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ABSTRACT  

          Antithrombin III (ATIII) is a protein that inhibits abnormal blood clots (or 

coagulation) by breakingdown thrombin and factor Xa. AT III helps to keep a healthy 

balance between the hemorrhage and coagulation. The present work demonstrated the 

production, purification and characterization of recombinant based human 

antithrombin III (rhAT III) from yeast Saccharomyces cerevisiae BY4741. After 

expression of rhAT III by Sacharomyces cerevisiae, the biomass and rhAT III 

concentration were analyzed through various cultivation strategies such as shake 

flask, batch and fed-batch fermentation process. In fed-batch fermentation, high 

biomass (maximum cell dry weight of 11.2 g/L) and rhAT III concentration (312 

mg/L) of the expressed rhAT III were achieved at 84 hours of cultivation time when 

compared to the shake flask (cell dry weight of 6.3 g/L and 120 mg/L of rhAT III) and 

batch (cell dry weight of 8.3 g/L and 191 mg/L of rhAT III) process. The maximum 

cell lysis efficiency (99.89 %) was found at 8 sec sonication pulse and 7 mL lysis 

buffer volume. The rhAT III protein solution was concentrated and moderately 

purified using cross flow filtration (CFF) system with the yield of recovery and purity 

of 95 and 94 %, respectively. The concentrated solution was again purified thorogh 

the single step ion exchange chromatography with the yield of recovery and purity of 

55 and ≥ 98 %, respectively. The purified rhAT III was characterized through various 

bio-analytical techniques, such as RP-HPLC, FT-IR, CD, SDSPAGE analysis, 

western blotting, and LC-MS analysis. The biological activity of rhAT III was 

analyzed as heparin cofactor to meet the therapeutic grade applications.  The simple, 

cost-effective and economically viable nature of the process used in the present study 

for the production of rhAT III will be highly beneficial for the healthcare sector. This 

may also be used to produce other value-added therapeutic recombinant proteins 

expressed in S. cerevisiae, with greater effectiveness and ease. 

 

6.1. INTRODUCTION 

          Antithrombin III (AT III) plays a central role in the regulation of blood 

coagulation and is the major physiological serine proteinase inhibitor that inactivates 

abundant proteinases in the case of blood coagulation cascade, mainly thrombin and 

factor Xa [180 and190]. AT III is a single-chain glycoprotein (432 amino acids, MW 

58 kDa) with three disulfide bridges and four carbohydrate side chains linked at four 

asparagine residue sites (96, 135, 155, and 192), which account for 15 % of the total 
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mass [205 and 206]. It is usually present in human plasma at a level of 150 mg/L [1]. 

It also inactivates target proteinase by forming a 1:1 stoichiometric stable covalent 

complex with the reactive center arginine-393 of AT III and reactive site serine 

residue of the proteinase [207]. The inhibitory activity of AT III for thrombin is 

accelerated 1000 fold with the addition of heparin [208]. AT III is also used in the 

therapeutic treatment of acute thrombotic episodes and prophylaxis during surgery 

and pregnancy in patients with AT III shortage [2]. In humans, AT III is produced by 

fractionation of plasma acquired from the blood donors [209]. Nevertheless, 

unreliable blood source causes the potential risk of contamination of the product by 

blood-borne pathogens. The production of AT III by rDNA technology would address 

the concerns of contamination with blood-derived pathogens [178]. Hence, the 

industrial-scale production of recombinant human antithrombin III (rhAT III) is 

necessary. 

          Saccharomyces cerevisiae (yeast) has been extensively used as a capable host 

for the production of recombinant proteins. Yeast is usually preferred as a host over 

Escherichia coli because it is a eukaryote and is capable of carrying out post-

translational modifications in order to achieve biological activity and secondary 

structure [210 and 21]. From a practical biotechnological point of view, S. cerevisiae 

has a long history of utilization in large-scale conventional industrial processes, and 

unlike E. coli, it lacks measurable endotoxins. Hence, it is regarded as safe (GRAS) 

organism for the production of industrial products [211].  

          In general, different methods are used for the large-scale production of 

recombinant proteins from yeast. Batch and fed-batch fermentation processes are the 

state-of-the-art bioprocesses applyed for the production of industrial products. A fed 

batch system enables us to control the addition of substrate for cell growth and 

product formation. This type of fermentation mode increases the cell density and 

extends the growth phase of cells compared to the batch fermentation process. In the 

fed-batch fermentation, the heterologous porcine insulin precursor concentration has 

been reported to reach five times the level obtained in the shake flask fermentation 

process [212].  

          In the present work, a study has been conducted on shake flask, batch and fed-

batch fermentation processes to analyze biomass and yield of rhAT III using S. 

cerevisiae BY4741. In addition, the effect of sonication pulse and lysis buffer volume 

was analyzed to get maximum cell lysis efficiency. Cross flow filtration principles 
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were also applied to concentrate and partially purify the rhAT III under optimized 

temperature and transmembrane pressure (TMP) conditions. Single step ion exchange 

chromatography was used for final purification of rhAT III. Finally, the purified rhAT 

III was characterized through various bio-analytical techniques such as RP-HPLC, 

CD spectroscopy, FT-IR, SDSPAGE analyses, western blotting method, LC-MS 

method analyses and its biological potency was assessed as heparin co-factor. 

 

6.2. MATERIALS AND METHODS  

          The complete materials used for rhAT III production is explained in Chapter 3. 

Various production strategies such as shake flask, batch and fed-batch mode of 

process are also described in chapter 3. On the other hand, characterization methods 

such as RP-HPLC, SDS-PAGE, western blot, CD spectroscopy, FT-IR, LC-MS and 

biological potency are also described in Chapter 3. Fig. 6.1 shows the complete 

process flow chart for the production of rhAT III. 
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Fig.6.1 The complete up and down stream strategies flow sheet for rhAT III 

production 
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6.3. RESULTS AND DISCUSSION  

6.3.1. Production of rhAT III 

          Initially, the expression vector (pYES2/CT) was inserted into S. cerevisiae 

BY4741 host and the different types of production approaches such as shake flask, 

batch and fed batch mode of fermentation were performed for rhAT III production. 

Table 6.1 shows the overall biomass and rhAT III yield through three different 

production strategies. From the experimental results, maximum cell dry weight 

(CDW) (6.3 g/L) and rhAT III (120 mg/L) were analyzed through shake flask 

fermentation (Table 6.1). 

          The batch fermentation profile of rhAT III production is illustrated in Fig.6.2. 

From the result analysis, it was observed that the maximum CDW (8.3 g/L) and rhAT 

III concentration (191 mg/L) were achieved through batch process (Fig.6.2 and Table 

6.1). 

 

Table 6.1 The experimental analysis of cell dry weight (g/L) and rhAT III yield 

through three different production strategies (shake flask, batch and fed batch 

fermentation process). The experimental results were performed in triplicates 

with mean and standard deviation (SD) 

 

 

 

Biomass and product yield Shake flask     Batch  Fed batch 

Cell Dry weight (g/L)  6.3 ± 1.4     8.3 ± 2.3    11.2 ± 2  

rhAT III yield (mg/L)  120 ± 3.2     191 ± 2.5    312 ± 3.5  
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Fig.6.2 Batch fermentation process profile of rhAT III from Saccharomyces 

cerevisiae BY4741.The maximum cell dry weight yield (8.3 g/L) and rhAT III 

concentration (191 mg/L) were observed. The process variables such as rpm and 

rhAT III concentration values were multiplied with 10 according to their 

relevant axis values. 

 

          When a high cell concentration is the major concern, the fed-batch process is 

more helpful for the biomass and product formation because the recombinant protein 

expression is in proportion to the cell density [213-215]. The rhAT III was produced 

by S. cerevisiae using the batch and the fed-batch fermentation process. The fed-batch 

fermentation profile of rhAT III production is illustrated in Fig.6.3. It can be seen that 

the high CDW and rhAT III concentration were achieved (11.2 g/L and 312 mg/L, 

respectively) at 84 hours of fermentation process when compared to shake flask and 

batch fermentation process.  

          The overall productivity of rhAT III was significantly superior to that of the 

previously reported research [216]. The increase in the overall productivity could be 

due to the moderate specific growth rate by the addition of feed at controlled 

conditions during fed-batch cultivation. Primarily, the oxygen uptake rate (OUR) was 
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found to be 100 % oxygen saturation that showed a gradual decrease in the dissolved 

oxygen concentration (pO2). It was observed that the dissolved oxygen concentration 

(40 %) at 36 hours indicated the occurrence of exponential phase cells with a high rate 

of specific growth. The increase in pO2 was observed gradually, which indicated that 

the cells reached a stationary or death phase. Throughout fermentation, the pO2 was 

maintained at 40 % and above to reduce the aggregation of toxic compounds within 

the cells. The presented fed-batch process was confirmed to be a suitable mode of 

fermentation for the large-scale production of rhAT III. 

 

 

 

Fig.6.3 Fed-batchfermentation process variables of rhATIII from Saccharomyces 

cerevisiae BY4741. Initially, the process was operated in batch mode up to 24 

hours, and the fed-batch process was ended at 84 hours. The addition of limiting 

substrate was started at 6.8 g/L dry cell weight, and the maximum biomass yield 

(11.2 g/L) and rhAT III concentration (312 mg/L) were observed at 84 hours. 

The process variables such as rpm and rhAT III concentration values were 

multiplied with 10 according to their relevant axis values 
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6.3.2. Cell lysis analysis 

          After production, the cells were disrupted by frequent homogenization and 

sonication processes. In order to achieve maximum rhAT III recovery, the lysis 

protocol was optimized by employing various strategies, such as i) a range of   

sonication pulses (2, 4, 6, 8 and 10 sec) and ii) different buffer volumes (3, 5, 7 and 

10 mL). The cell lysed sample was successively diluted with 0.85 M NaCl and 

individually spread on the YNB (-URA def)-agar petri plates with ampicillin. The cell 

lysis efficiency was analyzed based on the cell counting. Table 6.2 describes the cell 

lysis efficiency with adopted conditions. It can be observed that the maximum cell 

lysis efficiency (99.57 %) was achieved with 8 sec sonication pulse, whereas the 

lowest efficiency (98.94 %) was observed with 2 sec sonication pulse.  

          On the other hand, the highest cell lysis efficiency (99.89 %) was achieved with 

the buffer volume of 7 mL, and the lowest efficiency (99.68 %) was observed with 3 

mL of buffer volume (Table 6.2). From these results, it was clearly observed that 

buffer volumes should not be too low or too high, and it must be optimum to achieve 

maximum cell lysis efficiency.  

 
Table 6.2 The effect of sonication pulses and lysis buffer volumes on cell lysis. 

The experimental result analysis represents mean values with standard variation 

(SV) of three (triplicates) repeated trials. 

 

 

Parameter  Cell lysisefficiency a 

 

 

Sonication pulses (s) 

2 98.94±0.02 

4 99.20±0.03 

6 99.34±0.02 

8 99.57±0.04 

10 99.52±0.02 

   

 

Lysis buffer volumes (mL) 

3 99.68±0.03 

5 99.76±0.02 

7 99.89±0.02 

10 98.59±0.03 
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a The cell lysed sample was successively diluted with 0.85 M NaCl and individually 

spread on the YNB (-URA def)-agar petri plates with ampicillin 

          However, to know the effect of lysis buffer volume on rhAT III activity, the cell 

lysate samples with 5 and 10 mL lysis buffer were subjected to centrifugation and 

followed by purification (CFF and SEC with Sephadex G-200). After purification, 

rhAT III activity was analyzed as HC activity through chromogenic assay 

(TESTZYM AT III 2 kit; Daiichi Pure Chemical, Tokyo) with the fixed concentration 

of purified rhAT III (0.35 mg/mL). On the other hand, the effect of lysis buffer 

volume (5 mL and 10 mL) was also analyzed on control rhAT III activity with the 

fixed concentration (0.35 mg/mL). From the experimental results (Table.6.3), it can 

be observed that no much variation in the activity of both purified and control rhAT 

III with respect to two different volumes of lysis buffer (5 and 10 mL).  

 

Table 6.3 The effect of lysis buffer volumes on purified and control rhAT III 

with respect to 5 and 10 mL lysis buffer volumes. Similar profile of both purified 

and control antithrombin activity was observed with 5 and 10 mL lysis buffer 

volumes. The resulting analysis represents mean values with standard deviation 

(SD) of three repeated experiments. 

 
Lysis buffer volume (mL) 

with fixed concentration of 

AT III (0.35 mg/mL) 

Purified rhAT III activity as 

HC activity (IU/L) 

Control of AT III activity as 

HC activity (IU/L) 

5 365.7 ± 0.1 366.7 ± 0.1 

10 365.3 ± 0.1 366.2 ± 0.1 

 
 

          The native PAGE gel (Fig. 6.4) was also performed to check the both purified 

and control rhAT III activity. From the experimental observations, it has clearly 

observed that cell lysis efficiency was affected by variation in lysis buffer volume but 

not rhAT III activity and its stability. 

 



 

 

 

Fig. 6.4 Native PAGE analysis of rhAT

lysis buffer. Lane 1 and 2 shows the rhAT

control rhAT III samples. Similar 

respect to different volumes of lysis buffer volumes (5 and 10 mL) and 

molecular weight of both purified and control 

with molecular weight marker (lane M)

 
6.3.3. Concentration and partial purification through cross flow filtration

          CFF is competent process of concentration and fractional purification of protein 

solutions with no loss of proteins and their activity. The primary concentration and 

purification of recombinant protein are essential to prepare a clarified feed stream for 

the final purification step [217]. 

          Various recombinant proteins such as r

stimulating factor (rhGCSF) and monoclonal antibodies have been successfully 

concentrated using the CFF system with 

work, an investigation has been conducted to analyze the effect of temperature (18, 22 

and 26 °C) and transmembrane pressure 

concentration of rhAT III protein solution using CFF. Table 6.4 s

efficacy of rhAT III solution. The maximum yield (

22 °C with 96 % purity and 

seen that the 16 psi transmembrane pressure was suitable for the filtration of rhAT 

 

 

Native PAGE analysis of rhAT III lysate samples with 5 and 10 mL of 

lysis buffer. Lane 1 and 2 shows the rhAT III test samples. Lane 3 and 4 shows 

samples. Similar rhAT III (58 kDa) bands were observed with 

respect to different volumes of lysis buffer volumes (5 and 10 mL) and 

molecular weight of both purified and control rhAT III (58 kDa) was compared 

olecular weight marker (lane M). 

ration and partial purification through cross flow filtration

CFF is competent process of concentration and fractional purification of protein 

solutions with no loss of proteins and their activity. The primary concentration and 

purification of recombinant protein are essential to prepare a clarified feed stream for 

he final purification step [217].  

Various recombinant proteins such as r-DNA based  human granulocyte colony 

stimulating factor (rhGCSF) and monoclonal antibodies have been successfully 

concentrated using the CFF system with > 95 % purity [168, 218]. In the present 

work, an investigation has been conducted to analyze the effect of temperature (18, 22 

and transmembrane pressure (12, 16 and 20 psi) on the clarification and 

concentration of rhAT III protein solution using CFF. Table 6.4 shows the filtration 

efficacy of rhAT III solution. The maximum yield (92 %) of rhAT III was observed at 

96 % purity and 10.86 concentration factor. On the other hand, it can be 

seen that the 16 psi transmembrane pressure was suitable for the filtration of rhAT 
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samples with 5 and 10 mL of 

test samples. Lane 3 and 4 shows 

(58 kDa) bands were observed with 

respect to different volumes of lysis buffer volumes (5 and 10 mL) and the 

(58 kDa) was compared 

ration and partial purification through cross flow filtration 

CFF is competent process of concentration and fractional purification of protein 

solutions with no loss of proteins and their activity. The primary concentration and 

purification of recombinant protein are essential to prepare a clarified feed stream for 

DNA based  human granulocyte colony 

stimulating factor (rhGCSF) and monoclonal antibodies have been successfully 

218]. In the present 

work, an investigation has been conducted to analyze the effect of temperature (18, 22 

on the clarification and 

hows the filtration 

%) of rhAT III was observed at 

. On the other hand, it can be 

seen that the 16 psi transmembrane pressure was suitable for the filtration of rhAT 
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with the yield, purity and concentration factor of 95 %, 94 % and 6.81, respectively 

(Table.6.4).  

          However, the cell lysate consisted of a mixture of various proteins, proteins 

below 30 kDa, cell contaminants like nucleic acids, DNA, lipopolysaccharides and 

other cellular components that moved freely across the permeable membrane. Fig.6.5 

shows the RP-HPLC profiles of rhAT III before and after CFF. It can be seen that 

before CFF, the contaminant’s population was assimilated with rhAT III protein.  

After CFF, the generation of concentrated and partially purified protein was eluted 

from the column, and the obtained HPLC chromatogram indicated a single major 

peak with fewer impurities. 
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Table 6.4 The effect of temperature (0C) and TMP (psi) on rhAT III protein filtration efficiency. The result analysis was performed in 

triplicates with mean values of standard variation (SV). 

 

Parameter  

 

RPM Vo (mL) Vp (mL) Vr (mL) Cf T (min) Yield (%) Purity (%) 

Temperature (oC) 18 350 500 410 90 5.55 91 80 ± 1.2 91 

22 350 500 454 46 10.86 74 92 ± 1.6 96 

26 350 500 421 79 6.32 82 74 ± 1.4 93 

Trans membrane 

pressure (TMP) (Psi) 

12 350 300 218 82 3.65 65 75 ± 1.5 90 

16 350 300 256 44 6.81 48 95 ± 1.3 94 

20 350 300 230 70 4.28 57 81 ± 1.2 88 

 

 

where Vo = initial volume, Vp = permeate volume, Vr = Retantate volume, Cf = concentration factor is the ratio of the feed volume to the final 

volume, T = total time (min). 
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Fig. 6.5 RP-HPLC profiles of cell lysate before and after cross flow filtration. 

The maximum purity of rhAT (≥ 94%) was achieved with temperature (22 °C) 

and transmembrane pressure (16 psi) 

 
6.3.4. Chromatographic purification of rhAT III 

          The objective of a purification process is not only the removal of unnecessary 

contaminants but also the increase in the concentration of the target protein and its 

transport to an environment, where it remains constant and ready for the intended 

purpose. However, if the protein is intended towards therapeutic use, it must be very 

pure. The purification process must be done in minimum steps to get an inexpensive 

drug with a higher degree of purity [219]. Even though, the heparin affinity columns 

are available in the market, simple and cost-effective size exclusion and ion exchange 

resins were used from the economic perspective. This can be achieved by choosing 

the right combination of purification technique. In the present study, the concentrated 
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and partially purified rhAT III solution was subjected to SEC followed by IEC. 

Fig.6.6 shows the FPLC chromatogram of rhAT III protein eluted from the SP-

sepharose FF ion exchange column. From the results, it has been observed that the 

particular monomer rhAT III peak was clearly separated from its dimer. rhAT III was 

purified with SEC followed by IEC and conformed to be the monomeric form of 

rhAT III. The same was revealed and confirmed by RP-HPLC analysis, which is 

considered to be sensitive than the PAGE analysis. The monomer peak fraction was 

collected at a volume of 10 mL with a concentration of 0.5 mg/mL. The maximum 

recovery yield and purity achieved with this step were 55 and ≥ 98 %, respectively. In 

the present study, significant recovery yield and purity profiles of rhAT III were 

achieved with IEC followed by SEC resins similar to that of heparin affinity columns.   

 

Fig.6.6 FPLC chromatogram of rhAT III eluted through the IEC with SP-

Sepharose FF resin. Monomer peak (indicated with *) of rhAT III with a good 

resolution was separated with maximum yield of recovery and purity of 55 and ≥ 

98 % respectively. 
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6.3.5. Characterization analysis of rhAT III  

          The therapeutic molecules produced by r-DNA technology are extremely 

complex as compared to the chemically synthesized active ingredients. The 

recombinant-based therapeutic proteins show a higher structural heterogeneity and are 

subject to a range of enzymatic or chemical alterations. This protein heterogeneity 

results from the sequence variations generated from the proteolysis or 

transcriptional/translational errors from post-translational modifications, and from the 

degradation of products, which are formed through processing and final product 

storage. For that reason, the characterization and responsive analytical techniques are 

compulsory to assure the safety, quality and efficacy of the therapeutic protein 

products [220]. In the present study, the purified rhAT III was characterized using 

various analytical techniques. 

 
6.3.5.1. RP-HPLC analysis of rhAT III 

          The purity of the rhAT III was evaluated through RP-HPLC. Fig.6.7 shows the 

reverse phase HPLC chromatogram of rhAT III eluted from the IEC. A single 

symmetrical peak was obtained, indicating that it contains a homogeneous population 

of rhAT III conformer with > 98 % purity, and it was correlated with the reference to 

standard rhAT III. 

 

Fig. 6.7 RP-HPLC analysis of standard and purified rhAT III eluted through a 

phenomenex C18 column (250 x 4.6 mm) column. The peaks were auto scaled 
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according to the largest intensity peak. The maximum purity of the rhAT III (≥ 

98 %) was observed with retention time 22.756 min. 

 

6.3.5.2. Secondary structural analysis of rhAT III through CD and FT-IR 

spectroscopy 

          The rhAT III secondary structure was analyzed through CD and FT-IR 

spectroscopy. Fig. 6.8 shows the structural assessment of rhAT III. The presence of α-

helix (32 %), β-sheet (16 %), β-turns (10 %), and polypeptide chain components in 

the form of random coil (6 %) with the rest of the molecule were found to be in 

unordered form confirming its secondary structure, which is in conformity to earlier 

research [221]. 

 

 

 
Fig.6.8 Secondary structure analysis of rhAT III by CD spectroscopy. The CD 

spectra of both the standard and purified rhAT III were shown as α-helix (32 

%), β-sheet (16 %), beta turns (10 %), and polypeptide chain components in the 

form of random coil (6 %). 

 
          The rhAT III secondary structure was also scrutinized by FT-IR spectroscopy. 

The second derivative structure of rhAT III was correlated with reference standard 

rhAT III. Fig. 6.9 shows the second derivative of rhAT III curve-fitting IR spectra that 
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were compared with a reference standard (NIBSC, UK). The major spectral variations 

were viewed in amide I and amide II due to the  possibility of  C=O stretching 

vibrations (1632 ± 2 cm-1) and N-H deformation or bending (1620 ± 2 cm-1) of amides 

attached with both the purified and standard rhAT III proteins, respectively. The 

major spectral vibrations were commonly monitored in both the proteins that 

confirmed its analogous nature towards each other along with similar absorption 

bands. It was also observed that, in both proteins, the amide I region represented the 

secondary structure study by showing the structural constituents such as α-helix (1663 

± 2 cm-1) and β-sheet (1669 ± 2 cm-1). The above studies are a good evidence for the 

secondary structure analysis of the rhAT III as contrasted with the reference standard 

with 98 % correlation. 

 

 

 
Fig.6.9 FT-IR absorbance spectra of the purified and reference standard rhAT 

III. Spectra shows the amide I and II bands, which are the backbone of the 

protein polypeptide chain. The secondary structural components of amide I 

region consists of α-helix (1663 ± 2 cm-1) and β-sheet (1669 ± 2 cm-1). 
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6.3.5.3. Molecular mass analysis of rhAT III through SDS-PAGE, Western 

blotting and LC-MS 

          The purified rhAT III protein was also analyzed through SDSPAGE and 

western blotting analysis. Fig.6.10 shows SDS–PAGE analysis of rhAT III. A single 

target rhAT III band confirmed the similarity between molecular mass (58 kDa) and 

the pattern exhibited with the standard (NIBSC, UK). 

 

 

 

 
Fig.6.10 SDS-PAGE analysis of rhAT III. Lane 1 shows rhAT III reference 

standard and lane 2 shows purified rhAT III. The molecular weight of both 

purified and reference rhAT III (58 kDa) was compared with molecular marker 

(lane M). 

 
          After SDS –PAGE analysis, the gel was transferred to PVDF membrane by the 

electro blotting method. The transformation was immuno detected with rhAT III 

antibodies (Invitrogen Antibodies Fisher Scientific), and a single band indicated the 

presence of rhAT III, which was similar to the reference standard (Fig.6.11). 



 

 

Fig.6.11Western blot analysis of the purified rhAT

Lane. 1 shows the purified rhAT

blot analysis of rhAT III 

from the rabbits and horseradish peroxidase (HRPO)

rabbit IgG antibody 

 
          Finally, the molecular mass of rhAT III was also analyzed through LC/MS 

analysis. Fig.6.12 shows LC

rhAT III was estimated to be 57995 Da, which was close to the theoretical mass of 58 

kDa.  

Fig.6.12 LC-MS analysis of rhAT

(57995.36 Da) was compared

antithrombin III, which is confirmed by the Bioconfirm software. 

 

 

Western blot analysis of the purified rhAT III with a reference standard. 

Lane. 1 shows the purified rhAT III. Lane. 2 shows standard rhAT III

 was performed using polyclonal antibody generated 

from the rabbits and horseradish peroxidase (HRPO)-conjugated goat anti 

he molecular mass of rhAT III was also analyzed through LC/MS 

shows LC-MS analysis of rhAT III. The molecular weight

was estimated to be 57995 Da, which was close to the theoretical mass of 58 

MS analysis of rhAT III. Molecular mass of purified 

compared with thetheoretical molecular weight

, which is confirmed by the Bioconfirm software.  
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with a reference standard. 

III. Western 

polyclonal antibody generated 

d goat anti 

he molecular mass of rhAT III was also analyzed through LC/MS 

weight of the 

was estimated to be 57995 Da, which was close to the theoretical mass of 58 

 

purified rhAT III 

molecular weight of 



 
 

139 
 

 
6.3.6. Biological potency of rhAT III 

          The purified rhAT III was diluted with 100 mM 2-amino-2-hydroxymethyl-1, 

3-propanediol containing methylamine  hydrochloride  with pH 7.5 to make various  

concentrations of rhAT III (0.1, 0.2, 0.3, 0.4 and 0.5 mg/mL). The rhAT III samples 

with different concentrations were added to the mixture of thrombin and heparin 

(Testzym antithrombin III 2 assay kit; Daiichi Pure Chemical, Tokyo) before the 

commencement of the reaction by adding chromogenic S-2238 (1.43 g/L) substrate. 

After 5 minutes, the above reaction was terminated by adding the citric acid solution. 

The reaction optical density at 405 nm was estimated by spectrophotometry. Fig.6.13 

shows the rhAT III activity against various concentrations. From the results, it can be 

observed that an increase in the biological activity of rhAT III as heparin cofactor 

activity was observed with increased rhAT III concentration. The results were in 

accordance with the reference standard. 

 

Fig. 6.13 Biological potency of rhAT III by Testzym antithrombin III 2 assay kit 

(Daiichi Pure Chemical, Tokyo). A comparison profile of purified and reference 

rhAT III activity against various rhAT III concentrations was presented. 

Biological activity profiles of both purified and reference rhAT III showed major 

correlation. All the above experiments were performed in triplicates with mean ± 

standard deviation (P < 0.005). 
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6.4. CONCLUSION 

          The fed-batch fermentation strategy described in the present study is trouble-

free, highly successful, and reproducible. The CDW (g/L) and rhAT III concentration 

were analyzed during the fed-batch fermentation process that exhibited maximum 

value of 11.2 g/L and 312 mg/L, respectively. The operation of fed-batch 

fermentation at a controlled specific growth rate of S.cerevisiae through galactose and 

raffinose feeding extended the duration of the batch time and hence, was seen to 

affect the productivity of rhAT III. With 8 sec sonication pulses and 7 mL buffer 

volume of cell lysis protocol, the maximum cell lysis efficiency was found to be 99.89 

%. The lysate protein sample solution was concentrated and moderately purified 

though CFF with the yield of recovery and purity of 95 and 94 %, respectively. 

Subsequently, it was finally purified by IEC method with the yield of recovery and 

purity of 55 and ≥ 98 %, respectively.  The structural components of the amide I 

vibration, assessed by CD and FT-IR spectroscopy, revealed the alpha and beta helix 

structures that presented strong evidence for its secondary structural confirmation of 

rhAT III. The purified rhAT III underwent molecular mass (57995 Da) analysis by 

LC/MS analysis. Lastly, an increase in the biological activity of rhAT III was 

observed with increased rhAT III concentration and which is very close to the 

reference standard.   
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