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ABSTRACT 

          For the first time, the present research work reports the optimization of 

recombinant human antithrombin (rhAT III) production in Saccharomyces cerevisiae 

BY4741 through statistical design of experiments. Most applications of design of 

experiments (DoE) are concerning the optimization of the composition of growth and 

production culture media. The typical objective is to identify the best selection and 

quantitative composition of significant medium supplements. In the present study, 

Plackett- Burman (PB) design followed by central composite design has been 

employed in a sequential procedure to evaluate and optimize the appropriate media 

supplements for rhAT III yield. Through PB design, the influence of raffinose, 

glutamic acid and vitamin mixture on rhAT III was found to be effective. The 

significant medium supplements were further optimized using central composite 

design (CCD) for maximum production of rhAT III. A sequential application of 

central composite design (CCD) was chosen to elucidate the interaction effect of the 

three significant variables such as raffinose, glutamic acid, and vitamin mixture. The 

multiple regression equation (R2 = 0.9967) was used to optimize significant impact of 

nnutritional variable values to maximize rhAT III yield. The optimized values were 

estimated to be 23.09765 g/L, 8.01816 g/L and 77.2056 mg/L for raffinose, glutamic 

acid and vitamin mixture, respectively. The maximum yield of rhAT III (38.97 

µg/mL) was obtained experimentally with CCD and was very close to the predicted 

response of rhAT III (38.93 µg/mL). 

 
5.1. INTRODUCTION 

          Antithrombin III (AT III) is a single chain plasma glycoprotein and 

anticoagulant that controls the thrombosis. Antithrombin has 432 amino acid residues, 

4 glucosamine-based oligosaccharide side units, and 3 disulfide bridges [189, 182]. 

AT III is produced in the liver which inhibits the thrombin and is the main inhibitor of 

thrombin and activated factor X (FXa) family with a plasma level of approximately 

150 mg/L [1]. AT III not only acts as the most significant plasma inhibitor of 

thrombin but also shows strong inhibitory effects on variety of active serine proteases 

[180 and 190] and anti inflammatory properties [191]. AT III difficiency is a 

hereditary disorder that is connected with recurrent thrombophlebitis, aortic 

thromiosis and thromo embolism [192]. Recombinant human antithrombin III (rhAT 

III) plays a crucial role in curing diseases such as Transient Ischemic Attack, 
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Thrombosis, Thrombocytosis and Cerebrovascular diseases which are the major 

sources of death and disability around the world [193]. Because of these significant 

applications, rhAT III is a potential therapeutic agent to cure most of the diseases and 

hence purified and biologically active rhAT III might be helpful for clinical and 

model validation studies [194]. The application of r-DNA based proteins at a 

profitable scale is constrained by the ability to gain the product in higher yields from 

microbial processes and it is gaining increasing attention due to their potential 

application in clinical and model validation studies [68].  

          The rising demand for therapeutic biopharmaceutical products calls for robust 

production hosts, competent expression systems and desirable cultivation strategies. 

The limitation is often in terms of obtaining highest quantities at sufficiently low cost 

to permit for marketing. rhAT III production in S.cerevisiae has gained the attention 

of biopharmaceutical market as it needs limited resource and time.  Yeast is a single-

celled, eukaryotic microbe that can grow speedily in complex or defined media with 

doubling time of 2.5 hours in glucose-containing medium. Yeast is very simple and 

economical to use for the production of r-DNA based proteins than insect and other 

mammalian cell lines [195]. The most important advantage of yeast expression 

systems is the ability to achieve strict quality control and post-translational 

modifications [21].  

          To achieve high productivity and yield of recombinent proteins, fermentation 

process can be directly influenced by media composition such as carbon, nitrogen, 

trace elements and other nutritional factors. The optimal nutritional additives depend 

on many factors such as host metabolism and potential inhibitory products [196]. On 

one hand, it is essential from the cost perspective to formulate the medium as simple 

as possible by avoiding non essential carbon and nitrogen sources. On the other hand, 

it is also important to evaluate and optimize positive impact of medium components 

to maximize the biomass and product formation. The media components such as 

carbon sources, nitrogen sources and vitamin mix have hardly been studied in media 

formulation. The addition of a suitable carbon source is necessary to provide the cell 

with energy as well as the material with which to grow, synthesize and enhance the 

growth rate of S.cerevisiae. Nitrogen is essential for the growth and synthesis of 

proteins.  

          Design expert statistical tools are useful in the fermentation process to find out 

effective nutritional additives with significance impact [197-199]. Statistical design 
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experiments in medium optimization can give better biomass and product formation, 

decreased process variability, closer confirmation of the response to nominal, target 

requirements, reduced time and overall costs [200]. The application of single factor 

optimization by maintaining other process variables at an undetermined steady point 

does not confirm the collective effect of all the factors and could require a big number 

of experiments and is a time consuming process to make a full factorial search  [201]. 

Industrially, the objective is to perform the minimum number of experiments to 

screen out significant process variables. Because of the single factor optimization 

limitations, PB design is desirable to study more than five variables [202] 

          The PB design is a significant statistical tool to find out the most important 

nutritional additives for the maximum yield of biomass and product formation. On the 

other hand, central composite design is the next stage of medium optimization to 

study the interactive effects of each effective independent variable which has been 

evaluated through the PB design analysis. This may be done by using the most 

popular central composite design (CCD) under response surface methodology (RSM) 

technique. The CCD is useful to give optimal concentrations of the significant process 

variables and to analyze the coefficients of quadratic model for maximization of 

product yield [203 and 204].  

          This chapter discusses the attempts to evaluate and optimize highly effective 

medium components with significant impact on rhAT III production by sequential 

statistical experimental design analysis. Initially, the major carbon and nitrogen 

sources were screened using PB Design statistical tool. In the next stage, the 

interactive effect of these media supplements was analyzed and finally, the optimized 

concentrations of each individual significant nutritional additive were estimated to 

maximize rhAT III yield. 

 
5.2. MATERIALS AND METHODS  

          The complete information about the materials used for the optimization of rhAT 

III is given in the materials and methods part (Chapter 3). The OFAT, PB Design 

methodology, central composite design methodology (CCD), estimation analysis of 

rhAT III are elucidated in the materials and methods part (Chapter 3). Integrated 

sequential design for maximization of rhAT III is shown in Fig. 5.1. 
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Fig.5.1 A detailed flow chart of integrated statistical design of experiments for 

medium optimization. 

 
5.3. RESULTS AND DISCUSSIONS 

5.3.1. The effect of primary medium components on dry cell weight 

          One-factor-at-a-time (OFAT) is a commonly used conventional method for 

multi factor experimental design to recognize the most important nutritional variables. 

In the present work, a number of experiments were performed through OFAT method 

in order to recognize the appropriate major medium components from the selected 

carbon and nitrogen sources. Table 5.1 shows dry cell weight (DCW) with various 

carbon sources (sucrose, dextrose, maltose, fructose, raffinose and starch), nitrogen 

sources (peptone, yeast extract, tryptone, ammonium nitrate, soy peptone and 

glutamic acid) and vitamin mix. Maximum DCW with these carbon sources were 
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estimated to be 4.9, 3.9, 3.7, 4.5, 5.9 and 4.4 g/L respectively, and DCW with 

different nitrogen sources were estimated to be 5.8, 4.4, 3.9, 5.4, 4.9 and 6.1 g/L 

respectively. On the other hand, maximum DCW (5.9 g/L) was obtained with vitamin 

mix. 

          From the above results analysis, it could be seen that the experimental 

outcomes show the maximum rhAT III yields with raffinose and glutamic acid as 

carbon and nitrogen sources. From the experimental results, it has also been observed 

that other carbon (sucrose, fructose and starch) and nitrogen sources (peptone, soy 

peptone and ammonium nitrate) showed positive significant effect on DCW yields 

when compared to remaining carbon (dextrose and maltose) and nitrogen (yeast 

extract and tryptone) sources.  

          Therefore, further research work was carried out through the similar optimized 

nutritional variables such as carban (sucrose, fructose, raffinose and starch), nitrogen 

(peoptone, ammonium nitrate, soy peptone and glutamic acid) and vitamin mix for 

further conformation of effective nutritional variables through PB design analysis. All 

the above experimental results were analyzed in triplicate and permitted a lack of fit 

and pure error to find out a stabilized model.  

 

Table 5.1 The analysis of dry cellweight (g/L) with different nutritional variables 

through OFAT. 

 

 

 

 

Carbon  

Source 

 (20 g/L) 

DCW 

(g/ L) 

Nitrogen 

 source  

(6  g/L) 

DCW              Vitamin          DCW 

(g/L)               source             (g/L) 

(60 mg/L)  

Sucrose    4.9 Peptone     5.8 

Dextrose    3.9 Yeast extract      4.9 

Maltose   3.7 Tryptone .  3.9              Vitamin mix.      5.9 

Fructose    4.5 Ammonium nitrate    5.4 

Raffinose    5.9 Soy peptone    4.9 

Starch    4.4 Glutamic acid    6.1 
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5.3.2. PB design analysis for selection of significant nutritional supplements for 

rhAT III production 

          Statistical experimental design analysis for media optimization has been 

verified to be an effective tool for fermentation technology and it enables the 

recognition of the effective media supplements which play a crucial role in protein 

production. In the present research work, an attempt has been made to improve the 

effect of medium formulation on rhAT III yield by simultaneous assessment between 

two levels of numerous variables using PB design statistical tool. A study has been 

carried out to evaluate the potential effect of different nutritional variables such as 

raffinose, sucrose, starch, fructose, glutamic acid, ammonium nitrate, peptone, soy 

peptone and vitamin mix. on rhAT III yield. Experimental design analysis was 

performed with 11 independent process variables with the low (H-) and high (H+) 

levels (table 3.4). Table 5.2 shows the significant effects of these nutritional variables 

on the rhAT III yield, lowest (11.1 µg/mL) and highest rhAT III concentration (17.5 

µg/mL). 

Table 5.2 PB design statistical analysis for medium optimization and response 

values for rhAT III yield (µg/mL) 

Process variables 

Run A B C D E F G H J K L 

rhAT 

yield 

(µg/mL) 

1 1 1 -1 1 1 1 -1 -1 -1 1 -1 16.3 

2 -1 1 -1 1 1 -1 1 1 1 -1 -1 11.1 

3 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 12.2 

4 -1 1 1 1 -1 -1 -1 1 -1 1 1 13.1 

5 -1 -1 1 -1 1 1 -1 1 1 1 -1 14.3 

6 1 1 -1 -1 -1 1 -1 1 1 -1 1 17.1 

7 1 1 1 -1 -1 -1 1 -1 1 1 -1 13.2 

8 -1 1 1 -1 1 1 1 -1 -1 -1 1 16.2 

9 -1 -1 -1 1 -1 1 1 -1 1 1 1 16.3 

10 1 -1 -1 -1 1 -1 1 1 -1 1 1 17.5 

11 1 -1 1 1 -1 1 1 1 -1 -1 -1 16.5 

12 1 -1 1 1 1 -1 -1 -1 1 -1 1 14.8 
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          The ANOVA analysis (Table 5.3) shows significant F-value (30.5) and Prob > 

F value (< 0.05). The goodness of the fit of the model was observed through the 

multiple correlation coefficient (R2= 0.9937) and the adjusted multiple correlation 

value (adj R2= 0.9656) is in reasonable correlation with the predicted multiple 

correlation (pred R2 = 0.7750). Adeq Precision investigates the signal to noise ratio, a 

ratio of 18.102 shows an adequate signal. The coefficient of variance (CV = 2.87 %), 

which is comparatively low in value, indicates a better reliability and precision. A 

first order model was used to make predictions on the response to the given level of 

every factor which is described by the following model equation: 

 
rhAT III =14.88+1.02 * A -0.38 * B -0.2* C -0.2* D+1.23* F+0.25 * G -0.42* J-0.23 

* K+0.95 * L                                                                                                            (5.1) 

 

where A = raffinose, B = sucrose, C = starch, D =fructose, F=glutamic acid, G = Soy 

peptone, J= peptone, K = Ammonium nitrate  and L = vitamin mixture.  

          From the result analysis, it has been observed that three significant factors such 

as raffinose, glutamic acid and vitamin mixture were found to be effective on the 

rhAT III yield. This was not mentioned in earlier reports of media optimization. These 

three significant medium components have shown the significant effect for the better 

biomass and rhAT III production. 

 
Table 5.3 Analysis of variance (ANOVA) for factorial model through PB Design 

analysis 

Source Sum of 

Squares 

 df Mean Square F-value Prob>F 

Model 47.7 9 5.3 35.33 0.0278 

A 12.4 1 12.4 82.69 0.0119 

B 1.76 1 1.76 11.76 0.0756 

C 0.48 1 0.48 3.2 0.2155 

D 0.48 1 0.48 3.2 0.2155 

F 18.25 1 18.25 121.69 0.0081 

G 0.75 1 0.75 5 0.1548 

J 2.08 1 2.08 13.89 0.0651 
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K 0.65 1 0.65 4.36 0.1722 

L 10.83 1 10.83 72.2 0.0136 

Residual 0.3 2 0.15   

Core total 48 11    

df = Degrees of freedom  

          On the other hand, raffinose and glutamic acid showed significant positive 

effect when compared to other carbon (starch, sucrose, and fructose) and nitrogen 

sources (peptone, soy peptone and ammonium nitrate) on rhAT III yield (Fig.5.2). 

The optimal nitrogen level can simulate and control rhAT III yied, whereas high 

nitrogen concentration represses it. The addition of essential medium components 

with a suitable vitamin mixture maximized rhAT III yield. In the present research 

work, vitamin mixture also showed positive effect (Fig.5.2) on rhAT III yield and the 

addition of vitamin mixture in the medium formulation had a positive impact on rhAT 

III yield.  

          Fig.5.2 also shows Pareto chart of the significant process variables determining 

the rhAT III productionand raffinose, glutamic acid and vitamin mixuture response 

values, which are above the Bonferroni limit. From the above experimental analysis, 

it has been concluded that the medium components (raffinose, glutamic acid and 

vitamin mixture) which show potential effect and were considered to have greater 

effect on rhAT III yield. The remaining medium components were considered to be 

unimportant and were eliminated from the media composition. 

          The most important factors (raffinose, glutamic acid and vitamin mixture) 

showing the high rhAT III yield with high or low level were selected for the further 

analysis. 
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Fig. 5.2 Pareto chart experimental analysis shows the effect of medium 

components on rhAT III yield. Where A = raffinose, B = sucrose, C = starch, D = 

fructose, F = glutamic acid, G = Soy peptone, J = peptone, K = Ammonium 

nitrate and L = vitamin mixture 

 
5.3.3. Estimation of the optimal Concentrations and Interactive effects of the 

important factors on rhAT III production using CCD 

          Three significant variables such as raffinose, glutamic acid and vitamin mix 

were screened out from PB design experimental analysis and further experiments 

were carried out by superior optimization stage (CCD) to maximize the rhAT III 

yield. CCD under RSM was applied to analyze interactive effects and optimum 

concentrations of significant nutritional additives (raffinose, glutamic acid and 

vitamin mix) for maximum rhAT III production. Table 3.5 shows the CCD 

experimental design for the three significant variables and each factor is analyzed in 

five different levels (-2, -1, 0, +1, and +2) with 8 center points and axial points. 

          The quadratic model was chosen based on the experimental results achieved 

from the Table 5.4. Based on the lack of fit test and model summary statistics, it was 

concluded that the quadratic model is significant. A quadratic model with R2 value 

greater than 0.9 was believed to have a very high correlation and the current R2 value 

revealed a very good fit between the observed and predicted rhAT III responses. 

          High significance of the quadratic model was also tested by F test. Therefore, it 

is implied that the present model is reliable for the production of rhAT III. Each of 

the experiential values is assessed with a predicted response value (Table 5.4). 

Residuals with the residual variance specify that none of the individual residues 

exceed double the square root of the residual variance. All of the above experimental 

analysis indicates a better adequacy of the regression model. 
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Table 5.4 Full factorial central composite experimental design analysis with 

actual and predicted responses on rhAT III yield 

 
Coded variables          rhAT III yield  (µg/mL) 

Run 

Raffinos

e(g/L): 

A1 

Glutamic 

acid (g/L): 

A2 

Vitamin 

mix 

(mg/L): A3 

Actual 

data (X) 

Predicted 

data (Y) 

Residual value 

(X-Y) 

1 10 6 60 27.35 27.51 -0.16 

2 20 6 100 35.93 35.11 0.82 

3 15 4 40 27.09 26.93 0.16 

4 25 4 80 35.9 35.84 0.06 

5 20 6 60 36.8 36.62 0.18 

6 20 6 60 36.44 36.62 -0.18 

7 20 6 20 27.11 27.25 -0.14 

8 15 8 40 32.33 32.19 0.14 

9 15 8 80 35.5 35.34 0.16 

10 15 4 80 31.16 31.1 0.06 

11 20 10 60 37.3 37.44 -0.14 

12 20 6 60 36.22 36.62 -0.4 

13 20 6 60 36.39 36.62 -0.23 

14 20 6 60 37.25 36.62 0.63 

15 25 8 80 38.97 38.93 0.04 

16 20 2 60 29.02 29.08 -0.06 

17 25 4 40 30.29 30.25 0.04 

18 20 6 60 36.39 36.62 -0.23 
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19 30 6 60 34.38 34.42 -0.04 

20 25 8 40 34.5 34.36 0.14 

 
          Table 5.5 shows the ANOVA summary output of the regression model on rhAT 

III yield. The goodness of model fit was evaluated by numerous criteria and a P value 

(less than 0.0001) specifies that the model terms are significant. The model fitness 

was analyzed with the coefficient of determination R2 (0.9967), representing that the 

simple variation (99.67 %) was attributed to the significant variables and just less 

than 0.33 % of the total variance could not be elucidated by this model. 

 
Table 5.5 Analysis of variance (ANOVA) for regression model through CCD  

Source Sum of 

squares 

 df Mean square F –Value P-value 

      
Model 273.56 9 30.40 336.61 0.0001 

Lack of fit 0.18 5 0.037 0.26 0.9192 

Error 0.72 5 0.14   

Cor Total 274.46 19    

     

R2 = 0.9967, Adj-R2 = 0.9937, CV = 0.89 % 
 

 

          On the other hand, Table 5.6 shows that the variables with high effect were 

linear terms and squared terms of raffinose (A1), glutamic acid (A2) and Vitamin mix 

(A3) followed by interaction effect between A1 and A3. The higher significance of the 

linear terms and squared terms of raffinose, glutamic acid and vitamin mix over 

subsequent interaction terms (A1A3, A1A2, and A2A3) shows the optimal values for 

rhAT III yield. From these experimental observations, it can be observed that the 

variables that were highly significant based on the values of "Prob >F"  indicate the 

model variables such as  raffinose (A1), glutamic acid (A2), vitamin mixture (A3), A1 

A2, A1A3, and A2A3 as significant model terms. The adjusted determination 

coefficient (adj R2 = 0. 9937) was also good enough to prove the significance of the 

current model. Lastly, the lower value of coefficient of variation (CV = 0.89 %) 

indicates that the experiment analyses were precise and consistent. 
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Table 5.6 Regression coefficients and their significance for CCD analysis 

Factor 
Coefficient 

of estimate 
 df 

Standard 

error 
F-Value 

p-value 

(Prob >F) 

      Intercept 36.62 1 0.12   

A1-raffinose 1.73 1 0.075 528.77 0.0001 

A2glutamicacid 2.09 1 0.075 773.04 0.0001 

A3-vitaminmix 2.18 1 0.075 845.93 0.0001 

A1A2 -0.29 1 0.11 7.32 0.0221 

A1A3 0.36 1 0.11 11.16 0.0075 

A2A3 -0.25 1 0.11 5.76 0.0373 

(A1)
2 -1.41 1 0.06 555.35 0.0001 

(A2)
2 -0.84 1 0.06 195.77 0.0001 

(A3)
2 -1.25 1 0.06 434.03 0.0001 

 
The rhAT III response model was assessed as follows  

 
Ŷ=36.62+1.73*A1+2.09*A2+2.18*A3-0.29*A1A2+0.36* A1A3-0.25* A2A3-

1.41*(A1)
2-0.84*(A2)

2-1.25*(A3)
2                                                                 (5.2) 

 

The above modelresponse equation can be changed into the un-coded unit 

where 

                           A1= (Z1-20) /5                                                                        (5.3) 

                           A2= (Z2-6) /2                                                                          (5.4) 

                           A3= (Z3-60) /20                                                                      (5.5) 

Fig.5.3 shows the plot of the residuals versus experimental run order which permits 

verifying for lurking variables that may have influenced on the rhAT III yield 

throughout the experimental analysis. The plot also shows a random scatter and 

specifies a time-related variable lurking in the background. Insurance against trends 

ruining the analysis will be given by blocking and randomization. Nevertheless, the 

maximum yield of rhAT III was analyzed to be occupied between the extremely 

evaluated residuals. Fig.5.4 shows the predicted vs actual values of rhAT III. From 
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the results analysis, it has been observed that actual rhAT III yield values were very 

close to the predicted values of rhAT III. 

 

Fig. 5.3 Residual plot analysis of rhAT III against the experimental order 

 

Fig.5.4 Predicted values against actual values of rhAT III 
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          In the present research work, the predicted response model was also presented 

as three-dimensional (3D) and two-dimensional (2D) response graphs to obtain a 

better understanding of the effect of significant medium components, and to predict 

the suitable concentrations of the variables and to obtain their relation between each 

other with the respective response on rhAT III yield. Fig.5.5 A-C shows the 

interaction effects of effective medium constituents as 3D and 2D response plots. 

          The three and two dimentional plots were developed for the interactions 

episodically between the two significant variables, providing the relationship between 

the experimental levels of three significant variables and their responses on rhAT III 

are shown in Fig 5.5 A-C. Each interactive response is plotted to confirm the 

optimum value of the media constituent. The purpose of the response surface model is 

to give the optimum variable values to maximize the response. On the other hand, the 

counter plot characterizes an infinitive number of two independent significant 

variable combinations while the other variable retained at the center point. The 

interaction between significant medium components specifies that the change in the 

level of one variable affects the level of theother variable for a fixed level of rhAT III 

production. The appropriate levels of rafinose, glutamic acid and vitamin mixture are 

shown in Fig.5.5 A-C. 
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Fig.5.5 A 
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Fig.5.5 B 
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Fig.5.5 C 

Fig.5.5 A-C: 3D and 2D response surface plots showing the effects of significant 

variables on rhAT III yield through S. cerevisiae. 

A. Interaction effect of raffinose (g/L) and glutamic acid (g/L) (A1A2);  

B. Interaction effect of raffinose (g/L) and vitamin mix (mg/L) (A1A3); 

C. Interaction effect glutamic acid and vitamin mix (A2A3). 
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          Finally, the maximum and minimum principle of differential calculus was also 

studied to maximize the response equation (5.2) with respect to individual tested 

medium supplements. The  experimental values of second order partial differential 

equations with respect to raffinose (A1), glutamic acid (A2) and vitamin mix (A3) 

achieved  are -2.82, -1.68 and -2.5. The above negative values (second order partial 

differential equations) indicate that the absence of local maximum and applicability of 

rhAT III maximization. On the other hand, the first order partial differential model 

response equation 5.2  with respect to  raffinose (A1), glutamic acid (A2) and vitamin 

mix (A3)  are equated to zero and A1, A2 and A3 response values were solved with the 

highest rhAT III  response. 

 

1.73-2.82*A1-0.29*A2+0.36*A3=0                                           (5.6) 

                                 2.09-0.29*A1-1.68*A2-0.25*A3=0                                          (5.7) 

                                 2.18+0.36*A1-0.25*A2-2.5*A3=0                                           (5.8) 

 

          The mathematical solution to the above response equations (5.6-5.8) was A1 = 

0.61953, A2 = 1.00908 and A3 = 0.86028. From equation 5.3- 5.5, un-coded values of 

Z1, Z2 and Z3, were estimated to be 23.09765 g/L, 8.01816 g/L and 77.2056 mg/L, 

respectively. At these optimal concentrations, the highest rhAT III yield (38.97 

µg/mL) was found. From the experimental results, it has been concluded that increase 

in rhAT III yield through CCD is 2.3 folds when compared to PB Design 

experimental analysis. 

 
5.3.4. Experimental validation 

          Independent experimental result analysis for maximum production of rhAT III 

was set up to verify the predicted, best possible response and level of factors. The 

verification experiment led to rhAT III production at level of 39 ± 0.25 µg/mL, which 

is very close to the predicted value. Therefore, the present experimental model was 

confirmed to be satisfactory. 

 
5.4. CONCLUSION 

          The rhAT III has gained huge importance in the healthcare division. Hence, 

design of experimental analysis plays a significant role to optimize various medium 

components for recombinant proteins production and also gives important information 
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on process variable interactions. In the present study, optimization of media 

demonstrates maximum production of rhAT III through sequential design of 

experimental analysis such as OFAT, PB Design and central composite design 

methodology. Effective process variables (raffinose, glutamic acid and vitamin 

mixture) on the rhAT III production were screened using PB design which has a 

major effect on rhAT III yield. The suitable concentrations of these three significant 

medium components were further optimized by CCD and their interaction effects on 

rhAT III were also studied. The highest yield of rhAT III (38.97 µg/mL) from the 

CCD was attained with raffinose (23.09765 g/L), Glutamic acid (8.01816 g/L) and 

vitamin mix (77.2056 mg/L). The correct use of nutritional additives can influence 

bioprocess economics on a large scale for the production of therapeutic recombinant 

proteins. 

 

 

 

 

 

 

 

 

 

 

 


