalam serum mengakibatkan albumin terdedah untuk termendak bersama-sama 
dengan IgG. Secara tidak langsung  tindak balas ini menyebabkan  ketulenan IgG 
berkurangan. Pada peratusan ketepuan ammonium sulfat yang optimum, perolehan 
semula, ketulenan, and penulenan faktor masing-masing adalah 99%, 94% dan 7.8. 
Kaedah ini menunjukkan nilai bacaan kekonduksian yang tinggi, iaitu 16 ± 1 mS/cm.  
Kesan kekuatan ion terkandung yang tinggi akan melemahkan  produktiviti antibodi 
yang ditulenkan kerana ia boleh melindungi bahagian protein yang aktif. Justeru itu, 
penggunaan kaedah bersepadu seperti gabungan sistem kromatografi dengan 
pemendakan dilihat sebagai langkah yang boleh diambil bagi menangani masalah ini. 
Bagi tujuan ini penggunaan kromatografi mod campuran (SepFastTM MM AH-1) yang 
bersifat dual fungsi iaitu mempunyai kumpulan anionik dan hidrofobik telah 
diperkenalkan bagi  mengkaji keberkesanan sistem gabungan bersepadu ini. Hasil 
daripada penggabungan dua kaedah ini adalah memberangsangkan kerana ia berjaya 
mengurangkan kekuatan ionik sehingga 75%. Peratusan pengurangan yang tinggi ini 
menyebabkan kaedah penyahgaraman produk akhir tidak diperlukan dilaksanakan lagi. 
Proses penggilapan ini memberi peningkatan yang baik dari segi hasil perolehan dan 
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ketulenan poliklonal IgG iaitu meningkat kepada 97% dan 98% secara relatif. 
Berbanding dengan pemendakan garam tunggal, IgG yang diperoleh semula dengan 
kaedah gandingan dengan kromatografi mod campuran adalah jauh lebih produktif  
kerana ia menghasilkan imunoglobulin bersifat monomer secara dominan. Di samping 
itu, histogram regularisasi monomodal menunjukkan saiz taburan zarah poliklonal IgG 
yang diperoleh semula daripada serum arnab adalah 10.3 nm diameter di mana 
berpadanan dengan saiz IgG yang dilapor daripada kajian terdahulu. Pendekatan 
penulenan tunggal yang cekap dan cepat dengan menggunakan kromatografi SepFastTM 

Supor DEAE untuk penulenan anti-HBcAg IgG daripada serum arnab juga turut dikaji 
daripada penyelidikan ini. Hasil daripada kajian ini, pH optimum adalah pH 8.0 di 
mana ia memberikan perolehan tertinggi IgG iaitu kira-kira 20% daripada jumlah 
keseluruhan protein dalam serum. Penulenan langkah tunggal ini menunjukkan 
pemulihan yang sangat baik dengan hasil perolehan dan ketulenan pada kira-kira 94% 
dan 83%, dan ia berpadangan dengan faktor penulenan 7.4. Kajian pengagregatan oleh 
penyerakan cahaya dinamik (DLS) mendapati bahawa saiz molekul anti-HBcAg IgG 
daripada serum arnab adalah kira-kira 10 nm dan ia benar-benar sepadan dengan IgG 
asli. Kesimpulan daripada kajian ini menunjukan  penggunaan SepFastTM MM AH-1
diperingkat penggilapan adalah amat berkesan memandangkan kebolehan kromatografi 
ini mengurangkan nilai kekuatan ionik dan memisahkan pencamtuman monomer-
monomer daripada pengagregatan protein. Selain daripada itu, kajian menggunakan 
SepFastTM Supor DEAE dilihat berpotensi besar dalam aplikasi berskala industri bagi 
penulenan IgG dengan satu langkah sahaja. 
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CHAPTER 1 

INTRODUCTION 

Immunoglobulin (Ig) generated by the immune system of animals function as an
antibody which responds to immunogens such as bacteria, viruses or cancer cells. 
Among all antibody isotopes, immunoglobulins G (IgGs) are the most abundant 
antibodies (80%) found in the blood of animals. Polyclonal antibodies, one of the 
therapeutic proteins present in the serum, are considered as more efficacious than 
monoclonal antibodies due to their ability to bind to multiple epitopes on an antigen 
(Newcombe et al., 2005). Thus, the production of polyclonal IgG against an antigen 
such as HBcAg can be useful in clinical diagnosis and therapeutic treatment for viral 
infection. Since a significant percentage (50% to 80%) of the total manufacturing cost 
of therapeutic antibodies are contributed by the downstream processing, the 
development of an effective and economical purification method for large scale IgGs 
production is vital to overcome these problems (Azevedo et al., 2009; Simaria et al.,
2012; Menegatti  et al., 2013). Furthermore, escalating demands for increased protein 
titers, primarily for economic reasons, have shifted the bottleneck step from production 
to purification (Hober et al., 2007; Zhao et al., 2014). Hence, devising an efficient and 
economical purification strategy is a key challenge and one which is faced by the 
industry.  

Hepatitis B is a liver-related disease caused by hepatitis B virus (HBV) infection. HBV 
is a human pathogen belongs to the family of Hepadnaviridae that was discovered by 
Blumberg and Alter in year 1965. The number of HBV carriers worldwide is estimated 
to be about 350 million (Lok and McMohan, 2009) and the annual mortality rate is 
approximately 1 to 2 million of these HBV carriers (Jung and Pape, 2002). About 
200,000 to 300,000 of these HBV carriers die from cirrhosis and hepatocellular 
carcinoma, respectively (Perz et al., 2006). HBV virion, is approximately 42 nm in 
diameter and consists of an inner protein core and an outer protein envelope. The HBV 
DNA is a partially double stranded DNA comprising 3,500 bases with one end attached 
to DNA polymerase that possesses reverse-transcription activity. The DNA was 
surrounded by a nucleocapsid composed of 22 kDa core protein (HBcAg). Enveloping
the core nucleocapsid is the hepatitis B surface antigen (HBsAg) that is widely used in 
vaccination (Howard, 1986). There is a secreted pre-core protein in between   HBsAg 
and HBcAg called the hepatitis B early antigen (HBeAg), as it is among the first to be 
detected in the serum of patient infected by the virus. All of these proteins activate the 
body immune system by producing antibodies against them, which makes diagnosis of 
the virus infection possible by enzyme immunoassay (Budkowska and Karwowska, 
1982; Kimura et al., 2003; Deng et al., 2008). HBcAg has emerged as an alternative 
target for treating chronic HB infection (Hacker et al., 2003) and for vaccine 
development.  

The development of techniques and methods for the separation and purification of 
macromolecules such as proteins has been an important prerequisite for many of the 
advancements made in bioscience and biotechnology. In the biopharmaceutical 
industry, chromatography is a vital and widely used separation and purification 
technology due to its high resolution. There are numerous ways in which an affinity-
based method may be employed for the purification of recombinant proteins. The most 
common example of an affinity process is Protein A chromatography, which has been 
applied for over a decade in industrial and academic settings to capture and purify
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antibodies (immunoglobulins) (Low et al., 2007; Zhao et al., 2014). However, the use 
of Protein A chromatography has several notable drawbacks including cost, risk of 
final product’s contamination due to the leakage of Protein A from its matrices, and the 
requirement of low-pH elution buffer that can be deleterious to antibody activity. 
Leaching of Protein A is detectable after multiple use of the adsorbent. The leached 
Protein A from purified antibodies should be removed prior to human use as it may 
lead to adverse physiological effects (Cater-Franklin et al., 2007). The use of Protein A 
in the production of large quantities of antibodies is not favorable due to its high cost 
and leakage after reuse for several times (Low et al., 2007; Ghose et al., 2007; 
Menegatti et al., 2013). As antibody titers have increased, the need to develop an 
alternative method, which is economically effective is absolutely required.    

Improvements in materials and the utilization of microprocessor-based instruments 
have made protein separations more predictable and controllable. Ion exchange 
chromatography is a useful tool for separating protein based on charge (Josic and Lim, 
2001; Liu et al., 2010). Separation by this technique is fairly selective, and the resins 
used are relatively inexpensive. Moreover, this method  is ideal for reducing high 
molecular weight aggregates, charge-variants, residual DNA and host cell protein, 
leached Protein A and viral particles (Liu et al., 2010). Anion exchange 
chromatography uses a positively-charged group (weakly basic such as diethyl, DEAE 
or dimethylamino ethyl, DMAE; or strong basic such as quaternary amino ethyl, Q or 
trimethylammonium ethyl, TMAE immobilized to the resin. It can be used either in the 
flow through mode or in the bind and elute mode, depending on the isoelectric point 
(pI) of the antibody and impurities to be removed (Liu et al., 2010). Cation exchange 
chromatography uses a resin modified with negatively charged functional groups. They 
can be strong acidic ligands such as sulphopropyl, sulfoethyl and sulfoisobutyl groups 
or weak acidic ligands such as carboxyl group. Cation exchange chromatography has 
been applied for the purification processes of many antibodies with pI values ranging 
from neutral to basic. This negatively charged process can also provide the separation 
power to reduce antibody variants from the target antibody product such as deamidated 
products, oxidized species and N-terminal truncated forms, as well as high molecular 
weight species (Liu et al., 2010). The application of DEAE anion exchanger in 
eliminating albumin from rabbit sera for polyclonal IgG recovery was reported by 
Wongchupan et al. 2011. The approach process was successfully removed the albumin 
and other contaminants. However there are some limitations occurred which are the 
loss of some IgGs and difficulty in scaling up due to the batch binding mode. 
Therefore, current study proposed the use of DEAE chromatography column that is 
more feasible for scaling up process.

The precipitation method can be a powerful tool to separate classes of proteins, which 
vary in size, charge, and surface area, among other characteristics (Mirica et al., 2012). 
Ammonium sulfate precipitation has been used as an early step in a purification 
protocol, and can be a highly effective method for separating proteins for quantitative 
recovery of proteins in a complex mixture. This method increases the surface tension of 
the solution, which effectively increases the hydrophobic effect, which then stabilizes 
the protein structure and allows the hydrophobic regions on the surfaces of different 
molecules to interact and eventually causes aggregation (Mirica et al., 2012). Longmire 
et al. (1971) and Perosa et al. (1990) reported the purification of human 
immunoglobulin by ammonium sulfate precipitation method. Since the mechanism of 
precipitation by ammonium sulfate would induce hydrophobic aggregation, this may 
lead to the reduction of antibody activity in final product (Page and Thorpe, 2002). As 
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far as this drawback is concerned, a method was developed in this study to combine the 
optimum salt induced precipitation with mixed-mode chromatography column.  
Protein aggregation is a common problem in many biological system, experimental 
research, industrial and medical applications (Bondos and Bicknell, 2003; Al-Abdulla 
et al., 2014). Proteins tend to aggregate under a variety or environmental conditions, 
and the extent of the aggregation is dependent on many factors, especially the 
conditions during the processing stages (Wang et al., 2010), which may lead to reduced 
or loss of biological activity (Bermudez and Forciniti, 2004). Dynamics light scattering 
(DLS) has become one of the common techniques to measure the extent of denaturation 
and the formation of aggregates (Ahrer et al., 2003; Bermudez and Forciniti, 2004). 

Recently, a manufacturer, Bio Toolomics Limited, recommended a strategy for 
antibody purification, which is by applying the polishing step to further remove the 
impurities. A mixed mode chromatography column with the combination of anionic 
and hydrophobic groups could be an approach to eliminate the impurities as well as to
remove protein aggregates.  Passing the clarified antibody feedstock through this 
column can polish the purity of the antibody and reduce the ionic strength in the protein 
solution. A coupled method of ammonium salt precipitation with this column could be 
an efficient way of overcoming the economy and physical limitations of Protein A 
affinity chromatography.  

Hence, the main aim of this study was to develop a simple and cost effective method 
for purifying polyclonal antibody from animal sera. The objectives of this study were: 

1. To identify the optimal percentage of saturated ammonium sulfate for 
precipitating polyclonal anti-HBcAg IgG from rabbit sera. 

2. To examine the application of mixed-mode column as the polishing step to 
prevent aggregation of polyclonal anti-HBcAg IgG purified by precipitation. 

3. To investigate the potential of DEAE anion exchanger as the adsorbent for 
negative chromatography for purifying polyclonal anti-HBcAg IgG from the 
sera. 

4. To characterize the purified anti-HBcAg IgG by using dynamic light 
scattering and zetasizer analyses.  
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