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Dry matter disappearance and distribution of phenolic acids after 48h incubation expressed as %

initial content.

Species Disapperance Recovered Degraded

DM  PCA FA PCA FA PCA F4q
Fibrobacter succinogenes S85 7.0 9.4 12.1 22 6.2 7.2 59
Ruminococcus albus 20 93 9.0 19.6 1.0 10 8.0 9.6

Neocallimastix frontalis MCH3 4.7

18.9 12 71 6.9 11.2

control losses) of PCA was comparable
for all species (8-9%) but relatively
greater for Nf when compared to the DM
disappearance. Those of FA were greater
than those of PCA, especially for Ra and
Nf. The released phenolic acids were
mainly found in free form (90% of the re-
covered soluble fraction), except for Ra
which released about 40% of both pheno-
lic acids still esterified to soluble cell wall
fragments. In the released fraction (RF),
the degraded (unrecovered) fraction in the
supernatants was nil in the controls and
lower for FA (49 to 59% RF) than for
PCA (77 to 89% RF). No peak from the
degradation pathway of the phenolic acids
was detected. The degrading capacity of
Nf was greatest for FA and as high as that
of Ra for PCA. A similar degradation
pattern was observed after five days incu-
bation.

The phenylesterase activity of the bac-
teria in this study seemed relatively greater
than that previously reported [1]. The
strong phenylesterase and degrading ac-
tivity of the fungus is an advantage in
utilizing grass cell walls.
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The effective utilization of the cellulosic
material of plant cell walls, photosynthe-
sized from CO; and water by solar energy,
still presents a problem because of the re-
sistance of this material to biodegradation.
A well-established natural system for bio-
degradation is found in the rumen of cat-
tle, where cellulases and xylanases from
strictly anaerobic bacteria solubilize grass
and forage effectively. The soluble sugars
produced by enzyme action, however, are
detected only at low concentrations in the
rumen fluid indicating that the solubilized
products are either immediately utilized by
bacteria or absorbed by cattle as carbon
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and energy sources. This phenomenon
suggests that the rate of grass solubiliza-
tion by bacteria and their cellulolytic en-
zymes limits the rate of ruminant growth.
From this point of view, we are interested
in looking for pretreatment methods that
will enhance the biodegradation of grass.
In addition, effective solubilization of cel-
lulosic materials is also a world wide
problem that must be solved in order to
overcome food and energy shortages in
the near future. In this paper, we report
the expression of the cellulolytic enzyme
genes from anaerobic bacteria in tobacco
plants and the construction of chimeric
enzymes by domain shuffling designed to
enhance cell wall digestion.

Cellulase and xylanase genes from Ru-
minococcus albus and Clostridium sterco-
rarium were expressed in tobacco cells
(BY2) under the control of cauliflower
mosaic virus (CaMV) 35S promoter. The
xylanase gene product reached more than
4% of the total cell protein in tobacco
cells, although cellulase expression was
very low. The growth of the transformed
tobacco cells was inhibited to a negligible
extent compared with wild type cells. Ex-
tracts from tobacco cells transformed with
the xylanase gene digested powdered bar-
ley straw. A cellulose-binding domain
from a C. stercorarium xylanase was
fused to a cellulase gene. The chimeric
cellulase acquired an enhanced capability
in digesting insoluble substrates such as
ball-milled cellulose but not soluble car-
boxymethyl cellulose. These results sug-
gest that such domain-shuffled enzymes
can contribute to effective digestion of
grass and other cellulosic materials.
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The nature of carbohydrates added to the
media affects both the rate of adhesion
and the extent of digestion of cell wall
polysaccharides by mixed rumen bacteria
[1]. In addition to the rate of bacterial at-
tachment to cell walls, the enzymatic ac-
tivity produced against structural polysac-
charides must also be considered in deter-
mining the effect of added carbohydrates
on the degradation of plant cell walls.
Culture media [2] were prepared with
straw cell walls (0.5% w/v) as substrate,
either unsupplemented (CW) or with
0.27% wlv starch (S), pectin (P) or solu-
ble sugars (M) and dispensed (8ml) an-
aerobically in tubes. These were inocu-
lated (1ml) with rumen fluid diluted 1:10,
and incubated at 39°C. In a first experi-
ment, bacterial growth was estimated after
4, 8, 12, 20 and 24h by the concentration
of purine bases in both the solid residue of
fermentation and the liquid media. In a
second experiment, the residue after 4, 8,
12, 20, 24 and 30h was hydrolysed with
lysozyme, and the released enzymes tested
against carboxymethylcellulose (CMC)
and xylan (X). CW residues and attached
bacteria, were also determined.



