-

View metadata, citation and similar papers at core.ac.uk brought to you byj‘: CORE

provided by Kyoto University Research Information Repository

Bl
oo o e/,
&

Kyoto University Research Information Repository > KYOTO UNIVERSITY

Role of Lignin in Nutritional Physiology of a Lower Termite,
Title Coptotermes formosanus Shiraki (Isoptera: Rhinotermitidae)(
Abstract_[1 0 )

Author(s) | Didi, Tarmadi

Citation Kyoto University (0 O 0O 0)

Issue Date | 2018-03-26

URL https://doi.org/10.14989/doctor.k21157

Right gooboboobDbod2019-03-010 00

Type Thesis or Dissertation

Textversion | ETD

Kyoto University


https://core.ac.uk/display/160459514?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

(fefk 1 )

K

FERREE | it ( O ) %, Didi Tarmadi

Role of Lignin in Nutritional Physiology of a Lower Termite,

i SC e H Coptotermes formosanus Shiraki (Isoptera: Rhinotermitidae)
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The mechanisms of the decomposition of polysaccharides by termites have been well-
documented. However, there is almost no information regarding the role of lignin in the
nutritional physiology of wood-feeding insects. Studies on the role of lignin in the
nutritional physiology of wood-feeding insects would improve our understanding of natural
lignocellulose-decomposition mechanisms, and contribute to the development of
sustainable technology to convert lignocellulosic biomass to valuable fuels and materials.

The present study therefore aimed to investigate the role of lignin in nutritional
physiology of a lower termite, Coptotermes formosanus.

In Chapter 1, the lignocellulose deconstructions by a lower termite, C. formosanus,
with emphasis on the decomposition of lignin polymers were discussed. Japanese cedar
(Cryptomeria japonica) (softwood), Japanese beech (Fagus crenata) (hardwood), and rice
straw (Oryza sativa L. ssp. japonica cv. Nipponbare) (grass) samples were fed to C.
formosanus workers, and the fecal materials were subjected to detailed structural analyses
using high-resolution 2D NMR as well as a series of wet-chemical analyses. High-
resolution NMR structural data suggested preferential removal of syringyl aromatic units in
hardwood lignins, but non-acylated guaiacyl units as well as tricin end-units in grass
lignins. In addition, the data suggest that termites and/or their gut symbionts may favor
degradation of C-C-bonded B-5 and resinol-type B—f lignin inter-monomeric units over
degradation of ether-bonded p—O-4 units, which is in contrast to what has been observed in
typical lignin biodegradation undertaken by wood-decaying fungi.

Chapter 2 investigated the chemical composition in each lignocellulose, and the
physiological responses of a lower termite C. formosanus fed various lignocelluloses
and purified lignins (milled-wood lignins, MWLs) from Japanese cedar, Japanese beech,
and rice straw to determine the physiological effects of different lignocellulose sources and
lignins on C. formosanus such as termite survival, body mass, and the changes of the
symbiotic protists in the hindgut of workers. The results suggested that the survival, body
mass and presence of both Pseudotrichonympha grassii and Holomastigotoides hartmanni
in the hindgut of workers fed on rice lignocellulose at the 4th week of observation were
significantly lower than those of the workers fed on Japanese cedar and Japanese beech




lignocellulose samples, whereas there was no significant difference in Spirotrichonympha
leidyi among all the diets. The three purified MWLs, regardless of their structural
differences, did not show any significant differences for the termites' survival or body mass
or the survival of all the three protists. The three MWL diets resulted in significantly lower
termite survival compared to starvation, although these diets showed no significant effects
on body mass or the protist profiles. Overall, lignins are hardly utilized as a nutrient source
by C. formosanus workers and are even rather detrimental to termites when fed on solely.

Chapter 3 further investigated the effects of lignin on the nutritional physiology of C.
formosanus. In this chapter, hydrogen and methane emissions from C. formosanus workers
fed various lignocelluloses, and MWLs, and artificial diets composed of mixtures of MWLs
and polysaccharides (holocellulose or cellulose) were measured. The results showed that Hy
and CH4 emission rates of workers fed artificial diets composed only of isolated lignin
polymers, regardless of the different plant sources, were in general similar to those by
starved control workers. In addition, no significant difference in H2 and CH4 emission rates
was observed between diet groups containing polysaccharides with lignin and those
containing only polysaccharides. These data suggest that lignins have little effect on the
activity of the symbiotic micro-organisms that support lignocellulose decomposition in the
hindgut of C. formosanus workers, at least under the present test conditions (4 weeks
incubation).

In Chapter 4, the effects of lignins as diet components on the physiological
activities of a lower termite, C. formosanus were investigated to determine the exact role of
lignin in termites. The artificial diets composed of polysaccharides (holocellulose or a-
cellulose) with and without MWLs) from Japanese cedar, Japanese beech, and rice straw
were fed to C. formosanus workers. The survival and body mass of the workers and the
presence of three symbiotic protists in the hindguts of the workers were observed. The
survival rates of workers fed on diets containing lignins were, regardless of the
lignocellulose diet sources, significantly higher than those of workers fed on only
polysaccharides. In addition, it was clearly observed that all the tested lignins have positive
effects on the maintenance of two major protists in the hindguts of C. formosanus workers,
i.e., P. grassii and H. hartmanni. Overall, the data suggest that the presence of lignin is
crucial to maintaining the physiological activities of C. formosanus workers during their
lignocellulose decomposition.

Chapter 5 reported the effects of dietary lignin on bacterial community profiles in the
hindgut of a lower termite C. formosanus. In the experiments for this chapter, diet samples
were prepared only from Japanese cedar, and the bacterial community was profiled using
ARISA (Automated Ribosomal Intergenic Spacer Analysis). The results suggested that
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lignin when served as a sole food had apparently little effect on the bacterial pools in the
hindgut of C. formosanus workers. However, fractional analysis on ARISA profiling data
obtained for workers fed polysaccharide diets with and without lignins suggested that
lignin when served with polysaccharides has a marked effect on the bacterial pools in the
hindgut of C. formosanus workers. Taken together with the previous findings in Chapter 4,
the results obtained in this chapter support the view that lignin plays an important role in
maintaining gut microbial communities during lignocellulose digestion in lower termites’
digestive systems.

Overall, the results support the view that lignin polymers are partially decomposed
during their passage through the termite gut digestive system. It was also found that lignins
give marked positive effects on the survival of C. formosanus workers as well as on their
maintenance of hindgut protists when served with polysaccharide diets. Furthermore, it was
suggested that the gut bacterial community profiles are also affected by dietary lignins.
This study has provided evidence that the presence of lignin is crucial to maintaining the
physiological activities and a wholesome hindgut digestive system of C. formosanus
workers for their efficient lignocellulose decomposition.
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