It is well established that bacterial numbers in the rumen increase when ciliate
protozoa are removed from the rumen.
However, it has also been suggested that

bacterial numbers may remain elevated
after the subsequent reintroduction of ciliates to the rumen [1,2]. The aim of this
study was to investigate the effects of defaunation and subsequent refaunation on
bacterial numbers in and microbial protein
flow from the rumen.
Four rumen cannulated sheep received
diet of 600g alfalfa haylage and 900g
barley concentrate each day. Sheep were
a

defaunated, using a rumen washing procedure, 50 days prior to making measurements in the defaunated period.
Sheep
were refaunated by transferring rumen
fluid from a faunated sheep receiving the
same diet and a protozoal population was
allowed to develop for 35 days prior to
making measurements in the refaunated

period.
Total culturable bacterial numbers, but
cellulolytic bacterial numbers, in the
rumen increased following defaunation.
This was associated with a reduction in
rumen ammonia concentration and an increase in the flow of microbial protein
from the rumen, as estimated from the excretion of purine derivatives in the urine.
not

Following refaunation, protozoa quickly
re-established in the rumen to a density
that did not differ from that in the original

faunated sheep. Bacterial numbers declined following the reintroduction of
protozoa and, as a result, neither rumen
ammonia concentration nor the flow of
microbial protein from the rumen differed
between faunated and refaunated animals.
In the current study we could find no evidence of an enhanced number of bacteria
in the rumen of refaunated sheep.
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Predation and digestion by ciliate protozoa
can account for 90% of the bacterial protein turnover in rumen fluid in vitro.
However there is little information on the
role of individual protozoal genera in the
breakdown of bacterial protein in the ru

men.

Rumen fluid

withdrawn from ciliate-free sheep or sheep mono-faunated
with Entodinium spp., Isotricha spp. or
Polyplastron spp., or faunated with a
mixed population of all three ciliates.
Breakdown of washed pure cultures of
bacteria in rumen fluid was determined
from the release of acid soluble C]
14 from
[
C]-leucine labelled bacteria. Release of
4
[’
label in defaunated rumen fluid was used
to correct for breakdown not attributable
to protozoa. Counts of ciliates were then
used to calculate the breakdown of bacteria/protozoa in mono-faunated sheep. The
mean protozoal density in sheep with a
mixed protozoal population was 6.8 x 10
4
rnl-’, comprising 68% Entodinia, 14%
Isotricha and 18% Polyplastron. These
values were used to calculate the contribution of the individual genera to breakdown of bacteria in the mixed population
(Table 1 ). On average 92% of the observed breakdown of bacteria by protozoa
could be attributed to breakdown by the
individual genera. Isotricha accounted for
less than 7% of the total bacterial breakwas

down. Polyplastron was the most active
ciliate with the majority of bacteria tested,

only with B. multiacidus did Entodinium
play the dominant role. It appears that the
relative contribution of individual protozoal genera to bacterial protein breakdown
in the rumen will vary dependent on the
bacterial species in question.
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Ciliate protozoa decrease the flow of
bacterial protein from the rumen by engulfing and digesting the indigenous bacteria. Removal of protozoa from the rumen
has been shown to increase the flow of
bacterial protein to the duodenum by up to
50% [1]. Despite their importance in
bacterial protein turnover, little is known
about the enzymes responsible for the digestion of bacteria in rumen ciliates. The
aim of this study was to isolate and characterise a protozoal enzyme capable of
degrading bacterial cell walls.
A potent

bacteriolytic activity

was

iso

lated from the rumen ciliate, Entodinium
caudatum, maintained in vivo in monofaunated sheep. The enzyme was purified
using a combination of cation exchange

chromatography

on

carboxymethylcellu-

lose and size exclusion gel filtration on
Sephadex G-75. The isolated enzyme resembled lysozyme in that it was a basic
protein which rapidly degraded Micrococcus lysodeikticus cell walls. The enzyme
had an isoelectric point of pH 9. It displayed optimal activity at pH 6.5, an ionic
strength of 0.05M and at a temperature of
40°C. It had an apparent affinity constant
(K.,) of 400mg M lysodeikticus r1. The
protein had a molecular weight of 14 kDa
as determined by SDS-PAGE. Based on
the N-terminal amino acid sequence the
protein showed some similarity to a distinct class of lysozymes found in Streptomyces species, the fungi Chararopsis and
the protozoal parasite Entamaoeba histo-

lytica [2].
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The predatory activity of ruminal protozoa
profoundly affects the microbial popula-

tion in the rumen and consequently influences the degradation of food and avail-

ability of nutrients to the host animal. It is
thought that chitinases, lysozymes and
other hydrolytic enzymes are of fundamental importance in the protozoal digestion of engulfed fungi and bacteria, and
this process, if well understood, may lead
to the design of strategies to improve ruminant performance. The aim of the present study was to clone a gene from the
rumen

protozoon Entodinium caudatum

encoding a chitinase in

order to better understand the role that this hydrolytic enzyme plays in the interrelationship between protozoa and fungi in the rumen.
E. caudatum, ’harvested from a monofaunated goat fed a concentrate and hay
cube ration, were washed by centrifugation and total RNA was isolated using a

single-step guanidinium method. Poly(A)
+
RNA was purified on oligo(dT)-cellulose
resin and used as template for the construction of a cDNA library in Xphage by
using a commercial kit S
DNA
C
(ZAPsynthesis kit, Stratagene). The pBluescript
phagemids containing the cloned inserts
from the entire library were in vivo excised from the ?,phage vector (Uni-ZAP
XR) following the manufacturer’s instructions; these phagemids were used to
transform E. coli strain SORL. Transformants

grown

on

LB

ampicillin

agar

plates

in the presence of IPTG were covered
with 0.7% agar containing 0.02% glycol
chitin and incubated at 37°C for 6 to 8h.
After the incubation period, plates were
stained with a 1% solution of Congo Red.
Several colonies showing a clear halo,
chitin degradation, were isolated and re-screened. After a third
screening, the clone producing the most
perceptible clearing of chitin was chosen.
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