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                    Abstract
Efficient hydrolysis of holocellulose depends on a proper balance between cellulase (endoglucanase, exoglucanase, β-glucosidase) and xylanase activities. The present study aimed to induce the production of cellulases and xylanases using liquid cultures (one, two, three, and four fungal strains on the same bioreactor) of wild strains of Trichoderma harzianum, Aspergillus niger, and Fusarium oxysporum. The strains were identified by amplification and analysis of the ITS rDNA region and the obtained sequences were deposited in Genbank. Enzymes (endoglucanase, exoglucansae, β-glucosidase, and xylanase activities) and the profile of extracellular protein isoforms (SDS-PAGE) produced by different fungal combinations (N = 14) were analyzed by Pearson’s correlation matrix and principal component analysis (PCA). According to our results, induction of endoglucanase (19.02%) and β-glucosidase (6.35%) were obtained after 4 days when A. niger and F. oxysporum were cocultured. The combination of A. niger–T. harzianum produced higher endoglucanase in a shorter time than monocultures. On the contrary, when more than two strains were cultured in the same reactor, the relationships of competition were established, trending to diminish the amount of enzymes and the extracellular protein isoforms produced. The xylanase production was sensible to stress produced by mixed cultures, decreasing their activity. This is important when the aim is to produce cellulase-free xylanase. In addition, exoglucanase activity did not change in the combinations tested.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Mechanism of furfural toxicity and metabolic strategies to engineer tolerance in microbial strains
                                        
                                    

                                    
                                        Article
                                         Open access
                                         28 October 2023
                                    

                                

                                S. Bilal Jilani & Daniel G. Olson

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Recent advances in bacterial cellulose: a low-cost effective production media, optimization strategies and applications
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 July 2022
                                    

                                

                                Hamada El-Gendi, Tarek H. Taha, … Ahmed K. Saleh

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Fermentation: A Process for Biofertilizer Production
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2017
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abilgren MP, Lund F, Thrane U, Elmholt S (1987) Czapek-Dox agar containing iprodione and dicloran as a selective medium for the isolation of Fusarium species. Lett Appl Microbiol 5(4):83–86. https://doi.org/10.1111/j.1472-765X.1987.tb01620.x
                        
Article 
    
                    Google Scholar 
                

	Adney B, Baker J (2008) Measurement of cellulase activities. National Renewable Energy Laboratory, technical report NREL/TP-510-42628

	Ahamed A, Vermette P (2008) Enhanced enzyme production from mixed cultures of Trichoderma reesei RUT-C30 and Aspergillus niger LMA grown as fed batch in a stirred tank bioreactor. Biochem Eng J 42(1):41–46. https://doi.org/10.1016/j.bej.2008.05.007
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Akiba S, Kimura Y, Yamamoto K, Kumagai H (1995) Purification and characterization of a protease-resistant cellulase from Aspergillus niger. J Ferment Bioeng 79(2):125–130. https://doi.org/10.1016/0922-338X(95)94078-6
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Baba Y, Sumitani J, Tani S, Kawaguchi T (2015) Charaterization of Aspergillus aculeatus β-glucosidase 1 accelerating cellulose hydrolisis with Trichoderma cellulase system. AMB Express 5:3. https://doi.org/10.1186/s13568-014-0090-3
                        
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Banakar SP, Thippeswamy B, Thirumalesh BV, Naveenkumar KJ (2012) Diversity of soil fungi in dry deciduous forest of Bhadra wildlife sanctuary, western Ghats of southern India. J For Res 23(4):631–640. https://doi.org/10.1007/s11676-012-0304-y
                        
Article 
    
                    Google Scholar 
                

	Beg QK, Kapoor M, Mahajan L, Hoondal GS (2001) Microbial xylanases and their industrial applications: a review. Appl Microbiol Biotechnol 56(3-4):326–338. https://doi.org/10.1007/s002530100704
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bernalier A, Fonty G, Gouet P (1991) Cellulose degradation by two rumen anaerobic fungi in monoculture or coculture with rumen bacteria. Anim Feed Sci Technol 32(1–3):131–136. https://doi.org/10.1016/0377-8401(91)90016-L
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Boonyuen N, Manoch L, Luangsa-ard JJ, Piasai O, Chamswarng C, Chuaseeharonnachai C, Ueapattanakit J, Arnthong J, Sri-indrasutdhi V (2014) Decomposition of sugarcane bagasse with lignocellulose-derived thermotolerant and thermoresistant Penicillia and Aspergilli. Int Biodeterior Biodegrad 92:86–100. https://doi.org/10.1016/j.ibiod.2014.04.013
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Braga-Neto R, Costa RC, Magnusson WE, Zuquim G, De Castilho CV (2008) Leaf litter fungi in a central Amazonian forest: the influence of rainfall, soil and topography on the distribution of fruiting bodies. Biodivers Conserv 17(11):2701–2712. https://doi.org/10.1007/s10531-007-9247-6
                        
Article 
    
                    Google Scholar 
                

	Carder JH (1986) Detection and quantitation of cellulase by Congo red staining of substrates in a cup-plate diffusion assay. Anal Biochem 153(1):75–79
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cohen-Kupiec R, Broglie KE, Friesem D, Broglie RM, Chet I (1999) Molecular characterization of a novel β-1,3-exoglucanase related to mycoparasitism of T. harzianum. Gene 226(2):147–154. https://doi.org/10.1016/S0378-1119(98)00583-6
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Colussi F, Serpa V, Da Silva P, Regina L, Luiza M, Alves R, Luan B, Pereira N, Sanches C, Golubev AM, Morim MA, Polikarpov I (2011) Purification, and biochemical and biophysical characterization of cellobiohydrolase 1 from Trichoderma harzianum IOC 3844. J Microbiol Biotechnol 21(8):808–817. https://doi.org/10.4014/jmb.1010.10037
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dos Reis L, Fontana RC, Da Silva P, Da Silva DJ, Camassola M, Da Cruz JG, Pinheiro AJ (2013) Increased production of cellulase and xylanases by Penicillium echinulatum S1M29 in batch and fed-batch culture. Bioresour Technol 146:597–603. https://doi.org/10.1016/j.biortech.2013.07.124
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Eggert C, Temp U, Eriksson KE (1996) The ligninolytic system of Pycnoporus cinnabarinus: purification and characterization of the laccase. Appl Environ Microbiol 62(4):1151–1158
PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Eivazi F, Tabatabai MA (1988) Glucosidases and galactosidases in soil. Soil Biol Biochem 31:601–608
Article 
    
                    Google Scholar 
                

	Esterbahuer H, Steiner W, Lavudoba I, Hermann A, Hayn M (1991) Production of Trichoderma cellulase in laboratory and pilot scale. Bioresour Technol 36(1):51–65. https://doi.org/10.1016/0960-8524(91)90099-6
                        
Article 
    
                    Google Scholar 
                

	Fang H, Xia L (2013) High activity cellulase production by recombinant Trichoderma reesei ZU-02 with the enhanced cellobiohydrolase production. Bioresour Technol 144:693–697. https://doi.org/10.1016/j.biortech.2013.06.120
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fang X, Sheng Y, Zhao J, Bao X, Qu Y (2010) Status and prospect of lignocellulosic bioethanol production in China. Bioresour Technol 101(13):4814–4819. https://doi.org/10.1016/j.biortech.2009.11.050
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fialho MB, Carmona EC (2004) Purification and characterization of xylanases from Aspergillus giganteus. Folia Microbiol 49(1):13–18. https://doi.org/10.1007/BF02931639
                        
Article 
    CAS 
    
                    Google Scholar 
                

	García-Krichner O, Muñoz-Aguilar M, Pérez-Villalva R, Huitrón-Vargas C (2002) Mixed submerged fermentation with two filamentous fungi for cellulolytic and xylanolytic enzyme production. Appl Biochem Biotech 98-100(1-9):1105–1114. https://doi.org/10.1385/ABAB:98-100:1-9:1105
                        
Article 
    
                    Google Scholar 
                

	Ghareib M, Nour MM (1992) Production and general properties of xylanase from Aspergillus terreus. Zentralbl Mikrobiol 147(8):569–576
PubMed 
    CAS 
    
                    Google Scholar 
                

	Ghose TK (1987) Measurement of cellulase activities. Pure Appl Chem 59(2):257–268
Article 
    CAS 
    
                    Google Scholar 
                

	Gordobil O, Egüés I, Urruzola I, Labidi J (2014) Xylan-cellulose films: improvement of hydrophobicity, thermal mechanical properties. Carbohydr Polym 112:56–62. https://doi.org/10.1016/j.carbpol.2014.05.060
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gottschalk LMF, Oliveira RA, Da Silva EPB (2010) Cellulases, xylanases, β-glucosidase and ferulic acid esterase produced by Trichoderma and Aspergillus act synergistically in the hydrolysis of sugarcane bagasse. Biochem Eng J 51(1):72–78. https://doi.org/10.1016/j.bej.2010.05.003
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Gutierrez-Correa M, Tengerdy RP (1997) Production of cellulase on sugarcane baggase on fungal mixed culture solid substrate fermentation. Biotechnol Lett 19(7):665–667. https://doi.org/10.1023/A:1018342916095
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Hasper AA, Dekkers E, Van Mil M, Van de Vondervoort PJI, De Graaff LH (2002) EgIC, a new endoglucanase from Aspergillus niger with major activity towards to xyloglucan. Appl Environ Microbiol 68(4):1556–1560. https://doi.org/10.1128/AEM.68.4.1556-1560.2002
                        
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Huang Y, Busk PK, Lange L (2015) Cellulose and hemicellulose-degrading enzymes in Fusarium commune transcriotome and functional characterization of three identified xylanases. Enzym Microb Tech 73-74:9–19. https://doi.org/10.1016/j.enzmictec.2015.03.001
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Irfan M, Nadeem M, Syed Q (2013) Production of cellulases and hemicellulases from cellulytic fungal cultures in submerged fermentation using agricultural waste. eJBio 9(3):62–66

                    Google Scholar 
                

	Jayapal N, Samanta AK, Kolte AP, Senani S, Sridhar M, Suresh KP, Sampath KT (2013) Value addition to suggar cane baggase: xylan extraction and its process optimization for xylooligosaccharides production. Ind Crop Prod 42:14–24. https://doi.org/10.1016/j.indcrop.2012.05.019
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Juhász T, Kozma K, Szengyel, Réczey K (2003) Production of β-glucosidases in mixed culture of Aspergillus niger BKMF 1305 and Trichoderma reesei RUT C30. Food Technol Biotechnol 41(1):49–53

                    Google Scholar 
                

	Kaushal R, Sharma N, Tandon D (2012) Cellulase and xylanase production by coculture of Aspergillus niger and Fusarium oxysporum utilizing foreste waste. Turk J Biochem 37(1):35–41
Article 
    CAS 
    
                    Google Scholar 
                

	Kempton JB, Withers SG (1992) Mechanisms of Agrobacterium β-glucosidase: kinetic studies. Biochemistry-US 31(41):9961–9969. https://doi.org/10.1021/bi00156a015
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Khalili B, Nourbakhsh F, Nili N, Khademi H, Sharifnabi B (2011) Diversity of soil cellulase isoenzymes is associated with soil cellulase kinetic and thermodynamic parameters. Soil Biol Biochem 43(8):1639–1648
Article 
    CAS 
    
                    Google Scholar 
                

	Kim SW, Kang SW, Lee JS (1997) Cellulase and xylanase production by Aspergillus niger KKS in various bioreactors. Bioresour Technol 59(1):63–67. https://doi.org/10.1016/S0960-8524(96)00127-7
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Kim J, Block DE, Mills DA (2008) Simultaneous consumption of pentose and hexose sugars: an optimal microbial phenotype for efficient fermentation of lignocelullosic biomass. Appl Microbiol Biotechnol 88:1077–1085. https://doi.org/10.1007/s00253-010-2839-1
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Kubicek-Pranz EM, Gsur A, Hayn M, Kubicek CP (1991) Characterizarion of commercial Trichoderma reesei cellulase preparations by denaturing electrophoresis (SDS-PAGE) and immunostaining using monoclonal antibodies. Biotechnol Appl Biochem 14(3):317–323
PubMed 
    CAS 
    
                    Google Scholar 
                

	Levasseur A, Drula E, Lombard V, Coutinho PM, Henrissat B (2013) Expansion of the enzymatic repertoire of the CAZy database to integrate auxiliary redox enzymes. Biotechnol Biofuels 6(1):41. https://doi.org/10.1186/1754-6834-6-41
                        
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Liming X, Xueliang S (2004) High-yield cellulase production by Trichoderma reesei ZU-02 on corn cob residue. Bioresour Technol 91(3):259–262. https://doi.org/10.1016/S0960-8524(03)00195-0
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Liu D, Zhang R, Yang X, Wu H, Xu D, Tang Z, Shen Q (2011) Thermostable cellulase production of Aspergillus fumigatus Z5 under solid-state fermentation and its application in degradation of agricultural wastes. Int Biodeterior Biodegrad 65(5):717–725. https://doi.org/10.1016/j.ibiod.2011.04.005
                        
Article 
    CAS 
    
                    Google Scholar 
                

	MacCabe AP, Fernández-Espinar MT, De Graff LH, Visser J, Ramón D (1996) Identification, isolation and sequence of the Aspergillus nidulans xlnC gene encoding the 34-kDa xylanase. Gene 175(1-2):29–33. https://doi.org/10.1016/0378-1119(96)00116-3
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Manjarrés K, Piñeros Y, Rodríguez-Sandoval E (2011) Evaluación del complejo enzimático producido mediante el cocultivo de Aspergillus sp. y Trichoderma sp. En fase sólida sobre residuos de palma. Bioagro 23(1):19–26

                    Google Scholar 
                

	Massadeh MI, Wan WM, Omar O, Kader J (2001) Synergism of cellulase enzymes in mixed culture solid substrate fermentation. Biotechnol Lett 23(21):1771–1774. https://doi.org/10.1023/A:1012448401369
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Mathioni SM, Beló A, Rizzo CJ, Dean RA, Donofrio NM (2011) Transcriptome profiling of the rice blast fungus during invasive plant infection and in vitro stresses. BMC Genomics 12:49. https://doi.org/10.1186/1471-2164-12-49 http://www.biomedcentral.com/1471
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Miller GL (1959) Use of dinitrosalicylic acid reagent for determination of reducing sugar. Anal Chem 31(3):426–428. https://doi.org/10.1021/ac60147a030
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Panagiotou G, Kekos D, Macris BJ, Christakopoulos P (2003) Production of cellulolytic and xylanolytic enzymes by Fusarium oxysporum grown on corn stover in solid state fermentation. Ind Crop Prod 18(1):37–45. https://doi.org/10.1016/S0926-6690(03)00018-9
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Payne CM, Resch MG, Chen L, Crowley MF, Himmel ME, Taylor LE, Sandgren M, Ståhlberg J, Stals I, Tan Z, Beckham GT (2013) Glycosylated enzymes dynamically bind to cellulose. PNAS 110(36):14646–14651. https://doi.org/10.1073/pnas.1309106110
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Quay DHX, Bakar FDA, Rabu A, Said M, Illias RM, Mahadi NM, Hassan O, Murad AMA (2011) Overexpression, purification and characterization of the Aspergillus niger endoglucanase EgIA, in Pichia pastoris. Afr J Biotechnol 10(11):2102–2111. https://doi.org/10.5897/AJB10.1046
                        
Article 
    
                    Google Scholar 
                

	Saini R, Saini JK, Adsul M, Patel AK, Mathur A, Tuli D, Singhania RR (2015) Enhanced cellulase production by Penicillium oxalicum for bio-ethanol application. Bioresour Technol 188:240–246. https://doi.org/10.1016/j.biortech.2015.01.048
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque CA, Chen W (2012) Fungal barcoding consorcium, nuclear ribosomal internal transcribed spacer (ITS) región as a universal DNA barcode marker for Fugi. PNAS 109(16):6241–6246. https://doi.org/10.1073/pnas.1117018109
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Shu-Ying L, Marthandam AS, Hua-Jing J, Chaur-Tsuen L, Kou-Cheng P (2010) Purification and characterization of novel glucanases from Trichoderma harzianum ETS 323. J Agric Food Chem 58(19):10309–10314. https://doi.org/10.1021/jf1029338
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Siddiqui KS, Najmus AA, Rashid MH, Rajoka MI (2000) Carboxyl group modification significantly altered the kinetic properties of purified carboxymethylcellulase from Aspergillus niger. Enzym Microb Technol 27(7):467–474. https://doi.org/10.1016/S0141-0229(00)00254-4
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Sørensen A, Andersen JJ, Ahring BK, Teller PJ, Lübeck M (2014) Screening of carbon sources for beta-glucosidase production by Aspergillus saccharolyticus. Int Biodeterior Biodegrad 93:78–83. https://doi.org/10.1016/j.ibiod.2014.05.011
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Taha M, Shahsavari E, Al-Hothaly K, Mouradov A, Smith AT, Ball AS, Adetutu EM (2015) Enhanced biological straw saccharification througth coculturing of lignocellulose-degrading microorganisms. Appl Biochem Biotechnol 175(8):3709–3728. https://doi.org/10.1007/s12010-015-1539-9
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6: molecular evolutionary genetics analysis version 6.0. Mol Biol Evol 30(12):2725–2729
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Tomme P, Van Tilbeurgh H, Pettersson G, Van Dame J, Vandekerckhove J, Knowles J, Teeri T, Claeyssens M (1988) Studies of the cellulytic system of Trichoderma reesei QM 9414 analysis of the domain function in two cellobiohydrolases by limited proteolysis. Eur J Biochem 170(3):575–581. https://doi.org/10.1111/j.1432-1033.1988.tb13736.x
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Usha V, Vijayalakshmi S, Riyaz AR, Rajagopal K (2011) Ecology, chemical diversity and molecular profiling of Aspergillus species from paper and pulp polluted soil. Int J Sci Nat 2(3):545–550
CAS 
    
                    Google Scholar 
                

	Van Peij NNME, Brinkmann J, Vrsanská M, Visser J, Graaff LH (1997) β-xylosidase activity, encoded by xlnD, is essencial for complete hydrolysis of xylan by Aspergillus niger but not for induction of the xylanolytic enzyme spectrum. Eur J Biochem 245:164–173
Article 
    PubMed 
    
                    Google Scholar 
                

	Vyas A, Vyas D (2005) Production of fungal cellulases by solid state bioprocessing of groundnut Shell wastes. J Sci Ind Res 64:767–770
CAS 
    
                    Google Scholar 
                

	Wang W, Ren J, Li H, Deng A, Sun R (2015) Direct transformation of xylan-type hemicelluloses to furfural via SnCl4 catalysis in aqueous and biphasic systems. Bioresour Technol 183:188–194
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Watanabe T, Sato T, Yoshioka S, Koshijima T, Kuwahara M (1992) Purification and properties of Aspergillus niger β-glucosidase. FEBS J 209(2):651–659. https://doi.org/10.1111/j.1432-1033.1992.tb17332.x
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Wen Z, Liao W, Chen S (2005) Production of cellulase/β-glucosidase by the mixed fungi culture Trichoderma reesei and Aspergillus phoenicis on dairy manure. Process Biochem 40(9):3087–3094
Article 
    CAS 
    
                    Google Scholar 
                

	White TJ, Bruns T, Lee S, Taylor JW (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR protocols: a guide to methods and applications. Academic Press, San Diego, pp 315–322

                    Google Scholar 
                

	Woodward J (1991) Synergism in cellulase systems. Bioresour Technol 36(1):67–75. https://doi.org/10.1016/0960-8524(91)90100-X
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Ximenes EA, Felix CR, Ulhoa CJ (1996) Production of cellulases by Aspergillus fumigatus and characterization of one β-glucosidase. Curr Microbiol 32(3):119–123. https://doi.org/10.1007/s002849900021
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Yeoh HH, Tan TK, Chua SL, Lim G (1988) Properties of β-glucosidase purified from Aspergillus niger. MIRCEN J Appl Microbiol Biotechnol 4(4):425–430. https://doi.org/10.1007/BF00940168
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Yinbo Q, Peiji G, Dong W, Xin Z, Xiao Z (1996) Production, characterization, and application of cellulase-free xylanases from Aspergillus niger. Appl Biochem Biotechnol 57-58(1):375–381. https://doi.org/10.1007/BF02941716
                        
Article 
    
                    Google Scholar 
                

	Zhong L, Matthews JF, Hansen PI, Crowley MF, Cleary JM, Walker RC, Nimlos MR, Brooks CL, Adney WS, Himmel ME, Brady JW (2009) Computational simulations of the Trichoderma reesei cellobiohydrolase I acting on microcrystalline cellulose Iβ: the enzyme –substrate complex. Carbohydr Res 344(15):1984–1992. https://doi.org/10.1016/j.carres.2009.07.005
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
We would like to acknowledge the Santander group and REDMACRO for the financial support, as well as CONACyT for the doctoral scholarship of Hernández Christian; to the Universidade de São Paulo (EEL); to the Universidad Veracruzana (INBIOTECA, the academic group Structure and Functioning of Ecosystems CAUVER-324); and the Universidad Michoacana de San Nicolás de Hidalgo (CMEB) for the technical support. The authors would like to thank the anonymous reviewers of this paper. Finally, authors would like to thank to the ECOS-NORD-CONACYT-ANUIES project (M13 A02) for the partial financial support.


Author information
Authors and Affiliations
	Instituto de Biotecnología y Ecología Aplicada (INBIOTECA), Universidad Veracruzana, Avenida de las culturas veracruzanas no. 101, colonia Emiliano Zapata, 91090, Xalapa, Veracruz, Mexico
Christian Hernández & Enrique Alarcón

	Departamento de Biotecnología, Escola de engenharia de Lorena (EEL), Universidade de São Paulo, Estrada Municipal do Campinho s/n – Pte Nova, Lorena, SP, 12602-810, Brazil
Adriane M. F. Milagres

	Centro Multidisciplinario de Estudios en Biotecnología (CMEB), Facultad de Medicina Veterinaria y Zootecnia, Universidad Michoacana de San Nicolás de Hidalgo, Calle Morelia-Zinapecuaro Km 9.5, colonia La Palma, 58262, Tarímbaro, Michoacán, Mexico
Gerardo Vázquez-Marrufo

	Laboratorio de Investigación en Procesos Avanzados de Tratamiento de Aguas, Unidad Académica Juriquilla, Instituto de Ingeniería, Universidad Nacional Autónoma de México, Blvd. Juriquilla 3001, 76230, Querétaro, Mexico
Karla María Muñoz-Páez

	Facultad de Biología, Universidad Veracruzana, Circuito Gonzalo Aguirre Beltrán, Zona Universitaria, 91090, Xalapa, Veracruz, Mexico
José Antonio García-Pérez


Authors	Christian HernándezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Adriane M. F. MilagresView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gerardo Vázquez-MarrufoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Karla María Muñoz-PáezView author publications
You can also search for this author in
                        PubMed Google Scholar



	José Antonio García-PérezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Enrique AlarcónView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Enrique Alarcón.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Hernández, C., Milagres, A.M.F., Vázquez-Marrufo, G. et al. An ascomycota coculture in batch bioreactor is better than polycultures for cellulase production.
                    Folia Microbiol 63, 467–478 (2018). https://doi.org/10.1007/s12223-018-0588-1
Download citation
	Received: 23 September 2016

	Accepted: 24 January 2018

	Published: 08 February 2018

	Issue Date: July 2018

	DOI: https://doi.org/10.1007/s12223-018-0588-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Endoglucanase
	β-Glucosidase
	Exoglucanase
	
                Trichoderma
              
	
                Aspergillus
              
	
                Fusarium
              
	Filamentous fungi








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.228.227.218
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    