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T
he digestive system of all living creatures

is characterised by the production of

hydrolytic enzymes necessary to degrade

food to provide the energy and building blocks of

life. Although many animals produce their own

digestive enzymes, others harbour a collection of

micro-organisms in their digestive system which, in

return for a protective environment, are responsible

for production of some of the digestive enzymes.

This is the case with mammalian herbivores,

particularly farm ruminants where a large proportion

of the food ingested by the animal (cattle, sheep and

goats) is digested by a mixed microbial population of

bacteria, protozoa and fungi that live in the gut

(Figure 8.1). 

The unusual thing about the digestive system in

mammalian herbivores is that it is an anaerobic

environment. Therefore, the microbes present in the

gut  are specialists who must live, breed and function

in the complete absence of molecular oxygen. To do

this they rely on fermentative processes for the

generation of energy. In ruminants, micro-organisms

live in the fore gut, in a modified pouch called the
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Figure 8.1 Ruminants harbour a collection of micro-organisms in their digestive system which produce digestive enzymes. This enables farm
animals to eat forages, such as grass, which would otherwise be indigestible. 
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rumen. In these animals, microbial digestion is

extensive and precedes the host digestive processes

which take place in the abomasum or ‘true stomach’. 

We have an interest in a particular group of

anaerobic fungi found in the herbivore gut (Figure

8.2). They were first identified in 1975 and their

existence brought about a redefinition of many of the

previous “rules” used to describe what was

considered to be a true fungus.  These fungi work in

concert with bacteria and protozoa in the gut to break

down ingested plant matter thereby providing

nutrients for the host animal. In order to understand
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Figure 8.2 Scanning electron micrograph of cryofixed gut fungus (Neocallimastix hurleyensis). A thallus with an almost spherical
zoosporangium is growing on hay. The branched, rhizomycelium is seen colonising the particulate substrates. Bar = 25µm
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how these fungi work in the gut, we need to be able

to detect them, distinguish between the different

types and, if possible, to quantify their numbers. To

do this we need probes or labels with which to tag

them. 

Problems to be addressed

The gut fungi are difficult organisms to maintain in

the laboratory because they require an atmosphere

completely lacking oxygen. This makes normal

microbiological methods for growing and storing the

fungi inappropriate.  Instead, the cultures must be

maintained under an atmosphere of CO2 at all times

during their growth. In their natural environment the

gut fungi have developed a method for resisting

oxygen, within a spore-like structure, which allows

them to survive in a dormant state in animal faeces.

We have not as yet been able to produce these

oxygen tolerant structures within the laboratory, nor

do we know exactly where they are formed in the

digestive tract. These practical considerations make

the study of the biology and ecology of the gut fungi

particularly complicated.

Another major problem with the gut fungi is that

they are extremely difficult to differentiate from one

another since they so similar and have no known

sexual stage. Fungi in their natural habitat,

colonising plant matter often appear as a complex

jumble of plant and fungal tissue (Figure 8.2).  This

makes classical microscopy-based studies laborious

and of limited use in detecting and differentiating

between fungal types. We have therefore taken a

molecular approach to the problem of how to

distinguish between the different gut fungi and we

are developing methodologies for their detection

within the gut microbial ecosystem.

Experimental Approaches Taken

We have compared the DNA sequences of eighteen

fungal isolates obtained from ruminants from a wide

variety of geographical locations. A computer-

generated family tree showing the relatedness of the

isolates studied is shown in Figure 8.3. The length of

the branches is proportional to the evolutionary

distance between two isolates, so the further apart

the isolates the less alike they are. Closely related

organisms such as the Neocallimastix patriciarum

and M4 isolates are found in the same area of the tree

with very short branches between them. These

fungal isolates split into three groups within the tree,

two from the genus Neocallimastix and the third

from the Piromyces genus. A comparison of the

DNA for the samples from the three groups shows

areas of similarities and differences in the sequences.

The differences in DNA sequence between the

groups of fungal isolates can be used to develop

methods for use in differentiating between the

isolates in their natural environment. We have shown

that using a tagged DNA sequence from N.

hurleyensis as a probe we can detect all

Neocallimastix species and differentiate both

between Neocallimastix and Piromyces species and

between different Neocallimastix species (i.e. same

genus; see Figure 8.4). The ability to detect and

differentiate is particularly important for tracking the

fungi throughout the gut. 
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Figure 8.3 A computer generated family tree showing
relationships between fungal isolates based on differences in DNA
sequences of ribosomal structural genes. 

Iger pages 97new  1/4/00  7:46 am  Page 52



Ways Forward

We aim to expand these approaches into the natural

system of the animal gut. This is a vastly more

complex environment than our lab-based isolated

cultures where there is only one type of fungus

present in each sample. This progression from a

relatively tightly-controlled model system into the

naturally-occurring ‘warts and all’ samples from the

gut or the faeces will be in incremental stages.

Initially the detection system will be tested with

known mixtures of similar and dissimilar fungi.

Other components of the gut ecosystem will then be

added until the system approaches the complexity of

the natural environment. In the herbivore gut there

are thought to be many different fungi, as well as a

variety of bacteria and protozoa. There is also the

plant material ingested by the host animal. The

desired end result of these studies is a tag which will

point to the presence of the fungi even in the midst

of all this other material in a simple, sensitive,

reproducible and rapid assay system. 
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Figure 8.4 To test for relatedness of fungal isolates, DNA from the isolates is applied to nylon membranes (A), and hybridised with a
radiolabelled DNA probe (B). The membrane is washed to remove non-specific binding (C). The amount of radiolabel which remains attached
to each band is a measure of how closely related the original fungi are to each other.
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