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ABSTRACT 

 

 

 

 

Insect cells-baculovirus expression system is a promising new artificial 

system for the production of many therapeutic glycoproteins. This system owns 

many of the protein processing and folding mechanisms of mammalian cells and is 

capable of expressing a large amount of recombinant proteins. This work aimed at 

expressing, optimizing, and characterizing recombinant human Transferrin (rhTf), a 

model glycoprotein, at a laboratory scale. In this research, time course expression  

profiles of rhTf at various multiplicities of infection (MOI), seeding densities (SD), 

times of infection (TOI), and harvest times (HT) were studied. Screening 

experiments were conducted to identify the medium components in Sf900-II SFM 

and the recombinant baculovirus stock that resulted in improved production of rhTf. 

Finally, Response Surface Methodology (RSM) was employed to hunt for optimum 

medium composition. The results showed that the optimum HT for rhTf was between 

24 to 72 hours post infection, at SD of 1.6 x 106 viable cells/ml, TOI of day 2 post 

seeding, and MOI of 5 pfu/cell. Glucose and glutamine were found to have the most 

positive effect on rhTf production with more than 95% significance.  In addition to 

that, the best recombinant baculovirus stock was identified at 98.7% purity. With the 

optimized parameters, rhTf production had increased three-fold from 19.89µg/ml to 

65.12µg/ml.  
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ABSTRAK 

 

 

 

 

Sistem ekspresi sel serangga-bakulovirus adalah satu sistem alternatif dalam 

penghasilan pelbagai jenis glikoprotein teraputik. Sistem ini memiliki banyak 

mekanisma pemprosesan dan penglipatan protein sel mamalia serta mampu untuk 

menghasilkan protein rekombinan dalam kuantiti yang besar. Penyelidikan ini 

bertujuan untuk mengekspresi, mengoptimum dan mencirikan model glikoprotein 

iaitu Transferin manusia rekombinan (rhTf) pada skala makmal. Di dalam 

penyelidikan ini, kajian dilakukan ke atas profil ekspresi lawan masa bagi rhTf pada 

pelbagai gandaan jangkitan (MOI), kepekatan pembenihan (SD), masa jangkitan 

(TOI) dan masa penuaian (HT). Eksperimen penyaringan dilakukan untuk 

mengenalpasti komponen dalam medium Sf900-II SFM dan juga stok bakulovirus 

rekombinan yang dapat meningkatkan lagi penghasilan rhTf. Akhirnya, Metodologi 

Permukaan Tindakbalas (RSM) dijalankan untuk mencari komposisi medium yang 

optimum. Hasil kajian mendapati bahawa, nilai optimum untuk HT ialah pada 24 

hingga 72 jam selepas jangkitan pertama, SD sebanyak 1.6 x 106 sel produktif/ml, 

TOI pada hari ke-2 selepas pembenihan pertama dan MOI sebanyak 5 pfu/ml. 

Glukosa dan glutamina didapati mempunyai kesan yang paling positif terhadap 

penghasilan rhTf dengan nilai signifikan melebihi 95%. Stok bakulovirus 

rekombinan yang terbaik dikenalpasti pada 98.7% ketulinan. Melalui parameter-

parameter yang telah dioptimumkan, penghasilan rhTf telah meningkat sebanyak 3-

kali ganda iaitu daripada  19.89ug/ml kepada 65.12ug/ml.   
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Preface 

 

 

The Internet created a sky rocketed investment that made history in this 

modern era. It is a matter of time in some circles that biotechnology is the next 

computer revolution that will change the world, spawn new industries and create 

multi-millionaires.  

 

 

Global manufacturing of biopharmaceuticals has increased significantly over 

the last decade due to a number of reasons. Biopharmaceuticals offer several 

advantages such as highly effective and potent action, fewer side effects and the 

potential to actually cure diseases rather than merely treating the symptoms. These 

advantages, combined with the increasing number of new diseases that can be treated 

with biopharmaceuticals, are driving enhanced production of these drugs worldwide. 

 

 

According to a report by PRNewswire, London dated November 30th 2004; 

the global manufacturing capacity of biopharmaceuticals was around 2.27 million 

liters in 2004. This included the capacity held by both captive use and contract 
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manufacturers. It is expected to increase to 3.69 million liters in 2011 at a compound 

annual growth rate (CAGR) of 7.2 per cent. 

 

 

A variety of systems can be employed to produce biopharmaceuticals. The 

most important ones are derived from bacteria and yeasts, but eukaryotic systems 

become more and more important because the proteins produced are almost similar 

to native proteins. In the recent past, the baculovirus insect cell system has attracted 

wide attention as vectors for high level and faithful expression of a variety of 

heterologous proteins. In many cases the products are chemically, antigenically, 

immunologically and functionally similar, if not identical to their authentic 

counterparts (Vlak, 1997).  

 

 

The baculovirus expression vector system (BEVS) is frequently a method of 

choice for the expression of recombinant mammalian proteins (O’Reilly et al., 1994). 

Apart from the simplicity and cost-effectiveness of this method, the insect host cells 

possess many of the protein-processing and -folding mechanisms of mammalian cells 

(O’Reilly et al., 1992) therefore functional and antigenic differences are rarely seen. 

The technology called the BEVS for the safe, abundant and rapid production of 

recombinant proteins in insect cells and insects was pioneered in the laboratory of 

Dr. Max D. Summers of Texas A&M University USA in 1982. 

 

 

The BEVS has become a core technology for the cloning and expression of 

genes for study of protein structure, processing and function. It is also important for 

the production of biochemical reagents and study of regulation of gene expression. It 

has a wide application in the commercial exploration, development and production of 

vaccines, therapeutics and diagnostics; drug discovery research; as well as 

exploration and development of safer, more selective and environmentally 

compatible biopesticides consistent with sustainable agriculture.   
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Studies of proteins for the development of drug therapies, vaccines, and 

insights into biological function depend upon the ability to produce large amounts of 

structurally complex proteins.  It is important that these proteins are biologically 

active, processed correctly, assume a native shape, and locate to the proper place in 

the cell.  The inability to generate large quantities of structurally complex eukaryotic 

proteins with these characteristics has been a major limitation for many years. Thus, 

this thesis hoped to give necessary foundations on how to develop a process that will 

produce greater amount of recombinant proteins for therapeutic purpose.   

 

 

 

 

1.2 Research Problem Background 

 

 

The development of new recombinant therapeutic proteins requires extensive 

studies on the expressional host and product. In this research, human transferrin, a 

model protein was chosen as the expressional product and insect cell as the 

expressional host. The selection was based on many reports from other researchers 

which indicate that insect cell baculovirus system is a promising new artificial 

system for the production of large amount of recombinant proteins. Insect cells 

Spodoptera Frugiperda (Sf9) and recombinant Autographa Californica Multiple 

Nuclear Polyhydrosis Virus (rAcMNPV) were utilized in this research. Human 

transferrin was chosen because it is a simple form of glycoprotein which is easier to 

study than the complex and hybrid forms.  
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To complement metabolic engineering works involving the humanization of 

recombinant glycoprotein, it is important that the recombinant protein can be 

generated in large quantities. The understanding of the insect cells and baculovirus 

behaviour is as critical as the expressional behaviour of the recombinant protein at 

various settings. Various yields of recombinant human transferrin (rhTf) using the 

baculovirus system have been reported. Among those were Tomiya et al., (2003) 

who reported rhTf yield of 7µg/ml and Ali et al., (1996) with 20 µg/ml of rhTf.         

 

 

 

 

1.3 Research Objective 

 

 

The ultimate objective of this research was to optimize the expression level of 

recombinant human transferrin in insect cells baculovirus expression system in terms 

of its concentration (µg/ml) and protein percentage.  

 

 

 

 

1.4      Research Scopes 

 

 

This research focused on the optimization of expression of recombinant 

human transferrin gene which had already been cloned into the baculovirus DNA. 

The scopes of this research were as follows: 

 

a) Expression and optimization of rhTf in Sf9 insect cells monolayer culture 

using conventional method. Variables studied were seeding density (SD), 

multiplicity of infection (MOI), time of infection (TOI), and harvest time 

(HT).  

b) Screening of the Sf900-II SFM insect cell culture medium and recombinant 

baculovirus stock that resulted in improved production of rhTf. 
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c) Expression and optimization of rhTf in Sf9 insect cells suspension culture 

using experimental design. Variables studied were dominant medium 

components that were screened earlier.  

 

 

 

 

1.5 Research Contributions 

 

 

Some major contributions of this research are listed below. 

 

1) Establishment of methods for optimizing recombinant protein expression in 

insect cells culture. 

2) Trained (hands-on-experienced) personnel in Baculovirus Insect Cells 

Expression System. 

3) Two research papers (proceedings) were published (Ongkudon et al., 2004; 

Ongkudon et al., 2005) and two other papers are in preparation.   



 

 

 
 

REFERENCES 

 

 

 

 

Adinarayana, K. and Ellaiah, P. (2002). Response Surface Optimization of the 

Critical Medium Components for the Production of Alkaline Protease by a 

newly isolated Bacillus sp. J. Pharm. Pharmaceut. Sci. 5(3):272-278. 

 

Ailor, E., Takahashi, N., Tsukamoto, Y., Masuda, K., Rahman, B. A., Jarvis, D. L., 

Lee, Y. C. and Betenbaugh, M. J. (2000). N-glycan patterns of human 

transferrin produced in Trichoplusia ni insect cells: effects of mammalian 

galactosyltransferase. Glycobiology. 10:837-847. 

 

Aisen, P. and Listowsky, I. (1980). Iron transport and storage proteins. Annu.  Rev.  

Biochem. 49:357-393. 

 

Akhnoukh, R., Kretzmer, G. and Schugerl, K. (1996). On-line monitoring and 

control of the cultivation of Spodoptera frugiperga Sf9 insect cells and beta-

galactosidase production by Autographa californica virus vector. Enzyme 

Microb. Technol. 18: 220-228. 

 

Ali, S. A., Joao, H. C., Csonga, R., Hammerschmind, F. and Steinkasserer, A. 

(1996). High yield production of functionally active human serum transferrin 

using a baculovirus expression system and its structural characterization. 

Biochem. J. 319:191-195. 

 

Altmann, F., Staudacher, E., Wilson, B. H. and März, L. (1999). Insect cells as hosts 

for the expression of recombinant glycoproteins. Glycoconjugate Journal.  

16:109-123.  



 112

Arif, B. (1986). Molecular Biology of Baculoviruses. Berlin: Springer. 31-50. 

 

Attie, A. D., Gretch, D. G., Sturley, S. L. and Beckage, N. E. (1995). Production of 

recombinant proteins in insect larvae. (U.S Patent 5,472,858). 

 

Bahia, D., Cheung, R., Buchs, M., Geisse, S. and Hunt, I. (2004). Optimisation of 

insect cell growth in deep-well blocks: development of a high-throughput 

insect cell expression screen. Protein Expr. Purif. 39:61-70. 

 

Bailey, J. E. and Ollis, D. F. (1986). Biochemical Engineering Fundamentals. 2nd ed. 

Singapore: McGraw Hill.  

 

Barnes, D. and Sato, G. (1980). Methods for growth of cultured cells in serum-free 

medium. Anal. Biochem. 102(2):255-270. 

 

Bédard, C., Tom, R. and Kamen, A. A. (1993). Growth, nutrient consumption and 

end-product accumulation in Sf-9 and BTI-EAA insect cell cultures: insights 

into growth limitation and metabolism. Biotechnol. Prog. 9:615–624. 

 

Bedard, C., Kamen, A. A., Tom, R. and Massie, B. (1994). Maximization of 

recombinant protein yield in the insect cell/baculovirus system by one time 

addition of  nutrients to high density batch culture. Cytotechnology. 15:129-

138. 

 

Bédard, C., Perret, S. and Kamen, A. A. (1997). Fed-batch culture of Sf-9 cells 

supports 3.3 x 107 cells per ml and improves baculovirus-expressed 

recombinant protein yields. Biotechnology Letters. 19:629-632. 

 

Beeley, J. G. (1987). Glycoprotein & proteoglycan techniques. Belgium: Elsevier. 

 

Beljelarskaya, S. N. (2002). A Baculovirus Expression System for Insect Cells. 

Molecular Biology.  36( 3): 281-292.  

 



 113

Belyaev, A. S., Hails, R. S. and Roy, P. (1995). High-level expression of five foreign 

genes by a single recombinant baculovirus. Gene. 156:229-233. 

 

Bentley, W. E., Wang, M. Y. and Vakharia, V. N. (1994). Development of an 

efficient bioprocess for poultry vaccines using high-density insect cell 

culture. Annals of the New York Academy of Sciences. 745:336-359. 

 

Bhatia, R., Jesionowski, G., Ferrance, J. and Ataai, M. M. (1997). Insect cell 

physiology. Cytotechnology. 24:1-9. 

 

Blissard, G. W. and Monsma, S. C. (1998). Baculovirus cloning system. (U.S Patent 

5,750,383). 

 

Bollag, D. M., Rozycki, M. D. and Edelstein, S. J. (1996). Protein Methods. 2nd ed. 

U.S.A.: Wiley-Liss, Inc. 

 

Boyce, F. M. (1999). Use of a baculovirus to express and exogenous gene in a 

mammalian cell. (U.S Patent 5,871,986). 

 

Boyer, R. F. (1993). Modern Experimental Biochemistry. USA.: Benjamin Inc. 

 

Bull, J. C., Godfray, H. C. J. and O'Reilly, D. R. (2001). Persistence of an Occlusion-

Negative Recombinant Nucleopolyhedrovirus in Trichoplusia ni Indicates 

High Multiplicity of Cellular Infection. Applied and Environmental 

Microbiology. 67:5204-5209.  

 

Butler, M., Huzel, N., Barnabe, N., Gray, T. and Bajno, L. (1999). Linoleic acid 

improves the robustness of cells in agitated cultures. Cytotechnology. 30:27-

36. 

 

Butters, T. D. and Hughes, R. C. (1981). Isolation and characterization of mosquito  

cell membrane glycoproteins. Biochem. Biophys. 640:655-671. 

 



 114

Caron, A. W., Archambault, J. and Massie B. (1990). High Level Recombinant 

Protein Production in Bioreactors Using the Baculovirus Insect Cell 

Expression System. Biotechnol. Bioeng. 36:1133-1140. 

 

Cerutti, M., Croizier, G., Croizier, L. and Devauchelle, G. (1996). Modified 

baculovirus, its preparation process and its application as a gene expression 

vector. (U.S Patent 5,583,023). 

 

Chen, W. and Bahl, O. P. (1991). Recombinant carbohydrate and selenomethionyl 

variants of human choriogonadotropin. J. Biol. Chem. 266:8192-8197. 

 

Chiou, T. W., Hsieh, Y. C. and Ho, C. S. (2000). High density culture of insect cells 

using rational medium design and feeding strategy. Bioprocess Engineering. 

22:483-491. 

 

Christie, W. W. (1989). Gas Chromatography and Lipids: A Practical Guide. 

Glasgow: The Oily Press Ltd. 

 

Christie, W. W. (1997). Analysis of Fatty Acids by High Performance Liquid 

Chromatography. Lipid Technology. 9:124-126. 

 

Cochran, W. G. and Cox, G. M. (1992). Experimental Designs. 2nd edn. New York: 

John Wiley and Sons. 335-375. 

 

Cornell, J. A. (1990). How to Apply Response Surface Methodology. U.S.A.: 

American Society for Quality Control. 

 

Crowther, J. R. (1995). ELISA. U.S.A.: Humana Press, Inc. 

 

Dalal, N. G. and Bentley, W. E. (1999).Mathematical characterization of insect cell 

(Sf-9) death in suspended culture. Biotechnology Letters.  21: 325-329. 

 

David, P. C. and Lonnie, D. R. (1997). Molecular Biology. U.S.A.: Cache River 

Press. 



 115

Delong, B., Albee, A., Deeds, Z., Gifford, J., Ross, S., Kao, K. and Caple, M. (2004). 

Development of an Efficient Medium Optimization Kit for Factorial Matrix 

Design – A Statistical Approach to Increase Cell Growth and Productivity of 

Recombinant CHO Cells. Sigma-Aldrich Biotechnology. unpublished. 

 

Devauchelle, G., Cerutti, M. and Cahoreau, C. (1996). Modified baculovirus and 

baculovirus expression vectors. (U.S Patent 5,571,709). 

 

Drews, M, Paalme, T. and Vilu, R. (1995). The growth and nutrient utilization of the 

insect cell line Spodoptera frugiperda Sf9 in batch and continuous culture. J. 

Biotechnol. 40:187-198. 

 

Faulkner, P. (1993). Insect Cell Culture Engineering. U.S.A.: Marcell Dekker. 

 

Ferrance, J. P., Goel, A. and Ataai, M. M. (1993). Utilization of glucose and amino 

acids in insect cell cultures: quantifying the metabolic flows within the 

primary pathways and medium development. Biotechnol. Bioeng. 42:697-

707. 

 

Fielding, J. and Speyer, B. E. (1974). Iron transport intermediates in human 

reticulocytes and the membrane binding site of iron-transferrin. Biochem  

Biophys Acta. 363(3):387-396. 

 

Frank, M. B. (1998). Baculovirus Summary. Oklahoma City. unpublished. 

 

Frank, M. B. (1998). Insect Cell Culture & Baculovirus Infections. Oklahoma City. 

unpublished. 

 

Freshney, R. I. (2000). Culture of Animal Cells. U.S.A.: Wiley-Liss. 

 

Frosch, C. (1997). Biosynthesis of N-Glycans. Institute of Toxicology University of 

Mainz. unpublished. 

 



 116

Fraser, M. J. (1986). Ultrastructural observations of virion maturation in Autographa 

californica nuclear polyhedrosis virus infected Spodoptera frugiperda cell 

cultures. Journal of Ultrastructure and Molecular Structure Research. 

95:189-195. 

 

Fu, D. and van Halbeek, H. (1992). N-glycosylation site mapping of human 

serotransferrin by serial lectin affinity chromatography, fast atom 

bombardment-mass spectrometry and H nuclear magnetic resonance  

spectroscopy. Anal. Biochem. 206:53-63. 

 

Gilbert, R. S., Nagano, Y., Yokota, Y., Hwan, S. F., Fletcher T. and Lydersen, K. 

(1996). Effect of lipids on insect cell growth and expression of recombinant 

proteins in serum free medium. CytoTechnology. 22:211-216. 

 

Glick, B. R. and Pasternak, J. J. (1990). Molecular Biotechnology: Principles and 

Applications  of Recombinant DNA. U.S.A.: American Society For 

Microbiology. 

 

Goochee, C. F., Gramer, M. J., Andersen, D. C., Bahr, J. B. and Ragmussen, J. R. 

(1991). The oligosaccharides of glycoproteins: bioprocess factors affecting 

oligosaccharide structure and their effect on glycoprotein properties. 

Bio/Technol. 9:1346-1355. 

 

Gorfien, S. F., Paul, W., Judd, D., Tescione, L. and Jayme, D. W. (2003). Optimized 

Nutrient Additives for Fed-Batch Cultures. Biopharm. International. 34-40. 

 

Gotoh, T., Chiba, K. and Kikuchi, K. I. (2004). Oxygen consumption profiles of Sf-9 

insect cells and their culture at low temperature to circumvent oxygen 

starvation. J. Biochem. Eng. 17:71–78. 

 

Granados, R. R. and Hashimoto, Y. (1995). Gene coded for a polypeptide which 

enhances virus infection of host insects. (U.S Patent 5,475,090). 

 



 117

Grioner, A. (1986). Specificity and safety of baculoviruses. In: Granados, R. A. and 

Federici, B. A. (Eds.). The biology of baculoviruses. Boca Raton, FL: CRC 

Press. 1:1-37. 

 

Guarino, L. A. and Jarvis, D. L. (1991). Use of baculovirus early promoters for 

expression of foreign genes in stably transformed insect cells. (U.S Patent 

5,077,214). 

 

Guarino, L. A. and Jarvis, D. L. (1992). Use of baculovirus early promoters for 

expression of foreign genes in stably transformed insect cells. (U.S Patent 

5,162,222). 

 

Haaland, P. D. (1989). Experimental Design In Biotechnology. New York, U.S.A.: 

Marcel Dekker, Inc. 

 

Harrison, R. G. (1994). Protein Purification Process Engineering. U.S.A.: Marcell 

Dekker. 

 

Hasmann, F. A., Cortez, D.V., Junior, A. P. and Roberto, I. C. (2003). Optimization 

of beta-xyloxidase recovery by reversed micelles using response surface 

methodology. Electronic Journal of Biotechnology. 6(2):20-27. 

 

Hassell, T., Gleave, S. and Butler, M. (1991). Growth Inhibition in Animal Cell 

Culture: The Effect of Lactate and Ammonia. Appl. Biochem. Biotechnol. 

30:29-41. 

 

Hink, W. F, Thomsen, D. R., Davidson, D. J., Meyer, A. L. and Castellino F. J. 

(1991). Expression of three recombinant proteins using baculovirus vectors in 

23 insect cell lines. Biotechnol. Prog. 7:9-14. 

 

Hsieh, P. and Robbins, P. W. (1984). Regulation of asparagine-linked 

oligosaccharide processing. Oligosaccharide processing in Aedes albopitus 

mosquito cells. J. Biol. Chem. 259:2975-2382. 

 



 118

Hu, Y. C., and Bentley, W. E. (2000). A kinetic and statistical-thermodynamic model 

for baculovirus infection and virus-like particle assembly in suspended insect 

cells. Chemical Engineering Science. 55:3991-4008. 

 

Hu, Y. C., Lu, J. T. and Chung, Y. C. (2003). High-density cultivation of insect cells 

and production of recombinant baculovirus using a novel oscillating 

bioreactor. Cytotechnology. 42:145-153. 

 

Huebers, H., Csiba, E., Josephson, B., Huebers, E. and Finch, C. (1981). Interaction 

of human diferric transferrin with reticulocytes. Proc Natl Acad Sci. 

78(1):621-625. 

 

Huebers, H. A., Finch, C. A. (1987). The physiology of transferrin and transferrin 

receptors. Physiol. Rev. 67(2):520-82. 

 

Iatrou, K. (1998). Methods of expressing proteins in insect cells and methods of 

killing insects. (U.S Patent 5,759,809). 

 

Iatrou, K., Farrell, P. J. and Hashimoto, Y. (2000). Baculovirus artificial 

chromosomes and methods of use. (U.S Patent  6,090,584). 

 

Ikonomou, L., Bastin, G., Schneider, Y. J. and Agathos, S. N. (2001). Design of an 

efficient medium for insect cell growth and recombinant protein production. 

In Vitro Cell Dev. Biol. Animal. 37:549-559. 

 

Inlow, D., Shauger, A. and Maiorella, B. (1989). J. Tissue Cult. Methods. 12:13-16. 

 

Jarvis, D. L. and Carrington, J. C. (1993). Method and vector for the purification of 

foreign proteins. (U.S Patent 5,179,007). 

 

Jesionowski, G. A. and Ataai, M. M. (1997). An efficient medium for high protein 

production in the insect cell/baculovirus expression system. Biotechnol Prog. 

13:355-360. 

 



 119

Kalil, S. J., Maugeri, F. and Rodrigues, M. I. (1999). Response Surface Analysis and 

Simulation as a Tool for Bioprocess Design and Optimization. Process 

Biochem. 35(6):539-550. 

 

Kang, C. Y. (1993). Baculovirus expression system capable of producing foreign 

gene proteins at high levels. (U.S Patent  5,194,376). 

 

Karin, M. and Mintz, B. (1981). Receptor-mediated endocytosis of transferrin in 

developmentally totipotent mouse teratocarcinoma stem cells. J Biol Chem. 

256(7):3245-52. 

 

King, L. A. and Possee, R. D. (1992). The baculovirus expression system: a 

laboratory guide. London: Chapman and Hall. 

 

Knudson, D. and Harrap, K. (1976). Replication of nuclear polydydrosis virus in a 

continuous cell culture of Spodoptera frugiperda: microscopy study of the 

sequence of events of the virus infection. J. Virol. 17:254-268. 

 

Kobayashi, M., Kato, S., Omasa, T., Shioya, S. and Suga, K. (1994). Enhancement 

effects of BSA and linoleic acid on hybridoma cell growth and antibody 

production. Cytotechnology.15:51-56. 

 

Kool, M., Voncken, J. W., Vanlier, F. L. J., Tramper, J. and Vlak, J. M. (1991). 

Detection and analysis of Autographa Californica Polyhedrosis Virus 

mutants with defective interfering properties. Virology. 183:739-746. 

 

Kulakosky, P. C., Hughes, P. R. and Wood, H. A. (1998). N-linked glycosylation of 

a baculovirus-expressed recombinant glycoprotein in insect larvae and tissue 

culture cells. Glycobiology. 8:741-745. 

 

Kumar, S. and Miller, L. K. (1987). Effects of serial passage of Autographa 

Californica Polyhedrosis Virus in cell culture. Virus Res. 7:335-350. 

 



 120

Kuroda, K., Geyer, H., Geyer, R., Doerfler, W. and Klenk, H. D. (1990). The                        

oligosaccharides of influenza virus hemmaglutinin expressed in insect cells 

by a baculovirus vector. Virology. 174:418-329. 

 

Lee, S. C., Leusch, M. S., Luckow, V. A. and Olins, P. O. (1994). Method of 

producing recombinant eukaryotic viruses in bacteria. (U.S Patent 

5,348,886). 

 

Leger, D., Campion, B., Decottignies, J. P., Montreuil, J. and Spik, G. (1989).  

Physiological significance of the marked increased branching of the glycans 

of human serotransferrin during pregnancy. Biochem. J. 257:231-238. 

 

Licari, P. and Bailey, J. E. (1991). Factors influencing recombinant proteins yields in  

an insect cell-baculovirus expression system: multiplicity of infection and 

intracellular protein degradation. Biotechnol. Bioeng. 37:238-246.  

 

Lineback-Zins, J. and Brew, K. (1980). Preparation and characterization of an NH2-

terminal fragment of human serum transferrin containing a single iron-

binding site. J Biol Chem. 255(2):708-713. 

 

Liu, H. S., Wang, Y. C. and Chiou, T. W. (1995). Olive oil addition in insect cell 

cultivation. Biotechnol. Tech. 9:457-460. 

 

Luckow, V. A. (1991). Cloning and Expression of Heterologous Genes in Insect 

Cells with Baculovirus Vectors. In: Ho, C., Prokop, A. and Bajpai, R. (Eds.). 

Recombinant DNA Technology and Applications. New York, N.Y: McGraw-

Hill. 1-24. 

 

Luckow, V. A. and Summers, M. D. (1988). Trends in the development of 

baculovirus expression vectors. Biotechnol. 6:47-55. 

 

Lynn, D. E. (2002). Effects of temperature on the susceptibility of insect cells to 

infection by baculoviruses. Methods in Cell Science.  23: 221-225. 

 



 121

MacGillivray, R. T. and Brew, K. (1975). Transferrin: internal homology in the  

amino acid sequence. Science. 190(4221):1306-1307. 

 

MacGillivray, R. T., Mendez, E., Sinha, S. K., Sutton, M. R., Lineback-Zins, J. and  

Brew, K. (1982). The complete amino acid sequence of human serum 

transferrin. Proc. Natl. Acad. Sci. U S A. 79(8):2504-2508. 

 

MacGillivray, R. T., Mendez, E., Shewale, J. G., Sinha, S. K., Lineback-Zins, J. and  

Brew, K. (1983). The primary structure of human serum transferrin. The 

structures of seven cyanogen bromide fragments and the assembly of the 

complete structure. J. Biol. Chem. 258(6):3543-3553.  

 

Maeda, S., Furusawa, M., Marumoto, Y., Horiuchi, T., Sato, Y. and Saeki, Y. (1992). 

Method of producing peptides using baculovirus vectors in cultured cells. 

(U.S Patent 5,110,729). 

 

Mahat, M. K., Illias, R. M., Rahman, R. A., Rashid, N. A. A, Mahmood, N. A. N., 

Hassan, O., Aziz, S. A. and Kamaruddin K. (2004). Production of 

cyclodextrin glucanotransferase (CGTase) from alkalophilic Bacillus sp. 

TS1-1: media optimization using experimental design. Enzyme Microb. 

Technol. 35:467-473. 

 

Maiorella, B., Shauger A., Howarth, B. and Inlow, D. (1988). Supply of lipids in 

animal cell culture media. Abstr. Pap. Am. Chem. Soc. 196th (MBTD143). 

 

Mant, C. T. and Hodges, R. S. (1991). HPLC of peptides & proteins. U.S.A.: CRC 

Press. 

 

Marteijn, R. C. L., Jurrius, O., Dhont, J., de Gooijer, C. D., Tramper, J. and Martens, 

D. E. (2002). Optimization of Feed Medium for Fed Batch Culture of Insect 

Cells Using Genetic Algorithm. Biotechnology and Bioengineering. Vol. 81. 

 

Marz, L., Altmann, F., Staudacher, E. and Kubelka, V. (1995). Protein glycosylation  

in insects . Glycoproteins. 543-563. 



 122

Mason, R. L., Gunst, R. F. and Hess J. L. (2003). Statistical Design and Analysis of 

Experiments. 2nd ed. U.S.A.: John Wiley & Sons, Inc. 

 

Matsuura, Y., Yasui, K. and Sato, T. (1993). Recombinant baculovirus. (U.S Patent 

5,229,293). 

 

Maulik, S. and Patel, S. D. (1997). Molecular Biotechnology: Therapeutic 

Applications and Strategies. U.S.A.: Wiley-Liss. 

 

McGregor, W. C. (1991). Purification and Analysis of Recombinant Proteins. 

U.S.A.: Marcell Dekker. 

 

Mel, M., Sarmidi, M. R., Aziz, R. A., Zain, Z. M. and Jamaluddin, A. A. (1999). A 

Study of the Cell Growth of Haemophilus Paragallinarum: Optimization of 

pH and Temperature. Malaysian National Biotech. Seminar Proceeding. 

 

Mendonça, R. Z., Palomares, L. A. and Ram´ýrez, O. T. (1999). An insight into 

insect cell metabolism through selective nutrient manipulation. J. Biotechnol. 

72:61–75. 

 

Miller, L. K. (1988). Baculoviruses as gene expression vectors. Ann. Rev. Microbiol. 

42:177-199. 

 

Miller, L. K. (1993). Baculovirus expression vectors. (U.S Patent 5,244,805). 

 

Miyajima, A., Schreurs, J., Otsu, K., Kondo, A., Arai, K. I. and Maeda, S. (1987). 

Use of the silkworm, Bombadrix mori, and an insect baculovirus vector for 

high-level expression and secretion of biologically active mouse interleukin-

3. Gene. 58:273-281. 

 

Montgomery, D.C. (1996). Design and Analysis of Experiments. 4th ed. U.S.A.: John 

Wiley & Sons, Inc. 

 



 123

Montgomery, D. C. (2001). Design and Analysis of Experiments. 5th ed. U.S.A.: John 

Wiley & Sons, Inc. 

 

Montgomery, D. C. and Runger, G.C. (1999). Applied statistics and probability for 

engineers. 2nd edn. U.S.A.: John Wiley & Sons, Inc. 

 

Montreuil, J., Spik, G. and Mazurier, J. (1997). Transferrin superfamily. 

Glycoproteins II. 203-242. 

 

Murphy, C. I. and Young, E. (1996). Baculovirus vectors for expression of secretory 

and membrane-bound proteins. (U.S Patent 5,516,657). 

 

Naveena, B. J., Altaf. M., Bhadrayya, K., Madhavendra, S. S. and Reddy, G. (2004). 

Direct Fermentation of Starch to L(+) Lactic Acid in SSF by Lactobacillus 

amylophilus GV6 Using Wheat Bran as Support and Substrate: Medium 

Optimization Using RSM. Process Biochem. 40(2):681-690. 

 

Nawani, N. N. and Kapadnis, B. P. (2004). Optimization of Chitinase Production 

Using Statistics Based Experimental Design. Process Biochem. 40(2):651-

660. 

 

Neerman, J. and Wagner, R. (1996). Comparative analysis of glucose and glutamine 

in transformed mammalian cell lines, insect and primary liver cells. J. Cell. 

Physiol. 166:152–169. 

 

Nester, Roberts and Nester, (1995). Microbiology. U.S.A.: WCB Publishers. 

 

Nishikawa, K., Fukuhara, N., Liprandi, F., Green, K., Kapikian, A. Z., Chanock, R. 

and Gorziglia, M. (1989). VP4 protein of porcine rotavirus strain OSU 

expressed by  a baculovirus recombinant induces neutralizing antibodies. 

Virology 173:631-637 

 

Ohman, L. and Haggstrom, L. (2001). Culture medium for insect cells lacking 

glutamine and contains ammonium salt. (U.S Patent 6,210,966). 



 124

Öhman, L., Ljunggren, J. and Haggstrom, L. (1995). Introduction of a metabolic

 switch in insect cells by substrate-limited fed batch cultures. Appl. Microbiol. 

Biotechnol. 43:1–8. 

 

Ongkudon, C. M., Rahman, B. A. and Aziz, A. A. (2004). Preliminary Study on the 

Optimization of Recombinant Human Transferrin Expression in Insect Cells 

Baculovirus System. Proceedings of the 1st National Postgraduate 

Coloquium. December 8-9. Penang, Malaysia: 306-311. 

 

Ongkudon, C. M., Rahman, B. A. and Aziz, A. A. (2005). Screening of the Sf900-II 

SFM Insect Cell Culture Medium and Recombinant Baculovirus for the 

Expression of Recombinant Human Transferrin. Proceedings of the 15th 

MSMBB Scientific Meeting. April 4-5. Kuala Lumpur, Malaysia: pp11. 

 

O'Reilly, D., Miller, L. and Luckow, V. (1992). In: Baculovirus expression vectors. 

New York: W. H. Freeman and Co. pp109-215. 

 

O’Reilly, D. R., Miller, L. K. and Luckow, V. A. (1994). Baculovirus Expression

 Vectors: A Laboratory Manual. U.S.A.: Oxford University Press. 

 

Page, M. J. and Rodgers, B. C. (1992). Baculovirus vectors and methods of use.

 (U.S Patent 5,147,788). 

 

Palomares, L. A., Gonzalez, M. and Ram´ýrez, O. T. (1999). Evidence of Pluronic F-

68 direct interaction with insect cells: impact on shear stress protection, 

recombinant protein, and baculovirus production. Enzyme Microb. Technol. 

26: 324-331. 

 

Palomares, L. A., Pedroza, J. C. and Ram´ýrez, O. T. (2001). Cell size as a tool to

 predict protein productivity of the insect cell-baculovirus expression system.

 Biotechnol. Lett. 23:359–364. 

 



 125

Palomares, L. A., López, S. and Ram´ýrez, O. T. (2004). Utilization of oxygen 

uptake rate to assess the role of glucose and glutamine in the metabolism of 

infected insect cell cultures. J. Biochem. Eng. 19:87–93. 

 

Peakman, T. C., Page, M. J. and Charles, I. G. (1994). Procaryotic leader sequence 

in recombinant baculovirus expression system. (U.S Patent 5,322,774). 

 

Possee, R. D., Weyer, U. and King, L. A. (1990). Control of Virus Disease.

 Cambridge University Press. 53-76. 

 

Radford, K. M., Cavegn, C., Bertrand, M. Bernard, A. R., Reid, S. and Greenfield, P. 

F. (1997). The indirect effects of multiplicity of infection on baculovirus 

expressed proteins in insect cells: secreted and non-secreted products. 

Cytotechnology.  24:73-81. 

 

Reddy, P. R. M., Ramesh, B., Mrudula, S., Reddy, G. and Seenayya, G. (2002). 

Production of Thermostable beta-amylase by Clostridium thermosulfurogenes 

SV2 in Solid State Fermentation: Optimization of Nutrient Levels Using 

Response Surface Methodology. Process Biochem. 39(3):267-277. 

 

Reed, L. and Muench, H. (1938). A simple method for estimating fifty percent 

endpoints. Am. J. Hyg. 27:493-497. 

 

Reuveny, S, Kim, Y. J., Kemp, C. W. and Shiloach, J. (1993). Production of 

recombinant proteins in high density insect cell cultures. Biotechnol. Bioeng. 

42:235-239. 

 

Rose, D. P. and Conolly, J. M. (1990). Effects of fatty acids and inhibitors of 

cicosanoid synthesis on the growth of a human breast cancer cell line in 

culture. Cancer Res. 50:7139-7144. 

 

Rosenberg, I. M. (1996). Protein Analysis and Purification. U.S.A.: Birkhauser. 

 



 126

Rudolf, F. B. and Mcintire, L. V. (1999). Science, Engineering, and Ethical 

Challenges for the 21st Century. Washington, D.C.: Joseph Henry Press. 

 

Sanderson, C. S., Barford. J. P., Barton, G. W., Wong, T. K. K. And Reid, S. (1999). 

A structured, dynamic model for animal cell culture: application to 

baculovirus/insect cell systems. J. Biochem. Eng. 3:219-229 

 

Shen, C. F., Hawari, J. and Kamen, A. (2004). Micro-quantitation of lipids in serum- 

free cell culture media: a critical aspect is the minimization of interference 

from medium components and chemical reagents. J. Chromatography. 

810:119–127. 

 

Shuler, M. L. and Dee, K. U. (1998). Methods and culture media for inducing single 

cell suspension in insect cell lines. (U.S Patent 5,728,580). 

 

Shuler, M. L. and Kargi, F. (2002) . Bioprocess Engineering: Basic Concepts. 2nd ed. 

U.S.A.: Prentice Hall. 

 

Siemensma, A., Huttinga, H. and Hakkaart, M. (2002). Eliminating Animal Derived

 Media. Gen. Eng. News. Vol. 22. 

 

Steward, M. W. (1984). Antibodies: Their structure and function. London: Chapman 

and Hall. 

 

Summers, M. D. (1992). Insect signal sequences useful to improve the efficiency of 

processing and secretion of foreign genes in insect systems. (U.S Patent 

5,155,037). 

 

Summers, M. D. (1994). Method to improve the efficiency of processing and

 secretion of foreign genes in insect systems. (U.S Patent 5,278,050). 

 

Summers, M. D., Bradfield, J. Y. and Keeley, L. L. (1991). Lepidopteran AKH

 signal sequence. (U.S Patent 5,023,328). 

 



 127

Summers, M. D., Oker-Blom and Christian, E. G. (1992). Baculovirus dual

 promoter expression vector. (U.S Patent 5,169,784). 

 

Summers, M. D. and Smith, G. E. (1978). Baculovirus structural polypeptides.

 Virology. 84: 390-402. 

 

Summers, M. D. and Smith, G. E. (1988). A manual of methods for baculovirus

 vectors and insect cell culture procedures. U.S.A.: MicroGeneSys, Inc. 

Suzuki, T., Usami, A., Oda, K., Mori, H. and Kanaya, T. (1998). Cysteine protease

 gene defective baculovirus, process for its production, and process for the

 production of economic protein by using the same. (U.S Patent 5,753,220). 

 

Taticek, R. A. and Shuler, M. L. (1997). Effect of elevated oxygen and glutamine

 levels on foreign protein production at high cell densities using the insect

 cells baculovirus expression system. Biotechnol. Bioeng. 54:142-152. 

 

Tomiya, N., Howe, D., Aumiller, J. J., Pathak, M., Park, J., Palter, K. B., Jarvis, D. 

L., Betenbaugh M. J. and Lee Y. C. (2003). Complex-type biantennary N-

glycans of recombinant human transferrin from Trichoplusia ni insect cells 

expressing mammalian beta-1,4-galactosyltransferase and beta-1,2-N-

acetylglucosaminyltransferase II. Glycbiology. 13:23-34. 

 

Tomiya, N., Narang, S., Lee, Y. C. and Betenbaugh, M. J. (2004). Comparing N-

glycan processing in mammalian cell lines to native and engineered 

lepidopteran insect cell lines. Glycoconjugate Journal.  21:343-360. 

 

Tramper, J., van den End, E. J., de Gooijer, C. D., Kompier, R., van Lier, F. L. J.,

 Usmany, M. and Vlak, J. M. (1990). Annals of the New York Academy of

 Sciences. 589:423-430. 

 

Tsao, E., Mason, M., Cacciuttolo, M., Bowen, S. and Wasserman, G. (1996). 

Production of parvovirus B19 vaccine in insect cells coinfected with double 

baculovirus. Biotechnology and Bioengineering. 49:130-138. 

 



 128

Vail, P. V., Sutter, G., Jay, D. L. and Gough, D. (1971). Reciprocal infectivity of 

nuclear polyhedrosis viruses of the cabbage looper and alfalfa looper. Journal 

of Inverterbrate Pathology. 17(3):383-388. 

 

Vander, Sherman and Luciano. (1994). Human Physiology: Basic Cell Functions.

 U.S.A.: McGraw Hill. 

 

Vaughn, J. L., Goodwin, R. H., Tompkins, G. J. and McCawley, P. (1977). The 

establishment of two insect cell lines from the insect Spodoptera frugiperda 

(Lepidoptera: Noctuidae). In Vitro Cellular and Development Biology. 

13:213-217. 

 

Vaughn, J. L. and Fan, F. (1997). Differential requirements of two insect cell lines for 

growth in serum free medium. In Vitro. Cell. Dev. Biol. 33:479-482. 

 

Vlak, J. M. (1997). Baculoviruses and Insect Cells: A Versatile System for the

 Production of Recombinant Protein including Antibodies. Advanced

 International Biotechnology Course on: Advances and trends in antibody

 engineering and manufacture, Leiden, Netherlands. 

 

Volkman, L. E. and Goldsmith, P.A. (1985). Mechanism of neutralization of budded

 AcMNPV by a monoclonal antibody: inhibition of entry by adsorptive

 endocytosis. Virology. 143:185-195. 

 

Volkman, L. E. and Knudson, D. L. (1986). Persistent baculoviral infections. In: 

Granados, R. A. and Federici, B. A. (Eds.). The biology of baculoviruses. 

Boca Raton, FL: CRC Press. 1:109-128. 

 

Walsh, G. and Headon, D. (1994). Protein Biotechnology. U.S.A.: John Wiley &

 Sons. 

 

Wang, C. H., Lo, C. F., Kou, G. H., Huang, C. J. and Chou, C. M. (1996).

 Oligonucleotides for detection of baculovirus infection. (U.S Patent

 5,521,299). 



 129

Westermeier, R. (1993). Electrophoresis in Practice. German: VCH Press. 

 

Wolff, M. W., Murhammer, D. W., Jarvis, D. L. and Linhardt, R. J. (1996). 

Electrophoretic analysis of glycoprotein glycans produced by lepidopteran 

insect cells infected with an immediate early recombinant baculovirus 

encoding mammalian beta-1,4-galactosyltransferase. Glycoconjugate 

Journal. 16:753-756. 

 

Wong, T. K. K., Nielsen, L. K., Greenfield, P. F. and Reid, S. (1994). Relationship

 between oxygen uptake rate and time of infection of Sf9 insect cells infected

 with a recombinant baculovirus. Cytotechnology. 15:157–167. 

 

Wu, J. and Lee, K. L. D. (1998). Growth promotion by yeastolate and related

 components on insect cells. Biotechnol. Tech. 12:67-70. 

 

Wu, J., Ruan, Q. and Lam, H. Y. P. (1998). Evaluation of spent medium recycle and

 nutrient feeding strategies for recombinant protein production in the insect

 cell baculovirus process. J. Biotech. 66:109-116. 

 

Xu, H. Q., Wu, P., Jeff, C. F., Tidwell, C. and Wang A.Y. (2002). A smooth 

response surface algorithm for constructing a gene regulatory network. J. 

Physiol. Genomics. 11:11-20. 

 

Yamaji, H., Tagai, S.I. and Fukuda H. (1999). Optimal production of recombinant 

protein by the baculovirus-insect cell system in shake-flask culture with 

medium replacement. J.  Biosci. Bioeng. 87: 636-641. 

 

Yang, M. and Butler, M. (2000). Effect of Ammonia on the Glycosylation of Human 

Recombinant Erythropoietin in Culture. Biotechnol. Prog. 16:751-759. 

 

 

 

http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=4943&_auth=y&_acct=C000013278&_version=1&_urlVersion=0&_userid=167669&md5=c507b296dba9fdcf00f114fa6afe35c2
http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=6260&_auth=y&_acct=C000013278&_version=1&_urlVersion=0&_userid=167669&md5=bd15faf785ee60dad9faf03c5d98d2c0
http://www.sciencedirect.com/science?_ob=IssueURL&_tockey=%23TOC%236260%231999%23999129994%23119789%23FLP%23display%23Volume_87,_Issue_5,_Pages_557-703_%281999%29%23tagged%23Volume%23first%3D87%23Issue%23first%3D5%23Pages%23first%3D557%23last%3D703%23date%23%281999%29%23&_auth=y&view=c&_acct=C000013278&_version=1&_urlVersion=0&_userid=167669&md5=52f43b8dee27d126bb87b23f9a837e00



