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Abstract

Background: Botulinum toxin, the most potent biological toxin, has become a powerful therapeutic tool for a
growing number of clinical applications. Molecular studies have identified a family of synaptic vesicle-associated
membrane proteins (VAMPs, also known as synaptobrevins) which have been implicated in synaptic vesicle docking
and fusion with plasma membrane proteins.

Materials and Methods: Using the synaptobrevin as a substrate for in vitro assay is the method to detect BoONT
activity. We have been working on optimizations of bacterial expression conditions and media for high-level
production of synaptobrevin peptide. Statistics-based experimental design was used to investigate the effect of
medium components (E. coli strain, peptone, IPTG, yeast extract, ampicillin, and temperature) on synaptobrevin
production by E. coli.

Results: A 24 fractional factorial design with center points revealed that IPTG and temperature were the most
significant factors, whereas the other factors were not important within the levels tested. This purpose was followed

by a central composite design to develop a response surface for medium optimization. The optimum medium
composition for synaptobrevin production was found to be: IPTG 29 mM, peptone 10 g/L, yeast extract 5 g/L,
temperature 23°C and ampicillin 100 mg/L. This medium was projected to produce, theoretically, 115 mg/L
synaptobrevin.

Conclusion: The optimum medium composition synaptobrevin production was found to be: BL21 (E.coli strain), LB
medium (peptone 10 g/L, Yeast 5 g/L), Ampicillin (100 mg/L), IPTG (0.29 mg/L) and temperature (23°C).
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Introduction neurotoxin belonging to the same family, which cause

) ) ) tetani and botulism respectively (1). These have been
Tetanus toxin and botulinum neurotoxins are
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successfully used as a therapy to treat disorders
caused by abnormal muscular contractions such as
strabismus, cerebral palsy, anal contractions and
torticollis. Recently these toxins have been used even
in cosmetics against wrinkles (2, 3).

Several laboratory assays for the detection of
BoNTs and tetanus toxin have been developed. The
currently used in vivo mouse bioassay is the
standard method to detect BoNT activity, and the
only assay approved by the FDA(4). In this assay,
mice are injected intraperitoneally or intravenously
with toxin or and observed for signs of toxicity and
death (5).

An alternative in vitro assays include
endopeptidase assays(6) can be used to quantitate
BoNT’s and tetanus toxin in vitro and in foods and
clinical samples (6). Reliably detection of BoNT and
tetanus toxin can be achieved by Western blot assay
of the cleaved synaptobrevin as a target protein(6-8).
The synaptobrevin peptide is intended for
development of cell-free assays to test inhibitors of
BoNT catalytic activity by monitoring reductions in
the cleavage of the synaptobrevin fragment by
BoNT/B(9).

The production of high-yield recombinant
proteins from Escherichia coli is highly desirable for
biotechnological process and industrial settings. In
order to gain maximum efficiency, a number of
central elements are essential in the design of
recombinant expression systems (10) such as strain
development, medium optimization, bioprocess
optimization, and mathematical modeling have been
widely used. Concentrations of produced protein and
growth of cells are strongly influenced by medium
composition such as the carbon, nitrogen source and
IPTG concentration (11-15). The traditional method
of optimization involves varying one factor at a time,
while keeping the others constant. This method is
simple and easy to implement with no need for
statistical analysis; although, it may require a
relatively

large number of experiments and

frequently fails to anticipate the optimal
condition(16). This important shortcoming is due to
the inability of the approach to consider the effect of
possible interactions between factors. The deficiency
can be overcome by applying more efficient,

statistically based experimental design (16, 17). For
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this purpose, factorial design and response surface
analysis are important tools to determine the optimal
process conditions. Experimental designs for
optimization have been used in many areas of
biotechnology such as optimization of a culture
medium (18-21), enzyme production (22-24), ethanol
production and biomass production (18, 25-27).

Previous studies has indicated that the most
important aspects of the process parameter is medium
composition, where the concentration of carbon and
nitrogen sources play a major role(28, 29). Therefore
an investigation was performed to statistically
optimize the medium components for the production
of the recombinant synaptobrevin from E. coli strains.
Response surface methodology (RSM) is the most
widely wused statistical technique for medium
optimization. Response surface experiments identify
the response of a system as a function of explanatory
variables. RSM is most often used to determine the
optimum response for the specific range of variable
conditions. The interaction among the possible
influencing parameters can be evaluated with limited
number of experiments(30, 31).

The aim of this work was to define of five
factors that will be affected a basal culture medium.
The selected proportions of these factors are expected
to maximize the quantity of active secreting cells, the
productivity and the quality of the produced peptide.

The optimization of IPTG, yeast, peptone,
ampicillin concentration and temperature of induction
and also selection of E.coli strain for high
synaptobrevin production by recombinant E. coli were
carried out using the statistical optimization method.
Experimental  design response  surface
methodology (30, 32, 33) was used in the present
study to enhance

using

synaptobrevin production by

optimizing the induction and culture medium

conditions.

Methods

Plasmid and expression system. E. coli strains
(BL21 and Rosetta) were used as the hosts. The
synaptobrevin gene was cloned into the expression
vector pET-15b under the control of Lac promoter.
Synaptobrevin was expressed as intracellular protein
from plasmid PET-15b by IPTG induction under the
control of the strong promoter.
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Medium Composition. Two types of medium
have been used throughout this study, a minimal
medium (LB) and the enriched medium (SB) for
recombinant protein production.

Overexpression. E. coli cells were
transformed with appropriate plasmids and grown
overnight at 37°C on Luria-Bertani (LB) agar plates
containing 100 mg ampicillin/ml. The overnight
colonies were transferred to a shake flask containing
LB broth with 100 mg ampicillin/ml and were grown
at 37°C for the required time interval. Fermentation
was carried out in a 1L flask with 100 ml working
volume of LB medium with 100 mg/ml ampicillin.
The pH of the media was maintained at 7.0. The
culture was induced with different concentrations of
IPTG when the concentration of exponentially
growing cells was equivalent to an optical density
(0.D) at 550 nm between 0.4 and 0.70.

Experimental Design and Data Analysis. A
two-step experimental design was used in developing
a model for optimal synaptobrevin production in this
study. The predictor variables were coded according
to the following equation:

Xi=(Xi-Xi,0)/AXi (1)

Where Xi is the coded value of an independent
variable, Xi is the independent variable’s real value,
Xi,0 is the independent variable’s real value at the
center point, and AXi is the step change value. The
synaptobrevin concentration was taken as the
dependent variable or response.

Fractional Factorial Designs. At first,
Fractional factorial design (FFD) carried out to
identify medium ingredients that had a significant
effect on the synaptobrevin production. The major
advantage of using a factorial design is the obtaining
of maximum information with reduced number of
experiments that need be performed. At the end, the
factorial design allows the effect of a given factor to
be determined at several levels of the other factors,
so, the conclusions are valid over a range of
experimental conditions (34). The most important
class of the factorial design is to investigate ‘‘k’’
factors, each at only two levels and requires 2k
experiments.

Because, the main effects and lower-order
most

interactions are usually the significant

terms(35), determining these effects by conducting a
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fractional factorial design without loss of any
important information is possible. In this study, a
fractional factorial design with 24 experimental runs
was performed. In this case, the first-order model was
fitted to the data from the FFD experiments.

Central Composite Design. A Box-Wilson
experimental design (36) with five coded levels was
performed to describe the behavior of the response in
the optimum region,. To provision a central composite
design (CCD) for the two remaining factors, a full 22
factorial design was combined with 6 replications of
the center points and 5 axial points the two factors are
at their center point levels. In order to prediction of
optima, quadratic model was fitted to experimental
results.

Data Analysis. The statistical analysis of the
results was performed with the accessory of Design
Expert version 7.0.1 statistical software (Stat- Ease
Inc., Minneapolis, MN). The qualities of the fitted
polynomial models were examined by the coefficient
of determination R2. The synaptobrevin concentration
was analyzed using the analysis of variance (ANOVA)
combined with the F-test to evaluate if a given term
had a significant effect (p<0.05). The location of the
optimum was determined by solving the set of
equations derived by the differentiation of the final
quadratic model.

Results

Fractional Factorial Design. The aim of the
first optimization step was to identify the factors and
the components of the medium that have a significant
effect on synaptobrevin production. Five factor were
assessed. The range and the levels of the variables are
given in Table L.

A full factorial design would need 32
experiments, which is a high number. Consequently, a
24 fractional factorial design consisting of 18 factorial
runs along with 6 other experiments at the center of
the design for analysis of variance was performed. The
experimental design and the results of the FFD are
Table II. The synaptobrevin
concentrations shown are maximum values observed
during each growth period. Based on these

summarized in

experimental values, statistical testing was carried out
using Fisher’s statistical test. The model F-value of
6.06 implies that the model is significant. Also, P-
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values less than 0.05 indicate model terms that are
significant at the probability level of 95%. The P-
value of 0.0001 for IPTG shows that it has a very
significant  positive synaptobrevin
production. The low temperature allowed the strain
to produce a higher level of synaptobrevin.

effect on

According to the analysis of variance procedure, the
combination of low temperature and IPTG effects
accounted for nearly 91% of the variability in the
synaptobrevin ~ production, = whereas ampicillin,
E.coli strain and medium (yeast extract and peptone)
did not significantly influence
production within the levels tested.

A first-order model was fitted to the data
acquired from the fractional design
experiments in order to obtain optima. The values of
the regression coefficients were calculated and the
following equation was derived using the coefficients
of the coded variables:
Y=14554+2122,,-3892,,-8133,3-78591x3127 18053~
25135154 2

The Analysis of variance for FFD refined
model is summarized in Table III. The curvature F-
value of 12.51 indicates that model curvature is not

synaptobrevin

factorial

significant throughout the design space, and there is
0.01% chance that a curvature F-value this could
occur due to noise. Furthermore, the lack of fit value
of 6.06 shows this source of variation is not
significant relative to pure error. The assumption of
normal error distribution was confirmed by a normal
probability plot of the studentized residuals for the
model.
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Central Composite Design. To explain the
nature of the response surface in the optimum region, a
central composite design was performed, and the
levels of the two significant variables, IPTG (X2) and
temperature (X3) were optimized. For the two factors,
this design comprised a full 22 factorial design with its
4 cubic points, augmented with 5 replications of the
center points, and the 4 axial points. The level of the
three non-significant factors (Medium, E.coli strain
and ampicillin) was kept at the central point of the
FFD (LB medium and BL21 strain selected). The
range of the variables were investigated in this step are
given in Table IV; the experimental design and the
results are presented in Table V.

The experimental results of the CCD were fitted
with a second-order polynomial expression. The
values of regression coefficients were calculated and
the fitted equation (in the terms of coded values) for
predicting synaptobrevin production was:
Y=3.67-0.98,,-2.05,3-1.98,15310.69,7,3 3)

The experimental results of the CCD were fitted
with a second-order polynomial expression. The
model P-value of 0.0001 implies that the model is
significantly fit. The goodness of fit was expressed by
the coefficient of determination R2, which was
calculated to be 0.90, indicating nearly 90% of the
variability in the response could be explained by the
model. Furthermore, the final quadratic model had
R2Adj equal to 0.90 in comparison to 0.88 calculated
for the full quadratic model. This supports the
hypothesis that the model is sufficient to describe the

Table 1: Applied levels of independents variables in the FFD.

Applied levels
Variable component (Low) g/L, °C, Type (High) g/L, °C, Type
X1 E.coli strain Rosetta BL21
X2 IPTG 0.05 mM 0.1 mM
X3 Temperature 15°C 37°C
X4 Medium Yeast: 5 g/L Yeast: 20 g/L
Peptone: 10 g/L Peptone: 32g/L
X5 Antibiotic 10 mg/L 250 mg/L
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Figure 1. Response surface of synaptobrevin concentration.

response of the experimental observations pertaining
to synaptobrevin production. The analysis of
variance showed that the model F-value of 12.36 is
significant and there is only 0.01% likelihood that
this large model F-value could occur by chance.
Also, the lack of fit value of 0.16 implies that the
lack of fit is not significant relative to the pure error.

The response surfaces shown in Figure 1 were
based on the final model, varying the two factors
within their experimental range. Figure 1a illustrates
the response surface for the optimum level of IPTG
and temperature. The minimum response (40 mg/L)
occurs when IPTG were 0.09 and 0.5 mg/L,
temperature were 15 and 30 ° C. At the 23°C of (88
mg/L) the response indicates a maximum nearly at
the middle of peptone level. Also, at different levels
of IPTG the response varies noticeably along the axis
suggest
considerable interaction between the two factors.

At the optimum level of IPTG (Fig.1),
maximum response (115 mg/L) was seen with a high
level of temperature. Analysis of response at the
different levels of the factors revealed that there is a

representing  temperature axis. These

significant interaction between interaction IPTG and
temperature. Also, the minimum value of the
response (40 mg/L) is located at the lowest and
highest level of IPTG and temperature.

Discussion

The classical method of medium optimization
based on changing one parameter at a time while
keeping the others at fixed levels is laborious and
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Table 2: Experimental design and the result of FFD.

Applied levels

Expression

mg/L

Run X1 X2 X3 X4 X5
1 BL2I 053 26 LB 125 51.39
2> Rosetta 0.53 26 LB 125 7.93
3 Rosetta 1 15 SB 10 55.97
4 Rosetta 0.53 26 LB 125 1.12
s Rosetta 053 26 SB 125 23.13
¢ BL21 1 37 SB 10 25.15
7 Rosetta 0.05 15 LB 10 109.9
g Rosetta 1 37 SB 250 1.78
o BL21 1 15 SB 250 1333
10 Rosetta 053 26 SB 125 14.57
11 BL2I 053 26 SB 125 80.09
12 BL21 005 15 LB 250  30.05
13 BL21  0.05 15 SB 10 63.24
14 Rosetta 0.05 15 SB 250 92.7
15 Rosetta 0.05 37 SB 10  1.001
16 BL21 1 15 LB 10 21.7
17 Rosetta 0.05 37 LB 250 1.38
18 BL21 053 26 LB 125 6237
19 BL21 005 37 LB 10 16.69
20 BL21 053 26 SB 125 3Ll
21 Rosetta 1 37 LB 10 2.75
»  BL21 1 37 LB 125 2331
23 BL21  0.05 37 SB 250 57.62
24 Rosetta 1 15 LB 250 71.37

time consuming. This method requires a complete
series of experiments for every factor of interest.
Moreover, such a method does not provide means of
observing possible factor interactions. In contrast,
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Table 3: Analysis of variance for FFD refined model.
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Source of SSi df MSi F P>F
variation
Model 161.91 5 32.38 23.29 <0.0001
X1 4.60 1 4.60 3.31 0.0905
X2 15.45 1 15.45 11.11 0.0049
X3 67.47 1 67.47 48.52 <0.0001
X1X3 62.99 1 62.99 45.30 <0.0001
X2X3 7.54 1 7.54 5.42 0.0354
Curvature 69.56 4 17.39 12.51 0.0002
Residuals 19.47 14 1.39
Lack of Fit 18.26 10 1.83 6.06 0.0487
Pure error 1.21 4 1.30
Total 250.94 23

Table 4: Frequency of Dermatomycoses among students in a school dormitory.

Applied levels
Independent Star-low Low Center High Star-high
variables
X2 0.01 0.09 0.29 5.0 0.58
X3 11.89 15 22.5 30 33.1

factorial experimental designs offer a number of
important advantages.

For instance, the researcher could easily
determine factor effects with considerably Iess
experimental effort, identify factors, find optima,
offer greater precision(37) and facilitate system
modeling (38).

In this report, a fractional experimental design
proved to be a valuable tool in optimizing the
medium for recombinant synaptobrevin production.
Fractional factorial design used as the first step was
efficient to screen which medium components among
the selected factors were significant. More
specifically, yeast extract, peptone, E.coli strain and
ampicillin concentration were proven to be not very
important parameters with regard to synaptobrevin
production, while IPTG and temperature were very

significant.

Finally, central composite design and response
surface analysis were useful to determine the optimum
levels of the components that significantly influence
the protein production. The optimum medium
composition for the production of synaptobrevin by
E.coli was established as follows: BL21 E.coli strain),
LB medium (peptone 10 g/L, Yeast 5 g/L), Ampicillin
(100 mg/L), IPTG (0.29 mg/L) and temperature
(23°C).

Conflicts of Interest

There is no conflict of interest

Acknowledgment

This research was supported financially by AJA

Archives of Medical Laboratory Sciences

12



Medium Optimization for Synaptobrevin Production Using Statistical Methods ...

of Medical
University of medical sciences (Grant # 16219).

University Sciences and Tehran

References

1. Blum FC, Chen C, Kroken AR, Barbieri JT. Tetanus toxin and
botulinum toxin a utilize unique mechanisms to enter neurons of the
central nervous system. Infection and immunity. 2012;80(5):1662-
9.

2. Truong DD, Stenner A, Reichel G. Current clinical applications
of  botulinum toxin.  Current design.
2009;15(31):3671-80.

3. Evidente VG, Adler CH. An update on the neurologic
applications of botulinum toxins. Current neurology and
neuroscience reports. 2010;10(5):338-44.

4. Adler S, Bicker G, Bigalke H, Bishop C, Blumel J, Dressler D, et
al. The current scientific and legal status of alternative methods to
the LD50 test for botulinum neurotoxin potency testing. The report
and recommendations of a ZEBET Expert Meeting. Alternatives to
laboratory animals : ATLA. 2010;38(4):315-30.

5. Sesardic D, Leung T, Gaines Das R. Role for standards in assays
of botulinum toxins: international collaborative study of three
preparations of botulinum type A toxin. Biologicals : journal of the
of  Biological

pharmaceutical

International ~ Association Standardization.
2003;31(4):265-76.

6. Wictome M, Newton KA, Jameson K, Dunnigan P, Clarke S,
Gaze J, etal. Development of in vitro assays for the detection of
botulinum toxins in foods. FEMS Immunology & Medical
Microbiology. 1999;24(3):319-23.

7. Lindstrom M, Korkeala H. Laboratory Diagnostics of Botulism.
Clinical Microbiology Reviews. 2006;19(2):298-314.

8. Sharma SK, Ferreira JL, Eblen BS, Whiting RC. Detection of
type A, B, E, and F Clostridium botulinum neurotoxins in foods by
using an amplified enzyme-linked immunosorbent assay with
digoxigenin-labeled antibodies. Applied and
microbiology. 2006;72(2):1231-8.

9. Pellett S, Tepp WH, Clancy CM, Borodic GE, Johnson EA. A
Neuronal Cell-based Botulinum Neurotoxin Assay for Highly
Sensitive and Specific Detection of Neutralizing Serum Antibodies.
FEBS letters. 2007;581(25):4803-8.

10. . "' INVALID CITATION !!!

11. Demain AL, Vaishnav P. Production of recombinant proteins

environmental

by microbes and higher organisms. Biotechnology advances.
2009;27(3):297-306.

12. Hannig G, Makrides SC. Strategies for optimizing heterologous
protein expression in Escherichia coli. Trends in biotechnology.
1998;16(2):54-60.

13. Puri S, Beg QK, Gupta R. Optimization of alkaline protease
production from Bacillus sp. by response surface methodology.
Current microbiology. 2002;44(4):286-90.

14. Salihu A, Alam MZ, AbdulKarim MI, Salleh HM.
Optimization of lipase production by< i> Candida cylindracea</i>
in palm oil mill effluent based medium using statistical
experimental design. Journal of Molecular Catalysis B: Enzymatic.
2011;69(1):66-73.

15. Serensen HP, Mortensen KK. Soluble expression of
recombinant proteins in the cytoplasm of Escherichia coli.

Vol 3, No 1, Winter 2017

Khalili et al.

Microbial cell factories. 2005;4(1):1.

16. Kalil S, Maugeri F, Rodrigues M. Response surface analysis and
simulation as a tool for bioprocess design and optimization. Process
Biochemistry. 2000;35(6):539-50.

17. Faravelli L. Response-surface approach for reliability analysis.
Journal of Engineering Mechanics. 1989;115(12):2763-81.

18. Li C, Bai J, Cai Z, Ouyang F. Optimization of a cultural medium
for bacteriocin production by Lactococcus lactis using response
surface methodology. Journal of Biotechnology. 2002;93(1):27-34.

19. Deepak V, Kalishwaralal K, Ramkumarpandian S, Babu SV,
Senthilkumar S, Sangiliyandi G. Optimization of media composition

for Nattokinase production by Bacillus subtilis using response surface
methodology. Bioresource Technology. 2008;99(17):8170-4.

20. Chu L, Robinson DK. Industrial choices for protein production
by large-scale cell culture. Current Opinion in Biotechnology.
2001;12(2):180-7.

21. Kammoun R, Naili B, Bejar S. Application of a statistical design

to the optimization of parameters and culture medium for a-amylase
production by Aspergillus oryzae CBS 819.72 grown on gruel (wheat
grinding by-product). Bioresource Technology. 2008;99(13):5602-9.
22. Beg QK, Sahai V, Gupta R. Statistical media optimization and
alkaline protease production from Bacillus mojavensis in a bioreactor.
Process Biochemistry. 2003;39(2):203-9.

23. Hajji M, Rebai A, Gharsallah N, Nasri M. Optimization of
alkaline protease production by Aspergillus clavatus ES1 in Mirabilis
jalapa tuber powder using statistical experimental design. Applied
microbiology and biotechnology. 2008;79(6):915-23.

24. Ismail A, Soultani S, Ghoul M. Optimization of the enzymatic
synthesis of butyl glucoside using response surface methodology.
Biotechnology progress. 1998;14(6):874-8.

25. Cui F,Li Y, Xu Z, XuH, SunK, Tao W. Optimization of the
medium composition for production of mycelial biomass and exo-
polymer by Grifola frondosa GF9801 using response surface
methodology. Bioresource Technology. 2006;97(10):1209-16.

26. Kim H, Lim J, Joo J, Kim S, Hwang H, Choi J, et al.
Optimization of submerged culture condition for the production of
mycelial biomass and exopolysaccharides by Agrocybe cylindracea.
Bioresource Technology. 2005;96(10):1175-82.

27. Ratnam B, Rao MN, Rao MD, Rao SS, Ayyanna C. Optimization
of fermentation conditions for the production of ethanol from sago
starch using response surface methodology. World Journal of
Microbiology and Biotechnology. 2003;19(5):523-6.

28. Singh S, Moholkar VS, Goyal
carboxymethylcellulase production from Bacillus amyloliquefaciens
SS35. 3 Biotech. 2014;4(4):411-24.

29. Sooch BS, Kauldhar BS. Influence of multiple bioprocess

A. Optimization of

parameters on production of lipase from Pseudomonas sp. BWS-5.
Brazilian Archives of Biology and Technology. 2013;56:711-21.

30. Bag D, Boyact TH. Modeling and optimization I: Usability of
response surface methodology. Journal of Food Engineering.
2007;78(3):836-45.

31. Bucher CG, Bourgund U. A fast and efficient response surface
approach for structural reliability problems. Structural safety.
1990;7(1):57-66.

32. Bezerra MA, Santelli RE, Oliveira EP, Villar LS, Escaleira LA.
Response surface methodology (RSM) as a tool for optimization in
analytical chemistry. Talanta. 2008;76(5):965-77.

13




Khalili et al.

33. Francis F, Sabu A, Nampoothiri KM, Ramachandran S, Ghosh
S, Szakacs G, et al. Use of response surface methodology for
optimizing process parameters for the production of a-amylase by

Aspergillus  oryzae.  Biochemical  Engineering  Journal.
2003;15(2):107-15.

34. Montgomery D, Design C. Analysis of Experiments. Wiley,
New York; 2001.

35. Mason VC, Keene AS, Cook JE, Cooper EM, Hartley RD.
Oven and stack ammoniation of grass hays. 1. Changes in chemical
composition in relation to digestibility in vitro and cell-wall

degradability. Animal Feed Technology.

1989;24(3):299-311.

Science and

14

Medium Optimization for Synaptobrevin Production Using Statistical Methods ...

36. Hill WJ, Hunter WG. A review of response surface methodology:
a literature survey. Technometrics. 1966;8(4):571-90.

37. Torstensen B, Lie @, Hamre K. A factorial experimental design
for investigation of effects of dietary lipid content and pro-and
antioxidants on lipid composition in Atlantic salmon (Salmo salar)
tissues and lipoproteins. Aquaculture Nutrition. 2001;7(4):265-76.
38. Desai KM, Survase SA, Saudagar PS, Lele S, Singhal RS.
Comparison of artificial neural network (ANN) and response surface
methodology (RSM) in fermentation media optimization: case study
of fermentative production of scleroglucan. Biochemical Engineering
Journal. 2008;41(3):266-73.

Archives of Medical Laboratory Sciences




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

