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1.1. COMMON BACKGROUND   

          In the current years, a large number of therapeutics has been produced using 

yeast with high recovery yields due to the rapid growth of recombinant DNA (r DNA) 

technologies. Recombinant human antithrombin (rhAT III) is the class of therapeutics 

and the most potential drug developed in the biopharmaceutical worldwide market in 

the past 30 years. 

          Plasma-derived antithrombin III (AT III) concentrates have been utilized for the 

treatment of diseases such as hereditary and acquired deficiencies since the early 

1980s. r-DNA based versions of blood factors and their derivatives are increasingly 

becoming accessible, providing a secure and rich supply of these significant 

therapeutic products. Nevertheless, the complexity of the AT III molecule and the 

large doses frequently required for supplementation treatments preclude the 

application of conventional cell culture bioreactors for r-DNA based protein 

production. The use of extremely capable expression system has become essential for 

a cost efficient rhAT III production. S. cerevisiae has the capability to produce 

maximum yield of heterologous protein and scale-up flexibility. Purification of 

recombinant human antithrombin III (rhAT III) from the S. cerevisiae has been 

developed to provide a homogeneous, well-defined, and abundant supply of this 

factor. 

           Antithrombin III (AT III) is a serum protein with anti-inflammatory and 

anticoagulant properties [1]. rhAT III has molecular weight (MW) of 58 kDa with 

432-amino acids and it plays a crucial role in prevention of peri-operative and peri-

partum thromboembolic events in hereditary AT III deficient patients [2]. It also acts 

as an anticoagulant to prevent blood clots at the time of surgery and birthing in 

patients with hereditary AT III deficiency [3]. Fig.1.1 shows the three dimensional 

(3D) structure of rhAT III (PDB ID: 4EB1). rhAT III has also been effectively used in 

the treatment of disseminated thrombotic disorders [4], patients with AT III 

deficiency, acute thrombotic episodes [5], acquired AT III deficiency [6] and 

inherited AT III deficiency [7]. In addition, AT III also has a potential curative effect 

in the treatment of pulmonary embolism [8]. 
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Fig.1.1 Three dimentional (3D) structure of the rhAT III (PDB ID: 4EB1) 

          Current progresses in biotechnology and bioprocess engineering attract the 

production of bio-molecules such as recombinant proteins, hormones, vaccines, 

enzymes, monoclonal antibodies, etc. The market of these therapeutic products has 

increased as they are being used in the biopharmaceutical and analytical applications 

[9]. The major element of the biopharmaceutical market of any commercial drug is 

the capability to accomplish large-scale production [9 and 10]. The final objective of 

the biological product development is the inexpensive commercial production by 

capitalizing on the volumetric productivity. 

          Commercially, the rhAT III protein production in S. cerevisiae was carried out 

in the bioreactors using batch and fed-batch cultivation methods. The S. cerevisiae 

(yeast) was competent of producing a huge amount of proteins from the cloned genes. 

The scale up process of recombinant protein production can be replaced by lab scale 

batch and fed-batch fermentations instead of the commonly used shake flask 

fermentation [11 and 12].  

          The quantity and quality of the recombinant product acquired depends on the 

method of cultivation, extraction and its purification environment. Hence, these 

processes can be optimized for more expression of recombinant based proteins. The 

formation of the production media is important in order to increase the product yield, 
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which can be optimized at small scale expression for optimizing the conditions. The 

statistical experimental designs involve the optimization of media components and 

their interaction effect on production of the target products. Recombinant based 

protein purification by the least possible steps is important to get the essential purity. 

Hence, it is essential to develop a trouble-free and quick purification strategy in order 

to achieve high biologically active recombinant proteins from the concentrated protein 

solution.  

          Optimization of chromatographic conditions, the influence of physico-chemical 

parameters and their combinations on the recovery yield, purity and specific activity 

of recombinant proteins have also been playing a vital role in the production of 

recombinant therapeutic proteins. Therefore, biologically active and purified 

recombinant protein can be utilized for therapeutic and diagnostic purposes. 

 

1.2. ORIGIN OF THE PROBLEM  

          Recombinant products, used in controlling various diseases, are important as 

they play a vital role in the therapeutics market. These products are extracted from 

human cells or they come as engineered microbial systems for pharmaceutical use.  

          AT III deficiency usually comes to light when a patient is affected by recurrent 

venous thrombosis and pulmonary embolism. Thrombosis is the formation of blood 

clot inside the blood vessel and is a category of blood disorder that can obstruct the 

flow of blood through the circulatory system. In some cases, very severe hypoxia  can 

occur when a thrombus is significantly high, which can cause a much greater 

difficulty to the flow of blood. Infarction is also a kind of tissue death which is caused 

due to lack of oxygen and an obstruction of the tissue's blood supply. Hence, AT III   

plays a potential role in the treatment of anoxia and infarction. 

          Human proteins have been developed in medicine worldwide, and for some 

time, their supply was limited due to the few sources for their extraction [13]. This 

actuality was modified through the commencement of genetic engineering techniques 

because the gene of interest could be separated, introduced into expression vector and 

moved to the cell which can be cultivated on a large scale for the production of 

recombinant proteins [14]. Micro-organisms are the first attempt at therapeutic protein 

production from cloned genes. 

          Health care is a multibillion dollar industry worldwide, especially in developing 

countries such as the Asian countries, particularly in India. The cost of affordable 
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health care is rising day by day while many diseases need to be diagnosed rapidly 

before the disease becomes chronic and fatal. Keeping the needs in view and the 

immense importance of the therapeutics in the health sector, there is a requirement for 

increasing cost-effective therapeutic drugs with high biological activity. The drugs 

derived from the r-DNA technology have successfully achieved the therapeutic 

requirements in a short time. The rhAT III is the very attractive and essential 

therapeutic drug for the health care industries. The recombinant DNA (r-DNA) based 

proteins are to be generated with maximum yield through the optimization processes. 

Production of these r-DNA based proteins prevents expensive and prolonged 

mammalian and insect production in cell culture. The purification process of 

recombinant proteins will also play a critical role in the production, which affects the 

recovery yield, purity and biological activity. The development of inexpensive and 

simple purification process of recombinant proteins could be economically 

advantageous for the biopharmaceutical industries. 

1.3. OBJECTIVES OF THE CURRENT RESEARCH WORK  

          The present research mostly involves the production, purification and 

characterization of therapeutic rhAT III protein. The outline of the work is: 

· Cloning and expression studies of AT III protein in S. cerevisiae BY4741.  

· Identification and optimization of media constituents for rhAT III production 

with design of experiments. 

· Production strategies and characterization of rhAT III from S.cerevisiae 

BY4741. 

· Improvement of purification strategies to achieve high recovery yield, purity 

and biological potency of rhAT III for their possible therapeutic potential. 

 

1.4. THESIS ORGANIZATION 

This thesis has eight chapters.  

Chapter 1 is an introductory chapter with a general background and major objectives 

of the present work.  

Chapter 2 is a thorough review of literature of the earlier reports and study works in 

this research field.  

Chapter 3 represents the experimental section (materials and methods) for the 

production, purification and characterization of recombinant human rhAT III.  
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Chapter 4 describes the expression and characterization studies of rhAT III.  

Chapter 5 deals with optimization of growth media supplements for the production of 

rhAT III using statistical experimental designs.  

Chapter 6 presents the production of rhAT III protein by batch and fed-batch 

fermentation. This chapter also explicates the characterization of rhAT III and its 

biological activity.  

Chapter 7 presents the optimization of downstream process strategies for rhAT III. 

This chapter also discusses the characterization and biological activity of rhAT III.  

Chapter 8 Finally, the conclusions drawn from the research investigations are 

explained. There is also a short note on the extent of future perspectives in this 

research area. 


