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Abstract 
Several biotechnological aspects regarding the increase in transglutaminase biosynthesis 

yield were studied. The Streptomyces sp. strains used in this study, coded MIUG 6P, MIUG 7P and 
MIUG 13P, were isolated from soils from the East Antarctic coast. These had the best results in 
terms of transglutaminase synthesis, thus confirming the results of a previous study concerning the 
isolation and strains selection of good transglutaminase producers. Amongst these, strain coded 
MIUG 13P had the ability to produce 0.20 UA of transglutaminase per mL of crude extract, and was 
thus chosen to identify the optimal composition for the fermentative medium using Response surface 
methodology (RSM). Response surface methodology was further used to determine the optimum 
values of the process variables for enzyme production. The fit of the quadratic model was found to be 
significant. After submerged cultivation on the optimized fermentative medium, the enzymatic activity 
of the Streptomyces strain MIUG 13P showed a significant increase. 
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Introduction 
 

Transglutaminases protein-glutamine-glutamyltransferase, EC 2.3.2.13, TG) are 
enzymes that catalyze an acyl transfer reaction between the -carboxyamide group of a 
glutamine residue of a peptide and the -amino group of a lysine residue. They are present in 
most animal or vegetable tissues, body fluids and microorganisms. At the present time, 
MTGase is frequently used to improve the functional properties of food proteins [1,4].  

Until recently, the only source of transglutaminase used in applications was guinea 
pig. The source of TG was limited and insufficient, the separation and purification processes 
were complicated and expensive and this was affecting the price of the final product, which 
was extremely high, 80 USD/unit [5, 6].  

So far, research has been focused on the isolation and screening of microorganisms for 
MTGase activity, and on purifying and characterizing newly found enzymes.  

The composition of the media used to produce MTGase from Streptomyces species 
have been almost the same in all works published since Ando et al. 1989. In contrast, in 
biotechnologically based industrial processes, the formulation of the culture media is of 
critical importance, because the composition affects product concentration, yield and 
volumetric productivity.  

The fermentation media need to be optimized for efficient utilization of the fermentation 
technology. Medium optimization by the one-factor-at-a-time method involves changing one 
variable (nutrients, pH, temperature etc.) while fixing the others at a certain arbitrary levels. The 
conventional ‘‘one-factor-at-a-time’’ approach is laborious and time consuming, especially for 
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large numbers of variables. Moreover, it seldom guarantees the determination of optimal 
conditions. These limitations of the single factor optimization process can be overcome by 
using statistical methods. Of the statistically based approaches, response surface methodology 
(RSM) has been extensively used in the optimization of fermentation media [3].  

RSM is a collection of statistical techniques used for designing experiments, building 
models, evaluating the effects of factors and searching for the optimum conditions. It is a 
statistically designed experimental protocol in which several factors are simultaneously 
varied. In RSM, the experimental responses to the design of experiments (DOE) are fitted to a 
quadratic function. The number of successful applications of RSM suggests a second order 
relationship, providing reasonably approximate results for many fermentation systems [7, 8]. 
In addition, significant interactions between variables can be identified and quantified by this 
technique [1].  

The objective of the present work was to apply statistical methods to optimize the 
medium composition and improve the MTGase biosynthesis ability of some selected polar 
Streptomyces strains by optimizing the fermentative medium. Several important nutritive 
sources such as the carbon and nitrogen sources were studied, first using the one factor at-a-
time method and subsequently by RSM. 

 
Material and Methods 
 
 Microorganisms 
 Three polar Streptomyces sp. strains, isolated from Antarctic soils and belonging to the 
BioAliment Platform type culture collection (MIUG) of the “Dunarea de Jos” University 
Galati, coded as MIUG 6P, MIUG 7P and MIUG 13P were used. The stock cultures were 
maintained on Gauze agar slants, at 25°C for 7 days. Gauze agar media containing (g/L): 
K2HPO4 0.5; MgSo4 7 H2O 0.5; KNO3  1.0; NaCl 0.5; FeSO4 2H2O 0.01 and agar 25.0. After 7 
days the slants were kept at 4ºC and thereafter sub-cultured every 30 days [9]. 

Optimization of the fermentation media using one-factor-at-a-time method 
         Four different media were tested, varying the carbon and nitrogen sources with the 
intention of finding the best formula for a high yield of transglutaminase synthesis. The 
compositions of the fermentation media were taken from the literature. Some changes were 
also made. The compositions of the media used are presented as follows: 
  Medium A contained, g/L: peptone 2, glucose 5, KH2PO4 2, MgSO4 1, pH 7.0. 
     Medium B contained, g/L: peptone 20, KH2PO4 2, MgSO4·7H2O 1, potato starch 20, 
glucose 2, soybean powder 20, pH 7.0. 

Medium C contained, g/L: NaCl 1, (NH4)2SO4 5, urea 5, glycerol 20, FeSO4·7H2O 
0.01, pH 7.0-7.4; 

Medium D contained, g/L: peptone 1, glycerol 4, yeast extract 0.5, Zn SO4 0.01, pH 7.0. 
About 2 mL of cell suspension of each strain type were inoculated from 7 day old agar 

slants into 250 ml conical flasks containing 50 mL sterile medium. Fermentation was carried 
out at 28 ± 2°C in a rotary shaker (200 rpm) for 7 days [9].  

MTGase activity assay 
After submerged cultivation, the culture broths were centrifuged at 9000 rpm for 15 

minutes and the cell-free supernatant used as the crude extract in the assay of enzyme activity.  
MTGase activity was determined by the hydroxamate procedure with N-carbo-

benzoxy-L-glycine (Sigma-Aldrich protocol). The reaction mixture contained 0.5 mL of crude 
enzyme extract and 0.2 mL substrate solution, 0.5 mL of a 12% Triclor acetic acid solution 
and 0,5 mL of a 5% FeCl3 solution which was incubated at 37 ºC, for 10 minutes. Substrate 
solution was prepared by combining the following reagents in suitable containers: 120 mg 
CBZ-Gln-Gly, 0.2mL Tris buffer (pH 6), 5 mL of a 20 mM hydroxylamine plus 200 mM 
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glutathione (reduced form) solution and 0.05 mL of a 1000 mM calcium chloride (CaCl2) 
solution. The pH was adjusted to pH 6.0 with 100 mM NaOH, and the final volume 
completed to 10.0 mL by adding deionised water.  The activity was measured against to the 
controls samples in which no enzyme was added. After incubation, the reaction mixture was 
homogenised and centrifuged for 5 minutes at 9000 rpm for 5 minutes. The reaction mixture 
was transferred to suitable cuvettes, and the optical density recorded at a wavelength of A525nm. 

One unit of MTGase activity was defined as the amount of enzyme causing the 
formation of 1.0 µmole of hydroxamate per min by catalyzing the reaction between N-CBZ-
Glutamylglycine and hydroxylamine at pH 6.0 and 37ºC by using L-glutamic acid                       
γ-monohydroxamate as the standard. 

Experimental design and optimization 
In order to characterize how the significant factors affect the responses, we attempted to 

improve the composition of the medium by comparing different levels of several factors that 
were found to have more influence on the production of transglutaminase by this bacterium. 
Based on the results obtained in preliminary experiments, peptone and glucose were found to be 
the major variables in the MTGase production. We used Central Composite Design (CCD) to 
find the optimal concentrations of two factors. In this regard, a set of 9 experiments including 23 
factorial experiments were carried out. Each variable was studied at two different levels (−1, 
+1), two axial points (α = ±1.41) and a center point (0) which is the midpoint of each factor 
range. The minimum and maximum range of variables investigated and the full experimental 
plan with respect to their actual and coded values are listed in Table 1. All experiments were 
carried out in duplicates which were necessary to estimate the variability of the measurements. 

 

Table 1. Experimental range of the variables studied using CCD in terms of actual and coded factors 
Coded levels Variables  Symbol - 1.41 -1 0 +1 +1.41 

Peptone, g% A 0.785 1.0 1.5 2.0 2.205 
Glucose, g% B 0.785 1.0 1.5 2.0 2.205 

 
The MTGase biosynthesis yield was taken as the response. The relationship of the 

independent variables and the response was calculated using the second order polynomial 
equation:  

 

Y=a+bA+cB+aA2+eB2+fAB 
Y is the predicted response; A and B are independent variables and a, b, c, d, e and f are second order polynomial 
coefficients. 

 
The experiments were designed using the Design-Expert® software (Version 7.1 for 

Windows). The polynomial equations for the response were validated by ANOVA (analysis 
of variance) to determine the significance of each term in the equations and also to estimate 
the goodness of fit in each case. Response surfaces were drawn for the experimental results 
obtained for the effect of the different variables on the MTGaze biosynthesis yield, in order to 
determine the individual and cumulative effects of these variables and the mutual interactions 
between them. 
 
Results and Discussions 
 
  Qualitative effect of the carbon and nitrogen sources on MGTase biosynthesis  
 Three Streptomyces strains (MIUG 6P, MIUG 7P and 1 MIUG 3P) were tested in the 
present study, the main evaluation criteria being the enzymatic activity and the stability of the 
crude enzyme. These strains were chosen because it was found that their initial activities were 
not  lost when the crude enzyme was preserved at a temperature of 4°C, as a consequence of 
the low thermal tolerance of the enzyme [9]. 
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In order to find an appropriate fermentation media that would lead to a high enzymatic 
yield, four media were tested, coded A, B, C and D. The differences between the media were 
the sources of carbon and nitrogen added.  

Medium B was selected as being the most suitable for the target requirements of this 
study. It was shown that medium B ensured superior growing conditions as compared to the 
other three media tested, results also confirmed by the transglutaminase synthesis and its 
catalytic activity. The strain Streptomyces MIUG 13P reconfirmed its biosynthesis potential, 
producing its highest yield after 10 days of submerged fermentation in the basal medium B 
(Figure 1).Subsequently, a comparative study of transglutaminase synthesis in the four 
fermentation media showed that the most effective one was the B variant, and the strain 
Streptomyces MIUG 13P was shown to produce the highest yield of enzyme biosynthesis.  

 
 

Figure 1. Variability in the transglutaminase potential of the Streptomyces sp. based on the qualitative variation 
of the carbon and nitrogen sources. Medium A - C source: glucose; N source: peptone; Medium B - C sources: 
glucose, potato starch; N source: peptone; Medium C - C source: glycerol; N sources:  (NH4)2SO4 , urea 

 
In addition a real comparison between media A, B and C and the medium D was not 

possible, because the latter did not allow for growth of the Streptomyces sp. strains, or the 
values were so small as to be insignificant.  

Identification of the optimal medium composition based on response surface 
methodology 

The effect of two independent variables (glucose concentration and peptone 
concentration) on the transglutaminase synthesis yield was evaluated using response surface 
methodology (RSM). RSM is useful for the modeling and analysis of problems in which a 
response of interest is influenced by several variables, and the objective is to optimize the 
response.  

The central composite design (CCD) is the standard RSM form, and allows one to 
estimate the second degree polynomial of the relationships between the independent variables 
and the dependant variable, giving information about the interactions between the variables in 
relation to the dependant variable [7,8].  

In this experiment the strain Streptomyces MIUG 13P was used as the producer, 
because in the previous experiments this strain was the best transglutaminase producer. 
Starting from a basal medium composition, proven to be the best for transglutaminase 
synthesis, 9 different fermentation media were prepared via the + and – variation of the 
independent variables chosen. The basal fermentative medium contained (g%): glucose 2, 
peptone 2, soybean power 2, potato starch 2, KH2PO4 0.2, MgSO4 7H2O 0.2, pH=7.0. 

The coded values of the test variables, namely peptone concentration (A) and glucose 
concentration (B), both in g% and the predicted and experimental (actual) results for MTGaze 
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activity expressed as UA per mL crude extract, are presented in Table 2. The results of the 
regression analysis of the central composite design are shown in Table 3.  
Table 2 . Experimental designs used in RSM studies by using two independent variables with observed and 

predicted values of tranglutaminase production 

Run  A B Mean observed 
response (UA ml−1) 

Predicted 
response (UA ml−1) 

1 0 -1.41 0.008 0.064 
2 -1 1 0.055 0.067 
3 0 0 0.2 0.133 
4 0 0 0.1 0.133 
5 -1 -1 0.19 0.12 
6 0 0 0.1 0.133 
7 1.41 0 0.52 0.48 
8 1 -1 0.3 0.288 
9 1 1 0.23 0.298 

10 -1.41 0 0.16 0.199 
11 0 1.41 0.09 0.033 

 
Table 3 .  Analysis of variance (ANOVA) for the all terms of the model 

  Sum of   Mean F p-value   
Source Squares df Square Value Prob > F   
Model 0.173619031 5 0.034724 6.723245 0.0283 significant 
 A-Peptone 0.078827703 1 0.078828 15.26267 0.0113  
 B-Glucose 0.000990893 1 0.000991 0.191857 0.6797  
 AB 0.00105625 1 0.001056 0.204512 0.6700  
 A2 0.060079414 1 0.060079 11.63261 0.0190  
 B2 0.01013012 1 0.01013 1.9614 0.2203  
Residual 0.025823696 5 0.005165    
Lack of Fit 0.01915703 3 0.006386 1.915703 0.3611 not  significant 
Pure Error 0.006666667 2 0.003333    
Cor Total 0.199442727 10         

 
 Contour plot of  MTGaze activity (UA  mL−1)  based on effect of peptone and glucose 

is shown in Figure 1 .The Model F-value of 6.72 implies the model is significant.  There is 
only a 2.83% chance that a "Model F-Value" this large could occur due to noise. Values of 
"Prob > F" less than 0.0500 indicate model terms are significant.  In this case A, A2 are 
significant model terms. 
 

 
Figure 2. Response surface curve and contour plot of 

tranglutaminase production from Streptomyces MIUG 13P strain showing interactions between (A) 
peptone and (B) glucose after 7 day of submerged cultivation 
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ANOVA results confirmed a satisfactory adjustment of the simplified quadratic model 
to the experimental data. It should be considered that the polynomial model is a reasonable 
approximation of the true functional relationship on a relatively small region of the entire 
space of the independent variables. The parity plot showed a satisfactory correlation between 
the experimental and predictive values (Figure 3), wherein, the points clustered around the 
diagonal line which indicates the good fit of the model. 

 
Figure 3.  Parity plot showing the distribution of experimental vs. predicted values of protease production 

 
The response data were analyzed by default. Some raw data could not be fitted and 

required transformation of the data. This transformation applied a mathematical function to all 
the response data in order to meet the assumptions that made the ANOVA valid. Therefore, a 
power function was applied to these responses. In the next step, the effects of all the model 
terms were calculated, and the statistical parameters such as the F-values, lack of fit and R2-
values used to compare the models. In consequence, a quadratic model was selected. The 
model terms in the equations were calculated after eliminating some insignificant variables 
and their interactions, which have the lowest F-values. The ANOVA results for all the 
responses are summarized in Table 4. 

 

Table 4 . Summary f the analysis of variance result for the response models 
 

 Response 
Std. Dev. 0.072 
Mean 0.18 
C.V.% 40.48 
PRESS 0.15 
R-Squared 0.8705 
Adj R-Squared 0.7410 
Pred R-Squared 0.2417 
Adeq Precision 8.424 

 
The model adequacy was tested by way of lack-of-fit F-tests. Lack of fit compares the 

residual error with the pure error. Lack of fit is not desirable, so a small F value and probability 
greater than 0.1 are desired. If a model shows lack of fit, it should not be used to predict the 
response. As indicated in Table 3, the lack-of-fit of the model had a probability greater than 0.1, 
and the model was highly significant with very low probability values (<0.0001).  

The R2-value (0.8705) provided a measure of how much variability in the observed 
response value could be explained by the experimental variables and their interactions. The 
closer the R2-value is to 1, the better the model predicts the response. The low values obtained 
for the coefficient of variation indicated the good precision and reliability of the experiments. 
In addition, the predicted sum of squares (PRESS) is a measure of how a particular model fits 
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each point in the design. Values for “Prob. > F” below 0.05 indicate that the model terms are 
significant, whereas values greater than 0.10 indicate the model terms are not significant.  

The value obtained for the regression coefficients, indicated that the glucose and 
peptone concentrations were important for MTGaze production and that there was a third 
independent variable that greatly influenced the transglutaminase biosynthesis yield.   

The optimum conditions for enzyme production were proposed to be 1.5 % peptone 
and 1.5 % glucose in the composition of the basal medium. The maximum MTGaze activity 
of 0.426.UAmL−1 was predicted by the model. The suggested medium composition was 
repeated twice. The validation experiment showed that the experimentally determined 
production values were in close agreement with the statistically predicted ones, confirming 
the model’s authenticity.  
 
Conclusion 

 
The application of statistical design for screening and optimization of culture 

conditions allows quick identification of the important factors and interactions between them. 
The essential step in the use of statistical experimental design methods is to select the suitable 
ranges of the selected control factors in the initial experiments. 

In the present study, glucose and peptone were identified as being the components of 
the fermentative media that most influenced enhancement of MTGaze biosynthesis by polar 
streptomycetes strains, and their optimal concentrations were obtained by response surface 
methodology. The production of MTGaze increased of 2.0 fold under the optimum 
conditions, as compared to the control sample. 

It was evident that the systematic methods had the advantage of identifying the most 
significant medium composition and identifying their optimal levels, and was thus useful in 
directing the fermentation towards the accumulation of enzyme when using polar 
streptomyces strains. 

Future studies aim to prepare a pure enzyme and to engage in genetic engineering 
methods in order to obtain a high performance Streptomyces polar strains. 
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