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aBstract

Acidic geothermal environments such as those in Lassen Volcanic National Park (LVNP) may 
provide novel organisms and enzymes for conversion of plant lignocellulose into ethanol, a process 
that typically requires hot and acidic pre-treatment conditions to hydrolyze cell wall polysaccharides 
to fermentable sugars. We evaluated seven Ascomycete fungi associated with LVNP’s Boiling Springs 
Lake (BSL) for utilization of lignocellulose material. We screened the fungi for growth pH and tem-
perature optima, and for growth on purified or natural plant cell wall components. We also examined 
potential lignin degradation using a (per)oxidase assay, and screened for the presence of potential 
(hemi)cellulose degradation genes with PCR. Growth analysis showed Acidomyces and Ochroconis 
grew best at 35–45 °C and pH < 4, and grew up to 48–53 °C. In contrast, Aspergillus, Paecilomyces, 
and Penicillium preferred cooler temperatures for acidic media (25–35 °C), but grew up to 48 °C. 
Phialophora only grew up to 27 °C under both acidic and neutral conditions, and Cladosporium 
showed a preference for cool, neutral conditions. The most promising material utilizers, Acidomyces, 
Ochroconis, and Paecilomyces, used cellobiose and xylan, as well as pine and incense cedar needles, 
for growth at 40 °C and pH 2. Acidomyces and Ochroconis showed extracellular (per)oxidase activity 
at 40 °C and pH 2, and PCR screening showed Acidomyces, Paecilomyces, and Ochroconis contain 
orthologs to known fungal lignocellulose degradation genes, including glucanases and xylanases. We 
conclude that the BSL-adapted taxa Acidomyces, Ochroconis, and Paecilomyces may be promising 
sources of enzymes that combine heat- and acid-tolerance, potentially valuable in streamlining the 
pre-treatment of lignocellulosic biofuels.
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introduction

Naturally occurring acidic and geothermal environments, 
such as those in Lassen Volcanic National Park (LVNP), may 
harbor novel extremophilic organisms and enzymes useful for 
industrial processing. One important application where toler-
ance of high temperatures and low pH in particular are needed 
is production of cellulosic biofuels. Unlike ethanol derived from 
high sugar-containing crops like sugarcane and corn kernels 
(Zhang et al. 1995), biofuels based on lignocellulosic biomass 
use a greater percentage of the whole plant material from non-
edible sources like switch grass, sugar cane bagasse, corn sto-
ver, wheat straw, and rice straw (Carroll and Somerville 2009; 
Koçar and Civaş 2013), thus potentially reducing greenhouse 
gas emissions without interrupting food supply (Stichnothe 
and Azapagic 2009) and improving regional energy security 
(Parish et al. 2013). However, converting plant lignocellulose to 
fermentable sugars requires pre-treatment to fragment polymeric 
cell wall materials and release sugars, followed by fermentation 
of the sugars by various microbes (Alvira et al. 2010; Bhatia et 
al. 2012). Pre-treatment is the most commonly cited limitation 

to the widespread adoption of lignocellulosic biofuels (Himmel 
et al. 2007; Howard et al. 2003; Kumar et al. 2009; Parish et 
al. 2013). Two common pre-treatment schemes are commonly 
used. Separate Hydrolysis and Fermentation (SHF) physically 
separates fermentation from the hydrolysis of plant biomass (Tao 
et al. 2011), utilizing a harsh pre-treatment step of acid hydrolysis 
(pH <1) at 150–200 °C that quickly (10–15 min) degrades the 
lignocellulosic materials. This step is then followed by cooling 
and scrubbing the sugar liquor of acidic residues and interfering 
byproducts (acetate and furfural), then adding cellulase enzymes 
to degrade the remaining oligomers. However, the heating is 
energy-intensive, the chemical scrubbing has waste/pollution 
issues, and the cellulase enzymes are expensive (Chen et al. 
2012; Foust et al. 2009; Pienkos and Zhang 2009). In contrast, 
the Simultaneous Saccharification and Co-Fermentation (SSCF) 
uses co-cultures or genetically modified single cultures of mi-
crobes to hydrolyze and ferment in the same vessel (Amore and 
Faraco 2012). In SSCF, consolidated bioprocessing is performed 
at 28–37 °C and at pH conditions more suitable to commonly 
used fermenting organisms within the hydrolysis environment 
(Ali et al. 2012; Carere et al. 2008; Hasunuma et al. 2013; Lynd 
et al. 2005). However, due to mild temperature and pH ranges, 
this process is considerably slower (100+ hours) (Olson et al. 
2012). Attempts to reconcile the strengths and weakness of the 
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