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EFFECT OF FARNESOL ON PENICILLIUM DECUMBENS’S
MORPHOLOGY AND CELLULASE PRODUCTION
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It is possible to improve cellulase production by controlling fungal
morphology. Farnesol, the first quorum-sensing molecule found in
eukaryotic organisms, is reported to influence the morphology of fungi. In
this work, farnesol was investigated for its effect on morphology and
cellulase production of Penicillium decumbens. Scanning electron
microscopy (SEM) revealed that farnesol promoted the growth of
hyphae, making possible and facilitating a higher yield of cellulase
secretion. Enhanced interaction with the substrate in fermentation led to
greater cellulase production. These findings are associated with the
subsequent cellulase production of the fungus. Compared with a control
medium, exogenously added 1 mM farnesol resulted in 1.32-fold
increase in maximal filter paper activity with no significant change in the
activity per unit of protein. These results provide a novel way to improve
the cellulase production, promoting the commercial application of
cellulase.
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INTRODUCTION
The global energy crisis, caused by decreasing production of fossil fuels, has led
to the consideration of biofuels as important substitutes. As an important biofuel,
bioethanol can be produced from fermentation of biomass in a sustainable way (HahnHagerdal et al. 2006; Rass-Hansen et al. 2007). However, the shortage of sugar or grain,
the raw material base used for the production of most of bioethanol today, has limited the
production of bioethanol on a large scale (Hahn-Hagerdal et al. 2006). An attractive
alternative for the generation of sugar is enzymically hydrolyzing cellulose by cellulase
(Hui et al. 2010). However, the cost for cellulase production is a bottleneck for its
application as biocatalysts in commercial processing, which accounts for approximately
27 to 40% of the cost of ethanol production from lignocellulosic materials (Ferreira et al.
2009; Ma et al. 2008). Thus, decreasing production cost by enhancing cellulase
production through alternative strategies is needed to advance the commercial
application.
It has been reported that cellulase production can be strongly impacted by the
morphology of the fungus. Several studies have described how changing fermentation
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parameters, such as buffer conditions (Ferreira et al. 2009), culture medium composition
(Ahamed and Vermette 2009), and agitation conditions (Ahamed and Vermette 2010),
can obtain a desired morphology that could enhance cellulase production. Farnesol is the
first quorum-sensing molecule found in eukaryotic organisms, which has been reported to
have an effect on the morphology of several fungi. In Candida albicans, it prevents the
fungal transition from yeast to mycelium, disrupts biofilm formation, and mediates cell
death (Derengowski et al. 2009; Langford et al. 2009). Farnesol can block the growth of
Saccharomyces cerevisiae by raising the concentration of mitochondrial reactive oxygen
species. Interestingly, externally added farnesol triggers morphological features
characteristic of apoptosis in the filamentous fungus Aspergillus nidulans (Savoldi et al.
2008; Semighini et al. 2006). Also, farnesol acts as an inhibitor of conidiation, exhibiting
a colony morphology resembling the “fluffy” phenotype of Aspergillus niger (Lorek et al.
2008). In this work, the influence of farnesol on the morphology and cellulase production
of filamentous fungus Penicillium decumbens was investigated.

EXPERIMENTAL
Fungal Strain and Culture Conditions
The P. decumbens strain used in this study was a mutant obtained from the wild
strain 114-2. It is a catabolic-repression resistant mutant screened by Qu et al. and has
been used to prepare cellulase production industrially (Qu et al. 1991). The fungus was
cultivated in 50 mL of modified Mandel’s sodium solution that contained wheat bran and
microcrystalline cellulose as carbon source. The medium contained 20 g/L of wheat bran;
15 g/L of microcrystalline cellulose; 3.0 g/L of KH2PO4; 2.0 g/L of (NH4)2SO4; 0.5 g/L
of MgSO4•H2O; 0.5 g/L of CaCl2; 0.0075 g/L of FeSO4•7H2O; 0.0025 g/L of
MnSO4•H2O; 0.002 g/L of ZnSO4; 0.003 g/L of CoCl2; and 0.5 g/L of urea.
P. decumbens grew at 30°C with shaking at 180 rpm. After 48 h of cultivation, 5
mL of the broth containing mycelia was transferred to 50 mL of the same medium. 1 mM
farnesol (Sigma) was added to the medium at the time of 48 h incubation. The control
was treated with an equal volume of ethanol as that of added farnesol. The strains were
further cultivated for three days.
SEM Observations
The samples after 96 h of cultivation were centrifuged to remove the supernatant.
The pellets were fixed in 2.5% glutaraldehyde solution overnight, then 1% osmium
tetroxyde for another 1 h. The fixed samples were dehydrated in several stages with a
serial dilution of ethanol (40, 70, 90, and 100% v/v) for 15 min, followed by
isoamylacetate for more than 2 h. After removing isoamylacetate, the samples were
critical-point-dried in CO2. Scanning electron microscopy (SEM) observations were
carried out at 10 kV using a Hitachi S3000N (Tokyo, Japan) according to the
manufacturer’s instructions.
The samples prepared from solid medium were also observed using SEM. Briefly,
P. decumbens was grown on the wheat bran solid medium at 30°C. The medium
contained the dipping sauce of 100g/L wheat bran and 20g/L agar. On the third day, a
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sterile filter paper containing 200 μM of farnesol was put on the clones. A sterile filter
paper with an equal volume of ethanol instead of farnesol was also put on the clones as a
control. After 2 h cultivation, the filter papers were removed and the fungus was
cultivated for another three days. A piece of medium (1×1cm) was removed as the
sample for SEM studies.
Determination of Enzyme Activities and Protein Concentration
Certain cultures were centrifuged, and the supernatants were properly diluted for
measurement of enzyme activity. One unit of enzyme activity (IU) is defined as the
amount of enzyme that liberates l μmol product per minute under the measuring conditions. FPase activity (filter paper activity), endoglucanase activity, cellobiohydrolase
activity, and β-glucosidase activity were determined according to the procedure proposed
in previous studies (Chahal 1985; Chandra et al. 2009; Ma et al. 2008). The concentration
of extracellular protein was determined according to the Bradford method (Bradford
1976), with bovine serum albumin (BSA) as the standard.

RESULTS AND DISCUSSION
In order to study the effect of farnesol on cellulase production, P. decumbens was
fermented in Mandel’s modified medium with or without farnesol. All of the experiments
were carried out in triplicate. Farnesol was added after 48 h cultivation to ensure that P.
decumbens grew well and produced cellulase normally, since adding farnesol in the first
day can inhibit the growth of the fungus (Fig.1).

Fig. 1. Effect of farnesol on the growth of P. decumbens. A: medium containing farnesol;
B: control medium without farnesol. The spores were inoculated on agar plates with 200 μM
farnesol or not and cultivated for 6 days.

The effect of farnesol on morphology of P. decumbens was investigated by SEM
analyses. The SEM results showed that no pellet had been formed in either farnesoladded or control medium. The fungus grew as mycelia, and hyphae adhered to the surface
of wheat bran and microcrystalline cellulose (Fig.2 A-B). Due to the undissolved solid
substrates (wheat bran and microcrystalline cellulose) used in this study interfering the
analysis of the morphology of filamentous fungi, a difference was hardly observed
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between the strains from farnesol-added medium and the control. This observation is
consistent with the SEM analysis of P. simplicissimum and A. niger, which also form
disperse mycelia without pellet formation in the presence of wheat bran and babassu
cake, respectively (Gutarra et al. 2009; Papagianni et al. 1999). Then, the effect of
farnesol on the morphology of the fungus was determined in the solid medium. The
number of spores and the hyphal diameter was measured as shown in Table 1. Each value
was the mean of ten projected areas. It can be observed that there were fewer spores,
more hypha, and the hypha were thinner in the farnesol-added medium (Table 1; Fig.2 CD). This observation implies that farnesol hindered the production of spores, but
enhanced the growth of hyphae. It is well known that the growth of hyphae is mainly
restricted to the tips of them, and protein secretion in filamentous fungi mainly occurs on
the tips of growing hyphae (Wosten et al. 1991). Compared to the control medium, more
hyphae in the medium with farnesol might due to more active tips during their growth.
More active tips may facilitate a higher yield of secretory protein. Meanwhile, thinner
and longer hypha in the farnesol-added medium would increase the surface area of the
fungus, possibly enhancing the interaction with the substrate in fermentation, and
increasing cellulase productivity.

Fig. 2. SEM pictures revealing morphological characteristics of P. decumbens grown in
fermentation medium containing farnesol (B) or not (A) and solid medium containing farnesol (D)
or not (C). Hyphae (black arrow); spores (white arrow)
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Table 1. Morphological Features of P. decumbens Grown in Solid Medium
containing Farnesol or Not (control)
Amount of extracellular secretory protein
(mg/mL)
Number of spores/projected area
Hyphal diameter (μm)

Control
1.12±0.09

Farnesol
1.34±0.05

109.80±23.30
2.11±0.36

52.80±10.73
1.65±0.41
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Fig. 3A. Effect of farnesol on cellulase activity of P. decumbens.
The time course of filter paper activities.
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Fig. 3B. Effect of farnesol on cellulase activity of P. decumbens.
FPase activity, endoglucanase (CMCase activity) and
cellobiohydrolase (CBHactivity) activities after 96 h of
fermentation
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Fig. 3C. Effect of farnesol on cellulase activity of P. decumbens.
Specific activities (IU/mg) after 96 h of fermentation.

Since adding farnesol resulted in changed morphology, which may increase
cellulase production, the effect of farnesol on cellulase production of P. decumbens was
determined. Comparing the effect of farnesol with the control culture, a higher FPase was
seen over time after farnesol was added in the medium (Fig. 3A). As shown in Fig. 3B,
exogenous farnesol led to a higher filter paper hydrolase activity, endoglucanase activity,
and cellobiohydrolases activity at the time of peak cellulase production (96 h), without
changing the enzyme component proportion. Consistent with a previous report (Liu et al.
2010), β-glucosidase activity once again was not high in the present study (data not
shown). Meanwhile, a higher amount of extracellular secretory protein was also obtained
in medium contained farnesol (Tab.1), resulting in no significant changes in the activities
per unit protein (IU/mg) (Fig.3-C). Hence, adding farnesol did increase the cellulase
activities by enhancing the cellulase production, not by increasing special activity per
cellulase molecule.

CONCLUSIONS
1. Results of this work showed that exogenous addition of farnesol changed the
morphology of P. decumbens, leading to a higher cellulase production, providing a
novel way to improve the cellulase production, promoting the commercial application
of cellulase.
2. Since farnesol is a quorum-sensing molecule in eukaryotic organisms and a recent
study has reported that exogenous addition of γ-butyrolactones, a quorum-sensing
molecule in P. sclerotiorum, resulted in 6.4-fold increase in sclerotiorin yield (Raina
et al. 2010), the present results raise questions as to whether and how farnesol acted
as a quorum-sensing molecule in the cellulase production.

Guo et al. (2011). “Farnesol vs. cellulase production,” BioResources 6(3), 3252-3259.

3257

PEER-REVIEWED ARTICLE

bioresources.com

ACKNOWLEDGMENTS
The work was funded by Chinese Academy of Sciences (KSCX1-YW-11-B4),
China Postdoctoral Science Foundation (20100470561), and National Natural Science
Foundation of China (41001151).

REFERENCES CITED
Ahamed, A., and Vermette, P. (2009). "Effect of culture medium composition on
Trichoderma reesei's morphology and cellulase production," Bioresource Technology
100(23), 5979-5987.
Ahamed, A., and Vermette, P. (2010). "Effect of mechanical agitation on the production
of cellulases by Trichoderma reesei RUT-C30 in a draft-tube airlift bioreactor,"
Biochemical Engineering Journal 49(3), 379-387.
Bradford, M. (1976). "A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding," Analytical
Biochemistry 72(1-2), 248-254.
Chahal, D. S. (1985). "Solid-state fermentation with Trichoderma reesei for cellulase
production," Appl. Environ. Microbiol. 49(1), 205-210.
Chandra, M., Kalra, A., Sharma, P., and Sangwan, R. (2009). "Cellulase production by
six Trichoderma spp. fermented on medicinal plant processings," Journal of
Industrial Microbiology & Biotechnology 36(4), 605-609.
Derengowski, L. S., De-Souza-Silva, C., Braz, S. V., Mello-De-Sousa, T. M., Bao, S. N.,
Kyaw, C. M., and Silva-Pereira, I. (2009). "Antimicrobial effect of farnesol, a
Candida albicans quorum sensing molecule, on Paracoccidioides brasiliensis growth
and morphogenesis," Ann Clin Microbiol Antimicrob 8(13), 1-9.
Ferreira, S. M. P., Duarte, A. P., Queiroz, J. A., and Domingues, F. C. (2009). "Influence
of buffer systems on Trichoderma reesei Rut C-30 morphology and cellulase
production," Electronic Journal of Biotechnology 12(3), 1-9.
Gutarra, M. L., de Godoy, M. G., Silva Jdo, N., Guedes, I. A., Lins, U., Castilho Ldos,
R., and Freire, D. M. (2009). "Lipase production and Penicillium simplicissimum
morphology in solid-state and submerged fermentations," Biotechnol J. 4(10), 14501459.
Hahn-Hagerdal, B., Galbe, M., Gorwa-Grauslund, M. F., Liden, G., and Zacchi, G.
(2006). "Bio-ethanol--the fuel of tomorrow from the residues of today," Trends
Biotechnol. 24(12), 549-556.
Hui, Y. S., Amirul, A. A., Yahya, A. R. M., and Azizan, M. N. M. (2010). "Cellulase
production by free and immobilized Aspergillus terreus," World Journal of
Microbiology & Biotechnology 26(1), 79-84.
Langford, M. L., Atkin, A. L., and Nickerson, K. W. (2009). "Cellular interactions of
farnesol, a quorum-sensing molecule produced by Candida albicans," Future
Microbiology 4(10), 1353-1362.

Guo et al. (2011). “Farnesol vs. cellulase production,” BioResources 6(3), 3252-3259.

3258

PEER-REVIEWED ARTICLE

bioresources.com

Liu, K., Lin, X., Yue, J., Li, X., Fang, X., Zhu, M., Lin, J., Qu, Y., and Xiao, L. (2010).
"High concentration ethanol production from corncob residues by fed-batch strategy,"
Bioresource Technology 101(13), 4952-4958.
Lorek, J., Poggeler, S., Weide, M. R., Breves, R., and Bockmuhl, D. P. (2008). "Influence
of farnesol on the morphogenesis of Aspergillus niger," Journal of Basic
Microbiology 48(2), 99-103.
Ma, A. Z., Hu, Q., Qu, Y. B., Bai, Z. H., Liu, W. F., and Zhuang, G. Q. (2008). "The
enzymatic hydrolysis rate of cellulose decreases with irreversible adsorption of
cellobiohydrolase I," Enzyme and Microbial Technology 42(7), 543-547.
Papagianni, M., Nokes, S. E., and Filer, K. (1999). "Production of phytase by Aspergillus
niger in submerged and solid-state fermentation," Process Biochemistry 35(3-4), 397402.
Qu, Y. B., Zhao, X., Gao, P. J., and Wang, Z. N. (1991). “Cellulase production from
spent sulfite liquor and paper-mill waste fiber,” Appl. Biochem. Biotechnol. 28-29,
363-368.
Raina, S., Odell, M., and Keshavarz, T. (2010). "Quorum sensing as a method for
improving sclerotiorin production in Penicillium sclerotiorum," Journal of
Biotechnology 148(2-3), 91-98.
Rass-Hansen, J., Falsig, H., Jørgensen, B., and Christensen, C. H. (2007). "Bioethanol:
Fuel or feedstock?" Journal of Chemical Technology and Biotechnology 82(4), 329333.
Savoldi, M., Malavazi, I., Soriani, F. M., Capellaro, J. L., Kitamoto, K., Ferreira, M. E.
D., Goldman, M. H. S., and Goldman, G. H. (2008). "Farnesol induces the
transcriptional accumulation of the Aspergillus nidulans Apoptosis-Inducing Factor
(AIF)-like mitochondrial oxidoreductase," Molecular Microbiology 70(1), 44-59.
Semighini, C. P., Hornby, J. M., Dumitru, R., Nickerson, K. W., and Harris, S. D. (2006).
"Farnesol-induced apoptosis in Aspergillus nidulans reveals a possible mechanism for
antagonistic interactions between fungi," Molecular Microbiology 59(3), 753-764.
Wosten, H. A. B., Moukha, S. M., Sietsma, J. H., and Wessels, J. G. H. (1991).
"Localization of growth and secretion of proteins in Aspergillus niger," Journal of
General Microbiology 137(8), 2017-2023.
Article submitted: May 5, 2011; Peer review completed: June 18, 2011; Revised version
received and accepted: July 5, 2011; Published: July 7, 2011.

Guo et al. (2011). “Farnesol vs. cellulase production,” BioResources 6(3), 3252-3259.

3259

