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O-1* Novel groups of culturable bacteria are  O-2 Development of a microarray for struc-

numerically abundant in the porcine gas- tural analysis of pig gastrointestinal bacterial

trointestinal tract. B.B. Jensen, L.L. Mikkelsen, communities.T.D. Leser, M. Boye, J. Z. Amenu-

O. Hojberg (Danish Institute of Agricultural Sci- vor, T.K. Jensen, K. Mgller (Danish Veterinary

ences, P.O. Box 50, 8830 Tjele, Denmark) Institute, Dept. of Bacteriology, Bulowsvej 27,
1790, Copenhagen V, Denmark)

Despite fast elucidation of bacterial diversity by ) - )
16S rDNA cloning and sequencing, the func-375 phylotypes were identified previously from
tional characteristics of bacteria cannot be extrap? 16S rDNA clone library from the gastroin-
olated from these data alone. Sequence databas@stinal (GI) tract of pigs. These data provide an
however, reveal the gaps in our culture collecinventory of the phylotypes that can be found in
tions and expedite the quest for important, yethe Gl tract of Danish pigs, however the distri-
uncultured groups of bacteria. In the present studiution and abundance of individual phylotypes in
2000 colonies have been isolated from porcinélifferent compartments of the Gl tract and among
gastrointestinal tract lumen content and classidifferent animals cannot be deduced from this
fied into so farf1120 species/operational taxo- type of analysis. To furnish this kind of infor-
nomic units (otus) on the basis of morphologymation a microarray of speqlflc probes for those
cytology, fermentation patterns and 16S rDNAdetected phylotypes is being developed. The
sequences. Despite high diversity, 75% of th@robes are 17- to 20-mer DNA oligonucleotides
isolates were covered by eighteen otus (> 1% dfrgeting specific sequences of the 16S rRNA.
isolates each) representing twelve genera. ThiEhe probes are spotted onto glass slides. When-
could be due to selectivity of culturing, but is€ver possible, at least two probes are designed
actually in good accordance with a comprehensivéor each phylotype. For optimizing the proce-
16S rDNA clone library (Appl. Environ. Micro- dure, a prototype array of 36 probes targeting
biol. 68 (2002) 673-690), where 23 of 375 definedl 7 individual phylotypes was designed. These
otus (> 1% each) made up 52% of 4270 clonehylotypes represented various phylogenetic
Seven of our eighteen dominant otus showe@roups. Universal probes for tiBacteriaand
less than 97% similarity to 16S rDNA sequenceISO non-sense probes were included in the array.
of identified species, however most isolatesl 0 test the microarray, the lumen and the mucosa
matched to porcine bacterial clone sequence¥/as sampled in the ileum and the top spiral colon
Clearly, some of the dominant clone library otusof two pigs. RNA was extracted immediately
were not among our isolates. On the other handfom the fresh samples, labeled with CY3, and
one of our dominant species (4% of colon isohybridized to the microarray. After scanning of
lates) belonging to th8poromusaubgroup the microarrays the fluorescent signals were nor-
showed less than 97% similarity to any databas@alized to the universal probe, EUB338, and the
sequence. The fermentation patterns revealed tigybridization patterns compared between sam-
latter as well as other unknown species as majd#es. The results show that the microarray can
producers of butyrate, lactate and formate. Theséetect differences in bacterial community struc-
metabolites are considered crucial factors in prelire in the individual compartments of the
venting pathogen invasion and development of! tract and between animals. Some phylotypes
colon cancer. To our knowledge, the presentere confined to specific niches in the Gl tract,
work is one of the most comprehensive studies owhile others were globally distributed.
the culturable commensal microbiota of mono-
gastrics and indicates that major groups of so far
unidentified bacteria potentially involved in sta- 0-3 Chicken gut bacteria: ecological studies
bilising a healthy gut can actually be culturedand beyond.J. Gong (Food Research Program,
and characterised. Agriculture & Agri-Food Canada, Guelph,
Ontario, N1G 5C9, Canada)

Studies of gut bacteria are a prerequisite for
— the development of probiotics and their most
JO- oral presentation, P- poster, IL- invited  effective use. The gut bacteria in adult broiler
lecture chickens were investigated by molecular analyses
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of 16S rRNA genes, including DNA sequence After three weeks on a lo. angustissim#an-
T-RFLP, and DGGE techniques. Bacteria in thenin diet (0.7%) the proportion of tannin-tolerant
cecal mucosa were highly diverse and predomibacteria increased significantll € 0.0242) to
nantly Gram-positive with low % G + C. 18.1% (SE 5.9) and increased to 32.3% (SE 3.7)
Fusobacterium prausnitzind butyrate-produc- (P < 0.0001) on a high tannin diet (2%). Within
ing bacteria comprised the largest groups amoniiree days of returning to the control diet tan-
116 cloned 16S rDNA sequences. Twenty fivenin-tolerant proportions returned to pre-expo-
percent of the clones had less than 95% homogure levels. Bacterial metabolic fingerprints of
ogy to database sequences. Many clonetgcal samples revez_iled that functional activities
sequences were related to those of unculture®f culturable bacteria were affected by the pres-
bacteria identified in human feces or the bovinénce of tannins. A permanent shift in bacterial
rumen. Bacteria in the ileal mucosa were als@opulations was indicated as metabolic finger-
mainly Gram-positive with low % G + C. More Prints did not return to pre-exposure patterns.
than 70% of cloned 16S rDNA sequences (total NiS Was confirmed by molecular fingerprints
of 51 clones) were lactobacilli arhterococ- of the fecal baqterla by Denaturing Gradient G_el
cus cecorumOnly two sequences had less tharf €Ctrophoresis (DGGE) as the observed shift
95% homology to existing database sequenceg‘. bacterial populations due to tannins in the diet
Lactobacilli. Enterococcus cecorumand id not return to pre-exposure patterns over four

butyrate-producing bacteria were the three majof/€€ks of sampling. There was less bacterial
glversny in the groups fed tannin-containing diets

roups detected in the mucosa of both ilea an .
geca? T-RFLP analysis revealed difference ased on the number of bands in the DGGE gels
between bacterial populations present in th nd by sequence analysis of p_redomlnant bands.
solated tannin-tolerant bacteria belonged to the

mucosa and lumen of the two gut reglons. It aIS%acteroides‘lroup or the Enterobacteriaceae and

demonstrated a less diverse bacterial populati.otrp]is corresponded with the bacterial sequences

in the ileum than in the cecum. The gut baCter'@vhich predominated in animals on tannin diets
from free-range and in-house reared Ch'Ckenﬁetermined using DGGE analysis.

were analysed using PCR-DGGE. Differences
among the bacterial populations were also iden-
tified. The dissimilarity of these bacterial pop-
ulations as well as between cecal/ileal bacteria i
highlighted by this study. The potential of our
findings for the development of novel probiotic
bacteria is being explored.

-5Development of oligonucleotide probes to

etect and quantify the numbers of potential
butyrate-producing bacteria present within
the human faecal flora A. Schwiert?, G.L.
Hold®, M. Blau®, S.H. Duncah H.J. FlinP
(2DIfE, Potsdam, German$;Rowett Research

) Institute, Bucksburn, Aberdeen AB21 9SB, UK)
0-4The effect of condensed tannins fromca-

cia angustissimaon bacterial diversity and . .
metabolic activity in the rat gastrointestinal 16S rRNA-targeted oligonucleotide probes were

tract. A.H. Smittb, R.I. Mackié (2Department designed for the detection of selected butyrate-
of Animal Sciences University of lllinois, 1207 producing bacteria isolated from human faeces.
W. Gregory Drive ’ Urbana. IL 61801 ’USA' The targeted bacteria clustered within two bac-

- - . . terial groupsClostridiumclusters 1V and XIVa
b Animal Nutrition and Animal Products Insti- . o . e T
tute, Irene, South Africa) identified previously as comprising a significant

proportion of the total microbial diversity within
the human gastrointestinal tract. The specificity
Tannin-tolerant gastrointestinal bacteria mayof the probes was tested against a range of com-
contribute to herbivores’ ability to utilize tan- mon intestinal bacteria before being applied to
nin-containing diets. Using rats as a model anéaecal samples obtained from 10 healthy volun-
condensed tannins extracted from leaves of teers. The results showed that fReseburia
potential fodder legum&cacia angustissiméne  intestinaliscluster, and th&. prausnitziigroup,
effect of dietary tannins on the gastrointestinahccounted for up to 10.9% of the total bacteria
bacteria was monitored. Tannin-tolerant bacteriflora. Species-specific probes were also designed
in the feces of rats on the control diet comprisedor other butyrate-producing species, but these
1.6% (SE 4.3) of the total culturable bacteriawere shown to comprise only a minor part of the
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total microflora. Taking into consideration that P-2 Examination of changes in the gut
both theRoseburia intestinalisluster and the microflora using DGGE and T-RFLP.
F. prausnitzitgroup mainly consist of butyro- N. Bernbom, P. Saadbye, B. Ngrrung (Institute
genic bacteria, the results indicate that signififor Food Safety and Nutrition, The Danish Vet-
cant portions of the human faecal microbiota arerinary and Food Administration, Copenhagen,
butyrogenic. Since, in additioRoseburiaspp. Denmark)
andF. prausnitziiwere previously shown to pro-
duce large amounts of butyrate in vitro, relative
to other isolates, these species are likely to makgeveral investigations have shown that the
a significant contribution to butyrate formation in microflora of the gastrointestinal (Gl) affects
the large intestine. the well being of humans. Different diets and the
use of antibiotics and probiotics may affect the
composition of the microflora in the intestinal
P-1Comparison of DNA extraction and purifi- ~ act: The use of bacterlc_)mn]:pr(f)dumnk(_]:] microor-
cation procedures for luminal samples from ganisms as bloprese_rvatlc_)n or OOdS. as become
the swine gastrointestinal tract.K.L. Ander- very popular ESpeC!a”y.'n order to inhibit the
son (United States Department of Agriculture 3"0Wth of pathogenic microorganisms such as
National Swine Research and Information CenkiStéria monocytogeneothing is known, how-
ter, Ames, IA 50011, USA) ever, abou.t the. pOSSIbIIIlty.that bactgrmcm-pro-
ducing lactic acid bacteria interfere with the nor-
mal microflora of the gastrointestinal tract. The
rpose of this study was to examine the effect of
cteriocins and bacteriocin producing strains
n the normal and pathogenic microflora of the

The swine gastrointestinal tract contains a larg
number of bacterial species that are not detect
by standard cultivation procedures. Thus, non-

culture methods must be employed. One suc | tract. The human intestinal microflora is a

method, the polymerase chain reaction (PCR\’/ery diverse ecosystem, which is estimated to

enables the amplification and specific identifi- . . .
cation of small quantities of DNA from samples harbour more than 400-500 different microbial
species. Until now the primary methods to inves-

of digesta. This permits PCR to not only provide> A ;
a means of detecting the presence of unculturdif@te the gut microflora have been culturing

species of bacteria, but also of estimating theipiudies, but it has been shown that only a fraction
population size and distribution. However, theOf the microflora is actually culturablg. There-
results obtained from PCR amplification arefore new methods have been/are being devel-
directly affected by the efficiency of extracting ©Ped, where the culturing step is being elimi-
genomic DNA from the sample. This extractionhated. To investigate the intestinal mlcroflqra,
efficiency can be affected by various factorsand later possible changes caused by ingestion of
including incomplete cell lysis, DNA sorption bacteriocin producing microorganisms, dena-
to particulate material, and degradation or damturing gradient gel electrophoresis (DGGE) and
age of the DNA. A comparative analysis of var-terminal restriction fragment length polymor-
ious extraction methods was achieved by obtairphism (T-RFLP) were chosen. These are both
ing luminal samples from both the cecum anchon-culturable methods to view complex micro-
colon of three pigs. Total DNA was extractedbial ecosystems. In both methods DNA is ampli-
from these samples using 19 different DNAfied by PCR followed by a separation in different
extraction methods. These methods consisted electrophoresis systems. The DNA extraction
contrasting physical, chemical, and enzymaticand purification from faecal samples of rats have
protocols. Of these 19 methods, four recovered Been performed using a mechanical method,
significantly greaterR < 0.05) quantity of total a Bead beater, followed by purification steps
DNA from both cecum and colon samples tharusing a kit (QlAamp). Results from DGGE and

the other methods. In addition, using a UniVer-T_RFLP on rat faecal Samp|es are presented.
sal primer for PCR amplification of eubacterial

16S rDNA, no PCR inhibitory agents were

detected in DNA obtained by any of the four

extraction methods. The results of this study proP-3 Influence of dietary changes on human
vide a guideline for determining the most appro-colonic bacteria in an anaerobic fermentor
priate DNA extraction methods for luminal system. S.H. Duncaf, K.P. Scott, A.G.
contents from the swine. Ramsa§, C.S. Stewaff H.J.M. Harmseh G.W.
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Welling®, H.J. Flint (2 Rowett Research Insti- collected following hand-feeding of forage to
tute, Bucksburn, Aberdeen AB21 9SB, UK;cows after rumen emptying. Approximately
bDepartment Medical Microbiology, University 3 kg of rumen boli were collected from each ani-
of Groningen, Groningen, The Netherlands) mal and 150g portions were weighed immedi-

ately into pre-weighed dacron bags and incu-

bated in the rumen for 0, 1, 2, 4, 8 and 24 hours.
Bowel disorders are a major cause of health protAfter removal from the rumen, bags were gently
lems in North America and Northern Europe.rinsed in a sink of cold water, freeze-dried and
Dietary intervention can help to prevent or alle-weighed for dry matter disappearance. Fatty acid
viate disease, but the influence of dietary changeasethyl esters were extracted and determined by
on the colonic microflora and their metabolism isGC using tricosanoic acid as an internal stan-
poorly understood. Here the predominant baceard. Two odd-chain fatty acidsg C15:0 and
terial groups that inhabit the large intestine weréso C17:0) were not detected in grass or white
monitored in response to dietary shifts withinclover from pasture, but are found in washed
anaerobic fermentors using fluorescent in situacterial preparations from the rumen, indicating
hybridisation (FISH) probes. The duplicate fer-that they could be used as microbial markers.
mentor systems gave remarkably reproducibléhe concentration of both these fatty acids in
results. FISH analysis indicated that some groupsarvested boli of both forages increased with
of bacteria e.gFusobacterium prausnitzéur-  incubation time. The relationship between the
vived poorly in the fermentors when compared taconcentration ofso C15:0 (mgkg~t DM) and
their abundance in faecal samples, wiellc- DM disappearance (@ DM) was described by
teroidesspp. came to predominate. Feeding inulirlinear regression: for the grass: Y = 317.3X —
to the fermentors resulted in a marked increase ih04.5 (2= 86.9, s.e. 19.8 < 0.01); and for
the abundance of some groups of bacteria includvhite clover: Y = 96.1X — 13.2{= 66.4, s.e.
ing theRuminococcandEubacterium cylin- 18.0,P < 0.01), respectively. The results clearly
droidesgroups. The fate of three marked bacteddemonstrate rapid and continued microbial
rial strains belonging to the cluster XlVa colonisation of both grass and white clover. How-
Clostridiumsubphylum, nameliRoseburia intesti-  ever, the diversity of the developing microbial
nalis L1-82, Roseburiasp. A2-183 andtubac- communities in residues will remain unclear until
teriumsp. A2-194 was also monitored following molecular analysis is completed.
inoculation into the fermentors. The three intro-
duced strains exhibited markedly different
behaviour in the complex fermentor ecosyste
although all three strains were able to survive i
the presence of the faecal microflora. Inulin .

} Konstantino® T.D. Leset, W.M. Akkermans-

enhanced the growth Blubacteriunsp. A2-194. van Viief, B.A. Williamsb, WM. de Vog

This suggests that inulin which escapes diges . . .
tion in the small intestine is likely to promote af"%'l“ ;Akkermea}né‘(t";‘_V\llagenégggrz:L_I{r\l/l\\//erS|ty,
variety of colonic bacteria. aboratory ot Microbiology, agenin-

gen, The Netherland&Wageningen Institute of
Animal Sciences, Wageningen University, The
Netherlands® Danish Veterinary Institute, 1700
P-4 Use of odd-chain fatty acid profiles to Copenhagen V, Denmark)

study microbial colonisation of boli from

freshly ingested herbagesE.J. Kim, J.K.S. o ] )
Tweed, R.J. Dewhurst, R.J. Merry, D.R. Davies,J fanslocation is a process of active or passive
M.K. Theodorou (Institute of Grassland andPassage of bacteria across the epithelial barrier
Environmental Research, Plas Gogerddanffom the intestinal lumen to extra intestinal sites

Aberystwyth, Ceredigion, SY23 3EB, UK) such as the mesenteric lymph nodes and other
organs of the host. The present study was initiated

to assess bacterial translocation from the
The objective of this study was to use fatty acidyastrointestinal tract into mesenteric lymph nodes
profiling to examine microbial colonisation of of weaning piglets. Bacteria were detected and
boli (masticated herbage) from contrasting freshidentified based on PCR amplification of their
forages (grass or white clover). The boli werel6S rDNA and molecular profiling techniques

-5Bacterial translocation in weaning piglets
analysed by 16S rDNA based approacheS.R.
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such as terminal-restriction fragment length poly-hungateisolates Pseudobutyrivibrio group con-
morphism (T-RFLP) and denaturing gradient gebisted of specieBseudobutyrivibrio ruminis,
electrophoresis (DGGE). DGGE and T-RFLPButyrivibrio crossotusand Pseudobutyrivibrio
fingerprints of the bacterial communities in thexylanovoransPseudobutyrivibrio group included
mesenteric lymph nodes (MLN), jejunum, ileum,another cluster of bacteria isolated mainly from
caecum and colon of six weaning piglets wereghe rumen fluid of deer and sheep, which is not
screened for amplicons common in all samplegaxonomically defined. Both Pseudobutyrivib-
T-RFLP analysis of MLN revealed that the num-rio and Butyrivibrio group can be distinguished
ber of terminal restriction fragments (TRs) dif- with specific PCR primer$seudobutyrivibrio
fered among the piglets, and only a few TRs wergylanovorandgsolates showed the highest abil-
found in MLN and Gl tract of all piglets. In com- ity to degrade plant polysaccharides. Beside that,
parison to T-RFLP, DGGE analysis detectedhey were producing, together with isolates of
approximately two times lower numbers of Clostridium proteoclasticunthe highest pro-
16S rDNA amplicons of the MLN and Gl tract teinase activity. All other species tested were uti-
samples. These results demonstrate high bacterl&ing metabolic intermediates of fiber degrada-
diversity in the MLN and reveal that specific tion only. (The project — 524/99/0602 — was
parts of the microbiota in the gastrointestinalsupported by The Czech Grant Agency).

tract can be translocated from the intestine of

weaning piglets.

P-7Molecular ecology ofOscillospira guiller-

mondii — a large, morphologically conspicu-
P-6 Taxonomy and role ofButyrivibrio and  ous, but uncultured rumen bacterium.R.I.
Pseudobutyrivibricspecies in microbial ecosys- Mackie?, R.l. Amino, W. HA, M.A. Olser¢b
tem from the digestive tract of ruminants  A.V. KlieveS, Y. Kamagaté (2 Department of
J. Kopemy? R. Marinek-LogaP (2Institute of ~ Animal Sciences, University of lllinois, Urbana,
Animal Physiology and Genetics, CzechlL 61801, USA} Department of Arctic Biology
Academy of Sciences, Prague 10, higwes, and Institute of Medical Biology, University of
Czech Republic? University of Ljubljana, Tromso, 9037, Tromso, Norwa§Queensland
Biotechnical FacultyDomZzale,Slovenia) Beef Industry Institute, Queensland Department

of Primary Industries, Moorooka, Australia;

o ] ~ dNational Institute of BioScience and Human

Butyrivibria are a major component of the rumi- Technology, Agency of Industrial Science and

nal microflora and have been isolated from therechnology, Tsukuba, Ibaraki 305-8566, Japan)
gastrointestinal tracts of various animals. They

contribute to fiber digestion through degrada-

tion of plant hemicellulose, cellulose, starch andetection and identification of microbial popu-
protein. Currently are recognized two butyriv-lations are the most basic prerequisites for micro-
ibrio speciesButyrivibrio fibrisolvensand  bial ecology studies. Althoudbscillospirahave
Butyrivibrio crossotusGenetically closely related been observed microscopically, based on their
species ar@seudobutyrivibrio ruminigand large size and conspicuous morphology, for over
Clostridium proteoclasticumWe have tested 90 years, they remain uncultured and their
62 “butyrivibrio” isolates from the rumen of the phylogeny unknown. Based on PCR-retrieved
cow and sheep. There were estimated fermentd6S rDNA sequences @scillospiraspp., we

tion products, morphology, substrate utilization,have developed PCR, PCR-DGGE and FISH
enzyme production, composition of cellular fattytechniques for cultivation-independent monitor-
acids, RFLP of 16S DNA, DNA-DNA hybridiza- ing of Oscillospiraspp. to estimate the occur-
tion and 16S rDNA sequences. Obtained dateence of this bacterium in different ruminant
enabled us to describe two new speddegyriv-  species, during diet shifts in cattle, and to evalu-
ibrio hungateiandPseudobutyrivibrio xylanovo- ate the level of its genetic diversi@scillospira-

rans which were the most common species irspecific sequences were detected in a broad range
our set of isolates. All bacteria tested were clusef geographically distant ruminant species: North
tered into two genetically related groups: Butyriv-American domestic cattle, sheep from Australia
ibrio group includedutyrivibrio fibrisolvens  and Japan, and Norwegian reindeer. Phyloge-
Clostridium proteoclasticurandButyrivibrio  netic analysis of the sequences obtained enabled
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us to define three operational taxonomic unitflow cytometer) and a serial dilution of internal
(OTUs) within theOscillospiraassemblagéCon-  control. The Agilent bioanalyzer 2100 was used
sistent with this genetic diversity, we observedor the analysis of cPCR products. The standard
other, atypical morphotypes @fscillospira, curves can be used for enumeration of the num-
detected with the use of tl@scillospiraspe- ber of cells of butyrivibria in the range from
cific FISH probe. Despite the visual disappear4.1x 107 to 1 x 10f cells per mL and for pseu-
ance of typicaDscillospiramorphotypes dur- dobutyrivibria in the range from 64108 to

ing the switch from green pasture to indoor6.1x 10° cells per mL of rumen fluid.

housing, its presence was still detectedDgil-

lospiraspecific PCR. Together with their detec-

tion in geographically distant ruminant species

fed a range of diets, these observations suggelgggAn optimised RNA extraction protocol

the ubigitous presence @fscillospiraspecies .
. - - for rumen samples.S. Muetzel, K. Becker (Uni-
In various rumen ecosystems with the.numbers\)ersity of Hohgnheim Inst. for Animal Pr(oduc-
and types (po'_55|bly SpGCIGS) responding to dI'%lton in the Tropics and'Subtropics Dept. for Ani-
and geographic location. mal Nutrition and Aquaculture, 70593 Stuttgart,

Germany)

For the analysis of complex microbial ecosys-
tems quantitative recovery of nucleic acids is a
prerequisite. Contamination of the extracted
nucleic acids with carbohydrates, protein or
polyphenols and the lysis of recalcitrant organ-
risms are the two main problems during nucleic
acid extraction. RNA recovery from rumen fluid
samples was compared using two RNA extraction
methods. The method that yielded higher group
Motile and butyrate-producing anaerobic bacteSPecific RNA concentrations was further modi-
ria in the rumen are represented mainly leed to gllow extraction of RNA.ln the presence
Butyrivibrio andPseudobutyrivibrigstrains. They Of tannins. Furthermore the lysis protocol based
play an important role in the degradation of pro-°n bead mill disruption was optimised in order to
teins as well as structural and storage plarf€cover @ maximum of RNA from recalcitrant
polysaccharides. Recent studies based of{"d fragile organisms from rumen fluid samples.
16S rDNA sequential analysis showed that thos&@uantification of the RNA was done by densit-
species are clustered into six distinct groups. Th@metry from polyacrylamide and agarose gels
aim of this project was to develop a competitive" the study of RNA-tannin interactions and by
PCR, which could easily distinguigutyrivibrio ~membrane hybridisation with group specific
andPseudobutyrivibricstrains and quantify them RNA probes targeting total rRNA, Bacteria,
in environmental samples. Twenty strains ofAfchaea, EukaryaRuminococcus flavefaciens
butyrivibria were divided into two main groups @nd the genuBibrobacterfor the lysis proce-
on the basis of 16S rDNA sequences comparf@ure study. The RNA extraction procedure pre-
son. The primers specific for both groups werés€nted is a rapid, inexpensive method with good
designed and tested on 50 strains of butyrivibteProducibility, yielding high amounts of RNA
ria and pseudobutyrivibria. The highest speciSuitable for 16S rRNA targeted membrane
ficity for butyrivibria was found in case of 71f hybridisation.

primer (5- CGG AGA ATT TAC GCT GAT

GAA G -3), and for pseudobutyrivibria was the

most suitable primer F2 (5- AAT TTT CTA CGA P-10Culture independent molecular analysis
TCC CTT CGG GG -3). The internal controls forof the elderly faecal microflora reveals an
cPCR systems for both groups were prepareédxtreme complexity.K. Saunie?, K. Tuohy?,
using a “double primer method”. Standard curved. Sutrer?, A. Cresct, J. Doré (2 Institut
were constructed using a known number of celllational de la Recherche Agronomique, UEPSD,
from a pure culture of butyrivibria (counted by 78350 Jouy-en-Josas, FranB&jnit of Food

P-8 Development of a competitive PCR for
detection and enumeration oButyrivibrio and
Pseudobutyrivibricstrains in the rumen ecosys-
tem. J. MrazeR J. Kopeay? G. Avgudin®
(®Institute of Animal Physiology and Genetics
Prague 10, Czech Republid)niversity of Ljubl-
jana, Domale, Slovenia)



Session |: Genetic diversity of gut bacteria S9

Microbiological Studies, University of Reading, several novel species. But due to difficulties in
Reading RG6 6BZ, UK® Dipartimento di isolation and cultivation of these organisms the
Scienze Morfologiche e Biochimiche Comparatebiochemical characterization has often remained
Universita degli Studi di Camerino, 62032 undone, which hinders the complete under-
Camerino, Italy) standing of their physiological function in the
human gut. We isolated two strains of a Gram-
ositive, strictly anoxic, non-sporeforming, rod-
shaped bacterium from human faeces. Based on
h " ! henotypic and phylogeneti nsiderations w
preventive nutrition strategies. The elderly frac-grspgsgg iheellt?h% Ki?hgeert(f u(l:’]|((:I’(I)OVSVI’(]j ?O%_gthe%

tion of the population is currently rising in West- ey m together witBubacterium ormicigen-
ern societies, and yet specificities of its qut microg, sges sequence divergence) be classified in
biota, involved in health, remain largely unknown.

The present study was conducted to evaluate trﬁ new genudorea, asDorea longicatenaen.

bacterial diversity of the dominant faecal micro- tov., sp. nov. anDorea formicigeneransomb.

; Y . -_nov., respectively. Experiments with a specific
blfogg(f)ekljerlydVl\lgsusgc’i\lzoppar?tlve sleg:&nc'anBS rRNA directed oligonucleotide indicated
0 clone r rom faecal 0 h : :

9 healthy elderly persons (6 women- and 3 mer%hatD. longicatends present in all human vol-

aged 69-87, mean 78). By BLAST, we identi-unteers séudied so far at cell counts of approxi-
fied 21 RDP-defined phylogenetic groups.mately 10 per gram of dry weight faeces. On

Among them, the 6 groups commonly found a: veragd. longicatenaepresented 0'96% O.f t_he
dominant in édultsC leptum(38.8% of cloned otal faecal flora and, at least for some individu-

sequences on average; prevalence @aoc- als studied, is a member of the numerically dom-

coides(25.7%: 9/9),Bacferoides(18.l%; 9/9), inant gut mlcro_flora. The major products of hex-

Enteric(2.4%; 7/9)Lactobacilli (1.7%; 5/9) and 0S¢ fermentation are ethanol, acetate, formate

Bifidobacterium(1.4%; 7/9) constituted an an_cl hydro_gen. In r_nlxed cultures wigh coc-

important part of the elderly microbiota (88.1%).(30'.des Wh'f:h requires for_mate anq hydrogen

We further observed other dominant groups*/Nilé growing on CQ, an interspecies hydro-

Sporomusg1.6%; 7/9) Acholeplasma-Anaero- 9N and formate transfer was demonstrated,

plasma(1.3%: 9/9), anetopobiur{0.9%; 7/9) as which led to a metabolic shift iD. longicatena

well as an important part of unaffiliated bacteri The C_O'FC“_JS'O“ IS tempting that th's. mutually

(5.9%). Other remaining groups were less repr beneficial interaction betwe@. longicatena

sented with a weaker prevalence. Finally, thé&ndC. coccoidess well as with other equally

number of novel sequences (< 2.5% identity witFOMMmon acetogens growing /B0, occurs

GENBANK sequences) was 60% on averaged!SO in the human gut.

These results reveal an extremely high com-

plexity of the elderly microbiota. Hence, to bet-

ter appreciate the composition and dynamics 0b.1 2|solation and characterization of ammo-

the elderly gut microbiota, new probes shouldyja_hyperproducing bacteria from stored

be defined for hybridisation-based analysis.  gwine manure.T.R. Whitehead, M.A. Cotta
(USDA/ARS, National Center for Agricultural
Utilization Research, Peoria, IL 61604, USA)

Understanding age-related alterations in the ga
trointestinal tract is important in the design of

P-11Physiological affiliations of Dorea longi-
catenagen. nov., sp. nov. in gastrointestinal
ecology.D. Tara$, M. Blauf (2Free University
of Berlin, Institute for Animal Nutrition, 14195
Berlin, Germany® German Institute of Human

Storage of swine manure is associated with the
microbiological production of a variety of odor-
ous compounds, including ammonia, organic

Nutrition, Department of Gastrointestinal Micro- 2¢idS and alcohols, and sulfides. These com-

biology, 14558 Bergholz-Rehbriicke, Germany)P0unds can contribute to health problems for
swine facility workers and animals, as well as

odors that affect local human populations.
In recent years the investigation of the bacteriaPrevious research in our laboratories has demon-
diversity in the gastrointestinal tract using molecstrated that the microbial populations in swine
ular tools has attracted major interest and led tmanure stored in deep pits are composed pri-
sequencing and phylogenetic classification omarily of low % G + C, Gram-positive anaerobic
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bacteria. Examinations of predominant isolatesnajority were low % G + C, Gram-positive bac-
from this ecosystem found that little ammoniateria. Several of the isolates were presumptively
was produced by these bacteria. Therefore, @entified asClostridiumor Peptostreptococcus
selective medium containing 1% tryptone/1%gpecies, while others could not be identified. A
casamino acids (and no carbohydrates) was usgdmper of isolates were capable of growth on
to isolate bacteria capable of growth on thesg, i iqyal and combinations of amino acids, and

compounds. Isolates were obtained from Store?roduced high levels of ammonia. Growth of all
manure that were capable of growth on the selec-,

tive medium and produced large amounts o ftr_u_a Gram-p_ositive isolates was inhibited by
ammonia, ranging from 20 mM to 80 mM, from addition of the |onophore monensin. Thege results
1% tryptone/1% casamino acids. These level§Uggest that production of ammonia during stor-
are similar to those found with ammonia-hyper-2ge of manure may be due to the presence of
producing bacteria isolated from the rumen ofmmonia-hyperproducing bacteria, and that
cattle. ldentification of the bacterial isolates byammonia production may be reduced by the addi-
16S rDNA gene sequencing indicated that théion of monensin to the manure.
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0O-6 The bacterial community in the ileum of Depending on the forage to grain ratio in equine
broiler chickens at various ages is influenced diets, the addition dbaccharomyces cerevisiae
by dietary fat source and subtherapeutic lev- (SC) is correlated with different effects on the
els of antibiotics.A. Knarreborg, M.A. Simor?,  apparent fiber digestibility. The aim of our study
R. Engberd, B.B. Jense®) G.W. TannocR  was to investigate the effect of SC (Yea S4&%9
(2 Research Centre Foulum, 8830 Tjele,on intestinal fibrolytic activities and bacterial
Denmark;? Department of Microbiology, Uni- communities in relation to the composition of
versity of Otago, Dunedin, New Zealand) the diet. Four mature geldings were fed a high
fiber (HF) or a high starch (HS) diet dai}y, sup-
The ecosystem in the small intestine of youn lemented with O or 10 g (§10° CFUg) of

- . : 5C. Bacterial communities and live yeast cells
broilers can easily be disturbed and can be Maniare enumerated from cecal and right ventral

ulated by di(_et_cqmposition_and SUt’therapeu“%olonic contents, collected 4 hours after feed-
':VElS fOf am'b'o;'cﬁ' Ig_parrflculgr, the Carb(.’hyl'ing. Polysaccharidase and glycosidase activities
rate fraction of the diet has been intensively, oo getermined on liquid associated microbial
studied, whereas little is known about the r°|e(LAM) and solid adherent microbial (SAM) pop-
of dietary fat in relation to avian gut ecology. jationg by measuring the release of reducing
The effect of dietary fat source (SOy oil or @ MiX-g o rs from polysaccharide purified substrates
ture of I.ard and tallovy) aﬂd am'b'Ot.'C SUpF.’Ie'or the release gs-nitrophenol from glucoside
Toentalt(lo? (glcon;blnlatlon of gxlcl)amycm, specific substrates, respectively. The counts of
makg-eed - and salinomycin, - MBY-  cellulolytics in the hindgut were not changed
feed™) on the bacterial community in the lleum ;. 5 Polysaccharidase activities were sig-
of brailer chickens at different ages (7-, 14-, 21-yifeant in | AM compared to SAM. We observed
3.5 days) was studied using PCR-denatunng 9o diet or SC effect on the LAM activities. SAM
dient _gel _elect_rophore5|§ (D.GGE) analysis Inglycosidase activities decreased with the HS diet
combination with bacteriological culture. The compared to the HF. SAM specific activity of
DGGE profiles of the total bacterial CommunityCMCaseB-D-cellobidsidaseﬁ-D-glucosidase
(HDA-primers) and DGGE profiles using primers o-L-arabinosidase arfétD-xylosidase increase’d

specific for lactic acid bacteria (Lac-primers) with SC in the hindgut. Quantitatively the stim-

- ook X . -D-cellobiosidase anfi-D-xylosidase was
and antibiotic treatment. An increased detectlorp]igher in the cecum thanﬂin thg colon with YS

of streptococc? anlostridium perfringensiith This was correlated with a higher count of SC
age of the chickens was demonstrated. Lactqr, 1ha cecum (& 108 CFU-mL-Y) than in the

bacilli predominated in the ileum of chickens | =1 i}
and the composition of theactobacilluspopu- ?noelﬂPeésvtitﬁoggFU mL~) of horses supple

lation was altered in response to age and diet.

Lactobacillus salivariusand Clostridium per-

fringenswere the bacterial groups most affected

by the diets. Further, different straing®éstrid-  0-8 Natural immune responses in sheep to

ium perfringengype A were detected in relation methanogenic archaeaP.E. Hollowaf-?, S.K.

to age and diet. The results of bacteriologicaBakef (2 CSIRO Livestock Industries, Floreat

culture and DGGE confirmed and complementegbark Research Laboratory, Private bag 5, Wem-

each other, hence, detailed microbial ecologicabley, 6913, Western Austral&Current address:

information was obtained. University of Tasmania, Sandy Bay, 7004,
Australia)

O-7Effect of a live yeast culture on cellulolytic  In foetal ruminants and immediately post-par-
activities of liquid and solid associated microor-  tum, immunoglobulins (IgG) which bind to indi-
ganisms in the equine hindgut ecosystem. vidual rumen eubacteria are undetectable, but
B. Medin& E. Jacot® G. Bertir?, V. Jullian® titres of these IgG increase as functional rumen
(2Alltech France, 95190 Goussainville, Francegubacterial populations develop until as mature
bENESAD, 21079 Dijon, France) ruminants there are detectable (but low) titres of
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plasma IgG binding to individual eubacteria thatof human Toll-like receptor (TLR)4 and TLR5 in
are found normally in the rumen. MethanogenidCaco-2 human intestinal and AGS gastric epithe-
archaea also are found normally in the rumenlial cells, also the TLR-associated adapter pro-
Methanogenic archaea are antigenetically disteins, MyD88 and Tirap and the LPS receptor,
tinct from eubacteria, and in this study titresCD14. Parallel to the rapid induction of HBD2
(mL-1) of plasma IgG binding to individual expression in Caco-2 and AGS cells, levels of
species and strains of methanogenic archaedlR4, TLR5, MyD88 and Tirap mRNA were
were determined using an enzyme-linkeddownregulated in response to challenge with
immunosorbent assay. Titres of plasma IgGSalmonella enteritidissuggesting the involve-
were expressed as titres greater than those foungent of either, or even both, of these receptors in
in foetal lamb plasma, which contains nothe HBD2-mediated responseSalmonellachal-
detectable 1gG to methanogens. Plasma sanenge. In order to assess the influence of LPS
ples from ten two-year-old Merino wether sheepand flagellin, the proposed ligands for
were used. Detectable titres of IgG (betweed LR4/CD14 and TLR5 respectively, on HBD2
10 and 1@ mL-2) were found in plasma of all induction, we challenged Caco-2 and AGS cells
of the sheep in this study, binding toWith a panel of wild type (Fla+), aflagellate (Fla-)
Methanobrevibacter smithiistrain PS, and flagellin-mutant (Fla-n§. enteritidisHBD2
Methanobrevibacter ruminantiustrain M-1, induction was only observed in cells challenged
Methanobrevibacter Splstrain ZA-10, with Fla+ and Fla-m bacteria, but not Fla— strains.
Methanobrevibacter arboriphilicustrain DH-1, ~ Stimulation with ultrapure Salmonella-LPS also
Methanobacterium formicicurstrain MF, failed to induce HBD2 expression in Caco-2 and
Methanosarcina barkerstrain MS,Metha- AGS and Gram-positive Listeria strains induced

nomicrobium mobilstrain BP Methanosphaera HBDZ2 in these cells to the same extent as

stadtmanaatrain MCB3,Methanoculleus bour-
gensisstrain MS2 Methanococcus vannielii
strain SB,Methanospirillum hungatestrain

JF-1, andMethanofollis (Methanogenium) lim-

Salmonella. This points to flagellin, not LPS, as
the key factor in regulating enteric HBD2 expres-
sion. Further, bacterial-cell contact, not invasion,
is the governing factor in HBD2 induction, as

inatansstrain BM1. Many of the methanogens”ve and immobilised Fla$. enteriditisnduced
that were used in this study have not been ideddBD2 to the same extent. Finally, while flag-
tified as rumen methanogens. This indicates th@llin governs HBDZ induction, it does not affect
ubiquity of methanogens in the environmenthe microbicidal activity of HBD2 as Fla+ and
and/or a commonality of some surface antigeni€!@—S. enteritidisvere shown to be equally sus-
components amongst the methanogenic archadzEPtible to HBD2-mediated killing.

0O-9 Bacterial flagellin, but not LPS, is
required for the induction of human beta-
defensin 2 in human intestinal and gastric
epithelial cells.D.A. O’'Neil, S. Conway,

O-10Bifidobacteria upregulate Toll-like
receptor 3 mMRNA levels in epithelial cells.
E. Furrie, S. Macfarlane, G.T. Macfarlane (MRC
Microbiology and Gut Biology Group, University

G. Grant, K.E. Garden, E.T. Logan, D. Wilson,of Dundee, Dundee, UK)
D. Kelly (Division of Gut Microbiology and
Immunology, The Rowett Research Institute,Toll-like receptors (TLR) play a key role in
Bucksburn, Aberdeen AB21 9SB, UK) recognition of bacteria and yeast in the innate
immune response. TLR comprise a group of at
In the present study, we address the role of twkeast ten receptors that have different expression
key membrane components of enteropathogenijgatterns in immune and non-immune cells. They
bacteria, namely LPS and flagellin, in the induc-are responsible for binding of bacterial surface
tion of enteric human beta-defensin (HBD)2.antigens, and subsequent signalling to the cell
HBD2, an endogenous antimicrobial peptide othat results in expression of inflammatory medi-
the gastrointestinal tract, is a central componerdtors. Their ligands are currently unknown, but
of innate host defence and, by its chemotactibacterial products such as LPS, peptidoglycan
activities, acts as a biological bridge between thand lipoteichoic acids may be involved. Detection
innate and adaptive phase of the immunef mRNA for TLR 1,3,4,5,7,9 and 10 can be
response. We demonstrate a low level expressiarbserved on both HT29 and Caco-2 colonic
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epithelial cell lines. We have examined the effectsvas significantly higher < 0.05) with the “D”
of mucosal bacterial isolates on the synthesis dfiet than with the “S” diet (59% versus 41%).
TLR mRNA using real time PCR. RNA was The enteropathies appeared mainly between day
standardised by cell number and beta43 and d 56. Compared to healthy rabbits, the
actin/GADPH levels of expression, and the prodmicrobial community of the fresh caecal content
ucts were cloned and sequenced to check spedif diarrhoeic animals was characterized by a
ficity. TLR-1 mRNA in HT29 and Caco-2 cells marked decrease of archaeal community and
was unaffected by Gram negative or Gram posRuminococcusp. population sizes, a strong
itive bacteria. TLR-3 mRNA was unchangedincrease of eucaryal community afiirobacter
when untreated cells were compared to thosep. population sizes. The size of the population of
treated with Gram negative species such aBacteroides- PorphyromonasPrevotellagroup
E. colior Gemminger formicilisin contrastBifi-  was the same in healthy and sick rabbits. No
dobacterium adolescentandBifidobacterium  Escherichia coliand anaerobic fungi were
angulatumstrains upregulated TLR-3 mRNA detected. These results show that the caecal
synthesis compared to the controls, asHite-  microflora of growing rabbits suffering of a non
rococcus faecaliandPeptostreptococcus anaer- specific enteropathy is greatly altered.
obius.However, individual isolates exhibited
great variablity in their ability to induce expres-
sion of TLR-3. TLR-3 expression is upregulated
in colonic epithelial cells when they encounter théP?-14Feed structure and processing and addi-
surface of Gram-positive bacteria, which maytion of formic acid to the feed influences the
be important in epithelial cell bacterial interac-microbial ecology of the gastrointestinal tract
tions on the mucosal surface. of pigs.N. Canibe, B.B. Jensen (Danish Insti-
tute of Agricultural Sciences, Department of Ani-
mal Nutrition and Physiology, Research Centre

P-13Caecal microflora of growing-rabbits Foulum, P.O. Box 50, 8830, Denmark)

affected by a non specific enteropathy
N. Bennegadi G. Fonty, L. Millet®, T. Giden-  |n the search for alternatives to antibiotic growth
né, D. Licois® (*INRA, CR de Toulouse, 31326 promoters, coarse feed or feed added formic acid
Castanet-Tolosan, FranéeNRA, CR de Cler-  have been reported to decrease enterobacteria,
mont-Fd/Theix, 63122 Saint-Genes-Champansych as Salmonella and coliform bacteria, in the
elle, France? INRA, CR de Tours, 37380 gastrointestinal tract (GIT) of pigs. A study was
Nouzilly, France) performed to investigate the effect of feed struc-
ture and addition of formic acid to the feed on
Enteropathology, which mainly occurs in youngthe microbial ecology of the GIT of pigs at var-
rabbits after weaning, is the major problemious times post-feeding. The experimental diets
encountered in rabbit breeding. Diarrhoea is thevere: fine, heated and pelleted (Fine); fine, heated
most common clinical symptom of the sick ani-and pelleted added 1.8% formic acid (Fine +
mals. These enteropathies which increase mof-.8%); coarse, non-heated and non-pelleted
bidity and mortality rates can be caused by a spgCoarse). Addition of 1.8% formic acid to the
cific pathogenic agent but often no cleardiet resulted in lower counts of lactic acid bac-
pathogenic origin is detected. The ingestion oferia, enterobacteria and yeasts along the GIT of
a low-fibre diet increases the incidence of thes¢he pigs, whereas the effect on the counts of total
non specific enteropathies. In the present studynaerobes in the caecum and colon was smaller.
we compared the balance of some microbial popFeeding diet ‘Coarse’ stimulated the growth of
ulations in the caecum of rabbits presenting diattactic acid bacteria in the stomach and the
rhoeic symptoms to that observed in healthy anismall intestine, tended to reduce the counts of
mals. One group of rabbits was fed with aenterobacteria along the GIT and tended to
standard (“S”) diet (Acid Detergent Fibre: 19%)increase the counts of yeasts compared to diet
and the second received a fibre-deficient dietFine’. The concentration of formic acid was
("D") (ADF: 9%). Detection and quantification highest in the stomach and the small intestine of
of microbial populations were performed by dot-the pigs fed diet ‘Fine + 1.8%’, whereas the con-
blot hybridization with oligonucleotidic probes. centration of lactic acid was highest in the stom-
The sanitary risk (mortality + morbidity rates) ach and proximal small intestine of the pigs fed
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diet ‘Coarse’. Microbial activity (ATP) and in P-16Functional cell model of non-tumorigenic
vitro production of organic acids in digesta fromintestinal epithelial cells IPEC-J2 to study
various sites of the GIT were also measured. Iprobiotic-pathogen-gut epithelium interac-
conclusion, changes in feed structure or protions. A. Cenci@, M. Jakobseh(@University of
cessing, and addition of formic acid to the feedaribor, Faculty of Agriculture, Vrbanska c. 30,
affect the microbial ecology of the GIT of pigs. 2000 Maribor, Sloveni&;Royal Veterinary and
Agricultural University, Dept. of Dairy and Food
science, Rolighedsvej 30, 1958 Frederiksberg C,
Denmark)
P-15Survival of microorganisms after expo-
sure to organic acidsN. Canibe, B.B. Jensen The Caco-2 cell line (human colon adenocarci-
(Danish Institute of Agricultural Sciences, noma) has been widely used in studies of probi-
Department of Animal Nutrition and Physiol- otic-pathogen-gut epithelium interactions.
ogy, Research Centre Foulum, P.O. Box 50Although it has been shown that Caco-2 cells
8830, Denmark) exhibit some phenotypic features similar to those
of normal intestinal epithelial cells, they have
mainly tumorigenic phenotypes distinguished
The new situation in pig farming, devoid of from the normal gut epithelia by modified surface
antibiotic growth promoters, has lead to theglycoconjugates and physiological responses.
search of alternative feeding strategies. AdditiorT herefore the purpose of our work was to use
of organic acids to the feed or water is amongstablished normal pig intestinal epithelial cells
the alternatives to antibiotic growth promoters (obtained from Prof. A. Blikslager, North Car-
However, adaptation of microorganisms of thedlina University, USA) that were growing on
gastrointestinal tract to acidic environments ha§licroporous inserts, where epithelial cells
become a concern. An initial experiment wasi€velop characteristic epithelial morphology and
designed to study whether addition of organic functional polarity, as is the case in vivo. A
acids to piglet diets increases the acid resistan&@MParison between primary pig intestinal cells

of microorganisms of the gastrointestinal tract.and Caco-2 was made. Like primary porcine

We fed weaners (six per diet) four diets: a Stanlntestlnal epithelial cells, IPEC-J2 cells express

: . : " alkaline phosphatase in a polarised manner,
dard weaner diet with ;10 adqled orgam% aC'ds't’owards the apical compartment. Positive stain-
the_ same diet added 1 /o K-dl_formate, 1% ben|'ng in Schiff-periodic acid assay indicated apical
zoic acid, or 1% sorbic acid. The animalsgypression of mucins. As the main target for
received the diets during Six weeks, after Wh'chnicroorganisms to attach are glycoconjugates
they were slaughtered. Digesta from the distapcated at the apical surface of the gut epithelial
third of the small intestine was collected, andce”s' a surface glycoconjugate analysis was made.
incubated at 38 °C during one hour at pH 3 withResults obtained using selected lectins showed a
out addition of acids, at pH 4 without and withsimilar pattern as in the primary porcine entero-
addition of 20 mM formic acid, benzoic acid or cytes. The probiotic bacteriuinactobacillus reutei
sorbic acid, and at pH 5 without and with additionoriginally isolated from pig intestine, was used in
of 20 or 40 mM of the same acids. The initialattachment assays and showed surface binding of
levels of microorganisms in the ileal digesta wereapproximate 20%. Moreover, upon treatment with
different for the four diets, which reflects the porcine interferon gamma (PolFj)i-an inflam-
antimicrobial effect of the various acids. At pH 3, matory cytokine, and a significant apical expres-
the survival of lactic acid bacteria and enter-ion of MHC class Il antigens was observed, indi-
obacteria was 1-11%. pH 4 resulted in survivafating an immunomodulatory response of this
of 27-58% of lactic acid bacteria and of/ntestinal epithelial cell line.

38-160% of enterobacteria, and pH 5 of

87-138% lactic acid bacteria and 210-271%

enterobacteria. Addition of acids decreasedP-17Butyrivibrio sp. strain Mz5 — a possible
survival of the microorganisms. The data did noprobiotic candidate for monogastric animals.
point to higher survival of the microorganismsT. Cepeljnik, M. Zorec, F.V. Nekrep, R. Margls
collected from animals fed diets added 1%logar (Zootechnical Department, BF, Univer-
organic acids compared to those fed diet with ngity of Ljubljana, Groblje 3, SI — 1230 Ddie,
added acids. Slovenia)
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The beginning of the third millennium sets neworally using various regimes. Specific bacteria
challenges in animal science. Growth promotwithin the gut flora contribute significantly to
ers are being replaced by new biologically activéndividual vitamin K requirements. The neonate
substances. Among these are enzymes aruitially has a sterile gut. This project looks at
organic acids which can mediate effects of prothe establishment of the various bacteria of the
biotic bacteria as is the case with some lactigut flora at three time points in the 0-6 week
acid bacteria, and perhaps other less-studied ba@nge differentiating between breast fed and bot-
terial groups. We have isolated many butyratéle fed babies. Microbiological methods have
producing bacteria from the rumen of Holstein-been used to specifically enumeratetobacil-
Friesian cow on the xylan containing medium.!us sp., Bifidobacteriasp, Enterococcisp.,
The highest xylanolytic activity was detected inStaphylococcsp, Bacteroidesp, Clostridia
isolate Mz5 (three endoxylanases of 58, 51 an@P- and coliforms present in the gut. Further stud-
26.7 kDa were partially isolated and characteries Will look at the production of vitamin K in
ized). Several independent studies have reveal&glected bacteria with the aim of ascertaining the
its classification in the genButyrivibriowhere ~ contribution of isolated vitamin K producing
species delineation is being intensively reestibacteria of the gut to the overall vitamin K con-
mated. This isolate has some exquisite propefR€ntration in the intestine.
ties which favour its application as a probiotic.
We revealed its relative low sensitivity to oxygen;
very good growth and xylan hydrolysis was meaP-19The influence ofLentinus edodegprepa-
sured even at redox potential above —100 m\tations on bacteriological and morphological
The advantages of its effective and pH stabl@spects of the small intestine in pigletsl.A.
xylanolytic system can be used in xylan digestiorbecuypere, C.J. Van Nevel, N. Dierick, K. Molly
that results in xylooligosaccharides that promotéDepartment of Animal Production, Ghent Uni-
growth of other beneficial microflora. Among versity, Melle, Belgium and Seghersnutrition
other products of its metabolism are the mosgciences, Drongen, Belgium)
notable high levels of butyrate, which is prefer-
ential energetic source for the gut cells and conB-1,3-1,6 glycans (Lentinan) presentiredo-
jugated linoleic acid that acts as antioxidativedesmushrooms are non-digestible oligosaccha-
antimutagenic and anticarcinogenic substanceides with immunostimulatory properties against
Bacteriocin production resulted in the growthbacteria. Their effect on bacteriological and mor-
inhibition of some rumen bacteria and is a futurgphological aspects in the digestive tract of piglets
target of our research, as are adhesion anaas investigated. Four groups of 5 weaned piglets
anticarcinogenic effects upon Caco-2 cells. Thé28 d) were fed: a control diet C (diet 1) and
results are very promising and favour the usé& supplemented with resp. 50 ppm of Avilamycin
of the strain Mz5 as a probiotic for pigs and(diet 2), 0.1% oL. edodesxtract (min. 25%
rabbits. polysaccharides; diet 3) and 5% of driecdo-
desmycelium (diet 4). After 11-12 days, the
animals were euthanized and viable counts of
groups of bacteria (total bacterta, col, strep-
o tococci, lactobacilli) were done on luminal
bacteria in the gut flora of neonatesG. Cooke,  ¢qnients (stomach, proximal and distal jejunum)
M. Costello, J. Behan (Institute of TechnologY,5nd mucosa (jejunum only). The following
School of Science, Tallaght, Dublin 24, Ireland)qpservations were done on jejunal tissue sam-
ples: villus height and crypt depth, number of
The occurrence of late haemorrhagic diseasgjoblet cells and intra-epithelial lymphocytes
particularly in breast fed neonates, has been ass@EL), and mitotic index in the crypts and apop-
ciated with low levels of vitamin K. Vitamin K, totic index (villi). Decreases of viable counts
an essential component of the blood clotting0.5-1.8 log,CFU-g™%; P < 0.1) of all bacterial
mechanism, is provided in the diet (phylloqui-groups were observed in luminal contents and
nones) or produced by intestinal bacterianucosal samples only with diet 4. Feeding diets
(menaquinones). Preventative treatment for lat8 and 4 had no effect on crypt depth, but
haemorrhagic disease has involved the admirincreased villus height in proximal and distal
istration of vitamin K either intramuscularly or jejunum, but those were only statistically

P-18ldentification and characterisation of
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significant with diet 4 (10-15% increase). Bothlipase activity: 6500-9500 g1 results in a
diets decreased the number of IEL in mucosgbhysiological environment in the stomach and
samples, e.g. in distal part from 36 cells/100 entforegut which regulates and stabilizes the flora.
rocytes with diet 1 to 23 with diets 3 and 4. Com-A minimal concentration of 0.025 M free MCFAs
pared to diet 1, apoptotic index was lower whenn the intestinal contents was necessary for
supplemented diets were fed, while mitotic indexobtaining a significant (> 10 fold) suppression
was only slightly changed from 62% to 58%of the luminal flora (total anaerobic count, lac-
mitotic cells per crypt with diet 4. The influence tobacilli, E. coli). It is striking that the controlled

of L. edode®n several parameters indicated arelease of MCFAs in the lumen parallels with
lower turnover rate of the intestinal epitheliumthe degree of suppression of the bacterial load
probably due to a lower bacterial load. The effecand with the extent of improvement of the
of L. edodesnycelium on the intestinal flora was mucosal health status and growth performance
probably due to the presence of antimicrobiabf the piglets, which make the concept a valu-
compounds, e.g. lenthionine, rather than to aable alternative for in-feed nutritional antibiotics.
immunostimulating activity op-glycans with

increased release of IgA onto the mucosa sur-

face, as also supported by the fact that addition of

Lentinan to incubations with ileal contents low- P-21Intestinal bacteriological changes in
ered bacterial counts. piglets after weaning onto a diet based on

wheat C. Favier, J.P. Lallés, B. Séve (INRA-
UMR Veau et Porc, 65, rue de St-Brieuc, 35042

Rennes, France)
P-20Medium chain fatty acids as a nutraceu-

tical alternative for in-feed antibiotics in piglet
nutrition. N. Dierick?, J.A. Decuyperg K.
Molly®, E. Van Beek E. Vanderbek¥&(@ Uni-
versity of Ghent, Faculty of Agricultural and
Applied Biological Sciences, Department of Ani-
mal Production, Melle, BelgiumVitamex N.V.,
Drongen, Belgiumf Kemin Europa N.V.,
Herentals, Belgium‘;’Aveve N.V., Merksem,
Belgium)

The EU ban on in-feed antibiotics has raised the
question of how to evaluate antibiotic alterna-
tives for stabilising the gut flora in young farm
animals. In the present work the consequence of
a high incorporation rate of wheat in weaning
diets for piglets on the bacterial community was
evaluated by plate counting. According to the
literature, wheat may increase the frequency of
digestive disorders and diarrhoea. Wheat was
therefore chosen as a non-pathogenic model of
In order to prevent diarrhoea or poor perfor-gut disorder induction. The piglets were weaned
mance, antimicrobial feed additives are usuallyat 21 days of age and then starved for two days in
applied in weaner and grower diets. In recenobrder to reproduce the transient post-weaning
years, public concerns about development ofinorexia. Then they were stomach tube-fed for
cross resistance in human pathogens and residut3 days to reduce individual variations for feed
in animal products and the environment, havéntake. A reference diet and a simplified diet
caused in the EU a pressure to search for coenriched with wheat were provided. Piglets were
sumer friendly alternatives. A concept was develslaughtered at day 0, 8 and 15 post-weaning and
oped based on studies with medium chain fattgigesta collected. In the caecum, the ratio of
acid containing triacylglycerols (MCTAGS; lactobacilli:anaerobes increased and the ratio of
C6:0—C12:0) and selected lipases for in situ gerenterobacteria:aerobes decreased from day 0 to
eration of free medium chain fatty acidsday 15. By contrast, in the jejunum, changes in
(MCFAs) in the stomach and proximal gut of the bacterial ratios were variable. By day 15, the
piglets as a potential noncaloric alternative forratios enterococci/anaerobes were lower but the
in-feed antimicrobial agents. The concept wasatios of enterobacteria:anaerobes were higher
tested out in vitro and validated in vivo, with at both sites for the diet containing wheat. The
gastric cannulated piglets and under field conhigher proportion of enterococci in the reference
ditions, including effects on zootechnical per-diet observed by day 15 may explain the decrease
formances. The addition of MCFAs containingin pH observed in the caecum of the animals fed
oils (coconut, butter or particular MCTAGs oils, with this diet. Indeed, the enterococci belong to
Cupheaseeds; 25-50-gg™) to piglet diets in  the group of lactic acid bacteria. The high pro-
combination with microbial lipases (kg% portion of enterobacteria found in the jejunum
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and in the caecum relative to the total anaerobiP-23 Factors affecting intestinal flora con-

population in the wheat-fed piglets suggests thattruction in infant rat. R. Inoue, K. Ushida

wheat could favour intestinal disorders. (Kyoto Prefectural University, Shimogamo,
Kyoto 606-8522, Japan)

L We investigated the factors affecting the intesti-
P-22Infiltrating polymorphonuclear leuko-  na flora construction in pups. Three pregnant
cytes in ulcerative colitis have an enhanced \yjistar rats bred in barrier units were purchased.
response to members of the normal micro- They were housed under non-barrier circum-
biota due to enhanced antibody response stances in our animal facility and fed on a stan-
towards cell surface structures of these bac- dard pelleted diet. The littermates were not sep-
terial species.E. Furrie, S. Macfarlane, G.T. arated until weaning (day 20). After weaning,
Macfarlane (MRC Microbiology and Gut Biol- pups from one dam were offered the same diet as
ogy Group, University of Dundee, Dundee, UK)their mother. Pups from the second dam were

divided in two groups at day 20. One group

) ) .. received the same-pelleted diet and the other
Members _of_the commengal microbiota I|ve_ iNreceived fructooligosaccharide (FOS)-supple-
close proximity to the hostimmune system with-menteq diet. Three pups within a litter of third
out eliciting an inflammatory immune response gam were orally inoculateBifidobacterium ani-
Polymorphonuclear leukocytes (PMN) or neu-majisat day 18. Faecal bacteria were analyzed by
trophils are the first line of defence against bacARDRA and TGGE for all animals at days indi-
teria. They migrate to sites of invasion and phagocated below. An additional experiment was done
cytose foreign microorganisms. This process caith one SPF SD pregnant rat to evaluate the
be greatly enhanced by opsonisation by specififfluence of microbial circumstances on the adul.
antibodies. Ulcerative colitis (UC) is a diseaseAt day 18, the flora constitution of pups was sim-
where this tolerance to commensal organisms igle and primarily consisted & coli. At day 40,
lost, resulting in a state of chronic inflammationit became complex and anaerobic bacteria con-
in which the mucosa of patients is infiltrated withstituted it in large part. The bacterial OTUs
PMN and plasma B cells secreting antibody. Irdetected (approx. 30) in dams were all detected
these studies the ability of 15 different bacterialn their pups. However, 25 to 30 OTUs were
species isolated from the rectal mucosa of UQewly detected in pups. The SPF rat had a far
patients to induce respiratory bursts in PMN wasimpler intestinal flora and the number of OTU
investigated. The bacteria were opsonised usingas not increased during the experiment. The
serum from UC patients and healthy controls t&¢ommercially available conventional rats have
determine whether the environment created igimple intestinal flora and their flora constitu-
the inflammed mucosa of UC contributes towarddion, once established, might not be influenced by
prolongation of the disease. It was found thathe microbial circumstances. Pups received bac-
untreated organisms elicit a respiratory burst ir€fia from the environment during day 18 to 22.
PMN, with bifidobacteria inducing the largest Dietary FOS influenced strongly the develop-
respiratory bursts. After opsonisation with serumment of intestinal flora during this peridal. ani-
it was observed that bacteria coated in antibodig8lis transmitted to the littermates after inocu-
from UC patients demonstrated an enhancemefftion, but two pups were not colonized.
of the PMN respiratory burst of over 100%. ThelNvolvement of the immune response will be dis-
greatest stimulation was seen withcteroides CcuSsed-
fragilis, Bacteroides vulgatus, Escherichia coli,
Enterococcus faecaliand Peptostreptococcus
anaerobius Furthermore, respiratory bursts P-24Development of probiotics for canine
towards opsonised bacteria were significantlyand feline nutrition. R. Knorr, F. Praplan,
faster and higher in magnitude. These data pro/. Rousseau, C. Cavadini (Nestlé Research Cen-
vide evidence that the antibody response in inditer, Vers-chez-les-Blanc, 1000 Lausanne 26,
viduals suffering from UC is directed towards Switzerland)
the surface of normal commensal organisms, and
indicate that this would facilitate progression andlhe successful use of probiotics in human nutri-
maintenance of a chronic inflammatory state. tion and in farm animal feeding promises similar
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benefits for canine and feline nutrition and makedble carbohydrates and glycolipids were tested as
the application of lactic acid bacteria in pet foodpotential inhibitors oB. infantisR0033 adhe-

a quite attractive concept. We describe adequatdon to Caco-2 cells. Fucosylated compounds
in vitro methods for the development of probi-such as fucosyllactose and Lewis b tetrasaccha-
otics for use in dog food, especially the develride (histo-blood group determinant) significantly
opment of a model system simulating caninénhibited adhesion d&. infantisR0033 to intesti-
small intestinal conditions. About one hundredna| epithelial cells. Bacterial adherence was also
lactobacilli strains were isolated from dog andmediated by asialoganglioside-GM1 and by
cat faeces, purified, physiologically characterisedacidic glycosphingolipids - sulfatides. These
and screened to meet the following requirementgegyits suggest that fucosylated Lewis b antigen,

(1) resistance to canine gastric conditions, (2yyfatides and asialo-GM1 serve as adhesion
resistance to canine small intestinal Cond't'onsveceptors foB. infantiSRO033.

(3) physiological activity under small intestinal

conditions with and without addition of pet food,

and (4) bactericidal activity against pathogens

implicated in canine enteric infections. 18 straing?-26 Comparison of the effects of adding
exhibited bactericidal activity. They comprised antibiotic or probiotic as growth promotor in
the following species according to their fermen—ation on broiler performance. M. Modirsanei,
tation patterns: the heterofermentatlvefer- s \.M. Kiaei, M. Farkhoy (Department of Ani-
mentum/reuterandL. salivariusgroups, and the  ma| and Poultry Health and Nutrition, Faculty

homofermentativé.. acidophilus/crispatus of veterinary Medicine, University of Tehran,
group. Out of these strains, the 13 that were able o gox: 14155-6453 Tehran, Iran.)

to ferment starch, the main carbohydrate pro-
vided with the pet food, showed the highest
antimicrobial activities. These strains were allAn experiment was conducted in order to com-
typedL. acidophilusand could be divided into pare the effects of adding an antibiotic (Virgini-
three distinct groups regarding their ribotype patamycin = VM) or a probiotic (PR = a mixed cul-
terns. The first two groups (7 strains) wereture ofBacillus subtilisCH 201 andBacillus
antimicrobially active due to production of high licheniformisCH 200) into diets on body weight
amounts of lactic acid (> 90 mM) and a con-(Bw), feed intake (FI), and feed conversion ratio
comitant decrease of the pH down to 4.5. ThQFCR) of broiler chicks. Five hundred for’[y day_
last ribogroup seemed to employ a differeni|d male Ross broiler chicks were randomly
active principle, effective even at neutral pH val-gjyided into three dietary treatments. Each treat-
ues. Stud]es investigating th|§ antimicrobial agentent contained six replicate floor pens of 30.
are ongoing. These screening results enable $ne treatment considered was as the control and
to select promising probiotics for evaluation of e cejved a diet without any antibiotic, growth
efficacy in clinical studies. promotor and coccidiostat. For feeding the chicks
in two other treatments, kg1 PR or 0.1 &gt
VM were added into diets, respectively. Feed
P-25Receptors recognized by bifidobacteria and water were provided ad-libitum throughout
on intestinal epithelial cells.M. Kostrzynska, the experimental periodResults showed that at
J. Dixon, D. Lepp (Agriculture and Agri-Food the end of the trial, adding VM into diet increased
Canada, Food Research Program, GuelpHBW significantly P < 0.01),while supplement-
Ontario, Canada) ing the diet with PR had no significant effect on
BW. There was no significant difference between
Bifidobacteria have potential beneficial effects orBW of chickens fed diets supplemented with
the host that are generally related to inhibitionM or PR. When compared with chicks fed diets
of pathogens, maintenance and restoration gfontaining PR, adding VM into diet caused a
normal intestinal flora and increased immunesignificant increase in FIR(< 0.05). Supple-
response. We investigated adherence propertiggentation diets with VM or PR improved FCR,
of Bifidobacterium infanti)R0033 and identi- significantly P < 0.01), in comparison with con-
fied receptors recognized by this bacterium orirol, but no significant differences were observed
human intestinal epithelial cells. Various solu-between these two dietary treatments.
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P-27The effect of feed form on the microflora  G. Tellez (Departamento de Produccién Animal:
at the terminal ileum of the young pig. Aves, UNAM-Mexico DF 04510, Mexico)
C.A. Morar?, P.H. Brook§ (2 Alltech Inc.

Nicholasville, KY 40356, USA? Seale-Hayne  The effect of functional food (FF) supplemented
Faculty, University of Plymouth, Newton Abbot, with Aspergillusmeal (AM) prebiotic in broilers
Devon TQ12 6NQ, UK) was investigated. Two experimental sorghum-
soybean diets, control-diet and FF with 0.2% of
Until recently, the industry managed digestiveAM, were administrated from day 1 to 20 of age.
problems in the young pig by the use of prophyMucosa morphology, crop and cecal pH, short
lactic antibiotics. The objective of the study chain fatty acids (SCFA), protein and energy
reported here was to examine the effect of fee(P-E) in ileal digest, mineral content in tibia
form on the microflora of the young pig’s gut. (MCT), gastrointestinal transit time (GITT), body
Twenty-four piglets, weaned at 23 + 2 days ofweight (BW), BW uniformity (BWU), gut aero-
age were randomly allocated (eight per treatbic and anaerobic microflora, aghlmonella
ment) to one of three dietary treatments, nonenteritidis(SE) organ invasion were evaluated.
fermented liquid feed (NFLF), fermented liquid Increases in the GITT, total CFU of aerobic,
feed (FLF) or dry feed (DF). A further eight anaerobicl{actobacillu3 microflora and a reduc-
piglets were suckled by their dam (S). All feedstion on SE organ invasion were observed in the
were fed ad libitum for 14 days. Gastrointesti-group fed with FF compared with control-diet
nal tracts were removed under terminal anaegP < 0.05). No differences were observed on total
thesia. Samples of the terminal ileum were takeFU of Clostridiumbetween both groups.
for determination of SCFA concentration FF increased the villi height in the ileum at
(HPLC), pH and enumeration of lactobacilli and20 days. Although there were no differences on
coliform populations (plate count techniques). crop pH at any time of evaluation, an increase
No coliform bacteria (< 3.0 lqg CFUmLY) in ce(_:al pH in FF group was observed at 20 days.
were detected in pigs fed FLF compared witHNO significant changes in crop SCFA were
8.5, 8.1, and 6.0 lqg CFUmLdigesta in DF, pbserved between groups at any time. Interest-
NFLF and S pigs respectively. Significantingly, at 20 days, a reduction of cecal SCFA con-
(P < 0.01) differences in the concentrations ofcentrations was observed in the FF group. This
acetic, formic and propionic acids were foundeffect and the alkalinity of cecal pH support the
in pigs fed FLF and NFLF compared to DF andconcept that absorption of SCFA may be con-
S piglets. The lactobacilli populations werecentration-dependent. Chicks fed with FF showed
significantly affected by dietary treatment with the best P-E utilization in the ileum and an
the lowest in the dry fed piglets and the highesthcrease in MTB. FF supplementation did not
in those fed a fermented di& ¢ 0.001). There affect BW, but improved BWU. The results of
were significantly higher < 0.01) concentra- the present study describe the possible physio-
tions of acetic, formic and propionic acids foundlogical pathways by which FF could be a good
at the terminal ileum of the pigs fed FLF andtool to modulate the gastrointestinal ecology and
NFLF compared to dry and suckled pigs. Theeduce antimicrobials used in poultry diets.
short-chain fatty acid profiles reflect changes in
microbial populations in the terminal ileum due
to dietary treatment. A combination of reducedp-29Transition of probiotic bacteria, Lacto-
pathogen load, acidified feed, high lactic acidhacillus casestrain Shirota, in gastrointestinal
bacteria numbers and the short chain fatty acigtact of pigs. Y. Ohashi, R. Inoue, K. Ushida
concentrations resulted in a significant reduc{Laboratory of Animal Science, Kyoto Prefec-

tion in coliforms at the terminal ileum. This hastyral University, Shimogamo, Kyoto 606-8522,
implications in terms of piglet health and dietaryjapan)
prevention of enteric diseases.

It is widely recognized that probiotics made of

lactic acid bacteria have a beneficial health effect.
P-28Functional foods as a tool to modulate They are more effective for the host if more
the gastrointestinal ecology and reduce antimi- viable probiotic bacteria reach their site of action.
crobials used in broiler chickens diets. Therefore, resistance to gastric and bile acids is
G. Nava, N. Ledesma, B. Hargis, A. Donoghuejmportant. The survival of probiotic strain has
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been evaluated by their recovery from faecessignificant effect of diet on digesta lactobacilli
However, the transition of viable cells in gas-or bifidobacteria counts®(= 0.785;P = 0.111
trointestinal tract is still unclear. In this study, respectively). However, there was a significant
we investigated the passage of a probiotic straitime effect, with lactobacilli® = 0.008 (Q)) and

in the gastrointestinal tract of pigs that receivedifidobacteria increasing®(= 0.006) through-

a commercially available fermented milk which out the experimental period. A similar pattern
containedLactobacillus casestrain Shirota was displayed in faecal samples, as lactobacilli
(LCS). Three female pigs fistulated at the caeand bifidobacteria counts increased over time
cum were fed 130 mL fermented milk, which (P < 0.001 (Q)). There was however a signifi-
contained over T8 (CFU) LCS, with daily meal cant dietary effect® < 0.001) with animals fed
for 8 days. On the 8th day, pigs received twdahe immunostimulant supplemented diet shed-
transit markers with a morning meal. Yg@hd  ding higher numbers of lactobacilli than control
Co-EDTA were used to estimate the transit ofanimals. There was a trend towards a reduction in
solid and liquid components of the digesta. Caeeoliform numbers® = 0.079) for animals fed
cal digesta were sampled through fistulae everthe treatment diet, and a trend towards a general
2 hfor 24 h. The viable cell number of LCS andlinear reduction in coliforms over time € 0.055
the concentrations of transit markers in eaclfL)). Subsequently, an immunostimulant sup-
digesta sample were determined. The viable cefllemented diet was fed for 14 days pre-weaning
numbers (log CFg™) of LCS ranged from 3.56 in addition to 14 days post-weaning; both col-
to 6.58. It was suggested that all LCS did notform andE. colinumbers decreased with time
reach the caecum in pigs. LCS number reache@® < 0.007 (L);P = 0.007 (L) respectively), whilst
the maximum level 6h after dosing. Four dosesifidobacteria increasedP(= 0.012). The lacto-
every 6h may be required to keep the maximunbacilli to coliform ratio decreased over time
LCS level at caecum. The viable cell number of P = 0.005) although there was no effect of diet
LCS was significantly correlated with the relativeor time on lactobacilli count$(= 0.238). Ben-
concentration (Sum of the marker concentratiorficial modulation of gut microflora is therefore
for 12 samples = 100) of Co£0.794P < 0.01) possible through dietary manipulation.

and Yb ¢ = 0.458,P < 0.01). These results indi-

cate that LCS moved with the liquid component.

P-31Microbial changes in liquid piglet feed
formulations. C. Plumed, M. Pagés, A. von
P-30Modulation of piglet gut microflora post- ~ Wright (Institute of Applied Biotechnology, Uni-
weaning.J.A. Pickard, C.E.R. Dodd, J. Wisemanversity of Kuopio, P.O. Box 1627, 70211 Kuopio,
(School of Biosciences, University of Notting- Finland)
ham, Sutton Bonington Campus, Loughborough,

LE12 5RD, UK) Liquid piglet feed formulations, in farm condi-
tions and laboratory experiments, were studied in
Post-weaning growth check in piglets is currentlyorder to detect developments in the microbial
a major problem that is characterised by low volpopulations during the three-month feeding
untary food intake, poor growth performance,period. In addition, the feed was inoculated with
expression of enteric diseases and mortalityan isolated actobacillusto check whether these
Investigations into interactions between pre- antbacteria could control the feed fermentation pro-
post-weaning nutrition and gut physiology, andcess. Total aerobic bacteria, proteolytic, amy-
their relevance to performance and health, arblytic, lipolytic bacteria, bacillus, lactic acid
of paramount importance in solving these probbacteria, yeast and moulds were checked using
lems. Piglets fed an immunostimulant suppleselective plating. Two substrates, barley and
mented diet immediately post-weaning displayednaize, were used for the fermentation process.
a significant reduction in the number of coliformsThe results demonstrated a tendency to elevated
present in small intestinal diges® € 0.033). bacterial counts towards the end of the feeding
Additionally, coliforms decreased linearly period, except for the amylolytic bacteria and
throughout the experimental period (14 days)bacilli that were only occasionally detected. Yeast
on both the control and supplemented dietend moulds remained at low concentration.
(P = 0.002); there was a significant daydiet  Microbial counts were higher with barley than
interaction P = 0.067 (L)). There was no with maize substrates before the 24 hours
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incubation. At 24 hours, the counts were simiP-33Development of probiotic strains for pet
lar. The fermentation with the inoculated lacto-food. R. Simmering, J. Benyacoub, R. Knorr,
bacillus demonstrated that the strain could estal¥. von-der-Weid, C. Cavadini, F. Rochat (Nestlé
lish itself and become dominant in theResearch Center, P.O. Box 44, 1000 Lausanne
fermentation conditions. In conclusion, the26, Switzerland)
changes in the microbial composition of the lig-
uid piglet feed reflect the formation of a certainThe intestinal micro-flora have a major impact on
microbiological balance in the feeding systemgastrointestinal function and therefore on the
Barley-based and maize-based feed were capalfealth of the host. Probiotics are defined as “live
of spontaneous fermentation and they are gooshicrobial feed supplements, which beneficially
substrates for lactic acid bacteria. effect the host animal by improving its intesti-
nal microbial balance”. The majority of probi-
otic products are designed for humans or cattle.
. . . . However, it is reasonable to assume that similar
P-32Immunisation of mice with Lactobacil-  peneficial effects can be conferred by probiotic
lus plantarum NCIMB8826 expressing the se in pets. To investigate the potential health
antigen UreB of Helicobacter pylori evalua-  penefits of probiotics in pets, over 50 different
tion of stability of the recombinant strain and  strains of lactic acid bacteria were isolated from
its immunogenicity for vaccine development.  cats and dogs. These were identified and char-
Y. Roussel, M. Grammatikaki, A. Beugnet, 5cterised for relevant technological and physio-
M. Wilks, S. Tabagchali (Queen Mary University |ogical properties. From the results of this ini-
of London, UK) tial screening, six strains were selected and their
potential to inhibit the growth of pet entero-

This study describes the constructiorLatto- pathogens was investigated in co-cultivation

bacillus plantarumNCIMB8826 (Lp 8826) experiments in an in vitro model simulating small
expressing thelelicobacter pylorantigen UreB, testinal conditions. One potential probiotic
its survival in the mouse gut and its efficacy tosptrgn, é‘sbzggg’.:gos\i\g?gspg?r.?"s'n% ftsg!g'.r:]
protect mice against a Helicobacter infection.'"o Was used IeS ol In VIVO Studies |
The gene encoding the urease subunitrBa) of gno_toblotlc mice. The a_ntl-pathogenlc_ effects
Helicobacter pyloriwas cloned in the intracel- againstSalmonella enteric&erovarTyphiand

: f Clostridium perfringendogether with the
!ﬁlir egg;%ssﬁ;:reecéo\zvggéhgrgfg‘%onﬁstemimmune-modulating effects of this particular
P P Y y rain were investigated. In these experiments
blot where cell lysates revealed a reactive band(g e probiotic strain was able to decrease the
66 .k?]a C]P{Jresgo_rllﬂlng to the pr;aglcteBd mo(;eCUIgfranslocation oB. entericanto mouse tissue. In
weight of UreB. The amount of UreB produce - ) S
was estimated to 10g per 16 CFU. When addition, Lb2628 modulated and stimulated

L immune responses & entericaandC. perfrin-
assa)_/ed I:? vnroble_Xqu e%gvzegs f?tundsgo be Seggens,respectively, as suggested by the antibody
:ﬁ)%zt'i?]nr%e%ﬁ; vSi tlr?ou?antibio%cer genFlz;r""isotypes measured in blood and faecal samples.

: pressure butrpace gata were supported by in vitro assess-
_showed a reduce_d expression of Ure_B. The abil; ents of cytokine profiles in canine leukocytes.
ity of the recom_blnant strain to colonise th_e 9Uieyrther in vivo studies investigating the probiotic
of C57BL/6N mice was assessed by quantitative e ntia| of this bacterial strain are underway.
culture of faeces obtained after oral feeding. L,
8826 pNXureB and Lp 8826 pNX could be
recovered up to 48h after the cessation of feeding,
indicating that they had a limited colonising abil-P-34 Effects of an oregano-based feed addi-
ity in mice. For immunisation experiments, micetive on the porcine intestinal microflora
were orally administered live cells or cell lysatesn vitro. E. Veligratli®b, K. Hillman?, S.
of Lp 8826 pNXureB, either with or without the Stefopoulog, V.R. FowleP (3SAC, Craibstone,
mucosal adjuvant cholera toxin. Low or noAberdeen AB21 9YA, UKP University of
immune responses (serum IgG and IgA) werdberdeen AB24 5UA, UK)
detected in all mice although some of them were
found to be protected againsHalicobacter Orego-Stin®, an oregano-based feed additive,
pylori challenge. has previously been shown to improve the health
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and growth of pigs. It was postulated that thiBacteroidesspp., although onl¥. coliwas
additive may function, at least in part, throughreduced to a statistically significant level. The
a direct influence on the microflora of the porcinedata obtained in this study indicate that Orego-
intestine. The effect of this additive on the intesti-Stim® has little effect on strictly anaerobic bac-
nal microflora was examined using two simul-terial species, but can influence the growth of
taneous in vitro simulations of the porcine colon zergtolerant and facultative bacteria within the
These were inoculated with fresh porcine faecegqycine intestinal microflora. As the most numer-
alr}gnillllowed t?tﬁtab'l'se lfor fou(; da):jsaS_:Jbsi- us group (total anaerobic bacteria) were unaf-
9 Y, one ot the yessels was dosed dally Wi, a4 by the additive, there is no support in this

20 mg of Orego-Stifi Bacteriological enumer- . .

ation%vas per?ormed after four dgys dosing. Bacgatal for the popular idea tha_t |m_pr0ve_d groyvth
terial species enumerated were total coliformsr,e_SUItS from an overall reduction |n_the intestinal
Escheri-chia colitotal aerobes, total anaerobesMicroflora. However, the suppression of growth
Lactobacillusspp.,Clostridiumspp. andBac-  of E. colimay be important in the promotion of
teroidesspp. Control and test vessels were alteranimal health, as this is indicative that the
nated on replication. The additive reduced théormulation may also be effective against
numbers of almost all the bacterial groups examenteropathogenik. coli and related coliform
ined, with the exception of total anaerobes angathogens.
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IL-1 Transfer of antibiotic resistance genes ¢ Department of Veterinary Pathobiology,

between gut bacteria — Are gut bacteria reser- University of lllinois at Urbana-Champaign,

voirs for resistance genes?A.A. Salyers USA;?USDA-ARS, Urbana, IL 61801, USA;

(Department of Microbiology, University of Illi- 9lllinois State Geological Survey, Champaign, IL

nois, Urbana, IL, USA) 61820, USAfRowett Research Institute, Bucks-
burn, Aberdeen AB21 9SB, UK)

The notion that human intestinal bacteria might

serve as res.erVOirS for antibiotic resistance gengshe emergence and rapid dissemination of antibi-
has been discussed for many years, but onlytic resistance is a major problem in medicine
recently has it been possible to refine and tes{nq agriculture. Traditionally, this area has been
this hypothesis. More specifically, the hypothe-confined to studies of antibiotic resistances
sis is that bacteria that pass transiently through t%ong the pathogenic microbiota. However
human intestine may donate genes to or acquigoader evolutionary and ecological studies are
genes from bacteria that permanently coloniz@eeged to understand the phenomena of the ori-
the |nte$é|ne. ﬁu;\work ha? fﬁcused on trllle 9€NUSin and dissemination of antibiotic resistance.
Bacteroideswhich is one of the numerically pre- ppyj5genetic reconstruction of the evolutionary

dominant genera of bacteria in the human COlonhistory of thetetandermgenes suggests the sce-
In the laboratoryBacteroidesonors transfer nario of early branching and extensive diversifi-

DNA by conjugation tdBacteroidegecipients. h
They can also transfer DNA to members of otheFatlon of these genes well before the modern

. . ‘antibiotic era”. Also, phylogenetic reconstruc-
genera such dsscherichia colandPrevotella ;1" qoe¢ not support the model of antibiotic
ruminicola Yet, even under optimized labora-

tory conditions, the frequencies of transfer ardesistance gene exchange between the antibiotic-

relatively low. This observation raised the quesprOdUCIng and non-producing bacteria. While

tion of whether such transfers were likely to occuf '€ functional role of these proteins in antibiotic-
in the colonic environment. We have now showrPr0ducing bacteria is evident, their presence and
that such transfers appear to be more comm nction in bacteria of other ecological niches

than expected. Genes suchetandermFare that have no or limited contact with the antibiotic-
found in man;} differenBacteroidesspecies producing representatives of soil microbiota is

which are genetically distant from each otherMore challenging to explain. Our ecological stud-
s demonstrated the occurrenceatfyenes in

Moreover, these genes are found on conjugativ'% . ) : S
elements, primarily conjugative transposons. Evithe environment as a direct impact of antibiotic

dence for transfer of resistance genes betwed{fade in agriculture. At the same time, our study
Bacteroidespecies and Gram-positive bacteria®f the environment and gut microbiota of the
comes from finding genes lilkwemBandermG ~ Galapagos archipelago, which is minimally
genes that have previously been found primaril@ffected by human activities, implies that despite
in the Gram-positive bacteria, Bacteroides the apparent absence of antibiotics, the environ-
species isolated from the colon. Recently, wénent and microbiota of local animals carry a
have found that botarmBandermGare carried Substantial pool of antibiotic resistance determi-
on conjugative transposons. Although it is nothants. Together, these observations indicate that
yet possible to determine the direction in whichbesides the clear-cut case of antibiotic selective
these transfers occurred or whether transfepressure, there are other, as yet unidentified, fac-
occurred in one or many steps, our result$ors selecting and maintaining antibiotic resis-
strongly support the hypothesis that conjugatance genes in bacterial populations of the gut
transfer of antibiotic resistance genes occurand environment.

between diverse types of bacteria, including those

which are permanent residents of the colon and

those which are only transiently present in th

colon €-121dentification of novel ribosome protec-

tion type tetracycline resistance genegt(\W)

and tet(32), amongst predominant gut com-
mensal anaerobeK.P. Scotf, C.M. Melville?,
O-11Evolutionary and ecological implications ~ P. Mullany, H.J. Flin? (2Rowett Research Insti-
of antibiotic resistance.R.l. Aminov®€ J.C. tute, Greenburn Road, Bucksburn, Aberdeen
Chee-Sanfof) N. Garrigue$ 1.J. Krapa€, R.I. AB21 9SB, UK;? Eastman Dental Institute,
Mackie? (2 Department of Animal Sciences and University College London, London, UK)
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Despite the rapid emergence of antibiotic resistransmitted to humans through foods or water
tance in both human and veterinary pathogensontaminated by faecal material. We established
little work has been done on the incidence of collection of 220 STEC strains isolated from
resistance in the commensal gut flora. Two prebovine faecesn(= 186), food samplesiE 24)
viously undescribed tetracycline resistance genemnd stools from asymptomatic children=10).

of the ribosome protection typef(\W) and most  To identify specific properties of pathogenic
recentlytet(32), were isolated by our group. strains, the collection was characterized with
tet(W) was isolated from the rumen anaerobeaespect to a number of putative virulence fac-
Butyrivibrio fibrisolvensandtet(32) from a tors, and compared to 15 STEC isolated from
human-gut Gram-positive anaerddestridium  patients suffering from HC/HUS in the same
spp, strain K10tet(W) shares less than 65% geographical area. The presence of genes encod-
amino acid identity witttet(M) and in theB. fib-  ing virulence factors such as Shiga-toxists(
risolvensstrain 1.230 is carried on a 50 kb mobilestx, and variants), Intimingag and other
chromosomal element, Bd230. tefW) appears adhesinsdfal, sag, Enterohemolysinghxd),

to be plasmid-borne in some hosts. Screenin§erine-proteasee§P), Catalase-peroxidase
for the presence ¢&t(W) in diverse ecosystems (katP) was checked by PCR and/or hybridiza-
suggests that it may be as abundanétélsl) in  tion with specific DNA probes. A high level of
naturetet(32) shares 76% amino acid sequenceytotoxicity towards Vero cells, and the pres-
identity withtet(M) and only 68% identity with ence of thestx,, eaeandkatP genes were clearly
tet{W). tet(32) is also carried by a highly mobile associated with pathogenic strains. A detailed
chromosomal element and is transmissible tanalysis of STEC strains belonging to serogroups
both Eubacteriumspp. andB. fibrisolvensn 091 and OX3 was performed using ribotyping
vitro. This novel ribosome protection type geneand PFGE. It revealed a great diversity among
expresses a higher level ofRitban other ribo- non-0157:H7 STEC strains isolated in France
some protection proteins and is abundant in thand underlined the risk of zoonosis.

ovine rumen, human and porcine gut. The poten-

tial exists that these novel tetracycline resistance

genes, carried by conjugative transposons, ma& . .

account for a significant proportion of unknown ©-14A role for lipopolysaccharide (LPS) but

resistance amongst clinical pathogenic bacterid!0t intimin in Escherichia coliO157:H7 per-
sistence in a specific pathogen free (SPF) chick

model. A. Bes®? R.M. La Ragion& C.D.

O’ConnoP, M.J. Woodward (2 Department of
O-13Molecular characterisation of Shiga- Bacterial Diseases, Veterinary Laboratories
toxin producing Escherichia coliisolated from  Agency Addlestone, Surrey, KT15 3NB, UK;
cattle, food and patients in Central France. P Department of Molecular Biology and Bio-
V. Livrellia® N. Pradel, Y. Bertird, K. chemistry, University of Southampton, Bassestt
Boukhorg, N. Banchet, C. Martir? (3Labora-  Crescent East, Southampton, SO16 7BX, UK)
toire de Microbiologie, Centre de Recherche
INRA Clermont-Fd-Theix, Franc&Pathogénie
Bactérienne Intestinale, Faculté de Pharmaci
28, place Henri-Dunant, 63001 Clermont-
Ferrand, France)

scherichia coliO157:H7 is a major cause of
bod-borne disease in humans. Cattle are cited
as a significant reservoir, but the mechanisms of
0157 persistence in this and other animals have
not been determined. We have developed a sur-
Shiga-toxin producingscherichia col(STEC)  rogate chick infection model to study the role of
have been associated with food borne diseasesyrface antigens d&. coliO157:H7 in persis-
ranging from uncomplicated diarrhoea to hem+tence. Groups of day-old specific pathogen free
orrhagic colitis (HC) and hemolytic-uremic syn- chicks were dosed orally with shiga-toxin nega-
drome (HUS). While most outbreaks are assotive E. coliO157:H7 strain NCTC 12900 or LPS
ciated withE. coliO157:H7, mainly in North (DMZ2) or intimin (DM3) derived knockout
America and Japan, non-O157:H7 serotypes amautants either singly or pair-wise (competitive
frequently isolated from sporadic cases inindex). At post mortem, significant numbers of
Continental Europe. Healthy cattle appear to b&ICTC 12900 and DM3 were recovered from the
the main reservoir of STEC strains, which arecaeca on days 1, 2 and 5 post dosing in both types
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of inoculum group. DM2 was detected but atinhibitory effect ofLactobacillus caseagainst
lower numbers. Weekly cloacal swabbing of douthe colonisation of intestinal tract By coli. The
ble inoculum groups revealed that NCTC1290Gdministration of polyunsaturated fatty acids pos-
and DM3 both persisted for 112 days, whereatively affected the adhesion of lactobacilli in the
DM2 only persisted for 49 days. In single inocu-digestive tract. The elucidation of mechanisms
lum groups DM3 persisted for 211 days, NCTCof the synergistic inhibitory effect of probiotic
12900 persisted for 168 days and DM2 persistetlacteria and some components of natural origin
for 140 days. Contamination of egg shells bymay enable the development of more effective
NCTC 12900 (6%) and DM3 (14%) was noted.probiotic preparations, or “potentiated probi-
DM2 versus DM3 in the same model has demonetics”.
strated that the LPS mutant was out competed
by the intimin mutant. The data demonstrated
that LPS, but not intimin, is required for persis- o .
tence in the day-old chick. We are Currem|yP-35_Restr|ct|on endonucleases from ruminal
investigating other knockout mutants and lateraptrains of the genusPrevotella T. Accetto,
and environmental transfer of wild type andG- Avgudin (Zootechnical Department, Biotech-
mutant. nical Faculty, University of Ljubljana, Groblje
3, 1230 Domale, Slovenia)

O-15 Interactions of probiotic bacteria and Restriction seems to hinder transformation of
E. coliin the intestinal tract of young animals, T revotellastrains with DNA of heterologous ori-

A. Bomba. R. Nemcova. S. Gantdava D. 9in-In addition, some of these organisms pos-
Mudrorova. P. Pectch. R. Herich (Re'seé"rcﬁess extracytoplasmic non-specific nucleases that

Institute of Veterinary Medicine, Hlinkova 1/A, May aiso degrade plasmid DNA and prevent its
040 01 Kdice, Slovak Republic) establishment in the cell. Strains with little or

incapacitated non-specific nucleases and well

defined restriction-modification systems are
Despite a lot of research effort, the mode of actiotherefore required for successful transformation.
of probiotics has not yet been fully explained.They could permit development of faster and
The inhibitory action of probiotics against simpler ways of gene introduction and facilitate
pathogens may be mediated by competition fogenetic research of ruminal prevotellas. In cell
receptors on the gut mucosa, competition fofree extracts oP. ruminicola23 andP. bryantii
nutrients, the production of antibacterial sub-TC1-1, strains with low non-specific nucleolytic
stances, and the stimulation of immunity. In theactivity, site specific endonucleolytic activity
young, enterotoxigeniEscherichia coliappear was observed. Upon partial purification of this
to be the most frequent diarrhoea-causing agentactivity on heparin-sepharose and tests on bac-
Employing lactobacilli in the form of probiotics teriophage lambda and other well characterized
seems to be a very efficacious method of presubstrates it became apparent that the activity of
venting and treating diseases caused by pathogenite strain 23 was identical to the activity of
microorganisms in young animals. Our studieenzymeHadll. The activity from TC1-1 corre-
in gnotobiotic lambs showed that the competitiorsponded to that (8aBAI. The site of cleavage
for adhesion receptors on the intestinal mucosaas determined by analysing radioactively
did not play an important role in the mechanism ofabelled primer extension products of pUC19
inhibiting enterotoxigeni&. coli. More likely  treated with endonucleases from TC1-1 and 23.
seemed to be a metabolite—mediated inhibitionThey proved to be true isoschizomerSatBAl
The results of our experiments on gnotobiotic pigandHaedll. PCR product fragments obtained
suggest that the significantly increased levels ofvith endonuclease from TC1-1 were success-
organic acids produced by lactobacilli in thefully ligated toBanHI cleaved vector demon-
mucosal film of the jejunum and the ileum, instrating functional interchangeability with
comparison to the luminal contents, may presersalBAl. We propose the namBsu2l andPbrTlI
an efficient barrier inhibiting the adherence offor endonucleases frof. ruminicola23 and
digestive tract pathogens to the intestinal mucos&. bryantiiTC1-1 respectively. Plasmid and bac-
Our group confirmed that maltodextrin KMS teriophage lambda DNA was protected from
X-70 and fructooligosaccharides potentiated theleavage byPru2l andPbrTI by incubating it
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with cell free extracts oP. ruminicola23 or  P-37Subtyping of virulence factors in Shiga
P. bryantiiTC1-1. DNA was also successfully toxin-producing Escherichia coli(STEC)
protected from the action dfru2l by the isolated in France from healthy cattle and
commercially availabléiaell methylase. The food products.Y. Bertin?, K. Boukhors, V.
effect of protection on the electroporation fre-Livrelli2, N. Praddi, C. Martir? (INRA, Cen-

quency of strain TC1-1 with plasmid pRH3 istre de Clermont-Ferrand-Theix, Frané&ac-
being investigated. ulté de Pharmacie, Clermont-Ferrand, France)

EnterohemorrhagiEscherichia col(EHEC) are
o ) important food-borne pathogens causing bloody
P-36Enteric viruses as quality markers for  djarrhea, hemorrhagic colitis, and hemolytic-
natural drinking water sources of dairy cattle.  uremic syndrome (HUS) in humans. Although
P.M. Becker, S.J.W.H. Oude Elferink, G.A.L. E. coli0157:H7 is the main causative agent of
Meijer (ID-Lelystad, ID TNO Animal Nutrition, hemolytic uremic syndrome (HUS) due to EHEC
P.O. Box 65, 8200 AB Lelystad, The Nether-outbreaks, more than 100 other serotypes have
lands) been associated with sporadic cases of human
disease. Ruminants are thought to be the princi-
i . o pal reservoir for Shiga toxin-producitgy coli
Pgthogemc agents in r_watural drinking water SUPSTEC) potentially pathogenic for humans. We
plies —even if present in low numbers — can forkaye screened a collection of 220 STEC strains
a serious threat to dairy cows, because of thejggated in central France from healthy cattle and
high daily water intake. An indicator for the san-cattie-derived food products for the presence and
itary quality of natural waters would hence besubtypes of genes encoding the main EHEC vir-
helpful. Because faecal viruses were detected iflience factors: the Shiga toxins (Stxs) that are
water free of faecal indicator bacteria, the aderesponsible for the principal manifestations of
quacy of bacterial indicators for water quality HUS, and the locus of enterocyte effacement
assessment is questionable. In this study, posgi-EE) which encodes genes involved in efface-
ble viral indicators of pathogens for dairy cattlement of intestinal epithelial cell microvilli and
in surface water were to be specified. Cattlén intimate adherence between bacteria and the
pathogenic viruses that are transmissible bypithelial cell membrane. We found a great diver-
waters are diverse, comprising RNA and DNAsity in the combination aftxgenes, with a high
viruses with both single and double strandedwumber of strains harbouring two or mata
genomes. Most of the bovine enteric viruses dsubtypes. Thetx2andstx2vh-bgenes were
not apparently cross species. Viruses with interprevalent and correlated with a high toxicity on
species transmission belong to the parvoviruse¥ero cells. A nevstx2variant was characterised.
the rotaviruses, and the pestiviruses. It is neithéh small number of strains harboured the LEE.
possible to specify a single representative markepubtyping of the variable espA, esgi, and
virus for these enteric viruses, nor for any othefaegenes showed a variety of pathotypes, includ-
pathogenic organism. In case of an acute circdng pathotypes frequently found in EHEC iso-
lation of an infectious pathogen, only thelated from HUS. In conclusion, it appeared that
pathogen itself can indicate the specific hazardhe majority of STEC strains isolated from cattle
However, some bacteriophages, which infecgnd food products in central France did not seem
enteric bacteria, are promising as general markdangerous for humans. However, a small number
ers of a faecal contamination. Male-specificof thém presented a high virulence potential and
F-RNA coliphages oBacteroides fragiliphages coUld be a source of zoonosis.
do not multiply out of their host macro-organ-
ism, they survive as well as, or even better than,
enteric viruses in the environment, and they ar@-38Role of the Shiga toxin in the ecology of
not pathogenic to macro-organisms. To identifyEscherichia coliO157:H7.N.A. Cornick, H.W.
the source of a contamination, the human or anMoon (lowa State University, Ames, 1A 50011,
mal specificity of F-RNA-phage serogroups asUSA)
well as the macro-organism specificity Béc-
teroides fragilishost strains could be taken E. coliO157:H7 and other Shiga toxin-producing
advantage of. E. coli (STEC) are an important cause of
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food-borne illness in humans. Ruminants arg8.1 kb) containing thgfp was transferred into
considered to be the major reservoir of these baGtreptococcus thermophilby electroporation.
teria although they are occasionally isolated fronsurvival of genetically modifie®. thermophilus
other animal species. While much has beefh the natural environment in competition with
learned about the pathogenesis of STEC, theiither lactic acid bacteria was investigated using
propensity to colonize the ruminant gastroin-he gip gene as a visual marker. Milk was inoc-
testinal tract has not been adequately explainegjated with recombinars. thermophilusxpress-

Shiga toxin_s (S) are eUCOded by Ia_mboid-likemg GFP and with a mixed population of yoghurt
prophages inserted within the bacterial Chromo|'noculants. The survival of recombinant organ-

some. We hypothesized that Stx and/or the St)?'sms in the mixed voahurt bopulation was esti-
converting phage confers an ecological advan-: yog pop

tage toE. coli0157:H7 to become established inmated after overnight incubation by serial dilution

the ruminant gastrointestinal tract. To test thif Samples on agar plate, and screening for green
hypothesis young adult sheep were inoculatefluorescence.

with 1010 CFU of either wild typeE. coli

0157:H7 (Stx2 pos), an isogenic Stx2 deletion

Q?;ﬁnéf%r. ior?ia éulrgy:)ll_'c;f:cAL:rgr:j%;txznxgglt(lg eP-40 Screening of lactic acid bacteria from

1 month and 2 months post-inoculation therdUMinant gastrointestinal tract for inhibitory
were no significant differences in either the mag@ctivity against Escherichia coli J.M. Gough,
nitude or duration of fecal shedding of thel-L. Conlan, D.O. Krause, W.J.M. Smith, C.S.
Stx-negative strains compared to the wild typdcSweeney (CSIRO Livestock Industries,
E. coli O157:H7. We are currently conducting Indooroopilly, Qld. 4068, Australia)
experiments to determine whether the absence

of the entire Stx phage genome influences th
magnitude and/or duration & coli O157:H7
shedding by sheep.

Ef‘he number of new enterohemorrhagic
Escherichia col(EHEC) serotypes implicated

in food-borne illness has increased in recent
years. Ruminants are considered a principal nat-
. . ural reservoir of EHEC, and pathogens are pur-
P-39Use of green fluorescent prottﬁew; asvisual o dly transmitted by cattle faeces. Reduction
mggé\?rr].ra'\ggﬁt%??r?]lnflgﬁsg?sit( }égs{jﬁ' 0fof E. colinumbers in the gastrointestinal tract
Agriculture, Department of Anim)gl Scienge (G'I'T'.) by autochthonous Iacti_c a}c?d ruminal
Kahramanr’naras, Turke¥;Rowett Research * bacteria (LAB) able to produce_ inhibitory com-
Institute, Bucksburn, Aberdeen AB21 9SB, UK) gofr}dsnggt?E p(\ivsesrlzl?r.w hg‘ﬁ;sgl:artsg:gmfg:e

- inhibitory end-products using a deferred-antag-
The development of sensitive methods for__. : : ;
observing individual bacterial cells in a popula—omsm plating assay agairist coli (serotypes

o= X .0157:H7, 026, 0111)solates demonstrating
tion in experimental models and natural envi-

ronments is of great importance for studying thez?:(ﬁvi(:];] %mg:o'?hé?'w;“ g?fhesfg;tgirsgva%
systems. The gene encoding the green fluore& lish thi 'gh'b't 4 Y-
cent protein (gfp) from the jellyfisAequorea accompiis IS, Inhibitory compounds were

victoria has recently become an important Visuaponcentrated by ultrafiltration and dialysis of the
marker of gene expression in eukaryotic angUPernatant and subsequently tested against

prokaryotic organisms such as mammals, fishE- coli serotypes by means of a microtitre plate
insects, plants, yeasts and broad variety of ba@SSay- This assay has proved economical for large
teria. The main advantage is that protein matuscaleé screening assays, is reliable and repro-
ration and expression of green fluorescence dgucible, and inhibition can be quantified using
not require the addition of any substrate except Microtitre plate reader. Results suggest that a
oxygen. A red-shift mutant gfp gene was previ-number of the tested isolates produce compounds
ously used in cloning to construct pKPSPsgfgoxic to E. coligrowth. These compounds may
in E.coli/ Streptococcushuttle vector pTRW10 provide a useful tool for future biological control
(Scott et al., FEMS Microbiol. Ecol 26, 219-230 of pathogeni&. colipopulations in the ruminant
(2998)). In this work, the construct pKPSPsgfpG.I.T.
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P-41 Antimicrobial properties of dietary  Salmonella typhandS. paratyphglicit typhoid-

potassium diformate in pigs.T. Granl®, M.  type and often lethal infections. There is no direct
@verland, K.C. KjeldseR, Z. Mro2 (3Hydro  animal model for these disorders. However,
Formates, P.O. Box 2516, 3907 Porsgrunn$. typhimuriuntauses a severe systemic and ulti-
Norway;P IDTNO, ID-Lelystadt, P.O. Box 65, mately fatal infection in susceptible mouse

8200 AB Lelystad, The Netherlands) strains. This is widely used as a model for
typhoid-like infection. The disease elicited by

S. typhimuriunor S. enteritidisin susceptible
S o mice is nonetheless atypical for these serovars.
The diminishing use of antibiotic growth pro- tpay generally cause a self-limiting gastroen-
moters (AGP) in animal production creates geytis in humans and most domesticated animals.
need for alternatlve_s._ In-feed organic acids hgvg_ typhimuriurinfected calves display an enteri-
proven to be promising candidates. Potassiufs-type disorder. However, from a practical and
diformate (KDF) is a crystalline compound basectost standpoint, there are significant limitations
on formic acid. It is the active substance into their routine use as a model of the disease.
Formi® which is approved in EU (July 2, 2001, Alternatives are needed. Male rats were given a
EC No. 1334/2001) as the first non-antibioticsingle oral dose &. typhimuriunor S. enteritidis
growth promoter for pigs. On average, KDF(10° CFU). Both serovars colonised and persisted
increases growth rate of piglets by 11% andn the gastrointestinal tract. They invaded pri-
improves feed efficiency by 6%, which is in line marily via the ileum, translocated to the mesen-
with what is commonly achieved with the useteric lymph nodes and spread in moderate num-
of AGP. An important mode of action is assumeders to the liver and spleen. However, no
to be the antimicrobial effect of the compound inProliferation in the liver and spleen or develop-
the gastro-intestinal tract, which primarily ment of bacteraemia was evident. In fact, the
depends on: pH, concentration of formate an§uUMbers ofS. enteritidisin systemic tissues
action time, but which also varies with type ofdeclined rapidly between 6 and 12 days post-

microorganism. We have investigated thesdfection whilst the levels o$. typhimurium

parameters in vivo using duodenal-jejunal canf€Mained constant. Infiltration by inflammatory
lIs and fluid accumulation in the gut was evi-

nulations and the slaughter technique. Our resul%e

- e ) . dent by 3 days and disruption of the villi and
indicate that the antimicrobial effect of KDF IS crypt cell hyperplasia thereafter. Faecal water

- Mind dry matter outputs were greatly increased
where the substance reduces pH and a high cofjs scquring (transient) was evident only with a

centration of formate is still present. Neverthelessimited number of rats (< 5%). The rats continued
the result of the antimicrobial effect can beyg grow throughout the study, albeit more slowly
observed throughout the gastro-intestinal tracthan controlsS. typhimuriunhad more marked
and expressed in three ways: (1) a general redugffects tharS. enteritidis Salmonellosis in the
tion of microbial activity; leaving more nutri- rat, although not identical, has many features
ents for the animal and less harmful bacteriathat are similar to the gastroenteritis-type infec-
metabolites; (2) a special effect against opportion observed in humans. It can therefore be use-
tunistic pathogens such & coli; (3) an ful in study of this disorder and of the effects of
improved bacterial composition of lactic acid dietary, environmental and bacterial factors on
bacteria vs. enterobacteria and lactic acid propathogenicity.

ducers vs. lactic acid consumers.

P-43Interactions between pathogenic and pro-

P-42Salmonellosis in the rat: a model for Piotic bacteria in the porcine intestinal

astroenteritis-type infection?G. Grang, M. microflora via quorum-sensing mechanisms.
gDuncaﬁ‘ J.M.C.ylgobertsdh P.J. Naughtdhc K. Hillman (SAC, Craibstone, Aberdeen AB21
(2 Rowett Research Institute, Bucksburn,gYA’ UK)
Aberdeen AB21 9SB, UK The Robert Gordon
University, Aberdeen AB10 1FR, UK;Uni-  The antibacterial activity of many probiotiac-
versity of Ulster, Coleraine, Co. Londonderrytobacilluscultures was observed to be lost on
BT52 1SA, UK) repeated subculture. This was originally thought
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to be caused by the selection of non-inhibitoryThree calves and three young bulls of the Charo-
subspecies by the process of subculture. Thiais breed were sacrified and the content of their
addition of non-growindescherichia colto these  cecum, jejunum, rumen and abomasum was col-
subcultures was found to result in the retention diected every 3 hours for 24 hours. The concen-
the inhibitory capabilities of the lactobacilli, and tration ofCI. perfringensvas measured after an
the same result could be obtained with a cellimmediate inoculation in VL medi&ébald and
free filtrate ofE. coliculture. Surprisingly, it was Petit, 1997 supplemented with sheep blood on
found that certain inactive cultures could bePetri plates, under anaerobic conditions.Q\o
reactivated by growing them in the presence operfringensvas counted in the ruminal content.
E. colicells or cell free filtrate. This led to two The threshold of 70CFU Cl. PerfringenanL~!
conclusions: (a) The inhibitory capability of theseof jejunal content was reached after 3 hours post-
cultures had not been lost on subculture, merelshortem and got up to a maximum of1 the
inactivated. This was therefore not a case ogecum of 2 animals, the concentratiotCbfper-
selection of a subspecies, but of inactivation of #&ingensreached 10CFU per mL of content
gene or genes. (b) The lactobacilli were capablafter 9 hours and got up to’L0The concentration

of detecting the presencefcoliand reacted by of ClI. perfringensin the abomasum was very
producing an antimicrobial. This detection did|ow and never exceeded®OFU-mL-1 of con-

not require the presence of actizecolicells.  tents. Our results showed that the natural post-
Therefore, the lactobacilli had reacted to somemortem development @l. perfringensall into
thing produced by the coliform, by activating question the threshold of 1CFU CI. perfrin-
bacteriocin-producing genes: in effect, an intergensmL—l of jejunal contents. More data are
species quorum-sensing mechanism. A similaheeded, especially for animals suspected to be
effect was observed whén coliwas replaced dead with enterotoxaemia, to determine the

with Salmonellespp. A nalidixic-acid-resistant mjcrobial etiologic diagnosis of this disease.
Salmonella poonavas used to examine these

findings in the presence of the entire intestinal

population in vitro. After 3 days dosing with a . .
cell-free filtrate ofS. poonaculture, an inocu- P-45The use of Lactobacilli as a competitive
lum of activeS. poonawvas removed from the exclusion agent for control of bacterial

dosed in vitro system significantly faster thanPathogens in poultry.R.M. La Ragion, A.
from a concurrent control system. Narbad, N. Horr?, H. Evan8, M.J. Gassoh

M.J. Woodwaré (3 Department of Bacterial Dis-
eases, Veterinary Laboratories Agency, Addle-
. stone, Surrey KT15 3NB, UR:Institute of Food
P-44Post mortem evolution of the concentra- Research, Food Safety Science Division, Nor-

tion of Clostridium perfringensin the bovine ; ;
digestive tract. V. Julliand®, C. Philippead \L/JVIP((:;] Research Park, Colney, Norwich NR4 7UA,

C. Reibet, S. Goncalves M.R. Popoff (*Ene-
sad, BP 87999, 21079 Dijon, FranE&€ham- . ) )
bre d’Agriculture de Cote d’Or, 21000 Dijon, Poultry are a major reservoir of bacterial

France€ Institut Pasteur, 75724 Paris, France) Pathogens including. coli, Salmonellaand
Clostridia. In recent years the removal of growth
romoters from animal feed has lead to an

Enterotoxaemia represents a major cause of su icrease in disease in food producing animals.

den death amongst beef cattle. Commensal bagsg 5 consequence alternative intervention strate-
teria, mainlyClostridium perfringenindsor-  gies are urgently required. Competitive exclu-
delli, are implicated. A concentration betvyeension (CE) provides such a strategy, where use is
10°Pand 10 CFUCI. PerfringensnL of intesti-  made of the natural gut micro-flora to reduce
nal contentRopoff, 1989; Manteca et al., 2001 colonisation and persistence. Lactic acid bacte-
is considered to characterise a bovine entergia (LAB) have been shown to be an essential
toxaemia. This microbial aetiology is difficult component of CE agents. This project is aimed
to assert because pathogenic bacteria develop it the isolation and in vitro and in vivo character-
natural post-mortem conditions. The aim of ourisation of LAB of chicken gut origin, which have
experimentation was to determine the postffective CE properties. A library of Lactobacilli
mortem evolution of the concentrationQif per-  strains were characterised in vitro using a number
fringensin the digestive tract of healthy bovines.of in vitro adhesion assays. One isolate, strain
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Lactobacillus gasseriFI9785 was selected for probiotics. As components of the proton motive
further analysis in vivo. Specific pathogen freeforce did not differ between D- and L-lactate-
(SPF) chicks were orally inoculated with Lacto-treated cells, it is unlikely that these factors are
bacilli FI9785 prior to challenge with one of the involved in the antimicrobial action of L-lactate.
following organismsE. coliO78:K80,Salmonella  This study also highlights the potential use of
enteritidisand Clostridium perfringensThese the isomers of lactate as tools to elucidate the
studies concluded that a single oral inoculum ofmechanism of action of lactate.

1 x 10° CFU Lactobacilli was sufficient to sup-

press colonisation and persistenc& ofoliand

Clostridia in the SPF chick model. However, only

marginal reductions in colonisation were observerg'ﬁl-”{/e role 0]; protozoa dl'n tt:)e Stur‘."v‘ﬁl of
for Salmonella. Further studies have focused ofy: €0l Verocytotoxin encoding bacteriophage

et : . d their VTEC lysogens in the rumenF.M.
the localisation and mechanism of the protectiv n
effect conferred by the Lactobacilli. %Iclntosh, K.N. Stanley, C.S. Stewart, C.J. New-

bold (Rowett Research Institute, Bucksburn,
Aberdeen AB21 9SB, UK)

P-46Escherichia coliO157 and non-O157 1. o vival ofE. coli, and in particular Vero-

isolates are more susceptib[e to L-Iactate than cytotoxin (VT) producingE. coli (VTEC), in the
to D-lactate. E.C. Mc William Leitch, C.S. ninant gut is an area of public health concern
Stewart (Rowett Research Institute, Bucksburn,,lot only in terms of transfer to the human food
Aberdeen AB21 9SB, UK) chain but also in maintaining a reservoir of infec-
tion within the farm. Breakdown of bacteria in
Infections caused bischerichia coliO157, rumen fluid was determined from the release of
though infrequent, are associated with a higtacid soluble ¥4C] from [14C]-leucine labelled
level of morbidity and mortality. As a result pub- bacteria in the presence of an excess of unla-
lic confidence in food safety has been reducedelled leucine. AlE. colistains tested were bro-
Organic acids have been traditionally used in th&en down more rapidly than commensal rumen
animal feed, food and pharmaceutical industriebacteria by rumen protozoa. Since VT genes are
to control pathogens. One of the most effectivencoded on a lysogenic bacteriophage we have
acids againsE. coliO157 is lactate. Investiga- investigated the release of a detoxified insertion
tions into the antimicrobial effect of lactate havemutant VT bacteriophagetRag24;::kan) from
previously focused on the commercially avail-lysogenicE. coliand survival of released VT
able D,L-lactate mixture. We decided to com-bacteriophage incubated in washed protozoal
pare the relative contribution of the stereoisofractions and cell sonicates. In washed suspen-
mers to the antimicrobial effect of lactate onsions ofEntodinium caudatunlysogenickE. coli
variousE. coliO157 and non-O157 isolates. Sta-vt2a @24;::kan were broken down faster than
tionary phase cells (2€CFU-mL-Y) were treated the naive strain not carrying the bacteriophage.
with L-lactate or D-lactate such that the final pHThis relationship was not however observed with
was 3.8 and incubated at 37 °C. The viabilitymixed large entodiniomophid protozoa. Phage
was determined by standard methods. The protalease from lysogenig. coli F38 24B::kan
motive force was determined by the centrifugawas stimulated when incubated with a sonicated
tion method following incubation of cultures in extract from a mixed protozoal preparation but
D- or L-lactate. L-lactate was much more bacnot in the presence of intact protozoa. There was
tericidal than D-lactate over a range of concena steady decline in VT bacteriophage titre in
trations for ark. coliO157 strain. The efficacy experimentally inoculated rumen fluid over a
of both isomers was dose-dependent. A similas0 h period, the rate of this decline being slightly
effect was observed across a wide range dfigher in the presence of protozoa. In conclu-
E. coliO157 and non-0O157 isolates suggestingion different patterns &. colidegradation were
this effect is prevalent amondst coli strains. observed among rumen protozoa populations.
However, there was no difference betweerAlthoughE. colicarrying the VT2 bacteriophage
D-lactate and L-lactate-treated cells regardingvere broken down faster Bntodinium cauda-
the transmembrane pH gradient, intracellular pHum, the overall effect of protozoal grazing on
or membrane potential. The viability results maysurvival of VTEC lysogens compared to non
have implications for the use of lactate as alWTEC and on VT bacteriophage concentrations
antimicrobial agent and lactic acid bacteria asn the rumen is likely to be negligible.
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P-48A novel conjugative transposon, TnBLl23Q ~ Animal Nutrition and Physiology, Foulum
is responsible for the transmissible tetracy- Research Centre, P.O. Box 50, 8830, Tjele, Den-
cline resistance between strains @utyrivibrio  mark)

fibrisolvens.C.M. Melville?, P. Mullany, H.J.
Flint3, K.P. Scoft(*Rowett Research Institute,
Greenburn Road, Bucksburn, Aberdeen AB2
9SB, UK:PEastman Dental Institute, University
College London, London, UK)

1'I' he removal of antibiotics from pig feed and the
fesultant need to find alternatives in order to
reduce the incidence of pathogenic bacteria in
the pig gastrointestinal tract has led to the need
for appropriate in vitro systems to test such alter-
The world-wide use of antibiotics in both humannatives. The aim of this study was to develop an
and veterinary therapeutics and as prophylactios vitro method to model the effects of different
and growth promoters, has resulted in rapid emesiets and feed additives on the incidence of
gence and spread of antibiotic resistance. Whilstalmonellaand to test how different organic
studies so far have concentrated on resistance #igids at different pH effected the survival/growth
pathogens, commensal bacteria are fast becorsf Saimonellan stomach content. Six bioreactors
ing recognised as important reservoirs for theyith an operating volume of 800 mL were used
transfer of these genes. Recently we identifiegyith pooled digesta from the stomach of slaugh-
a novel tetracycline resistance gete(W)  ter pigs. The slurry used in the bioreactors con-
amongst important rumen, porcine and humagjsted of content diluted 1:1 with anaerobic salt
gut commensal bz_acterla. The _remarkab!qnedium_ The pH was maintained using a pH
sequence conservation between different copigntroller. Each bioreactor was inoculated with
of te{{W) found in environmental and phyloge- 1 saimonella entericaar Typhimurium DT12.
ne_tically di_stinct bacteria ir_nplies rapid transfer OfSampIeS were taken at 0, 1, 2, 3, 4 and 6 hours.
this gene in nature. Previous work showed thafye examined various organic acids and lactic
te(W) could be transferred in vitro between y.iq for their effects oalmonellasurvival in
strains of the rumen anaerdBetyrivibrio fibri- stomach content at pH 4, 5 and 6. Lactic acid

Sg%ig%ndtrt:r?;fgsésftgngg_tégnkstf)eék‘]’;’g‘; ggg?nm'nd benzoic acid were found to be the most effec-
P y ive in reducingSalmonellegrowth. This in vitro

fragment. Apart from this, however, very little system provides a useful and relatively inex-

is known about the ransfer (W) in B. fibri- pensive tool to screen how various feeding con-

solvensor in other Gram-positive amaerObesditions and feed additives effect the incidence
known to harbotet(W). This work provides the : ; S
of Salmonellan the pigs and hence aids in the

first information on a genetic element involved N election of products to be tested in vivo or to

transfer oftet(W), and the first identification ; i
of a conjugative transposon from a rumen anaeP—Xpla'n the results of products tested in vivo.
obe. Analysis of the regions flankinegt(W) in
B. fibrisolvensreveals two direct repeat struc-
tures that represent possible IS elements andrR.50Mutations in a bacterial host affecting
series of open reading frames whose closest sinlEAT-mediated chloramphenicol resistance
ilarity is with a conjugative transposon from mechanism.J. Potrykus, G. Wgzyn (Depart-
Enterococcus faeca|i§'he identiﬁcation Of nOVeI ment of Molecular Bi0|ogy’ University of
tetracycline resistance genes amongst some efgarsk, Kladki 24, 80-822 Gdaik, Poland)
the most predominant gut anaerobes highlights
the importance of commensal bacteria as reser- . . . . .
voirs for the onward spread of antibiotic resis-\Ntibiotic resistance of bacterial pathogens poses
tance. a serious health problem, rendering the com-
monly used antibacterial agents ineffective. Eval-
uating the impact of specific genetic traits in the
bacterial host on the expression of resistance
P-49A bioreactor system to study the survival mechanisms is a complicated issue, potentially
of Salmonellain pig gut content. P.J. useful in designing new drugs. Studies on
Naughtot, B.B. Jenséh(2Northern Ireland a model non-pathogenic gut commensal,
Centre for Food and Health, School of Biomed-Escherichia colimight contribute to our under-
ical Sciences, University of Ulster (at Coleraine)standing of its pathogenic counterparts. In our
BT52 1SA, UK;P Microbiology Unit, Dept. of laboratory we are investigating a mutant
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E. colistrain CM2555, which is sensitive to chlo- but one strain was deficient in Dcm modifica-
ramphenicol despite the presence and expressition, methylation at GATC sequences was
of cat, the resistance gene. Quite paradoxicallydetected in 18 out of 42 tested strains, predomi-
the gene product, CAT (chloramphenicol acetylhantly in bacterial species belonging to $pero-
transferase), retains its biological and biochemmusasubbranch of low % G + C Gram-positive
ical activity in this strain. Our recent studies showbacteria $eleno-monas ruminantiyriegas-
that the mutant carries a mutatiorairA, a gene  phaera elsdeniiMitsuokella multiacidugs Using
encoding a component of TolC-AcrAB efflux E. colidam specific primers no sequences simi-
system, which in this genetic setting contributedar toEco-damgene were found in any Dam pos-
to the chloramphenicol-sensitivity phenotype.itive strain, indicating that the appearance of
Deletion of theacrAB locus caused chloram- Dam modification inSporomusaould be due
phenicol sensitivity of some other, but not all,to the presence of evolutionary new Dam encod-
cat-expressinge. colistrains tested. At least one ing gene.

additional mutation seems to be responsible for

the observed antibiotic sensitivity. Our prelimi-

nary results imply a defect in the synthesis op.525aimonella entericaserovar Enteritidis:
Acetyl Coenzyme A. A decline in Acetyl-CoA involvement of flagella and fimbriae in
level was observed in theat-carrying mutant  infection of the rat. J.M.C. Robertsah N.H.
upon the addition of chloramphenicol. This effectmcKenziet, M. Duncas, E. Allen-Vercog, M.J.
was reversed when the growth medium was supy/oodward, H.J. Flinf, G. Gran® (2 Rowett
plemented with sodium acetate, an alternativiesearch Institute, Bucksburn, Aberdeen AB21
source for Acetyl-CoA production, leading to 9SB, UK;? Veterinary Laboratories Agency
stable Acetyl-CoA levels in the presence of chlo{weybridge), Addlestone, Surrey KT15 3NB,
ramphenicol. This was also observed for a congk)

trol strain with aracrABdeletion, carryingaton

a multicopy plasmid. We are currently working g entericaserovar Enteritidis3. enteritidi con-
on mapping the specific mutation responsiblgj es to be a major source of infection in humans
for the phenotype of CM2555 strain. and domesticated animals. In the majority of
cases, it causes self-limiting gastro-enteritis.
However, it can occasionally elicit a chronic sys-
P-51DNA modification in rumen bacteria —  temic infection that may lead to death. Alterna-
occurrence of Dam and Dcm modification. tively, it may establish an asymptomatic carrier
P. Pristd® M. Neuzilov&, P. Javorsk§(@Insti-  state. The nature and severity of the infection is
tute of Animal Physiology, Slovak Academy of linked to expression of virulence factors, such
Sciences, Ktise, Slovakia? Department of Bio- as adhesins, flagella, toxins and other cell-mod-
chemistry, Faculty of Natural Sciences, Pavollating compounds by the pathogen. The roles
Josef Safarik University, Kase, Slovakia) of five fimbriae ([SEF14, SEF17, SEF21, pef,
Ipf] and flagella in pathogenicity have been inves-
While DNA methylation is the main mechanism tigated using a rat model of salmonellosis. Inser-
of gene expression control in eukaryotes, théionally inactivated mutants @&. enteritidis
only documented case of prokaryotic methylaunable to express SEF14, SEF17, SEF21, pef
tion involved in the regulation of cellular pro- and Ipf im—/fla+) colonised the gut and spread
cesses is Dam methylation. Screening of larggystemically to the mesenteric lymph nodes, liver
numbers of bacteria has revealed the presené@d spleen as effectively as wild-type parent
of Dam methylation in cyanobacteria as well affim+/fla+) strains. In contrast, aflagellate
in the group of related families &nterobacte- (fim+/fla—) strains were less able thiim-+/fla+
riaceae(which include<E. coli), Parvobacteri-  to persist in upper gastrointestinal tract, the inflam-
acea andVibrionaceae The presence of N6- matory responses they elicited in the gut were
methyladenine and C5-methylcytosine at GATdess severe and spread to the liver and spleen was
(Dam) and CCA/ TGG (Dcm) sequences intransiently reduced. Despite this, sindjie¢/fla—)
DNAs of 45 strains belonging to 11 prevailingand multiple {im—/fla-) deletion mutants still
species of rumen bacteria was investigated usincaused a significant and persistent infection, albeit
sensitive methylation discriminating isoschi- of lower severity than that elicited fiyn+/fla+
zomeric restriction enzyme analysis. While allstrains. In the short-ternfim+/fla— mutants
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appeared slightly more able than fim—/fla— straindAntibacterial activity of G-C, 4 fatty acids was
to remain in the upper gastrointestinal tract. Fundested in three strains Bscherichia coliBacteria
tional flagella were thus important for inductionwere grown under a CQatmosphere in a
and persistence of salmonellosis in the rat. Imedium containing glucose (3.g%), bactopep-
contrast, SEF14, SEF17, SEF21, pef and Ipf ditbne and yeast extract. Acetic, propionic, butyric,
not appear to be a prerequisite for developmerisobutyric, valeric, isovaleric, caproic, caprylic,
of infection, although they may have had transientapric, lauric, myristic, palmitic, stearic and oleic
roles. Deletion of flagella and SEF14, SEF17acid were added at 0, 0.1, 0.2, 0.3, 0.5, 1, 2,
SEF21, pef and Ipffim—/fla-) significantly 3 and 5 mgnL™, together with an equivalent
reduced but did not abolish pathogenicity. Otheamount of NaOH. Cultures were cultivated at
virulence factors therefore compensated for th@9 °C for 24 h, then the pH was measured and
loss of these components. glucose determined enzymatically. The residual
glucose concentration was plotted against con-
centration of a fatty acid. The {gwas the fatty
acid concentration in which only 50% of the ini-
. . . . tial glucose was utilized. In control cultures and
in anti- Helicobacter pyloritherapy. A.l. - {hose containing £-C fatty acids the optical
Sidorov, E'Ma' Sulma, L.E. Smimové, V.F. density at 640 nm was measured. In control cul-
Vinogrado (*Tver State Technical University, yres the pH fell from 6.70 + 0.09 to 5.73 + 1.57
22, A. Nikitin str., Tver, 170026, RussfiTver during incubationE. colistrains proved sensitive
State Medical Academy, Sovetskaya str., 4, Tvetg medjum-chain fatty acids. Utilization of glu-
170642, Russia) cose was inhibited by caprylic §Cand capric
(C, acid. In cultures of the strain ATCC 25922,
The purpose of the present study was to evaluateCM 3954 and CCM 4225 the JQvalues were
the effect of “propolis:ginseng” extracts in anti- 0.90, 0.45 and 0.28 mg of caprylic acid per mL,
Helicobacter pyloritherapy. Acid suppressant respectively. Corresponding jgvalues in
therapies are known to atitl pylori eradication cultures with capric acid were 2.70, 2.03 and
but the reduction of acid secretion leads to thd.25 mgmL~L. Other acids did not influence glu-
enteric flora increasing and probably reduces theose utilization. Caproic acid §xdecreased opti-
resistance to occasional infections. Here, twgal density of cultures in a dose-dependent man-
groups of patients were tested in atipylori ~ ner, by 44— 57% at 5 mgL~2. Effect of valeric
therapy. The main group took the extracts ofcid (G) was less pronounced. No effect of
propolis and ginseng along with the therapy C,—C, fatty acids was observed. (This study was
Ethanolic extracts of “propolis:ginseng” were supported by grant 523/02/0460 of the Grant
prepared via ultrasonic extraction in the weigh#Agency of the Czech Republic).
ratios of 3:7, 5:5 and 7:3 using 30%, 50%, 70%
ethanolic solutions. Propolis and ginseng sam-
ples were collected in Tver region (Russia). The_55Transfer and survival of verocytotoxin
extracts were analyzed by IR- and UV-Specencoding bacteriophage in the ruminant
troscopy to identify the total flavonoids and gin-gyt, K.N. Stanlef, C. Jamée H. Allisor?, J.
senosides content. Acceleratiortbipylorierad-  Saundery A. McCarthy, H.J. Flin® C.S. Stew-
ication and normalization of T-cell immunity by arg (2 Gut Microbiology and Immunology,
30% (comparing to the control group) were foundRowett Research Institute, Aberdeen AB21 9SB,
for the main group patients. In vitro experimentsyk; P Environmental and Molecular Microbiol-
showed that the propolis-ginseng extracts arggy Group, School of Life Sciences, University
able to modulate the heterofermentation proof Liverpool, Liverpool, UK)
cesses.

P-53The effect of “propolis-ginseng” extracts

The main reservoir of Verocytotoxin (VT) pro-

ducingEscherichia col(VTEC) is ruminant ani-
P-54 Antibacterial effect of fatty acids on  mals reared for meat. The potential for trans-
Escherichia coli.V. Skrivanova, M. Marounek mission ofvt genes tcE. colior other enteric
(Research Institute of Animal Production andbacterial species via the lambdoid bacteriophage
Institute of Animal Physiology and Genetics,is of considerable public health concern. These
Uhtinéves, Prague 104 00, Czech Republic) bacteriophage could contribute to the survival
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and dissemination of¥t genes in the gut P < 0.01) and feed conversion rate (1.45 and
microflora of animals. A recombinant VT2 bac- 1.47) were observed at the end of the trial for
teriophage has been created by interruption ahe control and SBP groups, respectively. SBP
the vt,A subunit gene through insertion of aincreased significantlyA< 0.01) the faecal con-
kanamycin resistance cassettpi3. This bac- centration of acetic and propionic acid (11.9 to
teriophage has been used to study the survivab.4, and 6.0 to 7.1 pgrl dm, respectively). A

of free bacteriophage and transfervbfienes  significant reductionR < 0.01) ofEscherichia
between wild typé. coliin rumen fluid, faecal coli (8.0 and 7.1 log) andStaphylococcus ssp.
batch culture and rumen and colon simulating8.1 and 6.7 log) were also observed in the SBP
continuous culture fermentors. We have profaeces during the first two weeks from weaning.
duced evidence that this bacteriophage can infetto differences were detected for the analytical
and lysogenisé&. coli strains under the condi- measurements performed on tissues. SBP can be
tions found in the ruminant gut. Bacteriophageconveniently used to improve the health state
survival in a mixed flora background was deter-and maintain growth performance of weaned
mined using a plague assay and putative lysgiglets.

gens were selected on kanamycin agar. Lyso-

gens were confirmed by colony hybridisation

and DNA amplification o¥/t2a:aph3followed o . )

by induction of the Iytic cycle with norfloxacin to P-57Identification of tetracycline resistance
release phage particles. The data demonstrafi€terminants in Salmonellawithin swine pro-

that the ruminant gut is a potential sitezvtjene  duction facilities in lllinois. B. Teferedegne,
transfer via bacteriophage. D.A. Barber, R.E. Isaacson, R.M. Weigel, B.A.

White (University of lllinois at Urbana-Cham-
paign, Urbana, IL 61801, USA)

P-56Use of fermentable fibre in diets for wean-
ing piglets. F. Tagliapietra, M. Bonsembiante,
S. Schiavon, L. Bailoni (Department of Animal
Science, University of Padua, Agripolis, Leg-
naro, Italy)

The distribution of tetracycline resistance'ftet
efflux genes amongst 208almonellaisolates
collected from ten swine farms was determined.
Salmonellawere isolated from fecal samples
from swine, cats, mice, feed, homogenized insect
body parts, floor samples, boot scrapings and
The inclusion of fibrous ingredients to manipu-bird fecal droppings. The presence of tetracy-
late the gut microflora in early weaning pigletscline resistance genes encoding the efflux phe-
must be evaluated taking into account the effectsotype was assessed by the polymerase chain
on feed intake, growth and health state. Twaeaction using degenerate primers for various
antibiotic free diets, a control and a diet (SBP)genotypes. There were different patterns of dis-
containing 120 ¢g1 of unmolassed sugar-beet- tribution of tef amongst and within these farms.
pulp, were fed to 668 piglets 3 to 10 weeks oldThe overall prevalence of teén all the farms
divided in two groups. Live weight and feed con-was 79%. The TetC determinant was identified in
sumption were measured every 2 weeks. Th&0% of the isolates, whereas the TetA and TetB
number and weight of dead and removed animaldeterminants were identified to a lesser extent
were recorded. During the first 4 experimental35% and TetB 4%, respectfully). More than
weeks faecal samples were collected fron20% of the isolates that tested positive for one
32 subjects to be analysed for proximate comelass of determinant also harbored another class
position, end products of fermentation and microof determinant (TetA and TetC, 20% and TetB
bial count. Bioptic samples of rectum mucosaand TetC, 3.4%). No PCR amplicon was detected
were collected and analysed for myeloperoxifor any of the other tetleterminants. The preva-
dase content and DNA adducts. No signs of diatence of isolates which were phenotypically tetra-
rhoea were observed. SBP exhibited a significycline resistance negative, but genotypically
cant (2, P < 0,01) reduction of piglets dead andtetracycline resistance positive was 8.7%. The
removed (13% and 5%, respectively) as respediversity of these different classes of gnes

to the control. Meningitis due ®treptococcus from different sources was analyzed using dena-
spp.was the major cause of mortality. Small dif-turing gradient gel electrophoresis (DGGE).
ferences of live weight (26.9 and 25.6 kg,DGGE analysis did not detect any diversity
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within these classes of genes which might sugge$te naturally competent bacteAainetobacter
that the same tegenes were circulating within calcoaceticusandBacillus subtiliscan be iso-
and between farms. DNA sequence analysis déted from different sources, including the envi-
these amplicons is needed to confirm this hypothronment and food. Both bacteria are able to take
esis. These isolates were also screened for phep DNA by transformation in aquatic and ter-
notypic resistance to a number of antibioticsrestrial environments, and f&. subtilistrans-
There was no correlation between resistance tormation in different foodstuffs has also been
multiple antibiotics and the fegenotype. reported. The objectives of this study were to

ascertain whethekcinetobacteandB. subtilis

are able to colonise the gastrointestinal tract of

P-58Distant interactions regulating bacterial ~ 9notobiotic rats, and take up DNA by transfor-
growth. M.V. Trushin, 1.G. Syomina, V.M. mation.Acinetobactemwas unable to colonise

Chernov (Kazan Institute of Biochemistry andghozggrsrg\'/fgf; trlfris Er\1lce)rlz\}irglgut?;cttgreiarigsul\gebrg
Biophysics, 420111 Kazan, P.O. Box 30’detec’[ed in faeces 24 h after dosing. DNA from
the bacteria could be detected by PCR in the fae-
) . ) . . ces samples. subtiliscolonised the rats poorly;
We have investigated distant interactions of bacalthough the animals were dosed each day with
terial cells mediated by physical fields. Previ-1® cEUmL-1 of bacteria, the concentration in
ously it was shown that distant interaction playsaeces only reached aboutBIDFU-g-L faeces.

a key role in regulation of: (i) cell division; (i) The animals were fed with plasmid DNA for
adaptation of microorganisms to stress condithree weeks, but no transformants could be
tions; (iii) adhesive capacities of cells. Our expergetected in faeces. At the end of the experiment
iments were performed withscherichia coli. the animals were sacrificed, and intestinal sam-
Growth media was LB. Experiments werepjes were taken out and analysed for the pres-
designed using device “flask-in-flask”. Growth ence of transformants and plasmid DNA. Again
were monitored using light scattering rate ahg transformants were found, but DNA could be
A =600 nm (optical density - OD) measured withgetected in all parts of the gastrointestinal tract.
the use Specord M40 Spectrophotometer. Datgome of the samples were able to transform com-
have been processed with statistical progrargetentEscherichia colells by electroporation,

STATISTICA for Windows (release 5.0) using indicating that the plasmid DNA was intact after
tests of Wilcoxon and sign. All the experimentspassage of the gastrointestinal tract.

were performed in duplicates and were repeated

no less than 4 times. It was founded that cells

with initial OD 0.2—1.2 (signal transmitters)

decreased specific speed of logarithmic growt#>-60Suppression of enterotoxigenid. coli
and the harvest of signal recipient cells. In theoopulation in piglet intestines by aBacillus
same time the duration of lag-phase dependegfobiotic. L. Zhad, L. Surf, G. Son§, G. Wef

on initial OD of signal transmitter cells. The (* Shanghai Jiao Tong University, Shanghai,
influence of signal transmitters with initial OD China;® Shanxi University, Taiyuan, China)
0.2-0.4 resulted in reduction of lag-phase in

recipient cells. In other cases the effect wag, probiotic based oBacillus subtilisYK-1R
reversed. We assume that these effects aig iged similar if not higher efficacy to antibi-
attributed to the emission of electromagnetic sidyics in controlling bacterial diarrhea among nurs-
nals in the visible region. ing piglets. Structural shifts of intestinal
microflora were systematically monitored in two
groups of day 1 old diarrheal piglets receiving
P-59Colonization and transformation capac- antibiotic vs. probiotic treatment. After treatment
ity of Acinetobacter calcoaceticuand Bacil-  with antibiotics for 4 days, piglets stopped diar-
lus subtilisin the intestinal tract of gnotobi-  rhea but developed into constipation after one
otic rats. A. Wilcks, B.L. Jacobsen (Institute of week. In the probiotic treated group, diarrhea
Food Safety and Nutrition, Danish Veterinarystopped after 24—48 hrs and remained healthy
and Food Administration, Moerkhoej Bygadethereafter. At the time of weaning, the body
19, 2860 Soeborg, Denmark) weight of piglets in the probiotic treated group

Russia)
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was ca 8% higher than the antibiotic control. Theprofiles for fecal population structures. Cloning
enterotoxigeni€. colipopulation in the diarrheal and sequencing of DNA fragments revealed
intestines treated with this probiotic decreased ta predominant clone 100% homologous with
a level non-detectable by Southern blotting withE. coligenome from the former, and a clone with
the enterotoxin Stb gene probe 2-3 days earliero homology with all sequences in GenBank
than the antibiotic control. The Shannon’s indexrom the latter. Specific primers designed to
based on ERIC-PCR fingerprints with total fecalamplify theE. coliclone and the unknown health-
DNA as templates indicated that the probioticassociated bacterium were used successfully as
group achieved a more diversified and balancetliomarkers for a microbiologically balanced
microbial community structure in the intestineintestine. This therapeutiacillusprobiotic has
during the treatment. One 1.2 kb size, diseasdhe potential to be an alternative to antibiotics in
associated and one 2.7 kb health- associated sidrerapy and prevention of bacterial diarrhea
nature band were identified in the ERIC-PCRamong piglets.
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0O-16Cellulosome organisation irRuminococ- P. Mosoni (Unité de Microbiologie, INRA,
cus flavefaciend 7 involves multiple dockerin-  Centre de Recherches de Clermont-Ferrand-
binding specificities. S.I. McCraé&, M.T.  Theix, 63122 Saint-Genes-Champanelle, France)
Rincor?, S.-Y. Dingd R. Lamef, J.C. Martis,

V. Aurilia® V. Shoharfi E.A. Bayef, H.J. Flin? o
(®Microbial Genetics Group, Rowett Researchy
Institute, Aberdeen AB21 9SB, URJABBAM
Napoli, Italy; ¢ Weizmann Institute, Rehovot,
Israel;d University of Tel Aviv, Israelf Tech-
nion, Haifa, Israel)

uminococcus albus a predominant cellulolytic
acterium from the rumen. Adhesion to cellu-
lose, which is an important step in the cellulolytic
process, appears to involve several mechanisms
in this species. This study aimed at characterising
a cell surface 25 kDa glycoprotein (GP25) that
was previously shown to be underproduced by a

Cellulosome complexes have now been describegPontaneous adhesion-defective mutant D5 of
from a range of Gram-positive cellulolytic bac- R. albus20. An antiserum against wild-type strain
teria. These complexes are characterised by intef0 adsorbed with the mutant (Anti-Adh serum)
actions between dockerin sequences in enzymdocked adhesion dR. albus20 and reacted
subunits and cohesin domains present in struéhainly with GP25 in bacterial and extracellular
tural proteins found on the cell surface. Recen@rotein fractions of strain 20. The N-terminal
work has demonstrated that the rumen bacteriugequence of purified GP25 was identical to that
Ruminococcus flavefaciefd produces at least of CbpC, a 21 kDa cellulose-binding protein
two structural proteins, designated ScaA andCBP) ofR. albus8. The gene encoding GP25
ScaB, that carry multiple cohesin domains (Dingivas isolated and sequenced. It encoded a pro-
et al., J. Bacteriol. 183 (2001) 1945-1953). Thdein of 165 amino acids and 16.9 kDa that showed
seven cohesins of ScaB were found to interact3% identity with CbpC and presented homolo-
specifically with a dockerin present at the C-tergies with type 1V pilins of Gram-negative
minus of ScaA, rather than with enzyme subPathogenic bacteria. Negative-staining electron
units, and ScaB is therefore considered as a putdlicroscopy revealed fine and flexible pili sur-
tive cell wall anchoring protein to which ScaA roundingR. albus20 cells while mutant cells
molecules attach. We have now shown thaRthe were not plllated Immunoelectron miCFOSCOpy
flavefacienssnzymes EndB, XynB and XynD, showed that the anti-Adh serum, prqping mainly
whose dockerin sequences resemble each oth&P25, completely decorated the pili surround-
all interact specifically with cohesins from the ing R. albus20, thereby showing that GP25 was
130 kDa ScaA protein. On the other hand thé major pilus subunit. This study shows for the
enzymes XynE and CesA, whose dockerins shofirst time the presence of pili at the surface of
some divergence from the other enzymes in thelR- albusand identifies GP25 as their major pro-
sequences (Aurilia et al., Microbiology 146 tein subunit. Though GP25 was not identified as
(2000) 1391-1397), failed to bind to ScaA, anc® CBP, isolated pili were shown to bind cellu-
instead recognise othBr flavefaciengroteins.  lose. In conclusion, these pili, which belong to
Thus, also including the specific interactionthe family of type IV pili, mediate adhesion of
between the ScaA dockerin and ScaB cohesin&. albus20 to cellulose.

three distinct dockerin-cohesin binding speci-

ficities have been identified to dateRn flave-

faciensl7. This provides clear evjdence that dif‘O-lSProteomics-based analysis dRuminococ-
ferent groups of enzyme from a single cellulolytic,s a1hysg adhesion-defective mutants.
species can differ in their dockerin-binding speci¢ Devillard, D. Goodheart, M. Morrison (The

ficities, and implies that more than one type ofphig State University, Columbus, OH, USA)
plant cell wall-degrading enzyme complex may ’ T

be elaborated bR. flavefaciens. ) .
We report here the use of two-dimensional poly-

acrylamide gel electrophoresis (2D-PAGE),

mass-spectrometry (MS) methods and genome
O-17Adhesion to cellulose of the Gram-posi- sequence data, to examine mutant strains of
tive rumen bacterium Ruminococcus albus Ruminoccus albu8 that are defective in their
involves type IV pili. H. Rakotoarivonina, adhesion to cellulose. These mutant strains have
G. Jubelin, B. Gaillard-Martinie, E. Forano, been cultured with both cellobiose and cellulose,
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and their cell surface-associated proteins weref predominant fiber-degrading rumen bacteria.
extracted with N-Lauroyl Sarcosine. When cul-We report here the progress to date with the
tured with cellobiose, all the mutant strains werd-ibrobacter succinogene385 genome project.
found to lack two proteins (PpaA and PpaB),The random sequencing phase of the project
which in separate studies, have been shown teas completed in January 2002, from 75 461
increase in the wild-type strain when either rumisequences with an average edited length of
nal fluid, or phenylacetic and phenylpropionic641 bp. There were 266 assemblies, for a total
acids (PAA/PPA), are added to the media. Celef 3.916 Mbp, approximately 0.5 Mbp larger
lulose degradation and growth of these mutarthan the genome size predicted from physical
strains are very similar to that observed whemaps. Of the initial 179 sequencing gaps identi-
the wild-type strain is cultured in the absence ofied, only 18 now remain to be closed by multi-
ruminal fluid or PAA/PPA, that is, much less plex PCR and final editing. The sequence
than what is observed under permissive condidata has been searchable since July 2001, at
tions. We have compiled N-terminus and pepwww.tigr.org. From the preliminary gene list,
tide sequence, and peptide mass fingerprints fave have identified 24 genes encoding endoglu-
both PpaA and PpaB, by Edman degradation anthnases and cellodextrinases: thirteen belong to
MALDI-TOF analysis, respectively. The pep- family 5; seven in family 9; one in family 45,
tide sequences have been used to query the unfid three more like CelF, which possess multiple
ished sequence for the genom&otlbusstrain  catalytic domains. Another 23 genes have been
8, available from The Institute for Genomic identified as encoding xylanases and related
Research. All putative open reading frames idenenzymes, and there are additional glycosy! hydro-
tified by these BLAST searches show a highase genes as well, belonging to families 2, 3, 8,
degree of sequence similarity with multi-domain10, and 13. Many of these genes had not been
cellulases, although type | dockerin sequencegreviously identified in clone libraries propa-
are absent from most of these ORF’s. Howevemgated inE. coli. Furthermore, we have yet to
none of the presumed “full-length” ORF'’s iden- identify any exo-acting cellulase (from family 6
tified in these searches possessed a peptide mass48), nor is there a processive endoglucanase
fingerprint that closely matches those obtained foapparent in the genome sequence data available.
PpaA and PpaB by MALDI-TOF analysis. Cur- Both type | and type Il secretion systems are pre-
rently, these discrepancies may be explained bsent, in addition to Pil-T1 homologs that coor-
either incomplete sequence data (some ORFdinate twitching motility in other gram-negative
remain truncated) and (or), a high degree of postubacteria. Whole genome annotation by the
translational modification of PpaA and PpaB,Consortium should begin in late March or early
presumably by glycosylation. April.

0-19The Fibrobacter succinogenestrain S85  O-20Identification of functional gene subsets
genome sequencing project<. Nelsor:t,  from the cellulolytic organism Ruminococcus
R. Amino\?, C. Forsberg§y R.I. Mackié, J.B. flavefaciensusing a comparative genomics
Russel?, B.A. White?, D.B. Wilsorf, S. approach.D.A. Antonopoulos, B.A. White (Uni-
Mulligan®, K. Trar?, H. Carty, H. KhourP, W.  versity of lllinois at Urbana-Champaign, Urbana,
Nelsom®, S. Daugherfy C. Frasét, M. Morrisor?.  IL 61801, USA and the North American
(8The North American Consortium for GenomicsConsortium for Genomics of Fibrolytic Rumi-
of Fibrolytic Ruminal Bacteria, artiThe Insti-  nal Bacteria)

tute for Genomic Research, Rockville, MD,

A . e -
USA) Subtractive hybridization has been utilized to

compare the genomes of two closely related,
The North American Consortium for Genomicshighly cellulolytic strains oRuminococcus flave-
of Fibrolytic Ruminal Bacteria is a USDA-sup- faciensthat differ at the 16S rDNA level by 2%.
ported initiative established in 2000, andPCR-based subtractive hybridization amplifies
our overarching objective is to generate andinique regions of a genome, relative to another,
exploit genomics-based information to betterbased on modification of restriction enzyme sites.
understand the genetics, physiology and ecologg€onservation of specific restriction enzyme
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sites in two genomes effectively “subtracts” theCM9P of CM9 only, CBML consisting of CBM
intervening region between restriction sites fromand lg, and CBMS consisting of the CBM only.
further analysis. The PCR-based subtractive€BM-CM9 showed strong activity toward car-
hybridization was highly efficient at recovering boxymethylcellulose (CMC), barlef-glucan
sequences unique to strain FD-1 and not JMand lichenan, hydrolysis of cellooligosaccha-
(based on a 288-clone sampling size). Examplesdes, and low activity toward Avicel, acid-
of the unique sequences retrieved includedwollen cellulose, and xylan. Analysis of CMC
regions with similarity to a non-ribosomal peptidehydrolysis suggested that CBM-CM9 is a
synthetaseStreptomyces avermitilisand é&Sal ~ semiprocessive enzyme with both endo- and
restriction endonucleas&tteptomyces albys exoglucanase activities. By contrast, 1g-CM9
Bacteriocin-mediated competition has beerand CM9P devoid of the CBM showed negligi-
demonstrated iRuminococcusand thus a non- ble activity toward CMC, i.e. about 1/1000 of
ribosomal peptide synthetase would be consighe activity of CBM-CM9, suggesting that the
tent with production of bacteriocin-like products CBM participates in the catalytic function of the
by this organism. Additionally, the presence of e&enzyme. Affinity of the CBM for insoluble
Sal restriction endonuclease complements prepolysaccharides was measured. The CBM bound
viously demonstrate®al isoschizomer activ- Avicel, ball-milled cellulose, acid-swollen cel-
ity (RfIFII) isolated from this strain. These lulose, lichenan, agarose, and chitin. The capac-
sequences exhibit very weak similarity with thosdty of CBML and CBMS to bind to a series of
described in the curreRuminococcus albug  different soluble polysaccharides was qualita-
genome sequence dataset (preliminary sequentigely evaluated by affinity native gel elec-
data was obtained from the TIGR website; fundedrophoresis. The migration of the CBM was sig-
by the USDA via the NACGFRB). Retrieved nificantly retarded by inclusion of hydroxyethyl-
sequences with significant levels of similarity tocellulose, methyl-cellulose, lichenan, and barley
those in théR. albus8 dataset include a putative 3-glucan. The affinity of CBML and CBMS
carbon monoxide dehydrogenase and nitrogefer cellooligosaccharides was analyzed by isother-
nase (78% and 60% conservation at thenal titration calorimetry. The K(binding con-
nucleotide level respectively). The sequencetant) values were determined to be 2 1P,
information gained here further reiterates the.9x 10%, 2.8x 13, respectively.

competitive nature between strains in the ruminal

ecosystem and provides a functional basis for

strain differentiation. P-62In vitro fermentability of carbohydrates

by faecal microflora of pigs at weaningM.W.
Bosch, B.A. Williams, L.W. Bos, M.W.A.
P-61Characterization of a family 11 carbo-  Verstegen (Animal Nutrition Group, Wageningen
hydrate-binding module from CelJd: impor-  Institute of Animal Sciences (WIAS), Wagenin-
tance of the CBM to cellulose hydrolysis. gen, The Netherlands)
T. Arai, S. Karita, T. Kimura, K. Sakka,
K. Ohmiya (Faculty of Bioresources, Mie Uni- prgpjotics are considered to be a possible alter-
versity, Tsu 514-8507, Japan) native for antibiotic growth promotors for weaner
piglets. Prebiotics lead to a shift in the micro-

Celd, a 178-kDa major component of theblal pOpuIation in the GIT which will be benefi-

Clostridium thermocellurnellulosomeis a mod- ~ cial for host health. To formulate a diet with

ular enzyme. It is composed of an N-terminalPotentially suitable prebiotic properties, a range
signal peptide and six modules in the followingof carbohydrates was tested for fermentability
order: a family 11 carbohydrate-binding mod-using the in vitro cumulative gas production tech-
ule (CBM), an immunoglobulin-like module (Ig), nique. This technique is used to measure fer-
a family 9 catalytic module (CM9), a family mentation kinetics (total gas production and rate
44 catalytic module (CM44), a dockerin mod-of gas production) as well as fermentation end-
ule, and an X module of unknown function. products (VFA, NH). Contents from the sec-

Truncated derivatives of CelJ were constructedond half of the colon of six unweaned pigs (no
CBM-CM?9 consisting of CBM and CM9, creep feed or antibiotics) was mixed and used
Ig-CM9 consisting of Ig and CM9, the polypeptideas an inoculum to assess the fermentability of
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45 feedstuffs. Rapidly fermentable carbohydrated F. succinogenesncluding the reversal of gly-
are more likely to be fermented, earlier in thecolysis and the futile cycle of glycogen. Mecha-
digestive tract (ileum), while substrates with anisms of oligosaccharide synthesis are discussed.
slower rate of fermentation are more likely to beMatulova M., et al., Eur. J. Biochem. 268 (2001)
fermented later in the tract (hindgut). The max-3907-3915; Bibollet X., et al., J. Biotechnol. 77
imum rate of gas production, and the time a{2000) 37-47; Matheron C., et al., Appl. Environ.
which this rate occurred were 11.5 it and  Microbiol. 65 (1999) 1941-1948; Matheron C.,
13.6 h for sugarbeet pulp, 8.2 mitland 27.9 h et al., Appl. Environ. Microbiol. 64 (1998)
for wheat starch, 21.6 miirl and 9.3 h for lac- 74-81; Matheron C., et al., Biodegradation 9
tulose and 19.8 mhtand 8.7 h for inulin. Based (1998) 451-461).

on these data, in combination with values for

other end-products, these four ingredients were

added to a diet for an in vivo experiment with . .

weaner pigs. It was hypothesized that this COml_?-64Degrada‘uon of cellulose and3C-enriched

bination would stimulate fermentation along thellgnocellulosic fibres byFibrobacter succino-
whole tract. genesS85. A liquid and solid state NMR study.

A.-M. Delor, R. Nouaillé-P, M. Matulova,

E. Foran8(2Laboratoire de Synthése et Etude de

Systemes a Intérét Biologique, UMR 6504 Uni-
P-63Concurrent maltodextrin and cellodex-  versité Blaise Pascal — CNRS, 63177 Aubiére
trin synthesis byFibrobacter succinogeneS85  cedex, Franc&Unité de Microbiologie, INRA,
as identified by 2D NMR.A.-M. Delort?, Centre de Recherches de Clermont-Ferrand-
M. Matulova®, R. NouailléP G. Gaudet, Theix, 63122 Saint-Genés-Champanelle, France)
E. Foran8 (2Laboratoire de Synthése et Etude de

Systemes a Intérét Biologique, UMR 6504 Uni- . .
versité Blaise Pascal - CNRS, 63177 Aubién%jn the rumenFibrobacter succinogenesgs

cedex, FrancUnité de Microbiologie, INRA ecomes predominant among the cellulolytic
Centré de Re’cherches de Clermon’t-FerrénOQaCteria when ruminants are fed with a poor diet,

Theix, 63122 Saint-Genés-Champanelle Francége‘ one which is highly lignified. The enzymatic
' ' quipment of-. succinogenes-irstly, this bac-

terium degrades cellulose via a very efficient cel-
Fibrobacter succinogene385, one of the main lulolytic system. Cellulose is depolymerized at
cellulolytic rumen bacteria, degrades celluloseéhe bacterial surface by different cellulases and
into glucose and cellobiose which are furtheithe released cellodextrins are hydrolysed to glu-
metabolised to succinate, acetate and a smalbse and cellobiose in the periplasm. Secondly,
amount of formate. It is also able to store largét produces ferulic acid and acetylxylan esterase,
amounts of glycogen. In this work, 1D and 2Dand arabinofuranosidase that are necessary to
NMR experiments were used to analyse the syreleave the ester bonds linking hemicelluloses to
thesis of various metabolites by resting cells ofignin, or to debranch xylans. Finally, several
Fibrobacter succinogene885 when incubated different xylanases and anglucuronidase com-
with [1-13C]glucose, both in the extracellular andplete the cellulolytic system. Although these
in the cell media. Besides the expected glycofibrolytic enzymes have been identified, little is
gen, succinate, acetate, glucose-dnd glucose- known about their concurrent mode of action on
6-P, the presence of maltodextrins and celsolid substrates. For instance, is amorphous cel-
lodextrins was detected. Maltodextrins, whosdulose degraded faster than crystalline cellulose?
synthesis is demonstrated here for the first tim&\Vhich chemical linkages are cleaved first, and
were excreted into the external medium. Theyherefore which saccharides are released first in
were found to have linear structures with a maxthe medium? To answer to these questions, we
imum degree of polymerisation (DP) of about 6-7have used solid state NMEC-CP-MAS (cross
units. Cellodextrins were located in the cells (cytopolarization magic angle spinning) to monitor
plasm and /or periplasm), their DP was up to 4the action of fibrolytic enzymes on cellulose
Both labelled ([113C] and [623C]) and unlabelled (Avicel) and lignocellulosic fibres (more specif-
maltodextrins and cellodextrins were detectedcally 13C-enriched wheat straw) during growth
showing the contribution of carbohydrate cyclingof F. succinogene§85 on these substrates.
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This technique allows analysis in situ of theP-66Effects of a methanogen on the lignocel-
chemical components of these fibres and alshulolytic ability of gut anaerobic fungi from
quantification of the crystalline/amorphous cel-different herbivores. K.N. Joblin, G.E. Naylor
lulose ratioH and!3C liquid state NMR gave (Grasslands Research Centre, AgResearch,
complementary information about the sugarsalmerston North, New Zealand)

released the culture medium.

The degradation of purified cellulose or xylan

by the gut anaerobic fungi, potent degraders of
P-65Genetic transformation and expression in  plant cell walls, is strongly increased when fungi
mutant bacteria. M.S. Ekinci, M. Buyukcelik, are co-cultured with methanogens. Perhaps unex-
A. Kamalak, Y. Gurbuz, E. Ozkose (Kahraman.pectedly, this increase in degradation often is

maras Sutcu Imam University Faculty of Agri- minimal or not observed when lignocellulosic
culture Department of Animal Science, Kahra-tissues are the substrates. To obtain further infor-
manmaras, Turkey) mation, 30 purified anaerobic fungi isolated from
7 herbivores were cultured on large stem frag-
ments of lucerneMedicago sativahay both in
Since the importance of microbial enzymes inhe presence or absenceMsthanobrevibacter
improving digestion of plant cell wall polysac- smithiji and the extent and rate of degradation
charides was first recognised, considerable effofiere measured. In most cases, growth in
has been devoted to isolating, overproducing anghethanogenic co-culture had no significant effect
understanding the mode of action of thesg stem degradation despite establishment of
enzymes. A number of genes encoding plant cef|nctional syntrophic co-cultures. For some fungi
wall polysaccharides have been isolated fronhowever, growth in methanogenic co-culture sig-
both Gram-positive and Gram-negative rumemjficantly increased the extent of degradation,
bacteria and from anaerobic fungi. Such genege rate of degradation or both. For instance, for
have been studied mostly & coli, where 3 of 17Piromycessolates tested, growth in the
expression is often anomalous because of intefyesence df. smithiistrongly increased the rate
nal translational start sites and where extensivgyt not the extent of degradati®iromycespp.
proteolysis breakdown occurs. Internal translajsplated from seaweed-eating feral cattle on a
tional start-points and proteolysis may complicatesp-Antarctic island showed an unusual pattern
interpretation of cloned gene products fromof stem degradation but degradation did not
rumen microorganisms expressedircolithat  increase in the presence of the methanogen. In
recognise promoters different from those useghe case of isolates belongingdaecomycesa
in the original host organisms. Therefore, it isgenus regarded as ineffective against refractory
of interest to examine expression of cloned genggynocellulosic tissue, degradation by 2 of 4 iso-
in Gram-positive species more closely related tgates increased markedly in the presence of the
ruminal species. Protease-negative strains ghethanogen to reach levels similar to those of
Bacillus subtilisandStreptococcus thermophilus the pesNeocallimastixandPiromycesspp. This
were obtained by ethidium bromide mutation.effect has not been observed previously. Interac-
Glucanase and xylanase encoding genes wWef@ns between anaerobic fungi and methanogens
isolated from the rumen m|Cr00rgan|§nb0V|S and the consequences for p|ant cell-wall degra_

and fromB. subtilisRSKK246 and introduced gation may be more complex than believed pre-
into both mutant and nativi. subtilisandS.  ;pygly.

thermophilus Expression levels of the enzymes

from mutant and native strainsBf subtilisand

S. thermophilusvere determined and compared.

Results showed increases of approximately 4098-67 Ability of the rumen bacterium Tre-

in B-glucanase and 30% in xylanase activity inponemastrain KT to utilize fructose and fruc-
mutantS. thermophilugind of approximately tose polymers for growth.A. Kasperowicz,
30% inB-glucanase and 35% in xylanase activ-T. Michalowski (The Kielanowski Institute of
ity in mutantB. subtilis compared with both Animal Physiology and Nutrition, Polish
native recombinant organisms. Academy of Sciences. 05-110 Jablonna, Poland)
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Growth of the rumen bacteriuimeponematrain  hay in the nylon bag were incubated in the rumen
KT in medium containing fructose, sucrose, theof sheep for the period from 5 min to 96 hr. Total
Timothy grass fructan and inulin as the soleDNA was extracted from incubated stem and
sourcse of carbon was studied. The strain exanemployed for competitive PCR assays to quan-
ined originated from our own collection. Of the titate F. succinogenesR. flavefaciensand
carbohydrates used, the Timothy grass fructaR. albus After 5 min incubationF. succino-
and fructose were the best in supporting bacterigenesand two ruminococcal species were
growth when measured by the optical density ofittached to the stem at levels of 46d 16 g~ dry

the cultures. The best growth was accompanieahatter (DM) of the stem, respectively. These
by the highest utilization of both substrates. Thattached cell numbers for all three species
cultured bacteria were also able to develop oimcreased 10 fold after 10 min incubation.
glucose. Examination of the bacterial cell extract®\lthough slight differences were observed among
showed the presence of enzymes degradinthe three species, the subsequent rate of increase of
sucrose, inulin and the Timothy grass fructarcell number was almost the sarmel (5-2.5 hl)

with the rate of 1.9, 2.9 and 39unol-mg=  up to 6 hr incubation. Thereafter, attached cell
proteinh1, respectively whereas the pH opti- numbers of the three species gradually increased
mum for degradation of the substrates was 6.@&nd reached the maximum at 24 h%(g¢! DM

6.2, and 6.4. Separation of the cell extract afor F. succinogeneand 13 g1 DM for R. flave-
100000 g demonstrated the presence of frudacieng or 48 h (16 g~ DM for R. albu3. After
tanolytic activity in both the sediment and super96 hr incubation, associated population sizes for
natant fractions. Native polyacrylamide gel elecall three species had decreased to 20% of each
trophoresis combined with zymograms revealeagnaximum level. These results suggest that attach-
the presence of single fructanolytic enzyme irment of the representative ruminal cellulolytic
each fraction. The enzyme present in sedimeriacteria is primarily achieved within 10 min;
degraded only the Timothy grass fructan taheir growth may progress up to 48 h and then
oligosaccharides as the end products. The enzyntieeir detachment occurs with aging of stem in
from the supernatant fraction was able to degradée rumen.

the Timothy grass fructan, inulin and sucrose to

monosaccharides. Bacteria growing on glucose

were able to produce the fructanolytic activities.

This suggests that the enzymes were of a cofi-69Activity of pectin-degrading enzymes in
stitutive character. rabbit caecal strains ofBifidobacterium pseu-

dolongum and in rumen bacterium Strepto-

coccus bovisM. Marounek, L. Slovakova,

D. Duskova (Institute of Animal Physiology
P-68 Competitive PCR-aided monitoring of and Genetics, Czech Academy of Sciences,
cellulolytic bacterial species attaching to Uhrinéves, Prague 104 00, Czech Republic)
orchardgrass hay incubated in the rumen.
S. Koike, Y. Kobayashi, K. Tanaka (Graduate
School of Agriculture, Hokkaido University,
Sapporo 060-8589, Japan)

In strains P2 and P6 Bifidobacterium pseudo-
longumgrown on pectin the following activities,
expressed in nmols of substrate split or product
released per min per mg of protein, were found :
Close association of ruminal cellulolytic bacteriaintracellular pectinase (P) — 3.96 + 0.26, 3.74
with plant material occurs while cellulose-rich 0.22; extracellular P —83.0 +16.0, 87.4 £ 16.5;
plant cell wall material is being degraded, sugexopectate lyase (EL) — 0, 0 (both intra- and
gesting that bacterial attachment is an importargxtracellular); intracellular 2-keto-3-deoxy-6-
step of fiber breakdown in the rumen. Thereforephosphogluconate aldolase (KDPGA) — 610 +
monitoring of fiber-associated bacteria is a key t@®12, 919 + 274. In cells @treptococcus bovis4
understanding mechanisms of fiber digestion bygrown on pectin plus glucose activities of pectin-
ruminants. In the present study, we evaluatedegrading enzymes were as follows : intracellu-
attachment of representative ruminal cellulolyticlar P — 3.45 + 0.26; extracellular P — 11.55 + 0.30;
bacteriaFibrobacter succinogengRuminococ- intracellular EL — 0; extracellular EL — 102.4 +
cus flavefacienandRuminococcus albue plant  22.1; intracellular KDPGA — 0. It can be con-
fiber by competitive PCR. Stems of orchardgrassluded that strains P2 and P@ofpseudolongum
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have enzymes necessary for complete degradificrobiology 43 (2001) 11-16). Since the vector
tion of pectin. Exopectate lyase, the principalwas also kindly provided to us, we could express
enzyme degrading the pectin macromolecule irglin S. bovisby electroporation using a pro-
rumen bacteria was absent in both bifidobacterianotor from a-amylase of the host organism.

S. bovisX4 possessed both exopectate lyase and

pectinase activity. No growth, however, of

S. bovisx4 on pectin was observed. The lack of;, -1 poctinases in the rumen bacteria
growth ofS. bovisX4 on pectin is probably Ruminococcus flavefaciend7. G. Palmier},
caused by the lack of KDPGA activity in this 5 "; Libertc? L. Ferrard H J' FlinP Vi
bacterium. (This study was supported by gran l:jri|iaa(aC N R ¥ A BBA M It.al.ian Nat,ionél
524/99/0480 of the Grant Agency of the Czech?esearch 'C(Suhc.il,' V'ia. Argihe, 1085-Napoli,

Republic). Italy; P Rowett Research Institute, Aberdeen,
UK)

P-70Expression of cellulase genes from anaer- The rumen bacteriuRuminococcus flavefaciens
obic bacteria in Clostridium paraputrificum  plays an important role in the degradation of
and Streptococcus bovisK. Ohmiya, K. plant cell wall polysaccharides. Pectin is a valu-
Morimoto, H. Taguchi, M. Kawase, T. Kikuta, able component for feed of ruminants and
T. Kimura, K. Sakka (Applied Microbiology, although there are some studies on the
Faculty of Bioresources, Mie University, Kami- metabolism of pectin in mixed and pure cultures
hama-cho 1515, Tsu 514-8507 Japan) of rumen pectinolytic bacteria, there is little infor-
mation on molecular properties of pectinase

o enzymes involved in the degradation process.
Huge amounts of cellulosic biomass are synthepe report here preliminary results on enzymes
sized from solar energy by fixing G@n the  that act on the pectin polymer, in particular we
earth. However, the biomass is so resistant tgaye evidence of pectate lyases (PL) and pectin
hydrolysis by microorganisms and/or ceIIqu.Iytllc methyl esterases (PME). The bacterium was
enzymes within a short period that the majorityyrown anaerobically on media containing cel-
of the bulk is utilized with difficulty. For enhanc- |gpiose and 30% or 67% esterified citrus pectin.
ing solubilization of cellulosic biomass and its|n a|l culture conditions examined substantial
conversion to feeds and fuels, we have beegvels of extracellular PME activity were detected
studying the improvement or addition of cellu-pyt in the presence of high-methylated pectins
lolytic ability to anaerobic bacteria, such asg tenfold increase of PME activity was observed.
Clostridium paraputrificumand Streptocococ-  Furthermore, PME enzymes produced in the dif-
cus bovis. C. paraputrificuis our isolate which  ferent cultures were examined by activity stain-
grows on chitin andN-acetylglucosamine and ing of pectin esterase (PE) following SDS-PAGE.
produces significant amount of hydrogen gasResults revealed the presence of PE isoforms
Hydrogen productivity of the bacterium waswhich are different between the substrates used
increased up to 1.8-fold by integrating andfor the growth. The most abundant PE enzyme of
expressing hydrogenase gene of the host orgaahout 35 kDa, produced in the cellobiose medium
isms by electroporation with a vector pJIR751has been partially purified. As far as pectate lyase
which was kindly provided from Rood (Plasmid, is concerned, the activity was detected by dot-
27 (1992) 207-219). As the host organism growspot experiments using the supernatant culture
negligibly on cellulose, the endoglucanase | genef the bacteria grown both on cellobiose and
(egl) from Ruminococcus albusnd xylanase pectin. A genomic library was constructed in
A genes XynA from Clostridium stercorarium Escherichia coland screened. One positive clone
andClostridium thermocellunwere successfully exhibiting pectate lyase activity was directly
expressed iC. paraputrificumusing the vector detected by an in situ plate assay. The plasmid
when the promotor of a hydrogenase gene frorsolated from the clone contained a 1.7 Kb
the host organism was placed upstream from thgenomic fragment fronRuminococcusind
target genesS. bovids a starch-utilizing rumen sequence analysis is in progressrther inves-
anaerobe, from which a plasmid was isolatedigations on the enzyme characterisation and gene
and modified as a shuttle vector betw8ebovis cloning are in progress in order to improve our
and E. coli by Nakamura et al. (Current knowledge on this system.
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P-72Extracellular a-amylases from human cellulosome-like multienzyme complexes in this
colonic strains ofButyrivibrio fibrisolvens  species. However the scaffoldin-type protein
and related Gram-positive anaerobesA.G.  ScaA that has been identified as binding enzyme
Ramsay, K.P. Scott, H.J. Flint (Rowett Researclsubunits irR. flavefaciend7 does not contain an
Institute, Bucksburn, Aberdeen AB21 9SB, UK)identifiable cellulose-binding module (CBM).
On the other hand, we recently identified a region

; . dn the cellulosome-located enzyme EndB that
Resistant starch makes up a large proportion of )
the dietary substrate reaching the human colofictS @ @ CBM, but is not closely related to other
where it is fermented by human colonic bacteri Ubl.'ShEd protein sequences (Rincon etal., Ap_pl.
to produce short-chain fatty acids (SCFA) a =nviron. Microbiol. 67 (2001) 4426—4431). Puri-
major end-products. Resistant starch is a potefi€d 6His-tagged fragments of the complete EndB

tial prebiotic, but knowledge at a molecular level€NZYME, as well as th? isolated CBM' were
hown to bind to crystalline cellulose. Since this

of the enzymes involved in starch degradatio . )
by colonic commensal bacteria is limited to the/'°Ve! module is also the first CBM to be reported

gram negativdBacteroidesspp. Recent studies from th's. species, we _deC|ded to detgrmlne
have shown that low % G + C Gram-positiveWhether it was present in othRr flavefaciens

bacteria are among the most abundant comp@'teins. Polyclonal antibodies were raised
nents of the adult faecal flora. Amylases of sev_agalns:] the ?u“f'ed C.BM frag?rgrfelnt, ?nd_ these
eral new isolates belonging to the Clostridial'V€'€ Shown 0 recognise sev avetaciens

: . : teins ranging in size from 50 to almost
cluster XIVa were visualised using zymogrampro )
analysis and found to be of high molecular300 kDa. Meanwhile a PCR product corre-

weight. An amylase gene from the human coloni(?‘ponCIing to the_ E_ndB CBM coding region was
strainB. fibrisolvensl6.4 was sequenced fol- US€d @s a hybridisation probe to detect clones

lowing polymerase chain reaction (PCR) arnpli_from aR. flavefacien$ibrary that have partially

fication with degenerate oligonucleotides ancpomologous inserts. We can conclude that several

: . teins in addition to EndB are likely to carry
chromosome walking. The putative amylase conPr®
sists of an open reading frame of 4038 bp enco “losely related CBMs, and that the EndB CBM

ing a protein of 1346 amino acids with a calcufepresents a new family of carbohydrate bind-

lated M of 146 177. The catalytic domain shows'J module capable of attachment to crystalline
high sequence homology with a previously charcellulose. The relative contributions to substrate
acterisech-amylase from a rumind. fibrisol-  2tachment of CBMs associated with enzyme

vensstrain and shares the conserved active cefU2units. structural proteins or pili-like struc-

tres in the N-terminal half of the protein. Thetures have yet to be established in this species.

highly charged C-terminus contains two repeat

regions of unknown function that also show some

hom_ology to the ruminal amylase. anctione_llp_74 Western immunoblot analysis of

studies shoulq help equdatg thg fqnctlon of thiss yminococcus albusnd Fibrobacterspp. for

novel C-terminus and provide insights in howpgteins antigenically similar to scaffoldin

extracellqlar enzymes are organised in this groug, o qules ofR. flavefaciens M.T. Rincor?,

of bacteria. J. Jacobovitch J. Miror?, R. Lamed, E.A.
Bayef, M. Morrisor? (3 The Ohio State Univer-
sity, Columbus, OH, USAP The Volcani

P-73A new fam”y of cellulose b|nd|ng mod- Research Institute, Bet Dagan, Isr&dlel Aviv

ules from Ruminococcus flavefacieng?. M.T. ~ University, Israel The Weizmann Institute,

Rincon, S.I. McCrae, J.C. Martin, J. Chiquette Rehovot, Israel)

K.P. Scott, H.J. Flint (Microbial Genetics Group,

Rowett Research Institute, Aberdeen AB21 9SBg || minococcus albusndR. flavefaciendoth

UK) produce cellulosomes, but their complexity, in
terms of the number and forms of integrative and
The molecular mechanisms by whiehflavefa- catalytic proteins, is undefined. Additionally,
cienscells and enzymes attach to cellulosicR. albusproduces a pilus-like structure (CbpC)
substrates remain unclear. Plant cell wall degradhat appears to coordinate a non-cellulosomal
ing enzymes appear to be organised intanechanism of adhesion to cellulose. Western
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immunoblotting was employed to examine addi-glucose, cellobiose or filter paper cellulose, con-
tional RuminococcusndFibrobacterspp. for  firming our previous results showing that all
proteins containing epitopes recognized by antigenes are transcribed in growing cells. Optimal
bodies raised against the CbpC protein fronefficacity of the fragment amplifications was
R. albusstrain 8, as well as modules present in th@btained with a high sensitivity of detection,
ScaA and ScaB proteins froR flavefaciens resulting in the quantification of the gene tran-
strain 17. The anti-CbpC antiserum crossreactestripts even in cells growing on soluble sugars.
with a polypeptide of ~30 kDa from R. albus The mRNAs were then quantified in rumen con-
SY3, as well as several other strainRoflbus  tent of two gnotoxenic lambs with a controlled
Interestingly, the anti-CbpC antiserum also crossruminal flora containing only. succinogenes
reacted with severdl. intestinalisproteins, sug- S85 strain as a cellulolytic microorganism, and in
gesting that the bacterium possesses protein(8)e rumen of a conventional lamb.

structurally analogous to th albusCbpC pro-

tein. Western immunoblots with antisera, raised

against either the X-domain or cohesin module
from theR. flavefacien§caA and ScaB proteins,
showed that botR. albusstrains 8 and SY3 pos- .
sess epitopically similar proteins R flavefa- Wallace (Rowett Research Institute, Bucksburn,
ciens Notably, a protein of 200 kDa R. albus Aberdeen AB21 9SB, UK)

SY3 crossreacted strongly with the anti-ScaA

antiserum. All three antisera Crossreacted, albeﬁeptide breakdown in the rumen is a biphasic

weakly, with high-molecular-weight proteins process where oligopeptides are broken down
from R. albus8, and unlike strain SY3, the by dipeptidyl peptidases (DPPs), and the result-
strongest interaction occurred with two polypep-ing di- and tripeptides are broken down to free
tides of less than 20 kDa, and with the anti‘scaBamino acids by Separate d|_ and tripeptidasesl
X'domain antiserum. SUCh CrOSSI’eaCtiVity Sug'The Prevote”aspp. produce four diﬁerent DPPs
gests the presence of ScaA and ScaB homologgd separate tri- and dipeptidase activities and
in R. albus but perhaps, not exclusively as scafthys play a significant role in peptide breakdown.
foldin modules. Studies were carried out in which a peptidase-
deficient strain oE. coli CM107 was comple-
mented with genomic DNA from one of the type
strains of this group of organisnBevotella
albensigvi384, in order to investigate the prop-
erties ofP. albensipeptidases. Competent cells
fibrolytic bacteriyrp. F. S.uau, C Bé_ra—MaiIIgt, Sfih:qlig?gvgﬁrgr:ﬁacnﬁgg?;cifm:; é;%leuﬁggnpt
E. Forano (Unité de Microbiologie, Institut pecompinants were screened for peptidase activ-

National de la Recherche Agronomique, CR d(ﬁy usin ; i
. N g an overlay technique. One positive pep-
Clermont-Fd/Theix, 63122 St-Genes-Champanigase clone was obtained. Characterisation of

elle, France) the clone revealed that it was a metallopeptidase
that had broad specificity, cleaving a single amino
Fibrobacter succinogenes particularly effi- acid from the N-terminus. The clone had a pref-
cient in degrading various forms of cellulose anderence for dipeptides, although some tri- and
shows a high ability to solubilise different plantoligopeptidase activity was observed, and
cell wall polysaccharides. Studies of its fibrolytic required a free N-terminus, indicating it was an
equipment have shown it to be extremely comexopeptidase. Sequence analysis revealed that
plex, comprising more than 25 glycoside hydrothe clone shared significant identity with PepD,
lases. However, little is known about the regu-a broad specificity dipeptidase found in several
lation of F. succinogenesdibrolytic gene different prokaryotes. A putative metal-binding
expression and the importance of these enzyméggion was identified. Within this region, sig-
in the total cellulolytic activity. The mRNAs nificant identity with other members of the same
from all glycoside hydrolase genes sequencepeptidase family, PepT, (a tripeptidase) and
so far were first quantified using real-time RT-PepA, (an oligopeptidase), was observed. The
PCR (LightCycler) in cells grown in vitro on theoreticalM, weight of PepD was 53000 and

P-76A pepD-like peptidase fromPrevotella
albensis N.D. Walker, N.R. McEwan, R.J.

P-75Real-time RT-PCR quantification of cel-
lulase and xylanase genes expression in
Fibrobacter succinogenesa major ruminal
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gel filtration indicated it exists as a dimer in itsgenomic DNA fromP. albensido obtain part of
native state. This is the first report of the sucthe dpplV gene. The sequences of the flanking
cessful complementation of a peptidase-deficientegions of the gene were determined by genomic
strain ofE. coliwith DNA from a ruminal bac- sequencing. Following sequencing of the entire
terium. gene plus 500 bp flanking sequence either side,
the gene plus flanking sequence was amplified by
PCR and the product was cloned iftocoli.

The biochemical properties of the cloned enzyme
were similar to those d?. albensisand other
DPP-1V enzymes in terms of substrate and
inhibitor specificity, optimum temperature and
'PH. Sequence analysis revealed that the enzyme
contained a conserved motif that is associated
with the S9 class of prolyl oligopeptidases, and
Prevotellaspp. are important ruminal bacteriathat the gene that encoded this protein appears
involved in protein breakdown in the rumen. Theynot to be part of a contiguous operon. Construc-
possess at least four different dipeptidyl peptition of a phylogenetic tree demonstrated that the
dases, (DPP-I, DPP-II, DPP-IIl and DPP-IV). DPP-IV ofP. albensiglusters with others found
DPP-1V was cloned fronPrevotella albensis in bacteria of theCytophaga/ Flexibacter/Bac-
M384 and expressed itscherichia coliDPP-IV  teroidaceagCFB) phylum, and these are more
is one of the most highly conserved DPPs andlosely related to eukaryotic DPP-1V than the
is found in several different organisms. DegenDPP-IV-like enzyme (pepX) of the lactic acid
erate primers were designed based on conservbdcteria. This is the first report of the success-
regions of the amino acid sequence of previouslful cloning of an oligopeptidase from a ruminal
described DPP-IV genes and used to amplifypacterium.

P-77 Sequence analysis and cloning of the
dpplV gene from Prevotella albensisin
Escherichia coli N.D. Walker, N.R. McEwan,
R.J. Wallace (Rowett Research Institute
Aberdeen AB21 9SB, UK)
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O-21ldentification of new derivatives of sin-  Butyrate produced by human colonic microflora
igrin and glucotropaeolin produced by the has a potentially beneficial effect on intestinal
human digestive microflora, using'H NMR  health. However, its bacterial origin is only par-
spectroscopy analysis of in vitro incubations  tially known. Non-digestible carbohydrates,
A.-M. Delort?, B. Combouried, L. Elfoul’,  which favour butyrate production, generally also
S. Rabot (3Laboratoire Synthése et Etude destimulate the growth of lactate-producing bac-
Systemes a Intérét Biologique, UMR 6504teria (prebiotic effect) thus leading to raised intra-
CNRS-Université Blaise Pascal, 63177 Aubiéreolonic concentrations of lactate. We hypothesise
Cedex, France, Unité d’Ecologie et de Physi- that, in appropriate conditions of pH, butyrate
ologie du Systéme Digestif, INRA, 78352 Jouy-might be produced by the metabolism of lactate
en-Josas Cedex, France) by the lactate-using bacteria. Consequently, we
have investigated whether the intestinal flora
1D and 2D'*H NMR spectroscopy were used to metabolises lactate into butyrate and whether pH
study the biotransformation of two dietary glu-influences this conversion. DL-Lactate conver-
cosinolates, sinigrin and glucotropaeolin, by thesion into butyrate was demonstrated at pH 6.5
human digestive microflora in vitro. The molec-using continuous and batch cultures of human
ular structures of the new metabolites were idenfaeces, in which lactate supplementation (30
tified and the modulation of carbon metabolismmM) led to 18 mM butyrate (c. 30% of total short
was studied. Unambiguously, and for the firstchain fatty acids) as compared to 7 mM (c. 16%)
time, it was shown that sinigrin and glu-for the basal medium. This conversion was sig-
cotropaeolin were transformed quantitativelynjficantly affected when the pH was held at 5.8
into aIIyIamlr_1e and benzylamlne, respectlvely.(22 mM or 38%) compared to the basal medium
The comparison of the kinetics of transforma-(g mM or 22%). L-Lactate alone led to similar
tion of sinigrin and glucotropaeolin with and regyts (19 mM or 32%), indicating that the con-
without glucose clearly showed that the presyersion does not depend on the form of lactate
ence of glucose did not modify either the naturey eqent Conversely, butyrate concentration var-
of the metabolites or the rate of transformatio ed according to the origin of the flora (10, 22

of the glucosinolates (complete degradation Withi'}and 24 mM using 3 different donors), which rep-

30h). The main end-products of the glucose Moke e niaq 23 to 43% consumption of the initial

ety of glucosinolates were characteristic of anaer- ) Y

obic carbon metabolism in the digestive traclgxﬁgfee,sissﬁ]hoﬁl?ﬂlk?)eyhc;\(/:ehg:?evr\:l?git[ﬁ;?g?jcttgt&ter-

(acetate, lactate, ethanol, propionate, formate al ine the mgtabolic link between lactate and

butyrate) and similar to those released from fre tvrate in th f tati Despite thi

glucose. This work represents the first applica- utyrate in these termentations. Despite tnis
demonstrated utilisation of lactate, no change

tion of IH NMR spectroscopy to the study of . 3
xenobiotic metabolism by the human digestivewas observed in the total number of lactate-using

microflora, demonstrating allyl- and benzylaminebacterla in continuous culture. However, cul-
production from glucosinolates. Whether thesdures of these bacteria will probably enable the
cosinolates remains to be established. This woul@utyrate-producing bacteria.

reduce the availability of other glucosinolate

metabolites, notably cancer protective isothio-

cyanates. (Combourieu B., et al., Drug Metab

Dispos. 29 (2001) 1440—1445). 0-23The growth promoting mode of action

of flavomycin in ruminants. J.E. Edwards, R.J.
Wallace, N.R. McEwan (Rowett Research Insti-
tute, Bucksburn, Aberdeen AB21 9SB, UK)
0O-22 Butyrate production from lactate by

human colonic microflora. C. Bourriaud, ] o o
S. Akok®, S. Goupr§, R. Robin§, C. Cherbit ~ The growth promoting phosphoglycolipid antibi-
C. MicheP (*UFDNH - INRA, B.P. 71627, otic, flavomycin, has a different and narrower
44316 Nantes cedex 03, Fran®geAIEM, Uni-  ruminal antibacterial spectrum compared to
versité de Nantes, B.P. 92208, 2 rue de |the well-characterised ionophore antibiotics.
Houssiniére, 44322 Nantes cedex 03, Francd’revious in vitro work showed th&usobac-
CENV, UNA, Route de Gachet BP 40706, 44307terium necrophorurand some hyper-ammonia
Nantes cedex 03, France) producing (HAP) bacteria are sensitive to
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pharmacological concentrations of flavomycin.Sapindus saponarifuits. A. pintoiandC. argen-
This communication describes an experimenteaincreased bacteria counts aAdpintoi
which looks at the effect that the antibiotic has onincreased protozoa counts. Both legumes
these bacterial populations in vivo. Four adultenhanced organic matter and fibre degradation.
cannulated sheep, on a hay-concentrate di€. calothyrsuiad no effect on microbial counts
received 250 mg Flavomydifper day for a and reduced organic matter and fibre degrada-
period of 2 weeks. Rumen digesta was collectetion. Methane release was increase€bgrgen-
at 0 and 2 weeks; rumen VFA and Nedncen-  teaandA. pintoito almost 3- and 4-fold levels,
trations and microflora were assessed. The convhereasC. calothyrsuseduced methane release
centration of ruminal NEidecreased by 14% by 50%.S. saponariaeduced methanogenesis
(P < 0.001) and a significant ten-fold drop in theby 11% on average. Interactions between addition
viable counts of HAP bacteria was observedof legumes ands. saponariavere mostly
Viable counts of. necrophorumthe main aeti- insignificant, except in protozoa counts (reduced
ological agent of liver abscess, also decreasedith S. saponariaonly in the diet containing
significantly in response to dietary flavomycin. A. pinto). Our results suggest that methanogen-
Ruminal pH and VFA analysis showed no€sis can be reduced wigh saponarian unim-
responses that would contribute to a growth proproved and improved forage-based tropical diets
motion mechanism. The decrease in rumina@nd that tannins present@ calothyrsuscould
NH,, through direct action on the HAP bacterialbe associated with methane reduction. The higher
population by flavomycin, may result in more methane amount with high-quality legumes prob-
efficient utilisation of feed. Suppression of rumi- ably will be counterbalanced by a correspond-
nal F. necrophorunby dietary flavomycin would ~ ingly higher animal productivity.
be considered beneficial, as ruminal wall attach-
ment and invasion is likely to be minimised. A
corresponding mechanism may occur in non©-25Megasphaera elsdeniCM1772T regu-
ruminant species that also show a beneficiahtes hyper lactate production in the rat large
response to dietary flavomycin. intestine. K. Ushid&, K. Hashizumg T.
Tsukahar&b, K. Yamad§, K. Koyam& (2Kyoto
Prefectural University, Shimogamo, Kyoto 606-
O-24Effect of tropical forage legumes and the 8522, Japan? KYODOKEN Institute, Shi-
addition of Sapindus saponarimn rumen  Moitabashi, Kyoto 612-8073, Japédifujisawa
fermentation and methane release in vitro. Pharmaceutical, Tokodai, Tsukuba 300-2698,
H.D. Hes§, L.M. Monsalvé®, C.E. Lascany Japan)
J.E. Carull§ T.E. Dia#, M. Kreuzef (2Insti-
tute of Animal Sciences, ETH-Zurich, ETH-Zen- Hyper lactate production in the large intestine is
trum/LFW, 8092 Zurich, Switzerland;CIAT,  often related to disorders of the intestine such as
Cali, Colombia;® National University, Bogotd, inflammatory bowel diseases, dyspepsia and
Colombia;® Corpoica, Bogota, Colombia) antibiotic associated diarrhoea. Lactate is an
intermediate product in the colonic fermenta-
Ruminants of low productivity held in the trop- tion, which is converted to SCFA under normal
ics and subtropics contribute significantly toconditionsMegasphaera elsdens able to con-
global methane emissions. Feeding strategies &gt lactate to butyrate, a physiologically impor-
improve animal productivity include the dietary tant SCFA for colonic epithelial cells. In this
supplementation with forage legumes andexperiment, we introduced. elsdeniiorally into
saponin-containing feeds. The effect of sucirats to control experimentally induced high lac-
strategies on methane release are unknown. Irtig fermentations. Fifteen SD male rats (6 wks
Rumen-Simulation Technique (Rusitec) experi-old, SPF, Japan Sic) were used. The rats received
ment a basal diet @rachiaria dictyoneura a semi-purified diet supplemented with 10%
was tested either without legume or with 33%fructo-oligosaccharide. Faeces were collected
(dry matter basis) of one tropical forage legumdrom the rectum at 17:00 and immediately
of contrasting quality each, i.eCalliandra  analysed for organic acids by HPLC. Rats with
calothyrsus(low quality), Cratylia argentea faecal lactate concentrations higher than
(medium) andArachis pintoi(high). All diets 30 mmolkg ! were divided into two groups of
were evaluated with and without the addition ofwhich one (5 rats) was orally doskd elsdenii
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jcMm1773 (1.4x 103 CFU) at 10:00 for 3 days. P< O.lQ), but differences were mostly causc_ed
The remainder (7 rats) were treated with saliné?y the higher level of FA. Despite the E"gh varl-
After 3 days rats were slaughtered under th&bility, amylolytic concentration (£ay™) was
general anaesthesia and ceacal contents wepigher with CT (31.2) than BC (9.P,< 0.05)
collected. Faecal lactate started to decrease 7ad control (6.82 < 0.10).

after the first dose ofl. elsdenii(37.3 vs.

61.5 mmokgY) and significantly decreased after

2 doses. The decrease in faecal lactate was .

reflected in an increase in butyrate concentrat 79 Effects of the intake of condensed tan-
tion. The dry matter content of faeces was alsgins On the fermentative activity of sheep

higher inM. elsdeniitreated rats. Using com- fumen liquid. H. Ammar, S. L6pez, M.L.
pgtitive PCR. % 10° M. eIsdeniiCFU-g—lg\JNere Tejido, J.S. Gonzalez, M.J. Ranilla (Department
recovered from the caecum of treated rats, ~ ©f Produccion Animal, Universidad de Leon,

24071 Ledn, Spain)

Some ruminants (feral goats) can tolerate much
higher dietary levels of tannins than other ani-
mals, possibly owing to the presence of rumen
microbial populations that are resistant to these
compounds. Tannin-tolerant bacteria have been
isolated from the gastrointestinal tracts of ani-
als consuming high tannin diets. The numbers
f tannin-tolerant bacteria can be increased by
feeding the animals with tannin containing plants,
and therefore can be considered an adaptive
response of the microbial population. The aim
A basal diet with no additives (control) or with of this work was to study the medium-term
different levels of chlortetracycline (CT; 0.2, effects of the intake of quebracho condensed tan-
0.4 and 0.8 g™, bacitracin (BC; 0.05, 0.1 and nins on fermentative activity in the rumen of
0.2 gkg™) and fumaric acid (FA; 5 and sheep. Eight Merino rumen-cannulated sheep fed
10 gkg™) were given to growing New Zealand chopped alfalfa hay were used. Four sheep were
male rabbits (8 animals/diet). Digestibility trials given alfalfa hay treated with 50 g quebrakbot
were carried out with urine collection for deter-DM for 60 days (group Q), whereas the other
mination of purine derivatives excretion. Fouranimals were always given untreated alfalfa hay
animals per treatment were then slaughtered arahd used as the control group (C). Differences
caecal metabolic parameters measured. Theie the fermentative activity were examined in
was no consistent trend for the levels of includeditro in batch cultures inoculated with rumen
additives in any parameter studied. Average netfluid obtained on day 60 from both groups of
tral detergent fibre digestibility was higher with sheep. In vitro dry matter digestibility (VD) and
BC (27.9%) than control (23.9%,< 0.10), CT gas production kinetics were determined for the
(24.2%;P < 0.05) and FA (23.4% < 0.01). foliage of indigenous shrub speci&sica aus-
There was no treatment effect over caecal contettalis, Cistus laurifolius, Quercus pyrenaica,
weight, pH or ammonia concentration, althoughCytisus scoparius and Rosa canink).most
the former tended(< 0.10) to be higher with CT cases IVD was higher when rumen fluid from Q
than BC (105 vs. 90 g). Urinary excretion ofsheep was used. For the same substrate, the inoc-
purine derivatives also increas€d< 0.05) with  ulation with rumen fluid from Q sheep resulted in
BC compared to CT or control (1.53, 1.22 anch greater extent of DM degradation, a higher gas
1.09 mmoid™), indicating a higher microbial production at 24 h of incubation and faster frac-
caecal population. However, this contrasted Withjonal gas production rates. The extent of this
total bacterial counts, that were hlgher with CTeffect was smaller when material with lower
than FA, BC and control (54.5 vs. 21.5, 19.2 andannin contents was incubate@. scoparius
20.3 x 10 g%, respectivelyP < 0.05). Average |eaves) In conclusion, rumen fluid from sheep
cellulolytic counts (1Bg™) were higher with  fed a diet supplemented with condensed tannins
FA (64.3) than CT (4.8 < 0.05) and BC (7.69; showed a higher fermentative activity, giving

P-78Effect of antibiotics or acidifiers in feed
on rabbit caecal population and metabolism
given maize or acorn/sorghum diet.L.
Abecig, M. Fondevil& J. Balcell§, A.
Belenguet, M. DecauX (2Departamento de Pro-
duccion Animal y Ciencia de los Alimentos, Uni-
versidad de Zaragoza, M. Servet 177, 5001
Zaragoza, Spaift:Cargill Animal Nutrition, Sant
Joan 193, Barcelona, Spain)
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rise to greater in vitro degradability of browseP-81Influence of fermentable carbohydrates
plant foliage. This could be due to the appearen fermentation in piglet GIT at weaning.A.
ance and proliferation of tannin-tolerant bacteriaAwati, B.A. Williams, M. Bosch, M.W.A.
species or to the induction of changes in the exiskerstegen (Animal Nutrition Group, Wageningen
ing bacteria to enhance their tolerance to theskastitute of Animal Sciences (WIAS), Wagenin-
phenolic compounds. gen, The Netherlands)

With increasing concern about antibiotic resis-
tance in bacteria, the search for an alternative to
the use of antibiotic growth promotors is of great
h - . interest, although the exact mechanisms of their
mixed micro-organisms frpm the sheep action are still unclear. Sudden weaning results in
rumen. C. Atasoglu, A.Y. Guliye, R.J. Wallace gq o s stress for young animals, which can pre-
(Rowett Research Institute, Bucksburn, AberdeeaiSpose them to a variety of health problems
AB21 9SB, UK) ranging from diarrhoea to sudden death. By addi-
tion of fermentable carbohydrates to the diet, our

Two main approaches have been taken prevpim Wa-s to alter the pattern Of GIT _fel’mentation

ously to identify key amino acids for rumen fer-in the piglet, and thereby improve piglet health at
mentation. The first involved supplementationWeaning. An in vivo study was conducted, to test

with single or groups of amino acids, which failedtWo diets: one containing added fermentable car-
to identify key amino acids. The other usedPohydrates (FER), and a control (CON) — neither
labelling methods which identified proline, cpntalned antlb_lotlcs nor added copper. Thirty-six

glycine, valine and threonine as amino aciddiglets from 4 Iltters_ were We_aned at 4 weeks of
whose biosynthesis was most sensitive to repreélge (no creep fegdlng), and introduced to one of
sion by added amino acids. Supplementatiof’® two diets. Piglets were slaughtered on 1st,
with these amino acids, however, failed to repli-#th and 10th day of each period. Digesta sam-
cate the stimulatory effect of a mixture of aminoP!€S were collected from the first and second

acids. Here we report the results of a thimhalves of the small intestine, caecum and colon.

approach, in which individual amino acids were h€ dry matter, VFA profile, ammonia, lactic

deleted from a complete amino acids mixture®nd formic acids were analyzed at all locations
and their effects of the deletion on fermentatiori®f @/l animals. Feed intake and growth were also

were determined. Rumen samples were take easured per animal, and feed conversion ratio
before feeding from four rumen-fistulated adultca/culated. This study was carried out in triplicate.
9 - -H’he FER diet led to a shift in VFA production,

. : v ticularly in the ratio between the straight-
buffer (1:2). Gas, VFA and microbial yields from P2 . h
a mixture of soluble starch, cellobiose and xylosé:ham Versus branched-qhaln VFA. The FER diet
were measured, in the presence ofydione, a also led to I(_ess ammonia present in the dlge_sta
mixture of all 20 amino acids (0.28.g each), compared with the CON diet. There was no sig-

or mixtures with single amino acids omitted. Thenlflcant dlf_ference in production performance
complete amino acids mixture increased fer-bEtWeen dietary groups.
mentation rate by 10.3% 6 h after feeding. The

deletion of phenylalanine and leucine decreased

fermentation rate most, while deleting eight otheP-82The effect of dietary fermentable carbo-
amino acids individually also decreasBa(0.05) hydrates on microbial activity within piglet

the initial fermentation rate. Removal of leucinefaeces, studied in vitroA. Awati, B.A. Williams,
caused a 28% decrea$e=0.03) in the stimu- M. Bosch, M.W.A. Verstegen (Animal Nutrition
lation of growth yield but no other deletion Group, Wageningen Institute of Animal Sciences
affected yield significantly® > 0.05). Thus, the (WIAS), Wageningen, The Netherlands)

deletion approach confirmed that no single amino

acid limits ruminal fermentation, and identified Prebiotics are substances added to diets, which
phenylalanine, leucine and serine as key aminwill lead to shifts in GIT microbial activity which
acids limiting fermentation rate and/or efficiencywill be favourable to host health. However, most
with soluble, rapidly degraded materials asstudies reported seem to focus on the counts
energy substrates. of certain specific microbial species, without

P-80A deletion approach to assess the amino
requirements for optimum fermentation by
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actually considering microbial activity of the Tannin-degrading microorganisms occur widely
whole population. The in vitro cumulative gasin nature and some animals harbour tannin-
production technique can be used to assess micrdegrading microorganisms, possibly as an adap-
bial activity of a complex population, in relation tive response to dieStreptococcus caprinus
to fermentation of a particular energy source. Ar(gallolyticus)decarboxylates gallic acid to pyro-
in vivo study was conducted, to test twogallol and is resistant in vitro to at least 7% w/v
diets: one containing added fermentable carbdannic acid and 4% w/v Acacia condensed tannin.
hydrates — including sugarbeet pulp (SBP)nitiation of logarithmic growth of. caprinus
and wheat starch (WST) (FER), and a controis tannin concentration-dependent. Extracellular
(CON) — neither contained antibiotics nor addegolysaccharide (EPS) is also produced in
copper. Twenty-four piglets selected from 12 lit-response to tannins, although EPS by itself is not
ters (2/litter) were weaned at 4 weeks of age (nprotective against tanninSelenomonas rumi-
creep feeding), and introduced to one of twanantiumK2 synthesises a tannin-inducible tannin
diets. After 9 days on the diets, faecal sampleacylhydrolase (tannase) which is active against
were collected from selected animals, and testesimple and complex gallo-tannins. Tannins also
for their activity in terms of gas production kinet- inhibit nutrient digestion and uptake in the abo-
ics, and end-products such as VFA, ammonianasum and small intestine of ruminants. Alkaline
and DM disappearance of the two test substratggosphatase and aminopeptidase-N activities are
SBP and WST. Faeces from piglets fed the FEReduced and intestinal microvilli appear fragile.
diet had a more rapid fermentation and a tenThe protein-complexing action of tannins may
dency to more total gas for both substrates, contrave both beneficial and harmful effects on gas-
pared with the faeces from piglets fed the contralrointestinal function and microbial interactions
diet This suggests an adaptation of the GITin the gut.

microflora to components present within the

digesta (prebiotics). It was concluded that the

addition of fermentable carbohydrates to the diefp_g4 effect of Saccharomyces cerevisiae
can lead to a change in the GIT microbial activity sNeM 1-1077 on protein and peptide degrad-

ing activities of some rumen bacteria grown in

vitro. F. Chaucheyras-Durafd, G. Fonty,
P-83Effect of tannins and other secondary ~S. Masséglia® (3Lallemand Animal Nutrition,
plant products on microbial populations and 42 av. du Général de Croutte, BP 1021, 31023
gut function. J.D. Brooke®, S. Rakhmarij  Toulouse cedex 1, FrandgJnité de Microbi-
L. O’Donovart, D.O. Krausk(@Animal Science ologie, INRA CR Clermont-Ferrand/Theix,
Department, Adelaide University, Roseworthy63122 Saint-Genés-Champanelle, France)
Campus, South Australia 5371, Australia;
PCSIRO Livestock Industries, Long Pocket Lab-|n ruminants, the utilization of dietary nitrogen is
oratory, Indooroopilly, Brisbane 4068, Austrlia often inefficient because most of the proteins

ingested by the animal are rapidly degraded by
Forage tannins reduce nutritive value througiumen microorganisms (mainly bacteria and pro-
reduced palatability and inhibitory effects ontozoa) which convert these proteins into pep-
intestinal functions. This includes effects ontides, amino acids and ammonia. Although a part
microbial populations as well as structure/func-0f ammonia is re-utilised as a nitrogen source
tion interactions in the gut. Cellulolytic bacteria by several bacterial species, and a part is recycled
appear to be inhibited to a greater extent thahy the animal, an important fraction of the ammo-
proteolytic organisms or ruminal fungi, possi-nia produced in the rumen is excreted and rep-
bly due to inhibition of attachment mechanismsresents a nitrogen loss for the animal and an envi-
The effect of tannins and essential oils orronmental pollutant. We investigated the potential
pathogen colonisation in the Gl tract is currentlyof the additiveSaccharomyces cerevisi@dCM
being investigated. HPLC and LC-MS analysis of-1077, on protein and peptide degrading
plant tannins demonstrates complex patterns thattivities of proteolytic rumen bacteriBre-
differ between species, and even between accegotella albensi$1384, Streptococcus bovisSM
sions of the same species; polymeric proanthd20480 andutyrivibrio fibrisolvensDSM 1374
cyanidins correlate with protein binding activ- grown in vitro. Alive or heat-killed yeast cells
ity and dry matter digestibility by ruminants. were added to bacterial cultures at two different
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concentrations in a complex casein-glucosacetogenic population and induced an important
medium. After a 24 hour-incubation at 39 °Cdecrease in total gas excreted @id H, + CH,)
under Q-free CQ, proteinase and peptidase by animals. In conclusioRR. hydrogenotrophicus
activities were determined in the absence or in thehowed great ability to utilize Jproduced during
presence of yeasts. Proteinase activities werthe fermentative process. This acetogen was also
also detected after SDS-PAGE in gelatin-copolyable to survive through the upper digestive tract
merized gels. Results showed that lvecere- and remained active in the colon. Thereféte,
visiael-1077 limited proteinase activity. Bacte- hydrogenotrophicusppears as a potential pro-
rial peptidase activities were also reduced; théiotic that could be used to decrease colonic gas
mechanism implicated seemed to be different tproduction and alleviate digestive troubles asso-
that for proteinase activity, since live as well asiated with dietary fibre fermentation.

dead yeast cells had the same effect. The factors

responsible for such effects are currently under

Investigation. P-86 Efficacy of siesta grazing to improve

rumen microbial growth. V. Fieve?Z,
C. DragomiP, B. Vlaeminclk, D. Demeye#
P-85Potential health benefit of H-consum-  (*Department of Animal Production, Ghent Uni-
ing acetogenic bacteria from the human colon:  Versity, Belgium® Department of Animal Nutri-
new nutritional strategy targeting digestive  tion, |.B.N.A.-Balotesti, Romania)
troubles associated with gas production.

C. Del'Hommé, A. Yazo_url*?, S. Rapo‘t, Common dietary strategies may induce periods of
A. Bernalier-Donadillé (*Unité de Microbiolo-  seyere rumen N/energy imbalance. Siesta grazing
gie. INRA Clermont-Ferrand/Theix, France; _ gjiowing limited grazing with an intermediate
Digestar, Biopdle Clermont Ferrand-leagne,period indoors (e.g. 1 p.m. to 7 p.m.) — intended
France) to improve rumen N utilisation through a more
even distribution of high and low protein feeds.
During two consecutive 2-week-periods, tradi-
tional (T) and siesta (S) grazing were compared
based on feed, milk and spot urine samples, taken
rom 30 dairy cows on a private farm. The main
responsible for digestive troubles that often Igaﬁaﬂiog;rgs ((SQWSMSBgz'rSgeO;S;ﬁ%? 1(2;5')5 ‘greariﬁ
|n_d|V|duaIs to eliminate dietary f_|bre from the_lr distiller silage (12%’) and a protein mixture 69%)
diet. Hydrogen, one of the main fermentative :

gases, is partly excreted but the main pathwa%‘idfspz%e; gcﬂtgrltsl gﬁg)ﬁ%&f St'\&/llbl\z r?;éz \SNefe

of H, disposal remains its utilization by,tdon-
suming microorganisms. Among the threethose for fresh grass were 211 + 26 (T) and

hydrogenotrophic mechanisms existing in thet88 £ 15 (S) gg* DM. Milk production did
human colon, reductive acetogenesis is of pafiOt differ between the two grazing sStrategies
ticular interest since acetate formed from CO [29'1 6.6 (T)vs. 26.2 7.2 (S) kpw™-day™,
reduction by H, is non-gaseous and an energy! = 120]. The slight decrease £ 0.05) in allan-
source for eukaryotic cells. The objective of ourti" creatinin ratios in spot urine samples during
work was to investigate the ability Buminococ-  S1esta grazing [3.2 £ 0.8 (0,= 81) vs. 2.9£0.8
cus hydrogenotrophicuan H-utilizing acetogen  (S:n=53) mmolmmor] suggests no improve-
isolated in our lab, to re-utilize fproduced Ment of rumen microbial growth, probably
during fermentation of dietary fibre. In vitro, because the CPC of the stable diets did not cause
R. hydrogenotrophicygould efficiently re-uti- & severe N limitation for rumen microbial growth
lize H, produced from cellulose fermentation by ©r the slow energy release from maize silage.
cellulolytic isolates. This ktransfer induced a_Higher < 0.01) milk urea concentrations [253
metabolic shift via acetate in some cellulolytict 49 (T) vs. 302 £ 8 (S) mg~%, n = 120] even
strains, which was associated with an enhancesuggest a reduced efficiency of rumen N utili-
ment of cellulolysis. In vivo, the daily ingestion sation, but also might indicate an increased inges-
of R. hydrogenotrophicuby human-flora tion of fresh grass during siesta grazing, as
associated rats led to an increase in the faecadported in recent Dutch research. The research

In humans, the potential health benefit of fer
mentation of dietary fibres in the colon is now
well recognized. However, gas production asso
ciated with this fermentative process can b
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has been supported by a grant from the BelgiaRrebiotics are commonly used in commercial
Federal Office for Scientific, Technical and Cul-dog and cat foods. The aim of the present exper-
tural Affairs and the Flemish Administration for iment was to evaluate the addition of fructo-
Agriculture and Horticulture. (FOS), isomalto-oligosaccharides (IMO) and
resistant starch (RS) to a commercial diet on fae-
cal odour components (ammonia angBiin
. . . L dogs and cats. Fifteen cats were supplemented
P-S?Mlcroblal caecal fermgntatlye act|V|ty.|n with 0 or 3% FOS, 3% IMO or 3% RS in 2 peri-
Iberian or Landrace pigs given maize oqs The faeces and urine were collected during
or acorn/sorghum diets. M. Fondevil& 55 gay collection period. Food and water intake
J. Morale§, J.F. Pérez J. Gas(Departamento 4 well as faecal and urine production and faecal
de Produccion Animal y Ciencia de los Alimen-consistency were noted daily but did not differ
tos, Universidad de Zaragoza, M. Servet 177sjgnificantly. All faeces were collected daily and
50013 Zaragoza, SpaDepartament de Cién- stored at —18 °C. The faeces were defrosted and
cia Animal y dels Aliments, Universitat stored in air closed erlenmeyers. The faeces were
Auténoma de Barcelona, 08193 Bellaterra, Spainhcubated for 48 hours at room temperatugS H
and NH, concentrations were measured in the

The caecal contents of Iberian (IB) pigs, a fafieadspace but did not differ significantly between
breed produced in extensive conditions, and Larfhe treatments. The same protocol was used in
drace (LD) p|gs given maize (MZ) or acorn/ dOgS in a Z 4 Latin Square deSIgn. Fresh faecal
sorghum (AS) based diets from 88 to 133 k amples were collected and stored at —18 °C.
were obtained after slaughter and studied in dhe same method for the measurement of fae-
2 x 2 factorial design (6 animals per treatment)cal odour was used but an anaerobic environ-
Microbial concentration, estimated as mmolment was simulated by flushing with,NThe
purine baseg~! DM, was lower in IB than LD faeces were |nc_:ubated for 48 hou_rs at 38 °C. This
(26.3 vs. 42.0P < 0.001). Guanine:adenine ratio Was done to slmulate the cqlonlc environment,
(1.48 vs. 1.32P < 0.01) might suggest differ- and to maximise the production of faecal odour.
ences in the type of population. Although not,NO S|gn|f|(;ant differences were npted for water
statistically significant, total enzymatic activi- INtake, urine and faecal production and faecal
ties against polysaccharides in IB were 34 t@H. Fecal consistency was normal in all supple-
49% larger than LD. Besides, bacterial activi-Mented groups although there was a trend for
ties (per unit of purine bases) against CMC an lightly higher faecal moisture content in the
starch were higher in IB than LD (11.0 vs. 6.47OS group R = 0.065). In contrast with the
and 26.8 vs. 11.92 < 0.01). There were no dif- experiment in cats, the ammonium concentra-
ferences in total volatile fatty acid concentration ioNS were below detection limit (< 0.2 ppm) in
but propionate and butyrate proportions wer?” faecal samples. There were no significant dif-
higher and lower, respectively, in IB (27.5 vs./erences between the 4 supplemented groups
22.9 and 9.9 vs. 12.2,< 0.05). The fast transit concerning BS concentration.
time in IB may tend to negate the benefit from the
higher bacterial enzymatic activity, and thus min-
imise differences between breeds. Regarding§-89Methane release from feeds characterised
diets, the resistance of acorn starch gives a largby different carbohydrates as measured with
starch arrival to the caecum, promoting a mordRusitec. |.K. Hindrichserd, H.-R. Wettsteid,
butyric fermentation (9.1 vs. 13.1 with MZ and A. Machmiille?, C.R. Soliv& J. Madse® M.
AS; P < 0.001). A trend for a lower bacterial Kreuze# (3Institute of Animal Sciences, ETH-
activity with AS P = 0.06) may be associated Zurich, ETH-Zentrum/LFW, 8092 Zurich,
with its tannin content. Switzerland®? Royal Veterinary and Agricultural
University, 1870 Copenhagen, Denmark)

P-88The effect of oligosaccharides and resis- Although dietary carbohydrates make a particu-
tant starch in cat and dog rations on faecal lar contribution to methanogenesis in ruminants,
NH, and H,S emission.M. Hesta, G.P.J. a wide range of carbohydrates has not yet been
Janssens, J. Debraekeleer, R. De Wilde (Lab@xamined in detail with respect to their methane
ratory of Animal Nutrition, Ghent University, production potential. Therefore, this study inves-
Belgium) tigated effects of feeds characterised by
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different carbohydrates (lignified and non-ligni- pantropical treéMoringa oleiferamay have a
fied cellulose, pectin, hemicellulose, galac-similar potential to increase the efficiency of pro-
tomannan, inulin, saccharose and starch) on rumesin utilization in high yielding cattle, without
fermentation, particularly on methane releasethe negative side effects. The efficacy of the new
Eight isoenergetic and isonitrogenous diets witlsubstance, which is neither a tannin nor a saponin,
forage (maize silage, grass silage, hay) and convas clearly demonstrated in an in vitro system.
centrate in a ratio of 1:1 were examined withThe Moringa extract modulated ruminal fer-
Rusitec. The concentrates differed by the inclusiomentation in a selective manner. It strongly
of either oat hulls (50%), soybean hulls (70%) delayed protein degradation by rumen microbes,
apple pulp (54%), beet pulp (61%), guar gumand at the same time only moderately inhibited
(51%), Jerusalem artichoke (68%), beet molasseRe fermentation of carbohydrates. The inhibi-
(18%) or wheat (46%). Bacteria counts were sigtion of protein fermentation was specific in the
nificantly higher with the guar gum and the sense that a model protein (BSA), the major pro-
Jerusalem artichoke diets than with the apple pulgein of fresh forage (Rubisco), and a number of
and oat hull diets, while effects on protozoa countsoy proteins were affected, but casein was not.
were not significant. NDF degradation was high-Also, the extent of inhibition depended on the
est with guar gum, but total VFA concentrationunderlying carbohydrate source. All of the
was significantly lower compared to Jerusalenpbserved effects were dosage dependent. Three
artichoke. Methane release (mmudy™) varieties oMoringaof different geographic ori-
increased in the order of inclusion of oat hullgjn were tested and the active principle was pre-
(5.5), wheat (7.5), guar gum (7.5), soybean hulsent in all of them. Current work tries to iden-

(7.9), beet pulp (8.4), apple pulp (8.5), Jerusalemfy the active compound and isolate it from the
artichoke (9.7) and molasses (10.3), with methangryde extract.

from molasses treatment being significantly

higher than with oat hulls, wheat and guar gum.

Accordingly, compared to wheat, some feeds ) . )

with easily-fermentable carbohydrates (guar gumf-91Are ruminal bacteria protected against

do not enhance methane production while othei@nVironmental stress by plant antioxidants?
(molasses, Jerusalem artichoke) do so. Therdk: Holovsk&, V. Lenértovd, K. Holovska®,
fore equations available for the calculation ofP: Pristas, P. Javorsky(?Institute of Animal
methane release seem to be oversimplified wheRhysiology, Slovak Academy of Sciences, 04001

only cellulose and hemicellulose contents ardo3ice, Slovakia” Department of Chemistry,
considered. Biochemistry and Biophysics, University of Vet-

erinary medicine, 041 81 Kae, Slovakia)

Ruminants can be exposed to the toxic concen-
trations of different environmental pollutants,
; L including heavy metals, by consumption of con-
microbes in viiro. E.M. Hoffmann, S. Muetzel, taminated feed and water. These toxic substances

K. Becker (University of Hohenheim, Inst. for g : Ny
Animal Proéuction in %/he Tropics and Subtropics,can be inhibitory to both the fermentative activity

Dept. for Animal Nutrition and Aquaculture and grov_vth O.f the microbes, thereby changing
7059:,3 Stuttgart, Germany) ' the physiological steady-state of rumen fermen-

tation. The consumed xenobiotics also contribute

to enhancing of free oxyradicals content, which
Feeding ruminants in intensive production syscould generate the oxidative stress of ruminal
tems, especially for dairy production, requiresmicrobes. The cells are usually protected against
the supply of a very high level of energy andthe environmental stress by activation of own
protein. Under such conditions various strateantioxidant enzymes as a superoxide dismutase
gies have been applied to delay ruminal proteifSOD), catalase (CAT), glutathione peroxidase
fermentation and supply bypass protein to thé GSHPx) and glutathione reductase GR), which
lower digestive tract. They were usually basedxterminate the toxic free radicals. In our previ-
on chemical treatments or antibiotics, and latelypus experiments we have detected a significant
have received considerable criticism. A naturalncrease of SOD activity in the ruminal strain
compound extracted from the seeds of thé&. bovis4/1 with different concentrations of

P-90An extract of Moringa oleiferaseeds mod-
ulates protein fermentation by rumen
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mercury. In the present study we have docuwere decreased, while cellulolytic and sulphate
mented the positive effect of nonenzyme antioxreducing bacteria remained unchanged by
idant substances (alpha tocopherol, beta carotertéR-CD. These results suggest that supplemen-
seleno-L-methionine) on the elimination of envi-tation of HR-CD could reduce methane produc-
ronmental stress, evoked by mercury, in rumition and improve energy utilization.

nal bacteriuns. bovist/1. We have observed a

significant decrease in the activity of SOD of

S. bovigl/1 in the presence of mercury (l1) chlo-

ride (5ug-mL~Y) and of potential plant antioxi- P-93In vitro study of isomerisation and bio-
dants, except melatonin, under anaerobic condhydrogenation of polyunsaturated fatty acids
tions in in vitro culture. The GSHPx activity of (PUFAS) in the rumen.J.-P. Jouany, B. Las-
S. bovigt/1 was not significantly changed undersalas (INRA-URH, Centre de Clermont-Theix,
the same cultivation conditions and a significan63122 St-Genés-Champanelle, France)
decrease of GSHPx activity was found only in

the presence of beta carotene. The role of defen . . L .
me(?hanisms in rumen bacteria against amioxi&eonj_ugated linoleic acm_is (CLAs), which are syn-
dants of plant origin requires further more com-hesised from PUFAS in the rumen, have attrac-
plete studies. tive biological properties. These.s_ubstances
undergo further hydrogenation giving trans-
monounsaturated acids (MUFAS), which are used

as precursors of CLAs in the mammary gland,
P-92Effect of dietary supplementation of and found as they are in edible animal products
Japanese horseradish on methane production, With negative consequences for consumers. We
rumen fermentation and digestibility in steers. ~ followed, in vitro, the kinetics of PUFA conver-

H. ItabasH, N. Mohamme®®, N. Ajisak&, z.A. ~ sion in the rumen from the polyunsaturated to
Lila® Koji Hara?, K. Mikuni®, Kozo Har&, the saturated state. Linseed oil was used as PUFA

S. Kand4 (3 Tokyo University of Agriculture source and represented 10% of the substrate [40%
and Technology, Fuchu-shi, Tokyo 183_8509,hay + 60% barley] in the incubators. Thirty-three
JapanP Bioresearch Corporation of Yokohama, percent of C18:3n-3 and 43% of C18:2n-6 dis-
1-1-1 Fukuura, Kanazawa-ku, Yokohama 230appeared during the first 5 h; only 1 and 7%
0004, Japan) remained at time 24 h. Total CLAs increased
regularly in time and reached a maximum at

Ruminal methane emissions have received atte? N (2.2% Total FAs). C9-t11, cis-cis, tll—t013
tion in vitro due to their contribution to global @nd trans-trans represented 55, 18, 1 and 1% of

warming. Many studies have been made té0tal CLAs respectively. Among MUFAS;
reduce methane production, however practicaf@ccenic acid increased at the same rate as CLAs
methods have not been established. In this papé¥hile C18:1n-9 decreased slightly with incuba-
we evaluated the effect of horseradish-cyclodextion time. Owing to hydrogenation of MUFAs,
trin (HR-CD) on ruminal methane, volatile fatty the proportion of C18:0 in total FAs rose in time.
acids and microbial populations in steers. FoufLA synthesis was a rather slow process when
Holstein steers were fed hay plus concentratirge amounts of linolenic acid were supplied in
diet (control diet), and then were fed a controthe incubators. The highest concentration was
diet plus HR-CD (2% of DM). Both periods reached at 24 h. Trans-vaccenic acid and stearic
lasted for 17 days. Methane production was detefCid increased also with time, confirming the
mined by head-cage chamber. Supplementaticsequencing process of biohydrogenation: PUFAs,
of HR-CD inhibited methane production by 21%,CLAs, MUFAs, SFAs. The proportion of the
increased ruminal propionate by 36%, andther SFAs, from C12:0 to C17:0, was not sig-
decreased acetate and ammonia. Ruminal praficantly changed during incubation. A similar
tozoa were unchanged. Digestibility of DM andcourse was noted in the metabolism of PUFAs
NDF were increased by HR-CD. The postpranwhen hay was used as substrate, but the rate of
dial blood glucose was increased and urea-N wdsiohydrogenation was slower. (The authors are
decreased indicating improved gluconeogenesisidebted to the European Community for finan-
and nitrogen utilization. Total viable count wascial support through the HEALTHY BEEF pro-
slightly increased and methanogenic bacterigect).
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P-94Gas pressure inside a rumen in vitro sys- Imam University Faculty of Agriculture Depart-
tem stimulates the use of hydrogen].-P. ment of Animal Science, Kahramanmaras,
Jouany, B. Lassalas (INRA-URH, Centre de Cler-Turkey)

mont-Theix, 63122 St-Genes-Champanelle,

France) The production of gas during fermentation has
been used as an indirect measure of substrate
Among the multitude of devices for in vitro cul- degradability, most commonly referred to as the
ture of rumen microbial ecosystem , some allowienke gas production technique. The aim of this
gases produced during fermentation to accumuwork was to study the effect of sample process-
late inside the incubators, while the gas pressuliag on gas production kinetics. Four maize silages
remains at a low level in other systems. We comwere ground to pass either a 1 or a 6 mm screen.
pared the end products of fermentation and estincubation were carried out for 2, 4, 7, 17, 24
mated the recovery rate of metabolic hydrogen imnd 48 hour. The gas production data were fitted
these two extreme conditions. (S+) incubatorso the equation y = A — B@'t. When maize
where gases were continuously collected irsilage samples were ground to pass through a
syringes fitted on the rubber cap of the bottlel mm screen there was no significaPt>(0.05)
and (S-) incubators in which gases accumulatedifference between maize silages in terms of gas
for 6 or 24 h, were supplied with either a lucerneproduction and estimated parameters whereas
hay (H) or a barley/lucerne hay (BH) substratethere was a significant difference € 0.001)
Animals used as donors were fed the sambetween silages in term of gas production and
diets. Methane production was significantlyestimated parameters when silage samples were
(P < 0.0001) stimulated, and the amount ofground to pass a 6 mm screen. It was concluded
hydrogen in the gas mixture was significantlythat sample processing has a significant effect
(P < 0.0001) decreased by gas pressure in (S9N the interpretation of results obtained from in
with both substrates (H) and (BH). More acetat&/Itro gas production measurements.
(P < 0.01) and propionatd>(< 0.05) were pro-
duced in (S-). As a consequence, more theoret-
ical hexoses were fermente@< 0.01) and pH  p_ggThe antioxidant enzyme activity of
was loweredR < 0.0001) in (S-). The 2H recov- 5 povis. V. Lenartov&, K. Holovsk&,
ery calculated as 109 [(2H accepted)/(2H k. Holovsk&, P. Javorsk§(@University of Vet-
released)], was markedly imprové®i{ 0.0001)  erinary Medicine, Koise, Slovakia? Institute

by gas accumulation in (S-): 81.9 £ 7.6 in (S+)of Animal Physiology, Slovak Academy of Sci-
vs. 103.7 £ 6.6 in (S-). These results are in lingnce, Kagce, Slovakia )

with the increase of the calculated 2H recovery

with incubation time (Demeyer, unpubllshedg_he first line of defence against reactive oxygen

data), and it could be argued that hydrogen i ies (ROS th ide di
more efficiently metabolised by rumen microbesSPeCies (ROS) are the enzymes superoxide dis-
utase (SOD) and glutathione peroxidase

uer e g phase ocated ahove the MlSiipy). e mestgated e presence of hese
. X o nzymes in the Gram-positive obligately anaer-
bators, thus increasing gas solubilisation. Whe bicybacteries. bovis 4/]20Iated fromgthe ?/umen
gaseous hydrogen is collected in a syringe, or 8f sheep. Electrophoretic studies confirmed a
bag, |mmgd|ately afte.r being produced durlngsingle band Mn-SOD that was not inhibited by
fermentatlon, meta_bollc _hydrogen could be IesIsiyanide or hydrogen peroxide. Paraquat increases
available for reaction with electron acceptors.  idative stress directly by generating oxygen

(The authors thank Pr D.l. Demeyer and Draicals. Therefore we tested whether paraquat

Veerle Fievez (Gent University, Belgium) for reqited in an alteration of SOD and GSHPx
their helpful contribution in the discussion of tivities under both aerobic and anaerobic
these resullts). growth conditions. Only 0.5 mM paraquat evoked
a significant increase of GSHPx activity and
1 mM paraquat a significant increase of SOD
P-95The effect of sample processing on gas activity as well, under aerobic conditions. All
production kinetics of four different maize  oxygen reactions generating ROS proceed
silages.A. Kamalak, M.S. Ekinci, Y. Gurbuz, through heavy metal catalysis. In the present
M. Karaman, E. Ozkose (Kahramanmaras Sutcstudy we have tested the influence of different
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concentrations (fig and 50ug-mL-1respec- POSition 400) together with a primer corre-
tively) of mercury, copper and chromium on sponding to the sense strand of an area around
SOD and GSHPX activities under both aerobid?0sition 200 of the gene in a number of mem-
and anaerobic growth conditions. A significantPers of theBacillus/Clostridiumcluster. On the
increase of SOD activity was observed only in thdoW, but not high, protein concentrate essential
presence of mercury. Copper and chromium sigO”S decreased both the number and diversity of
nificantly inhibited SOD activity. GSHPx activ- hyper-ammonia-producing” bacteria in the
ity, was significantly increased in the presence ofumen. This was associated with a decrease in
mercury and copper (Bg-mL~Y) under the aer- the rate of ammonia production from amino
obic growth conditions. The fact that differentacids. In conclusion essential oils inhibited
SOD and GSHPx induction evoked by mercuryammonia production from amino acids in a diet
copper and chromium supports the idea that thedependent manner. These effects were appar-
is no general mechanism of bacterial heavy metaintly mediated via the effects of essential oils
resistance and that enzymatic detoxification difon HAP bacteria in the rumen.

fers with the toxic heavy metal ion.

P-98Effect of essential oils on protein digestion
P-97Effect of essential oils on ammonia pro- in the rumen. N.R. McEwa#, R.C. Grahar
duction by rumen microbes.N.R. McEwad, ~R.J. Wallac& R. Los&, P. William$, C.J. New-
R.C. Graha®, R.J. Wallac2 R. Losd&, bold® (?Rowett Research Institute, Aberdeen,
P. Williams, C.J. Newbol#(®Rowett Research AB21 9SB, UK;PCRINA S.A., 15, Chemin de la
Institute, Aberdeen AB21 9SB, URCRINA Combe, Gland, 1196, SwitzerlantdAKZO
S.A., 15, Chemin de la Combe, Gland, 1196NOBEL Surface Chemistry Ltd., D2 The Court-
Switzerland: AKZO NOBEL Surface Chem- Yard, Alban Park, Hatfield Road, St Albans AL4
istry Ltd., D2 The Courtyard, Alban Park, Hat- OLA, UK)
field Road, St Albans AL4 OLA, UK)

Microbial fermentation in the rumen allows rumi-

Essential oils are the volatile oils obtained fromnants to utilise sources of energy not available
plants or from parts thereof by, for example o other animals. However, fermentation can also
steam distillation and/or water distillation. Theseb® wasteful if the rate of protein degradation
components are responsible for the characterigxceeds the rate at which liberated ammonia
tic aroma of spices. Recently, it was shown thaitrogen can be incorporated into microbial pro-
a commercial blend of essential oil compoundstein. The objective of this study was to investigate
essential oils, decreased rumen ammonia cofibe effect of a dietary additive based on essential
centrations in sheep. The aim of this study was t@il compounds, which is claimed to reduce the
investigate further the effects of essential oils oriate of protein breakdown in the rumen. Four
ammonia production in rumen fluid. Four rumen-rumen-cannulated sheep received a diet of grass
cannulated sheep received a diet of grass silagéage and concentrate (60:40). Treatments con-
and concentrate (60:40). Treatments consistegisted of a high or low protein concentrate plus or
of a high or low protein concentrate plus or minugninus essential oils (fed to supply 110 mg
essential oils (CRINA RUMINANTS, CRINA CRINA RUMINANTS, CRINA S.A. Switzer-
S.A. Switzerland, fed to supply 110 mg perland per sheep per day). Treatments were com-
sheep per day). Treatments were compared ingéred in a 4« 4 Latin square with 6 week periods.

4 x 4 Latin square with 6 week periods. Num-The in vitro degradability of peas, fishmeal, soy-
bers of hyper ammonia producing bacteria (HAPabean meal, sunflower and rapeseed meal in
in the rumen were determined by a most probarumen fluid withdrawn from the sheep was deter-
ble number technique based on the ability tanined using the inhibitor in vitro method
grow with trypticase as the sole energy sourcedescribed by Broderick. The same substrates
Diversity within the HAP was visualised basedwere incubated in nylon bags in the rumen for
on single strand conformational polymorphism4 h prior to microbes bound to substrates in the
(SCCP) using a fragment of the IEENA gene  bags being extracted using lysozyme and carbon
amplified with a primer recognising an area foundetrachloride and proteolytic activity being

in all bacterial small sub-unit genes (aroundneasured. Essential oils decreased the ruminal
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degradation of peas and rapeseed meal (mertminal microorganisms was inhibited signifi-
sured both in vitro and in vivo), but not othercantly P < 0.05) by AAC (29% inhibition) and
protein sources. The decrease in degradabilityenserazide (33%). These results suggest that
of peas and rape meal was associated with BPP inhibitors could improve nitrogen retention
decrease in the attachment and colonisation ny ruminants and have the potential to be devel-
these feeds by proteolytic microbes. It is sugoped as growth-promoting feed additives.
gested that essential oils decreased microbial
attachment to substrates in the rumen reducing
the rate of protein degradation in the rumen.
P-100Effect of gliotoxin, an Aspergillus fumi-
gatusmycotoxin, on rumen microbial fer-
P-99 Influence of dipeptidyl peptidase Mmentation in vitro. D.P. Morgavi, H. Boudra,
inhibitors on peptidase activity, growth and  D- Graviou, J.-P. Jouany, B. Michalet-Doreau
ammonia production by ruminal microor-  (INRA, Centre Clermont-Theix, Unité de
ganisms N. McKair®, H.R. Wang, R.J. Recherche sur les Herbivores, 63122 Saint-

Wallacé (2 Rowett Research Institute, Bucks- Geneés-Champanelle, France)
burn, Aberdeen AB21 9SB, UK;:Inner Mon-
golian Academy of Animal Science, Huhhot

Inner Mongolia, China) The mycotoxins present in poorly preserved

silage and hay have not received as much atten-
tion as those usually found in cereals. However,
spp. are important in catabolic peptidethey may affect ru_minant production and hee_llth

: as well as contaminate animal products destined

metabolism in the rumen. Potential inhibitors of : . .

. X - for the food industryAspergillus fumigatysone
DPPs were mves'ugated' fqr their effects on th%f the predominant species isolated from molded
growth and catabolic activity of pure and mixed

cultures of ruminal microorganisms, in order topreserved forages can produce several toxic

assess their possible usefulness as protein-sp _etabc;!ne;, 'ntf.luld'n% gliotoxin. Gliotoxin, which
ing feed additives. Four inhibitors, Gly-Phe dia-"a> &nHUMICrobIal and IMMUNOSUPPIESSIVE prop-

zomethyl ketone (GPD), Ala-Ala chloromethy erties, plays an important role in the develop-
ketone (AAC) benseraz}de (DL-serine 2-(2,3 4.ment of aspergillosis. It has also been linked to a

trihydroxybenzyl)-hydrazide) and diprotin A (lle- case .Of feed intoxicatip n in camels. Up t.o dqte
Pro-lle) were used in this study. These Cc)m;here is no report describing the effect of gliotoxin
ppON rumen microbial fermentation. A completely

pounds were found previously to inhibit DPP . ) ; .
activities ofPrevotellaspp. GPD and AAC randomized study was carried out to investigate

were inhibitory to DPP-1, benserazide inhibitedthe ffects of gliotoxin on rumen fermentation
DPP-II-like activity, and diprotin A inhibited N Vitro. Ethanol solutions of gliotoxin (0.25 mL)
DPP-1V. The only effect of the inhibitors on Were applied to 0.5 g alfalfa hay contained in
growth of 18 species of ruminal bacteria in avials and the ethanol allowed to evaporate at
complete ruminal fluid-containing medium (M2) foom temperature. Fermentations were done
was a 26% decrease by benserazide Miggas-  Using six vials per treatment and were replicated
phaera elsdeniiln contrast, growth d®. alben- in time. Each vial contained 40 ml of rumen
sisM384, which has an auxotrophic requiremenfuffer and 10 ml rumen fluid and they were incu-
for methionine, was inhibited by GPD in PittmanbPated for up to 24 h at 39 °C. Rumen fluid was
and Bryant defined medium (PR) when methio-Obtained from three forage-fed wethers, prior to
nine was supplied in Trypticase or the peptidéeeding. Final concentrations of gliotoxin were
AlagMet but not when methionine was supplied0.1, 0.05, 0.01, 0.001, anci@-mL"". Gas pro-

as the free amino acid. Benserazide waguction, volatile fatty acids, and dry matter diges-
inhibitory in all three PR media, while diprotin A tion were used to monitor microbial activity.
and AAC had no effect. The inhibitors had noGliotoxin did not negatively affecP(> 0.05)
significant effect on protozoa as determined bymicrobial fermentation of alfalfa hay in vitro
their influence on the rate of breakdown of radi-under the conditions studied. The fate of this
olabelledSelenomonas ruminantium vitro.  toxic fungal metabolite in the rumen and animal
Ammonia production from casein by mixed tissues after ingestion remains to be investigated.

The dipeptidyl peptidases (DPPs)Rykevotella
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P-101The effect of tyrosine supplementation metabolite that could not be identified up to now.
on the production ofp-cresol by monocultures  Hence, the advantageous effect of probiotic lac-
of the gut microflora during in vitro batch  tobacilli will exist in the increase of biomass at
fermentations. P. Neysen% B. Degeest®,  the cost of undesirable gut bacteria and at the
W. Vansielegher® B. Pof®, L. De Vuyst  same time in favour of removal of toxic com-
(*Research Group of Industrial Microbiology, pounds via the feces.

Fermentation Technology and Downstream

Processing (IMDO), Department of Applied Bio-
logical Sciences, Vrije Universiteit Brussel,
1050 Brussels, BelgiurR:Yakult Belgium N.V.,

1070 Brussels, Belgium) P-102Propionate uptake by rumen micro-

organisms.P. Noziére, S. Gachon, C. Martin,

) ) ) ) M. Doreau (URH, INRA, Theix, 63122, France)
The intestinal microflora plays an important role

in the metabolism of both carbohydrates and pro-

teins. In the colon carbohydrates are mainly conRuminal infusions of volatile fatty acids (VFA)
verted into short chain fatty acids. Proteins resulare widely used to investigate their production
by putrefaction in the formation of potentially rate and metabolism during absorption. We
toxic compounds such as ammonia, amines, meassessed if short- and long-term ruminal infu-
captans, and phenol derivatives. All thesesion of propionate may induce uptake of this
metabolites play an important role in the patho¥/FA into rumen microbes. Four ruminally can-
physiology of the colon. The quality and quantitynulated sheep were fed 1000 g hay in 8 rals

of these metabolites derived from bacterialrreatments consisted of no infusion (C), ruminal
metabolism are dependent on the characteristigsfusion of propionate (86-g~2) for 1 (P1) and

of the gut flora, the transit time through the colon7 ¢ (P7), and of salts for 7 d (S7), in a4 Latin
and the availability of essential nutrients. Forsquare design. The infusion of propionate
instance, the toxic molecytecresol is formed as jncreased its ruminal molar proportion from 19
the end-product of tyrosine metabolism by SOM@C. S7) to 32% (P1, P7). Ruminal pH, osmolal-
intestinal anaerobic bacteria. It binds strongly tQty, amount of protozoa, and protozoal genera

plasma proteins and he_nce itis _retain_ed in thf"emained similar among treatments. Rumen con-
blood stream when the kidneys fail. For instance, g (100 mL liquid + 100 g solid) were incu-
during in vitro batch fermentations it was Shownbated at 39 °C in anaerobic flasks containing

that Clostridium perfringend MG 11264 was 200 mL buffer, 0.88 g (N§J,S0,, 17 g ground

capable of formingp-cresol when tyrosine was hay, and 0.45Ci [2-1C]propionate. After 6 and

added to the growth medium. With incteasing, 'y, ijaifieq fermenter fluid (CFF), liquid-asso-

concentrations of tyrosine lower viable cell " L .
counts were obtained but higher conversion rate%"”‘.tecj protozoa (LAP), and liquid-associated bac-

of tyrosine were observed. After addition of tyro-te”a (LAB) taken as representative of total bac-

sine to an active growing bacterial population :ﬁ_ﬂa were separated by fractiona_l centr_ifugations.
higher amount op-cresol was produced. Other icrobial pellets were washed with saline before

1 Clet ;
members of the gut microflora that are often “C determination. In flasks, pH, osmolality, gas,

excessively present in the colon of uremic}/':A production, protozoal counting and
patients such aBscherichia col(LMG 2092) 4C repartition were similar among treatments.
andBacteroides fragiliLMG 10263) did not Between 6 h and 16 h, the amount'6€
form p-cresol from tyrosine. Finally, it was decreased in CFF and increased in LAB and
shown that .actobacillus caseYIT 9092 (a pro- LAP. Amount of estimated microbial DM was
biotic strain) Enterococcus faecallsMG 7937 7.2 g/flask. Amounts of“C incorporated into

(a common lactic acid bacterium member of thénicrobial fractions averaged 3.5 and 6.5% of
gut), andBifidobacterium longurhMG 10497 (a  total amount of“C after 6 h and 16 h incuba-
health supporting species of the gut microflorajion, respectively. This indicates that uptake of
did not experience any effect upon tyrosine suppropionate by ruminal protozoa and bacteria
plementation. The probiotic strain did not showexists, is quantitatively low, and does not increase
any uptake of the toxic molecule either, whereagvhen rumen microbes are submitted to propi-
the E. faecalisstrain converted tyrosine into a onate infusion.
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P-103 Rumen microorganisms are not corn and barley grains were investigated in vitro
almighty in protein nutrition of ruminants. using batch cultures. Ruminal fluid was collected
R. Onodera, S. Wadud, M.M. Or-Rashid (Labo-from 4 rumen-cannulated sheep fed hay ad libi-
ratory of Animal Nutrition and Biochemistry, tum and supplemented with 400 g of concentrate
Miyazaki University, Japan) daily. Samples were incubated with ruminal fluid
for 17 h at 39 °C. Rumaldfovas added to the
Amino acid nutrition of ruminants has beenincubation bottles to achieve final malate con-
assumed to depend only on rumen microbegentrations of 0, 4, 7 and 10 mM. For both sub-
growing with urea as a sole source of nitrogen. Irstrates, volatile fatty acid (VFA) production
this sense nutritionists have considered thancreasedR < 0.001) linearly with increasing
rumen microbes were fundamentally almightyconcentrations of Rumaldto Final pH also
in protein nutrition of the host animals. How- increased P < 0.001) linearly from 6.14 and
ever, in a series of our experiments to examin8.27 for corn, and 6.17 and 6.29 for barley, for
the abilities of rumen microbes to synthesized and 10 mM malate concentrations, respectively.
amino acids, which had been regarded as essdAropionate production increased linearly
tial for rats, it has been revealed that histidingP < 0.001) from 1.38 to 1.62 mmol for corn (val-
was not synthesized de novo at all by mixedies for 0 and 10 mM malate, respectively) and
rumen bacteria and protozoa, which were colfrom 1.40 to 1.67 mmol for barley. Whereas
lected from the rumen contents of goats rearethcreasing amounts of the additive produced a
with haycube and concentrates. Similarly, threlinear increaseR < 0.05) of acetate production
onine was also shown not to be synthesized der corn grains, no change?¥ 0.05) in acetate
novo by mixed rumen protozoa. On the basis oproduction were detected for barley grains. The
our own observations concerning the nutritiveacetate:propionate ratio decreased linearly
value of rumen microbes and contents, histidingP < 0.001) from 1.49 to 1.36 and from 1.53 to
turned out to be the first limiting amino acid of 1.33 for corn and barley grains, respectively. The
rumen microbes and hence rumen contents wheaddition of Rumalat® decreased linearly the
evaluated by chemical score using beef protein ancentration of L-lactate for cor® & 0.01;
a reference protein. On the other hand, somzom 203 to 103 m¢—1) and barley R < 0.05;
reports have indicated that methionine, lysindrom 179 to 126 md; ) grains. Malate supple-
and threonine were limiting in this order in rumenmentation tended®< 0.10) to decrease the pro-
microbial protein when compared with require-duction of methane for barley, but no effect
ments of the ruminants tested. Histidine, how{P > 0.05) was observed for corn. In conclusion,
ever, was not included in the limiting amino Rumalat® stimulated the in vitro rumen fer-
acids. These contradictory facts hinted that rumimentation of corn and barley grains by increas-
nants might have an ability to synthesize histidingng concentrations of propionate and total VFA
by themselves. Experiments carried out withand decreasing L-lactate concentrations, leading
crude enzymes of cattle organs such as liver, kido an increase of the final pH.
ney, muscle and so on have revealed a relatively
high activity of histidinol dehydrogenase, which
works at the last step in de novo histidine syn- o o )
thetic pathway. From these facts, rumen microbeB-105Distribution of liquid- and solid-asso-
of this sort can be considered not almighty irciated bacterial populations in the Rusitec sys-
supplying amino acids to the host. tem: effect of forage to concentrate ratio in
the diet. M.J. Ranilla, M.D. Carro, M.L. Tejido
(Dept. Produccion Animal I, Universidad de

P-104Effects of malate on in vitro rumen fer- Ledn, 24071 Ledn, Spain)

mentation of cereal grainsM.J. Ranill& M.D.
Carrd, J. Mesidl (2Dept. Produccion Animal I, The proportion of bacteria associated with par-
Universidad de Leo6n, 24071 Ledn, Spainticulate matter is important in meeting the nutri-
PDivision NATURE. NOREL & NATURE, S.A.  ent requirements of ruminants. The relative
Calle Industria, 1. 08185 Llica de Vall, Spain) proportion of solid-associated (SAB) and liquid-
associated (LAB) bacteria in the rumen can be
The effects of malate (Rumal&pNorel & affected by dietary factors such as forage to
Nature, S.A., Spain) on rumen fermentation oftoncentrate ratio. The effects of two different
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forage to concentrate diets on the distribution ofeed components present in the diets with a rel-
SAB and LAB bacterial populations were stud-ative abundance of galactose, rhamnose, and
ied in an artificial rumen (Rusitec). Diets con-fucose, while xylose was practically absent. EPS
sisted of chopped alfalfa hay and concentrat&vas not digested by the mammalian polysac-
(cracked barley grain, cracked corn grain anatharidases amylase and amyloglucosidase. Mix-
soybean meal, 0.39:0.44:0.17) in the proportiongures of fungal enzymes, able to digest plant fibre,
of 0.8:0.2 (C20 diet) and 0.2:0.8 (C80 diet). SABwere at least 10 times less effective at degrad-
and LAB were isolated by differential centrifu- ing EPS than at degrading cellulose. Total con-
gation and®N was used as a microbial marker.centrations of EPS collected from the rumen were
Daily microbial yield was similaff > 0.05) for 30, 45, and 160 g/100 L fluid for forage, dairy,
both diets (114 vs. 116 mg microbial N for theand concentrate-fed animais<( 3), respectively.
C20 and C80 diets, respectively), but the amourlh duodenal samples of dairy cows<6), EPS

of SAB was higherH < 0.05) with the C20 diet concentrations ranged from 2.5 to 4.5% DM.
(77 mg Nd-?) than with the C80 (63 mg-tir))  EPS from mixed ruminal bacteria were resistant
diet. As a result, the proportion of SAB wasto degradation by mammalian and exogenous
higher ¢ < 0.001) with the C20 diet (0.67 vs. enzymes. However, quantities of EPS present in
0.54 for C20 and C80), with a consistently lowerrumen and duodenum of ruminants were not large
LAB proportion P < 0.001) for the C20 (0.33) enough to sustain the hypothesis that utilization
than for the C80 (0.46) diet. The high ratio ofof this material would significantly increase the
forage: concentrate (C20) decreaded& (0.01) dietary energy available to the animal.

15N enrichment of both the LAB and the SAB
and increased™(< 0.01) the N content in SAB.
The results seem to indicate that the forage t
concentrate ratio can alter bacterial colonisatio
of rumen particles and the chemical composi
tion and the relative proportion of LAB and SAB.

-107Effect of ammonia rumen content on
proteolysis in ewes, as a consequence of
a change in the diet.M. Sales-Duval, G.
Blanchart (ENSAIA, Laboratoire de Sciences
Animales, Vandoeuvre-les-Nancy, France)

P-106The nutritional importance of ruminal
bacterial extracellular polysaccharides L.M.
Rode, V.L. Nsereko, K.A. Beauchemin, D.P.
Morgavi (Agriculture and Agri-Food Canada,
Research Centre, Lethbridge T1J 4B1, Canad

In order to study the effect of a small difference
in starch and nitrogen availability on proteolysis,
two different diets were successively supplied
four ewes fitted with rumen fistulae. They dif-
red in the ratio of fermentable nitrogen (FN)
over fermentable energy estimated by the fer-
Extracellular polysaccharides (EPS) are producefientable organic matter content (FOM) with
by several bacterial species in their natural envil44 g FN per kg FOM for diet | and 126 g FN per
ronment. While it is known that some rumenFOM for diet Il. Samples of rumen juice were
bacteria possess EPS, the nutritional and enetéken at 0, 0.5, 1.5, 2.5, 4 and 6 hours after access
getic implications of bacterial EPS productionto the meal in each animal. The rumen content
in the rumen have been virtually ignored. Cul-was fractionated into liquid phase and small par-
tured bacteria produce less EPS, and their caficles (< 0.2 mm). pH and VFA’s did not signif-
bohydrate fraction is more digestible than thaicantly change between the two dig?s>(0.05)
from mixed bacteria obtained from the rumenbut the lactate content was three times higher
If this difference can be ascribed to the presenceith diet Il. The disappearance rate of soluble
of EPS, increasing its digestion has the potenproteins was 2.5 times higher with diet II. At the
tial to enhance the dietary energy available t¢éame time, the total proteolytic activities of the
ruminants. To test this hypothesis EPS obtaineparticulate and the liquid compartments were
from rumen and duodenal contents of cattle fegignificantly stimulated with diet IR < 0.05)
different diets was quantified and characterizedvhile no change was measured with the diet |
in terms of sugar composition and degradabilityduring this time. This fact could help in explain-
by polysaccharidases. The material obtained hadg the higher disappearance of dissolved pro-
a monosaccharide profile different from that ofteins with diet Il. This was accompanied by a
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significantly lower concentration of ammonia bacterial numbers were higher in maltose-sup-
(from —28 to —43%). Moreover, in the liquid plemented vessels there were no significant treat-
phase exopeptidase activities increased monment effects (3.63, 4.5, 4.4 and 5.9 SED %98
with the diet I, especially leucine aminopeptidasel(® mL~ respectively). In conclusion while mal-
and dipeptidyl peptidase I. No significant dif- tose addition stimulated ammonia uptake and
ference was observed at the particulate level. Wiay have stimulated bacterial growth the pattern
then suspected a positive effect of ammonia whedf maltose supply did not seem to be important.
it is liberated at low concentrations in the rumen,

as shown with diet I, but this hypothesis can-

not be distinguished from the increase of the ratip_109Effect of supplementing a high fibre

of FOM in this diet: this probably favoured the pasal diet with two N sources (ammonia and

development of a distinct flora as the increasgoyabean protein) on microbial growth in the

of the lactate concentration and of the leucingumen simulation fermenter Rusitec.M.L.

aminopeptidase activity suggests. Tejido, M.J. Ranilla, S. Lépez, R. Bodas, M.D.
Carro (Dept. Produccién Animal |, Universidad
de Ledn, 24071 Leon, Spain)

P-108Influence of pattern of energy supply

on the degradability of grass and microbial Many studies have demonstrated benefits to feed-
numbers in the rumen simulating fermentor  ing pre-formed amino acids in terms of increased
Rusitec M.L. Tejidd® A.Y. Guliye?, S. Lépe2,  rumen microbial growth. In most of these studies

R.J. Wallack C.J. NewbolBl(2Universidad de a sample of liquid-associated bacteria (LAB) was

Ledn, 24071 Ledn, SpaifiRowett Research considered to be representative of the total pop-

Institute, Bucksburn, Aberdeen AB21 9SB, UK) ulation I_eaving the rumen. The aim of this study
was to investigate the effect of two N sources

Recently there has been increased interest (ﬁ\mmoma and isolated soyabean protein) on

matching or synchronizing the supply of energ)/nicrObial growth of both LAB and solid-asso-

and nitrogen in the rumen in order to improVemated bacteria (SAB) in the rumen simulation

. . fermenter Rusitec. Each vessel was fed daily
microbial growth. However we found no effect 16 g of an almost N-free basal diet containing
on microbial synthesis of changing the patter

. : ? 00 mgg? of neutral-detergent fibre extracted
of prle-f_ormfed amino fac(;d Sé{ppr%SFrur'_T'len-from grass hay and 300 mgg! of starch. Nitro-
simulating fermentor fed a diet o . Here 1 - -
we investigate the effect of changing the energ en (300 mgt) was supplied by the continuous

A nfusion of solutions containing just ammonia
supply in a fermentor fed grass. Twelve vessel

. ! - (4 vessels) or a mixture (0.5:0.5) of ammonia
were supplied at the same time every day Witl 4 sovahean protein (4 vesséf.was used as
20 g of frozen grass (circa 4 g DM). Treatments,

microbial marker. Two weeks after the begin-
were allocated at random to 3 vessels each a hg of the trial, samples of digesta and efflu-

were: grass fed once daily unsupplemented (Gyts were collected and pellets of SAB and LAB
grass supplemented with maltose as continuoygere isolated for the study of microbial growth.
infusion (GMI), grass with maltose infused over|n comparison with ammonia as the only
the 6 h immediately after feeding (GMA) and N_source, the supplementation with soyabean
grass with maltose infused over the 6 h immeprotein resulted in a greatd ¢ 0.001) microbial
diately prior to feeding (GMP). Maltose con- growth of both SAB (32.5 vs. 25.9 mg micro-
centrations were adjusted to add 1 g per vessgia| N-d-3) and LAB (55.2 vs. 45.9 mg micro-
per day to supplemented vessels. The experpial N-d-1). Apparent disappearance of organic
ment lasted 21 days. As might be expected VFAnatter (OM) was greateP( 0.05) for the soy-
production rates were higher in maltose-suppleabean treatment (458 vs. 438gy?). Microbial
mented vessels. Ammonia outputs from the ferefficiency, expressed as g microbiakiy? OM
mentors were low (reflecting the low level of apparent disappearance, was increaReo,01)
DM input) but were reduced by maltose addi-by supplementation with protein (12.0 vs. 10.3).
tion (11.3, 1.4, 3.4, 3.7 SED 1.14 mig for G,  The results of this study would indicate that N
GMI, GMA and GMP vessels respectively). forms other than ammonia are required for
Treatments had no effect on the degradability omaximum growth of both SAB and LAB in the
the grass in the fermentors and while totatumen.
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P-110Effect of crude fibre content in grass  \y_ yag Q. Litd, M.K. TheodoroB (2College of
silage on milk odd-chain fatty acids.B.  anima| Science and Technology, Nanjing Agri-
Viaeminck, M.H. Bruinenber§ V. Fieve? K. ¢ jural University, Chine® Institute of Grassland

Raes$, D. Demeyet (* Department of Animal 5,4 Environmental Research, Aberystwyth SY23
Production, Ghent University, BelgiufiD TNO 3EB U\|/<I) ' rystwyt

Animal Nutrition, Lelystad, The Netherlands)

The lipids of rumen fibrolytic and amylolytic Daidzein is an isoflavonoid compound with estro-

bacteria are distinguished by their odd-chain fattg€nic activity, naturally present in legumes. The
acid (OCFA) pattern. As bacterial fatty acids are®Strogenic activity of these compounds can
partly deposited in milk lipids, milk OCFA con- become more effective after rumen metabolism
tent might be a useful tool in the characterisa2nd may result in higher feed conversion effi-
tion of the rumen bacterial population. Four Hol-Ciéncy in ruminants. In this work we investigated
stein cows were used in a 4 x 4 Latin square tihe effect of daidzein (a synthesized product) on
study the effect of grass silage, differing in botanthe fermentation profiles and ammonia produc-
ical composition, on milk OCFA. Experimental tion of microorganisms from the rumen of goats.
diets consisted of 15 kg dry matter (DM) eitherStrained rumen fluid was incubated with ground
from 100% intensive ryegrass silage (IRGS) (I)fice straw (7 g-) and soybean concentrates
80% IRGS + 20% meadow bird grass silageg3 gL ™) for 24h in a habitat-simulating medium
(MBGS) (1), 40% IRGS + 60% MBGS (lll) or containing daidzein (5-200 nigl). Ammonia
40% IRGS + 60% herbage rich grass silage (IV)and volatile fatty acids (VFA) were determined
supplemented with a protein-rich concentrateafter 24 h incubation. Results showed that there
(4.5 kg DM, NEL 7.4 Mkg™). After a two week were no significant differences between treat-
adaptation period, milk samples were collectednent and control incubations, except for incu-
during four consecutive milkings and analysedations involving 10 mdi~1 of daidzein where
for fatty acid methyl esters (FAME) (until pre- ammonia concentrations were 13% lower than
sent, only 1 sample per cow for each dietthat in the controlR < 0.05) after 24 h of incu-
n=16). An increase in crude fibre content of thepation. VFA concentrations (moles) were also
diet (259 + 18, 266 + 16, 278 + 14 and 290 #naffected by daidzein treatment. However, in
9 gkg™ DM for respectively diet I, II, il and  terms of molar proportions, incubations with 5
IV) was accompanied by a decrease in the prosr 10 mgL—2 of daidzein caused a significant
portion of C15:0 1,550~ —0-769,P < 0.001)  (p < 0.05) reduction in acetate and a significant
and an increase in that of C17tl.(, = 0.665, (p < 0.05) increase in propionate relative to the
P<0.01). This finding might be related to lower ¢, 161 Ng significant difference was observed
and higher levels, respectively, of these fatty, y,o concentration of microbial cell protein

acids in the bacteria present in the solid phasﬁetween treatments and control. In more detailed
of the rumen. (B. Vlaeminck was supported by qnvestigations with 10 mg -1 of daidzein
grant.from.the Flemish Institute for the PromOtionchanges in the profile of VFA molar proportiéns
of Scientific-Technological Research). were evident after one hour of incubation,
whereas differences in ammonia concentration
became apparent after five h of incubation. The
P-111Effects of daidzein on in vitro fermen-  results suggest that daidzein with concentration
tation of micro-organisms from the goat around 5 to 10 mg~!could alter VFA profiles
rumen. W.-Y. ZhiA S.-Y. Mad&, Q.-J.Wan§,  in the rumen propionate and away from acetate.
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IL-2 Rumen ciliate protozoa.B.A. Dehority  Aberdeen AB21 9SB, UKE Unité de Microbi-

(Ohio State University, Wooster, OH 44691,0logie, Institut National de la Recherche

USA) Agronomique, CR de Clermont-Fd/Theix, 63122
St-Genes-Champanelle, France)

Recent studies with in vitro monocultures have

provided a new look at some physiological andContribution of the ruminal protozoa in the degra-
morphological characteristics of rumen protozoadation of plant cell wall polysaccharides ingested
Generation times (GT) fa@ntodinium caudatum by the host-animal was recently confirmed by
andEpidinium caudatunmeasured by growth the isolation of several glycosyl-hydrolase genes
from a small inoculum were 23 and 26 h, respedirom Polyplastron multivesiculatunCharacter-
tively. However, when estimated by transferringisation of thexynBgene and of its product are
at various time intervals, GT for these two speciegresented here. XynB is the first protozoan gly-
were 13 and 12.5 h, which helps explain howg0osyl hydrolase to be completely characterised
they can maintain their numbers in vivo. The GTand is a modular enzyme comprising a signal
for Entodinium exiguurwas 13.5 h. Longer GT Peptide, and a family 22 carbohydrate binding
were observed for the higher ophryoscolecidsodule (CBM) preceding a family 10 catalytic
Since feeding of high concentrate diets generdomain. The CBM22 was shown to be a true car-
ally results in arEntodiniumonly fauna, it has Pohydrate binding module and no evidence was
been suggested that tBatodiniumare more pH found thf_it it aff_ected enzyme thermostability or
tolerant than the other genera of ciliates. Using i Stability. Unlike other modules from the same
vitro cultures grown and transferred in poorlyf@mily, the XynB CBM22 had no affinity for

buffered medium to simulate rumen fluctuations<Y!ans or mixed linkage glucans, but is the first
in pH, Entodinium caudatupE. exiguumEpi- example of a module of this family that binds to

dinium caudatumand Ophryoscolex purkynjei Sigmacell Ce”‘."?’se- The optimal temperature
all had a minimum pH value between 5.3 an nd pH for activity of XynB were respectively
5.4. No adaptation to low pH was observed i 9 °C and 7.0, these values being close to those
Epidiniumcultures after recovery of one or two Of 1€ ruminal ecosystem. The phylogenetic rela-
viable cells remaining in pH 5.4 medium. Unex-tlonShlps between the XynB CBM22 or catalytic

pectedly, and differing fror_n the other species,?n?g:gg?ggﬁﬁsr;esl%\t/z?es:nllf;snecdés from ruminal

Ophryoscolexoncentrations were highest

between pH 5.6 and 5.8. Numerous reports sug-

gest that rumen protozoa require live bacteria

for growth in vitro. UsingEntodinium caudatum O-27 Cryopreservation of rumen ciliate

andE. exiguuntultures, without bacteria, plus Protozoa; creation of a European bank of

dead bacteria or plus live bacteria, no differencegryopreserved ciliates.E. Nsabimang S.

in concentration were observed up througHKisidayov&, D. Macheboed J.-P. Jouarfy

48 h. However, higher concentrations werel*INRA-URH, Centre de Clermont-Theix, 63122

present with live bacteria at 72 and 96 hr forSt-Genes-Champanelle, FranEénstitute of

E. exiguumandE. caudatumrespectively. Start- Animal Physiology, Slovak Academy of Sci-

ing with clone cultures oEpidinium possess- €nces, Bltésovej 4-6, 040 01 Kase, Slovakia)

ing different numbers of caudal spines, caudal

spination was followed after dividing the culture Rumen ciliates make a significant contribution to

and two transfers. Caudal spination was quit¢he digestive microbial ecosystem and to diges-

variable, but surprisingly, the five-spined formtion in ruminants. They also play a detoxifying

(parvicaudaturh appeared to predominate. role, thus protecting the animals against plant
and mould toxins. The study of individual species
is difficult because it has proved impossible to
maintain them in axenic culture. The feasibility

0-26 Characterisation of XYNB, a modular  of storing rumen ciliates as viable frozen stocks

xylanase from the ruminal protozoanPoly-  was therefore considered. Then, frozen cells can

plastron multivesiculatum E. Devillard®,  be transferred to other European laboratories for

C. Béra-Maille?, H.J. Fling, K.P. Scof, C.J. study. First, we prepared defaunated sheep which

Newboldt, R.J. Wallac J.-P. JouafyE. Foran®  were inoculated with a few isolated cells belong-

(2 Rowett Research Institute, Bucksburn,ing to the same species of rumen ciliates so as
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to obtain mono-faunated sheep. Ciliates werselected clones. About 400 partial ciliate 18S
concentrated from one litre of rumen contentDNAs have been sequenced that had been
sampled from mono-faunated sheep by sediebtained from the rumen contents of goat, sheep
mentation to eliminate contamination by feedand cow. They were compared to sequences from
particles. The two-step freezing method wassolated pure cultures obtained from GenBank
applied under the following conditions: ciliates and within the current project. The phylogenetic
were suspended in rumen juice with DMSO asinalysis suggests that the molecular biodiversity
cryoprotectant at various concentrations: 4, 5, &f rumen ciliates exceeds the diversity deter-
10; equilibration time and temperature were Snined by “classical” means by f4fthis project
minutes and 25 °C respectively. After 45 min-was supported by the EU infrastructure grant

utes at the holding temperature set at —30 °Gg| RI-CT-2000-01455: www.ercule.com).
cells were immersed in liquid nitrogen. Samples

were taken at the end of the holding phase to test

the viability of ciliates after thawing in rumen

juice. This technique was applied to the follow-O-29Understanding the molecular ecology of

ing speciesEntodinium caudatum, Polyplastron the rumen fungi — a DGGE approach.M.J.
multivesiculatum, Epidinium ecaudatum caudaNicholsor®P, E.J. Kin®, M.K. Theodorog,
tum, Isotricha prostoma, Dasytricha ruminan-J.-L. Brookma# (2 Dept. Animal Science and
tium, Eudiplodinium maggiiThe survival rate Microbiology, Institute of Grassland and Envi-
measured after two weeks of cryopreservationronmental Research, Plas Gogerddan, Aberyst-
ranged from 58% to 100% and depended on th@yth, Ceredigion SY23 3EB, UK, School of
species of ciliates. (The authors are indebted tBjological Sciences, University of Manchester,

the European Community for financial supportoxford Road, Manchester M13 9PT, UK)
through the ERCULE project).

The rumen ecosystem is a complex, open ecosys-
tem harbouring a mixed population of anaero-
bic bacteria, fungi and protozoa. Feed boli enter-
ing the rumen are colonised by micro-organisms
and this leads to the digestion of plant tissue
which ultimately serve to ‘feed’ the ruminant

> host. Although there is a large body of evidence
Z. véradyovd, N.R. McEwasi, C.J. Newboldl 5 the individual species inhabiting the rumen

J.H.P. Hackstefh(® Department of Evolution- 514 their respective degradative capabilities,
ary Microbiology, University of Nijmegen, Toer- cnaracterisation of the relationship between plant

nooiveld 1, 6524ED Nijmegen, The Netherlands;ng microbe, particularly during the initial stages

Elnstltute of Adnlr_nal Physiology, Slovakia; st colonisation of the feed bolus is less well

INRA, FranceKielanowski Institute of Ani- nqerstood. Molecular methods for the descrip-
mal Physiology and Nutrition, PolarfiRowett  {jon and characterisation of bacterial populations
Research Institute, Buckburn, Aberdeen AB21ihin complex ecosystems such as the rumen
9SB, UK) have been described. A variety of techniques

including denaturing gradient gel electrophoresis

The rumen hosts an extremely numerous an(DGGE) have been used successfully. We have
complex microbiota. Besides astronomical numdeveloped a DGGE-based system to characterise
bers of bacteria, the rumen contains up §8 @@  the anaerobic fungal populations in the rumen
iates. Traditionally, these ciliates have been iderecosystem. Initial development and optimisation
tified on the basis of morphological charactershas used axenic cultures and anaerobic fungi
However, this approach appears to have its limfound in ruminant faeces. The faecal samples
itations. Here, we describe a molecular approactvere collected from farmed cattle and sheep in
to study the biodiversity of rumen protozoa atAustralia and native African ruminants. Com-
the molecular level. Clone libraries of 18S rDNA parisons have been made between dominant pop-
genes from ciliates were established after PCRIlation members between and within groups. In
amplification of DNA of total rumen contents general, within-sample diversity was similar but
with suitable primers. The diversity of rumen with different representation from the anaerobic
protozoa was analysed by sequencing randomlfgngal genera between samples.

0-28Diversity of rumen ciliates revealed by
18S ribosomal DNA analysisSeung Yeo
Moon-van der Stady G.W.M. van der Stady
P. Javorsky, J.-P. Jouarfy T. Michalowsk®,
E. Nsabimarfa D. Macheboelf S. Kisdayov#,
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The optimised DGGE protocols are now beingnethanogens once cultivars are isolated to vali-
used on feed boli recovered from the rumen oflate this proposal. Furthermore, in the absence of
animals fed on either grass or clover. A progressultivated isolates the biology and ecology of
report on this programme suggesting the patterthis novel group in the rumen remains unclear.
of early colonisation events will be presented.

P-112 Methanogens in kangaroos.S.K.

0-30Novel group of archaea recovered from Bakef, T. Schoep®, N.J. EdwardS, A.-D.G.
16S rRNA clone libraries prepared from ovine ~ Wright® (*CSIRO Livestock Industries, Floreat
rumen contents A.-D.G. Wright, A.J. Williams, Park Research Laboratory, Floreat, 6014, West-
S.K. Baker (CSIRO Livestock Industries, Pri- €rn Australia; Currently” Murdoch University,

vate Bag 5, Wembley, WA 6913, Australia) Murdoch, 6150, Western AustraliaSARDI,
Naracoorte, 5271, South Australia)

Molecular diversity of rumen archaea was inves-

tigated using 16S rDNA clone libraries preparedEvidence of methane (Gjproduction by kan-
from the rumen contents of six merino sheearoos is conflicting. Kangaroos are herbivores.
grazing pasture. Clones were constructed usingense microbial populations in the forestomach
methanogen-specific primers designed in ouferment dietary polymers, yielding volatile fatty
laboratory to PCR amplify the 16S rRNA geneacids in proportions similar to those in the rumi-
from rumen contents from each sheep. A totahant forestomach. To determine if there are
of 326 clones containing almost the completenethanogens ikacropus rufugred kangaroo)
16S rRNA gene sequence (1300 bp) were gerandM. fuliginosugwestern grey kangaroo), GH
erated from six clone librariedadll-Riboprint  production was determined after incubation of
analysis was used to presumptively identify thdorestomach contents in broth media. Forestom-
methanogen clones against our methanogen ribéch contents from twil. rufusand twoM. fulig-
print database. Those with nougadll-ribo-  inosuswere incubated (8% inoculum, 39 °C,
print patterns were completely sequenced and@nder N) in media comprising sterile, strained
sequence similarity search was performed againfgrestomach contents from either sheep or kan-
our database of new methanogen sequences a@@roo, and Na-acetate, yeast-extract, ”
against the GenBaffkdatabase. Our libraries and cysteine-S (0.125, 0.2, 0.875, 0.375% (w/v)
yielded 16S gene sequences which were similaespectively). Forestomach contents from the
to cultivated methanogens belonging to thekangaroos were incubated also (10% inoculum,
Methanobacteriales. In addition, there were tw®9 °C) in media commonly used to culture
dissimilar sequences that had very little sequend@ethanogens, comprising sterile, clarified
similarity to any cultivated methanogen andforestomach fluid from either sheep or kanga-
appeared to represent a novel group of rumefpo (10% (v/v)), trypticase, yeast-extract, Na-
archaeal sequences which are atypical for thigcetate, Na-formate, NI, cysteine-S (0.2, 0.2,
system. The two clones, CSIR02.96 and.25, 0.25, 0.1, 0.375% (w/v) respectively),
CSIR09.5, were encountered eight times frommacro- and trace-minerals, and vitamins. The
two of the six animals and are only distantlyculture broths contained either cephalothin
related to each othed € 89.4%). The two novel (6.7 ug-mL™Y) plus clindamycin (1.7ig-mL™2)
clones were distantly related€ 91.1%) as the (to retard eubacterial growth) and were incubated
sister groups to a clade consisting of an unidergither under HCO, (80:20) or N/CO, (80:20),
tified group of archaea from swine waste, unidener they contained bromoethane-sulphonate (BES,
tified archaea from a wine aerobic digester irb0 mM) (to retard methanogen growth) and were
France, and a group of unidentified archaeéncubated under }ACO, (80:20). BES inhibited
recently discovered from a 16S clone library preCH, production by microbial populations from
pared from ovine rumen contents in Japan. Thegle kangaroo forestomach. ¢production was
sister groups form a distinct branch whose genetigreater when media were prepared with forestom-
distance from other methanogens is greater theach contents from a kangaroo than from a sheep,
the genetic distance between the ordersuggesting that the former provided a better bal-
Methanobacteriales and Methanomicrobialesance of nutrients or specific nutrients. Strong
This suggests the erection of a new order o€H, production with incubation under,}CO,
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suggested that methanogens in the kangarddational de Recherche Agronomique, Clermont-
forestomach use sources of hydrogen other thdferrand-Theix, 63122 Saint-Genés-Champan-
di-hydrogen to reduce C@o CH,. elle, France? Lallemand Animal Nutrition,
42 avenue Général de Croutte, BP1021, 31023
Toulouse Cedex 1, France)

P-113The role of the ciliate Eudiplodinium Duri idosis i . h inal
maggii in starch digestion in the rumen.G. uring acute acidosis in ruminants, the rumina

Belzecki, T. Michalowski (The Kielanowski microbial ecosystem and fermentative pathways
Institute ’of Animal Physiology and Nutrition, are largely modified towards an accumulation

Polish Academy of Sciences, 05-110-Jablonnf Propionate and lactate resulting in a very low
Poland) ’ ruminal pH. Although more frequent, latent aci-

dosis is less known and more difficult to describe
. . because of the instability and the fluctuation of
Three Polish Merino sheep were used to detefnq ryminal microbial ecosystem. The objective
mine the fate of dietary starch in the rumen iny this work was to study the ruminal fermenta-
relation to microfauna composition with partic- ;e changes during an experimentally induced
ular respect to the presence of the ciliate speciggiant acidosis. Four sheep fitted with ruminal
Eudiplodinium maggiiThe animals were fed cannyla were fed twice daily 90% ad libitum.
every 12 h with hay (750 g) and ground barleyagier 3 100% hay diet (H) and a 5 days transition
(130 g). The sheep were either ciliate free or fauneriod, animals received a 40% hay + 60% wheat
nated with onlyEudiplodinium maggiior  gjiet (W). Compared to H diet, ruminal mean pH
Eudiplodinium maggiandEntodinium cauda- gecreased (6.48 vs. 5.97) and the area under pH
tum The number oEudiplodinium maggiwas g increased considerably (2.78 vs. 276 min
15.9-38.5¢ 10° g *when this species was alone ynjt pH) with the W diet. Ruminal fermentations
in the rumen and was reduced by about 28-68%f wheat lead to an unusual VFA pattern for such
whenEntodinium caudatuwas added. The pro- an acidotic diet: low in acetate (68 vs. 62%) and
portion of cells filled with starch grains increased ropionate (20 vs. 18%) but high in butyrate
from about 9-31% before feeding to 85-94% at7 vs. 13 %). Lactate concentration increased
4 h after feeding of sheefntodiniareduced wjith the W diet (0.94 vs. 2 mM) but stayed at
starch engulfment biudiplodinium maggiby  |ow levels. Total protozoal counts increased by
about 16%. Amylolytic activity in rumen digesta 2.5 (140 vs. 35% 10° mL-1) with the W diet.

of defaunated sheep was 13.4-18m90l glu-  The latent acidosis status was not lactic but char-
cose released from stargidbM=2min~t. It  acterized by a VFA profile rich in butyrate and by
increased afteEudiplodinium maggiivas added. a large protozoal population. This suggests the
Amylolytic activity of Eudiplodinium maggii major role for protozoa in determining of fer-
contributed about 12-76% of the total activitymentative pathways during latent acidosis. A
in the rumen, in relation to animal, time aftermore complete microbial study will go deeper
feeding and presence Bhtodinium caudatum. in the explanation of these pathways.

The specific amylolytic activity dEudiplodinium
maggiiwas 29.3 + 9.22 pmol reducing sugars
released from starch/ciliate celin. The amount

of starch detected at 12 h after feeding was 10.5,
13.1 and 1.6 g/whole rumen in defaunated an

refaunated with onlfudiplodinium maggiand (3Departamento de Produccién Animal y Cien-

Eudiplodinium maggiandEntodinium cauda- cia de los Alimentos, Universidad de Zaragoza,

tum, respectively. These values represent, hOWiVI Servet 177. 50013 Zaragoza. Spii
. . . , , epar-
ever, both the undigested dietary starch and stofz a0 de Bioguimica y é?ologia?\ﬂolegular y

age polysaccharides in the ciliates. Celular, Universidad de Zaragoza, M. Servet
177, 50013 Zaragoza, Spain)

-115Viability of Entodinium caudatumcul-
res, estimated by fluorescence microscopy.
. de la Fuenfe M. Fondevild, J.A. Cebriah

P-114Ruminal fermentation characteristics  The viability (% of non-damaged cells) of an in
and protozoal population in induced latent vitro culture of the rumen protoz&mtodinium

acidosis.L. Brossar@® C. Martirt, F. Durand- caudatum was studied using fluorescence
Chaucheyrds B. Michalet-Dorea® (2 Institut ~ microscopy after incubation in different media.
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The staining procedure was adapted from th@éoculated three times in two sheep, but no cells
two-step propidium iodide-fluorescein diacetatecould be detected. multivesiculaturwvas inoc-
method, and is based on the different colour ofilated in one of the two previous sheep and sub-
cells depending on their membrane integrity sisted at a low level (40 to 10 ceitd 1) for
since the nucleus of damaged cells is selectively months. The other sheep receizdodinium
stained. Aliquots (4 mL) dE. caudatunculture  caudatum which maintain at a high level ¢
were grown in triplicate tubes at different pH for 10° mL™1) for 3 years. In Polandiploplastron

3 h, using 0.5 M acetic acid to adjust pH. Afteraffineinoculated in a defaunated sheep appeared
incubation, tubes were centrifuged (1009, at a low concentration eight days later, but then
5 min), the supernatant was used for pH meadisappeared definitively. Two hypotheses are
surement and the residual 0.5 mL were sampleddvanced to account for these results. (1) Rumi-
for fluorescence staining. Proportions of viablenants produce specific antibodies against some
protozoa were 92.1 + 1.53, 79.4 + 2.6, 63.3 4protozoa. This could explain why some animals
5.9 and 10.4 + 6.0% at average pH of 6.6, 6.2n a herd fed similar diets harbour different
5.6 and 5.0, respectively. Viability decreased linspecies of protozoa. (2) Protozoa are unable to
early P < 0.001), but a quadratic effect was alsoadapt to the rumen environment when in vitro
manifested® = 0.002). The same technique wasor in situ cultures have been initiated from only
also applied to study the effect of refrigerating or few cells of the same species and grown for
freezing cultures. Fluorescence showed that tl‘l@ng periods. In Poland. affinetook well after
proportion of viable protozoa can be maintainetheing grown in vitro for three weeks, but not
over 70% after 30 min at 5 °C. Some viable cellgyhen cultured for 11 months. (The authors are
were still observed after 30 min at —20 °C, bujndebted to the European Community for finan-

their proportion is overestimated by the highcial support through the ERCULE project).
number of broken cells with this treatment. The

fluorescence technique is more accurate and less
time-depending that microscopic measureme
of motility, and can be a rapid tool for evaluating
cell damage in cultures of rumen protozoa.

-117Electromigration of rumen ciliate pro-
tozoa.S. Kisdayova, Z. Varadyova (Institute of
Animal Physiology, Slovak Academy of Sci-
ences, Koge, Slovak Republic)

P-116Why cannot some species of protozoa The ability of rumen protozoa to move in a uni-
grow in the rumen? J.-P. Jouany E. jrectional electrical field from the anode to the
Nsabimand S. Kisdayov&, T. Michalowskf,  cathode was tested in large-volume electromi-
D. Macheboed(*INRA, Research Centre of gration equipment; the aim was to concentrate
bCIermont-Thelx, 63122 Ceyrat, France;ihe protozoa and clean them of impurities. As
Slovak Academy of Sciencepesovej 46, g electromigration system, a cylindrical sepa-
040 01 Kasce, Slovakiay Institute of Animal  rating funnel of 150 mL volume was used. The
Physiology and Nutrition, 05-110 Jablonna,jjing compartment served as the starting part,
Poland) and the mouth of the funnel behind the tap as
the collecting part, with a 4 mL volume. 150 mL
Pure species of rumen protozoa sometimes ne&d fresh rumen fluid with a mixture of ciliates or
to be isolated in large quantities for certain studEntodinium caudaturim vitro culture were filled
ies. Given the difficulty maintaining them in in into the starter part of funnel. The collecting part
vitro large scale cultures, growing them in thewas filled with 4 mL culture medium. During
defaunated rumen has been proposed. Howeveglectromigration in the rumen fluid and
some species of protozoa may fail to grow wherat a voltage of 10 V (I = 0.8 mA) Isotricha
inoculated into a defaunated rumen. In FrancgJsotricha prostoma, Isotricha intestinaliglere
Polyplastron multivesiculaturfailed to main- the first to swim towards the cathode; one minute
tain in two defaunated sheep initially harbour-later they were followed bpasytricha rumi-
ing a B-type fauna, after being inoculated sevhantium.Entodiniomorphous ciliates (small Ento-
eral times. Another unsuccessful attempt waslinium as well as large species) displayed min-
made in a sheep already contaminated &fth  imum movement towards the cathode. The yield
dinium ecaudatum caudaturin Slovakia, of electromigration oEntodinium caudatum
Ophryoscolex caudatus trichoronatusas from the in vitro culture ranged within 2—6%
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when using 75-100 V (10 mA) and 60 V (5 mA) P-119Transfer RNA molecules in the rumen
voltage, respectively. At 10 V (0.8 mA) Ento- ciliate Entodinium caudatum.N.R. McEwan,
dinium cells did not move towards the cathodeL.A. McLeod, C.J. Newbold (Rowett Research
On the basis of these experiments it can be préastitute, Aberdeen AB21 9SB, UK)

sumed that the behavior of trichostomatids

(dasytrichae and isotrichae) in the tested eleq- .
Lt ; ; n many ciliated protozoa the codons TAA and
tromigration equipment differs from that of the TAG, which are used as stop codons in the ‘uni-

entodiniomorphous rumen ciliates. Concentra-

tion and cleaning of entodiniomorphous ciliateg’€rsal” genetic code, are used to encode glu-

. AT : i idues. Furthermore, they do not use
using electromigration in the tested equipmen aming resi ',
proved to be ineffective. Ehe codons CAA and CAG, which encode glu-

tamine in the ‘universal’ genetic code. From ear-
lier work we have demonstrated that in many of
o B the cDNA clones isolated frof. caudatum
P-118Codon bias in the rumen ciliatesN.R.  TaA is the only potential stop codon present in
McEwar?, F.M. Mcintosi, J.-P. Jouar  the correct reading frame. The aim of this work
E. Nsabimanf D. Macheboedf C.J. Newbol#  was to augment the earlier circumstantial evi-
(*Rowett Research Institute, Aberdeen AB21dence regarding the proposed anti-codon region
9SB, UK;PINRA, Research Centre of Clermont- of tRNA molecules, in particular those encod-
Theix, 63122 Ceyrat, France). ing glutamine residues. Total genomic DNA was
extracted fronk. caudatunand genes encoding
We have already reported that the rumen ciliatedkRNA molecules were amplified using the degen-
have a very unusual codon utilisation patternerate primers TAGYBYAGYGGTT and
However this work was reported primarily on GGTTCRADTCC. Successful amplification was
cDNA sequences derived from a single species @hown by electrophoresis and PCR products were
protozoan -Entodinium caudatum supple- cloned in TOP® vectors (Invitrogen). Clones
mented by one or two partial sequences frongarrying a plasmid with an insert were selected
other rumen protozoa. As part of the EU-funded@nd prepared for DNA sequencing. DNA
program ERCULE we have now obtained addiSequences were analysed using the tRNAscan-
tional sequence information from the rumen cil-SE Search Server via the Internet (www.genet-
iatesEpidinium ecaudatum caudatymoly-  ics-wustl.edu/eddy/tRNAscan-SE). Two different
plastron multivesiculatupisotricha prostoma ¢lones were found to possess genes encoding
andEudiplodinium maggiiThese sequences con-RNA molecules. One clone contained a cluster

firm our original observation regarding the °f three tRNA genes; tRNA® (an anti-codon

unusual codon usage pattern, whereby there isf@" leucine), tRNACA (an anti-codon for cys-
gep y ine) and tRN&AA (an anti-codon for pheny-

relatively small sub-set of potential codons use 4 Th h | ined th
on a regular basis, and that there appears to ba®anine). The other clone contained the gene
ATTC (an anti-codon for glutamine). These

strong molecular bias exerted towards their use. .
9 our genes would recognise the codons CTA,

In particular there is a strong bias toward AAA, ; X
CAA and GAA, rather than AAG, CAG and TGC, TTC and CAA respectively. Itis th_e pres-
ence of the fourth of these genes that is of par-

GAG to encode lysine, glutamine and gIUtarnICicular interest as this demonstrates that the rumen

acid respectively. In addition, there is a strong‘c.l. d lik her cil
bias in favour of AGA as the codon of choice lliate E. caudatumunlike many other ciliates,
encodes a gene which allows it to encode glu-

for arginine. Since these organisms are assumeg ;o residues using the ‘universal’ genetic
to be monophyletic, and a similar codon usage je

pattern is not observed in other organisms presen? '

in the rumen (both fungal and bacterial), it

appears that the original progenitor of the rumen

ciliates probably made use of this strong codoP-120Effect of dietary fibre and calcium con-
bias, rather than it being something which hagent on methane inhibition by myristic acid
been acquired following these microbes becomin sheep.A. Machmiiller, C.R. Soliva, M.
ing rumen dwellers. (This project was supportecKreuzer (Institute of Animal Sciences, ETH-
by EU infrastructure grant QLRI-CT-2000- Zurich, ETH-Zentrum/LFW, 8092 Zurich,
01455: www.ercule.com). Switzerland)
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Interactions within the rumen will largely deter- Dasytricha ruminantiumThe establishment of
mine whether or not strategies to suppresg&ntodinium caudatunwas followed by a
methanogenesis in ruminants will be successfulecrease in the numberddiplodinium maggii

or not. In the present study interactions betweenlready existing in the rumen by about 28-68%.
the methane-suppressing medium-chain fattAppearance dbasytricha ruminantiundid not
acid myristic acid and the fibre and calcium conimarkedly restrict the populations of either
tent of the diet were investigated. Six castratedphryoscolecids. The establishment of the
male sheep (live weight, 41 + 2 kg) were sub-ophryoscolecid ciliate population in the rumen
jected to a & 6 Latin square arrangement. Pureof sheep resulted in an increase in both the CMC-
myristic acid (0 and 5%) was supplemented t@ase and xylanase activitig2 € 0.01) while the
two basal diet types differing in forage to con-development of a population Bsytricha rumi-
centrate ratio (1:1.5 and 1:0.5). Levels of dietarynantiumwas followed by a decrease in the activ-
calcium were 0.4 and 0.9% (the latter only inity of xylanase. A positive relationship was found
combination with the myristic-acid supplementedbetween the fibrolytic activities in rumen digesta
diets). The experiment comprised six subsequertndEudiplodinium maggihumbers P < 0.05),

24d measurement periods consisting of 14d dfrespective of presence or absence of other
adaptation, 8d of complete collection of faecespecies of ciliates in the rumen. Total bacterial
and urine and 2d of quantitative methane meamass in the rumen was measured by DAPA con-
surement in open-circuit respiratory chamberscentration. The presencedidiplodinium mag-
Rumen fluid samples were taken at the end dfii did not negatively effect the bacterial flora.
each measurement period. The study showed thAppearance oEntodinium caudatunand

the extent of the inhibitory effect of myristic acid Dasytricha ruminantiunin the rumen was

on methane emission will depend on basal diekccompanied by a decrease in bacterial mass in
type and on the level of dietary calcium. Supiwo of the three examined sheep. The increase
plementing 5% myristic acid to the basal dietin the fibrolytic enzyme activities resulting from
with a high concentrate proportion significantly the establishment of protozoa populations was
suppressed methane emission of the sheep lagcompanied neither by an increase in DM nor in
58% and 47%, supplying 0.4% and 0.9% ofADF or NDF disappearance from the rumen. A
dietary calcium, respectively. With the basal dietdecrease in disappearance rate of all three exam-
including a high forage proportion, the extent ofined substrates was observed following the estab-
the methane-suppressing effect of 5% myristidishment ofDasytricha ruminantiunm all three
acid was lower (22%) and became insignificantnimals. (This project is supported by The Polish
when the level of dietary calcium was increasedState Committee for Scientific Research, Grant
Total methanogen counts in rumen fluid wereNo. 5P6E03615).

significantly depressed with myristic acid sup-

plementation. The composition of the methanogen

population appeared to be unaffected by treals_12750me factors affecting growth of the
ments. rumen ciliate Epidinium caudatum f. fascicu-
lus in vitro. R. Miltko, A. Kasperowicz,

K. Wereszka, T. Michalowski (The Kielanowski
Institute of Animal Physiology and Nutrition,
Polish Academy of Sciences, 05-110-Jablonna,
Poland)

P-121The effect of microfauna composition
on the fibrolytic enzyme activities, bacterial
mass and fibre disappearance from the rumen
of sheep T. Michalowski, G. Belecki, E. - o ]
Kwiatkowska, J.J. Pala(The Kielanowski Insti-  The rumen ciliat&pidinium caudatum f. fasci-
tute of Animal Physiology and Nutrition Polish culuswas isolated from the rumen fluid of a cow

Academy of Sciences, 05-110 Jablonna, Poland) three different media the “caudatum” and "sim-
plex” salt solutions (Coleman et al., J. Gen.

Microbiol. 75 (1972) 509-521) and the salt solu-
Three growing Polish Merino sheep, fed hay andion of Hungate (Hungate, Biol. Bull. 83 (1942)
ground barley, were defaunated and then faud03-319). The ciliates survived only in the first.
nated with onlyEudiplodinium maggiiwith  However, they were able to survive in both the
Eudiplodinium maggiplus Entodinium cauda- initially unaccepted media after adaptation to the
tum or with the both ophryoscolecids andin vitro conditions. Three experiments were
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performed to study the growth of ciliates. Ciliatesgive a unique fragments of 280, 500 and 850
were maintained for 28 days in all three culturebase pairs with small Entodinium, while Dral
media saturated with COHowever, they dis- (TTT'AAA) would give unique products at 1000
appeared within 8-12 days from “Hungate” and& 660 with all holotrichs, and Mnil (CCTC-
“simplex” medium, if a mixture of N(95%) and  nnnnnnn’) should give products of 1020 and 600
CO, (5%) was used. Protozoa were fed with foodwith large entodinomorphs. DNA was extracted
(0.25 mgmL~1d-?) consisting hay (60%), wheat from cultures oEpidinium, Entodinium rectan-
gluten (16%) and barley flour (24%). Ciliate gulatum mixed smalEntodiniumand a mixed
number varied between 110 and 150 individuprotozoal preparation prepared from rumen fluid.
alsmL~. The same food was given to protozoarhe 18S rDNA was amplified and digested using
at between 0.125 and 0.75mg; ™. The number  the primers and restriction enzymes above. In
of ciliates changed from about 50 to overa|| cases the fragments produced were as pre-
500 cellsmL~in relation to food dose and cul- gicted. It appears that it may be possible to use
ture medium composition. Survival of ciliates in pcR-RFELP to determine the composition of the
relation to the food composition was examined ifrotozoal populations. In addition we were able
experiments using of Hunga}e 510|Ut'°n- Prototq recover PCR products from duodenal samples
zoa received hay (0.3 nigL™-d™), ha_yl SUP- and to quantifiably recover products from duo-
plemented with wheat gluten (0.08 mb.™-d™)  genal samples spiked with washed protozoa sug-
or with gluten and either starch or cellulosegegting that it might be possible for PCR-RFLP
(0.12 mgmL~%d™) and_la mixture of cellulose  athods to quantify the flow of different proto-
and starch (0.12 mgL™-d™). Ciliates did not 5| 41505 at the duodenum. (CIN acknowledges
survive When_c_)nly hay was added. qu highe e support of OECD Co-operative Research
numbers of ciliates (up to 200 ceffd.") was  pyoqamme: Biological Resource Management
found in incubations supplemented with starchfor Sustainable Agricultural Systems. This pro-

Further experiments are being performed to stud! ;
h ct was supported by EU infrastructure grant
the effect of soluble carbohydrates on survwaéLRl_CT_2000_01455: www.ercule.com).

of ciliates in vitro (This project was supported by
EU infrastructure grant QLRI-CT-2000-01455.

www.ercule.com).
P-124Saponin fractions in Sapindus rarak

effects on rumen microbesR.W.S. Ningrat,

o P.C. GarnswortHy C.J. NewbolH (2 Division
P-123ldentification of rumen protozoa by  of Agricultural Science, School of Biosciences,
PCR-RFLP. C.J. Newbold B.A. Dehority,  University of Nottingham, Sutton Bonington

J. Sylvestet, J. Firking, M. Morrisor?, Z. YW, Campus, Leicestershire LE12 5RD, UtRowett

G. van der StadyJ.H.P. HackstefpP. Prista  Research Institute, Bucksburn, Aberdeen AB21
S. Kisidayov#, J.-P. Jouarfy T. Michalowski,  g9sB, UK)

N.R. McEwarf (2 Rowett Research Institute,
Bucksburn, Aberdeen AB21 9SB, UROhio
State University, USAS University of Nijmegen,
The Netherland€! Institute of Animal Physiol-
ogy, Slovakia¥f INRA, France; Kielanowski
Institute of Animal Physiology and Nutrition,
Poland)

Elimination of ciliate protozoa from the rumen
stimulates microbial protein production. Recently,
there has been increased interest in plant sec-
ondary metabolites, e.g. saponins, for use as pos-
sible defaunating agents. Raw and extracted peri-
carps ofSapindus rarakSapindaceae) were
screened for their effects on rumen protozoa and
Identification of protozoal genera has tradition-bacteria. The pericarps 8f rarakwere extracted
ally been based on microscopic identification.using a Ggsolid-phase column with an aqueous
With appropriate training these methods are fagnethanol mobile phase. Fractions were collected
and accurate, however they are not appropriatend monitored by TLC. The active compounds
for samples where cells may be partially digeste@ere tested in vitro by visual assessment of pro-
such as duodenal digesta. Based on 18S rDN#zoal viability and by measuring the degradation
sequences from 19 rumen ciliates a primer saif 14C labelled bacteria by rumen protozoa. The
was designed to amplify a 1650 bp productinfluence of methanol extracts 8f rarakon
Based on available sequences we predicted thgtowth of pure cultures of rumen bacteria was
the restriction enzymes Tscl (cut ACGT’) shouldalso examined. The saponin fractionSofarak
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exhibited antiprotozoal activity, as confirmed bya single isolate diverged by 5% or more and there
visual assessment and by measurement of tiveas more variability between repeats than
breakdown of4C-leucine-labeledrevotella between quite unrelated isolates. The possible
bryantii in rumen fluid incubated in vitro. No origin of these divergent repeats and the impli-
evidence was found of differential susceptibil-cations of these results for the utility of the ITS
ity between different protozoal genera. Inclusiorregion for molecular ecology of anaerobic fungi
of a methanol extract @&. rarakin the growth are discussed.

medium of the pure cultures of rumen bacteria

inhibited slightly the growth of cellulolytic bac-

teria. In conclusion, extracts prepared fr8m

rarak may be useful as defaunating agents, buf-126Methanogen growth on formate in batch

more studies are needed to investigate the effegtilture. S.M. Rea, S.K. Baker (CSIRO Live-
of the extracts on ruminal fibre digestion. StOI(_3|<) Industries, Floreat Park, WA 6913, Aus-
tralia

P-125Molecular ecology of anaerobic fungi. The free energy available for methanogenesis is
E. Ozkos& D.R. Davie8 M.S. Ekinck, M.K.  greater for H/CO, than for_formate (=130 and
Theodorofl, G.W. Griffith® (AKSU, Agriculture  —119 kdmol-1 CH,, respectively). Furthermore,
Faculty, 46100 Kahramanmaras, Turkef3ER ~ methanogen growth on formate is often slower
Aberystwyth SY23 3EB, UKEInst. Biol. Sci., than on H/CO, and cell yields are generally

University of Wales Aberystwyth, SY23 3BY, reduced, due to decreasing formate concentra-
UK) tions and pH. The aim of this study was to deter-

mine if increasing concentrations of formate

would increase cell yields in batch cultures.
Anaerobic fungi are important components ofviesophilic methanogen strains isolated from
the rumen ecosystem. Whilst there is informadiverse environments were choselethanobac-
tion about total fungal numbers for different hostterium formicicunstrain MF,Methanoculleus
animals on various diets quantitative informa-hourgensisMS2, Methanococcus vanniel8B,
tion about the relative abundance of the differeniethanobrevibacter smithstrain PSMbr. rumi-
taxa is sparse. Physiological information abouhantiumM1 and 2Mbr. strains (ZA-10 &
the various fungi suggest that they may occup)M1H5-1P) were grown in batch cultures at
slightly different ecological niches, although itis39 °C in a bicarbonate/phosphate buffered
not clear how many species may coexist in a sinmedium (Balch 1 + NECI) with Na-formate
gle host animal, nor whether the various speciegnder N:CO, (80:20) as the sole substrate. The
differ in their patterns of substrate colonisationinitial concentration of formate in the medium
With the aim of addressing these questions, wearied in 0.07 M increments from 0.15 M to
have conducted detailed analysis of fungal pops.44 M. Growth (OReonm Was maximized if
ulations from rumen digesta and faeces of silagehe formate concentration in the medium was
fed cows. Using the MPN technique with various0.29 M for strains PS, MS2 and SB, although
carbon sources as an enrichment source, quifermate was completely utilized by strain PS in
different fungal taxa were isolated. For instanceall cultures (0.15 M-0.44 M formate) and the
Caecomycespp. were more abundant on cel-pH range never exceeded ~1 unit (7.06-8.12).
lobiose. In the course of this work we also iso-Optimal growth occurred in a formate concen-
lated and characterised a new genus of anaerohii@tion of 0.22 M for strains KM1H5-1P and MF;
fungusCyllamyces aberensiBifficulties in the  the former utilizing all substrate. Strains M1 and
reliable morphological identification of these ZA-10 were inhibited by increased initial for-
fungi led us to explore the use of PCR-RFLP ofmate concentration (> 0.15 M) in the medium,
the ITS region of the rRNA locus as a tool forsuggesting that the increasing salt concentrations
identifying fungi isolated from MPN tubes. were inhibitory or that growth cannot be max-
Sequence analysis of these regions was useditaised on formate in a closed system. The pH
validate restriction enzyme patterns. Ambigu-(~7-8) was maintained within 1 unit of the opti-
ous RFLP patterns were found to be attributablenal pH for all the strains by the strongly buffered
to between-repeat polymorphisms within the ITSnedium indicating that at least in small volumes,
region of single isolates. ITS2 sequences fronpH does not need to be controlled externally.



S84 Session VI. Eukaryotes and archaea

P-127Rapid identification of rumen protozoa  The anaerobic fungi have been isolated from
by restriction analysis of amplified 18S rRNA  very diverse herbivorous animals in different
gene.M. Regensbogeno®aP. Pristd8 S. parts of the world. They are now known as one of
Kisidayov&, T. MichalowskP, P. Javorsk§, the significant groups of rumen microorganisms.

S.Y. Moon-van der StadyG.W.M. van der A gerym bottle technique was used to isolate

Staay%J.l-!.P. IHaﬁks_telihC.J. ll\lewﬁolé(alnsti-  anaerobic fungi from the rumen of fistulated Shal
tute of Animal P y|5|0 Okgyl; Slolva Acalzdemy O sheep. Infested barley straw, after 24 hours of
Sciences, Kuse, SlovakiayKielanowski Insti- - 5 incybation in the rumen, were used to inoc-

tute of Animal Physiology and Nutrition, ;516 medium C with chloramphenicol solution.

.'J\lz_a_blonna,NF_’_oland? Qrithﬁllichu?ivgrsity of  Fungal isolates were identified based on their
megen, Nijimegen, The Netherlan Kowett orphological characteristics after 48 hours of
Research Institute, Bucksburn, Aberdeen AB21, 1+ ve incubation at 39 °C using light micro-

9SB, UK) scope. Uniflagellate and polyflagellate zoospores
were observed with 1 or 2-16 flagella respec-
Rumen protozoa represents a substantial patitely. Zoospores were variable in shape (glo-
of the rumen microbial population and somebose to irregular) and size. Ovoidal, ellipsoidal
200 species have already been described froand very elongated sporangia were also observed
this environment. However, due to fastidiousin examined samples. Sporangia were highly
growth requirements and their complex mor-variable in size attached to their rhizoid systems
phology our understanding of the role of proto-with or without sporangiophor. Rhizoidal sys-
zoa in rumen fermentation is still limited. Rapid tems of the isolates also differed in their size and
methods have been developed for molecular idemyranching types. These observations indicated
tification of rumen protozoa without the needthat various genera of anaerobic fungi could
for cultivation. Total DNA was isolated from inhabit the rumen of Iranian sheep in which the
single picked protozoal cells by the Chelexmost predominant genera weeocallimastix
method and used as a target for PCR amplificaandPiromycesFurther structural and nutritional
tion using primers directed to the ribosomal RNAexaminations are needed to identify the various
operon. Amplified DNA was then subjected togenera and species of the isolates precisely and to
cleavage by tetranucleotide sequence recognigetermine the potential activity of these microor-

ing restriction endonucleases and specific DNAyanisms in comparison to the isolates from other
fingerprints were obtained after agarose gel eleGqyntries.

trophoresis. The highest discriminatory power

was observed fddadll and Msp endonuclease,

which could separate the subfamiyplodini-

ineaefrom the other species. The method wad-129Distribution of the anaerobic fungi
found to be able clearly discriminate betweeralong the digestive tract of sheepM.

all strain studied (18 strains belonging toRezaeiafy G.W. Beake D.S. Parkét (2 Fac-

12 species). No differences have been observedty of Veterinary Medicine, University of
between identical species originating from dif-Tehran, Tehran, Irarf;Faculty of agriculture,
ferent animals or geographic locations, orUniversity of Newcastle Upon Tyne, NE1 7RU,
between morphological variants of the sameaJK)

species, indicating limited intra-species vari-

ability of studied protozoa. The method describedyy eyneriment was designed to investigate the
here provides a rapid and convenient way fof, o sance of the anaerobic fungi and their sur-

gjri?éi;g::ﬁg‘h%ngrgjigg{?,igsséﬂgi&it%f erI:j)?eETJVival within the digestive tract and to assess the
infrastructure grant QLRI-CT-2000-01455: chitin component of the digesta as a marker of

fungal biomass. Three sheep were habituated to
www.ercule.com). a diet consisting of 1.6 kg chopped and pelleted
lucerne. The sheep were killed by injection of
Euthatal 30 h after feeding. The component
P-128lsolation and identification of rumen  weights of each part were measured. Triplicate
anaerobic fungi from sheep in Iran.M.  samples of digesta content were then collected
Rezaeian, A. Khosravi (Faculty of Veterinary from each part of the digestive tract for dry mat-
Medicine, University of Tehran, Tehran, Iran) ter determination, fungal isolation, SEM study
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and chitin assay. Anaerobic fungi were isolatedVhen adding both MCFA together, synergetic
from the abomasum, small and large intestinegffects in suppressing methanogenesis and
caecum and faeces of sheep whilst attempts toethanogens occurred, £, added to G,.,
isolate them from the ruminal and omasal digestancreased the efficacy of,6:,against methano-
were unsuccessful. However, SEM examinatiorgenesis (experiment 2) and mixtures ¢f gCand

of the samples confirmed the presence of fungi iC, ,.4in proportions of 1:0.1 to 1:1.5 showed the
these organs. SEM examination of the particlesame effects on methanogenesis as the same
obtained from the large intestine and caecal sanamount of G,.,provided alone (experiment 3).
ples showed circular surface pitting sporangiddigher proportions of ¢,.,had decreasingly
which possibly represent putative survival struciower effects. The present results illustrate the
tures. No rhizoidal structures were identifiedadvantage of using mixtures of and G ,yto
from any of the samples taken from the digessuppress ruminal methanogenesis. This was ver-
tive tract. Estimation of the fungal biomass inified in a Rusitec experiment by supplying
the whole rumen digesta by the use of chitifMCFA mixtures to complete ruminant diets.
assay indicated that they may account for up to

20% of the total microbial biomass. The results

support the view that anaerobic fungi produc o .
survival structures in the lower part of the diges(i:)'lg’lEffeCts of combinations of 3-butenoic

tive tract. However, the factors responsible for the!ﬁCld and two inhibitors of methanogenesis on

; : : : itro ruminal fermentation. E.M. Unger-
induction of these resistant zoosporangia hav vi N .
yet to be identified. Fgld, S.R. Rust, R. Burnett (Michigan State Uni-

versity, East Lansing, Ml 48824, USA)

We hypothesized that the use of 3-butenoic acid
as an electron sink could relieve the constraints
on fermentation caused by the methanogenesis
inhibitors lumazine and propynoic acid. In two
experiments with 24-h batch ruminal cultures,
lumazine (0, 0.6 and 1.2 mM, Exp. 1), and propy-
noic acid (0, 2 and 4 mM, Exp. 2), were each
incubated in Wheaton bottles € 4) with
3-butenoic acid (0 or 4 mM). Ground lucerne
hay was the substrate. In Exp. 1, lumazine
Dietary fats rich in medium-chain fatty acids decreasedq < 0.01) methanogenesis by 15 and
(MCFA) have the potential to suppress ruminak4% at 0 and 4 mM 3-butenoic acid, respectively
methanogenesis. Three in vitro experiments usinginear interactio = 0.03). In Exp. 2, propynoic
the Hohenheim gas test apparatus were carriegtid linearly decrease® & 0.01) methanogen-
out to investigate the effects of single MCFAesis by 68%. 3-Butenoic acid decreased methano-
directly on ruminal methanogens and methangenesis by 30% at 2 mM propynoic acid, but did
release. Therefore, incubations were performeflot affect it at 0 or 4 mM proynoic acid (quadratic
without feed but with sufficient supply of,fdnd  interactionP < 0.01). Lumazine did not affect
CO, to maintain methanogenesis. In experiment lthe substrate fermentation (estimated through a
increasing levels of lauric (G.)), myristic (C4.9  mass balance), while propynoic acid decreased it
and, as a control, stearic({) acid were added (p < 0.01) by 13.1 percentage units. However,
to rumen fluid. To examine whether MCFA act3-putenoic acid compensateel£ 0.01) for the

in a synergetic way, in experiment 2 increasingjecrease in the substrate fermentation caused by
levels of G,., were supplied at four different propynoic acid. 3-Butenoic acid also stimulated
levels of G ., In experiment 3, keeping the (p < 0.01) the substrate fermentation in Exp. 1 by
entire MCFA supply constant, different propor-g percentage units. Lumazine did not affect the
tions of G, ;and G, were used to evaluate the gcetate to propionate ratio at 0 mM 3-butenoic
most effective combination in suppressingacid, and increased(< 0.01) it at 4 mM
methanogenesis. Provided as single MCFA, onlg_ptenoic acid. Propynoic acid decreased
Cy,Suppressed methanogenesis but both,C (p < 0.01) the acetate to propionate ratio.
and G, decreased counts of methanogenss gytenoic acid increase® & 0.01) the acetate

P-130Medium-chain fatty acids and their inter-
action in suppressing ruminal methanogens
and methanogenesis in vitroC.R. Soliv&, |.K.
Hindrichser, L. MeileP, M. Kreuze®, A.
Machmdille? (3Institute of Animal Sciences and
b nstitute of Food Science, Laboratory of Food
Microbiology, ETH-Zurich, ETH-Zentrum, 8092
Zurich, Switzerland)
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to propionate ratio in Exp. 1, but not in Exp. 2.at pH 5.0. Native electrophoresis combined with
Both methanogenesis inhibitors, and 3-butenoigymograms revealed the presence of CMC-ase
acid, increased”(< 0.01) butyrate molar per- and xylanase enzymes in protozoal protein. End
centage. The combinations of either inhibitorproducts of the carbohydrate hydrolysis were
with 3-butenoic acid decreased methanogenesidentified by TLC technique. (This project is sup-
while maintaining or improving the substrate fer-ported by EU infrastructure grant QLRI-CT-
mentation. 2000-01455: www.ercule.com).

P-132The fibrolytic activity of the rumen
ciliate Diploplastron affine K. Wereszka,
T. Michalowski, A. Kasperowicz (The
Kielanowski Institute of Animal Physiology and
Nutrition, Polish Academy of Sciences, 05-110
Jablonna, Poland)

P-133Molecular characterisation of bacterial
communities in the guts of marine herbivo-
rous fishes.l. Pasch, S. Turnet, K. Clementd
D. MountforP (3School of Biological Sciences,
University of Auckland, New Zealand;
bCawthron Institute, Nelson, New Zealand)

The rumen ciliat®iploplastron affinevas iso-

lated from the rumen fluid of a cow and culturedit is well established that terrestrial vertebrate
in vitro as a clone. The standard feed given therbivores are nutritionally dependent on the fer-
protozoa consisted of powdered hay (60%)mentation products of their gastrointestinal
wheat gluten (16%), barley flour (12%) andmicroflora. However, the significance of micro-
microcrystalline cellulose (12%). It was found bial fermentation processes in the nutritional
that protozoa were able to grow in a mediunmecology of herbivorous fishes is still unclear.
composed of (&1~Y) potassium phosphate (11.3), Redox potentials indicative of anaerobic condi-
sodium chloride (0.65), sodium acetate (0.75)tions and elevated levels of short chain fatty acids
magnesium sulfate (0.045) and calcium chloridé SCFAS) in the posterior intestines of marine
(0.045) when saturated with GOThe ciliates herbivorous fishes support the notion that the
survived for 30 days in the culture buffer supple-indgut is a site of active bacterial fermentation.
mented with only powdered straw but the conHowever, evidence supporting a microbially-
centration of ciliates did not exceed 48llsmL~1.  based digestive process has lacked a clear char-
Protozoal numbers increased by about 70% wheacterisation of the gastrointestinal microflora of
straw was replaced by powdered hay. These findhese animals. Here we describe the application
ings show that fibrous food given to protozoaof a molecular strategy, Amplified Ribosomal
satisfied their nutritional requirements. On theDNA Restriction Analysis (ARDRA) and com-
other hand neither oat spelt xylan nor crystallingoarative sequence analysis, to characterise the
cellulose increased population density. Barleyposterior gut flora of three marine herbivores,
starch was a stimulating factor, however the modfyphosus sydneyanuddax pullusand Aplo-
dense population was found when a mixture oflactylus arctidensThis analysis indicates that
starch and microcrystalline cellulose was addechembers of the gen@ostridiumdominate the

to the diet composed of hay and wheat gluterposterior regions of the gut in these fishes. While
Crude enzyme preparations obtained from théhe Clostridia are metabolically diverse, the genus
broken cells of ciliates were able to digest crysis generally characterised by spore formation,
talline cellulose, carboxymethylcellulose, cel-strict anaerobiosis and fermentation of carbohy-
lobiose and xylan (0.06 + 0.02, 20.6 + 3.23,drates to SCFAs. This study thus provides evi-
8.7+0.12 and 117.8 + 3.14mol equivalents of dence for the abundance of fermentative bacteria
glucose or xyloseng™ proteinti-L, respectively). in the intestine of marine herbivorous fishes and
The highest rate of cellulose, cellobiose and xylasupports recent work on fermentation rates in
digestion was observed at pH 6.0 and with CMChese animals.
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IL-3 Bacterial biofilms in the large intestine.  Fruit, vegetables and cereals contain a wealth of
G.T. Macfarlane (University of Dundee, MRC secondary plant metabolites which have been
Microbiology and Gut Biology Group, Ninewells implicated in the promotion of health. To under-
Hospital Medical School, Dundee DD1 9SY, UK) stand the mechanism of their action it is necessary
to gain more information on their fate in the body

In the human large bowel, bacterial biofilms existfollowing their ingestion. A certain proportion
on the mucosal surface, in the mucus layer, an@f ingested secondary plant constituents may
on the surfaces of digestive residues in the guscape absorption in the small intestine and there-
lumen. Scanning electron microscopy and fluofore may undergo transformation by intestinal
rescent in situ hybridisation (FISH) experimentsmicro-organisms. To study the transformation
using group specific 16S rRNA oligonucleotide of secondary plant metabolites by bacteria,
probes showed that mucosal bacteria occurredubacterium ramuluwas isolated from human
in microcolonies, especially on the rectal epithefaeces and incubated with selected flavonoids.
lium, as well as in diffusely spreading commu-E. ramuluss a strictly anaerobic bacterium which
nities between the crypts. Live/dead staining indiwas found to be present in the gastrointestinal
cated that the bacterial microcolonies containetract of most individuals. It cleaves the ring sys-
a mixture of living and dead organisms. Cultur-tem of several flavonols and flavones giving rise
ing studies on bacterial populations colonisingo the corresponding hydroxyphenylacetic and
the rectal epithelium showed that bacteroidefiydroxyphenylpropionic acids, respectively,
and bifidobacteria predominated in healthy indi-acetate and butyrate. Degradation pathways were
viduals. However, these investigations alsgroposed based on the intermediates detected by
demonstrated that a wide range of bacteria wergigh performance liquid chromatography (HPLC)
present on the rectal mucosa, with 72 speciesnd HPLC coupled with mass spectrometry
being identified (belonging to 18 different genera)(LC-MS) and the detection of enzymes that catal-
on the basis of automated cellular fatty acid analyse reactions such as taxifolin isomerization,
ysis. Comparison of healthy subjects with ulcerphloretin hydrolysis and phloroglucinol reduc-
ative colitis (UC) patients indicated that they hadtion. The dearomatising phloroglucinol reduc-
higher numbers of mucosal bifidobacteria andase, presumably part of all flavonoid degradation
lower numbers of enterobacteria and Gram pogyathways, was purified and characterised. In
itive cocci than the UC patients. addition, the gene encoding the phloretin hydro-
Microbiological analysis of strongly adherentlase was cloned fromE ramulusgene library
bacterial populations on food particles indicatedaking advantage of a newly developed fluores-
that they were broadly similar in composition tocence test for activity screening. Moreover, a
non-adherent communities, and that clostridianew intermediate was discovered and identified
were not present to a significant degree. Howby MS andH- und?3C-NMR-analysis as alphi-
ever, FISH studies showed that large numbergnin. To investigate the degradation potential
of these organisms could be present in lumengf E. ramulusunder in vivo conditions, germfree
biofilms. Adherent bacteria differed enzymically rats were associated with ramulus Following
with respect to glycosidase and polysaccharidasge intragastric application of quercetin-3-glu-
expression, and were metabolically distinct from;oside, urine and faeces of gnotobiotic rats were
their non-adherent counterparts. This was evignalysed for degradation products originating
denced by measurements of specific rates gfom quercetin-3-glucoside. In faeces of rats
SCFA production and the types of fatty acidsmonoassociated with. ramulus 3,4-dihydrox-
that were formed. Bacteria in the .bIOfI|mS gen-yphenylacetic acid was found, indicating that
erally produced more acetate, while non-adhergs organism was able to cleave quercetin under
ent populations formed proportionately morej, yiyo conditions. To investigate in which way
butyrate. the dietary flavonoid content affects the con-
centration oE. ramulusn the human intestinal
tract, twelve human subjects consumed a
IL-4 Transformation of flavonoids by human  flavonoid-free diet for one week and subse-
intestinal bacteria. M. Blaut, A. Braune, H. quently a flavonoid-rich diet. Fecal samples from
Schneider, R. Simmering, L. Schoefer, C. Herleoth phases of the study were analysed by in situ
(Department of Gastrointestinal Microbiology, hybridisation for total bacterial counts and counts
German Institute of Human Nutrition Potsdam-of E. ramulus Total cell counts and the cell
Rehbruecke, DifE, Germany) counts ofE. ramulusdecreased significantly
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during the flavonoid-free period, while there wasspecific interest in target populations such as
an up to tenfold increase in tBeramuluscounts  individuals with a compromised microbiota.
during the flavonoid-rich period indicating that

dietary secondary plant metabolites may have

an influence on the intestinal microbiota. IL-6 Development of the gut flora in the infant:
implications for health. C.A. Edwards (Depart-
ment of Human Nutrition, University of Glas-

IL-5 Human gut flora and its modulation using  gow, Yorkhill Hospitals, Glasgow G3 8SJ, UK)
functional foods.A. McCartney (Food Microbial

Sciences Unit, School of Food Biosciences, Uni-T

versity of Reading, UK) he colonisation of the infant gut is a complex

process that is very little understood. The critical
The h lonic microfl . | dperiods are thought to be in the days after birth
€ human cofonic microtiora IS a farge anty during weaning. The microflora of the breast

complex baCte”a'.COT“m““"y’ Wh'Ch has beer}ed infant is quite different from that of the infant
shown to interact intrinsically with host health. od formula milk. In the first few weeks of life

The acquistion of this bacterial ecosystem begin t of th lusively b t fed infant i
at birth and a number of factors impact its com- € gut of the exclusively breast fed intant 1s

position, including diet, age, health, stress an(g_o_minated l_:)y lactic acid b_apt_eria, particularly
environment. Metchnikoff's correlation between Pifidobacteria and lactobacilli, in contrast to the
diet and longevity (in the early 1900s) led to theformula fed infant who has motenterobacte-
advent of functional food science. Initially the fiaciae andBacteroidesspp. Breastfeeding is
emphasis concentrated on fermented milk procﬁ.ssoclated with a lower risk of diarrhoea than
ucts containing lactic acid bacteria (LAB). How- formula feeding and this may be due in part to the
ever, as interest in the health benefits of sucHifference in the flora. The factors determining
foods and LAB in general grew, so dawned thdhis difference in microflora are not certain but
era ofprobiotics That is ‘live microbial feed probably relate to several properties of human
supplements which aid in host health’. Todaymilk including the presence of non-digestible
such food products are not only produced andligosaccharides, nucleotides and lactoferrin.
marketed as health promoting but also for proThe microflora of these two infant groups also
phylactic and/or therapeutic purposes. The healthas a different metabolic profile. Breast fed
benefits attributed to LAB include colonisation infants have more acetic and lactic acid in faeces
resistance, anti-carcinogenic activity, immuneyith a lower pH than formula fed infants who
stimulation, re-establishing a balanced microflorapaye a short chain fatty acid profile dominated by
cholesterol lowering activity, vitamin synthesis, 5cetic and propionic acid with a small amount
alleviation of Ia_ctose |r_1to|erance. M_ore recentys butyric acid. Other metabolic products asso-
developments in functional food science have;ase it the adult microflora are also at higher
targeted enhancing indigenous LAB IOOPUIat'onscon(:entrations in the formula fed infant before

as qpposgd to oral administration of exqggnou\%eaning. Although many of the metabolic dif-
strains. This largely revolves aroynd.meblotlc .ferences between the microflora of breast fed
concept. Furt_hermore, the_ appllcatlo_n of prqpl_and formula fed infants persist into the earl
otics for particular endpoints (that is specific P y

strains for specific functions) and the potential of 129€S of weaning it appears that flora of the
prebiotics (selective enhancement, possibly evepreast fed_ infant dlvgrsmes earlier than this. The
to species or sub-species levels) has spawnedgMentation capacity of the flora of breast fed
further category of functional foodsynbiotics ~ infants develops slowly especially for complex
the combination of probiotic(s) and prebiotic(s).carbohydrates. That of formula fed infants devel-
Dietary intervention studies (using functional0ps more rapidly. The gradual development of
foods) have clearly demonstrated the abilitythe flora and its metabolic activities in infancy
to modify the gut flora. Increasingly, clinical may provide an opportunity to manipulate the
studies are being performed to demonstrate theolonisation process in a way that has health ben-
applications of functional foods in vivo, with efits in infancy and later.
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Concluding Lecture species; in the human colon interest is focussed
on the role of butyrate as an energy source for

colonocytes and as a signal molecule in the host

IL-7 Anaerobic metabolism in the gut.C.S. cell development cycle. Progress is being made
Stewart (Rowett Research Institute, Bucksburnn identifying key butyrogenic bacteria includ-
Aberdeen AB21 9SB, UK) ing Faecalibacterium, Roseburia, Eubacterium
Anaerostipesand Coprococcuspecies and in
elucidating the different pathways of butyrate

In pre-gastric fermentors such as ruminants, . . .
anaerobic rumen microbes enable the host animBloduction. Resistant starch (RS) consumption

to access energy and nitrogen sources in feé'd)rrelates most C|Ose|y with butyrate formation
plants that would otherwise be unavailable. Simin the Gl tract; understanding the effects of dif-
ilar microbes are also vital to the health of postferent types of RS on the colonic microbes, par-
gastric fermentors such as humans, but the impatitularly in relation to butyrogenensis, is of obvi-
of their activity may be somewhat different. Theous importance. Apart from establishing links
anaerobic bacteriu@xalobacter formigenés  petween diet and health, the study of transfor-

found in many animals, protecting herbivoresyaions by Gl tract anaerobes can lead to unex-
from oxalate poisoning. In humans, microbial

colonic oxalate degradation provides |Orotectior§e(:ted discoveries. For example, coumarin agly-
against hyperoxaluria and the development o ones released by hydrolysis of some common

kidney stones. Some people may I@sdormi- glycosides are bactericidal to some human
genesas a result of antibiotic or drug therapy’pathogens. The wide range of metabolic trans-
but tests on the use of this bacterium as a probformations performed by Gl tract anaerobes is
otic have proved promising. Butyrate producinglikely to provide substantial opportunities for
bacteria are also very widespread in animabiotechnological exploitation in the future.
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