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ABSTRACT 

 

 

A recombinant gene encoding α-ʟ-arabinofuranosidase (AnabfA) amplified from the 

genomic deoxyribonucleic acid (DNA) of Aspergillus niger ATCC 120120 was 

successfully cloned and expressed in Pichia pastoris under the control of alcohol 

oxidase 1 (AOX1) promoter. Molecular analysis of the nucleotide sequence showed that 

the AnabfA gene contain eight exons and seven introns. Introns deletion was performed 

via modified overlap extension-polymerase chain reaction (MOE-PCR). The sequence 

was found to contain an open reading frame composed of 1887 base pairs (bp) 

nucleotides and encode 628 amino acid (aa) residues. Amino acids sequence analysis 

suggested that the mature enzyme was preceded by a 25 aa signal sequences. The effect 

of cultural conditions on recombinant AnabfA expression was studied and the enzyme 

was expressed as soluble protein. The recombinant AnabfA expressed as an active 

enzyme at 28°C when cultured in buffered complex methanol medium (BMMY), pH 6 

and induced with 2% methanol for every 24 hours. Purified recombinant AnabfA before 

and after treatment with PNGase F migrated by sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE) with a relative molecular mass of 83 

kDa and 66 kDa, suggesting that the AnabfA contains N-linked oligosaccharides. The 

optimum temperature and pH of recombinant AnabfA were 50°C and pH 4, respectively. 

The enzyme was stable at pH 2 to pH 6 and retained more than 80% of its activity after 

pre-incubation at 40°C for 30 minutes. Recombinant AnabfA activity was stimulated by 

K
+
, Mn

2+
, Na

2+
 and Triton X-100 and significantly inhibited by Cu

2+
 and Fe

2+
, while the 

enzyme activity was relatively unaffected by Ca
2+

, CO
2+

, Mg
2+

 and ethylenediamine-

tetraacetate (EDTA). The Michaelis-Menten constant (Km) and maximum reaction 

velocity, (Vmax) of the recombinant AnabfA activity towards ρ-nitrophenyl α-ʟ-

arabinofuranoside (ρNPA) were 0.93 mM and 17.86 µmol.ml
-1

.min
-1

, respectively. 
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ABSTRAK 

 

 

Gen rekombinan yang mengkodkan α-ʟ-arabinofuranosidase (AnabfA) diamplifikasikan 

daripada asid deoksiribonukleik (DNA) genomik Aspergillus niger ATCC 120120 

berjaya diklonkan dan diekspreskan di dalam Pichia pastoris di bawah kawalan 

pengaruh alkohol oksidase 1 (AOX1). Analisis molekular terhadap jujukan nukleotida 

menunjukkan gen AnabfA mengandungi lapan ekson dan tujuh intron. Pemadaman 

intron dilakukan melalui pengubahsuaian pemanjangan pertindihan-tindakbalas rantaian 

polimerase (MOE-PCR). Jujukan didapati mengandungi rangka bacaan terbuka 1887 

pasangan bes (bp) nukleotida dan mengkodkan 628 asid amino (aa). Analisis jujukan 

asid amino mencadangkan bahawa enzim matang didahului oleh 25 aa isyarat jujukan. 

Kesan keadaan pengkulturan terhadap pengekspresan AnabfA rekombinan dikaji dan 

enzim diekspreskan sebagai protein larut. AnabfA rekombinan diekspreskan sebagai 

enzim aktif pada 28°C apabila dikulturkan di dalam media metanol kompleks 

berpenimbal (BMMY), pH 6 dan diaruhkan dengan 2% metanol pada setiap 24 jam. 

AnabfA rekombinan tulen sebelum dan selepas rawatan dengan PNGase F bergerak 

melalui natrium dodesil sulfat-poliakrilamida elektroforesis gel (SDS-PAGE) dengan 

berat molekular relatif 83 kDa dan 66 kDa, mencadangkan bahawa AnabfA 

mengandungi rantaian N-oligosakarida. Suhu dan pH optimum bagi AnabfA rekombinan 

ialah pada 50°C dan pH 4. Enzim stabil pada pH 2 hingga pH 6 dan mengekalkan lebih 

daripada 80% aktivitinya selepas pra-pengeraman pada 40°C selama 30 minit. Aktiviti 

AnabfA rekombinan ditingkatkan oleh K
+
, Mn

2+
, Na

2+
 dan Triton X-100, direncatkan 

oleh Cu
2+

 dan Fe
2+

, sementara aktiviti enzim tidak berubah dengan penambahan Ca
2+

, 

CO
2+

, Mg
2+

 dan etilenediamina-tetraacetat (EDTA). Nilai pemalar Michaelis-Menten 

(Km) dan halaju tindakbalas maksimum (Vmax) bagi AnabfA rekombinan tulen terhadap 

ρ-nitrofenil α-ʟ-arabinofuranosida (ρNPA) ialah 0.93 mM dan 17.86 µmol.ml
-1

.min
-1
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

 The composition of plant cell wall is complex and variable. Plant cell wall 

polysaccharides are the most abundant organic compounds found in nature which make 

up 90% of the plant cell wall. Lignocelluloses of plant cell walls are mainly found in the 

form of long chains celluloses (the main structural component of the plant cell wall), 

hemicelluloses (comprising various β-xylan chains), pectin substances (consisting of 

galacturonans and rhamnogalacturonans, arabinans, galactans and arabinogalactans) and 

lignin. Compounds also acting as protective barriers against phytopathogenic organisms 

(Carlos et al., 2004). 

 

 

 Hemicelluloses are one of the most abundant renewable polymers on earth. 

Moreover, celluloses, hemicelluloses, pectins and lignin are the key components in the 

degradation of lignocelluloses. Many enzymes are involved in the degradation of these 

polymeric substrates (Ward and Moo-Young, 1989). 
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 Fungal plant pathogens are able to produce a variety of enzymes hydrolyzing 

these compounds, facilitating the penetration and colonization of their hosts. Xylan is a 

predominant hemicelluloses polysaccharide composed of a back bone of β-1,4-

xylopyranosyl residues, some of which are substituted with arabinosyl, acetyl and 

glucuronosyl residues. ʟ-arabinosyl residues are widely distributed in these polymers as 

side chains. ʟ-arabinosyl residues are widely distributed in some hemicelluloses, such as 

arabinan, arabinoxylan, arabic gum and arabinogalactan (Carlos et al., 2004). The 

presence of these side chains restricts the enzymatic hydrolysis of hemicelluloses and 

pectins (Rahman et al., 2003; Saha, 2000; Saha and Bothast, 1998). The complete 

breakdown of these compounds requires the cooperative action of several microbial 

enzymes, particularly xylanases, β-xylosidases and arabinofuranosidases. 

 

 

 Further, it also represents a formidable technological barrier that retards the 

development of various industrial processes (Saha, 2000). The use of a single accessory 

enzyme for partial or specific modification of lignocelluloses might offer new interesting 

options for the utilization of these low cost raw materials (Leathers, 2003; Sknchez-

Torres et al., 1996). 

 

 

 The α-ʟ-arabinofuranosidases are accessory enzymes that cleave α-ʟ-

arabinofuranosidic linkages and act synergistically with other hemicellulases and pectic 

enzymes for the complete hydrolysis of hemicelluloses and pectins (Spagna et al., 1998; 

Margolles-Clark et al., 1996). The actions of α-ʟ-arabinofuranosidase alone or in 

combination with other lignocelluloses degrading enzymes represent a promising 

biotechnological tool as alternatives to some of the existing chemical technologies such 

as chlorination in pulp and paper industry (Gomes et al., 2000; Mai et al., 2000; 

Gobbetti et al., 1999), synthesis of oligosaccharides (Rémond et al., 2004; Rémond et 

al., 2002) and pretreatment of lignocelluloses for bioethanol production (Saha, 2003; 

Saha and Bothast, 1998). 
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Nowadays, cellulases and hemicellulases have numerous applications and 

biotechnological potential for various industries including chemicals, fuel, food, brewery 

and wine, animal feed, textile and laundry, pulp and paper and agricultural. A great deal 

interest in the enzymology of hemicelluloses degradation has reinitiated for a number of 

application, most notably biofuel production (Foreman et al., 2003) and because of the 

biotechnological interest in the hydrolysis of hemicelluloses for the pulp and paper or 

the feedstock industry (Herrmann et al., 1997). 

 

 

 From the standpoint of the food industry, the pectic substances, arabinans in 

particular, have become one of the most important constituents of plant cell walls. 

Arabinans consists of a main chain of α-ʟ-arabinose subunits linked α-(1→5) to one 

another. Side chains are linked by α-(1→3) or sometimes α-(1→2) to the main α-(1→5)-

ʟ-arabinan backbone. In apple, for example one third of the total arabinose is present in 

the side chains. The molecular weight of arabinan is normally about 15 kDa. 

 

 

 Generally, heterologous expression for a recombinant protein expression is often 

a convenient way to produce large amounts of proteins (Kallas, 2006). Prokaryotic hosts 

(Escherichia coli, Bacillus etc.) are generally easy to work with and generate large 

amounts of proteins. Besides, commonly used eukaryotic expression systems are 

mammalian cells, plant cells, insect cells, filamentous fungi and yeasts such as 

Saccharomyces cerevisiae and Pichia pastoris. Thus, due to their utility in industrial 

applications, cloning and expression of α-ʟ-arabinofuranosidase gene in P. pastoris 

expression system should been studied in details. 
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1.2 Objectives of Research 

 

 

 The objectives of this research are to clone and express α-ʟ-arabinofuranosidase 

(AnabfA) gene from Aspergillus niger ATCC 120120 in P. pastoris and to characterize 

the purified recombinant enzyme. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

REFERENCES 

 

 

 

 

Adams, E.L., Kroon, P.A., Williamson, G., Gilbert, H.J. and Morrisa, V.J. (2004) 

Inactivated Enzymes as Probes of the Structure of Arabinoxylans as Observed by 

Atomic Force Microscopy. Carbohydrate Research. 339:579-590. 

 

Bachmann, S.L. and McCarthy, A.J. (1991) Purification and Cooperative Activity of 

Enzymes Constituting the Xylan-degrading System of Thermomonospora fusca. 

Applied Microbiology and Biotechnology. 57:2121-2130. 

 

Bauke, O. (2003) Protein Secretion Pathways in Bacteria. Kluwer Academic Publishers, 

Netherlands. 

 

Baumgartner, P., Raemaekers, R.J., Durieux, A., Gatehouse, A., Davies, H. and Taylor, 

M. (2002) Large-scale Production, Purification and Characterization of 

Recombinant Phaseolus vulgaris Phytohemagglutinin E-form Expressed in the 

Methylotrophic Yeast Pichia pastoris. Protein Expression and Purification. 

26:394-405. 

 

Beg, Q.K., Kapoor, M., Mahajan, L. and Hoondal, G.S. (2001) Microbial Xylanases and 

Their Industrial Applications: A Review. Applied Microbiology and 

Biotechnology. 56:326-338. 

 



135 
 

Beldman, G., Schols, H.A., Pitson, S.M., Searl-van Leeuwen, M.J.F. and Voragen, 

A.G.J. (1997) Arabinans and Arabinan Degrading Enzymes. Advances in 

Macromolecular Carbohydrate Research. 1:1-64. 

 

Berrin, J.G., Williamson, G., Puigserver, A., Chaix, J.C., McLauchlan, W.R. and Juge, 

N. (2000) High-level Production of Recombinant Fungal Endo-β-1,4-xylanase in 

the Methylotrophic Yeast Pichia pastoris. Protein Expression and Purification. 

19:179-187. 

 

Beylot, M.H., Emami, K., McKie, V.A., Gilbert, H.J. and Pell, G. (2001) Pseudomonas 

cellulosa Expresses a Single Membrane-bound Glycoside Hydrolase Family 51 

Arabinofuranosidase. Biochemical Journal. 358:599-605. 

 

Beylot, M.H., McKie, V.A., Voragen, A.G.J., Doeswijk-Voragen, C.H.L. and Gilbert, 

H.J. (2001) The Pseudomonas cellulosa Glycoside Hydrolase Family 51 

Arabinofuranosidase Exhibits Wide Substrate Specificity. Biochemical Journal. 

358:607-614. 

 

Biely, P. (1993) Biochemical Aspects of the Microbial Hemicellulases. In: Goughlan, 

M.P. and Hazlewood, G.P. (eds) Hemicellulose and Hemicellulases. London, 

Portland Press, pp. 29-51. 

 

Birgisson, H., Fridjonsson, O., Bahrani-Mougeot, F.K. Hreggvidsson, G.O., 

Kristjansson, J.K. and Mattiasson, B.A. (2004) New Thermostable α-ʟ-

arabinofuranosidase from a Novel Thermophilic Bacterium. Biotechnology 

Letters. 26:1347-1351. 

 

Carlos, A.C., Juan, M.A., Andres, R., Freddy, H., Howard, J., Walter, O. and Patricia, 

D.P. (2004) Identification and Characterization of α-ʟ-arabinofuranosidase B of 

Fusarium oxysporum f. sp. dianthi. Journal of Physiological and Molecular 

Plant Pathology. 64:201-208. 



136 
 

Cereghino, G.P., Cereghino, J.L., Ilgen, C. and Cregg, J.M. (2002) Production of 

Recombinant Proteins in Fermenter Cultures of the Yeast Pichia pastoris. 

Current Opinion in Biotechnology. 13:329-332. 

 

Cereghino, G.P. and Cregg, J.M. (1999) Applications of Yeast in Biotechnology: Protein 

Production and Genetic Analysis. Current Opinion in Biotechnology. 10:422-

427. 

 

Cereghino, J.L. and Cregg, J.M. (2000) Heterologous Protein Expression in the 

Methylotrophic Yeast Pichia pastoris. FEMS Microbiology Reviews. 24:45-66. 

 

Clare, J.J., Romanos, M., Rayment, F.B., Rowedder, J.E., Smith, M.A., Payne, M.M., 

Sreekrishna, K. and Henwood, C.A. (1991) Production of Mouse Epidermal 

Growth Factor in Yeast: High-level Secretion using Pichia pastoris Strains 

Containing Multiple Gene Copies. Gene. 105:205-212. 

 

Cohen, S.N., Chang, A.C.Y. and Hsu, L. (1972) Nonchromosomal Antibiotic Resistance 

in Bacteria: Genetic Transformation of Escherichia coli by R-Factor DNA. 

Proceeding of the National Academy of Sciences of the USA 69. 8:2110-2114. 

 

Coughlan, M.P. and Hazlewood, G.P. (1993) β-1,4-xylan-degrading Enzyme Systems: 

Biochemistry, Molecular Biology and Applications. Biotechnology and Applied 

Biochemistry. 17:259-289. 

 

Coutinho, P.M. and Henrissat, B. (1999) Carbohydrate-active Enzymes: An Integrated 

Database Approach. In: Gilbert, H.J., Davies, G.J., Henrissat, B. and Svensson, 

B. (eds) Recent Advances in Carbohydrate Bioengineering, Royal Society of 

Chemistry, Cambridge, UK, pp. 3-12. 

 



137 
 

Cregg, J.M. and Madden, K.R. (1988) Development of the Methylotrophic Yeast, Pichia 

pastoris as a Host System for the Production of Foreign Proteins. Developments 

in Industrial Microbiology. 29:33-41. 

 

Cregg, J.M., Vedvick, T.S. and Raschke, W.C. (1993) Recent Advances in the 

Expression of Foreign Genes in Pichia pastoris. Biotechnology. 11:905-910. 

 

Davies, G.J., Gloster, T.M. and Henrissat, B. (2005) Recent Structural Insights into the 

Expanding World of Carbohydrate-active Enzymes. Current Opinion in 

Structural Biology. 15:637-645. 

 

Davies, G.J. and Henrissat, B. (1995) Structures and Mechanisms of Glycosyl 

Hydrolases. Structure. 3:853-859. 

 

Debeche, T., Cummings, N., Connerton, I., Debeire, P. and O'Donohue, M.J. (2000) 

Genetic and Biochemical Characterization of a Highly Thermostable α-ʟ-

arabinofuranosidase from Thermobacillus xylanilyticus. Applied and 

Environmental Microbiology. 66:1734-1736. 

 

De Vries, R.P., Kester, H.C.M., Poulsen, C.H., Benen, J.A.E. and Visser, J. (2000) 

Synergy Between Enzymes from Aspergillus Involved in the Degradation of 

Plant Cell Wall Polysaccharides. Carbohydrate Research. 327:401-410. 

 

De Vries, R.P. and Visser, J. (2001) Aspergillus Enzymes Involved in Degradation of 

Plant Cell Wall Polysaccharides. Microbiology and Molecular Biology Reviews. 

65:497-522. 

 

Foreman, P.K., Brown, D., Dankmeyer, L., Dean, R., Dieners, S., Dunn-Coleman, N.S., 

Goedegebuur, F., Houfek, T.D., England, G.J., Kelly, A.S., Meerman, H.J., 

Mitchell, T., Mitchinson, C., Oliveras, H.A., Teunissen, P.J.M., Yao, J. and 

Ward, M. (2003) Transcriptional Regulation of Biomass-degrading Enzymes in 



138 
 

the Filamentous Fungus Trichoderma reesei. Journal of Biological Chemistry. 

278:31986-31997. 

 

Flipphi, M.J., Panneman, H., van der Veen, P., Visser, J. and de Graaff, L.H. (1993c) 

Molecular Cloning, Expression and Structure of the Endo-1,5-α-ʟ-arabinase 

Gene of Aspergillus niger. Applied Microbiology and Biotechnology. 40:318-

326. 

 

Flipphi, M.J., van Heuvel, M., van der Veen, P., Visser, J. and de Graaff, L.H. (1993a) 

Cloning and Characterization of the abfB Gene Coding for the Major α-ʟ-

arabinofuranosidase (ABF B) of Aspergillus niger. Current Genetics. 24:525-

532. 

 

Flipphi, M.J., Visser, J., van der Veen, P. and de Graaff, L.H. (1994) Arabinase Gene 

Expression in Aspergillus niger: Indications for Coordinated Regulation. 

Microbiology. 140:2673-2682. 

 

Flipphi, M.J., Visser, J., van der Veen, P. and de Graaff, L.H. (1993b) Cloning of the 

Aspergillus niger Gene Encoding α-ʟ-arabinofuranosidase A. Applied 

Microbiology and Biotechnology. 39:335-340. 

 

Gasparic, A., Marinsek-Logar, R., Martin, J., Wallace, R.J., Nekrep, F.V. and Flint, H.J. 

(1995) Isolation of Genes Encoding β-ᴅ-xylanase, β-ᴅ-xylosidase and α-ʟ-

arabinofuranosidase Activities from the Rumen Bacterium Prevotella ruminicola 

B1 (4). FEMS Microbiology Letters. 125:135-141. 

 

Gilead, S. and Shoham, Y. (1995) Purification and Characterization of α-ʟ-

arabinofuranosidase from Bacillus stearothermophilus T-6. Applied and 

Environmental Microbiology. 61:170-174. 

 



139 
 

Gobbetti, M., De Angelis, M., Arnaut, P., Tossut, P., Corsetti, A. and Lavermicocca, P. 

(1999) Added Pentosans in Breakmaking: Fermentations of Derived Pentoses by 

Sourdough Lactic Acid Bacteria. Food Microbiology. 16:409-418. 

 

Gomes, J., Gomes, I., Terler, K., Gubala, N., Ditzelmüller, G. and Steinera, W. (2000) 

Optimization of Culture Medium and Conditions for α-ʟ-arabinofuranosidase 

Production by the Extreme Thermophilic Eubacterium Rhodothermus marinus. 

Enzyme and Microbial Technology. 27:414-422. 

 

Gorgenes, J.F., Van Zye, W.H., Kuoetze, J.H. and Han-Hageral, B. (2005) Amino Acid 

Supplementation Improves Heterologous Protein Production by Saccharomyces 

cerevisiae in Defined Medium. Applied Microbiology and Biotechnology. 

67:684-691. 

 

Hashimoto, T. and Nakata, Y. (2003) Synergistic Degradation of Arabinoxylan with α-ʟ-

arabinofuranosidase, Xylanase and β-xylosidase from Soy Sauce Koji Mold, 

Aspergillus oryzae, in High Salt Condition. Journal of Bioscience and 

Bioengineering. 95:164-169. 

 

Henrissat, B. and Bairoch, A. (1996) Updating the Sequence-based Classification of 

Glycosyl Hydrolases. Biochemical Journal. 316:695-696. 

 

Henrissat, B. and Bairoch, A. (1993) New Families in the Classifications of Glycosyl 

Hydrolases Based on Amino Acid Sequence Similarities. Biochemical Journal. 

293:781-788.  

 

Henrissat, B. and Davies, G.J. (2000) Glycoside Hydrolases and Glycosyltransferases 

Families, Modules and Implications for Genomics. Plant Physiology. 124:1515-

1519. 

 



140 
 

Henrissat, B. and Davies, G.J. (1997) Structural and Sequence-based Classification of 

Glycoside Hydrolases. Current Opinion in Structural Biology. 7:637-644. 

 

Herrmann, M.C., Vrsanska, M., Jurickova, M., Hirsch, J., Biely, P. and Kubicek, C.P. 

(1997) The β-ᴅ-xylosidase of Trichoderma reesei is a Multifunctional β-ᴅ-

xylohydrolase. Journal of Biochemistry. 321:375-381. 

 

Higuchi, R., Krummel, B. and Saiki, R.K. (1988) A General Method of In Vitro 

Preparation and Specific Mutagenesis of DNA Fragments: Study of Protein and 

DNA Interactions. Nucleic Acids Research. 16:7351-7367. 

 

Hollenberg, C.P. and Gellissen, G. (1997) Production of Recombinant Proteins by 

Methylotrophic Yeasts. Current Opinion in Biotechnology. 8:554-560. 

 

Hong, F., Meinander, N.Q. and Jönsson, L.J. (2002) Fermentation Strategies for 

Improved Heterologous Expression of Laccase in Pichia pastoris. Biotechnology 

and Bioengineering. 79:438-449. 

 

Hood, E.E. and Jilka, J.M. (1999) Plant-based Production of Xenogenic Proteins. 

Current Opinion in Biotechnology. 10:382-386. 

 

Howard, R.L., Abotsi, E., Jansen van Rensburg, E.L. and Howard, S. (2003) 

Lignocellulose Biotechnology: Issues of Bioconversion and Enzyme Production. 

African Journal of Biotechnology. 12:602-619. 

 

Hövel, K., Shallom, D., Niefind, K., Belakhov, V., Shoham, G., Baasov, T., Shoham, Y. 

and Schomburg, D. (2003) Crystal Structure and Snapshots along the Reaction 

Pathway of a Family 51 α-ʟ-arabinofuranosidase. EMBO Journal. 22:4922-4932. 

 

Hutnan, M., Drtil, M. and Mrafkova, L. (2000) Anaerobic Biodegradation of Sugar Beet 

Pulp. Biodegradation. 11:203-211. 

http://www3.interscience.wiley.com/journal/71002188/home
http://www3.interscience.wiley.com/journal/71002188/home


141 
 

Jafari-Aghdam, J., Khajeh, K., Ranjbar, B. and Nemat-Gorgani, M. (2005) 

Deglycosylation of Glucoamylase from Aspergillus niger: Effects on Structure, 

Activity and Stability. Biochimica et Biophysica Acta. 1750:61-68. 

 

Jayani, R.S., Saxena, S. and Gupta, R. (2005) Microbial Pectinolytic Enzymes: A 

Review. Process Biochemistry. 40:2931-2944. 

 

Kaji, A. (1984) ʟ-arabinosidases. Advances in Carbohydrate Chemistry and 

Biochemistry. 42:383-394. 

 

Kallas, A. (2006) Heterologous Expression, Characterization and Applications of 

Carbohydrate Active Enzymes and Binding Modules. Royal Institute of 

Technology, School of Biotechnology, Department of Wood Biotechnology, 

Stockholm. 

 

Kaneko, S., Arimoto, M., Ohba, M., Kobayashi, H., Ishii, T. and Kusakabe, I. (1998) 

Purification and Substrate Specificities of Two α-ʟ-arabinofuranosidases from 

Aspergillus awamori IFO 4033. Applied and Environmental Microbiology. 

64:4021-4027. 

 

Kellett, L.E., Poole, D.M., Ferreira, L.M., Durrant, A.J., Hazlewood, G.P. and Gilbert, 

H.J. (1990) Xylanase B and an Arabinofuranosidase from Pseudomonas 

fluorescens subsp. cellulosa Contain Identical Cellulose-binding Domains and 

are Encoded by Adjacent Genes. Biochemical Journal. 272:369-376. 

 

Kengo, M., Hiroshi, O., Yoji, H., Akitsugu, K., Yasuhisa, A. and Osamu, A. (2004) 

Isolation and Characterization of a Novel Gene Encoding α-ʟ-

arabinofuranosidase from Aspergillus oryzae. Journal of Bioscience and 

Bioengineering. 98:77-84. 

 



142 
 

Kim, W.K., Mauthe, W., Hausner, G. and Klassen, G.R. (1989) Isolation of High 

Molecular Weight DNA and Double-stranded RNAs from Fungi. Canadian 

Journal of Botany. 68:1898-1902. 

 

Kimura, I., Sasahara, H. and Tajima, S. (1995) Purification and Characterization of Two 

Xylanases and an Arabinofuranosidase from Aspergillus sojae. Journal of 

Fermentation and Bioengineering. 80:334-339. 

 

Kimura, I., Yoshioka, N., Kimura, Y. and Tajima, S. (2000) Cloning, Sequencing and 

Expression of an α-ʟ-arabinofuranosidase from Aspergillus sojae. Journal of 

Bioscience and Bioengineering. 89:262-266. 

 

Koseki, T., Miwa, Y., Mese, Y., Miyanaga, A., Fushinobu, S., Wakagi, T., Shoun, H., 

Matsuzawa, H. and Hashizume, K. (2006) Mutational Analysis of N-

glycosylation Recognition Sites on the Biochemical Properties of Aspergillus 

kawachii α-ʟ-arabinofuranosidase 54. Biochimica et Biophysica Acta. 

1760:1458-1464. 

 

Koseki, T., Okuda, M., Sudoh, S., Kizaki, Y., Iwano, K., Aramaki, I. and Matsuzawa, H. 

(2003) Role of Two α-ʟ-arabinofuranosidases in Arabinoxylan Degradation and 

Characteristics of the Encoding Genes from Shochu Koji Molds, Aspergillus 

kawachii and Aspergillus awamori. Journal of Biosciences and Bioengineering. 

96:232-241. 

 

Kroon, P.A. and Williamson, G. (1996) Release of Ferulic Acid from Sugar-beet Pulp 

by Using Arabinanase, Arabinofuranosidase and an Esterase from Aspergillus 

niger. Biotechnology and Applied Biochemistry. 23:263-267. 

 

Kumar, R., Singh, S. and Singh, O.V. (2008) Bioconversion of Lignocellulosic Biomass: 

Biochemical and Molecular Perspectives. Journal of Industrial Microbiology and 

Biotechnology. 35:377-391. 



143 
 

Kuno, A., Shimize, D., Kaneko, S., Koyama, Y., Yoshida, S., Kobayashi, H., Hayashi, 

K., Taira, K. and Kusakabe, I. (1998) PCR Cloning and Expression of Family 

F/10 Xylanase Gene from Streptomyces olivacoviridis E-86. Journal of 

Fermentation and Bioengineering. 86:434-439. 

 

Leathers, T.D. (2003) Bioconversions of Maize Residues to Value-added Co-products 

Using Yeast-like Fungi. FEMS Yeast Research. 3:133-140. 

 

Le Clinche, F., Pińaga, F., Ramón, D. and Vallés, S. (1997) α-ʟ-arabinofuranosidases 

from Aspergillus terreus with Potential Application in Enology: Induction, 

Purification and Characterization. Journal of Agricultural and Food Chemistry. 

45:2379-2383. 

 

Lee, R.C., Burton, R.A., Hermova, M. and Fincher, G.B. (2001) Barley Arabinoxylan 

Arabinofuranohydrolases: Purification, Characterization and Determination of 

Primary Structures from cDNA Clones. Biochemical Journal. 356:181-189. 

 

Lee, R.C., Hermova, M., Burton, R.A., Lahnstein, J. and Fincher, G.B. (2003) 

Bifunctional Family 3 Glycoside Hydrolases from Barley with α-ʟ-

arabinofuranosidase and β-ᴅ-xylosidase Activity: Characterization, Primary 

Structures and COOH-terminal. Journal of Biological Chemistry. 278:5377-

5387. 

 

Macauley-Patrick, M.L., Fazenda, B., McNeil and Harvey, L.M. (2005) Heterologous 

Protein Production using the Pichia pastoris Expression System. Yeast. 22:249-

270. 

 

Magnuson, J. and Lasure, L. (2004) Organic Acid Production by Filamentous Fungi. 

Advances in Fungal Biotechnology for Industry, Agriculture and Medicine, New 

York: Kluwer Academic and Plenum Publishers 307-340. 

 



144 
 

Mai, V., Wiegel, J. and Lorenz, W. (2000) Cloning, Sequencing and Characterization of 

the Bifunctional Xylosidase-arabinosidase from the Anaerobic Thermophile 

Thermoanaaerobacter ethanolicus. Gene. 247:137-143. 

 

Manin, C., Shareek, F., Morosoli, R. and Kluepfel, D. (1994) Purification and 

Characterization of an α-ʟ-arabinofuranosidase from Streptomyces lividans 66 

and DNA Sequence of the Gene (abfA). Biochemical Journal. 302:443-449. 

 

Margolles-Clark, E., Tenkanen, M., Nakari-Setala, T. and Penttila, M. (1996) Cloning of 

Genes Encoding α-ʟ-arabinofuranosidase and β-xylosidase from Trichoderma 

reesei by Expression in Saccharomyces cerevisiae. Applied and Environmental 

Microbiology. 62:3840-3846. 

 

Matte, A. and Forsberg, C.W. (1992) Purification, Characterization and Mode of Action 

of Endoxylanases 1 and 2 from Fibrobacter succinogenes S85. Applied and 

Environmental Microbiology. 58:157-168. 

 

Mattey, M. (1992) The Production of Organic Acids. Critical Reviews in Biotechnology. 

12:87-132. 

 

Matsuo, N., Kaneko, S., Kuno, A., Kobayashi, H. and Kusakabes, I. (2000) Purification, 

Characterization and Gene Cloning of Two α-ʟ-arabinofuranosidases from 

Streptomyces chartreusis GS901. Biochemical Journal. 346:9-15. 

 

McKie, V.A., Black, G.W., Millward-Sadler, S.J., Hazlewood, G.P., Laurie, J.I. and 

Gilbert, H.J. (1997) Arabinanase A from Pseudomonas fluorescens subsp. 

Cellulose Exhibits Both an Endo- and an Exo-mode of Action. Biochemical 

Journal. 323:547-555. 

 



145 
 

Miyazaki, K. (2005) Hyperthermophilic α-ʟ-arabinofuranosidase from Thermotoga 

maritima MSB8: Molecular Cloning, Gene Expression and Characterization of 

the Recombinant Protein. Extremophiles. 9:399-406. 

 

Morales, P., Sendra, J.M. and Pérez-González, J.A. (1995) Purification and 

Characterization of an Arabinofuranosidase from Bacillus polymyxa Expressed 

in Bacillus subtilis. Applied Microbiology and Biotechnology. 44:112-117. 

 

Nissen, A.M., Anker, L., Munk, N. and Lange, N.K. (1992) Xylanases for the Pulp and 

Paper Industry. In: Visser, J., Beldman, G., Kusters-Van Someren, M.A. and 

Voragen, A.G.J. (eds) Xylans and Xylanases. Elsevier, Amsterdam, pp. 325-337. 

 

Numan, M.T. and Bhosle, N.B. (2006) α-ʟ-arabinofuranosidases: The Potential 

Applications in Biotechnology. Journal of Industrial Microbiology and 

Biotechnology. 33:247-260. 

 

Nurizzo, D., Turkenburg, J.P., Charnock, S.J., Roberts, S.M., Dodson, E.J., McKie, 

V.A., Taylor, E.J., Gilbert, H.J. and Davies, G.J. (2002) A Novel 5-blade β-

propeller with Enzymatic Activity Revealed by the 3-D Structure of the 

Cellovibrio cellulosa Processive α-ʟ-arabinanase, Arb43A. Nature Structural 

Biology. 9:665-668. 

 

Paifer, E., Margolles, E., Cremata, J., Montesino, R., Herrera, L. and Delgado, J.M. 

(1994) Efficient Expression and Secretion of Recombinant Alpha Amylase in 

Pichia pastoris using Two Different Signal Sequences. Yeast. 10:1415-1459. 

 

Perfect, J.R., Cox, G.M. and Lee, J.Y. (2001) The Impact of Culture Isolation of 

Aspergillus Species: A Hospital-based Survey of Aspergillosis. Clinical 

Infectious Diseases. 33:1824-1833. 

 



146 
 

Polizeli, M.L.T.M., Rizzattim, A.C.S., Monti, R., Terenzi, H.F., Jorge, J.A. and 

Amorim, D.S. (2005) Xylanases from Fungi: Properties and Industrial 

Applications. Applied Microbiology and Biotechnology. 67:577-591. 

 

Prates, J.A.M., Tarbouriech, N. and Charnock, S.J. (2001) The Structure of the Feruloyl 

Esterase Module of Xylanases 10B from Clostridium thermocellum Provides 

Insight into Substrate Recognition. Structure. 9:1183-1190. 

 

Rahman, S.A.K.M., Kato, K., Kawai, S. and Takamizawa, K. (2003) Substrate 

Specificity of the α-ʟ-arabinofuranosidase from Rhizomucor pusillus HHT-1. 

Carbohydrate Research. 338:1469-1476. 

 

Rémond, C., Ferchichi, M., Aubry, N., Plantier-Royon, R., Portella, C. and O’Donohue, 

M.J. (2002) Enzymatic Synthesis of Alkyl Arabinofuranosides Using a 

Thermostable α-ʟ-arabinofuranosidase. Tetrahedron Letters. 43:9653-9655. 

 

Rémond, C., Plantier-Royon, R., Aubry, N., Maes, E., Bliardc, C. and O’Donohue, M.J. 

(2004) Synthesis of Pentose-containing Disaccharides Using a Thermostable α-ʟ-

arabinofuranosidase. Carbohydrate Research. 339:2019-2025. 

 

Romanos, M. (1995) Advances in the Use of Pichia pastoris for High-level Gene 

Expression. Current Opinion in Biotechnology. 6:527-533. 

 

Romanos, M., Scorer, C.A. and Clare, J.J. (1992) Foreign Gene Expression in Yeast: A 

Review. Yeast. 8:423-488.  

 

Rombouts, F.M., Voragen, A.G.J., Searle-van Leeuwen, M.F., Geraeds, C.C.J.M., 

Schols, H.A. and Plinik, W. (1988) The Arabinases of Aspergillus niger - 

Purification and Characterization of Two α-ʟ-arabinofuranosidases and an Endo-

1,5-α-ʟ-arabinase. Carbohydrate Polymers. 9:25-47. 

 



147 
 

Ruanglek, V., Sriprang, R., Ratanaphan, N., Tirawongsaroj, P., Chantasigh, D., 

Tanapongpipat, S., Pootanakit, K. and Eurwilaichitr, L. (2007) Cloning, 

Expression, Characterization and High Cell Density Production of Recombinant 

Endo-1,4-β-xylanase from Aspergillus niger in Pichia pastoris. Enzyme and 

Microbial Technology. 41:19-25. 

 

Rye, C.S. and Withers, S.G. (2000) Glycosidase Mechanisms. Current Opinion in 

Chemical Biology. 4:573-580. 

 

Saha, B.C. (2000) α-ʟ-arabinofuranosidases: Biochemistry, Molecular Biology and 

Application in Biotechnology. Biotechnology Advances. 18:403-423. 

 

Saha, B.C. (2003) Hemicellulose Bioconversion. Journal of Industrial Microbiology and 

Biotechnology. 30:279-291. 

 

Saha, B.C. and Bothast, R.J. (1998) Purification and Characterization of a Novel 

Thermostable α-ʟ-arabinofuranosidase from a Color-variant Strain of an 

Aureobasidium pullulans. Applied and Environmental Microbiology. 64:216-

220. 

 

Sakamoto, T., Ihara, H., Shibano, A., Kasai, N., Inui, H. and Kawasaki, H. (2004) 

Molecular Characterization of a Penicillium chrysogenum Exo-1,5-α-ʟ-

arabinanase that is Structurally Distinct from Other Arabinan-degrading 

Enzymes. FEBS Letters. 560:199-204. 

 

Sakamoto, T. and Kawasaki, H. (2003) Purification and Properties of Two Type-B α-ʟ-

arabinofuranosidases Produced by Penicillium chrysogenum. Biochimica et 

Biophysica Acta. 1621:204-210.  

 



148 
 

Sanai, K., Seri, K. and Inoue, S. (1997) Inhibition of Sucrose Digestion and Absorption 

by ʟ-arabinose in Rats. Nihon Eiyou Syokuryougaku Kaishi (in Japanese). 

50:133-137. 

 

Saulnier, L., Marot, C., Chanliaud, E. and Thibault, J.F. (1995) Cell Wall Polysaccharide 

Interactions in Maize Bran. Carbohydrate Polymers. 26:279-287. 

 

Schwarz, W.H., Adelsberger, H., Jauris, S., Hertel, C., Funk, B. and Staudenbauer, W.L. 

(1990) Xylan Degradation by the Thermophile Clostridium stercorarium: 

Cloning and Expression of Xylanase, β-ᴅ-xylosidase and α-ʟ-

arabinofuranosidase Genes in Escherichia coli. Biochemical and Biophysical 

Research Communications. 170:368-374. 

 

Seri, K., Sanai, K., Matsuo, N., Kawakubo, K., Xue, C. and Inoue, S. (1996) ʟ-arabinose 

Selectively Inhibits Intestinal Sucrase in Uncompetitive Manner and Reduces 

Glycemic Response After Sucrose Ingestion in Animals. Metabolism. 45:1368-

1374. 

 

Shallom, D. and Shoham, Y. (2003) Microbial Hemicellulases. Current Opinion in 

Microbiology.  6:219-228. 

 

Shallom, D., Belakhov, V., Solomon, D., Gilead-Gropper, S., Baasov, T., Shoham, G. 

and Shoham, Y. (2002) The Identification of the Acid-base Catalyst of α-

arabinofuranosidase from Geobacillus stearothermophilus T-6, a Family 51 

Glycoside Hydrolase. FEBS Letters. 514:163-167. 

 

Sheehan, J. and Himmel, M. (1999) Enzymes, Energy and the Environment: A Strategic 

Perspectives on the US Department of Energy's Research and Development 

Activities for Bioethanol. Biotechnology Progress. 15:817-827. 

 



149 
 

Shi, P.J., Li, N., Yang, P.L., Wang, Y., Luo, H.Y., Bai, Y. and Yao, B. (2009) Gene 

Cloning, Expression and Characterization of a Family 51 α-ʟ-

arabinofuranosidase from Streptomyces sp. S9. Applied Biochemistry and 

Biotechnology.   

 

Shin, H-Y., Park, S-Y., Sung, J.H. and Kim, D-H. (2003) Purification and 

Characterization of α-ʟ-arabinopyranosidase and α-ʟ-arabinofuranosidase from 

Bifidobacterium breve K-110, a Human Intestinal Anaerobic Bacterium 

Metabolizing Ginsenoside Rb2 and Rc. Applied and Environmental 

Microbiology. 69:7116-7123. 

 

Skjat, M., Kuppinen, S., Kofod, L.V., Fulsang, C., Pauly, M., Dalofe, H. and Anderson, 

L.H. (2001) Functional Cloning of an Endo-arabinanase from Aspergillus 

aculeatus and Its Heterologous Expression in Aspergillus oryzae and Tobacco. 

Molecular Genetics and Genomics. 265:913-921. 

 

Sknchez-Torres, P., GonzBlez-Candelas, L. and Ramón, D. (1996) Expression in a Wine 

Yeast Strain of the Aspergillus niger abfB Gene. FEMS Microbiology Letters. 

145:189-194. 

 

Sørensen, H.R., Jørgensen, C.T., Hansen, C.H., Jørgensen, C.I., Pedersen, S. and Meyer, 

A.S. (2006) A Novel GH43 α-ʟ-arabinofuranosidase from Humicola insolens: 

Mode of Action and Synergy with GH51 α-ʟ-arabinofuranosidases on Wheat 

Arabinoxylan. Applied Microbiology and Biotechnology. 73:850-861. 

 

Sozzi, G.O., Greve, L.C., Prody, G.A. and Labavitch, J.M. (2002) Gibberellic Acid, 

Synthetic Auxins and Ethylene Differentially Modulate α-ʟ-arabinofuranosidase 

Activities in Antisense 1-aminocyclopropane-1-carboxylic Acid Synthase 

Tomato Pericarp Discs. Plant Physiology. 129:1330-1340. 

 



150 
 

Spagna, G., Andreani, F., Salatelli, E., Romagnoli, D., Casarini, D. and Pifferi, P.G. 

(1998) Immobilization of the Glycosidases: α-ʟ-arabinofuranosidase and β-ᴅ-

glucopyranosidase from Aspergillus niger on a Chitosan Derivative to Increase 

the Aroma of Wine. Part II. Enzyme and Microbial Technology. 23:413-421. 

 

Sreekrishna, K. and Kropp, K. (1996) Pichia pastoris. In: Wolf, K. (ed) 

Nonconventional Yeasts in Biotechnology, Berlin, Springer-Verlag, pp. 203-252. 

 

Takao, M., Akiyama, K. and Sakai, T. (2002) Purification and Characterization of 

Thermostable Endo-1,5-α-ʟ-arabinase from a Strain of Bacillus 

thermodenitrificans. Applied and Environmental Microbiology. 68:1639-1646. 

 

Tanfous, N.G.B., Kallel, H., Jarboui, M.A. and Fathallah, D.M. (2006) Expression in 

Pichia pastoris of a Recombinant scFv form of MAb 107, an Anti Human 

CD11b Integrin Antibody. Enzyme and Microbial Technology. 38:636-642. 

 

Tateishi, A., Kanayama, Y. and Yamaki, S. (1996) α-ʟ-arabinofuranosidase from Cell 

Walls of Japanese Pear Fruits. Phytochemistry. 42:295-299. 

 

Tateishi, A., Mori, H., Watari, J., Nagashima, K., Yamaki, S. and Inoue, H. (2005) 

Isolation, Characterization and Cloning of α-ʟ-arabinofuranosidase Expressed 

During Fruit Ripening of Japanese Pear. Plant Physiology. 138:1653-1664. 

 

Taylor, E.J., Smith, N.L., Turkenburg, J.P., D'Souza, S., Gilbert, H.J. and Davies, G.J. 

(2006) Structural Insight into the Ligand Specificity of a Thermostable Family 

51 Arabinofuranosidase, Araf51 from Clostridium thermocellum. Biochemical 

Journal. 395:31-37. 

 

Tuncer, M. (2000) Characterization of β-xylosidase and α-ʟ-arabinofuranosidase 

Activities from Thermomonospora fusca BD25. Turkish Journal of Biology. 

24:753-767. 



151 
 

 

Tuncer, M. and Ball, A.S. (2003) Co-operative Actions and Degradation Analysis of 

Purified Xylan-degrading Enzymes from Thermomonospora fusca BD25 on Oat-

spelt Xylan. Journal of Applied Microbiology. 94:1030-1035. 

 

Utt, E.A., Eddy, C.K., Keshav, K.F. and Ingram, L.O. (1991) Sequencing and 

Expression of the Butyrivibrio fibrisolvens xylB Gene Encoding a Novel 

Bifunctional Protein with β-ᴅ-xylosidase and α-ʟ-arabinofuranosidase Activities. 

Applied and Environmental Microbiology. 57:1227-1234. 

 

van der Veen, P., Flipphi, M.J.A., Voragen, A.G.J. and Visser, J. (1991) Induction, 

Purification and Characterization of Arabinases Produced by Aspergills niger. 

Archives of Microbiology. 157:23-28. 

 

van Heuvel, M., Bakhuis, J.G., Coutel, Y., Harder, A., de Graaff, L.H., Flipphi, M.J.A., 

van der Veen, P., Visser, J. and Andreoli, P.M. (2001) Cloning and Expression of 

Genes Encoding Arabinan-degrading Enzymes of Fungal Origin. European 

Patent EP0506190B1. 

 

Viikari, L., Kantelinen, A., Sundquist, J. and Linko, M. (1994) Xylanases in Bleaching: 

From an Idea to the Industry. FEMS Microbiology Reviews. 13:335-350. 

 

Viikari, L., Tenkanen, M., Buchert, J., Ratto, M., Bailey, M., Siikaaho, M. and Linko, 

M. (1993) Hemicellulases for Industrial Applications. In: Saddler, J.N. (ed) 

Bioconversion of Forest and Agricultural Plant Residues. CAB, Oxford, pp. 131-

182. 

 

Vozza, L.A., Wittwer, L., Higgins, D.R., Purcell, T.J., Bergseid, M., Collinsracie, L.A., 

Lavallie, E.R. and Hoeffler, J.P. (1996) Production of a Recombinant Bovine 

Enterokinase Catalytic Subunit in the Methylotrophic Yeast Pichia pastoris. 

Biotechnology. 14:77-81. 



152 
 

Ward, O.P. and Moo-Young, M. (1989) Degradation of Cell Wall and Related Plant 

Polysaccharides. Critical Reviews in Biotechnology. 8:237-274. 

 

Zhou, C., Li, D., Wu, M. and Wang, W. (2008) Optimized Expression of an Acid 

Xylanase from Aspergillus usamii in Pichia pastoris and Its Biochemical 

Characterization. World Journal of Microbiology and Biotechnology. 24:1393-

1401. 




