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Abstract

Media variations including eight variables were optimized for improvement of exotoxin production by Pseudomonas aeruginosa, using the statistical
design Taguchi system. Eighteen experimental trials with final layout of L 18 (12 x 7°) were used. The bacterial toxin production varied significantly
among media within range of 1.0-31.0 ug ml-'. This indicated the validity of optimization design in bioprocesses. The statistical design showed little
variations between the actual experimental values and the Taguchi software predicted values. The (ANOVA) analysis implies “P-value” of 10.4 which
revealed that the design model is significant. The F-value (less than 0.05) revealed that temperature, agitation and interaction between incubation
period and beef extract are the most significant model terms. The regression values of the classical sum of squares indicated that predicted-R? (0.6208)
and the adjusted-R? (0.8341) were in reasonable agreement which indicates the accuracy of experimentation. The predicted optimum medium from
the Taguchi software database was beef extract 4 g1, NaCl 7 g 1! and peptone 3 g 1!, incubation period 36 h, pH 6.5, temperature 27°C, inoculum size

3% and agitation 150 rpm.
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Introduction

The pathogenic bacterium Pseudomonas aeruginosa has the
ability to cause severe acute and chronic infections in humans.
P. aeruginosa exotoxin (PE) is the most toxic virulence factor
of this bacterium. It has ADP-ribosylation activity and affects
the protein synthesis of the host cells. Interestingly, a medicinal
benefit from this exotoxin has also been ascertained in recent
years and several P. aeruginosa exotoxin-based immunotoxins
have been constructed and tested for preclinical and clinical trials
against different cancers !. Constructions of immunotoxins
against cancers are designed whereby the enzymatic active
domain of PE is specifically targeted to tumor-associated
antigens >3, The toxin PE has been shown to be lethal for mice 4,
and to be capable of eliciting hypotensive shock in cats and dogs’.
Furthermore, it has been shown that the toxin inhibits uridine and
amino acid uptake by tissue culture cells, so it inhibits protein
synthesis ¢.

PE is a potent toxin which inhibits protein synthesis in
eukaryotic cells by catalyzing ADP ribosylation of elongation
factor 2 7-8. PE consists of three distinct domains which carry
different functions. Domain I is the cell recognition domain
which enables the toxin to bind to the cell receptor. Domain II
facilitates the translocation of the toxin across the membrane
of target cells into cytosol *, and is important for expression
and secretion from E. coli °. Domain III possesses the catalytic
site for ADP ribosylation '°. Strategies such as altering route of
delivery, changing the dose, eliminating supporting or synergizing
molecules and modifying structure of the molecule may convert
a dangerous toxin into valuable therapeutic drug *.

Optimization studies, involving the one-factor at a time
approach, tend to overlook the effect of interaction among
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factors and might lead to misinterpretations of results. In
contrast, statistical methodologies are generally preferred due
to their advantages in minimizing the error in determining the
effect of parameters in an economical manner ''"*. In any
bioprocess, the improvement in productivity of any metabolite,
such as enzymes, toxins and hormones, would be achieved
through manipulation of nutritional and physical parameters '.
Statistical experimental design minimizes the error in determining
the effect of parameters and allows more simultaneous, systematic
and efficient variation of all parameters than the classical
method 58,

The objective of this work was to optimize the cultural
conditions for production of P. aeruginosa exotoxin in enough
quantities for further molecular and antitumor studies using
statistical Taguchi design.

Materials and Methods
Microorganism and culture conditions: Pseudomonas
aeruginosa (TMNO1) was kindly supplied by Prof. Dr. Tarek A.
A. Moussa, Botany Department, Faculty of Science, Cairo
University. The organism was maintained on nutrient agar at 4°C
till use.

Experimental Taguich design: Experimental Taguchi design !° was
applied. It includes establishment of large number of variables
described as orthogonal arrays to reduce experimental errors and
to enhance their efficiency and reproducibility in laboratory
experiments. Eight variables [(A), incubation period, (B) beef
extract, (C) NaCl, (D) pH, (E) temperature, (F) inoculum size, (G)
agitation rate and (H) peptone] were studied (Table 1).
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Table 1. Cultural variables and assigned levels.

Code Variable Level 1 Level2 Level3
(A) Incubation period (h) 24 36 -
(B) Beef extract (gl™) 1.5 2 4
(©) NaCl (gl™) 3 5 7
D) pH 5.5 6.5 8
(E) Temperature (°C) 27 37 40
(F) Inoculum size (%) 1 3 6
(G) Agitation rate (rpm) Static 100 150
(H) Peptone (gl) 3 5 7

The size of experimentation was represented by the symbolic
arrays L . which indicated 18 experimental trails. Seven factors
have been assigned with three levels (7°) except (A) incubation
period with 2 levels (1°) with final layout of L, (1> x 7°) as shown
in Table 2.

Table 2. L18 (17 x 7°) orthogonal array of the
designed experiment.

Variable levels

<
)
=
)

@ B © O & & G M)
1 11 1 1 1 1 1 1
2 112 2 2 2 2 2
3 11 3 3 3 3 3 3
4 12 1 1 2 2 3 3
5 12 2 2 3 3 1 1
6 12 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 13 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
10 2 1 3 3 3 2 2 1
11 2 1 1 1 1 3 3 2
12 2 1 2 2 2 1 1 3
13 2 2 1 2 3 1 3 2
14 2 2 2 3 1 2 1 3
15 2 2 3 1 2 3 2 1
16 2 3 1 3 2 3 1 2
17 2 3 2 1 3 1 2 3
18 2 3 3 2 1 2 3 1

Subsequently, eighteen media were designed and assayed for
the exotoxin production by P. aeruginosa. The compositions of
those media are included in Table 3.

Table 3. Designed eighteen media composition by
L18 (1% x 7°) layout.
Meda (A) B ©) ® & & ©G &

1 24 15 3 55 27 1 Static 3
2 24 15 5 65 37 3 100 5
3 24 15 7 8 40 6 150 7
4 24 2 3 55 37 3 150 7
5 24 2 5 65 40 6 Static 3
6 24 2 5 8 27 1 100 5
7 24 4 365 27 6 100 7
8 24 4 5 8 37 1 150 3
9 24 4 7 55 40 3 Static 5
10 36 15 7 8 40 3 100 3
11 36 15 3 55 27 6 150 5
12 36 15 5 65 37 1 Static 7
13 36 2 365 40 1 150 5
14 36 2 5 8 27 3  Static 7
15 36 2 7 55 37 6 100 3
16 36 4 3 8 37 6 Static 5
17 36 4 5 55 40 1 100 7
18 36 4 7 65 27 3 150 3

Extraction and determination of exotoxin protein: Exotoxin
protein from P. aeruginosa extracted by inoculating 2.5 litre of the
best medium out of 18 media with 2.5 ml of the broth culture and
incubated at 37°C for 18 to 24 h. After incubation, the culture was
centrifuged at 16,000 xg for 30 min. The supernatant liquid was
passed through a prewashed 0.45 pm membrane filter and stored
at -20°C till used %. Protein concentrations were determined by
Lowry et al. 2, using egg albumin as standard.

Cytotoxicity assay: The mice morbidity bioassay » was used to
measure toxicity of PE after growing P. aeruginosa on the
optimized medium. Crude PE sample (0.2 ml) was filter sterilized,
and serially diluted in phosphate buffer saline (PBs) to give 15, 30,
45 and 60 pg ml!. The PE dilutions were injected intravenously
into female Swiss white mice weighing 20 g (three mice per dilution).
Successive injection repeated for 3 days. Lethality and toxicity
symptoms were recorded allover 1,2, 3,4 and 5 days post-injection.

Results and Discussion

The combination of standard experimental design technique and
statistical analysis in the Taguchi approach produces consistency
and reproducibility rarely found in any other statistical methods
22

From the design, it was found that the actual values of the
produced exotoxin protein revealed high variation among the
different 18 media ranging 1.0-31.0 pg ml"'. This indicated the
importance of cultural optimization in toxin production from P.
aeruginosa (Table 4). The optimization diagnostic case statistics
for exotoxin production by P. aeruginosa indicated little variation
between Taguchi software predicted values and the actual
experimental values in 14 culture media (Table 4). However,
Student’s t-value indicated that the difference between the
predicted and actual values of exotoxin exceeded limits in four
media which were 1, 3, 6 and 18 with t-value higher than four.

Table 4. Diagnostic case statistics for exotoxin
production by P. aeruginosa.

. Actual value Predicted value  Student’s

Medi: -1 -1

(ngml™) (pgml ™) t-value
1 4.0 8.38 *4.62
2 15.0 12.09 291
3 1.5 6.02 *-4.52
4 4.0 0.30 3.7
5 15.0 14.51 0.49
6 15.0 19.19 *-4.19
7 22.0 22.61 -0.61
8 2.5 3.72 -1.22
9 15.0 17.93 -2.93
10 30.0 31.46 -1.46
11 15.0 13.54 1.46
12 1.5 0.19 1.31
13 5.0 2.55 2.45
14 2.5 6.26 -3.76
15 1.5 3.12 -1.62
16 22.0 19.65 2.35
17 1.0 1.73 -0.73
18 31.0 26.24 *4.76
*Exceed limit.

From “ANOVA” analysis (Table 5) the “F-value” of 10.4 implies
that the source model in Taguchi experimental design is significant.
On the other hand, P-value of less than 0.05 indicated that the
model variables are significant. In this case, (E) temperature, (G)
agitation and (AB) interaction between incubation period and
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Table 5. ANOVA analysis of variance for selected factorial model.

ANOVA Sum of squares fr?:(ig;: (Odfﬂ Mean square  F-value p-value
Source model (significant) 1545.96 9 171.77 10.49  0.0015
A-incubation period 28.81 1 28.81 1.76 0.2212
B-beef extract 91.39 2 45.69 2.79 0.1203
E-temperature 184.08 2 92.04 5.62 0.0299
G-agitation 657.17 2 328.59 20.08  0.0008
AB 279.64 2 139.82 8.54 0.0103

beef extract are the most significant model variables, in exotoxin
production by P. aeruginosa.

The regression analysis reveled that the observed model error
was very low which indicated the accuracy of experimentation
(Table 6) with standard deviation equal 4.05 and regression square
(R? of 0.9219. The predicted R-square (0.6208) was found to
be in reasonable agreement with the adjusted R- square (0.8341).
The adequate precision (10.370) indicated that an adequate signal,
as a value greater than 4 is desirable in the Taguchi system.

Table 6. The regression analysis values.

Std. Dev 4.05 R-Square 0.9219
Mean 11.64 Adj R-Square 0.8341
C.V. (%) 34.76 Pred R-Square 0.6208
Precission 63.84 Adeq Precision 10.370

The estimate model coefficient and their associated statistics
were reported in (Table 7). Low levels of variables (A) incubation
period, (B) beef extract, and ( E) temperature are desirable (with
-ve sign), while high level of (G) agitation rate and (AB) was
suitable (with +ve sign) for PE production. The final yield of
exotoxin in terms of coded factors is:

Table 7. The coefficient estimate with standard error.

Coefficient estimate  Standard error  95% CI low
Intercept 11.01 1.00 8.70
[A] -0.63 0.99 -2.90
B[1] 3.30 -0.027 6.82
B[2] -3.83 -7.03 -0.65
E[1] 0.32 -2.87 3.51
E[2] -4.27 -7.69 -0.85
G[1] -0.77 -4.19 2.65
G[2] 7.53 4.46 10.60
ABJ1] 6.20 1.51 2.73
ABJ2] -3.54 1.37 6.70

Protein yield (Y) =+ 11.01 - 0.63 A + 3.3 B[1] - 3.83 B[2] + 0.32 E[1] -
4.27 E[2] - 0.77 G[1] + 7.53 G[2] + 6.20 AB[1] - 3.34 ABJ[2]

The optimized medium for exotoxin production from P.
aeruginosa by the Expert® software in Taguchi system is as
follows: (A) incubation period, 36 h; (B) beef extract, 4 g1; (C)
NaCl, 7 gI'; (D) pH, 6.5; (E) temperature 27°C; (F) inoculum size
3.0%; (G) agitation rate, 150 rpm and (H) peptone, 3 g 1'%

Many statistical experimental design methods have been
employed in optimization bioprocesses > !> 23, These methods
have been successfully applied to optimize different process
parameters 2+, These designs minimize the error in determining
the effect of parameters than the classic time-by-time
optimization experiments 8. Heir ez al. *° studied the importance
of recipe and process variables on verotoxigenic E. coli (VTEC)
reductions in two types of dry fermented sausages through three
satisfactory designed experiments. Linear regression and
ANOVA analysis showed that no single variable had a dominant
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effect on VTEC reduction. High levels of NaCl, NaN O3 and glucose,
low pH and fermentation temperature reduced VTEC production,
while high fat and large casing diameter gave the opposite effect.

The cytotoxicity assay of mice (Table 8) indicated that 15 pg ml
Yof P. aeruginosa exotoxin exerted no effect and no symptoms on
experimental mice. Less active mice were detected after 4 days of
post injection with 30 ug ml™'. A typical exotoxin poisoning (crusted
eyes and ruffled fur) was induced in mice after 5, 3 and 2 days of
post injection with 30, 45 and 60 pg ml, respectively. Mice death
was observed after 4 and 5 days of post-injection with 45 and 60
pg ml, respectively. These results indicated that the quantity of
exotoxin in crude culture filtrate is sufficient to elicite severe signs
of morbidity shortly after injection. Pavlovskis and Gordon ©
described a number of cytotoxic effects of crude exotoxin
preparations from P. aeruginosa. They claimed that the exotoxin
may be a single component or a family of closely related proteins
in the crude preparations. PE is the virulence factor in P.
aeruginosa”. Studies on mice have identified median lethal dose
of PE as being about 200 ng *.

Table 8. Cytotoxicity assay of crude exotoxin extracted from
P. aeruginosa grown on optimized medium.

Post Exotoxin protein concentration (ug ml™)

S Control

1n]e.ct10n mice

period (0.0) 15 30 45 60
(day) i

1 Active  Active Active Active Active

2 Active  Active Active Less active  Not active’
3 Active  Active Active  No activity” Death

4 Active  Active Less active Death -

5 Active  Active No activity” -- --

*No activity (crusted eyes and ruffled fur).

Conclusions
The results indicated that the quantity of exotoxin in crude culture
filtrate is sufficient to elicite severe signs of morbidity shortly
after injection. Mice death was observed after 4 and 5 days of
post-injection with 45 and 60 ug ml!, respectively.
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