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Lignocellulose Conversion to Bio-based Chemicals Extreme Thermoacidophiles

Filter paper test to compare each species ability to 
hydrolyze cellulose.  C. bescii (1) and C. kronotskyensis 
(4) both have high cellulolytic capabilities.

C. kronotskyensis (orange) with acid 
treated switchgrass (green)
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Caldi species use different strategies to interact with 
lignocellulose carbohydrates, including microcrystalline 
cellulose [ref]. More importantly, Caldi species also have an 
ability to degrade unpretreated plant biomass. Therefore, 
Caldi species are promising candidates for Consolidated 
BioProcessing, which requires the microorganism that has 
ability to hydrolyze unpretreated plant biomass and convert 
it into valuable chemicals, all in the same microorganism.   

Found in acidic hot springs and 
solfatara world-wide:
• Extremely Thermophilic 

(>65 ˚C)
• Acidophilic (pH <4)

Thermoacidophiles provide a unique opportunity to utilize waste 
industrial materials such as sulfur and carbon dioxide to produce 
industrially relevant organic chemicals.

Sulfolobus acidocaldarius (Saci) is a genetically tractable species 
of thermoacidophile that has seemingly lost the ability to oxidize 
sulfur.  Using targeted mutagenesis, we are working to restore 
sulfur oxidation in Saci and impart a metabolic pathway to 
synthesize industrially-relevant chemicals.

Building a Chemolithoautotroph Metal Biooxidation
Many thermoacidophiles are natural metal biooxidizers, and the 
high temperatures they thrive in impart several advantages over 
industrial bioleaching processes for metal recovery .  Metal 
biooxidation is largely driven by iron cycling, producing ferric iron 
which oxidizes other metals.

We are working to understand the process of iron oxidation in 
Sulfolobales through comparative genomics and transcriptomics.  
This includes the mechanism by which iron is oxidized and 
regulation of that mechanism in response to changing 
environmental conditions.

Identification of fox genes in Iron-Oxidizing Sulfolobales

Variation in transcription of Fox proteins in Metallosphaera 
species (left) and variation in iron oxidation by Metallosphaera 
species (right)

(Above) Variation in 
cell density and pH 
in the Saci parent 
strain (MW), Saci 
with SOR knock-in 
(RK06), and Saci with 
SOR and TQO 
knock-ins (RK34) to 
enable sulfur 
oxidation; 
(Right) Proposed 
mechanism of sulfur 
oxidation and 
comparative gene 
expression of various 
Sulfolobales 

Varied Metabolisms:
• Iron oxidation/reduction
• Sulfur oxidation/reduction
• Carbon assimilation via CO

2
• Heterotrophy

Goal: To generate engineered strains of C. bescii  optimized 
for conversion of lignocellulose through model guided 
metabolic engineering. Target products are acetone and 
3-hydroxypropionate

Metabolic Engineering of C. bescii for 
Industrial Chemical Production

Cell surface modification to improve 
plant biomass deconstruction

Goal: To generate engineered strains of C. bescii  
that highly deconstruct the pant biomass giving 
more chances of cellulolytic enzyme to access 
cellulose and hemicellulose.

Carbohydrate Binding Module (CBM)

Surface-layer homology (SLH) domains assaociated with 
Glycoside Hydrolases (GHs) in Caldis. 
Ex. Calkro_0402, a xylanase with GH10, CBM22, CBM9 is 
anchored to the cell surface of C. kronotskyensis

Tapirins,  novel surface  
binding proteins found in 
Caldis; Calkro_0844 tapirin 
(green) and C. kronotskyensis 
cells (orange)


