
Iranian Journal of Health Sciences 2016; 4(3): 35-44  http://jhs.mazums.ac.ir 

 

 
 

Iran J Health Sci 2016; 4(3): 35 
 

Estimation of the amount of recombinant protein A secretion using Fuzzy regression 

 
*Garshasb Rigi

1
   Tahereh Bahrami

2
   Raham Armand

1   
Zahra Piruzeh

2
 

    

1- Assistant Professor, Department of Biology, Faculty of Science, Behbahan Khatam Alanbia University of Technology, 

Behbahan, Iran 

2-Department of Statistics, Faculty of Science, Behbahan Khatam Alanbia University of Technology, Behbahan, Iran 

 
 

*garshasbbiotech@gmail.com 
 

(Received: 6 May 2016; Revised: 27 August 2016; Accepted: 10 September 2016) 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract 

Background and purpose: Since protein A is considered an important protein from medical, 

medicinal, genetic engineering, and biotechnology point of view, the present study attempted to 

investigate and determine to what extent protein A is produced through regression, in addition 

to the production conditions of the protein.. Thus, a figure was introduced as for the estimation 

of the amount of protein A.  

Methods: With the introduction of fuzzy mathematics and its combination with statistical 

methods, the kinds of regression models for estimating the amount of unknown variables were 

introduced. The utilization of fuzzy regression was developed from 1982 through the 

introduction of regression models, and the fuzzy data was based on a kind of linear plan. One of 

these regression models is fuzzy regression which considers the features of fuzzy numbers and 

the estimation obtained through them, and it has a higher level of reliability. 

Results: In the present study, fuzzy regression method was introduced, and the number usage of 

this model in estimating the amount of secretion of protein A was investigated. It was then 

confirmed that this estimation method had a higher level of reliability. The type of regression 

used in this article was fuzzy regression that had a higher confidence level than the point classic 

regression. At the same time, the number of triangular fuzzy number was used in the current 

research in terms of computational handling, and it was found that triangular fuzzy number was 

much easier to use in comparison with the other species.  

Conclusion: Secretion and extracellular production of recombinant protein is a wide production 

method which is currently developing. In the present study, it was observed that the statistical 

methods for improving the process in medical biotechnology are ideal methods. It was also 

documented that for laboratory designing of this important protein and achieving the best and 

most improved conditions for production and secretion, its amount of production must first be 

calculated through statistical methods. 
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1. Introduction  

Staphylococcal protein A (SPA) is a part of the 

cellular level of Staphylococcus aureus bacteria 

(1, 2). Protein A interacts with antibodies 

through two discrete connecting events : 

"classical" connecting place on FC (Fragment 

crystallizable) part of Immunoglobulines of 

IgG1 , IgG2 , and IgG4 of humans and "sub 

connection"  place which is found in fab 

(Fragment antigen-binding) parts or connecting 

parts to antibody in IgG , IgM , IgA  and IgE of 

humans and contains the heavy chains of VH3 

sub-group. Protein A has long been proposed as 

a valuable immunologic tool, because of its 

features (3-8). It is a very important substance 

in biotechnology, medicine, and genetic 

engineering. Protein A is one of 30 chemicals – 

biological orders that scientists utilize in 

chemical materials and zymotic food stuff and 

the places for cellular culture. Protein A can be 

obtained through the culture of wild type S. 

aureus bacteria in a vast scale and then through 

making slippery the cellular suspensions or 

from the supernatant culture of S. aureus 

mutant bacteria (Secretory types). In both ways, 

the deliverances are usually done through 

utilizing chromatography of combining 

tendency on the stabilized IgG. About 7% 

(weight) of Cowan I type S .aureus which is a 

suitable productive type formed by protein A, is 

almost equivalent to 1/7 % of the whole 

protein. Since working with a high volume of 

S.aureus bacterial culture is not suitable due to 

producing illness, for generating big amounts of 

protein A in safe bacterial hosts, the molecular 

method must be utilized (9-11).  In the previous 

studies, recombinant protein A was produced in 

laboratory conditions in E.coli bacteria as a host 

and a number of laboratory conditions were 

provided in order to increase the amount of 

production and secretion (12-14). For 

laboratory design of this important protein and 

achieving the best and the most improved 

conditions for production and secretion, first 

the amount of its production must be calculated 

through a statistical method. The statistical test 

utilized in the current study was fuzzy 

regression (15, 16). Fuzzy or practical data 

have many usages in different fields such as 

reliability, marketing, quality control, 

identification of pictures, and so on. One 

problem of fuzzy or vague data is the subject of 

personal deduction or variable identification 

language (like words such as sufficiently, good, 

enough, from which different deductions are 

obtained). In fact, many cases are seen that their 

meaning cannot be rightly identified, so only a 

personal deduction from them could be made, 

and a series of approximate descriptions or a 

group of concepts from them could be found 

out. Another problem of fuzzy or vague data is 

regarding their way of calculation. It means that 

in fact doing the calculations and algebraic 

works on these data is not in the domain of 

normal mathematics. Through the emergence of 

fuzzy mathematics and the features of fuzzy 

numbers, the problem of calculation related to 

these series of figures was also resolved (17). In 

analyzing fuzzy data, an investigation shows a 

relationship between fuzzy data and the 

equivalent (non-fuzzy) related variables and 

one or more independent fuzzy. Also, an 

investigation can, for example, be through 

fuzzy linear regression technique with these 

semi-widths. In this paper, in addition to 

introducing the fuzzy regression model, its 
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application in estimating the amount of protein 

A is investigated. The estimation obtained 

through this regression method is distance 

estimation which has a very higher level of 

reliability in comparison with spot estimation. 

The procedure of the present study was as 

follows: First, the fuzzy groups and fuzzy 

numbers utilized in the current research were 

described (triangular fuzzy number). Then, 

there was a description of  fuzzy regression, 

and finally the amount of protein A obtained 

from a laboratory sample was estimate (14). 

 

2. Methods 

2.1.Fuzzy Regression 

 In cases in which we deal with the two-value 

world, classic mathematics is a suitable tool for 

explaining different concepts. In the two-value 

world, the value of each statement is shown by 

two true or untrue values and through the 

mathematics language with {0,1}. But 

following the scientific and technological 

advancements and human mind growth, it is 

now essential for humans to find more suitable 

scientific tools to explain the complicated 

concepts of life and human atmosphere. Hence, 

the concepts which are based on two-value 

criteria shown through normal mathematics are 

no longer so much suitable or possible (18).  

It is then observed that fuzzy mathematics is 

suitable for the type of needs which are for 

expressing multi-value concepts instead of two-

value concepts, as well as the needs for 

expressing the world facts the way they are, 

instead of expressing them in the frames in 

which they are not included .  

 

2.2.Membership function and degree of 

function  

Consider the set of X. Suppose that Ã is a sub-

group of X-Fuzzy if  

Ã: X→ [0, 1] (1)                                                                                                    

Be a function. 

The amount which is related to X in this 

relation is called X membership degree. Ã 

fuzzy set can also be shown as Ã = {(x, Ã (x) | 

x ϵ X)}. 

2.3. Definition of triangular fuzzy number 

Triangular fuzzy number is displayed as triple 

for  (𝑎, 𝑟𝑎 , 𝑙𝑎)  , so that the first component is 

called the center of the triangular fuzzy number 

and the components of the second and third 

panels are half right and left triangular fuzzy 

number.  

2.4.Membership Function 

Membership function of triangular fuzzy 

number is specified as the following (16)  

µ Ã (x) _ {

𝑥−𝑎+𝑙 𝑎

𝑙𝑎
𝑥−𝑎+𝑟𝑎

𝑟𝑎

0          𝑒𝑙𝑠𝑒

    (2) 
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In which la is called a left semi-width and 𝑟𝑎  is 

called the right semi-width. As it is deduced 

from the name of triangular fuzzy number, the 

diagram of these figures is in the shape of a 

triangle. For example, triangular fuzzy number 

for 𝑙𝑎 = 3, a = 2 and 𝑟𝑎 = 1 will be like the 

following: 

 

 
Figure 1: Diagram of triangular fuzzy number of 

example 3 – 2. 

In regression analysis, the task is to address the 

dependence on one or more variables, this 

means that one or more independent variables 

exist in the regression model according to 

which, the dependent variable is predicted. 

In general, the classic regression equation 

between more than two variables can be written 

as follows: 

𝑌 = 𝐴0 + 𝐴1𝑥1 + 𝐴2𝑥2 + ⋯ + 𝐴𝑘𝑥𝑘 

In this equation,  𝑥1, 𝑥2, … , 𝑥𝑘  are Independent 

variables and 𝐴0, 𝐴1, … , 𝐴𝐾  are multiple 

regression coefficients, and are the fixed 

numbers which are appointed using observed 

data and independent data. Y is the dependent 

variable that is anticipated using observed data 

and independent variables. 

Utilization of fuzzy regression model was 

developed from 1982 with the introduction of 

regression models and fuzzy data based on a 

kind of linear planning (20, 21). Like normal 

regression, in fuzzy regression, researcher also 

deals with the estimation of one related variable 

according to one or several independent 

variables (20, 21). 

A fuzzy regression model can be shown as the 

following (22): 

𝑌𝑖 = 𝐴0 + 𝐴1𝑥𝑖1 + 𝐴2𝑥𝑖2 + ⋯

+ 𝐴𝑘𝑥𝑖𝑝                          𝑖

= 1,2, . . , 𝑛           (1) 

In this formula, 𝑥𝑖𝑗  are real numbers ,          

𝑌𝑖 = [𝐶𝑖 − 𝑆𝑖 , 𝐶𝑖 + 𝑆𝑖] is the related variable of 

triangular fuzzy number , Ci is the center of the 

triangular fuzzy number , 𝑆𝑖 is the spread , and 

𝐴𝑚 = [𝑎𝑚 − 𝑟𝑚, 𝑎𝑚 + 𝑟𝑚]  are the fuzzy 

regression parameters which are all triangular 

fuzzy numbers (21). It must also be noted that 

the triangular fuzzy number used in this study is 

the symmetrical triangular fuzzy number, which 

means that left and right semi-width of the 

fuzzy number are equal. 

We may treat 𝑦𝐿𝑖 = 𝐶𝑖 − 𝑆𝑖  and 𝑦𝑅𝑖 = 𝐶𝑖 + 𝑆𝑖 

as the left and right end point of the sample 

data, respectively. For the left end data points 

{( 𝑦𝐿𝑖, 𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑖𝑝)|𝑖 = 1,2, . . , 𝑛}  and 

similarly to the right end data points 

{( 𝑦𝑅𝑖, 𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑖𝑝)|𝑖 = 1,2, … , 𝑛}  we may 

use the linear regression model 𝑦 = 𝛽0 +

𝛽1𝑥1 + ⋯ + 𝛽𝑝𝑥𝑝  to obtain the following 

estimates, respectively; 

 �̂�𝐿𝑖 = �̂�0 + �̂�1𝑥𝑖1 + �̂�2𝑥𝑖2 + ⋯ + �̂�𝑝𝑥𝑖𝑝  , 𝑖 = 1,2, . . , 𝑛 

�̂�𝑅𝑖 = �̂�0 + �̂�1𝑥𝑖1 + �̂�2𝑥𝑖2 + ⋯ + �̂�𝑝𝑥𝑖𝑝   , 𝑖 = 1,2, . . , 𝑛 

Then, �̂�𝑚 = [�̂�𝑚 − �̂�𝑚, �̂�𝑚 + �̂�𝑚] where 

�̂�𝑚 =
�̂�𝑚+�̂�𝑚

2
  , �̂�𝑚 =

|�̂�𝑚+�̂�𝑚|

2
 

Based on the definition (1), we can use ordinary 

least-squares method to estimate the fuzzy 
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parameters in the general fuzzy regression 

model. Assuming that 𝑦𝑖 = (𝐶𝑖, 𝑆𝑖) and 

 𝐴𝑚 = (𝑎𝑚, 𝑟𝑚)  have the same membership 

function, after appropriate translation, we can 

make all of 𝑥𝑖𝑗 > 0 . Then (1) can be expressed 

as  

(𝐶𝑖, 𝑆𝑖) = (𝑎0, 𝑟0) + (𝑎1, 𝑟1)𝑥𝑖1 + (𝑎2, 𝑟2)𝑥𝑖2

+ ⋯ + (𝑎𝑝, 𝑟𝑝)𝑥𝑖𝑝 

According to the Euclidean distance formula of 

(2)  

𝐷 = √(𝑚𝑎 − 𝑚𝑏)2 + (𝛼𝑎 − 𝛼𝑏)2   where 

𝐴 = (𝑚𝑎, 𝛼𝑎), 𝐵 = (𝑚𝑏, 𝛼𝑏)                       (2) 

The least-square estimates of 𝑎𝑖  and 𝑟𝑖  are the 

values of 𝑎𝑖, 𝑟𝑖 which minimize the value of 𝐷2 

Where 

𝐷2 = ∑ [(𝐶𝑖 − (𝑎0 + 𝑎1𝑥𝑖1 + ⋯ +𝑛
𝑖=1

𝑎𝑝𝑥𝑖𝑝))2 + (𝑠𝑖 − (𝑟0 + 𝑟1𝑥𝑖1 + ⋯ + 𝑟𝑝𝑥𝑖𝑝))2]  

Let || �⃗�||  denote the length of vector, that by 

using vectors and matrix expression, 𝐷2 can be 

rewritten as 𝐷2 = ||𝑋𝑎 − 𝐶||́ + ||𝑋𝑎 − 𝑆||́ 

where X is a n× (𝑝 + 1) design matrix,  

𝑎 = (𝑎0, 𝑎1, … , 𝑎𝑝)́ , 𝑟 = (𝑟0, 𝑟1, … , 𝑟𝑝)́ , 𝐶

= (𝐶0, 𝐶1, … , 𝐶𝑝)́ , 𝑆

= (𝑆0, 𝑆1, … , 𝑆𝑝)́ 

Let 
𝜕𝐷2

𝜕𝑎
= 0 𝑎𝑛𝑑 

𝜕𝐷2

𝜕𝑟
= 0 then the solution of a 

and r which minimize 𝐷2 are as follows: 

�̂� = (�́�𝑋)−1�́�𝐶     ,    �̂�

= (�́�𝑋)−1�́�𝑆                                 3) 

The above method used regression with respect 

to center and spread. 

 

 

 

2.5. Utilization of fuzzy regression number in 

the estimation of the amount of protein A 

secretion 

In this part of the study, the effects of five 

variables (lactose concentration, glycine 

concentration, and bacterial OD at the time of 

induction, temperature, and the time after 

induction) on the expression performance and 

exploiting the form of the recombinant protein 

A and extracellular maturity of bacteria were all 

documented. These bacteria maturity consists 

of all mixtures from five variables through 

utilizing Central Composite Design (CCD) 

statistical plan and the software of Design-

Expert V. USA, MN, Minneapolis, Inc., Stat-

Ease, 6, 0, 8  in the laboratory conditions (14). 

The amounts of independent variables and the 

levels of their utilization in CCD as well as the 

amounts of protein secretion obtained in 

laboratory are explained in table 1.  
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Table 1. Variables showing the observed amounts 

of secreted recombinant protein A 

Run Actual response      

(mg/ml) 

Predicted 

response      (mg/ml) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

25.342 

13.351 

19.173 

28.597 

28.647 

25.902 

34.270 

50.846 

25.081 

16.314 

61.418 

52.339 

38.137 

36.274 

19.006 

42.117 

30.008 

21.225 

23.503 

36.948 

31.217 

20.989 

15.439 

25.080 

19.641 

30.829 

25.090 

13.099 

18.921 

28.345 

28.395 

29.902 

34.018 

44.195 

29.266 

11.254 

61.169 

47.279 

37.885 

36.791 

18.502 

41.605 

34.450 

21.742 

29.266 

36.698 

29.266 

14.338 

15.927 

29.266 

24.083 

30.577 

 

For factors and levels applied to these 

experiments please refer to Rigi et al. 2013 

(14). After reviewing the obtained results, the 

secretion amount of this protein using fuzzy 

regression model was estimated. 

Hence, the estimation of fuzzy regression 

coefficients and the dependent using the 

described fuzzy regression led to the following 

conclusions:  

Ã0: [0, 0] 

Ã1: [0, 0] 

Ã2: [0.866, 0] 

Ã3: [15.178, 0] 

Ã4: [9.721, 16.375] 

Ã5: [0, 0] 

Fuzzy data analysis work can be carried out. In 

other words, to deal with the uncertainty of the 

relationship between variables, the ordinary 

least square regression is done using fuzzy 

number not by random variables. Secondly, the 

incorrect data is also analyzed (through 

confidence interval or fuzzy number). The 

resulting estimates is an interval estimates with 

a confidence level of 0/90, which can be a 

reasonable estimate (Table 2). 
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Table 2 .Protein secretion estimation, utilizing fuzzy regression. 

Left Spread  Right Spread    protein secretion amount 

21.28 32.14 y1 

21.28 31.93 y2 

13.1 27.54 y3 

21.28 32.14 y4 

13.1 35.74 y5 

18.01 34.32 y6 

18.02 40.32 y7 

18.01 34.32 y8 

18.01 34.32 y9 

16.01 34.32 y10 

21.28 40.13 y11 

18.01 34.32 y12 

21.28 40.13 y13 

18.02 36.75 y14 

13.1 27.07 y15 

18.01 26.73 y16 

24.56 33.35 y17 

18.01 33.59 y18 

18.01 34.32 y19 

13.8 35.26 y20 

18.01 34.32 y21 

18.01 34.32 y22 

18.01 27.72 y23 

18.01 34.32 y24 

9.8 

13.1 

29.42 

35.74 

y25 

𝑦26 

 

3. Discussion and conclusion  

The production of recombinant protein is a 

wide production method which is currently 

developing. The secretion of extracellular 

protein is very desirable so that it can reduce 

the complexity of lower part processes and can 

help the improvement of the product (23-25).  

Statistical methods for improving the process in 

industrial biotechnology are ideal methods. In 

the improvement phase of the process, we 

improve some of the specified parameters from 

a group without any defect of some limitations. 

Of its most important goals are minimizing the 

cost, maximizing the power and efficiency for 

the next phase of preliminary studies and in a 

big scale. This is one of the important 

quantitative tools in industrial decision making 

(26, 27). For laboratory designing of this 

important protein and achieving the best and 

most improved conditions for production and 

secretion, its amount of production must first be 

calculated through statistical methods. 

In the present study, the fuzzy regression 

method was utilized for estimating the amount 

of protein A.  

The statistical technique that is regression 

analysis can be used for data which is itself 

dependent on other conditions. In these 
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instances, fuzzy data is used, and fuzzy 

regression analysis for fuzzy data is also 

applied to achieve at accurate divination (28-

30). There has been a full definition and 

explanation of fuzzy regression in ‘method’ 

section of the article. 

In some previous studies, the fuzzy regression 

method has been used for estimating the value 

of the proteins and recombinant proteins such 

our protein. Stefan Gnoth et al., said that 

quantitative knowledge can be activated for 

regulating the culture condition in recombinant 

protein production projects (31). In another 

recent study in this field, fuzzy regression 

model was used to optimizing Fed-Batch 

fermentation system to produce the 

recombinant γ-interferon protein in E. coli (32). 

Carl-Fredrik Mandenius also introduced some 

methods for monitoring, modeling, and 

controlling biological production systems, so it 

can be shown that statistical methods like fuzzy 

regression can help us (33). Some other 

investigations entitled quantitative analyses and 

evaluations of statistical software are also found 

which use fuzzy system in order to estimate 

culture conditions in an Escherichia coli 

cultivation expressing a recombinant protein 

(34), and even in Rat mammary gland such as 

estrogen receptor proteins (35). Thus far, there 

has been found no record of research estimating 

the amount of extracellular recombinant protein 

A using fuzzy regression, which is performed in 

the present study.  

Considering the features of fuzzy mathematics 

and the figure utilized in this study, i.e. 

triangular fuzzy number, the resulting 

estimation is a distance estimation which has a 

very much higher reliability level than the spot 

estimation, and also the obtained estimations 

have the reliability level of 90 percent which 

can be a suitable reliability level for this 

estimation.  

Through utilizing normal regression 

considering the mentioned conditions, an 

estimation can be made for the production of 

the mentioned protein. But our reason for 

estimating the amount of protein A through 

utilizing fuzzy regression has been, first, to 

increase the level of reliability of the mentioned 

estimation, and then, the fuzzy estimation of the 

production amount. This protein has less 

variance and in fact less distribution than 

normal regression method, which can be a 

special advantage for fuzzy regression in 

comparison with normal regression. 
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