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Novel Fungus 
Helps Beetles 
Digest Hardwood

A little-known fungus tucked away 
in the gut of Asian longhorned 
beetles helps the insect munch 
through the hardest of woods, ac-
cording to a team of entomologists 
and biochemists. Researchers say 
the discovery could lead to inno-
vative methods of controlling the 
invasive pest and potentially of-
fer more efficient ways of breaking 
down plant biomass for generating 
biofuels.
	 Microbes in the gut of insects 
are known to break down cel-
lulose, but little is known about 
how, or whether, insects degrade 
lignin. This natural polymer helps 
plants stay upright and protects 
them from most forms of microbi-
al attack.
	 “Lignin is nature’s plastic, and 
any organism that wants to get to 
the sugars in a plant has to be able 
to get past this protective barrier,” 
says Ming Tien, study co-author 
and professor of biochemistry and 
molecular biology in Penn State’s 
Eberly College of Science. “We 
suspect that the fungus produces 
enzymes that help the beetles de-
grade lignin.”
	 Before this report, it was 
thought that insects were unable to 
extensively break down lignin and 
that they got around the problem 
either by feasting on wood that has 
already degraded or by living close 
to fungi that can degrade the wood 
for them. But this theory fails to 
explain the ability of insects to feed 
and grow within healthy, living 
trees.
	 “How these insects are able to 
circumvent this plastic wall [lignin] 
and get at the goodies, the sugars, 
behind it has remained a mystery,” 
says Tien, who was recruited by Kel-
li Hoover, co-author and associate 
professor of entomology in the Col-
lege of Agricultural Sciences, and 
Scott Geib, lead author and Penn 
State doctoral student in entomol-
ogy, to tease out an explanation.

	 The Asian longhorned beetle is 
one such insect that attacks healthy 
trees and bores through the hard-
wood to get at the succulent, en-
ergy-rich matter inside. In the pro-
cess, this invasive pest from China 
grows nearly 300-fold from being 
about the size of a grain of rice to a 
few inches in length.
	 Hoover and her colleagues 
speculated that the beetle could 
be harboring a community of mi-
crobes in the gut, which helps in 
breaking down lignin.
	 The researchers compared the 
chemical structure of nondegraded 
wood before and after it had passed 
through the gut of two wood-eat-
ing insects. To measure the degree 
of change in the lignin, they first 
fed pin oak wood to Asian long-
horned beetles. Next they fed pon-
derosa pine wood to the Pacific 
dampwood termite, an insect that 
typically eats only dead wood.
	 Chemical analyses of feces 
from the two bugs indicated that 
they are able to alter the chemical 
structure of lignin by selectively 
adding or removing certain groups 
of molecules from the polymer. 

Such alterations, says Geib, make it 
easier for the insect to break down 
wood.
	 “This fungus has genes that 
then make enzymes,” explains 
Hoover, whose team’s findings ap-
peared in the Proceedings of the Na-
tional Academy of Sciences. “We 
have been able to detect messages 
from the [fungal] DNA, which get 
translated into enzymes.”
	 While the researchers have 
identified the fungus residing in 
the gut of the Asian longhorned 
beetle, they have yet to find one in 
the gut of the termite. “The types 
of chemical changes we see in the 
beetle are similar to those seen in 
the white-rot fungus,” says Geib. 
“Changes that we see in the termite 
are similar to those in the brown-
rot fungus. The chemical changes 
to the lignin are similar.”
	 However, Geib cautions that 
while the gut-borne fungus is cer-
tainly a key player in degrading 
wood, it may just be part of a big-
ger picture. “It is likely that there 
is an interaction among enzymes 
produced by the fungus, hundreds 
of bacteria within the insect gut, 

and the insect itself,” he says. “It 
is a consortium that is doing the 
job.”
	 If researchers manage to iden-
tify some of these key microbes, he 
says it might be possible to selec-
tively target just those bacteria to 
impair the growth of Asian long-
horned beetles, which have the po-
tential to severely damage the lum-
ber and maple syrup industries.
	 Both Geib and Hoover, who 
study Asian longhorned beetles, 
believe they may have stumbled on 
a novel evolutionary adaptation in 
the insect world.
	 “This type of fungus [in the 
Asian longhorned beetle] is known 
to cause disease in plants,” says 
Hoover, whose work is funded by 
the Alphawood Foundation and 
the College of Agricultural Scienc-
es. “But this particular strain ap-
pears to be unique. It looks like 
these insects somehow acquired 
the fungus to live in their gut and 
help them break down wood.”
	 She also points out that these 
fungi are more efficient than 
their free-ranging counterparts. 
While those fungi take months, 
even years, to break down wood, 
the gut-borne fungi seem to do it 
much faster. Researchers say the 
speedy process could potentially be 
harnessed to produce biofuel.
	 “Getting rid of the lignin bar-
rier and making the cellulose more 
accessible is the most expensive 
and environmentally unfriendly 
part of making ethanol from bio-
mass,” says Geib. The team’s dis-
covery, he adds, could lead to the 
development of cheaper and more 
efficient enzymes for converting 
wood into ethanol.
	 Other researchers contribut-
ing to the project included John 
Carlson, professor of molecular ge-
netics in the School of Forest Re-
sources, and Maria del Mar Jime-
nez-Gasco, assistant professor of 
plant pathology in the College of 
Agricultural Sciences, as well as sci-
entists from Purdue University and 
Old Dominion University. 

—Amit Avasthi
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