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          The materials and methods explained in the following section relate to all 

experiments. The explained materials and methods have been used during the work. 

The other specific contents used in the particular methods can also be found in the 

corresponding chapters. 

 

3.1. CLONING AND EXPRESSION OF rhAT III PROTEIN 

3.1.1. Strains and Vectors 

          pGEM-T easy vector with antithrombin (AT III) cDNA construct  and 

pYES2/CT vector were procured from Genewiz, USA. The Saccharomyces cerevisiae 

strain (BY4741) used for AT III expression was obtained from ATCC 201388, USA. 

The Escherichia coli strains used were TOP10, JM109 and DH5 Alpha system 

(Invitrogen) to increase the copy number of vector (pGEM-T). These strains of 

glycerol stocks were stored at -80oC in LB medium, supplemented with corresponding 

antibiotics.  

          The genotypes and features of a representative selection of popular host strains 

used for general recombinant DNA cloning procedures are listed in table 3.1. Two 

different bacterial strains JM109 and Top10 were used for the proper maintenance of 

clone and the yeast strain Saccharomyces cerevisiae BY4741 was used for expression 

of AT III. In order to transform E.coli and S.cerevisiae cells with particular plasmids, 

competent cells were prepared and transformed.  

Table 3.1 The genotypes and unique features of popular host strains used for 

general recombinant DNA 

Strain Reference Genotype (Unique features) 

JM109  Fermentas endA1, gry96, hsR17, (Δlac-proAB), recA1, relA1,  

supE44, thi-1, traD36 

TOP10 Invitrogen F- mcrA,  Δ(mrr-hsdRMS-mcrBC),φ80lacZΔM15   

ΔlacX74,  recA1, araD139, Δ(araleu) , 7697, galU, 

galK, rpsL(StrR), endA1, nupG  

BY4741 ATCC MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0 
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3.1.2. Plasmid and Cloning  

          pGEM-T easy vector along with AT III gene was subjected to PCR 

amplification using P1/P2 as a primer pair in which pGEM-T gene construct served as 

a template. The amplified AT III cDNA was subcloned into a yeast vector 

(pYES2/CT) using restriction enzymes (EcoRI and XhoI). After cloning, pYES2/CT 

along with AT III genewasdigested with EcoRI and XhoI and the proper orientation 

of the cDNA insert was confirmed through agarose gel electrophoresis. 

 

3.1.3. Primer sequences 

          Primers were designed using NCBI/ Primer-BLAST and oligonucleotides were 

synthesized at Bioserve, India (100 pMol/µL). The primers listed below (Table 3.2: 

P1 and P2) for sense strand, with EcoRI site at 5` end and for reverse strand with 

XhoI at 3` end were used in standard polymerase chain reactions (PCR) to amplify the 

AT III gene (underlined sections of the primer sequence indicates restriction sites). 

 
Table 3.2 Overview of forward and backward oligonucleotides  

 

Primer Sequence 5’ - 3’ Restriction site 

P1 (F) 5`-GAATTCATGTATTCCAATGT-3`   EcoRI 

P2 (R) 5`-ATCATCACCACTAACTCGAG-3`  XhoI 

 

3.1.4. Preparation of chemically competent E. coli cells  

          The method of preparation of chemically competent E. coli cells is as described 

by Inoue [161]. Chemical competent E. coli cells were prepared by first inoculating a 

single colony of E. coli (Top10 and JM109) in 5 mL of LB-media at 37 °C overnight 

under appropriate shaking conditions. The main cell culture (200 mL of medium) was 

again inoculated with preculture, about generating a initial OD600 (0.1). After reaching 

a final OD600 (0.4–1), the cell culture was transferred into a sterile, precooled 

centifugal tube and placed in ice for 10 minutes. Then the cells were centrifuged at 

6,000 rpm (Thermo, MicroCL 21 Microcentrifuge) at 4 oC for 15 minutes. 

          The pellet collected was then resuspended in 50 mL FB-buffer (per liter: 7.4 g 

KCl, 7.5 g CaCl2 2H2O, 100 g glycerol, 10 mL of 1 M K-acetate at pH 7.5; sterilized 

with filtration) and incubated on ice for 45 min, followed by centrifugation at 2,200 x 
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g for 15 minutes at 4 °C. The pellet was thereafter resuspended in 15 mL FB-buffer. 

Aliquots of 150 µL were immediately transferred into pre-cooled 1.5 mL vials and 

stored at -80 °C.  

 
3.1.5. Preparation of electrocompetent E.Coli cells 

          The method of preparation of electrocompetent Escherichia coli was exactly as 

described by Ausubel [162]. A single E.coli (Top10 or JM109) colony was inoculated 

in 10 mL LB-medium (per liter: 10g peptone, 5g yeast extract and 5g NaCl at pH 7.4 

– 7.6) and incubated at 37°C, over night under strong shaking. The cells (500 mL 

media) were inoculated with preculture, with a initial OD600 (0.1). After attaining the 

required OD600 (0.5 – 1), the cell culture was transferred into a sterile precooled 

centrifugal tube and put on ice for 10 min. The cell culture was later centrifuged at 

6,500 rpm (Thermo, MicroCL 21 Microcentrifuge) at 4 °C for 10 minutes.  

          The pellet collected was resuspended and washed with 1 mM HEPES for 3 

times, followed by another centrifugation for 10 minutes at 5,000 x g at 4 °C. 

Thereafter, the pellet was resuspended in 20 mL 10 % (v/v) glycerol, followed by 

another centrifugation and removal of supernatant. The pellet was then resuspended in 

500 µL 10 % (v/v) glycerol. Aliquots (100 µL) were quick-frozen in liquid nitrogen 

and stored at -80 °C.  

 
3.1.6. Transformation of clone into chemically competent E. coli cells 

          The method of transformation into chemically competent E. coli cells (Top10 or 

JM109) was exactly as described by Hanahan [163]. 100 µL aliquot of chemically 

competent E. coli cells were put on ice for 15 minutes prior to every transformation 

(negative control- ligated empty vector) and the ligated plasmid was transfered to the 

cells. The reaction tube was heat shocked for 30 seconds at 42 °C and immediately 

chilled in ice for 5 minutes followed by a regeneration period in SOC-medium at 37 

°C. Then the cells were made into aliquots of 50 µL and 100 µL on selected Luria 

Bertani-agar plates containing 25 µg/mL of ampicillin and incubated for 24 hours at 

37 °C.  

 
3.1.7. Transformation of clone into electrocompetent E. coli cells 

          The method of transformation of clone into electrocompetent E. coli was as 

described by Dower [164]. The initial transformations were performed with Top10 

strain. Plasmids were prepared as described below, purified via GeneJET Plasmid 
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(Fermentas) and eluted in 20 µL sterile ddH2O or 1 mM Tris/HCl of pH 8. 100 µL of 

aliquot was kept in ice for 15 minutes prior to every transformation (negative control- 

ligated empty vector backbone) and the ligated plasmid was introduced into the host 

cells. Transformation was carried out with eporator (Eppendorff, USA) with a pulse 

length of 5 ms and a charging voltage of 12 kV/cm. Later, the cells were shifted into 1 

mL sterile LB medium for a regeneration period of 60 minutes followed by plating the 

aliquots of 50 µL and 200 µL on selected Luria Bertani-agar plates (as described 

earlier) containing 25 µg mL-1 ampicillin, and incubated at 37 °C for 24 hours 

 

3.1.8. Plasmid preparation  

          The efficiency of transformation was recorded and a number of colonies were 

selected for further experimental analysis. Single cell colony was taken and streaked 

out on Luria Bertani-agar plates.After that, cells were transferred to 2 to 10 mLof LB-

medium and incubated at 37 °C for 24 hours. As per the manufacturer’s instructions, 

the incubated culture was used for plasmid Mini-Prep (GeneJET Plasmid, fermentas) 

and the master LB-agar plate was stored at 4 oC. Elution of plasmid was done in 40 

µL sterile double distilled H2O or 1 mM Tris/HCl pH 8.  

          Analytical restriction digestions with specific restriction endonucleases 

(Fermentas or New England BioLabs) were performed for verifying the expected 

plasmid by means of the DNA-fragments analyzed with gel electrophoresis. After 

visualizing the correct band pattern for the estimated plasmid size within one or more 

clones, the respective clone was used for inoculation of approximately 100 mL 

selective LB-medium and was incubated at 37 °C overnight, under shaking 

conditions. After incubation, the supernatant was discarded and the cells were 

collected as pellet by spin at 7,000 rpm for 12 minutes at room temperature and the 

plasmids were collected via Mini-Prep (QuickJET Plasmid, Invitrogen).  

          Plasmids collected were suspended in 1 mL sterile ddH2O or 1 mM Tris/HCl of 

pH 8 and the concentration of the plasmid was obtained using NanoDrop 2000 

(Thermo Scientific) or estimated by comparing the linearized plasmid (1 µL) with 5 

µL of mass-ruler DNA ladder mix (Fermentas). 

 

3.1.9. Digestion of DNA with restriction enzymes  

          PCR product and vector backbone were cut with respective restriction 

endonucleases. Therefore, the full PCR mix was digested with 2 µL per each enzyme 
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(Fermentas or New England Biolabs), 5 µL buffer and 5 µL 10 x BSA (if required) for 

one hour.  

          For preparative setups of plasmid DNA, 3 µL of restriction endonuclease, 5 µL 

of buffer and BSA, and 40-80 µL of plasmid DNA (GeneJET Plasmid, Fermentas, 

100 ng/µL) was added and incubated at room temperature. The desired bands were 

purified using a gel extraction kit (GeneJET Extraction, Fermentas) after 

electrophoresis. DNA was eluted in sterile ddH2O or 40 µL 1 mM Tris/HCl with pH 

8. Amount of DNA (ng/µL) and the digestion success was verified by comparing 1 µL 

digestion reaction with 5 µL MassRuler DNA ladder using agarose gel electrophoresis 

prior to ligation. 

 

3.1.10. DNA gel electrophoresis  

          DNA gel electrophoresis was used for analysis of selective amplification of 

DNA fragments via PCR, for controlling DNA fragments after restriction digestion or 

preparation of fragments for ligation or transformation. While working with Ethidium 

Bromide as fluorescent dye, per gel (150 mL) 1% agarose (MERCK, LEO Agarose), 

1 x TAE and 6 µL EtBr were used. Additionally, fluorescent dyes were added to the 

EtBr running buffer (1 X TAE with 0.02 µL EtBr/mL).  

          For analytical setups, 1 to 5 µL sample were mixed with ddH2O and 6 x 

MassRuler® DNA Loading Dye (Fermentas) or 6 x self made loading dye (2.5 ng/mL 

Bromphenol blue, 33 % [v/v] glycerol) to total the loading volume of 6 µL. For 

preparative applications, after restriction digestion, the complete 50 µL mix was 

mixed with 10 µL 6 x Loading Dye and applied to the gel.  

          Electrophoresis was performed in running buffer at 130 V (analytical setup) or 

90 V (preparative setup). The gel was illuminated for visualizing DNA bands (UV-

Tech Gel Doc™) and DNA fragments for preparative usage were cut and purified as 

per the manufacturer’s instructions using the gel extraction kit (GeneJet Extraction 

kit, Fermentas) and was then eluted along with 40 µL sterile ddH2O or 1mM Tris/HCl 

of pH 8. 

 
3.1.11. Preparation of S. cerevisiae competent cells 

          For the yeast experiments, an electrocompetent S. cerevisiae cells were 

prepared as indicated by the manufacturer directions. A particular colony from a fresh 

S.cerevisiae agar plate was inoculated in 5 mL of sterile YPD media (per liter: 20 
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grams of yeast extract, 10 grams soy peptone along with 20 grams of glucose and pH 

was adjusted to 7 ± 0.2) and kept at 28 °C overnight in vigorous shaking. The above 

incubated culture was utilized to inoculate 200 mL of YPD media, getting an OD600 of 

3 after 17 hours. The required inoculation volume of the pre-culture was estimated via 

x0 according to equation 3.1. 

 
Equation 3.1: Calculating the inoculation volume via x0 

x = x0 * e^                                                                                (3.1) 

Where: 

x is OD600 of main culture after time ‘t’  

x0 is OD600 of main culture at the time of inoculation 

^ is 0.347/hour for S. cerevisiae in YPD-medium at 28°C 

t is incubation time  

 
          After the determined cell culture time and getting calculated cell density, the 

cells were transferred into sterile precooled centrifugal tubes and centrifuged at 3000 

rpm (Thermo, MicroCL 21 Microcentrifuge) for 5 min at 4 °C. The pellet was 

resuspended in 100 mL prewarmed YPD-medium containing 2 mL of 1 M HEPES 

with pH 8.0 and 2.5 mL of 1 M DTT. After incubation for 15 min at 28 °C on the 

rotary shaker (180 rpm), 400 mL ice-cold ddH2O was added and the cells were 

harvested by centrifugation as described above. The pellet was washed with 250 mL 

sterile and ice-cold 1 mM HEPES. Cells were harvested by centrifugation and the 

pellet was resuspended in 20 mL sterile ice-cold 1 M D-sorbitol. Aliquots of 100 µL 

were stored at -80 °C. 

 
3.1.12. Transformation of clone (pYES2/CT with AT III gene) into S. cerevisiae 

BY4741 by electroporation method 

          For each transformation, 100 µL aliquot of electrocompetent S. cerevisiae was 

priorly incubated on ice for 15 minutes. 0.5 µg of pYES2/CT vector along with a His-

tagged AT III gene was added to 100 µL of S. cerevisiae competent cells [165]. The 

cells were transferred to a pre-cooled electroporation cuvette with a 2 mm gap. The 

further process was carried out by an eporator (Eppendorff, USA) by supplying a 

charging voltage (12 kV/cm) along with a appropriate pulse length (5 ms).  

Subsequently, the cells were shifted to a sterile YPD-medium for a regeneration 
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period of 2 hours. Thereafter, the transformed cells were plated onto YNB-URA def 

agar plates containing 50 µg/mL ampicillin. A negative control plate was prepared by 

plating out untransformed yeast cells onto YNB -URA def agar plates containing 50 

µg/mL ampicillin. The next day, colonies were selected and inoculated into 10 mL of 

YNB -URA def broth (HiMedia) containing 0.67 % yeast nitrogen base, 0.192 % 

complete supplement mixture without uracil, 2% dextrose, 50 µg/mL ampicillin and 

allowed to grow overnight (37 oC, 250 rpm). The following day, 2.5 mL of the culture 

was inoculated into 500 mL flasks in YNB -URA def broth containing 50 µg/mL of 

ampicillin and induced with galactose and raffinose and incubated for another 4-5 

hours for over expression of the recombinant proteins. 

 
3.1.13. S. cerevisiae BY4741 culturing 

          Transformation efficiency was noted down and a number of colonies were 

selected for further experimental analysis. Subsequently, single colony was streaked 

out again on YNB -URA def agar plates containing 50 µg/mL ampicillin. One single 

cell colony per each clone was used for shake-flask experiments and about 12 

individual clones were inoculated for 24 hours in 5 mL selective YNB -URA def 

medium. The optical density of preculture was determined whereby 5-10 mL main 

culture was inoculated in 100 mL shake-flasks, generating a start OD600 of 0.1.  

          Shake-flask cultivation was carried out for 48 hours at 28 °C at 170 rpm. 

Likewise, 50 µL of 2 % galactoseas carbon sources was fed at regular time 

interwalsand samples were taken either after 12 or 48 hours. Wet cell weight was 

determined per mL culture and cell pellets as well as supernatant was directly used for 

further analysis or stored separately at -20 °C in aliquots. 

 
3.1.14. Protein Purification   

          rhAT III protein was purified from the cell lysated sample through Ni-NTA 

His·BindResin. For every purification, 1mL of Ni-NTA His·BindResin (Qiagen)  was 

washed with 4 mL of 1X Ni-NTA Bind Buffer and the beads were permitted to settle 

with gravity or centrifuged at 1000 rpm for 5 min. Then the top bind buffer layer was 

taken out. Cleared lysate sample (4 mL) was transferred onto the Ni-NTA His·Bind 

slurry and was mixed smoothly by shaking for at least 60 minutes at 4 °C. Finally.the 

above sample was transferred onto a disposable polypropylene column (1-5 mL of 

bed volume).  



62 
 

          The flow through (FT) was collected and two washes (W1 and W2) were 

carried out with Ni-NTA Wash Buffer. Aliquots of flow through and washes were 

analyzed through SDS-PAGE analysis. 4x 500 µL elutions were also carried out 

through Ni-NTA elution buffer and were collected in 4x 1.5 mL eppendorf tubes. 

Elutions were dialysed overnight in 1 L of 1X PBS (cold) (dialysis tubing size of 14.3 

mm with MW cut off 12-14 KDa). Free imidazole was removed from the sample by 

dialysis against a buffer of choice at 4 ºC. 

 
3.1.15. Analysis of rhAT III protein 

3.1.15.1. SDS-PAGE analysis  

          SDS-PAGE is a convenient, fast and inexpensive method for characterizing 

complex protein mixtures. Also, this method only requires quantities of protein in the 

range of micrograms. When the proteins are stored in a medium possessing a different 

pH from their isoelectric point, they obtain a net electrical charge and then attain the 

ability to move when subjected to an electric field. Migration velocity of the protein is 

proportional to the ratio of the mass and the charges of the protein (higher the charge, 

faster the migration). Unlike nucleic acids, proteins don’t have a conventional 

structure, and thus the rates of their migration are not similar. Addition of detergents 

such as sodium dodecyl sulfate (SDS- reducing agent) denatures the proteins, giving 

them the flexibility to separate according to their molecular weight. SDS breaks 

disulfide bonds thus separating the protein into its sub-units and simultaneously 

imparting a net negative charge. As a result of denaturation, the tertiary structure of a 

protein gets degraded and consequently the migration velocity of the protein is 

proportional to its size.  

          Protein concentrations were determined using Bio-Rad protein assay (Bio-Rad) 

using bovine serum albumin as a standard. SDS-PAGE was performed on 12 % 

polyacrylamide gel and 4 % stacking gel under reducing conditions. All samples 

(flow through, washes and elutions) were prepared by boiling them at 100 °C for 5 

minutes in 0.125 M Tris-HCl buffer, containing 4 % SDS (w/v), 20 % glycerol (v/v), 

0.1 % bromophenol blue, and 10 % 2-mercaptoethanol (v/v). 15 µL of sample was 

loaded per lane. Bio-Rad molecular weight markers were used according to the 

manufacturers' instructions. The protein bands were stained with GelCode Blue 

(Pierce Chemical). 

 



63 
 

3.15.1.2. Two dimensional (2D) gel electrophoresis analysis  

          Isoelectric focusing analysis was carried out to overcome the isoform nature of 

AT III.  Gel from the first-dimensional electrophoresis was equilibrated in 5 mL of 

equilibration buffer (3M urea, 0.030M SDS, 0.2 % glycerol, 0.1 % Tris/HCl, pH 6.8) 

with 0.055 M DTT for 12 min, then 12 mM IAA, for another 12 min. Gel was rinsed 

in 1XTBS running buffer and then applied at the top of Tris-HCl precast gel (Merck 

Biosciences). A small volume of agarose gel (0.5 % in running buffer) was layered on 

the top of the gel. Molecular weight marker (Puregene) was run adjacent to the 

sample and electrophoresis was carried out at 10 mA for 3 hours. Gels were stained 

with Ezee blue direct stainer (Merck Biosciences) and imaged using Gel doc (UVI-

Tech). 

 
3.1.15.3. Western blot analysis 

          Western blot analysis was performed for visualization of intracellular as well as 

extracellular specific proteins. Transfer buffer per liter was prepared (50 mL of  

NuPAGE 20 x Transfer Buffer, 100 mL of MeOH, 1 mL of antioxidant for reduced 

samples; 250 mL of buffer for blotting chamber) after gel electrophoresis, in which 

sponges and filter paper (Whatmann® 3mm Chr) were soaked. According to the 

manufacturer’s instructions, the 0.2 µm of nitrocellulose membrane (BioRad) was 

applied on the gel, and the blotting chamber was filled with transfer buffer.  

          Blotting was performed at either 50 V or 80 V for two hours. Subsequently, the 

nitrocellulose membrane with rhAT III was blocked with 25 mL of blocking solution 

(1 x PBS, 0.1 % of Tween 20, 1 % of skim milk) for one hour and washed 3 times for 

10 minutes with PBST, which was then incubated with antithrombin antibody 

(Abcam, ab92621; 1:1000 dilutions, as instructed) in blocking solution (7 to 10 mL) 

for one hour or else overnight. After washing 3 times for 10 minutes with PBST, it 

was incubated with Goat antithrombin antibody-HRP (Abcam, ab97080; 1:5000 

dilutions, as instructed).  

 
3.1.15.4. Hemagglutinationinhibitionassay of rhAT III 

          These were performed as described earlier [50], using human peripheral 

erythrocytes treated with glutaraldehyde. To prepare the suspension of red blood cells 

(RBCs) for hemagglutination assay, heparine-treated human peripheral blood (10 mL) 

was first centrifuged at 2000Xg for 5 minutes and the buffy coat was removed. RBCs 
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were washed 3 times with 50 mL PBS. To obtain 100 mL of an 8 % cell suspension, 

the RBCs were diluted with PBS. RBC suspension was treated with glutaraldehyde 

(with a final concentration of 3 %) under rotation for one hour at room temperature, 

followed by washing with 0.0025 % NaN3 in PBS. Fixed RBCs are resuspended at 3–

4 % in PBS–NaN3. To obtain the appropriate concentration for carbohydrate 

mediated hemagglutination, calibration of RBCs is required. Serial dilutions of rhaAT 

III (from 0 to 10 mM) were mixed with the appropriate quantity of RBCs in a 96-well 

plate and incubated at 37 0C for 30 minutes. When RBCs are aggregated 

(hemagglutination), they spread out like a sheet covering the entire surface of the well 

where as RBCs forms a very tight button-like precipitation at the bottom of the well 

when there is no aggregation.  

 

3.2. CHEMICALS, REAGENTS AND OTHER CONSUMABLES  

          S. cerevisiae competent cells were obtained (Life Technologies, Hungary). 

Whatman FTA elute card was from Cat. No.: B16217-1/K49639. The enzymes used 

to manipulate RNA or DNA were obtained from New England Biolabs (Beverly, 

MA), unless otherwise stated. Agarose was pocured from MERCK, LEO Agarose. 

The nitrocellulose membrane (0.2 µm) was purchased from BioRad and the Gel Code 

Blue was procured from Pierce Chemical. 

          Yeast nitrogen base (YNB) without uracil, aspartic acid, raffinose, galactose, 

complete supplement mixture and vitamin mix were procured from Himedia, India. 

Surose, Starch, Fructose, Glutamic acid, Soy peptone, Peptone and Ammonium 

nitrate were procured from Merck (CA, USA). SDS loading dye was purchased from 

Thermo Scientific, USA and coomassie brilliant blue (CBB-250) and Bovine serum 

albumin (BSA) were obtained from Bio-Rad Inc, USA. Gel extraction kit and 6 x 

MassRuler® DNA Loading Dye were procured from fermentas. 

          Tris or Tris aminomethane and 2-mercaptoetahnol were procured from Merck 

Millipore (USA). Fraction V or Bovine serum albumin (BSA) and 

phenylmethanesulfonylfluoride (PMSF) were obtained from Sigma (Germany).  rhAT 

III reference standard was purchsed from NIBSC, UK. Protein molecular weight 

marker was from Fermentas, USA. Horseradish peroxidase conjugated goat IgG 

antibody was obtained from Bio-Rad Inc (USA). Goat Anti-Thrombin antibody-HRP 

(Abcam, ab97080; 1:5000 dilutions, as instructed) was also used for western blotting 

analysis of rhAT III. All other chemicals used in this work were of analytical grade. 
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3.3. ANTIBIOTICS AND INDUCER  

          The antibiotics were added to the media for maintaining plasmid stability and 

preventing contamination. The inducer was added to the culture for the over 

expression of recombinant proteins. The antibiotics and inducer concentrations used 

in this work are presented in Table 3.3. 

 
Table 3.3 Antibiotics and inducer concentrations for fermentations 

 
 

 

 

 

 

 
3.4. GROWTH MEDIA COMPOSITION 

          The following media composition was used for shake flask, batch and fed-batch 

fermentations. All the media compositions were prepared with deionized water and 

sterilized at 121 oC, 15 lbs for 20 minutes.  

 
a) Luria Bertani (LB) broth media (per liter) 

Tryptone  10 g 

Yeast extract    5 g 

NaCl    10 g 

pH adjusted to 7.4-7.6 

 

b) Luria Bertani (LB) agar media (per liter) 

Tryptone    10 g 

Yeast extract    5 g 

NaCl    10 g 

Agar    20 g 

pH adjusted to 7.4-7.6 

 

c) YPD media(per liter) 

Yeast extract                        20 grams  

Soy peptone                         10 grams 

Chemical   Working solution concentration  

Ampicillin   50 µg/mL 

Galactose and Raffinose  20 % and10 % 
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Glucose                                20 grams 

pH is adjusted to 7.4 - 7.6 

 

d) Shake flask fermentation media (per liter) 

Yeast nitrogen base              0.67 % 

Complete supplement mixture  0.192% 

Dextrose              2% 

Na2HPO4                   5 g 

NaH2PO4                   5 g 

KH2PO4              3 g 

K2HPO4                   2 g 

MgSO4.7H2O              1.8 g 

CaCl2.2H2O              1 g 

pH adjusted to 7 ± 0.1  

 

e) Production media for batch and fed-batch fermentations (per liter) 

Yeast nitrogen base (YNB) without uracil    6.7g 

Drop out powder                                           19.2 g 

Vitamin Mix                                                               77.2056 mg 

Raffinose                                          20 g 

Galactose                                              23.09765 g 

Glutamic acid                                                             8.01816 g 

KH2PO4                                             13 g 

NaH2PO4                                             4.6 g 

MgSO4.7H2O                                         0.48 g 

pH adjusted to 7 ± 0.1  

 

            Trace element solution  

FeSO4.7H2O      30 mg  

CaCl2.2H2O      30 mg 

MnSO4.nH2O      15 mg 

AlCl3.6H2O       5 mg 

CoCl2.H2O       5 mg 
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ZnSO4.7H2O      3 mg 

Na2MoO4.2H2O     2 mg 

CuSO4.5H2O      2 mg 

H3BO3            1 mg 

NiCl2. 6H2O       1 mg 

 

f) Feed media for Fed-batch fermentation  

Galactose    20 % 

Rafinose    10 % 

 
3.5. INSTRUMENTATION  

          Orbital shaking incubator was procured from Remi Instruments, India. 

Fermenters with the capacity of 5 L were procured from LarInfors HT, Switzerland 

and 3 L was procured from Lark Innovations Pvt. Ltd, India. Cooling centrifuge was 

procured from Thermo Scientific, USA. Sonicator was obtained from Lark 

Innovations Pvt. Ltd, India. Homogenizer was purchased from Cole parmer, India. Ice 

Maker was obtained from Simag, Italy. Eporator was purchased from Eppendorff, 

USA. NanoDrop 2000 was purchased from Thermo Scientific. Cross flow filtration 

(CFF) system and the hollow fibre membrane cartridge (30 Kda) were purchased from 

GE Healthcare Life sciences (Uppsala, Sweden) for microfiltration and ultra-

filtration. 

          Fast protein liquid chromatography-ÄKTA Prime plus was purchased from GE 

Healthcare, Uppsala, Sweden. Reversed phase high performance liquid 

chromatography (RP-HPLC) combined with UV/Vis (SPD 20A Prominence) LC 

Prominence SPD 20A UV-Visible detector and LC 20 AT binary pumps was acquired 

from Shimadzu Corp. (Kyoto, Japan). The Jupiter 300 ÅC4 LC column (250 x 4.6 

mm) was obtained from Phenomenex (USA). FT-IR was procured from Perkin Elmer, 

USA. UV-Vis Spectrophotometer was acquired from Dynamica (Australia). ELISA 

reader was purchased from Thermo Scientific (USA). LC-MS was obtained from 

Agilent Technologies (USA). Microscope was acquired from AMG Evosfl 

(USA).Electrophoresis system was obtained from Bio-Rad (USA). Gel documentation 

system was purchased from Major Science (USA). AVIV 420SF CD-

Spectropolarimeter was obtained from Lakewood (USA). C4 and C18 reverse phase 
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columns were procured from Phenomenex (USA). Freezers, Bio-safety cabinet and 

Laminarair flow cabinet were also used in this research work. 

 
3.6. PROTEIN PURIFICATION COLUMNS, RESINS AND FILTRATION 

EQUIPMENT  

          The C18 5µ column (250 x 4.6 mm) was obtained from Phenomenex, USA. A 

Bioprocess glass (BPG) column: XK 16/20 (20 cm length x 1.6 cm ID) and 

disposable polypropylene columns were procured from Pierce Biotechnological 

solutions.  

          The chromatographic resins such as Q-Sepharose, Capto Q, CM Sepharose, 

Sephacryl S200, Sephadex G-100, SP-Sepharose FF, and Superose 12 for purification 

of proteins were used. All the resins and columns were procured from GE Healthcare, 

Uppsala, Sweden. The hollow fibre membrane cartridge (30 Kda) was purchased from 

GE Healthcare Life sciences (Uppsala, Sweden) for microfiltration and ultra-

filtration. Centricons (centrifugal cut-off devices) were purchased from EMD 

Millipore, USA. 

 

3.7. REAGENTS AND BUFFERS  

          All reagents and solutions for current research work were prepared with Milli Q 

water. The following reagents and solutions have been used in the study.  

 

Reagents and solutions for SDS-PAGE (stock solutions) 

a) Separating Gel (for 12 % SDS-polyacrylamide gels) 

           Tris base (pH 8.8)                                       0.375 M,  

           SDS                                                            0.1 % (v/v) 

           Acrylamide                                                10-12 % (v/v) 

           Ammonium persulphate                             0.1 % (v/v) 

           Tetramethylethylenediamine (TEMED)    0.02 % (v/v) 

 
b) Stacking Gel (for12 % SDS-polyacrylamide gels) 

           Tris base (pH 6.8)             0.13 M 

           SDS                                   0.1 % (v/v),  

           Acrylamide                       4.5 % (v/v),  
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           Ammonium persulphate   0.1 % (v/v),  

           TEMED                           0.02 % (v/v). 

c) 1x Gel electrophoresis running buffer 

          Tris base                            50 mM  

          Glycine                              250 mM 

          SDS                                   0.1 % (v/v) 

 

d) 30 % Acrylamide/bis (37.5:1) 

Acrylamide        29.2 g 

N, N’ bis-methylene acrylamide  0.8 g 

The solution was stirred and the volume was made up to 100 mL with 

deionized water. The solution was filtered and stored at 4 oC in the dark. 

 e) 1.5 M Tris-HCl, pH 8.8  

Tris base         18.15 g 

Deionized water      ~60 mL 

pH adjusted to 8.8 with 6 N HCl. 

The solution was stirred and the volume was made up to 100 mL with 

deionized water. The solution was filtered and stored at 4 oC in the dark. 

f) 0.5 M Tris-HCl, pH 6.8 

Tris base         6.0 g 

Deionized water               ~60 mL 

The solution was stirred and the volume was made up to 100 mL with 

deionized water. The solution was filtered and stored at 4oC in the dark. 

 

g) 10 % (w/v) SDS 

SDS         10 g 

Deionized water               ~90 mL 

The SDS was dissolved and the volume was made up to 100 mL deionized 

water. 

 

 h) Ammonium persulfate    10 % (w/v) 
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i) TEMED              8.4 % (v/v) 

 

j) Tris-Glycine buffer (10 X) (per liter)  

Tris base        30.3 g 

Glycine        144.1 g 

SDS         10.0 g 

k) Fixing solution  

Acetic acid       10 % (v/v) 

Isopropyl alcohol     25 % (v/v) 

Deionized water      65 % (v/v) 

 

l) Coomassie brilliant blue staining solution 

Brilliant blue R250     1 g 

Acetic acid       10 % (v/v) 

Methanol        40 % (v/v) 

Deionized water      50 % (v/v) 

 

m) Destaining solution  

Methanol        20 % (v/v) 

Acetic acid       10 % (v/v) 

Deionized water      70 % (v/v) 

 

n) Lysis buffer (SDS-sample buffer) 

Tris base        1.51 g 

SDS         4.0 g 

Glycine        20.0 g 

Bromophenol blue     0.002 g 

β-mercapoethanol     10% (v/v) 

Dissolved in 70 ml of deionized water and the solution were made upto 90 

mL. A 10 ml of β-mercapoethanol was added just before use. 

 

Reagents and buffers for Two dimentional (2D) gel electrophoresis 

a) Equilibration buffer 
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  Urea                                       3M 

  SDS                                        0.030 M 

  Glycerol                                 0.2% 

  Tris/HCl                                 0.1% 

  pH 6.8 

 

b) Ethanol                                   30 % 

 
c) Glacial acetic acid                  10 % 

 

d) Fixing solution  

   Methanol                              50 % 

 
e) Glacial acetic acid                   2 % 

 

        f)  Prestaining buffer  

   (NH4)2SO4                          12 % 

   Glacial acetic acid                2 % 

   Ethanol                                 50 % 

 

Reagents and buffers for Western blot analysis  

a) Transfer buffer (per liter)  

Tris base        3.0 g 

Glycine        14.4 g 

Methanol        200 mL 

 
b) Blocking buffer  

Sodium phosphate buffer saline 150 mM, pH 7.0 

Skim milk powder       5% (w/v) 

 
c) Wash buffer  

Sodium phosphate buffer saline 150 mM, pH 7.0 

Tween-20          0.1 % (v/v) 

d) Developing buffer 

Diaminobanzidine (DAB)  4 mg 
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0.1 M citric acid     2.57 mL 

0.2 M Na2HPO4      2.43 mL 

H2O2         15 µL 

Deionized water      5 mL 

 
Buffers for S.cerevisiae cell pellet processing 

a) Wash buffer (per liter) 

Tris HCl, pH 7.6          0.01M 

EDTA (pH 8.0)      0.05 M 

 
b) Lysis buffer (per liter) 

Tris HCl, pH 7.6           0.01 M 

EDTA         1 Mm 

NaCl         50 mM 

DMSO             1 % 

PMSF         1 mM 

Sucrose                                      0.5 % 

 
Buffers for purification of recombinant rhAT III by Ni2+-chromatography 

a) Ni-NTA Bind Buffer  

      NaCl                                   300 mM 

      Sodium phosphate buffer     50 mM 

      Imidazole                             10 mM 

      pH 8.0 

 

b) Wash Buffer  

      NaCl                                     300 mM 

      Sodium phosphate buffer     50 mM 

      Imidazole                             20Mm 

      pH                                         8.0 

 

c) Elution Buffer  

      NaCl                                    300 mM 

      Imidazole                            250 mM 

      Sodium phosphate buffer    50 mM 
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       pH                                         8.0 

 

d) 1X PBS 

 

Buffers for purification of recombinant rhAT III by size exclusion and ion  

exchange chromatography  

 

a) Equilibration buffer, pH 5.4 

Sodium phosphate     25 mM  

EDTA        0.1 % (w/v) 

Tween-20        0.01 % (w/v) 

 

b) Column wash buffer, pH 3.8 

Sodium phosphate     50 mM 

EDTA        0.1 % (w/v) 

NaCl        0.5 M 

 

c) Elution buffer, pH 4.6 

Sodium phosphate     25 mM 

EDTA        0.1 % (w/v) 

NaCl        0.5. M 

 

3.8. OPTIMIZATION OF MEDIA FOR THE PRODUCTION OF rhAT III 

          Shake flask culture experiments were done in order to find out the optimal 

growth conditions and product formation. The YNB (-URA def) with ampicillin (50 

µg/mL) was used for cultivation studies. The initial pH of the media was adjusted to 7 

± 0.1 with the addition of 1N NaOH/HCl. The overnight grown culture (A600=1.5) 

was used as inoculums for the optimization experiments. Equal volumes (1 %) of 

inoculums were used for the growth and cultivation at 37 oC. The absorbance (A600) 

was checked to 0.8-0.9 before being induced with 20 % galactose and 10% raffinose 

and these cultures were incubated for another 4-5 h at 37 oC. 
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3.8.1. Selection of primary nutrients using OFAT method 

          Initially, the significant effects of the primary carbon sources, nitrogen sources 

and vitaminon mix on rhAT III production were investigated with the non-statistical 

approach i.e., one-factor-at-a-time (OFAT) method. A series of runs were conducted 

in order to find the suitable carbon and nitrogen nutrient components of the medium 

which have a significant effect on the rhAT III protein yield. In this study, the primary 

nutrient sources were altered one at a time while placing the rest of the growth media 

constant. The variables used for selecting carbon source were sucrose, dextrose, 

maltose, fructose, raffinose and starch, and nitrogen sources were peptone, yeast 

extract, tryptone, ammonium nitrate, soy peptone and glutamic acid, respectively. 

Similar concentrations of carbon (20 g/L) and nitrogen (6 g/L) sources and vitamin 

mix (60 mg /L) were individually added to the media and grown at 37 oC. The best 

carbon and nitrogen sources were selected based on the biomass and rhAT III yield. 

 
3.8.2. Screening of major influential factors for the rhAT III production by 

Placket-Burman design 

          PB Design was employed for screening the most significant medium 

components affecting rhAT III production by Sacharomyces cerevisiae. In the present 

study, a 12 run PB Design was applied to evaluate 11 variables in which two were 

dummy variables to obtain an estimate of error. Each independent variable was tested 

at two levels, low and high, which are denoted by (
嫩) and (
能) respectively (Table. 

3.4). 

          Considering the components other than the primary media elements (carbon 

source and nitrogen source), vitamin mix was also evaluated and screened by the 

Placket-Burman (PB) statistical design to find out its   impact on the rhAT III yield. 

PB design is very efficient in the screening of main factors present in the media that 

shows significant effects on the rhAT III response. The factors employed for the 

screening were as follows: A = raffinose, B = sucrose, C = starch, D =fructose, 

F=glutamic acid, G = Soy peptone, J= peptone, K = Ammonium nitrate and L = 

vitamin mixture (Table 3.4). In general, PB design is mainly used to study and rank 

the best component effect on the response. The experimental design comprises a total 

of 11 test variables including 2 dummy variables with 12 experiments. Each variable 

was designated at the high value (
嫩) and at the low value (
能). All the experiments 

were carried out in triplicates and the average of rhAT III yield was used as the 
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response. The effect of individual variables on the rhAT III yield was evaluated by the 

following equation: 

 � = (∑
嫩− ∑
能) 棺⁄  (3.1) 

Where E is the main effect of the variable on rhAT III, H+ is the higher level, H- is the 

lower level and N represents the total number of runs respectively.  

 
Table 3.4. PB design showing the low (
能) and high (
嫩) values of the coded 

nutritional variables 

 
Coded variables Name of the variables Lowvalue (
能) High value (
嫩) 

A Raffinose (g/L) 10 20 

B Sucrose (g/L) 10 20 

C Starch (g/L) 10 20 

D  Fructose (g/L) 10 20 

E Dummy variable-1(g/L) 5 10 

F Glutamic acid (g/L) 2 8 

G Soy peptone (g/L) 2 8 

H Dummy variable-2 (g/L) 5 10 

J Peptone (g/L) 2 8 

K Ammonium nitrate (g/L) 2 8 

L Vitamin mixture (mg/L) 20 80 

 

3.8.3. The effect of major influential factors for rhAT III production through 

central composite design    

          The data compiled from the PB design is used to propose an empirical model on 

independent variables which affects the degree of rhAT III yields. Central Composite 

Design (CCD) under response surface methodology (RSM) was used for further 

optimization studies. In addition, it investigates the individual effect of each variable 

and also generates a relationship between the nutritional variables and the response 

(rhAT III).  

          RSM is an experimental statistical model employed to explain the nature of 

response surface in the optimum region. One of the creditable attributes of the central 

composite design is that its structure lends itself to sequential designs [166]. In the 

present study, three major nutritional variables (selected from P-B design) namely 
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raffinose, glutamic acid and vitamin mix effects and their interactions on response 

were investigated through CCD. A range of coded and un-coded variables was given 

in Table 3.5 to find out the optimum response of cells and for multiple regression 

analysis with results obtained from experimental design to solve multivariable 

equations simultaneously for better yield of rhAT III under a broad choice of process 

variable conditions. In this study, a five level and three factors CCD requiring 20 

experiments was performed to analyze the rhAT III yield. The CCD consists of a 2k 

factorial runs with 2k axil runs and x0 number of center points (six replicates). The 

number of experimental runs was determined from the following equation:  

                                         N=2k+2k+x0        (3.2) 

where N is the number of experimental runs required, k is the total number of 

nutritional variables and x0 is the total number of central points. Total number of 

experimental runs were estimated to be 20 (k=3 and x0=6). Each factor is analyzed in 

five different levels (relatively low, low, center, high, relatively high) through coded 

values (-2, -1, 0, +1 and +2) with 6 center point and axial points at a distance of α as 

shown in Table.3.5. 

 
Table 3.5 Coded and uncoded values of central composite design experimental 

variables 

 
 Levels of variables  

Variables with Coded values 

 

-2 

 

-1 

 

0 

 

+1 

 

+2 
 

Step change 
value (ΔZi) 

Raffinose (g/L)(A1) 10 15 20 25 30 5 

Glutamic acid (g/L)(A2) 2 4 6 8 10 2 

Vitamin mix (mg/L)(A3) 20 40 60 80 100 20 

 
          The relationships of nutritional variables were evaluated by fitting a second 

order polynomial equation to information of 20 experiments. The quadratic model 

was established as follows        Ŷ =   β0+∑ β瓶平妮囊 iAi+∑ β瓶平妮囊 ii (Ai)
2+ ∑平∑凭βij  AiAj                                                                            (3.3) 
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where  is the predicted response (rhAT III production)  β0 is a constant, βi linear 

terms coefficients, βii quadratic terms coefficient and βij interaction coefficients. The 

relationship between coded and uncoded form of the variables is given as follows. 

                       Ai= ((Zi- (Zi)*)/ΔZi                                                                                        (3.4) 

where Ai is the coded value of the variable, Zi is the real value of an independent 

variable (un coded), (Zi)
* is the center point value and ΔZi is the step change between 

the levels. 

          The important points that need to be taken into consideration for selection of 

the reliable model are, a significant higher order (P-value <0.0001) and the lack of fit 

(P-value >0.10). Finally, the RAdj-squared and Rpred-squared should have a reasonable 

agreement between them and the difference should be less than 0.2. In the developed 

regression model, the regression coefficients, analysis of variance (ANOVA), p-and 

F-values were evaluated by the statistical software package Design-Expert® version 

9.0 (Stat Ease Inc., Minneapolis, USA). The fitness of a model based on the 

regression correlation观挠, and lack of fit were also evaluated using the design expert 

software. A final optimized experiment was conducted to validate the response 

surface through CCD.   

 

3.9. BATCH FERMENTATION FOR THE PRODUCTION OF rhAT III 

          Batch fermentation was carried out for the production rhAT III. Initially, a 3L 

fermenter (Lark Innovative Pvt. Ltd, India) with a working volume of 1.5 L was used 

to develop the seed culture. A Minifors/HT bioreactor (Infors AG, CH - 4103 

Bottmingen-Basel, Switzerland) provided with a 5 L volume capacity glass vessel and 

mechanical sealed steel head plate. About 3 L working volume of production media 

was added to the vessel and sterilized at 121 oC for 30 min. The inoculation port, 

sampling port, DO port, pH ports were closed and covered with aluminum foil prior to 

sterilization process.  

          The production medium was supplemented with appropriate concentration of 

ampicillin (50 µg/mL). Iris 6 parallel bioprocess control software was used for data 

acquisition and monitoring of the conditions in a batch method. After sterilization, the 

dissolved oxygen (DO) probe was calibrated with sodium sulfite. The pH probe was 

calibrated before the sterilization process. A pre-inoculation check was performed for 

a minimum of 10 hours by monitoring the temperature, agitation, aeration and pH. At 
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the initial stage of fermentation, the dissolved oxygen was maintained at about 100 %. 

The overnight grown inoculum was added to the production media with a peristaltic 

pump and sterile condition was maintained during inoculation with a flame torch.  

          During the fermentation process, the temperature was regulated and maintained 

at 30 oC by providing coolant water. The saturated sterile oxygen inside the bio-

reactor was maintained by the condenser and the pH was analyzed with a Mettler 

Toledo glass electrode (Bedford, MA, USA) which was regulated at 7.1 ± 0.2 by the 

addition of 5N NaOH (ammonium hydroxide) and 2N phosphoric acid . The dissolved 

oxygen (DO) was sensed through a Hamilton sensor (Bonaduz AG, GR, Switzerland).  

          Foaming was controlled by the addition of anti-foaming agent (silicone oil). 

The optical density was measured at intervals of 1 hour each by manual sampling 

through the sampling port. Aeration was supplyed through sterile air filter (0.2 µ) 

which was operated at 1.5 vvm and agitation rate was maintained at 300 rpm. 

Induction was given to the cell culture with 20 % galactose and 10 % raffinose 

(HiMedia)) when the absorbance (OD600) attained 1.0. The post-induced cell culture 

was kept for 4-5 hours incubation for high accumulation of target recombinant 

protein. After fermentation, the culture was harvested and centrifuged at 7000 rpm for 

20 minutes, using cooling centrifuge and the pellet was preserved at -20 oC for more 

use. 

 

3.10. FED-BATCH FERMENTATION FOR THE PRODUCTION OF rhATIII 

          The fed batch production strategy for cultivation of recombinant S.cerevisiae 

BY4741 was initiated with a 5 L bioreactor (Minifors, Infors HT, Switzerland) with a 

working volume of 3 L as indicated in a batch mode.The S. cerevisiae minimal media 

consisted of 0.67 % yeast nitrogen base (YNB) without uracil (HiMedia), 0.192 % 

drop out powder (complete supplement mixture: aspartic acid, histidine, isoleucine, 

methionine, phenylalanine, proline, serine, tyrosine, and valine), and 2% carbon 

source (dextrose or raffinose). 

          The bioreactor was inoculated with 500 mL of a 30 h pre-culture. Batch 

fermentation was started for initial cell growth. After depletion of the initial carbon 

source in the batch medium, the feeding was carried out to allow the cell mass 

concentration to increase exponentially. After a certain time (24 hours), the fed-batch 

process was initiated by the addition of feed consisting of 20 % galactose and 10 % 

raffinose at regular time intervals (10 mL/2 h). The saturated sterile oxygen inside the 
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bio-reactor was maintained by a condenser, and the pH was analyzed through a 

Mettler Toledo glass electrode (Bedford, MA, USA), which was maintained at 7.1 ± 

0.2 with the addition of 5 N NaOH (sodium hydroxide) and 3 N phosphoric acid 

solutions. The dissolved oxygen (DO) was assesed through a Hamilton sensor 

(Bonaduz AG, GR, Switzerland). Complete aeration was supplyed with a sterile air 

filter (0.2 µ), which was operated at 2.0 vvm, and the agitation rate was maintained at 

250 rpm. 

 

3.11. OPTICAL DENSITY AND CELL DRY WEIGHT 

          The S.cerevisiae cell growth was monitored by measuring optical density, wet 

and dry cell weight. The post-induced culture samples (5 mL) were taken at 12 h 

intervals for 84 hours and total cell concentration was determined by measuring the 

optical density at 600 nm (OD600) using a UV-Vis spectrophotometer (Halo DB-20, 

Dynamica, Australia). Samples were diluted if the absorbance was above 0.5. During 

the fermentation process, 20 mL culture was centrifuged at 8000 rpm for 30 min at 4 
oC and cells were collected by centrifugation at 35000 g for 10 min. Finally, 

supernatant was discarded and dry cell weight (DCW) was calculated in triplicates. 

 
3.12. CELL DISRUPTION  

          The fermented culture broth was harvested and the cell pellet was separated 

through centrifugation process (Sorvall ST 16-R, Thermo scientifics, USA) at 4 °C, 

40,000 x g for 15 minutes. The weight of the pellet was calculated as cell dry weight 

(CDW, g/L). The cells were washed with wash buffer containing 0.05 M EDTA (pH 

8.0) and 0.01 M Tris-HCl (pH 7.6). The cells were then lysed by sonication (20 kHz, 

for 2–4 time intervals) and frequent homogenization using lysis buffer containing 0.01 

M Tris-HCl (pH 7.6), 1 % DMSO, 50 mM NaCl, 1 mM EDTA, 0.5 % sucrose, and 1 

mM phenylmethylsulfonyl fluoride (PMSF). A very low concentration of NaCl was 

used in the lysis buffer since the purification process involved ion exchange 

chromatography (IEC). The cell lysis procedure was optimized by employing various 

sonication pulses and lysis solution volumes at constant pellet weight of 1g.  
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3.13. PROTEIN CONCENTRATION ESTIMATION AND ANALYSIS   

          The recombinant protein concentration was determined by comassie dye-

binding assay (Bradford). Comassie brilliant blue dye binds to the protein molecules 

in the presence of acidic pH by two means. In acidic pH conditions the sulfonate 

(anion) groups interact with protein cationic side chains such as arginine and lysine, 

and the triphenylmethane units interact with nonpolar groups in proteins. Bovine 

serum albumin was used as a reference standard for the calibration plot to estimate the 

protein concentration. For each measurement, 100 µL of protein sample (the ratio of 

sample to reagent was 1:20 (v/v)) was added to the comassie dye reagent. The color 

intensity was measured at 595 nm (A595) using UV-vis spectrophotometer. The 

concentration of rhAT III in the cell lysate solution during fed-batch fermentation was 

estimated by RP-HPLC (Shimadzy, Japan) [167]. 

 

3.14. CONCENTRATION AND PARTIAL PURIFICATION OF PROTEIN 

SOLUTION BY CROSS FLOW FILTRATION SYSTEM (CFF) 

3.14.1. Filtration efficiency of rhAT III solution at different temperature and 

transmembrane pressures 

          The protein solution (lysate) was concentrated and clarified using cross flow-

filtration (CFF) system (Quix stand, GE Healthcare Life sciences, Sweden) through a 

constant volume of 500 mL. The protein solution was concentrated using a 30 kDa 

hollow fiber molecular weight cut-off (MWCO) cartridge (GE Healthcare Bioscience 

Corp, USA) with nominal flow path length of 30 cm and a cross-sectional area of 650 

cm2. 

          The protein under CFF is generally affected with temperature and 

transmembrane pressures (TMP). Hence, the filtration efficiency of rhAT III protein 

solution was optimized by adopting various ranges of temperature (18, 22 and 26 °C) 

and transmembrane pressure (12, 16 and 20 psi) [168].  

 

3.14.2. Concentration of protein solution 

          After cell lysis, the lysate was concentrated and simultaneously clarified using 

CFF system with a loading volume of 500 mL. The rhAT III protein was filtered 

through 30 kDa molecular weight cutoff hollow fiber membrane cartridge with 

nominal flow path length of 30 cm with 650 cm2 of cross sectional area. 
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         The maximum flux (flow) rate from the membrane was allowed at 10 mL/min. 

The filtration was accomplished using a stable pump speed at 300 rpm. The 

concentration intensity of the rhAT III is distinguished by a concentration factor (fC) 

and retention factor (Rf), and these were calculated with the help of the following 

formula. 

                                              fC = VF /VC                                                                (3.5) 

where VF = feed volume and VC = final cross (retentate) volume. The retention factor 

is also a significant parameter for the desired product characterization, and it is 

described as, the division of components between permeate and retentate.  

                                             Rf= ((CF)2 – Cp) /CF                                  (3.6) 

where, CF = Feed concentration and Cp = permeate concentration [169].  

 

3.15. PURIFICATION OF rhATIII BY CHROMATOGRAPHY TECHNIQUES 

3.15.1. Purification of rhAT III through SEC followed by IEC 

          The impure mixture of rhAT III is subjected to the IEC step. The fast protein 

liquid chromatography system (FP-LC), AKTA Prime plus (GE Healthcare Life 

sciences, Uppsala, Sweden) was applied for the purification of rhAT III from the 

cross flow filtered sample. The size exclusion chromatography (SEC) (Sephadex G-

200) followed by IEC (SP-Sepharose FF) was performed with Bioprocess glass 

column (BPG) XK16/20 and packed with 30 mL of the matrix. The column flow rate 

and temperature were maintained at 2 mL/min and 20 °C, respectively, throughout the 

process. The sodium phosphate buffer (25 mM) at pH 5.4 was used to equilibrate the 

stationary phase, and the protein sample was directly loaded onto the column with the 

same flow rate. The elution buffer with 25 mM sodium phosphate, pH 5.4 and 0.5 M 

NaCl was used to elute rhAT III from the column.  

 
3.15.2. Optimization of purification strategies  

          Two different column chromatography techniques with different resins were 

selected to analyze the effect of stationary phase on rhAT III purification. The 

principle of IEC with Q-Sepharose and Capto Q and CM Sepharose were applied to 

evaluate the effect of stationary phase on rhAT III purification [170]. Simultaneously, 

the principles of SEC with three different resins (Sephacryl S200, Sephadex G-100 

and Superose 12) were also applied to analyze the effect of stationary phase on yield 

and purity of rhAT III [171]. A 25 mL of each stationary phase with 20 % ethanol 
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solvent was filled through 0.2 Mpa pressure in the bioprocess glass column (BPG 

XK16/20). The column was washed primarily with 100 mL of 0.5 M sodium chloride 

solution with a flow rate of 3.0 mL/min. The column was washed with 100 mL water 

to remove the salts and other contaminants during equilibration with the mobile 

phase. For every individual experiment, 2 mL of rhAT III protein was loaded and the 

column pressure was maintained at 0.1-0.2 Mpa during the purification process. 50 

mL of salt linear gradient program was run for the purifications from 20 % to 100 % 

sodium chloride solution at a constant flow rate of 1.0 mL/min. Protein elution 

profiles were detected at 280 nm. All the purification experiments have been 

performed at 22 oC.  

 
3.16. CHARACTERIZATION OF rhAT III 

3.16.1. RP-HPLC analysis  

          RP-HPLC was performed to analyze the qualitative properties of rhAT III. HP-

LC system (Shimadzu, Kyoto, Japan) was fitted with LC Prominence SPD 20A UV-

Visible detector along with LC 20 AT binary pumps. The analysis of rhAT III was 

carried out at the subsequent conditions: flow rate 1.0 mL/min, wavelength 280 nm, 

pressure 80 Kgf and controlled temperature 40 °C. The C18 5µ column (250 × 4.6 

mm) (Phenomenex, USA) was used for rhAT III analysis. The mobile phase A 

consisted of water: acetonitrile (87.5:12.5 v/v) with 0.1 % trifluoroacetic acid (TFA), 

and the mobile phase B consisted of water: acetonitrile (30:70 v/v) with 0.08 % TFA 

as an ion pairing agent. The rhAT III was eluted using linear gradient mode with 5% 

B to 90 % B in 20 min and 90 % B to 5 % B in 40 min. The injection volume was 20 

µL for all the runs, and rhAT III (NIBSC, UK) was used as a control. All the 

experimental chromatograms were stabilized with the major peak, and a 

chromatogram analysis was executed through the LC Solution software. 

 

3.16.2. Secondary structure analysis of rhAT III 

          The secondary structure of rhAT III was characterized by circular dichroism 

(CD) and Fourier transform - infrared (FT-IR) spectroscopy. The CD spectra of 

purified rhAT III were evaluated using the AVIV-420SF spectropolarimeter 

(Lakewood, NJ, USA) that was fixed to a thermostated cell holder along with a 

thermostatic water bath with a 20 nm/min scan speed. The cylindrical cells of high 

optical quality (Optical Cell, Woodbine, MD) with a path length of 2 cm were used to 
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record the spectra and given the average of five successive scans. All the experimental 

methods were carried out at 24 °C.  The rhAT III spectra were recorded from the scan 

range of 250 to 310 nm using a 2 mm path length quartz cell with a sensitivity of 1 

mo/cm.  

          The purified rhAT III secondary structure was also assessed by FT-IR 

spectroscopy. FT-IR, Spectrum Two™ (Perkin Elmer, USA) with Lithium tantalite 

(LiTa03) infrared detector was used to measure the rhAT III samples. High quality of 

hygroscopic calcium fluoride (CaF2) glass windows with 4 µ path length spacer were 

used to analyze the rhAT III samples. The spectra were achieved from the scan range 

of 4000 to 450 cm-1 in transmission mode with 32 cm-1 resolution. The best spectra 

were acquired by performing 100 scans with a scan speed of 2 cm-1. All the spectra 

were smoothed and deconvoluted using Spectrum 10™ software. 

 
3.16.3. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE) 

          A 12 % SDSPAGE gel was achieved with the Mini protean II system (Bio-Rad 

Inc, CA, USA). Due to the high molecular weight of rhAT III (58 kDa), the gels were 

run at a stable 50 V for 4 hours to get the clear separation of bands with a high 

resolution. After the separation of the bands, the gel was stained by coomassie 

brilliant blue (CBB) R-250 overnight. 

          The purity of the expressed recombinant proteins was determined by SDS-

PAGE. After each fermentation process, the cell density was made equal by adjusting 

the optical density to 1.0 with the growth media and the pellets were collected by 

subsequent centrifugation. The cells were resuspended in the sterile dH2O water for 

the elimination of media traces and other membrane surface proteins. The pellets were 

then collected by centrifugation at 30000 x g for 15 minutes at 4 oC and stored at 20 
oC for further analysis. The pellets were directly treated with 1: 3 ratios of 6 x loading 

dye (Thermo Scientific, USA) and phosphate buffer.  

          The pellets were lysed with frequent vortexing followed by heating at 100 oC 

and resolved by 15 % acrylamide sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis (SDS-PAGE) [172] Mini protean II system (Bio-Rad Inc, CA). The 

gels were run at 50 V for 2 hours and stained through comassie brilliant blue (CBB-

250, Bio-Rad, USA) solution for overnight [173]. The intensity and concentrations of 
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the rhAT III bands were analyzed by ImageJ v1.48 software [174] against the Bovine 

serum albumin (BSA) standard concentrations. 

 
3.16.4. Western blotting  

          After gel electrophoresis, the rhAT III protein was moved onto polyvinylidene 

difluoride (PVDF) membrane at an invariable voltage of 50 V for 1 hour. The PVDF 

membrane along with rhAT III was incubated through blocking buffer containing 5 % 

skim milk powder and phosphate buffer saline (PBS) for 1 hour at room temperature. 

It was then incubated with the polyclonal antibody (1:1000) generated from the 

rabbits for 80 min at 28 °C. The membrane was washed with PBS containing 0.1% 

Tween 20 and incubated with horseradish peroxidase (HRPO) -conjugated goat IgG 

antibody (Bio-Rad Inc, USA) for 40 minutes at 28 °C. The membrane was again 

washed with buffer containing 10 mM Tris (pH 8.0) and 0.5 M sodium chloride and 

subsequently incubated with achromogenic substrate solution (Thermo Fisher 

Scientific, USA). 

3.16.5. Liquid chromatography mass spectrometry (LC-MS) analysis 

          Prior to the injection of the sample, the purified rhAT III was diluted five-fold 

with formic acid (0.1 %) in water. All the experimental methods were carried out 

using an Agilent 1290 UHPLC system that is equipped with a vacuum degasser, 

column oven, quaternary pump, thermostated well-plate auto sampler and C18 

column (Waters, Milford, USA) joined to an Agilent 6520 QTOF LC-MS mass 

spectrometer with a binary-nebulizer. Mobile phase A (0.1 % aqueous formic acid) 

and mobile phase B (acetonitrile with 0.1 % formic acid) were used as solvents, and 5 

% B was used during initial conditions at constant column temperature and flow rate.  

          The optimal flow rate and temperature were estimated experimentally to be 0.5 

mL/min and 50 °C, respectively. The gradient program was used as follows: 0–1min 

5% B, 1–6 min 80% B, 6–8 min 95 % B, and  8–10 min 5 % B. The mass spectra of 

rhAT III were analyzed with the following QTOF/ source parameters: Nebulizer: 25 

psig; Drying Gas: 10 L/min at 300 °C; Sheath gas: 10 L/min at 400 °C; VCap: 3000 

V; Fragmentor: 100 V; MS Scan: 100–3200 m/z at 2 spectra/sec (Intact Mass); 

Skimmer: 60 V OCT 1RF; and Vpp: 750 V. 
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3.16.6. Biological activity of rhAT III 

          The biological potency of the purified rhAT III was estimated as Heparin 

cofactor (HC) activity with a commercially available kit, which utilizes the thrombin 

specific chromogenic substrate S-2238 (Testzym antithrombin III 2 assay kit; Daiichi 

Pure Chemical, Tokyo).The protein sample was diluted with 100 mM 2-amino-2-

hydroxymethyl-1, 3-propanediol containing methylamine hydrochloride with pH 7.4 

to make various concentrations of rhAT III. Prior to the initiation of the reaction with 

1.43 g/L of S-2238 (100 µL), 25 µL of diluted protein samples with different 

concentrations (0.1, 0.2, 0.3, 0.4 and 0.5 mg/mL) were added to a thrombin and 

heparin mixture (100 µL) for a 5 minutes pre incubation at room temperature. After 

five minutes, the reaction was ended with the addition of 1 mL citric acid solution. 

Finally, the reaction absorbance (415 nm) was analyzed through spectrophotometer 

[178]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


