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A major project supported by this grant was a study of the T. fusca family 74  
hydrolase (Xeg74).  This work has been written up and published as: Irwin, 
D.C., Cheng, M., Xiang, B., Rose, J.K.C. and Wilson, D.B.  Cloning, 
expression and characterization of a family-74 xyloglucanase from 
Thermobifida fusca.  Eur. J. Biochem. 270, 3083-3091 (2003).  Our work 
showed that this gene did not encode a cellulase, as found for the first 
member of this family, but rather an endoxyloglucanase. Most enzymes in 
this family have been found to be endoxyloglucanases. The gene encoding 
this enzyme is adjacent to genes, which encode a potential sugar transport 
system and an α-xylosidase.  Since the family 74 enzyme is an active 
endoxyloglucanase, we thought this set of genes formed an operon that 
would allow T. fusca to grow on xyloglucan (XG), a major component of 
plant primary cell walls.  However, T. fusca does not grow on any of the 
three types of XG that we tested (tamaran, tomato and bean), despite the fact 
that these compounds are completely hydrolyzed to soluble products, which 
accumulate in the culture supernatant. T. fusca cells do not contain any 
activity against α-nitrophenol-xyloside, suggesting that the putative α-
xylosidase gene is not expressed or is not encoding an α-xylosidase. 
 
A possible role for Xeg74 is to degrade XG, which is bound to cellulose in 
plant cell walls, allowing the T. fusca cellulases to hydrolyze the cellulose.  
The presence of a cellulose-binding module (CBM) on Xeg74 is consistent 
with this role.  To test this role, we produced a cellulose-xyloglucan 
complex by growing Gluconacetobacter xylinus in the presence of 
xyloglucan.  The cellulose in the xyloglucan complex was resistant to 
hydrolysis by a four component mixture of T. fusca cellulases (Cel5A, 
Cel6B, Cel9A and Cel48A) that readily hydrolyzed bacterial cellulose.  
Addition of Xeg74 to this mixture, allowed it to completely hydrolyze the 
cellulose-xyloglucan complex.  This experiment provides strong evidence 
for our proposed role for Xeg74.  It is interesting that Xeg74 is not regulated 
by CelR; as are the other genes known to function in cellulose hydrolysis.  
This may be because Xeg74 hydrolysis of XG makes other polymers besides 
cellulose accessible to the enzymes that degrade them; mannan and xylan are 
candidates for such polymers.  Xeg74 is present in T. fusca cultures grown 



on cellulose, corn fiber, xylan and xyloglucan, but only at a low level in cells 
grown on glucose. 
 
We have been collaborating with Dr. Joshua Sakon to determine the 3-
dimensional structure of the Xeg74 catalytic domain, and he succeeded in 
getting good crystals and has finished the structure. This work has been 
written up and the manuscript will be submitted soon. He was able to use the 
structure from a recently determined family 74 enzyme, to solve our 
structure, using molecular replacement to determine the phases for the 
reflections. Both structures have an unusual protein fold: a seven-stranded 
beta propeller that has not been seen for any other hydrolase family.  The 
active site is formed between two such domains, which are created by the 
duplication of a sequence present in the single peptide chain.  A comparison 
of the two structures should be very interesting, as our enzyme is an 
endoxyloglucanase and the other enzyme is an oligoxyloglucanase.  
Furthermore, the sites of cleavage are different for the two enzymes. 
 
A second major project was to measure the expression of a set of T. fusca 
genes that may be involved in cellulose degradation, using a DNA 
microarray, which contained about 250 genes. This work is being written up 
for publication. We identified four interesting genes, which were up 
regulated by growth on cellulose, that we are continuing to study. One of 
these genes, which codes for a family 81 hydrolase, we have shown is a beta 
1,3 endoglucanase. We have shown that this enzyme is an inverting enzyme, 
so that all family 81enzymes probably use this mechanism. Another of these 
genes, codes for a family 18 hydrolase. Members of this family usually are 
chitinases, however plant cell walls do not contain chitin. Furthermore we 
have not been able to detect chitinase activity in cellulose grown T. fusca 
cells or in the culture supernatant from such cells. We think this enzyme 
might be cleaving an N-acetylglucosamine oligomer present in a plant cell 
wall glycolipid but are still trying to determine its substrate. The third gene 
codes for E7, a protein that we purified from T. fusca earlier, which has no 
enzymatic activity even though it does bind to both cellulose and chitin. E7 
is a family 33 CBM and we have recently shown that it can stimulate the 
activity of several T. fusca cellulases (Fig. 1A). However, the stimulation is 
only seen at low enzyme concentrations and it does not stimulate the activity 
of the Cel 6A catalytic domain species, which lacks a CBM. The last gene 
encodes a protein called E8, which consists of an N-terminal family 33 CBM 
joined to a C-terminal family 2 CBM. It also can stimulate several T. fusca 



cellulases and has properties similar to E7, except that it binds much tighter 
to cellulose (Fig.1B). We are continuing to study all of these proteins. 
 
A third project was to develop methods for introducing new genes into T. 
fusca and to knock out T. fusca genes. The approach we are using is to mate 
plasmids from E. coli into T. fusca and we constructed a plasmid that will 
allow us to knock out the CelR gene, so as to determine if it is only a 
repressor, in which case the knockout strain would be constitutive for 
cellulase synthesis, or if CelR also functions as a positive control protein, in 
which case the knockout strain would not produce cellulases. Constructing 
this plasmid has been very difficult but it has now been made. Work is 
continuing on this very important project, which will allow the genome 
sequence information to be used to understand the role of all T. fusca genes. 
 
The final project was to clone, express, purify and characterize a family 10 
xylanase from T. fusca. This work was completed and is published in: Kim 
JH, Irwin D, Wilson DB. Purification and characterization of Thermobifida 
fusca xylanase 10B. Can. J. Microbiol. 2004 ;50:835-43. 
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Figure 1A
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Figure 1B

Cel6A (0.03 nmol)
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