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Anaerobic Ciliate Methanogenic

Bacteria Fungi Protozoa Archaea
~300 species ~30 species ~40 species ~B species
101°to 10''cells/ml <105 cells/ml <10° cells/ml 108 to 108 cells/ml

The rumen microbiota is essential for ruminants to
effectively utilise dietary material.




DISCOVERING THE WORLD OF THE “UNCULTURED”
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plants and

fungi Protists

Eukarya
Observation

— The direct identification of microbes always
reveals that there are more microorganisms
than those we can isolate as pure cultures



Design of the animal trial (lactating cows)

3 x 3 Latin Square Design:

Al |A2 | A3
P1 |L1 |LO |L2
P2 |LO |L2 |L1
P3 |L2 |L1 |LO
P : Period
C:Cows

L : Treatments:

L0=0;L1=0.5g/d;L2=5g/d

Biosaf Sc 47 : Lesaffre Feed additives

Composition of the diet
(acidogenic):

- 60% corn silage

- 30% concentrate

- 10% dehydrated alfalfa
- Minerals and vitamins

Period design

15d 2d
Adaptation |  sampling
| | 3d
4d wash

Measurement out




T-RFLP : Terminal restriction fragment

length polymorphism
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Linear Discriminant Analysis (LDA)

DF2 (1.7, 42%)
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Analyse of the 16s rDNA sequences libraries

/ Bacterial community of the rumen

454 technology SARST-V1 9 samples
sequencing analysis (3 animals and 3 treatments)

}

- 3429 sequences (864 clones)
-5516
Varegion -1123 L0, 1129 L1, 1177 L2
_250nt - V1 region

- 60nt average size

— _/
\

Sequence match, classification and library
comparison




SARST-V1:serial analysis
of ribosomal sequence tags

Bsgl-bact-64f
165 rDNA

s
Bsgl-bact-109r]

FEEE e I

1. Digest with Bsgl
B 2. Remove digested primers with
magnetic beads

3. Cloning

1. Gel sizing
D 2. Blunt end polishing

RST concatemer libraries

E l Analyses of RSTs

Screen and sequence
Recognize individual RSTs
¢ (Compare to GenBank and RDP
*  Calculate relative abundance of each RST

* A technique for the semi quantative analysis
of complex bacterial populations (Yu and
Morrisson, 2006).

*Each construct has circa 6-9 unique
seguences we have sequenced 100 per
animal

*Although small the recovered sequences
allow phylogentic analysis



Pyrosequencing

whole genome
/ amplification \

5-100ng DNA

Emulsify beads and Clonal amplification Break microreactors
oceurs inside enrich for DMA-

WWW. 454 . CO m BXCESS O - PCR reagents in
apture Beads water-in-oil microreactors positive beads

microreactors




Phylum distribution (%) with 454 sequencing and SARST-V1

A B C ul E E G H | J
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Phylum SARST 454
Bacteroidetes A B
Firmicutes C D
Fibrobacteres E F
Proteobacteria G H
Actinobacteria 1 J
GENUS SARST 454
Prevotella K L
Ruminococcus M N
Eubacterium (0] P
Fibrobacter Q R
Megasphaera S T
Selenomonas U \4
Ruminobacter \\ X
Pseudobutyrivibrio Y Z
Bifidobacterium AA AB




Syntrophococcus Ruminococcus Eubacterium Fibrobacter Megasphaera

Genus

* Significantly different from control

Selenomonas

@ Control
W (0.59g yeast
W 5 yeast

Ruminobacter




Design of the animal trial (lactating cows)

3 x 3 Latin Square Design:

Al |A2 | A3
P1 |L1 |LO |L2
P2 |LO |L2 |L1
P3 |L2 |L1 |LO
P : Period
C:Cows

L : Treatments:

LO = CONTROL
L1 = SODIUM BICARBONATE
L2 = YEAST

450,000 sequences generated
350,000 sequences analysed (removed if
inferior to 150nt and more than 3N)

3 steps process
1. Pair wise alignment with a gut database
of the same region that we sequenced
(135,000 sequences)
generated 9500 different matches

2. Recovered the full length of the
sequence pair wise alignment of the
9500 matches against an isolate
database (full length, with bacterium
identified 110,000 sequences)

3. Report the bacterial composition

(relative abundance in %)




CONTROL YEAST BICARBONATE
m Bifidobacterium
M Lactobacillus
B Streptococcus
B Enterococcus
M Bacteroides
B Butyrivibrio
H Cellulomonas
B Cellulophaga
m Clostridium
M Fibrobacter
M Lachnospira
m Parabacteroides
B Pseudobutyrivibrio

LIQUID
FRACTION

SOLID
FRACTION

Solid
Liquid fraction fraction

Metabolism Control Bicarbonate [Yeast Control Bicarbonate |Yeast
Acid production 0.95P 1.472 1.06° p.2b P.452 1.84¢
Fibre degrading 24,14 P7.142 P4.46° 32.13P 35.522 33.09°
Lactate user 1.392 1.272 1.620 1.3 0.92a 1.4
Multi-substrate 39.372 38.892 42.86° 26.03° P4.382 p8.4¢
Starch user 0.34 0.22 0.12 0.162 0.142 0.06P




Genome interaction

Microbial Plant
metagenome genome
Pre-colonisation Developmental &
Epiphytic bacteria - environmental
stimuli
Ingestion
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What affects colonising microbes?
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Lolium perenne

Similarity (%)
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Figure 4.7 The results in percentage of assignments of families over 1 %, basing on 165
RNA gene 454 pyrosequences. From (A) MC and (B) EPS commumnities at 2 h after
anaerobic incubation. All others, grouping of the other observed famulies. The fraction
pie colours represented the phyvlum which belong the assigned famuly: LGCGPB (green),
CFB (red). HGCGPB (Blue), and Proteobacteria (purple). Ranks where sequences could
not be assigned with a bootstrap confidence estimate above 90 % threshold are displayved
under an artificial ‘unclassified’ taxon. * = sigmficantly different at P< 0.01.



Microbial cell DNA & EPS DNA:
Similar functionality?

Regulabonand Cell sigraling

Phosphorus Metshaobies
Fatty Aucids ard Lipads |

Hitrogen Metabolism |

Ifotility and Chemoturis

Mrnbglniamr;:mm& / i Huclsosides and Husleotides

S ulfiar Metabolsm F : FN & Metshobism

Miscellanscrs . Chustering bassd subaystems
Stress Ragpores Coll Drvisionand Cell Cucle
Dlemhrans Transport

Broadly similar DNA functionality in EPS and microbial cells,
even though differences in bacterial composition.



ﬁ\ Planktonic
7 cells —*

Colonising
cells

P. ruminicola

Microarray (Agilent)

\
Abiotic +

Biotic Stress

~
@ L. perenne
Abiotic A cDNA sequencing (454)
Stress > 1| ’ Digital gene expression

analysis (lllumina)




Planktonic cells (6 h) vs. inoculum (0 h)

T podlehicalponotewn- _—

Pavewnthes = oo acbors prostlictic coonps ol cang s |
[own Laten v bt -
Ietemn - nllie-1= |I

Forcru Bletalinli=im ._
LTI RTISETR A TR IR __

Transerpien |
carad b ey pgta ol |
Cwlhalor prow gy .-

Vel envelspe %
Eard b cpwetalsnli-1ne -.
Tramepront ampd Veprp o ppaoten- -_

Erroten fale
Fotly s pl e pelios plobipred it oz
el s e -1 i

Sarnd e o o ||

LA JAn Ik KL Lin |IKIK
Number of genes differentially regulated
(>2 fold)



RUMEN ENZYMES

EXPLORATION OF BOVINE
RUMEN MICROFLORA

sampling ., DNA — library — Screening, __. characterize, __. apply
extraction generation sequencing optimize

o AE —_

environmental

RESULTS:
mICFUbI()lOg_y_ - Cellulases Esterases
i =% ¢ 13 novel esterases

* 9 endoglucanases

* 1 cyclodextrinase

] laccase

*25 glucosyl hydrolases




ESTERASES

CELLULASES

Novel hydrolase diversity retrieved from a
metagenome library of bovine rumen microflora

Enzyme MW MWtotal Subunits pH Temperature
R.01 30956.71 92870 3 8.0-8.5 50
R.13 31212.32 31212 1 8.0 50
R.17 29649.20 237192 8 8.0 60
R.27 28182.84 112728 4 8.0-9.5 60
R.34 25811.36 25811 1 9.5 50
R.35 6177.98 6200 1 10.0 70
R.40 75502.00 453012 6 8.5-10.0 65
R.41 34874.67 34800 1 7.5 50
R.43 32961.62 32961 1 9.0 55
R.44 74747 .17 74748 1 4.0-11.0 70
R.45 56508.72 113016 2 8.0-9.0 60
RR.01-1 58301.81 233204 4 56 60
RR.01-2 43010.25 172040 4 6.0 70
RR.02-1 40221.46 160884 4 4.5 60
RR.02-2 58686.32 234744 4 4.5 60
RR.06 56508.72 113016 2 5.6-6.0 70
RR.08 34555.39 69110 2 55 55
RR.13 42035.36 42000 1 5.6 60
RR.14 60652.05 181956 3 6.0 70
RR.20 36535.99 36535 1 56-6.0 60
RR.22 53243.82 53000 1 3556 70
RR.23 26832.10 27000 1 3.5-10.0 70

* Highly efficient hydrolases
* Wide pH-profile

* High chemical stability

* High enantioselectivities

* New protein structures

European Patent EP04015920.4.
European Patent EP04015680.4.
Environ Microbiol (2005) 7(12): 1996-2010



Fibrolytic enzymes from rumen protozoa

CD xylanase GH11

CD xylanase GH11

FRENICHN] SUGAC assay (fpuriied Epiiniim CCase CBM22 CD xylanase GH10
E 5.
T DAY
8L 15 - e \
IV \
£z \
g % \
2

pli

ACID NEUTRAL ALKALI

) ) EmmmP-



Lysozyme like protein cloned from E. caudatum
16aa 176aa 48aa

Optimium pH of lysozymes M Signal peptide
from E. Caudatum . Putative catalytic domain
_ B Domain homologous to binding
0.05 domain in Lactococcus lactis
= = 0.045 - phage lysozyme Tuc 2009/¢LC3
S 3 0.04 1
- o
2 5 0.035
= ga 0.03 —=—24.5 kDa protein
< = 0.025 ~ ——14.5 kDa protein
2 2 0.02-
= = 0.015 -
= 2 0.01-
on 2
=] 0.005
0 | | |

2 4 6 8



Designing systems to produce food
In a sustainable and efficient manner

Production/growth

I "
0
%
7
%
Microbial Q/‘
metagenome :(z

innovation, competitiveness and consumer orientation




Questions




