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Average concentration (μg/ml) of glucose released from 1% cellulose solution, 1.25%
methylcellulose solution, and 1% carboxymethylcellulose solution by GH5 cellulase, at each time
point plotted against average glucose concentration (μg/ml) increase using pET32, empty vector, as
baseline values.
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Termites are capable of existing solely on the breakdown of lignocellulose plant biomass. Their success is
enabled to a large extent by the dense and diverse community of microbes that reside in their guts.
Phylogenically higher termites lack protozoan symbionts that degrade lignocellulose, thus their ability to break
down wood material is thought to come from their own enzymes and from the numerous bacteria in their guts.
The vast majority of these microbial inhabitants have not been studied due to the inability to cultivate them in
the laboratory. A new bacterium (isolate JT5), which belongs to the phylum Bacteroidetes, has been isolated
from a 10-5 dilution of whole gut material from the higher termite Gnathamitermes perplexus. JT5 represents
an undescribed species and possibly new genus of bacteria. The genome of this isolate has been sequenced,
and it contains numerous genes predicted to be involved in lignocellulose degradation. The genome of isolate
JT5 shows gene markers for a variety of different families of carbohydrate active enzymes known as glycoside
hydrolases (GH). Thus, we hypothesize that the bacterium JT5 is involved in the breakdown of lignocellulose.
Among the genes identified were a predicted xylanase belonging to family GH10 and a predicted cellulase
belonging to family GH5. The genes for these enzymes were cloned and expressed in E. coli. We found that the
GH5 cellulase was active in the degradation of cellulose, methylcellulose, and carboxymethylcellulose and the
GH10 xylanase enzyme was active in the breakdown of xylan. Reverse Transcriptase PCR expression studies
conducted on JT5 further showed GH10 was expressed only in the presence of xylan .We have shown JT5
expresses these genes when exposed to different substrates and that the enzymes encoded by the genes are
functional in the breakdown of components of lignocellulosic plant material.

Table 2. Generation time in hours of JT5 bacterium grown in cultures amended
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Table 1. Average amounts of glucose released from each substrate by GH5 enzyme per minute.
Figure 1. Gnathamitermes perplexus , a phylogenetically higher and bacterium JT5.
G. perplexus (panel A) was collected at Joshua Tree National Park in southern California.
Bacterial strain JT5 (panel B) was isolated from the gut of G. perplexus using anaerobic
growth medium amended with lignocellulosic material as a carbon source.

Background
Due to the availability of large quantities of cellulosic plant materials, it is an attractive
material for production of industrially important products. Numerous microorganisms
produce cellulases and other enzymes that play step-by-step roles in the breakdown of
lignocellulosic plant material.3 Termites are one of only two insects known capable of
subsisting solely on lignocellulosic plant biomass. The remarkable digestive capability of
termites is attributed to highly complex microbial communities inhabiting their guts.2
When searching for ways to break down and extract plant polysaccharides, it is
reasonable to look at the microbial systems found in the guts of organisms such as
termites that flourish on a diet of lignocellulose plant biomass.1 Investigations on
termite gut communities have identified over 700 genes predicted to encode enzymes
likely contributing to the breakdown of lignocellulose, spanning at least 45 different
carbohydrate active enzyme families.2 Here we have selected genes coding for
carbohydrate active enzymes from the genome of isolate JT5 and have tested their
activity and under what conditions they are expressed.
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Results
JT5 can be cultured on various carbon sources, such as glucose, cellobiose, and xylose. This
suggests that JT5 possesses a variety of enzymes required for the breakdown of plant-based
sugars. We determined that the isolate is capable of degrading polymers of cellulose and
xylan. This activity was revealed by the release of reducing sugar monomers from a variety
of cellulose polymers caused by a cloned gene expressing a GH5 enzyme. This supports our
earlier bioinformatic predictions that GH5 is a cellulase. Similarly, GH10 was active against
xylan, releasing 1.34 μg/ml xylose per minute, which indicates xylanase activity. In these
assays, the enzymes showed a high degree of specificity for their substrate (e.g. GH5
degraded cellulose, but not xylan). Another indication of the specificity of these genes in
JT5 was provided by Reverse Transcriptase PCR assays, which revealed that GH10
transcription is up-regulated when JT5 cultures are amended with xylan, but not when they
are amended with any of the other substrates tested.
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Figure 4. Average concentration (μg/ml) of xylose released from 5% xylan solution by GH10
xylanase at each time point plotted against average xylose concentration (μg/ml) increase using
pET32, empty vector, as baseline values.
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Figure 5.

RT-PCR products indicating
the presence or absence of expressed
GH10 potential xylanase from JT5 cultures
grown on glucose (lane 2), cellobiose
(lane 3), cellulose (lane 4), cellulose +
xylan (lane 5), xylan (lane 6), compared to
JT5 positive DNA control (lane 7).
Reactions lacking reverse transcriptase
enzyme were negative (not shown).
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Conclusions
Cellulase activity observed on cellulosic substrates by GH5 supports the prediction of
GH5 being a cellulase that plays a role in lignocellulose breakdown by JT5.
Xylanase activity observed on xylan by GH10, as well as the upregulation of GH10 by
JT5 in the presence of xylan indicates GH10 is likely a functional xylanase that aids in
the degradation of xylan by JT5.
This study, combined with the fact that JT5 contains numerous genes for many other
GH enzymes not yet tested, support the role of JT5 in the degradation of
lignocellulose plant material in the gut of Gnathamitermes perplexus.

Methods
Expression of GH enzymes
JT5 genes encoding a predicted cellulase (GH5) enzyme and a predicted xylanase (GH10) enzyme
were cloned into the expression vector pET32a and transformed into E. coli. E. coli cells were
induced to express the foreign gene by adding a chemical inducer during growth.
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Enzyme assays
Cell lysate obtained from cultures of E. coli expressing GH enzymes was tested for the ability to
catalyze the degradation of cellulose, methylcellulose, carboxymethylcellulose (approx. 1%
solutions in phosphate buffered saline) and Xylan (approx. 5% in saline) using DNS reducing sugar
assays. Standard curves were created using glucose and xylose to quantify the rate of release of
these reducing sugars from cellulose and xylan. Empty pET32 vector was run against each
substrate as negative control.

Reverse Transcriptase PCR
Gene transcription was detected in RNA collected from JT5 cells grown on various substrates.
Reverse Transcriptase was used to convert RNA into cDNA, which was amplified by PCR primers
specific to GH10 or clpX (as an internal control).
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Figure 2.

Example of color change corresponding to increase in reducing sugar monomers
released from substrate by a GH enzyme in a typical DNS assay. Reducing sugars are detected via a
color shift from yellow to amber, which increases linearly with increasing sugar concentration.
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