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ABSTRACT 

Tween 80 is a widely used non-ionic surfactant that is added to culture media to 
make hydrophobic substrate available to microorganisms. Because of this 
surfactant widespread use, it is important to understand how it affects microbial 
growth and enzyme production. In this work, the effect of different concentrations 

(100, 400 and 600 l/L; v/v) of Tween 80 (as the sole carbon source) on the 
biomass production, esterase activities (assessed through biochemical tests and 
zymographic assays) and protein content of Fusarium culmorum grown in liquid 
fermentation was determined. The specific growth rate (μ), biomass yield (YX/S), 
esterase yield (YE/X), esterase productivity (P), maximal enzymatic activity (Emax), 
and specific rate of enzyme production (qp) were also estimated. A control medium 
added with glucose was used. The highest µ was showed in the medium added 

with 100 l of Tween 80/L. However, the greatest esterase activity was observed in 

those media containing the highest concentrations of Tween 80 (400 l/L and 600 

l/L; v/v). These results show that Tween 80 was used as the sole carbon and 
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energy source and it also induced the esterase production by F. culmorum. Tween 
80 concentration is positively correlated with the number of esterase isoforms 
produced by this fungus. The higher the Tween 80 concentration (400 µl/L and 600 
µl/L, v/v), the more number of esterase isoforms will be induced. However, lower 
concentration (100 µl/L) of Tween 80/L did not show a significant effect on the 
induction of the esterase activity. 
 

Keywords: Esterase, fungal growth, Fusarium culmorum, liquid fermentation, 

Tween 80. 

 

RESUMEN 

Tween 80 es un tensoactivo no iónico ampliamente utilizado que se añade a los 

medios de cultivo para hacer que el sustrato hidrófobo esté disponible para los 

microorganismos. Debido al uso generalizado de este surfactante, es importante 

conocer su efecto sobre el crecimiento microbiano y la producción de enzimas. En 

este trabajo, se determinó el efecto de diferentes concentraciones (100, 400 y 600 

µl/L; v/v) de Tween 80 (como única fuente de carbono) sobre la producción de 

biomasa, la actividad de esterasa (evaluada mediante pruebas bioquímicas y 

ensayos zimográficos) y el contenido de proteína de Fusarium culmorum crecido 

en fermentación líquida. También se estimaron la tasa de crecimiento específico 

(μ), rendimiento de biomasa (YX/S), rendimiento de esterasa (YE/X), productividad 

de esterasa (P), actividad enzimática máxima (Emax) y la tasa específica de 

producción de esterasa (qp). Un medio adicionado con glucosa fue usado como 

testigo. La mayor µ se mostró en el medio con 100 µl de Tween 80/L. Sin 

embargo, la mayor actividad de esterasa se observó en aquellos medios que 

contenían las concentraciones más altas de Tween 80 (400 µl/L y 600 µl/L; v/v). 

Estos resultados muestran que F. culmorum utilizó Tween 80 como única fuente 

de carbono y energía, y que indujo la producción de esterasa. La concentración de 

Tween 80 se correlaciona positivamente con el número de isoformas de esterasa 

producidas por este hongo. Una mayor concentración de Tween 80 (400 µl/L y 600 

µl/L, v/v), indujo un mayor número de isoformas de esterasa. Sin embargo, una 

concentración más baja (100 µl/L) de Tween 80/L no mostró un efecto significativo 

sobre la inducción de la actividad de esterasa. 

Palabras clave: Crecimiento de hongos, esterasa, fermentación líquida, Fusarium 

culmorum, Tween 80. 

 

1. INTRODUCTION 

Surfactants are amphiphilic compounds constituted by a hydrophobic and a 
hydrophilic moiety, which have the characteristics of solubility and emulsification as 
well as the abilities to decrease surface and interfacial tensions. The addition of 
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surfactants in the medium is a common practice since it makes hydrophobic 
substrates available to the organism. In fact, the rate of hydrolysis of 
organopollutants improves by using surfactant (Muff et al., 2020). In general, 
surfactants are classified into cationic, anionic and nonionic by the chemical nature 
of the hydrophilic part. Particularly, Tween 80 (polysorbate 80, polyoxyethylene 
sorbitan monooleate, C64H124O26) is a nonionic surfactant widely used in pollutant 
biodegradation studies (Bustamante et al., 2012; Cheng et al., 2017). This 
surfactant is added to the culture medium to make hydrophobic substrate available 
to microorganisms (Ahuactzin-Pérez et al., 2016; Ahuactzin-Pérez et al., 2018a; 
2018b; 2018c; González-Márquez et al., 2019a). Due to the widespread use of 
Tween 80, it is important to understand how this surfactant affects microbial growth 
and enzyme production. Some studies have reported that microorganisms are 
capable of utilizing Tween 80 as a sole source of carbon (Minami, 1958; 
Chakrabarty et al., 1970; Nielsen et al., 2016; Nguyen et al., 2018).  
Fungi are of great importance for bioremediation process due to the highly efficient 
intracellular and extracellular enzymatic system (Sánchez, 2020). For example, 
Monascus sp. strains produced protease, esterase and lipase during polyurethane 
biodegradation (El-Morsy et al., 2017). Furthermore, Pestalotiopsis microspore 
showed an increase of the serine hydrolase activity when it was grown on 
polyester polyurethane as its sole carbon source (Russell et al. (2011). In addition, 
it was found that the ascomycetes Gloeophyllum trabeum and Zalerion maritimum 
were capable to degrade microplastics (Krueger et al., 2015; Paço et al., 2017). 
Ameen et al. (2015) demonstrated that a consortium of ascomycete strains were 
capable to degrade low density polyethylene, exhibiting lignin peroxidase, laccase 
and manganese peroxidase activities. It has been reported that Penicillium citrinum 
produced polyesterase and was able to hydrolyze PET pellets (Liebminger et al. 
2007). Furthermore, Ronkvist et al. (2009) reported that Thermomyces (formerly 
Humicola) insolens had catalytic activities of cutinase when grown on (7%) PET 
films as substrate. 
In particular, some ascomycete fungi from the genus Fusarium have been reported 
to be highly efficient organopollutant degrading organisms due to their secretion of 
enzymes such as esterase (Chhaya and Guspte, 2013; Aguilar-Alvarado et al., 
2015; Bouchiat et al., 2015, Ahuactzin-Pérez et al., 2016, 2018a; 2018b; 2018c; 
Gonzalez-Marquez et al., 2019). Fusarium culmorum has been reported as an 
organism able to degrade phthalates (Ahuactzin-Pérez et al., 2016; Ahuactzin-
Pérez et al., 2018a; 2018b; 2018c; González-Márquez et al., 2019a) and apple 
cutin (González-Márquez et al., 2019b).  

In this work, the effect of different concentrations (100, 400 and 600 l/L; v/v) of 
Tween 80 on the biomass production, esterase activities and protein content of F. 
culmorum grown in liquid fermentation were determined. Esterase activity was 
assessed by biochemical test, and in SDS/PAGE gels, it was detected by 
zymography. 
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2. MATERIALS AND METHODS 

2. 1. Organism 

F. culmorum Fc1-CICBUAT from the microbial collection from the Research Centre 
for Biological Sciences (CICB) at the Autonomous University of Tlaxcala (UAT) 
(Tlaxcala, Mexico) was used in this study. This strain is deposited at the Collection 
of the Mexico’s National Center for Genetic Resources (CNRG-INIFAP) (Jalisco, 
Mexico).  
 
2.2. Culture media and culture conditions 
 
Four liquid culture media were prepared containing the following components (in   
L-1): 1) Mineral medium (MM) + 10 g glucose, 2) MM + 100 µl of Tween 80, 3) MM 
+ 400 µl of Tween 80, 4) MM + 600 µl of Tween 80. Mineral medium had the 
following components (in L-1): 3.0 g Na(NO3)2; 1.0 g K2HPO4, 0.5 g MgSO4.7H2O, 
0.5 g KCl, and 0.01 g FeSO4.7H2O. The pH was adjusted to 6.5 using either 0.1 M 
HCl or 0.1 M NaOH. Flasks of 125 mL containing 50 mL of culture medium were 
autoclaved at 121 ºC for 15 min, cooled to room temperature and then inoculated 
with a suspension of F. culmorum spores to a final concentration of 107 spores/mL 
as reported by González-Márquez et al. (2019a). Cultures were incubated with 
shaking at 120 rpm on an orbital shaker at 25 °C for 5 days. Samples were 
collected at 12-h intervals.  
 
2.3. Specific growth rate calculation and protein content evaluation  
 
The mycelial biomass in the liquid cultures was collected by vacuum filtration and 
the specific growth rate (μ) was determined by fitting the biomass data across time 
using the logistic equation. The biomass yield (YX/S) was estimated as the 
coefficient of the linear regression of biomass concentration versus substrate 
concentration in grams of biomass/g of substrate consumed (Ahuactzin-Pérez et 
al. 2016). The protein content of samples was quantified using a Bradford assay 
(Bradford, 1976), where 200 µl of Bradford reagent (BIORAD) was added to 100 μl 
of supernatant and 700 μl of sterile distilled water, mixed, and incubated at room 
temperature for 10 min. The absorbance of the solutions was measured at 595 
using a spectrophotometer UNICO (S-2150 series Dayton, NJ, USA).  
 
2.4. Esterase assay and pH measurements 
 
Esterase activity was quantified in the supernatant using p-nitrophenyl butyrate 
(pNPB) as substrate according to Ferrer-Parra et al. (2018). The esterase yield per 
unit of biomass (YE/X), esterase productivity (P), maximal enzymatic activity (Emax), 
and specific rate of enzyme production (qp) were estimated as previously described 
(Ahuactzin-Pérez et al. 2016). One unit enzyme activity (U) was defined as the 
amount of activity required to release 1 μmol of pNPB per min from pNPB under 
the assay conditions. Volumetric and esterase specific activities were expressed in 
U/L and U/mg of protein, respectively. The polypeptide profiles with esterase 
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activity were determined using polyacrylamide gels (PAGE) (Leammli 1970).  
Esterase activity was assayed by zymography according to Ferrer-Parra et al. 
(2018). Briefly, samples were loaded on 20% separating and 4% stacking PAGE 
gels and electrophoresed under non-reducing conditions. After electrophoresis, the 
gels were washed and then incubated overnight at 25 °C in a substrate buffer. 
ProteinTM Dual Precision Xtra Plus Standards (BIORAD) was used as molecular 
markers. The gels were imaged using a Gel Doc EZ Imager (BIORAD), and bands 
in the lanes were assessed for their densities using Image Lab Version 6.0.0 
(BIORAD). The pH was measured every 12 h in the supernatant of the cultures 
using a digital potentiometer (Conductronic, Mexico). 
 
2.5. Statistical analysis 
 
All assays were performed in triplicate. Statistical analyses were conducted using 
one-way ANOVA followed by Tukey’s post hoc test using SigmaPlot version 12.0 
(Systat Software Inc, San Jose, CA, USA). 
 
 
3. RESULTS 

3.1. Biomass production and pH of the cultures  

Figure 1 shows biomass production by F. culmorum in media containing different 
concentrations of Tween 80 (100, 400 and 600 µl/L; v/v) and glucose (control 
medium) as carbon sources. The highest Xmax and µ were showed in the medium 
added with glucose, followed by the media added with Tween 80 (Fig. 1, Table 1). 
In those media added with Tween 80, in general, the greatest Xmax and µ were 

observed in the medium added with 100 l of Tween 80/L, followed by the media 

added with 400 l of Tween 80/L and 600 l of Tween 80/L (Fig 1., Table 1). The 

highest Yx/s was showed in the medium containing 100 l of Tween 80/L followed 

by the media containing 400 l of Tween 80/L and 600 l of Tween 80/L. The 
lowest Yx/s was observed in the medium containing glucose as carbon source 
(Table 1).  
On the other hand, the pH showed a slight increase from the starting 6.5 to 6.55 

after 120 h of fermentation in those media containing glucose and 100 l of Tween 

80/L. However, the pH of the cultures added with 400 l of Tween 80/L and 600 l 
of Tween 80/L increased from 6.5 to 7.5 after 120 h of growth (Fig. 2).  
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Fig. 1. Biomass production by F. culmorum grown in glucose-supplemented 
medium (10 g/L) (  ) and in Tween 80-supplemented media in liquid fermentation. 

100 l/L ( ), 400 l /L ( ) and 600 l/L (  ). 
 

 

Fig. 2. pH of F. culmorum grown in glucose-supplemented medium (10 g/L) (  ) and 

in Tween 80-supplemented media in liquid fermentation. 100 l/L ( ), 400 l /L ( ) 

and 600 l/L (  ). 
. 
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Table 1. Growth parameters of F. culmorum grown in glucose-supplemented 
medium and in Tween 80-supplemented media in liquid fermentation. 

Growth 

parameter 

Glucose 

medium 

Tween 80 

(100 l/L) 

Tween 80 

(400 l/L) 

Tween 80 

(600 l/L) 

Xmax (g/L) 0.26a ±0.04 0.23b ±0.03 0.21b ±0.04 0.19c ±0.04 

µ (h-1) 0.0014a ±0.001 0.0012b ±0.001 0.009c ±0.001 0.009c ±0.001 

YX/S (gX/gS) 0.02c ±0.001 2.3a ±0.001 0.52b ±0.001 0.32b ±0.001 

Values are expressed as mean±SEM (n=3); means within the same column not sharing common 

superscript letters (a, b and c) differ significantly at 5% level. Kinetic parameters (Xmax and µ) of the 

logistic equation were evaluated using a non-linear least squares fitting program. The biomass yield 

(YX/S) was estimated as the coefficient of the linear regression of biomass concentration versus 

substrate concentration. 

 

3.2. Protein content, esterase specific activity and enzymatic yield 
parameters  

Figure 3 illustrates the protein content of the cultures during the fermentation. It is 

observed that those media added with 400 l of Tween 80/L and 600 l of Tween 
80/L had higher protein content than the medium containing glucose. The lowest 

protein content was observed in the medium supplemented with 100 l of Tween 
80/L.  
Figure 4 shows that the highest esterase activity was showed in those media 

containing 400 l of Tween 80/L and 600 l of Tween 80/L. In general, esterase 
specific activity increased after 48 and 72 h in those media supplemented with 400 

l of Tween 80/L and 600 l of Tween 80/L, respectively, whereas the media 

added with glucose and 100 l of Tween 80/L had the lowest esterase specific 
activity. Esterase specific activity increased at the end of the fermentation process 
in all the media tested (Fig. 4). The highest esterase volumetric activity was also 
observed in those media added with the highest concentrations of Tween 80 (400 

and 600 l/L), followed by the medium added with glucose (Table 2). The lowest 

esterase volumetric activity was showed in the medium added with 100 l of 
Tween 80/L (Table 2). The greatest enzymatic yield parameters (YE/X, P and qp) 

were observed in those media supplemented with 400 and 600 l of Tween 80/L 

followed by the media containing glucose and 100 l of Tween 80/L (Table 2).  
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Fig. 3. Water-soluble protein content of F. culmorum grown in glucose-
supplemented medium (10 g/L) (  ) and in Tween 80-supplemented media in liquid 

fermentation. 100 l/L ( ), 400 l /L ( ) and 600 l/L (  ). 
 

 

 

 

Fig. 4. Esterase specific activity of F. culmorum grown in glucose-supplemented 
medium (10 g/L) (  ) and in Tween 80-supplemented media in liquid fermentation. 

100 l/L ( ), 400 l /L ( ) and 600 l/L (  ). 
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Table 2. Enzymatic yield parameters of esterase of F. culmorum grown in glucose-
supplemented medium and in Tween 80-supplemented media in liquid 
fermentation.  

Enzymatic 

yield 

parameters 

Glucose 

medium 

Tween 80 

(100 l/L) 

Tween 80 

(400 l/L) 

Tween 80 

(600 l/L) 

Emax (U/L) 176.6b ±0.3 14.5c ±0.4 492.8a ±0.4 464.3a ±0.4 

YE/X (U/gX) 679.2b ±0.8 63.0c ±2.1 2346.6a ±2.1 2443.6a ±2.1 

P (U/L*h) 1.47b ±0.02 0.12c ±0.01 4.10a ±0.02 5.52a ±0.04 

qp (U/gX*h) 0.95b ±0.001 0.07c ±0.001 21.1a ±0.002 22.0a ±0.002 

Values are expressed as mean ± SD (n=3); means within the same column not sharing common superscript 

letters (a, b and c) differ significantly at 5% level. 
 

3.3. Detection of esterase by zymography 

Figure 5 shows the esterase zymogram of F. culmorum grown in glucose-
containing medium. One band with esterase activity was detected after 48 and 84 
h with a molecular weight of 31 kDa approximately. Two esterase isoforms (33 and 
63.8 kDa) were observed after 96 h and until the end of the fermentation period 
(120 h). The esterase zymogram of F. culmorum grown in medium supplemented 
with 100 µl of Tween 80/L is shown in Fig. 6. Two bands (31.3 and 61.9 kDa) with 
esterase activity were observed during the first 12 h of the fungal growth. One of 
them (31.3 kDa) was observed throughout the fermentation period. It is likely that 
those esterase isoforms shown in the medium added with glucose (Fig. 5) are the 
same as those observed in the medium added with 100 µl of Tween 80/L (Fig. 6). 
The addition of 400 µl of Tween 80/L induced the production of five esterase 
isoforms (26, 31.6, 44.5, 64.6 and 222.6 kDa), which were observed after 48 h and 
until at the end of the fermentation period (120 h). An esterase isoform having a 
molecular weight of 31.6, and two esterase isoforms (26 and 64.6 kDa) were 
observed after 12 h and 36 h, respectively and throughout the fermentation period 
(Fig. 7). Figure 8 illustrates the esterase zymogram of F. culmorum grown in 
medium containing 600 µl of Tween 80/L. Nine bands (27.3, 33.4, 41, 48, 56.1, 
70.6, 146.4, 150.4, 236.7 kDa) with esterase activity were observed after 84 and 
120 h of fermentation. Isoforms with a molecular weight of 146.4 and 33.4 were 
observed after 36 h and 72 h of growth, respectively, which were present until the 
end of the fermentation period.  
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Fig. 5. Esterase zymogram of F. culmorum grown in glucose-supplemented (10 
g/L) medium in liquid fermentation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Esterase zymogram of F. culmorum grown in Tween 80-supplemented (100 

l/L) medium in liquid fermentation. 

 



74 
                                            Medina-Flores  et al.  / Mexican Journal of Biotechnology 2020, 5(4):64-79 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Esterase zymogram of F. culmorum grown in Tween 80-supplemented (400 

l/L) medium in liquid fermentation. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Esterase zymogram of F. culmorum grown in Tween 80-supplemented (600 

l/L) medium in liquid fermentation. 
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4. DISCUSSION 
 
Several studies have reported that Tween 80 affects microbial growth and enzyme 
production. Akpinar & Ozturk (2017) showed that Tween 80 induced laccase 
production in Pleurotus eryngii grown under solid state conditions. It has been 
suggested that Tween 80 increases permeability of the cell membrane, facilitating 
enzyme secretion and that it could also protect the enzyme structure and its activity 
(Akpinar & Ozturk 2017). However, in the present research, it has been 
demonstrated that Tween 80 can be used as sole source of carbon and energy by 
F. culmorum. Nguyen et al. (2018) reported that Acinetobacter baumannii was 
capable of utilizing Tween 80 as its sole carbon and energy source. It was 
suggested that the mechanism for polysorbate utilization is via β-oxidation, which 
would involve cleavage of oleate ester linkage by an esterase. The cleavage of the 
ether linkages would form primary alcohol. Alcohols would be subsequently 
oxidized to aldehydes and then to carboxylic acids which would enter the Krebs 
cycle to be mineralized to CO2 and H2O (Nguyen et al., 2018).  
Li et al. (2018) reported that Tween 80 increased the biomass and the intracellular 
polysaccharide content in Lentinula edodes grown under liquid fermentation 
conditions. Furthermore, it has been reported that Mycobacterium smegmatis was 
capable to produce tween hydrolyzing esterase (Tomioka, 1983). Elsayed et al. 
(2012) evaluated the effect of different concentration of Tween 80 (0.1-0.75%; v/v) 
on laccase activity, and it was found that laccase showed its maximum value at a 
concentration of 0.1% (Tween 80) and increased by about 44% than control 
(without Tween 80). Cao et al. (2020) reported that Tween 80 enhanced the 
degradation of benzo[a]pyrene as well as the enzymes production (lignin 
peroxidase and laccase) by the fungus Lasiodiplodia theobromae. In addition, it 
was also found that Tween 80 was degraded by L. theobromae (Cao et al., 2020). 
Teodoro et al. (2018) reported that the addition of Tween 80 to the culture medium 
enhanced laccase activity during the degradation of bisphenol A by Pleurotus 
sajor-caju. Nielsen et al. (2016) found that the addition of Tween 80 (0.1%) to 
growth media increased the growth rate of Staphylococcus aureus batch cultures, 
and it also increased the total biomass when S. aureus was grown as biofilms. In 
contrast, Tween 80 had no effect on batch cultures of Listeria monocytogenes, it 
slowed the growth rate of Pseudomonas fluorescens, and it led to formation of less 
biofilm by both L. monocytogenes and P. fluorescens (Nielsen et al. 2016). 
Okagbue et al. (2001) studied the production of extracellular α-glucosidase and β-
glucosidase by the yeast Aureobasidium pullulans in liquid medium and found that 
the addition of Tween 80 to a 24 h old culture led to a three-fold increase in yield of 
extracellular α-glucosidase. Liu et al. (2000) found that Tween 80 enhanced the 
lipase activity during the degradation of ketoprofen ester by Candida rugose. 
The present research shows that Tween 80 was used as the sole carbon and 
energy source by F. culmorum, inducing the esterase production. It was 
demonstrated that Tween 80 concentration is positively correlated with the number 
of esterase isoforms produced by this fungus. The higher the Tween 80 
concentration (400 µl/L and 600 µl/L, v/v), the more number of esterase isoforms 
will be induced. However, lower concentration (100 µl/L) of Tween 80/L did not 
show a significant effect on the induction of the enzyme activity. 
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