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In their cell walls, plants contain structural
chemical constituents that are difficult for
animal enzymes to digest. These constituents,
therefore, are of great protective value against
predation. Many plants also devote energy to
the production of compounds apparently not
essential to the functioning of the living plant
cell, but that have antinutritional effects on
animals. The chemical nature of these
compounds is extremely varied (hydrocarbons;

alcohols; phenols; ethers; aldehydes; ketones;
quinones; acids; lactones; esters; higher

terpenoids; oxygen heterocyclic compounds
such

as furans, pyrones, coumarines,
flavonoids, xanthones; amino compounds such
as amines, nonprotein amino acids; nitriles

such as cyanogenetic glycosides; alkaloid
derivatives of pyrrolidine, piperidine. pyridine,

indole, pyrrolizidine, imidazole, quinolizidine;
purines; sulphur compounds).
For over 15 years, the biological signifiof these «secondary» plant compounds
has been thought to be a defense against
predation. However, evolutionary events in
herbivores were surely driven by the selective
pressure made by these toxins, among other
factors. Evolution has actually lead to multiple
mechanisms of great efficiency to overcome
these plant defenses. These range from
behavioral adaptations that would limit the
intake of a particular toxin, to more complex
physiological adaptations in the herbivore,
particularly in its digestive system.
Detoxification mechanisms are regulated
processes that are very diverse physiologically
and chemically. They can be found in many of
the organs exposed to the toxins contained in
cance

ingested plants:
- in the mouth, the modification of the
composition in herbivores may play

saliva
a role
in the clearance of some antinutritional
compounds (e.g. binding of tannins by saliva
rich in proline-containing proteins; Austin et al,

1989);
- in the

foregut,

one

of the most remarkable

adaptations is the development of

a

microbial

fermentation chamber anterior to the

secretory

(«true» glandular) stomach, containing a sort of
primordial soup (with ingredients such as
carbon dioxide, hydrogen, methane, formate,
ammonia) where microorganisms have found a
suitable anaerobic niche. These microorganisms then provide the host with reduced
foodstuffs (short chain fatty acids) from
otherwise undegradable compounds, as well
as providing the benefits of a wide range of
biochemical reactions, including metabolism
(modification or degradation) of toxins;
- in the small intestine epithelium, liver and
kidneys, cell metabolism of dietary toxins can
also take place. Biotransformation of many
compounds usually occurs in two steps. Phase
I consists of oxidative-reductive reactions that
make the molecule more reactive, and phase 11
involves conjugation. These reactions increase
the water solubility of the compound making it
excretable. The liver can be an important site
for the detoxification of pyrrolizidine alkaloids in
ruminants (Cheeke, 1994).
This paper will mainly discuss bacterial
detoxification in the gut, possible ecological
and genetic regulatory mechanisms of
detoxification in the rumen, and the biotechnological implications of bacterial detoxification
activities.

The

rumen as a

detoxification chamber

Most wild ruminants and other foregut
fermenters consume a variable diet throughout
the year, subjected to the availability of plant
material. This suggests that for dietary toxins
that are seasonally consumed, the evolutionary
pressure would not be enough to drive animal
system adaptations. Microbes have more
versatile systems and adapt more quickly,
since they have a short generation time and a
wide range of biochemical activities. The
location of foregut fermentation chambers

(anterior to the absorptive intestine) inhabited
by microbes, is strategic for microbial
detoxification purposes. One obvious
advantage of microbial detoxification in the
rumen, is the economy of the host animal’s
biochemical investment.
There are well known examples where the
rumen results in an efficient detoxification
chamber. Ruminants therefore, tolerate
poisonous plants better than non ruminants.
The transformation of toxins generally results
in less toxic compounds. However there are
few cases where more toxic compounds are
produced, e.g. HCN may be produced from
cyanogenic glycosides; pyrogallol is a
hepatotoxin and nefrotoxin is produced in the
degradation of hydrolyzable tannins in the
rumen (Reed, 1995). Examples of digestive
microbial detoxification, (including rumen) of
plant toxins are given in table I. Since the
nature of intestinal reactions (mainly
hydrolysis, reductions and fissions) resemble
that of the rumen, reference to the degradation
of toxins by intestinal microbes have also been
included in table I. Sometimes, ruminants can
tolerate a slow increase in the intake level of
some plants which contain toxins (omitted in
table I). This suggests that microbial
detoxification may occur (for example, 2,4
diaminobutyric acid from flaptea; Rasmussen

et al, 1993).
It has been shown that a gradual increase
in the intake of a toxic plant by the ruminant,
increases the animal’s tolerance to the plant.
This means that if the animal interrupts the
intake of the toxic plant, then its detoxification
capacity will be diminished. Tropical wild
generalist herbivores graze or browse on
different plants throughout the year, according
to plant availability (deciduous plants loose
their leaves in the dry period). Therefore the
detoxification capacity for a specific toxin is not
permanently required. It may be that these
animals naturally allow themselves a period of
physiological adaptation. The events during
this period remain unknown, but they are
surely related to microbial changes that
increase toxin-degrading activity. One could
expect that :
- the numbers of the degrader strains
significantly decrease when the toxin is absent
but recover gradually as the animal reingests
the toxin-containing plant;
- the bacterial expression of the degrading
enzyme is slowly induced by substrate;

- the activity is plasmid-coded, and bacteria
loose and regain activity according to the
absence or presence of the substrate;
- chromosomal mutations in the gene coding for
the degrading enzyme occur, so that active
degraders lose their degrading ability in the
absence of the substrate, and when the animal
reingests the toxin, revertant mutants

dominate;
- the bacterial expression of the degrading
enzyme is repressed by a more readily
fermentable substrate (catabolite repression),
so that degradation occurs only when the
repressor substrate has disappeared.
Nothing is known about which of these
events could explain the gradual adaptation of
a ruminant to a given toxin, and the
observation of the disappearence of the
degrading activity in degrader strains. DHP
degrading activity in vitro has been lost by
freezing degrader strains for a long period, or
by maintaining them in the absence of
the DHP. In some cases, the activity has
reappeared, but the genetic nature of the
phenomenom remains unknown.

Other natural detoxification

systems

are not restricted to the
intestinal bacteria. Other wild
herbivores, mammal or non mammal foregut
fermenters, also have detoxifying bacterial
symbionts. The bird Hoatzin (Opisthocomus
hoazin) consumes toxin-containing leaves

Detoxifying capabilities

rumen or

(Dominguez-Bello et al, unpublished results),
probably detoxified by the fermentative
symbionts in its crop.
Insect bacterial symbionts are known to
play a role in the survival of their host by
detoxification processes (Dowd, 1991). In
cases, the bacterial-borne toxin
resistance has not been proved: eg.
metabolism of canavanine by Caryedes
brasiliensis (Rosenthal, 1982); resistance of
Psyllidae to Leucaena toxins (Beardsley,

some

1986).
Legume plants

contain high concentrations
of the most diverse toxins, and they all depend
on their Rhizobium and fungal symbionts to
survive. It is likely that these bacteria have
biochemical mechanisms that overcome the
toxicity of the antibacterial compounds of the
plants. Rhizobium strains from Leucaena roots
have recently been shown to catabolize

mimosine and 3,4DHP (Muchard et al, 1994).
Fungal strains may also be a source of plant
toxin-degrading enzymes. A fungus grown on a
water solution of mimosine left accidentally on
the bench for over a week, was able to
completely degrade mimosine (Dominguez-

Bello, 1989).
Detoxification of plant toxins by
biotechnological techniques would allow the
nutritional exploitation of numerous tropical
plants, such as legumes, as a source of
proteins for feeding monogastric animals and
humans. This approach has to consider all the
biological sources of degrading enzymes.
Clearly, two of the most adapted microbial
ecosystems to deal with plant toxins are the
foregut of herbivores (anaerobes) and the roots
of legume plants (aerobes). The latter system
has probably the advantage of being more
easily adapted to biotechnological applications,
although genetic manipulation could surely
allow the transfer of activities from anaerobic
systems to well known aerobic bacteria.
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