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Hepatitis B surface antigen (HBsAg) antibody (anti-HBs) has shown to be an 

important serological marker in monitoring the success in hepatitis B vaccination. 

In this, the HBsAg protein plays a vital role as the basic component for anti-HBs 

detection assays due to its high reactivity and specificity. As such, the present 

thesis focuses on assessing and optimising key areas related to the downstream 

processing conditions specifically in the production of HBsAg from recombinant 

Pichia pastoris and in the establishment of chip-based anti-HBs detection 

prototype.  

 

 

A study of the Mut
+
 phenotype for the expression of recombinant hepatitis B 

surface antigen (HBsAg) in P. pastoris strain GS115 with a two-phase fed-batch 

protocol is described. Expression levels of HBsAg protein of 6.74 g/L Dry Cell 

Weight (DCW) and 26.07 mg/L of HBsAg concentration were achieved 48 h of 

expression. The use of the pPIC3.5K-HBsAg plasmid in the Mut
+
 phenotype 

enhanced the expression of HBsAg by a nearly 13 times higher volumetric 

productivity in the first 24 h and 35 times higher at peak production concentration. 

Comparison of AOX expression promoters relative to the HBsAg gene in the role 

of mRNA secondary structure during translation initiation revealed that HBsAg 

possesses lower folding stability with AOX1 Mut
+
 phenotype and was found better 

suited for HBsAg expression, which correlates with the ease of translation 

initiation under shake flask conditions. 

 

 

Subsequently, cell disruption strategies by high pressure homogenizer were 

optimized using response surface methodology (RSM) to correlate influencing 

factors affecting cell disruption capability and specific protein release of HBsAg 
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from P. pastoris cells. From the results, an optimised cell disruption strategy with 

up-scale adaptability consisted of a number of passes set at 20 times, biomass 

concentration of 7.70 g/L of dry cell weight (DCW) and pulse pressure at 1,029 

bar was demonstrated and was shown to increase cell disruption efficiency by 2-

fold and 4-fold for specific protein release of HBsAg when compared to glass bead 

method yielding 75.68% cell disruption rate (CDR) and HBsAg concentration of 

29.20 mg/L, respectively.  

 

 

Following the release of HBsAg from cell disruption, univariate screening 

approaches on factors affecting the purification performance of HBsAg on ion 

exchange chromatography (IEC) and size exclusion chromatography (SEC) 

techniques and the establishment of a two-step purification strategy were 

performed. The main results drawn showed that the IEC Q Sepharose XL column 

and optimum conditions of 4 mL sample loading volume, an elution buffer with 

1.5 M NaCl concentration at pH 8 with an elution gradient length of 20 column 

volume and subsequent purification with SEC at a sample volume of 5 mL and a 

flow rate of 1 mL/min was able to efficiently purify HBsAg. An up-scaled version 

the established purification strategy comprising of the two techniques further 

demonstrated adaptability for scale-up operations with a final total PF of 94.82 ± 

16.20, HBsAg purity of 95.48% and recovery yield of 78.07%.  

 

 

Finally, detection and quantification of anti-HBs using direct surface plasmon 

resonance (SPR) chip-based assay approach with recombinant HBsAg obtained as 

capturing agent was performed. Recombinant HBsAg derived from P. pastoris was 

immobilized under optimum binding conditions at a concentration of 150 mg/L, 

sodium acetate buffer at pH 4 and 0.6% Triton X-100 while effective regeneration 

of sensor surface was able to be done with 20 mM HCl. A dynamic range of 

detection from ~0.00098 to 0.25 mg/L was achieved and no cross-reactivity was 

found for the other known antibodies tested. Comparison of SPR chip-based assay 

with ELISA in terms of limit of detection generated an approximate 7-fold 

increase in sensitivity and a 2-fold increase in accuracy of the replicated results. 

The ability of the assay to detect anti-HBs in human sera samples was 

demonstrated with minor differences in comparison to that of the results obtained 

with ELISA.  



© C
OPYRIG

HT U
PM

iii 

 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah  

 

 

PEMBENTUKAN STRATEGI YANG OPTIMA DALAM 

PENGHASILAN REKOMBINAN HEPATITIS B PERMUKAAN 

ANTIGEN UNTUK CIP BERASASKAN PENGESANAN ANTIBODI  

 

 

Oleh 

 

 

TAM YEW JOON  

 

 

Mei 2015 

 

 

Pengerusi : Zeenathul Nazariah Allaudin, Ph.D.  

Fakulti : Institut Biosains  

 

 

Hepatitis B antigen permukaan (HBsAg) antibodi (anti-HBs) telah terbukti sebagai 

penanda rujukan yang penting untuk pemantauan keberkesanan hepatitis B 

vaksinasi. Dengan ini, protein HBsAg memainkan peranan penting sebagai 

komponen asas untuk ujian pengesanan anti-HBs berikutan kereaktifan dan 

specifikasi yang tinggi terhadap antibodi tersebut. Oleh itu, tesis ini memberi 

tumpuan kepada penilaian dan pengoptimuman bidang-bidang utama yang 

berkaitan dengan keadaan pemprosesan hiliran khususnya dalam penghasilan 

HBsAg dari rekombinan Pichia pastoris di samping penubuhan prototaip cip 

pengesanan terhadap anti-HBs.  

 

 

Satu kajian terhadap fenotip Mut
+
 untuk ekspresi rekombinan HBsAg daripada P. 

pastoris jenis GS115 dengan protokol suapan sesekelompok dua fasa telah 

dilakukan. Tahap ekspresi protein HBsAg sebanyak 6.74 g/L keberatan sel kering 

(DCW) dan HBsAg berkepekatan 26.07 mg/L telah dicapai dalam masa 48 jam 

dari titik permulaan induksi. Penggunaan plasmid pPIC3.5K-HBsAg dalam fenotip 

Mut
+
 mampu meningkatkan ekspresi HBsAg hampir 13 kali lebih tinggi dari segi 

produktiviti isipadu dalam jangka masa 24 jam yang pertama dan 35 kali lebih 

tinggi daripada puncak kepekatan pengeluaran. Perbandingan ekspresi promotor 

AOX relatif kepada gen HBsAg dalam peranan mRNA struktur sekunder semasa 

permulaan terjemahan menunjukkan bahawa HBsAg mempunyai kestabilan 

lipatan lebih rendah dengan AOX1 Mut
+
 fenotip dan didapati lebih sesuai untuk 

ekspresi HBsAg, jika dikaitkan dengan kesenangan dalam permulaan terjemahan 

di bawah keadaan kelalang bergoncang.  
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Seterusnya, strategi pemecahan sel oleh homogenizer bertekanan tinggi untuk 

membebaskan rekombinan HBsAg daripada sel P. pastoris telah dioptimasikan 

dengan menggunakan kaedah respon permukaan (RSM) dalam penentuan factor-

faktor yang mempengaruhi kecekapan pemecahan sel dan di dalam pembebasan 

HBsAg. Daripada keputusan yang didapati, rumusan strategi gangguan sel dengan 

kebolehan penyesuaian pengskalaan naik yang optima terdiri daripada bilangan 20 

kali laluan, kepekatan biojisim 7.70 g/L DCW dan tekanan pada 1,029 bar didapati 

meningkatkan kecekapan pemecahan sel dan pelepasan protein spesifik HBsAg 

secara ketara dengan masing-masing 2 kali ganda dan 4 kali ganda jika 

dibandingkan dengan kaedah manik kaca yang menghasilkan 75,68% kadar 

gangguan sel (CDR) dan kepekatan HBsAg daripada 29.20 mg/L, masing-masing. 

 

 

Susulan pembebasan HBsAg secara pemecahan sel, pendekatan saringan secara 

univariat telah digunakan dalam mengkaji kesan daripada faktor-faktor yang 

mempengaruhi prestasi penulenan HBsAg pada teknik kromatografi pertukaran cas 

(IEC) dan teknik kromatografi penyisihan saiz (SEC) serta pembentukan strategi 

penulenan dua langkah telah dilaksanakan. Keputusan yang diperolehi 

membuktikan bahawa IEC penjerap Q Sepharose XL berserta dengan syarat 

optima 4 mL isipadu sampel pemuatan, kepekatan garam 1.5 M NaCl pada pH 8 

dengan tempoh elusi kecerunan linear 20 isipadu penjerap dan penulenan 

selanjutnya dengan SEC pada syarat optima isipadu sampel 5 mL dan kadar aliran 

1 mL / min berkesan untuk menulenkan HBsAg. Strategi penulenan versi 

penskalaan naik yang terdiri daripada gabungan teknik IEC dan SEC menunjukkan 

keupayaan adaptasi terhadap operasi penskalaan naik dalam mencapai jumlah 

akhir PF sebanyak 94.82 ± 16.20 dengan ketulenan HBsAg 95.48% dan hasil 

pengutipan 78.07%.  

 

 

Akhir sekali, satu kaedah untuk pengesanan dan kuantifikasi anti-HBs berdasarkan 

cip plasmon permukaan resonans (SPR) yang langsung dengan menggunakan 

rekombinan HBsAg yang diperolehi telah dibentuk. Rekombinan HBsAg daripada 

P. pastoris telah ditetapkan di atas permukaan dengan keadaan optima pada 

kepekatan 150 mg/L, natrium asetat penampan pada pH 4 dan 0.6% Triton X-100 

manakala penjanaan semula permukaan pengesan secara berkesan dapat dilakukan 

dengan 20 mM HCl . Rangkaian pengesanan yang linear dianggarkan pada 

0.00098 hingga 0.25 mg/L telah dicapai dan tiada tindak balas silang dapat 

diperhatikan terhadap antibody-antibodi lain yang diuji. Perbandingan kaedah 

ujian pengesan berasaskan cip SPR dengan ujikaji ELISA dari segi had 

pengesanan dapat meningkatkan sensitiviti ujian lebih kurang 7 kali ganda dan 

peningkatan sebanyak 2 kali ganda dari segi ketepatan pengulangan keputusan. 

Kaedah ini telah diaplikasikan kepada analisis yang lebih meluas dengan 

menggunakan sampel sera manusia yang mengandungi anti-HBs, memberikan data 

bersamaan dengan ujikaji ELISA. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background 

 

 

Hepatitis B disease poses a major public health problem in many parts of the 

world, particularly developing countries in Asia, which comprises populations that 

show high endemicity of chronic hepatitis B virus (HBV) infection (Yap, 1994; 

Liaw, 2009). Although HBV is regarded as non-pathogenic, on its own, the virus 

does not trigger innate immunity and the outcome of its infection in causing liver 

diseases, often leads to fatality (Lavanchy, 2005). In Malaysia, significant numbers 

of chronic HBV carriers have been detected amongst the different ethnic groups 

with an increasing trend on the incidence rate of Hepatitis B infection in recent 

years especially in the productive age group (Ministry of Health, 2012; Ministry of 

Health, 2014). Apart from vaccination, constant screening for anti-HBs is an 

essential measurement needed to be taken to help in lowering infection cases 

(Atkinson et al., 2011). Notably, anti-HBs serves as an important serological 

marker in monitoring the success of hepatitis B vaccination and as an indicator for 

disease resolution as well as in determination of the recovery of hepatitis B 

infected individuals (Bauer and Jilg, 2006). Presently, a variety of anti-HBs 

detection assays have been developed such as immuno-chromatography assay 

(ICA) (Li et al., 2009), chemiluminescence assay (CL) (Zhang et al., 2007), 

protein microarray (Xu et al., 2007) and more importantly, enzyme linked 

immunosorbent assay (ELISA), which has been the gold standard assay for anti-

HBs detection in the last 3 decades (Tsitsilonis et al., 2004; World Health 

Organization, 2014b).  

 

 

In this, the basic component for the detection of anti-HBs, hepatitis B surface 

antigen (HBsAg) has shown to play a vital role in meeting the quality control 

requirements of these assays in terms of sensitivity, specificity and accuracy as it 

has highly antigenic properties as well as the highest density of epitomes against 

anti-HBs (Bruss and Ganem, 1991; Kouichi et al., 1991; Zhang et al., 2001). As a 

diagnostic antigen, particularly the recombinant HBsAg, has been reported to 

possess high reactivity and specificity towards anti-HBs, with additional benefit as 

a safe and stable reagent for the development of qualitative and quantitative 

immunoassays (Bo et al., 2005; Tan et al., 2005; Ottone et al., 2007). However, 

although these assays performed well in providing accuracy and reliable results, 

current short comings including time factor, indirect format, labour intensity, cost 

and the need for multiple washing steps which could lead to increased risk of 

contamination remain. Thus, there is still a continuous demand for more specific 

and effective alternative assays for anti-HBs detection. In addition, the current 

commercially produced HBsAg is still considered relatively expensive with 

limitations to downstream processing. These limitations were identified to be 

caused by low and prolonged expression levels, inefficiency in HBsAg release 
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from host cells and low recovery yield of the protein during purification (Hardy et 

al., 2000; Kumar et al., 2003). The impact of the limitations, affects the viability of 

detection assay development. 

 

 

As such, with the realization on the economic importance of recombinant HBsAg 

as well as the need for alternative assay for the detection of anti-HBs, the general 

objective of this study was directed towards optimising the production route for P. 

pastoris derived HBsAg and in the establishment of chip-based assay specific for 

anti-HBs detection for the purpose of achieving self-sufficiency in sustaining 

production of the chip-based assay in the long run. It is hypothesized that by 

assessing process parameters and coming up with alternative optimised strategies 

in crucial areas of production comprising of HBsAg expression, cell disruption and 

purification, the overall production process efficiency can be improved while 

attaining the biological activity of the protein applicable for the use as a diagnostic 

agent. Using the HBsAg produce, it is also hypothesized that the protein can be 

integrated into an SPR chip-based assay as a recognition element for the detection 

of anti-HBs through similar means of assessment and optimisation. Ideally, the 

success criteria of established prototype would be able to detect and quantitate 

anti-HBs in human remnant sera samples without major interference. This is 

important to omit additional steps needed in sample preparation which could allow 

a higher risk of false interpretation due to increased risk of exposure to 

contamination. 

 

 

1.2 Objectives 

 

 

The main objectives of the present study were as follows: 

 

 

1) to develop a HBsAg expression strategy using Mut
+
 phenotype of P. 

pastoris strain and study its feasibility as an alternative to Mut
S
 phenotype 

expression in the production of recombinant HBsAg protein.  

 

2) to assess the characteristics of cell disruption for the release of 

recombinant HBsAg performed with a high pressure homogenizer based 

on the effects influenced by important variables and their correlation to 

each other and optimisation of the process strategy with the possibility of 

process scale-up. 

 

3) to determine the significant factors influencing the purification 

performance of recombinant HBsAg for assay development and develop 

an optimum purification strategy for a better recovery yield of the 

purified protein.  

 

4) to develop and evaluate a chip-based SPR detection assay for the 

quantification of anti-HBs using purified P. pastoris derived HBsAg as 

the recognition element.  
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1.3 Null hypotheses: 

 

 

1) Optimizing process parameters in the area of HBsAg expression, cell 

disruption of P. pastoris host cells and purification of HBsAg could not 

improve overall process efficiency.  

 

2) The established recovery strategies would not be feasible for up-scaled 

processes. 

 

3) The integration of HBsAg produce onto the sensor surface of SPR chip-

based assay would be unsuccessful.  

 

4) The established SPR chip-based assay was unable to detect anti-HBs from 

human remnant sera samples.  

 

  



© C
OPYRIG

HT U
PM

136 

 

REFERENCES 

 

 

Abbasalipourkabir, R., Salehzadeh, A., and Abdullah, R. (2011) Cytotoxicity 

effect of solid lipid nanoparticles on human breast cancer cell lines, 

Biotechnology 10 528-533. 

Adinarayana, K., Ellaiah, P., Srinivasulu, B., Bhavani Devi, R., and Adinarayana, 

G. (2003) Response surface methodological approach to optimize the 

nutritional parameters for neomycin production by Streptomyces 

marinensis under solid-state fermentation, Process Biochemistry 38 (11), 

1565-1572. 

Agerkvist, I., and Enfors, S. O. (1990) Characterization of E. coli cell disintegrates 

from a bead mill and high pressure homogenizers, Biotechnology and 

Bioengineering 36 (11), 1083-1089. 

Alter, M. J., and Margolis, H. S. (1990) The emergence of hepatitis B as a sexually 

transmitted disease, The Medical Clinics of North America 74 (6), 1529-

1541. 

Andersson, L. I. (2000) Molecular imprinting: developments and applications in 

the analytical chemistry field, Journal of Chromatography B: Biomedical 

Sciences and Applications 745 (1), 3-13. 

Antonsen, K. P., Colton, C. K., and Yarmush, M. L. (1991) Elution conditions and 

degradation mechanisms in long-term immunoadsorbent use, 

Biotechnology Progress 7 (2), 159-172. 

Arnau, J., Lauritzen, C., Petersen, G. E., and Pedersen, J. (2006) Current strategies 

for the use of affinity tags and tag removal for the purification of 

recombinant proteins, Protein Expression and Purification 48 (1), 1-13. 

Atkinson, W., Hamborsky, J., McIntyre, L., and Wolfe, S. (2011) Epidemiology 

and prevention of vaccine-preventable diseases,  In The Pink Book  Ed. 

Hamborsky J, Kroger A, and Wolfe S, 12 ed., pp 115-138, Public Health 

Foundation, Washington, DC. 

Augenstein, D. C., Thrasher, K., Sinskey, A. J., and Wang, D. I. C. (1974) 

Optimization in the recovery of a labile intracellular enzyme, 

Biotechnology and Bioengineering 16 (11), 1433-1447. 

Ayazi Shamlou, P., Siddiqi, S., and Titchener-Hooker, N. (1995) A physical model 

of high-pressure disruption of Bakers' yeast cells, Chemical Engineering 

Science 50 (9), 1383-1391. 



© C
OPYRIG

HT U
PM

137 

 

Bailey, S. M., and Meagher, M. M. (1997) Crossflow microfiltration of 

recombinant Escherichia coli lysates after high pressure homogenization, 

Papers in Biotechnology 56 (3), 304-310. 

Balasundaram, B., and Harrison, S. T. L. (2008) Influence of the extent of 

disruption of Bakers' yeast on protein adsorption in expanded beds, 

Journal of Biotechnology 133 (3), 360-369. 

Banatvala, J., Van Damme, P., and Oehen, S. (2000) Lifelong protection against 

hepatitis B: The role of vaccine immunogenicity in immune memory, 

Vaccine 19 (7), 877-885. 

Bardiya, N. (2006) Expression in and purification of Hepatitis B surface antigen 

(S-protein) from methylotrophic yeast Pichia pastoris, Anaerobe 12 (4), 

194-203. 

Bauer, T., and Jilg, W. (2006) Hepatitis B surface antigen-specific T and B cell 

memory in individuals who had lost protective antibodies after hepatitis B 

vaccination, Vaccine 24 (5), 572-577. 

Belew, M., Mei, Y., Li, B., Berglöf, J., and Janson, J.-C. (1991) Purification of 

recombinant hepatitis B surface antigen produced by transformed Chinese 

hamster ovary (CHO) cell line growth in culture, Bioseparation 1 (5), 

397-408. 

Bi, J.-X., Zhou, W.-B., Li, Y., Huang, Y.-D., Zhang, Y., Dong, A.-H., and Su, Z.-

G. (2005) Polyethylene glycol accompanied ion-exchange 

chromatography to purify recombinant hepatitis B virus surface antigen, 

Chinese Journal of Biotechnology 21 (6). 

Bo, H., Minjian, L., Guoqiang, H., Zhaoxia, L., Zhenyu, Z., and Lin, L. (2005) 

Expression of hepatitis B virus S gene in Pichia pastoris and application 

of the product for detection of anti-HBs antibody, Journal of 

Biochemistry and Molecular Biology 38 (6), 683. 

Böttcher, B., Wynne, S., and Crowther, R. (1997) Determination of the fold of the 

core protein of hepatitis B virus by electron cryomicroscopy, Nature 386 

88-91. 

Bruss, V., and Ganem, D. (1991) Mutational analysis of hepatitis B surface antigen 

particle assembly and secretion, Journal of Virology 65 (7), 3813-3820. 

Carta, G., and Jungbauer, A. (2010) Effects of dispersion and adsorption kinetics 

on column performance,  In Protein Chromatography: Process 

Development and Scale-up  Ed. Carta, G., and Jungbauer, A., p 237, 

Wiley-VCH Verlag GmbH, Weinheim. 



© C
OPYRIG

HT U
PM

138 

 

Cereghino, J. L., and Cregg, J. M. (2000) Heterologous protein expression in the 

methylotrophic yeast Pichia pastoris, FEMS Microbiology Reviews 24 

(1), 45-66. 

Chan, H. L.-Y., Thompson, A., Martinot-Peignoux, M., Piratvisuth, T., Cornberg, 

M., Brunetto, M. R., Tillmann, H. L., Kao, J.-H., Jia, J.-D., and 

Wedemeyer, H. (2011) Hepatitis B surface antigen quantification: Why 

and how to use it in 2011–a core group report, Journal of Hepatology 55 

(5), 1121-1131. 

Chang, J. T., Green, C., and Wolf, R. (1995) Inhibition of translation initiation on 

Escherichia coli gnd mRNA by formation of a long-range secondary 

structure involving the ribosome binding site and the internal 

complementary sequence, Journal of Bacteriology 177 (22), 6560-6567. 

Charoenrat, T., Ketudat-Cairns, M., Stendahl-Andersen, H., Jahic, M., and Enfors, 

S. O. (2005) Oxygen-limited fed-batch process: an alternative control for 

Pichia pastoris recombinant protein processes, Bioprocess and 

Biosystems Engineering 27 (6), 399-406. 

Chauhan, A., Arora, D., and Khanna, N. (1999) A novel feeding strategy for 

enhanced protein production by fed-batch fermentation in recombinant 

Pichia pastoris, Process Biochemistry (Amsterdam, Netherlands) 34 (2), 

139-145. 

Chavane, N., Jacquemart, R., Hoemann, C. D., Jolicoeur, M., and De Crescenzo, 

G. (2008) At-line quantification of bioactive antibody in bioreactor by 

surface plasmon resonance using epitope detection, Analytical 

Biochemistry 378 (2), 158-165. 

Chen, D. S. (2010) Toward elimination and eradication of hepatitis B, Journal of 

Gastroenterology and Hepatology 25 (1), 19-25. 

Chisti, Y., and Moo-Young, M. (1986) Disruption of microbial cells for 

intracellular products, Enzyme and Microbial Technology 8 (4), 194-204. 

Choi, Y.-H., Lee, G.-Y., Ko, H., Chang, Y. W., Kang, M.-J., and Pyun, J.-C. 

(2014) Development of SPR biosensor for the detection of human 

hepatitis B virus using plasma-treated parylene-N film, Biosensors and 

Bioelectronics 56 286-294. 

Chung, J., Kim, S., Bernhardt, R., and Pyun, J. (2005) Application of SPR 

biosensor for medical diagnostics of human hepatitis B virus (hHBV), 

Sensors and Actuators B: Chemical 111 416-422. 

Chung, J. W., Bernhardt, R., and Pyun, J. C. (2006) Sequential analysis of multiple 

analytes using a surface plasmon resonance (SPR) biosensor, Journal of 

Immunological Methods 311 (1), 178-188. 



© C
OPYRIG

HT U
PM

139 

 

Cocchi, J., Trabaud, M., Grange, J., Serres, P., and Desgranges, C. (1993) 

Comparison between direct binding, competition and agglutination assays 

in the characterization of polyclonal anti-idiotypes against anti-HBs 

human monoclonal antibodies, Journal of Immunological Methods 160 

(1), 1-9. 

Cos, O., Serrano, A., Montesinos, J. L., Ferrer, P., Cregg, J. M., and Valero, F. 

(2005) Combined effect of the methanol utilization (Mut) phenotype and 

gene dosage on recombinant protein production in Pichia pastoris fed-

batch cultures, Journal of Biotechnology 116 (4), 321-335. 

Cregg, J., Tschopp, J., Stillman, C., Siegel, R., Akong, M., Craig, W., Buckholz, 

R., Madden, K., Kellaris, P., and Davis, G. (1987) High-level expression 

and efficient assembly of hepatitis B surface antigen in the 

methylotrophic yeast, Pichia pastoris, Nature Biotechnology 5 (5), 479-

485. 

Cregg, J. M., Barringer, K., Hessler, A., and Madden, K. (1985) Pichia pastoris as 

a host system for transformations, Molecular and Cellular Biology 5 (12), 

3376-3385. 

Cregg, J. M., and Madden, K. R. (1988) Development of the methylotrophic yeast, 

Pichia pastoris, as a host system for the production of foreign proteins, 

Developments in Industrial Microbiology 29 33-41. 

Crowther, R., Kiselev, N., Böttcher, B., Berriman, J., Borisova, G., Ose, V., and 

Pumpens, P. (1994) Three-dimensional structure of hepatitis B virus core 

particles determined by electron cryomicroscopy, Cell 77 (6), 943-950. 

Cumming, R., Tuffnell, J., and Street, G. (1985) The dependence of protein release 

from Bacillus amyloliquefaciens on the growth phase in batch culture, 

Biotechnology and Bioengineering 27 (6), 887-889. 

Currie, L. A. (1995) Nomenclature in evaluation of analytical methods including 

detection and quantification capabilities (IUPAC Recommendations 

1995), Pure and Applied Chemistry 67 (10), 1699-1723. 

Daly, R., and Hearn, M. T. (2005) Expression of heterologous proteins in Pichia 

pastoris: A useful experimental tool in protein engineering and 

production, Journal of Molecular Recognition 18 (2), 119-138. 

Dane, D., Cameron, C., and Briggs, M. (1970) Virus-like particles in serum of 

patients with Australia-antigen-associated hepatitis, The Lancet 295 

(7649), 695-698. 

Dass, P. (1988) Epidemiological features of hepatitis B virus infection in 

Malaysians, Medical Journal of Malaysia 43 (4), 278-283. 



© C
OPYRIG

HT U
PM

140 

 

De Smet, M. J., Kingma, J., and Witholt, B. (1978) The effect of toluene on the 

structure and permeability of the outer and cytoplasmic membranes of 

Escherichia coli, Biochimica et Biophysica Acta (BBA)-Biomembranes 

506 (1), 64-80. 

de Smit, M. H., and van Duin, J. (1990) Secondary structure of the ribosome 

binding site determines translational efficiency: a quantitative analysis, 

Proceedings of the National Academy of Sciences 87 (19), 7668-7672. 

Diels, A. M. J., De Taeye, J., and Michiels, C. W. (2005) Sensitisation of 

Escherichia coli to antibacterial peptides and enzymes by high-pressure 

homogenisation, International Journal of Food Microbiology 105 (2), 

165-175. 

Diels, A. M. J., and Michiels, C. W. (2006) High-pressure homogenization as a 

non-thermal technique for the inactivation of microorganisms, Critical 

Reviews in Microbiology 32 (4), 201-216. 

Donsě, F., Ferrari, G., Lenza, E., and Maresca, P. (2009) Main factors regulating 

microbial inactivation by high-pressure homogenization: Operating 

parameters and scale of operation, Chemical Engineering Science 64 (3), 

520-532. 

Donsì, F., Ferrari, G., Lenza, E., and Maresca, P. (2009) Main factors regulating 

microbial inactivation by high-pressure homogenization: Operating 

parameters and scale of operation, Chemical Engineering Science 64 (3), 

520-532. 

Donsì, G., Ferrari, G., and Maresca, P. (2007) Pulsed high pressure treatment for 

the inactivation of Saccharomyces cerevisiae: The effect of process 

parameters, Journal of Food Engineering 78 (3), 984-990. 

Doulah, M. (1977) Mechanism of disintegration of biological cells in ultrasonic 

cavitation, Biotechnology and Bioengineering 19 (5), 649-660. 

Duerre, J. A., and Ribi, E. (1963) Enzymes released from Escherichia coli with the 

aid of a Servall cell fractionator, Applied Microbiology 11 (6), 467-471. 

Edman, J. C., Hallewell, R. A., Valenzuela, P., Goodman, H. M., and Rutter, W. J. 

(1981) Synthesis of hepatitis B surface and core antigens in E. coli, 

Nature 291 503-506. 

Ellwanger, A., Berggren, C., Bayoudh, S., Crecenzi, C., Karlsson, L., Owens, P. 

K., Ensing, K., Cormack, P., Sherrington, D., and Sellergren, B. (2001) 

Evaluation of methods aimed at complete removal of template from 

molecularly imprinted polymers, Analyst 126 (6), 784-792. 



© C
OPYRIG

HT U
PM

141 

 

Engler, C. R., and Asenjo, J. A. (1990) Cell disruption by homogenizer, 

Separation Processes in Biotechnology 9 95-105. 

Estmer-Nilsson, C., Abbas, S., Bennemo, M., Larsson, A., Hämäläinen, M. D., and 

Frostell-Karlsson, Å. (2010) A novel assay for influenza virus 

quantification using surface plasmon resonance, Vaccine 28 (3), 759-766. 

Fish, N. M., Harbron, S., Allenby, D. J., and Lilly, M. D. (1983) Oxidation of n-

alkanes: Isolation of alkane hydroxylase from Pseudomonas putida, 

Applied Microbiology and Biotechnology 17 (1), 57-63. 

Fish, N. M., and Lilly, M. D. (1984) The interactions between fermentation and 

protein recovery, Nature Biotechnology 2 (7), 623-627. 

Floury, J., Desrumaux, A., Axelos, M. A. V., and Legrand, J. (2002) Degradation 

of methylcellulose during ultra-high pressure homogenisation, Food 

Hydrocolloids 16 (1), 47-53. 

Follows, M., Hetherington, P. J., Dunnill, P., and Lilly, M. D. (1971) Release of 

enzymes from Bakers' yeast by disruption in an industrial homogenizer, 

Biotechnology and Bioengineering 13 (4), 549-560. 

Fonseca, R. d. S. d., Silva Rafael, R. d., Kalil, S. J., Burkert, C. A. V., and de 

Medeiros Burkert, J. F. (2013) Different cell disruption methods for 

astaxanthin recovery by Phaffia rhodozyma, African Journal of 

Biotechnology 10 (7), 1165-1171. 

Foster, D. (1995) Optimizing recombinant product recovery through improvements 

in cell-disruption technologies, Current Opinion in Biotechnology 6 (5), 

523-526. 

Franco, E., Bagnato, B., Marino, M. G., Meleleo, C., Serino, L., and Zaratti, L. 

(2012) Hepatitis B: Epidemiology and prevention in developing 

countries, World Journal of Hepatology 4 (3), 74. 

Frey, D. D. (1990) Asymptotic relations for preparative gradient elution 

chromatography of biomolecules, Biotechnology and Bioengineering 35 

(10), 1055-1061. 

Gagnon, P., Godfrey, B., and Ladd, D. (1996) Method for obtaining unique 

selectivities in ion-exchange chromatography by addition of organic 

polymers to the mobile phase, Journal of Chromatography A 743 (1), 51-

55. 

García-Martos, P., Mira, J., Galán, F., and Hernández, J. M. (1996) Sexual forms 

of yeasts in clinical samples, Mycopathologia 136 (2), 67-70. 



© C
OPYRIG

HT U
PM

142 

 

García-Tapia, A., García-Agudo, R., Marín, P., Conejo, J. L., and García-Martos, 

P. (2007) Kodamaea ohmeri fungemia associated with surgery, Revista 

Iberoamericana de Micología 24 (2), 155. 

Gavilanes, F., Gomez-Gutierrez, J., Aracil, M., Gonzalez-Ros, J., Ferragut, J., 

Guerrero, E., and Peterson, D. (1990) Hepatitis B surface antigen. Role of 

lipids in maintaining the structural and antigenic properties of protein 

components, Biochemical Journal 265 857-864. 

Gavilanes, F., Gonzalez-Ros, J. M., and Peterson, D. L. (1982) Structure of 

hepatitis B surface antigen: Characterization of the lipid components and 

their association with the viral proteins, Journal of Biological Chemistry 

257 (13), 7770-7777. 

Gerlich, W. H. (2013) Medical virology of hepatitis B: How it began and where 

we are now, Virology Journal 10 (1), 239-263. 

Gibbs, S. J., and Lightfoot, E. N. (1986) Scaling up gradient elution 

chromatography, Industrial & Engineering Chemistry Fundamentals 25 

(4), 490-498. 

Göpel, W. (1995) Controlled signal transduction across interfaces of “intelligent” 

molecular systems, Biosensors and Bioelectronics 10 (1), 35-59. 

Gu, M. B., Park, M. H., and Kim, D. I. (1991) Growth rate control in fed-batch 

cultures of recombinant Saccharomyces cerevisiae producing hepatitis B 

surface antigen (HBsAg), Applied Microbiology and Biotechnology 35 

(1), 46-50. 

Guidotti, L. G., Rochford, R., Chung, J., Shapiro, M., Purcell, R., and Chisari, F. 

V. (1999) Viral clearance without destruction of infected cells during 

acute HBV infection, Science 284 (5415), 825-829. 

Gurramkonda, C., Adnan, A., Gäbel, T., Lünsdorf, H., Ross, A., Nemani, S. K., 

Swaminathan, S., Khanna, N., and Rinas, U. (2009) Simple high-cell 

density fed-batch technique for high-level recombinant protein production 

with Pichia pastoris: Application to intracellular production of hepatitis B 

surface antigen, Microbial Cell Factories 8 (1), 13. 

Haas, H., and Hotz, G. (1980) Rapid detection of HBsAg and anti-HBs by 

enzyme-immunoassay, Journal of Virological Methods 2 (1), 63-69. 

Hardy, E., Martı́nez, E., Diago, D., Dı́az, R., González, D., and Herrera, L. (2000) 

Large-scale production of recombinant hepatitis B surface antigen from 

Pichia pastoris, Journal of Biotechnology 77 (2), 157-167. 



© C
OPYRIG

HT U
PM

143 

 

Harrison, S., Dennis, J., and Chase, H. (1991a) Combined chemical and 

mechanical processes for the disruption of bacteria, Bioseparation 2 (2), 

95. 

Harrison, S. T., Chase, H. A., and Dennis, J. S. (1991b) The disruption of 

Alcaligenes eutrophus by high pressure homogenisation: Key factors 

involved in the process, Bioseparation 2 (3), 155-166. 

Harrison, S. T., Dennis, J. S., and Chase, H. A. (1990) The effect of culture history 

on the disruption of Alcaligenes eutrophus by high pressure 

homogenisation,  In Separations for Biotechnology 2  Ed. Pyle, D. L., 2nd 

ed., pp 38-47, Elsevier Applied Science, London. 

Harrison, S. T. L. (1991) Bacterial cell disruption: A key unit operation in the 

recovery of intracellular products, Biotechnology Advances 9 (2), 217-

240. 

Hart, D. S., Harinarayan, C., Malmquist, G., Axén, A., Sharma, M., and van Reis, 

R. (2009) Surface extenders and an optimal pore size promote high 

dynamic binding capacities of antibodies on cation exchange resins, 

Journal of Chromatography A 1216 (20), 4372-4376. 

Hauser, P., Voet, P., Simoen, E., Thomas, H., Petre, J., De Wilde, M., and 

Stephenne, J. (1987) Immunological properties of recombinant HBsAg 

produced in yeast, Postgraduate Medical Journal 63 83. 

Heim, A., Kamionowska, U., and Solecki, M. (2007) The effect of microorganism 

concentration on yeast cell disruption in a bead mill, Journal of Food 

Engineering 83 (1), 121-128. 

Heinrich, L., Tissot, N., Hartmann, D. J., and Cohen, R. (2010) Comparison of the 

results obtained by ELISA and surface plasmon resonance for the 

determination of antibody affinity, Journal of Immunological Methods 

352 (1), 13-22. 

Hetherington, P. J., Follows, M., Dunnill, P., and LlLly, M. D. (1971) Release of 

protein from Baker's yeast (Saccharomyces cerevisiae) by disruption in 

an industrial homogenizer, Chemical Engineering Research and Design 

49 (a), 142-148. 

Higgins, D. R. (2001) Overview of protein expression in Pichia pastoris, Current 

Protocols in Protein Science 5.7. 1-5.7. 18. 

Ho, C. W., Chew, T. K., Ling, T. C., Kamaruddin, S., Tan, W. S., and Tey, B. T. 

(2006) Efficient mechanical cell disruption of Escherichia coli by an 

ultrasonicator and recovery of intracellular hepatitis B core antigen, 

Process Biochemistry 41 (8), 1829-1834. 



© C
OPYRIG

HT U
PM

144 

 

Ho, C. W., Tan, W. S., Kamarudin, S., Ling, T. C., and Tey, B. T. (2008) The 

release of hepatitis B core antigen from Escherichia coli by batch mode 

bead milling, Process Biochemistry 43 (2), 206-212. 

Homola, J. (2008) Surface plasmon resonance sensors for detection of chemical 

and biological species, Chemical Reviews 108 (2), 462-493. 

Homola, J., and Piliarik, M. (2006) Surface plasmon resonance (SPR) sensors,  In 

Surface Plasmon Resonance Based Sensors  Ed. Wolfbeis, O. S., 1st ed., 

pp 45-67, Springer, Berlin Heidelberg New York. 

Honari, P., Allaudin, Z. N., Lila, M. A. M., and Mustafa, N. H. B. (2013) An 

approach towards optimal usage of immobilized sensor chips in Surface 

Plasmon Resonance based biosensor, African Journal of Biotechnology 

10 (70), 15795-15800. 

Hoofnagle, J. H., Doo, E., Liang, T. J., Fleischer, R., and Lok, A. S. (2007) 

Management of hepatitis B: Summary of a clinical research workshop, 

Hepatology 45 (4), 1056-1075. 

Huang, H., Ran, P., and Liu, Z. (2008) Signal enhancement of surface plasmon 

resonance-based immunoassays for the allergen detection, Sensors and 

Actuators B: Chemical 131 (2), 417-423. 

Huang, L.-M., Lu, C.-Y., and Chen, D.-S. (2011) Hepatitis B virus infection, its 

sequelae, and prevention by vaccination, Current Opinion in Immunology 

23 (2), 237-243. 

Huang, Y., Bi, J., Zhang, Y., Zhou, W., Li, Y., Zhao, L., and Su, Z. (2007) A 

highly efficient integrated chromatographic procedure for the purification 

of recombinant hepatitis B surface antigen from Hansenula polymorpha, 

Protein Expression and Purification 56 (2), 301-310. 

Huang, Y., Bi, J., Zhao, L., Ma, G., and Su, Z. (2010) Regulation of protein 

multipoint adsorption on ion-exchange adsorbent and its application to 

the purification of macromolecules, Protein Expression and Purification 

74 (2), 257-263. 

Huang, Y., Bi, J., Zhou, W., Li, Y., Wang, Y., Ma, G., and Su, Z. (2006) 

Improving recovery of recombinant hepatitis B virus surface antigen by 

ion-exchange chromatographic supports with low ligand density, Process 

Biochemistry 41 (11), 2320-2326. 

Hubbuch, J., Linden, T., Knieps, E., Thömmes, J., and Kula, M.-R. (2003) 

Mechanism and kinetics of protein transport in chromatographic media 

studied by confocal laser scanning microscopy: Part II. Impact on 

chromatographic separations, Journal of Chromatography A 1021 (1), 

105-115. 



© C
OPYRIG

HT U
PM

145 

 

Hubert, M., Barin, F., and Goudeau, A. (1982) Large-scale isolation of the two 

major polypeptides of the hepatitis B surface antigen (HBsAg) by gel 

filtration in 6 M guanidinium chloride, Journal of Virological Methods 3 

(6), 349-354. 

Huzly, D., Schenk, T., Jilg, W., and Neumann-Haefelin, D. (2008) Comparison of 

nine commercially available assays for quantification of antibody 

response to hepatitis B virus surface antigen, Journal of Clinical 

Microbiology 46 (4), 1298-1306. 

Hwang, S. Y., Yoon, C. H., Jeon, J. Y., Choi, S. C., and Lee, E. K. (2005) 

Quantitative assay of hepatitis B surface antigen by using surface 

plasmon resonance biosensor, Biotechnology and Bioprocess Engineering 

10 (4), 309-314. 

Iberer, G., Schwinn, H., Josić, D., Jungbauer, A., and Buchacher, A. (2001) 

Improved performance of protein separation by continuous annular 

chromatography in the size-exclusion mode, Journal of Chromatography 

A 921 (1), 15-24. 

International Conference on Harmonisation of Technical Requirements for 

Registration of Pharmaceuticals for Human Use (1995) Note for guidance 

on validation of analytical procedures: Text and methodology. ICH topic 

Q 2 (R1) CPMP/ICH/381/95, European Medicines Agency. 

Irvine, B. (2009) Bradford method for protein quantitation,  In The Protein 

Protocols Handbook  Ed. Walker, J. M., 3rd ed., pp 17-24, Humana 

Press, Harvard. 

Ishihara, T., Kadoya, T., and Yamamoto, S. (2007) Application of a 

chromatography model with linear gradient elution experimental data to 

the rapid scale-up in ion-exchange process chromatography of proteins, 

Journal of Chromatography A 1162 (1), 34-40. 

Jaroszewicz, J., Serrano, B. C., Wursthorn, K., Deterding, K., Schlue, J., Raupach, 

R., Flisiak, R., Bock, C.-T., Manns, M. P., and Wedemeyer, H. (2010) 

Hepatitis B surface antigen (HBsAg) levels in the natural history of 

hepatitis B virus (HBV)-infection: a European perspective, Journal of 

Hepatology 52 (4), 514-522. 

Johnsson, B., Löfås, S., and Lindquist, G. (1991) Immobilization of proteins to a 

carboxymethyldextran-modified gold surface for biospecific interaction 

analysis in surface plasmon resonance sensors, Analytical Biochemistry 

198 (2), 268-277. 

Karlsson, E., and Hirsh, I. (2012) Ion exchange chromatography,  In Protein 

Purification: Principles, High Resolution Methods and Applications  Ed. 

Janson, J.-C., 3rd ed., pp 93-134, John Wiley & Sons, New Jersey. 



© C
OPYRIG

HT U
PM

146 

 

Keshavarz, E., Bonnerjea, J., Hoare, M., and Dunnill, P. (1990) Disruption of a 

fungal organism, Rhizopus nigricans, in a high-pressure homogenizer, 

Enzyme and Microbial Technology 12 (7), 494-498. 

Khairullah, N. S., and Merican, D. I. (2004) Hepatitis disease management 

programs in Malaysia, Journal of Gastroenterology and Hepatology 19 

(S1), S13-S16. 

Kleinig, A. R., and Middelberg, A. P. J. (1996) The correlation of cell disruption 

with homogenizer valve pressure gradient determined by computational 

fluid dynamics, Chemical Engineering Science 51 (23), 5103-5110. 

Kleinig, A. R., and Middelberg, A. P. J. (1998) On the mechanism of microbial 

cell disruption in high-pressure homogenisation, Chemical Engineering 

Science 53 (5), 891-898. 

Koistinen, V. U. (1980) Hepatitis B surface antigen polypeptides: artifactual bands 

in sodium dodecyl sulfate-polyacrylamide gel electrophoresis caused by 

aggregation, Journal of Virology 35 (1), 20-23. 

Kopaciewicz, W., Rounds, M., Fausnaugh, J., and Regnier, F. (1983) Retention 

model for high-performance ion-exchange chromatography, Journal of 

Chromatography A 266 3-21. 

Kouichi, S., Kenichi, T., Shin-ichiro, N., Hiroshi, M., and Kenichi, M. (1991) 

Production of hepatitis B virion-like particles in yeast, Gene 106 (2), 143-

149. 

Kozak, M. (1989) Circumstances and mechanisms of inhibition of translation by 

secondary structure in eucaryotic mRNAs, Molecular and Cellular 

Biology 9 (11), 5134-5142. 

Kozak, M. (1990) Downstream secondary structure facilitates recognition of 

initiator codons by eukaryotic ribosomes, Proceedings of the National 

Academy of Sciences 87 (21), 8301-8305. 

Kozak, M. (1986) Influences of mRNA secondary structure on initiation by 

eukaryotic ribosomes, Proceedings of the National Academy of Sciences 

83 (9), 2850-2854. 

Kozak, M. (1999) Initiation of translation in prokaryotes and eukaryotes, Gene 234 

(2), 187-208. 

Krainer, F. W., Dietzsch, C., Hajek, T., Herwig, C., Spadiut, O., and Glieder, A. 

(2012) Recombinant protein expression in Pichia pastoris strains with an 

engineered methanol utilization pathway, Microbial Cell Factories 11 (1), 

22. 



© C
OPYRIG

HT U
PM

147 

 

Kruining, J., Mulder, P., and Heijtink, R. (1988) Immune response to HBsAg 

differently interpreted by RIA and EIA, Journal of Virological Methods 

22 (1), 89-98. 

Kumar, G. B. S., Ganapathi, T. R., Revathi, C. J., Prasad, K. S. N., and Bapat, V. 

A. (2003) Expression of hepatitis B surface antigen in tobacco cell 

suspension cultures, Protein Expression and Purification 32 (1), 10-17. 

Kwon, S. Y., and Lee, C. H. (2011) Epidemiology and prevention of hepatitis B 

virus infection, The Korean Journal of Hepatology 17 (2), 87-95. 

Laemmli, U. K. (1970) Cleavage of structural proteins during the assembly of the 

head of bacteriophage T4, Nature 227 (5259), 680-685. 

Lau, F. W., and Bowie, J. U. (1997) A method for assessing the stability of a 

membrane protein, Biochemistry 36 (19), 5884-5892. 

Lavanchy, D. (2005) Worldwide epidemiology of HBV infection, disease burden, 

and vaccine prevention, Journal of Clinical Virology 34 S1-S3. 

Le Calvez, H., Green, J. M., and Baty, D. (1996) Increased efficiency of alkaline 

phosphatase production levels in Escherichia coli using a degenerate 

Pe1B signal sequence, Gene 170 (1), 51-55. 

le Maire, M., Champeil, P., and Møller, J. V. (2000) Interaction of membrane 

proteins and lipids with solubilizing detergents, Biochimica et Biophysica 

Acta (BBA)-Biomembranes 1508 (1), 86-111. 

Lee, J. M., Ahn, S. H., Kim, H. S., Park, H., Chang, H. Y., Kim, D. Y., Hwang, S. 

G., Rim, K. S., Chon, C. Y., and Han, K. H. (2011) Quantitative hepatitis 

B surface antigen and hepatitis B e antigen titers in prediction of 

treatment response to entecavir, Hepatology 53 (5), 1486-1493. 

Lee, W. M. (1997) Hepatitis B virus infection, New England Journal of Medicine 

337 (24), 1733-1745. 

Lee, Y. S., Kim, B. K., and Choi, E.-C. (1998) Physicochemical properties of 

recombinant hepatitis B surface antigen expressed in mammalian cell 

(C127), Archives of pharmacal research 21 (5), 521-526. 

Li, C., Bai, J., Cai, Z., and Ouyang, F. (2002) Optimization of a cultural medium 

for bacteriocin production by Lactococcus lactis using response surface 

methodology, Journal of Biotechnology 93 (1), 27-34. 

Li, L., Zhou, L., Yu, Y., Zhu, Z., Lin, C., Lu, C., and Yang, R. (2009) 

Development of up-converting phosphor technology-based lateral-flow 

assay for rapidly quantitative detection of hepatitis B surface antibody, 

Diagnostic Microbiology and Infectious Disease 63 (2), 165-172. 



© C
OPYRIG

HT U
PM

148 

 

Li, X., and Husson, S. M. (2006) Adsorption of dansylated amino acids on 

molecularly imprinted surfaces: a surface plasmon resonance study, 

Biosensors and Bioelectronics 22 (3), 336-348. 

Li, Y., Bi, J., Zhou, W., Huang, Y., Sun, L., Zeng, A.-P., Ma, G., and Su, Z. (2007) 

Characterization of the large size aggregation of hepatitis B virus surface 

antigen (HBsAg) formed in ultrafiltration process, Process Biochemistry 

42 (3), 315-319. 

Liaw, Y.-F., and Chu, C.-M. (2009) Hepatitis B virus infection, The Lancet 373 

(9663), 582-592. 

Liaw, Y. F. (2009) Antiviral therapy of chronic hepatitis B: opportunities and 

challenges in Asia, Journal of Hepatology 51 (2), 403-410. 

Limon-Lason, J., Hoare, M., Orsborn, C. B., Doyle, D. J., and Dunnill, P. (1979) 

Reactor properties of a high-speed bead mill for microbial cell rupture, 

Biotechnology and Bioengineering 21 (5), 745-774. 

Lin Cereghino, G. P., Lin Cereghino, J., Jay Sunga, A., Johnson, M. A., Lim, M., 

Gleeson, M. A., and Cregg, J. M. (2001) New selectable 

marker/auxotrophic host strain combinations for molecular genetic 

manipulation of Pichia pastoris, Gene 263 (1), 159-169. 

Lin, S., Shih-Yuan Lee, A., Lin, C.-C., and Lee, C.-K. (2006) Determination of 

binding constant and stoichiometry for antibody-antigen interaction with 

surface plasmon resonance, Current Proteomics 3 (4), 271-282. 

Linder, S., Schliwa, M., and Kube-Granderath, E. (1996) Direct PCR screening of 

Pichia pastoris clones, BioTechniques 20 (6), 980. 

Liu, Y., Simsek, E., Norton, P., Sinnathamby, G., Philip, R., Block, T., Zhou, T., 

and Mehta, A. (2007) The role of the downstream signal sequences in the 

maturation of the HBV middle surface glycoprotein: Development of a 

novel therapeutic vaccine candidate, Virology 365 (1), 10-19. 

Ljunglöf, A., Lacki, K. M., Mueller, J., Harinarayan, C., van Reis, R., Fahrner, R., 

and Van Alstine, J. M. (2007) Ion exchange chromatography of antibody 

fragments, Biotechnology and Bioengineering 96 (3), 515-524. 

Löfås, S., Johnsson, B., Tegendal, K., and Rönnberg, I. (1993) Dextran modified 

gold surfaces for surface plasmon resonance sensors: immunoreactivity of 

immobilized antibodies and antibody-surface interaction studies, Colloids 

and surfaces B: biointerfaces 1 (2), 83-89. 

Lofgren, J. A., Dhandapani, S., Pennucci, J. J., Abbott, C. M., Mytych, D. T., 

Kaliyaperumal, A., Swanson, S. J., and Mullenix, M. C. (2007) 

Comparing ELISA and surface plasmon resonance for assessing clinical 



© C
OPYRIG

HT U
PM

149 

 

immunogenicity of panitumumab, The Journal of Immunology 178 (11), 

7467-7472. 

Lovering, A. L., and Strynadka, N. C. J. (2007) High-resolution structure of the 

major periplasmic domain from the cell shape-determining filament 

MreC, Journal of Molecular Biology 372 (4), 1034-1044. 

Lovitt, R. W., Jones, M., Collins, S. E., Coss, G. M., Yau, C. P., and Attouch, C. 

(2000) Disruption of Bakers' yeast using a disruptor of simple and novel 

geometry, Process Biochemistry 36 (5), 415-421. 

Lu, X., Zhao, D., Ma, G., and Su, Z. (2004) Polyethylene glycol increases 

purification and recovery, alters retention behavior in flow-through 

chromatography of hemoglobin, Journal of Chromatography A 1059 (1), 

233-237. 

Lundström, I. (1994) Real-time biospecific interaction analysis, Biosensors and 

Bioelectronics 9 (9), 725-736. 

Lünsdorf, H., Gurramkonda, C., Adnan, A., Khanna, N., and Rinas, U. (2011) 

Virus-like particle production with yeast: ultrastructural and 

immunocytochemical insights into Pichia pastoris producing high levels 

of the Hepatitis B surface antigen, Microb Cell Fact 10 48. 

Macauley-Patrick, S., Fazenda, M. L., McNeil, B., and Harvey, L. M. (2005) 

Heterologous protein production using the Pichia pastoris expression 

system, Yeast 22 (4), 249-270. 

Mackay, P., and Burrell, C. (1976) Examination of the polypeptides of hepatitis B 

surface antigen, Journal of General Virology 33 (2), 181-191. 

Maeng, C.-Y., Oh, M. S., Park, I. H., and Hong, H. J. (2001) Purification and 

Structural Analysis of the Hepatitis B Virus PreS1 Expressed from 

Escherichia coli, Biochemical and Biophysical Research 

Communications 282 (3), 787-792. 

Mahoney, F. J., and Kane, M. (1999) Hepatitis B vaccine, Vaccines 3 158-182. 

Makrides, S. C. (1996) Strategies for achieving high-level expression of genes in 

Escherichia coli, Microbiological Reviews 60 (3), 512-538. 

Malaysian Liver Foundation. (2007) 7th liver update supplement, The Medical 

Journal of Malaysia  62. 

Manoil, C., and Traxler, B. (1995) Membrane protein assembly: genetic, 

evolutionary and medical perspectives, Annual Review of Genetics 29 (1), 

131-150. 



© C
OPYRIG

HT U
PM

150 

 

Mathews, D. H., and Turner, D. H. (2006) Prediction of RNA secondary structure 

by free energy minimization, Current Opinion in Structural Biology 16 

(3), 270-278. 

Mattanovich, D., Graf, A., Stadlmann, J., Dragosits, M., Redl, A., Maurer, M., 

Kleinheinz, M., Sauer, M., Altmann, F., and Gasser, B. (2009) Genome, 

secretome and glucose transport highlight unique features of the protein 

production host Pichia pastoris, Microbial Cell Factories 8 (1), 29. 

McDonagh, C., Burke, C. S., and MacCraith, B. D. (2008) Optical chemical 

sensors, Chemical Reviews 108 (2), 400-422. 

McLean, K. M., Johnson, G., Chatelier, R. C., Beumer, G. J., Steele, J. G., and 

Griesser, H. J. (2000) Method of immobilization of carboxymethyl-

dextran affects resistance to tissue and cell colonization, Colloids and 

Surfaces B: Biointerfaces 18 (3), 221-234. 

Mehdi Saberifiroozi, M., and Serati, A.-R. (2006) The long-term immunity among 

health care workers vaccinated against hepatitis B virus in a large referral 

hospital in southern Iran, Archives of Iranian Medicine 9 (3), 204-207. 

Middelberg, A. P. J. (1995) Process-scale disruption of microorganisms, 

Biotechnology Advances 13 (3), 491-551. 

Milburn, P. T., and Dunnill, P. (1994) The release of virus-like particles from 

recombinant Saccharomyces cerevisiae: Effect of freezing and thawing 

on homogenization and bead milling, Biotechnology and Bioengineering 

44 (6), 736-744. 

Ministry of Health. (2012) Disease control: Communicable disease programmes, 

In Annual Report MOH. MOH, Malaysia: 

http://www.moh.gov.my/images/gallery/publications/MOH%202012.pdf. 

Ministry of Health. (2014) Hepatitis B, In Health Facts MOH, Malaysia: 

http://www.moh.gov.my/images/gallery/publications/HEALTH%20FAC

TS%202014.pdf. 

Moore, E. K., Hoare, M., and Dunnill, P. (1990) Disruption of Baker's yeast in a 

high-pressure homogenizer: New evidence on mechanism, Enzyme and 

Microbial Technology 12 (10), 764-770. 

Morvarid, A. R., Zeenathul, N. A., Tam, Y. J., Zuridah, H., Mohd-azmi, M. L., and 

Azizon, B. O. (2012) Effect of glycerol feed in methanol induction phase 

for hepatitis B surface antigen expression in Pichia pastoris strain KM71, 

Pertanika Journal of Science and Technology 20 (1), 31-42. 

Mosqueira, F. G., Higgins, J. J., Dunnill, P., and Lilly, M. D. (1981) 

Characteristics of mechanically disrupted Bakers' yeast in relation to its 

http://www.moh.gov.my/images/gallery/publications/MOH%202012.pdf
http://www.moh.gov.my/images/gallery/publications/HEALTH%20FACTS%202014.pdf
http://www.moh.gov.my/images/gallery/publications/HEALTH%20FACTS%202014.pdf


© C
OPYRIG

HT U
PM

151 

 

separation in industrial centrifuges, Biotechnology and Bioengineering 23 

(2), 335-343. 

Murray, J. M., Wieland, S. F., Purcell, R. H., and Chisari, F. V. (2005) Dynamics 

of hepatitis B virus clearance in chimpanzees, Proceedings of the 

National Academy of Sciences of the United States of America 102 (49), 

17780-17785. 

Ng, K. P., Ngeow, Y. F., Rozainah, K., and Rosmawati, M. (2013) Hepatitis B 

seroprevalence among University of Malaya students in the post-universal 

infant vaccination era, The Medical Journal of Malaysia 68 (2), 144-147. 

Nguyen, T., Thompson, A. J., Bowden, S., Croagh, C., Bell, S., Desmond, P. V., 

Levy, M., and Locarnini, S. A. (2010) Hepatitis B surface antigen levels 

during the natural history of chronic hepatitis B: A perspective on Asia, 

Journal of Hepatology 52 (4), 508-513. 

Nordenstedt, H., White, D. L., and El-Serag, H. B. (2010) The changing pattern of 

epidemiology in hepatocellular carcinoma, Digestive and Liver Disease 

42 S206-S214. 

Novella, I. S., Fargues, C., and GréVillot, G. (1994) Improvement of the extraction 

of penicillin acylase from Escherichia coli cells by a combined use of 

chemical methods, Biotechnology and Bioengineering 44 (3), 379-382. 

O'Shannessy, D. J. (1994) Determination of kinetic rate and equilibrium binding 

constants for macromolecular interactions: a critique of the surface 

plasmon resonance literature, Current Opinion in Biotechnology 5 (1), 

65-71. 

Ober, R. J., and Ward, E. S. (1999) The choice of reference cell in the analysis of 

kinetic data using BIAcore, Analytical Biochemistry 271 (1), 70-80. 

Okeefe, D. O., and Paiva, A. M. (1995) Assay for recombinant hepatitis B surface 

antigen using reversed-phase high-performance liquid chromatography, 

Analytical Biochemistry 230 (1), 48-54. 

Omar, Z. A., and Tamin, N. S. I. (2011) Malaysian cancer statistics: Data and 

figure,  In National Cancer Registry Report 2007  Ed., National Cancer 

Registry, Ministry of Health Malaysia, Putrajaya. 

Ooi, A., Tan, S., Mohamed, R., Rahman, N. A., and Othman, R. Y. (2006) The 

full-length clone of cucumber green mottle mosaic virus and its 

application as an expression system for Hepatitis B surface antigen, 

Journal of Biotechnology 121 (4), 471-481. 

Ottone, S., Nguyen, X., Bazin, J., Bérard, C., Jimenez, S., and Letourneur, O. 

(2007) Expression of hepatitis B surface antigen major subtypes in Pichia 



© C
OPYRIG

HT U
PM

152 

 

pastoris and purification for in vitro diagnosis, Protein Expression and 

Purification 56 (2), 177-188. 

Padeste, C., Grubelnik, A., and Tiefenauer, L. (1998) Amperometric 

immunosensing using microperoxidase MP-11 antibody conjugates, 

Analytica Chimica Acta 374 (2), 167-176. 

Pandolf, W. D. (1998) High-pressure homogenization, Chemical Processing 61 

(3), 39-43. 

Pathmanathan, H., Lakshmanan, P., and Srinivasan, N. (2014) Public awareness is 

a key role to eradicate Hepatitis: A survey to determine the awareness and 

knowledge of public on Hepatitis B, Journal of Pharmacreations 1 (4), 

85-91. 

Pattnaik, P. (2005) Surface plasmon resonance, Applied Biochemistry and 

Biotechnology 126 (2), 79-92. 

Peleg, M., and Cole, M. B. (1998) Reinterpretation of microbial survival curves, 

Critical Reviews in Food Science 38 (5), 353-380. 

Pennacchio, A., Ruggiero, G., Staiano, M., Piccialli, G., Oliviero, G., Lewkowicz, 

A., Synak, A., Bojarski, P., and D’Auria, S. (2014) A surface plasmon 

resonance based biochip for the detection of patulin toxin, Optical 

Materials 36 (10), 1670-1675. 

Penton, E., Muzio, V., and González, M. (1994) The Hepatitis B virus (HBV) 

infection and its prevention by a recombinant-DNA viral surface antigen 

(rec HBsAG) vaccine, Biotecnología Aplicada 11 (1), 1-11. 

Pessela, B. C., Munilla, R., Betancor, L., Fuentes, M., Carrascosa, A. V., Vian, A., 

Fernandez-Lafuente, R., and Guisán, J. M. (2004) Ion exchange using 

poorly activated supports, an easy way for purification of large proteins, 

Journal of Chromatography A 1034 (1), 155-159. 

Phipps, L. W. (1975) The fragmentation of oil drops in emulsions by a high-

pressure homogenizer, Journal of Physics D: Applied Physics 8 (4), 448. 

Potvin, G., Ahmad, A., and Zhang, Z. (2012) Bioprocess engineering aspects of 

heterologous protein production in Pichia pastoris: A review, 

Biochemical Engineering Journal 64 91-105. 

Prange, R., Werr, M., Birkner, M., Hilfrich, R., and Streeck, R. E. (1995) 

Properties of modified hepatitis B virus surface antigen particles carrying 

preS epitopes, Journal of General Virology 76 (9), 2131-2140. 



© C
OPYRIG

HT U
PM

153 

 

Quale, J. M., Landman, D., Wallace, B., Atwood, E., Ditore, V., and Fruchter, G. 

(1998) Deja vu: nosocomial hepatitis B virus transmission and fingerstick 

monitoring, The American Journal of Medicine 105 (4), 296-301. 

Raimondo, G., Pollicino, T., and Squadrito, G. (2005) What is the clinical impact 

of occult hepatitis B virus infection?, The Lancet 365 (9460), 638-640. 

Raksha, S., Tan, W. S., Hamid, M., Ramanan, R. N., and Tey, B. T. (2014) A 

Single-Step Purification of the Glycoprotein of Nipah Virus Produced in 

Insect Cells using an Anion Exchange Chromatography Method, 

Separation Science and Technology 49 (2), 249-257. 

Ramanan, R. N., Ling, T. C., Tey, B. T., and Ariff, A. B. (2010) A simple method 

for quantification of interferon-α2b through surface plasmon resonance 

technique, African Journal of Biotechnology 9 (11). 

Ramanan, R. N., Tey, B. T., Ling, T. C., and Ariff, A. B. (2009) Classification of 

pressure range based on the characterization of Escherichia coli cell 

disruption in high pressure homogenizer, American Journal of 

Biochemistry and Biotechnology 5 21-29. 

Rizzetto, M., and Ciancio, A. (2008) Chronic HBV-related liver disease, 

Molecular Aspects of Medicine 29 (1), 72-84. 

Rogers, K. R. (2000) Principles of affinity-based biosensors, Molecular 

Biotechnology 14 (2), 109-129. 

Romanos, M. (1995) Advances in the use of Pichia pastoris for high-level gene 

expression, Current Opinion in Biotechnology 6 (5), 527-533. 

Roper, D. K. (2006) Enhancing lateral mass transport to improve the dynamic 

range of adsorption rates measured by surface plasmon resonance, 

Chemical Engineering Science 61 (8), 2557-2564. 

Roth, C. M., Unger, K. K., and Lenhoff, A. M. (1996) Mechanistic model of 

retention in protein ion-exchange chromatography, Journal of 

Chromatography A 726 (1), 45-56. 

Sánchez-Romeu, J., País-Chanfrau, J. M., Pestana-Vila, Y., López-Larraburo, I., 

Masso-Rodríguez, Y., Linares-Domínguez, M., and Márquez-Perera, G. 

(2008) Statistical optimization of immunoaffinity purification of hepatitis 

B surface antigen using response surface methodology, Biochemical 

Engineering Journal 38 (1), 1-8. 

Satchidanandam, V., and Shivashankar, Y. (1997) Availability of a second 

upstream AUG can completely overcome inhibition of protein synthesis 

initiation engendered by mRNA secondary structure encompassing the 

start codon, Gene 196 (1), 231-237. 



© C
OPYRIG

HT U
PM

154 

 

Save, S. S., Pandit, A. B., and Joshi, J. B. (1994) Microbial cell disruption: Role of 

cavitation, The Chemical Engineering Journal and The Biochemical 

Engineering Journal 55 (3), B67-B72. 

Save, S. S., Pandit, A. B., and Joshi, J. B. (1997) Use of hydrodynamic cavitation 

for large scale microbial cell disruption, Food and Bioproducts 

Processing 75 (1), 41-49. 

Scarano, S., Mascini, M., Turner, A. P., and Minunni, M. (2010) Surface plasmon 

resonance imaging for affinity-based biosensors, Biosensors and 

Bioelectronics 25 (5), 957-966. 

Schaefer, S., Piontek, M., Ahn, S.-J., Papendieck, A., Janowicz, Z. A., and 

Gellissen, G. (2001) Recombinant Hepatitis B vaccines characterization 

of the viral disease and vaccine production in the methylotrophic yeast, 

Hansenula polymorpha,  In Novel Therapeutic Proteins: Selected Case 

Studies  Ed. Dembrowsky, K., and Stadler, P., pp 245-274, Wiley-VCH 

Verlag GmbH, Weinheim. 

Schuck, P. (1997) Use of surface plasmon resonance to probe the equilibrium and 

dynamic aspects of interactions between biological macromolecules, 

Annual Review of Biophysics and Biomolecular Structure 26 (1), 541-

566. 

Schuck, P., and Zhao, H. (2010) The role of mass transport limitation and surface 

heterogeneity in the biophysical characterization of macromolecular 

binding processes by SPR biosensing,  In Surface Plasmon Resonance: 

Methods and Protocols  Ed. de Mol, N. J., and Fischer, M. J. E., 1st ed., 

pp 15-54, Humana Press, Utrecht. 

Schütte, H., and Kula, M.-R. (2008) Cell disruption and isolation of non-secreted 

products,  In Biotechnology Set  Ed. Rehm, H. J., and Reed, G., 2nd ed., 

pp 505-526, Wiley-VCH Verlag GmbH, Weinheim. 

Schutte, H., and Kula, M. (1990) Pilot and process scale techniques for cell 

disruption, Biotechnology and Applied Biochemistry 12 (6), 599-620. 

Seber, G. A., and Lee, A. J. (2012) Linear regression: Estimation and distribution 

theory,  In Linear Regression Analysis  Ed. Seber, G. A. F., and Lee, A. 

J., 2nd ed., p 35, John Wiley & Sons, New Jersey. 

Shankaran, D. R., Matsumoto, K., Toko, K., and Miura, N. (2006) Development 

and comparison of two immunoassays for the detection of 2, 4, 6-

trinitrotoluene (TNT) based on surface plasmon resonance, Sensors and 

Actuators B: Chemical 114 (1), 71-79. 



© C
OPYRIG

HT U
PM

155 

 

Shepard, C. W., Simard, E. P., Finelli, L., Fiore, A. E., and Bell, B. P. (2006) 

Hepatitis B virus infection: Epidemiology and vaccination, Epidemiologic 

Reviews 28 (1), 112-125. 

Shrivastava, V., and Jain, U. (2009) A validated RP-HPLC method for estimation 

of hepatitis B surface antigen (HBsAg) in bulk preparation, Oriental 

Journal of Chemistry 25 (3), 763. 

Siddiqi, S. F., Titchenerâ-Hooker, N. J., and Shamlou, P. A. (1997) High pressure 

disruption of yeast cells: The use of scale down operations for the 

prediction of protein release and cell debris size distribution, 

Biotechnology and Bioengineering 55 (4), 642-649. 

Siegler, V. D., and Bruss, V. (2013) Role of transmembrane domains of hepatitis B 

virus small surface proteins in subviral-particle biogenesis, Journal of 

Virology 87 (3), 1491-1496. 

Sinniah, M., and Ooi, B. G. (1993) Hepatitis C: The Malaysian story, Singapore 

Medical Journal 34 (2), 132. 

Skelly, J., Howard, C. R., and Zuckerman, A. J. (1979) Analysis of hepatitis B 

surface antigen components solubilized with Triton X-100, Journal of 

General Virology 44 (3), 679-689. 

Skottrup, P., Nicolaisen, M., and Justesen, A. F. (2007) Rapid determination of 

Phytophthora infestans sporangia using a surface plasmon resonance 

immunosensor, Journal of Microbiological Methods 68 (3), 507-515. 

Smith, M. L., Mason, H. S., and Shuler, M. L. (2002) Hepatitis B surface antigen 

(HBsAg) expression in plant cell culture: Kinetics of antigen 

accumulation in batch culture and its intracellular form, Biotechnology 

and Bioengineering 80 (7), 812-822. 

Spadiut, O., Rossetti, L., Dietzsch, C., and Herwig, C. (2012) Purification of a 

recombinant plant peroxidase produced in Pichia pastoris by a simple 2-

step strategy, Protein Expression and Purification 86 (2), 89-97. 

Spradling, P. R., Xing, J., Williams, R., Masunu-Faleafaga, Y., Dulski, T., 

Mahamud, A., Drobeniuc, J., and Teshale, E. H. (2013) Immunity to 

hepatitis B virus (HBV) infection two decades after implementation of 

universal infant HBV vaccination: association of detectable residual 

antibodies and response to a single HBV challenge dose, Clinical and 

Vaccine Immunology 20 (4), 559-561. 

Tan, J. S., Ramanan, R. N., Azaman, S. N. A., Ling, T. C., Shuhaimi, M., and 

Ariff, A. B. (2009) Enhanced interferon-α2b production in periplasmic 

space of Escherichia coli through medium optimization using response 

surface method, Open Biotechnology Journal 3 117-124. 



© C
OPYRIG

HT U
PM

156 

 

Tan, S. S., and Chua, A. (2013) Preventing Mother-to-child Transmission of 

Hepatitis B Virus-A Success Story Which Can Be Enhanced, The 

Medical Journal of Malaysia 68 (2), 103-104. 

Tan, S. S., Menon, J., Radzi, M., Thein, S. S., Rosmawati, M., and Annuar, S. 

(2011) The Demography and Risk Profiles for Chronic Hepatitis B and C 

from the Malaysian Liver Registry, Medical Journal of Malaysia 66 

(Supplyment A), 31. 

Tan, W. S., Tan, G. H., Yusoff, K., and Seow, H. F. (2005) A phage-displayed 

cyclic peptide that interacts tightly with the immunodominant region of 

hepatitis B surface antigen, Journal of Clinical Virology 34 (1), 35-41. 

Tarantola, A., Abiteboul, D., and Rachline, A. (2006) Infection risks following 

accidental exposure to blood or body fluids in health care workers: a 

review of pathogens transmitted in published cases, American Journal of 

Infection Control 34 (6), 367-375. 

Tennikova, T. B., and Svec, F. (1993) High-performance membrane 

chromatography: highly efficient separation method for proteins in ion-

exchange, hydrophobic interaction and reversed-phase modes, Journal of 

Chromatography A 646 (2), 279-288. 

Thomsen, V., Schatzlein, D., and Mercuro, D. (2003) Limits of detection in 

spectroscopy, Spectroscopy 18 (12), 112-114. 

Timasheff, S. N. (1992) Stabilization of protein structure by solvent additives,  In 

Stability of Protein Pharmaceuticals, Part B: In Vivo Pathways of 

Degradation and Strategies for Protein Stabilization  Ed. Ahern, T. J., 

and Manning, M. C., 1st ed., pp 265-285, Plenum Press, New York. 

Tleugabulova, D. (1998a) Size-exclusion chromatographic study of the reduction 

of recombinant hepatitis B surface antigen, Journal of Chromatography 

B: Biomedical Sciences and Applications 713 (2), 401-407. 

Tleugabulova, D. (1998b) Sodium dodecylsulfate polyacrylamide gel 

electrophoresis of recombinant hepatitis B surface antigen particles, 

Journal of Chromatography B: Biomedical Sciences and Applications 

707 (1), 267-273. 

Tleugabulova, D., Falcón, V., Sewer, M., and Pentón, E. (1998) Aggregation of 

recombinant hepatitis B surface antigen in Pichia pastoris, Journal of 

Chromatography B: Biomedical Sciences and Applications 716 (1), 209-

219. 

Trentmann, O., Khatri, N. K., and Hoffmann, F. (2008) Reduced oxygen supply 

increases process stability and product yield with recombinant Pichia 

pastoris, Biotechnology Progress 20 (6), 1766-1775. 



© C
OPYRIG

HT U
PM

157 

 

Tsitsilonis, O. E., Thrasyvoulides, A., Balafas, A., Voutsas, J. F., Papamichail, M., 

and Lymberi, P. (2004) Serological detection of hepatitis B viral infection 

by a panel of solid-phase enzyme-linked immunosorbent assays (ELISA), 

Journal of Pharmaceutical and Biomedical Analysis 34 (4), 811-822. 

Tung, J. S., Gimenez, J., Przysiecki, C. T., and Mark, G. (1998) Characterization 

of recombinant hepatitis B surface antigen using surface plasmon 

resonance, Journal of Pharmaceutical Sciences 87 (1), 76-80. 

Uzun, L., Say, R., Ünal, S., and Denizli, A. (2009) Production of surface plasmon 

resonance based assay kit for hepatitis diagnosis, Biosensors and 

Bioelectronics 24 (9), 2878-2884. 

Vaisocherová, H., Mrkvová, K., Piliarik, M., Jinoch, P., Šteinbachová, M., and 

Homola, J. (2007) Surface plasmon resonance biosensor for direct 

detection of antibody against Epstein-Barr virus, Biosensors and 

Bioelectronics 22 (6), 1020-1026. 

Valenzuela, P., Medina, A., Rutter, W. J., Ammerer, G., and Hall, B. D. (1982) 

Synthesis and assembly of hepatitis B virus surface antigen particles in 

yeast, Nature 298 (5872), 347. 

Van Hee, P., Middelberg, A. P. J., Van Der Lans, R. G. J. M., and Van Der 

Wielen, L. A. M. (2004) Relation between cell disruption conditions, cell 

debris particle size, and inclusion body release, Biotechnology and 

Bioengineering 88 (1), 100-110. 

Vassileva, A., Chugh, D. A., Swaminathan, S., and Khanna, N. (2001) Expression 

of hepatitis B surface antigen in the methylotrophic yeast Pichia pastoris 

using the GAP promoter, Journal of Biotechnology 88 (1), 21-35. 

Vyas, G., Rao, K., and Ibrahim, A. (1972) Australia antigen (hepatitis B antigen): 

a conformational antigen dependent on disulfide bonds, Science 178 

(4067), 1300-1301. 

Wampler, D., Lehman, E., Boger, J., McAleer, W., and Scolnick, E. (1985) 

Multiple chemical forms of hepatitis B surface antigen produced in yeast, 

Proceedings of the National Academy of Sciences 82 (20), 6830-6834. 

Wang, R., Tombelli, S., Minunni, M., Spiriti, M. M., and Mascini, M. (2004) 

Immobilisation of DNA probes for the development of SPR-based 

sensing, Biosensors and Bioelectronics 20 (5), 967-974. 

Wang, X., Li, Y., Wang, H., Fu, Q., Peng, J., Wang, Y., Du, J., Zhou, Y., and 

Zhan, L. (2010) Gold nanorod-based localized surface plasmon resonance 

biosensor for sensitive detection of hepatitis B virus in buffer, blood 

serum and plasma, Biosensors and Bioelectronics 26 (2), 404-410. 



© C
OPYRIG

HT U
PM

158 

 

West, D. J., and Calandra, G. B. (1996) Vaccine induced immunologic memory for 

hepatitis B surface antigen: implications for policy on booster 

vaccination, Vaccine 14 (11), 1019-1027. 

Wong, R. L., Mytych, D., Jacobs, S., Bordens, R., and Swanson, S. J. (1997) 

Validation parameters for a novel biosensor assay which simultaneously 

measures serum concentrations of a humanized monoclonal antibody and 

detects induced antibodies, Journal of Immunological Methods 209 (1), 1-

15. 

World Health Organization. (2013) Hepatitis B, In Fact sheet. WHO: 

http://www.who.int/mediacentre/factsheets/fs204/en/index.html. 

World Health Organization. (2014a) Hepatitis B In Global alert and response 

(GAR). WHO: 

http://www.who.int/csr/disease/hepatitis/whocdscsrlyo20022/en/index4.ht

ml. 

World Health Organization. (2014b) Hepatitis B: In vitro diagnostics and 

laboratory technology, In Fact sheet. WHO: 

http://www.who.int/diagnostics_laboratory/evaluations/hepb/en/. 

World Health Organization. (2012) Module 22: Hepatitis B,  In The 

Immunological Basis for Immunization Series  Ed. Van Herck, K., and 

Van Damme, P., 1st ed., WHO Press, Geneva. 

World Health Organization. (2010) Viral Hepatitis: Sixty Third World Health 

Assembly. A63/15, WHA63/2010/REC/1, WHO. 

Wuytack, E. Y., Diels, A. M. J., and Michiels, C. W. (2002) Bacterial inactivation 

by high-pressure homogenisation and high hydrostatic pressure, 

International Journal of Food Microbiology 77 (3), 205-212. 

Xu, R., Gan, X., Fang, Y., Zheng, S., and Dong, Q. (2007) A simple, rapid, and 

sensitive integrated protein microarray for simultaneous detection of 

multiple antigens and antibodies of five human hepatitis viruses (HBV, 

HCV, HDV, HEV, and HGV), Analytical Biochemistry 362 (1), 69-75. 

Yakes, B. J., Papafragkou, E., Conrad, S. M., Neill, J. D., Ridpath, J. F., 

Burkhardt, W., Kulka, M., and DeGrasse, S. L. (2013) Surface plasmon 

resonance biosensor for detection of feline calicivirus, a surrogate for 

norovirus, International Journal of Food Microbiology 162 (2), 152-158. 

Yamamoto, S., and Ishihara, T. (1999) Ion-exchange chromatography of proteins 

near the isoelectric points, Journal of Chromatography A 852 (1), 31-36. 

Yamamoto, S., and Ishihara, T. (2000) Resolution and retention of proteins near 

isoelectric points in ion-exchange chromatography. Molecular recognition 

http://www.who.int/mediacentre/factsheets/fs204/en/index.html
http://www.who.int/csr/disease/hepatitis/whocdscsrlyo20022/en/index4.html
http://www.who.int/csr/disease/hepatitis/whocdscsrlyo20022/en/index4.html
http://www.who.int/diagnostics_laboratory/evaluations/hepb/en/


© C
OPYRIG

HT U
PM

159 

 

in electrostatic interaction chromatography, Separation Science and 

Technology 35 (11), 1707-1717. 

Yamamoto, S., and Miyagawa, E. (2000) Dynamic binding performance of large 

biomolecules such as γ-globulin, viruses and virus-like particles on 

various chromatographic supports, Progress in Biotechnology 16 81-86. 

Yamamoto, S., and Miyagawa, E. (1999) Retention behavior of very large 

biomolecules in ion-exchange chromatography, Journal of 

Chromatography A 852 (1), 25-30. 

Yamamoto, S., Nomura, M., and Sano, Y. (1987) Adsorption chromatography of 

proteins: Determination of optimum conditions, AIChE Journal 33 (9), 

1426-1434. 

Yang, C.-Y., Brooks, E., Li, Y., Denny, P., Ho, C.-M., Qi, F., Shi, W., Wolinsky, 

L., Wu, B., and Wong, D. T. (2005) Detection of picomolar levels of 

interleukin-8 in human saliva by SPR, Lab on a Chip 5 (10), 1017-1023. 

Yap, S. F. (1994) Chronic hepatitis B infection in Malaysians, Malaysian Journal 

of Pathology 16 (1), 3-6. 

Ye, H. (2006) Simultaneous determination of protein aggregation, degradation, 

and absolute molecular weight by size exclusion chromatography–

multiangle laser light scattering, Analytical Biochemistry 356 (1), 76-85. 

Yen, Y. H., Chen, C. H., Wang, J. H., Lee, C. M., Changchien, C. S., and Lu, S. N. 

(2005) Study of hepatitis B (HB) vaccine non‐responsiveness among 

health care workers from an endemic area (Taiwan), Liver International 

25 (6), 1162-1168. 

Yousuf, R., Rapiaah, M., Ahmed, S., Rosline, H., Salam, A., Selamah, S., and 

Roshan, T. (2007) Trends in hepatitis B virus infection among blood 

donors in Kelantan, Malaysia: A retrospective study, Southeast Asian 

Journal of Tropical Medicine and Public Health 38 (6), 1070-1074. 

Zanetti, A. R., Van Damme, P., and Shouval, D. (2008) The global impact of 

vaccination against hepatitis B: A historical overview, Vaccine 26 (49), 

6266-6273. 

Zhang, W., Bevins, M. A., Plantz, B. A., Smith, L. A., and Meagher, M. M. 

(2000a) Modeling Pichia pastoris growth on methanol and optimizing the 

production of a recombinant protein, the heavy-chain fragment C of 

botulinum neurotoxin, serotype A, Papers in Biotechnology 18. 

Zhang, W., Inan, M., and Meagher, M. M. (2000b) Fermentation strategies for 

recombinant protein expression in the methylotrophic yeast Pichia 

pastoris, Biotechnology and Bioprocess Engineering 5 (4), 275-287. 



© C
OPYRIG

HT U
PM

160 

 

Zhang, W. U. Y., Ying, W., Dao Guo, L., Yan, T., and Wei, Z. (2001) A mimotope 

of pre-S2 region of surface antigen of viral hepatitis B screened by phage 

display, Cell Research 11 (3), 203-208. 

Zhang, Y., Zhang, Z., and Yang, F. (2007) A sensitive immunoassay for 

determination of hepatitis B surface antigen and antibody in human serum 

using capillary electrophoresis with chemiluminescence detection, 

Journal of Chromatography B 857 (1), 100-107. 

Zheng, S., Kim, D.-K., Park, T. J., Lee, S. J., and Lee, S. Y. (2010) Label-free 

optical diagnosis of hepatitis B virus with genetically engineered fusion 

proteins, Talanta 82 (2), 803-809. 

Zhou, W., Bi, J., Janson, J.-C., Dong, A., Li, Y., Zhang, Y., Huang, Y., and Su, Z. 

(2005) Ion-exchange chromatography of hepatitis B virus surface antigen 

from a recombinant Chinese hamster ovary cell line, Journal of 

Chromatography A 1095 (1), 119-125. 

Zhou, W., Bi, J., Janson, J.-C., Li, Y., Huang, Y., Zhang, Y., and Su, Z. (2006) 

Molecular characterization of recombinant Hepatitis B surface antigen 

from Chinese hamster ovary and Hansenula polymorpha cells by high-

performance size exclusion chromatography and multi-angle laser light 

scattering, Journal of Chromatography B 838 (2), 71-77. 

 

  


	ESTABLISHMENT OF OPTIMISE STRATEGIES IN PRODUCTION OF RECOMBINANT HEPATITIS B SURFACE ANTIGEN FOR CHIP-BASED ANTIBODY DETECTION APPROACH
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



