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Construction of Recombinant Yeasts for
Producing Fuel Ethanol from Biomass
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A yeast-like fungus Aureobasidium pullulans var. melanigenum strain ATCC 20524 produces an extra-
cellular acidophilic xylanase with an optimum pH of 2.0. The 34 amino acid prepro-signal peptide of the
A. pullulans xylanase gene (xynl) product expressed in the methylotrophic yeast Pichia pastoris directed
the efficient secretion of 178 mg of active xylanase per liter of the culture medium. The three-dimension-
al model and mutational analysis of the xynl gene product showed that Asp-73 and Glu-157 residues locat-
ed at the upper and lower edges of the active site cleft, respectively, play a significant role in its low pH
optimum. Another extracellular xylanase was purified from the culture supernatant of the A. pullulans.
The xylanase gene (xynll) encoded a 26-amino acid signal peptide and a 335-amino acid mature protein.
The xynlI 5"-noncoding region had two consensus binding sites (5-GCCARG-3") for the transcription fac-
tor PacC mediating pH regulation. Quantitative real-time PCR analysis revealed that the transcription lev-
els at pH 6.0 and pH 8.0 were 8-fold and 22-fold higher than that at pH 2.7, respectively.
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Fig. 1. Alignment of N-terminal (A) and internal (B) amino acid sequences of A. pullulans var. melanigenum
Xynl and homologous xylanases. Apm, A. pullulans var. melanigenum; Ap, A. pullulans, Ang, A. niger,
Ak, A. kawachii. The boxed residues in Xynl indicate the sites for targeted mutagenesis to be used in

this study.
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Fig. 2. Hypothetical 3D structure proposed for A. pullulans Xynl protein. The ribbon diagram was created on
the basis of its homology with the structures of Aspergillus xylanases using the Swiss-Model server and
DeepView software.
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Table 1 Substrate specificity of GH family 10
xylanase from A. pullulans

Substrate Specific activity
(U/mg)
Oat spelt xylan 29.5
Birch wood xylan 35.0
Carboxymethy! cellulose N.D
PNP- 3 -D-cellobioside 0.23
PNP- 3 -p-xylopyranoside 0.02
PNP- 3 -L-arabinofuranoside < 0.01

PNP, p-nitrophenyl.
N.D, Not detected.
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