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AbstrAct 
Serratia marcescens is an opportunistic gram-negative enteric bacterium isolated from the respiratory and urinary 
tracts in humans. Among the secreted S. marcescens extracellular proteins, the P50 protein is produced in large 
amounts and plays an important role in the pathogenesis of this organism. To produce this protein, a fermentation 
process was studied. First, in a 23 factorial experimental design different culture supplement as tryptone, yeast ex-
tract and peptone, were studied. In 4 L bioreactors the influence of aeration rate and agitation speed over the P50 
production were studied in a 32 experimental design. Finally, the optimal growth conditions were established (28 °C, 
400 rpm and 0.5 vvm), at this scale, 9.0 ODu/mL, 62% level of P50 protein expression and 220 mg/L as the higher 
P50 volumetric production, were obtained.
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rEsUMEN 
Proceso de fermentación para la producción de la proteína P50 de serratia marcescens. Serratia marcescens 
es una enterobacteria gram-negativa oportunista aislada de las vías respiratorias y el tracto urinario en humanos. 
Entre las proteínas extracelulares segregadas de S. marcescens, esta la proteína P50 la que se produce en mayores 
cantidades y desempeña un papel importante en la patogénesis de este microorganismo. Para producir esta pro-
teína se ha estudiado un proceso de fermentación. En primer lugar, en un diseño experimental, factorial de 23, se 
estudiaron cultivos suplementados con triptona, extracto de levadura y peptona. En bioreactores de 4L se estudio 
la influencia de la aireación y la velocidad de agitación sobre la producción de la P50 en un diseño experimental 
32. Por último, se establecieron las condiciones óptimas de crecimiento (28 °C, 400 rpm y 0.5 vvm), a esta escala, 
se obtuvo el 9,0 ODu/mL, 62% de nivel de expresión de la proteína P50 y 220 mg/L como la mayor producción 
volumétrica de P50.
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Introduction 
Serratia marcescens is an opportunistic pathogen in 
immunocompromised hosts [1] and it is a source of 
nosocomial infections [2]. This Gram-negative ente-
ric bacterium is often isolated from respiratory and 
urinary tracts in humans. S. marcescens causes a wide 
spectrum of infections such as pneumonia, meningi-
tis, septicemia, urinary tract infection, endocarditis, 
conjunctivitis, and wound infection [2-4], but the vi-
rulence mechanisms of this organism are poorly un-
derstood.

S. marcescens secretes many known extracellular 
proteins, including chitinase, lecithinase, hemolysin, 
siderophore, lipase, protease, and nuclease [4, 5]. S. 
marcescens serralysin, is especially produced in the 
largest amounts from pathogenic clinical isolates be-
ing considered to play an important role in pathogene-
sis of this organism [6-8].

Purified serralysin has been used in in vitro and in 
vivo animal models [9], and its cytotoxic activity has 
been also evaluated in tumor cells [10-17]. The P50 
serralysin from S. marcescens has been also identi-
fied with similar above mentioned properties, as pre-
viously described [10]. To perform further preclinical 
studies, in this work we studied and established the 

fermentation process of a particular serralysin expres-
sed in S. marcescens.

Materials and methods

Microorganism 

The isolated Serratia marcescens strain CMIB4202 
[10] was used to prepare the master and working seed 
culture banks. The stocks were prepared as described 
[18], growing the cells at 30 ºC in tryptone soy broth 
and glycerol 15% (v/v).

Antibody
Polyclonal antibodies generated in sheep against the 
P50, were used for immunochemical analysis (wes-
tern blot).

Growth conditions 

Factorial design to establish P50 production 
conditions in bioreactors 
A 23 factorial experimental design [19] was used to 
point out the relationships existing between the P50 
protein production (Y1), as the variable response, and 
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the culture supplement as experimental factors. The 
levels of the three independent factors, tryptone (x1), 
yeast extract (x2) and peptone (x3) concentrations, 
which were required to obtain the optimum protein 
production were settled up as present (1) or not pre-
sent as (-1). The factorial analysis and the statistical 
test of variances (ANOVA) were performed with the 
Statgraphics software, v 5.1. All experiments were 
conducted in triplicate and carried out in bioreactors.

Influence of aeration rate and agitation speed 
to the growth conditions and P50 production
The influence of aeration rate in the production of 
P50 was studied in 4 L bioreactors (Biolafitte, Fran-
ce). Three aeration conditions (0.5, 1.0, 1.5 vvm) in 
combination with three different agitation speeds 
(150 rpm, 275 rpm, 400 rpm), were selected for this 
study. A 32 factorial experimental design was used 
for the design of experimental and the resultant data 
analysis.

The data analysis was performed according to the 
32 experimental design (two independent factors: ae-
ration rate and agitation speed, and three levels 0.5, 
1.0 and 1.5 vvm), taking into account the P50 produc-
tion and using the selected culture media from the 23 
experimental design performed in bioreactors.

Conditions for P50 protein production at 4 L 
scale
The Serratia marcescens strain CMIB4202 was 
grown in 400 mL of tryptone soy broth medium from 
Oxoid (Basingstoke, Hampshire, England) in shake 
flasks (New Brunswick Scientific Co., USA), at 28 ºC,  
250 rpm for 5 h, which were used to inoculate the 
bioreactors. The culture media in bioreactors was 
composed by the minimal growth medium (MM) [20]  
supplemented with 10 g tryptone/L, 10 g yeast ex-
tract/L and 10 g glycerol/L. The fermentation process 
was carried out in 4 L bioreactors at 28 ºC, 400 rpm, 
and 0.5 vvm aeration rates.

Analysis
Cell concentrations were determined turbidometrica-
lly at 620nm (Erma Optical Works, Japan). The expres-
sion level of proteins was determined by densitome-
try using the denaturing 12.5% SDS-PAGE [21], and 
the resulting protein band patterns were quantified by 
densitometry (Molecular Analyst Package, BIORAD, 
USA). The protein concentration was determined by 
the modified method of Bradford [22]. The immuno-
detection of P50 was performed by Western blot [23] 
using polyclonal antibodies generated in sheep, again 
hast the previously purified recombinant protein. 
(Abrantes-Pérez MC, unpublished results).

results and discussion

Influence of the culture supplement in the P50 
production 
The influence of tryptone, yeast extract and peptone 
as culture supplements for the P50 production, were 
studied. The optimal values of selected variables ob-
tained by the regression equations and the calculated 
coefficients of the model are shown in table 1.

The significance of each coefficient was determi-
ned by student’s t-test and p values, which are listed 
in table 1. The larger the magnitude of the t- value 
and the smaller the p-value, the more significant  the 
corresponding coefficient [24]. From the calculated 
values the combination of tryptone and yeast extract 
gave a direct relationship in the production of P50 
protein.

The results of the analysis of variables (ANOVA) 
for the factorial design are given in table 2. The fisher 
F- test demonstrates a high significance for the regres-
sion model [24]. The goodness of fit of the model was 
checked by the determination coefficient (R2). In this 
case, the value of the determination coefficient (R2= 
0.92) indicated that only 8% of the total variation are 
not explained by the model. The value of the adjusted 
determination coefficient (adj.R2= 0.89) is also high, 
which indicates a high significance of the model [24, 
25]. A higher value of the correlation coefficient (R= 
0.95) signifies an excellent correlation between the 
independent variables.

The application of the methodology [26, 27] yiel-
ded the following regression equation which is an 
empirical relationship between the test variables in 
coded units:
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Table 1. Model coefficients estimated by multiples linear 
regression

Factor Coefficient Computed t-value p-value

119.60 95.73

-13.55   0.78
-21.80 10.86
27.60 38.93
-12.45   9.17
16.90 16.90

Intercept

X2X3

X1X3

X1X2

X3

X2

X1 21.50 28.12
4.33 E-8

0.075
0.061
0.005*
0.066
0.048
0.045

X1 tryptone, X2 Yeast Extract, X3 Peptone, X1X2 combination of tryp-
tone and yeast extract, X1X3 combination of tryptone and peptone,  
X2X3 combination of yeast extract and peptone.
(*) Statistical significance p < 0.01.

Table 2. Analysis of variance (ANOVA) for the factorial 
design.

R2 = 0.92, R = 0.95, adjusted R2 = 0.89

Sources of 
variation

Sum of 
squares

Degrees of 
Freedom

Mean 
square

F  
value Prob (P) >F

Regress 8788.28 3 2929.43 2.17 0.001

Total 14179.1 7
Residual 5390.84 4 1347.71

where:
Y1: is the response, which characterizes the P50  

    production. 
X1: represents tryptone. 
X2: represents the yeast extract. 
X3: represents the peptone. 
X1X2: represents the combination of tryptone and  

    yeast extract. 
X1X3: represents the combination of tryptone and  

    peptone. 
X2X3: represents the combination of yeast extract  

    and peptone. 
The best values in cell growth and production of 

P50 protein were obtained for culture media contai-
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ning tryptone and yeast extract. The values of ex-
pression levels for this protein were similar in this 
medium, when compared to that contained in its com-
position peptone and glycerol.

Influence of agitation speed and aeration rate 
in the P50 production 
To study the influence of the aeration rate in the pro-
duction of P50, a set of experiments were carried out 
in 4 L bioreactors, setting up the agitation speed and 
varying the aeration rate among 0.5 and 1.5 vvm. The 
results are shown in table 3. As it can be observed, no 
influence of the aeration rate in the P50 production 
was detected, in spite of an increase of the P50 pro-
duction as a global value, when the agitation speed 
was increased. 

The results of the analysis (ANOVA) [26] of vari-
ables over the P50 production gave us a statistical sig-
nificant influence for the agitation speed (p < 0.0015), 
as shown in table 4. However, this was not the case of 
the aeration rate, where no statistical significant dif-
ference was observed (p < 0.9425). This analysis of 
variance for the response variable, P50 production, 
revealed a very high significance for the regression 
equation (p model < 0.0044), which confirms the suit-
ability of the linear model. The same results were 
obtained when the influence of such factors over the 
cell growth optical densities, were analyzed (data not 
shown). 

Production of P50 protein from Serratia mar-
cescens
The typical schematic fermentation process, for the 
production of P50 protein at 4 L scale is shown in fi-
gure 1. The best conditions for the obtaining of the 
P50 protein were using 28 °C, 400 rpm and 0.5 vvm. 
During the first 10 h of growth an increase in the opti-
cal density was observed. The maximum value of the 
specific growth rate was determined during the first 
2 h of growth (µ = 1.2 h-1), being stabilized during the 
rest of the fermentation process at µ = 0.2 h-1, when 
an increase in the expression of the P50 protein was 
detected. The P50 expression levels and the P50 pro-
tein production increased during the 10 h fermenta-
tion process, reaching the highest production level at 
this point.

At this scale, 9.0 ODu/mL, 62% level of P50 pro-
tein expression and 220 mg/L as volumetric produc-
tion, were obtained. The biomass yield on substrate 
(Yx/s) and the product yield on substrate (Yp/s) values 
were 0.22 g biomass/g substrate and 0.002 g product/g 
substrate, respectively. Previously, it was reported that 
the maximum optical density obtained for the produc-

Table 3. Influence of agitation speed and aeration rate 
in the P50 production 

Agitation speed 
(rpm)

Aeration rate 
(vvm)

P50 production 
(mg/L)

0.5
1.0
1.5

150
  60.2 ± 4.2
  66.2 ± 2.3
  68.3 ± 3.8

0.5
1.0
1.5

134.7 ± 7.2
127.8 ± 5.3
141.1 ± 6.8

275

204.0 ± 5.7
210.1 ± 4.2
215.0 ± 4.9

0.5
1.0
1.5
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Figure 1. Culture kinetics of P50 production in Serratia Marcescens CMIB4202. The cells were grown 
12 h at 28 °C, 400 rpm, 0.5 vvm in 4 L of Biolafitte bioreactors. The optical density (    ) is expressed 
in ODu/mL. The expression level of the P50 protein (    ) is expressed in percent. The production of 
the P50 protein (    ) is expressed in mg/L.

Figure 2. (A) SDS-PAGE (12.5%) and (B) immunoblot blot 
analysis of samples taken during the 4L fermentation process 
at 28 °C, 400 rpm, 0.5 vvm, 12 h. Lane 1: Low molecular 
weight markers; Lane 2: starting culture 0h; Lanes 3, 4, 5, 
6, 7, 8: samples from 2 h, 4 h, 6 h, 8 h, 10 h, 12 h of the 
fermentation process, and Lane 9: purified P50 protein.

66 kDa
45 kDa

24 kDa

18 kDa

P50 Protein

1 2 3 4 5 6 7 8 9
A

Table 4. Analysis of variance (ANOVA) for the influence of agitation speed and aeration rate 
in the P50 production 

         Parameter              Estimation              Standard error              T-statistic              P-value

Source Sum of squares Degree of freedom Mean squares F value P value

29318.7
    5769.29
35088.8

2
6
8

14659.3
        961.548

15.25 0.0044

R2 = 0.83, R = 0.90, adjusted R2 = 0.78

Dependent variable: Production

Regression model
Residual

Total (Corr.)

Intercept
Agitation speed
Aeration rate

135.1790
  69.8967
    0.9516

10.3363
12.6593
12.6593

13.07810
5.52137
0.07517

0.0000
  0.0015 *

0.9425

(*) Statistical significance p< 0.01

B
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polyclonal antibodies generated against a previously 
purified P50 protein. 

As a conclusion, a culture media for the P50 pro-
duction from Serratia marcescens was defined. At 
the same time, a fermentation process in 4 L labora-
tory scale was implemented with a good rate of P50 
production, having the singularity of  no influence of 
the aeration rate over the P50 protein expression/pro-
duction. This is the first report where the expression/
production of S. marcescens serralysin was studied.
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