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ABSTRACT

Dynamic and individual variability of caecal baégcommunity were compared to those of hard and
soft feces using capillary electrophoresis singlansl conformation polymorphism (CE-SSCP). Soft
and hard feces of 14 adult rabbits were weekly $ashgduring 5 weeks while caecal content was
sampled on the'3(after surgery) and™5week (after sacrifice). Bacterial communities weoenpared
for their structure (peaks of CE-SSCP profiles wsia) and their diversity (estimation of Simpson
diversity index on CE-SSCP profiles, D’). Bactegalmmunity of caecal content, soft and hard feces
presented individual variability (P<0.05 for divigysand structure). Without disturbance'td 3¢ and

4" to 5" weeks), bacterial communities of soft and haré$eemained constant in time for diversity
and structure. Sampling caecal content by surgiegl greatly modified all bacterial communities
(P<0.05 for diversity and structure) suggestindirtd an alternative sample type to realize dynamic
studies of bacterial caecal community within a sanavidual. The bacterial communities of the 3
types of sample were different (P<0.05), but pre=sra similar diversity (D’8.96+0.48; N3.
However, bacterial community of caecal content alaser to that of soft feces than that of hard$ece
(R of ANOSIM=0.13 and 0.24, respectively) and diéi@ only on some peaks. Therefore, we can
assume that soft feces could be used to realizanignstudies of caecal bacterial community.
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INTRODUCTION

The caecum contains a dense and complex consodfumicrobes mainly composed of bacteria
which play a key role in the digestive physiologydahealth of the rabbit. Numerous studies were
devoted to understand the relations between ranritligestive health and microbial activity. These
works permitted to propose nutritional recommeradetifor fibre levels in relations with digestive
health (Gidenne, 2003). Additionally, the charaetdion of caecal bacterial community could be
helpful to understand origin of sanitary problennsl do define new feeding or breeding strategies.
Microbial communities were mainly studied usingtaté based methods (Fonty, 1974) and more
recently usingl6SrRNA genes analysis (Bennegadial, 2003; Abeciaet al, 2005; Abecieet al,
2007; Cauquikt al, 2007). New development of genetic fingerprintdzhen capillary electrophoresis
and laser detection, like CE-SSCP, allow to quiaktplore the whole bacterial community with high
representativeness (Haat al, 2005). Therefore, this study aimed to exploreasyit and individual
variability of bacterial community in the ceecum andcompare this flora with those of hard and soft
feces using CE-SSCP to find an alternative sanypie. t
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MATERIALSAND METHODS
Animals and experimental design

Samples were collected on 14 conventional rabhitkite New Zealand x Californian) aged of 12
weeks weighting 4.2 + 0.5 kg at the beginning @ #xperiment. Rabbits were fedl-libitum an
experimental diet for 15 days before sampling uhil end of experiment five weeks later. Diet did
not contain any antibiotic or coccidiostatic andethe nutritional needs of finishing-growing rabbi
(18% crude protein ; 2.0% crude fat ; 14.2% cruleef; 19.4% starch ; 16.5% ADF). Samples were
individually collected : i) ceecal content &t @after surgery) and"5weeks (after sacrifice of animal),
i) soft feces once a week froni'1o 58" weeks as previously described (Gidenne and Las&nou
2000) iii) hard feces once a week frofhta 5" weeks.

PCR-CE-SSCP of 16SrRNA genes

Total DNA was extracted using QlAamp® DNA Stool Mkit (Qiagen). Genes coding for V3 region
of 16SrRNAwere amplified by PCR with 30 cycles using primévd49 and 6-Fam-labelled W104.
PCR and CE-SSCP conditions were previously destridyeMichellandet al. (2007). Briefly, CE-
SSCP is a capillary electrophoretic method basedederogeneity of single-strand ribotype secondary
structure, providing different mobility through aomdenaturing gel. CE-SSCP produced
chromatograms where bacterial communities wereasipoait on 1200 scan. Each peak of CE-SSCP
profile usually corresponded to one bacterial sgmedbut ribotypes co-migration events could occur
and thus we assume that one peak correspond tgpésoassembly (Zinget al, 2007).

Data handling and statistical analysis

Using Safum software in Matlab (Zengbal, 2007), chromatograms were first together aligwet

a same reference internal standard and secondiyatiaed (area under bacterial community curve set
to 1) to guarantee reliable sample comparisonsisgtal analyses were carried out in R software (R
development Core Team, 2007).

Bacterial diversity was investigated by estimatainSimpson index (D’) on each CE-SSCP profile
(Haegemaret al., 2008). ANOVA and Tukey's HSD post-hoc test werefgrared for D' using
following fixed effects: rabbit (R1 to R14), weekdeks 1 to 5) and sample type (caecal content, hard
feces and soft feces).

Bacterial structure: similarities between bacter@mmunities were investigated by pairwise
comparisons of CE-SSCP profiles using Euclideanadt®s. Resulting proximities matrix were
explored with non-Metric Multidimensional ScalingMDS) using 10000 random starts. Observed
groups of CE-SSCP profiles were then statistictdisted with Analysis of Similarity (ANOSIM).
ANOSIM tests the significance of clusters existemgth a p-value based on 10000 Monte Carlo
permutations, and when significant, ANOSIM calcetathe degree of difference between groups with
an R-statistic from 0 (i.e. poorly differentiatetd) 1 (i.e. well separated) (Ramette, 2007). When
bacterial communities significantly differed, itdéve ANOVA was performed for each of the 1200
points of CE-SSCP, using bacterial community mestier (2 levels: community 1 or 2) as fixed
effect.

RESULTSAND DISCUSSION

To our knowledge, bacterial communities of the mabhastrointestinal tract were never investigated
using capillary electrophoresis fingerprints. Poexd study usingl6S rRNAlibrary sequencing
suggested that caecal bacterial community is urtédiypcomplex and harboured more than 99% of
unknown species (Abecet al, 2005; Cauquikt al, 2007). Therefore, the first step to study baateri
community of the caecum is to explore its individaadt time variability.
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Variability of bacterial structure

Without disturbance, the bacterial communities afdhand soft feces did not differ (NS respectively
for weeks 1 to 3 and weeks 4 to 5; Table 1). Atdpposite, the sampling of caecal content using
surgery induced significant changes in bacteriatrooinities (R=0.29, P<0.001; Table 1).

Table 1: Similarity of bacterial communities among indival, sample type, time and surgery using
ANOSIM

Sample origin groups R-value p-value
Rabbit 0.19 <0.001
Sample type 0.16 <0.001
Ceecal content vsoft feces 0.13 <0.05
Ceecal content vhard feces 0.24 <0.001
Week 0.14 <0.001
1%L 2" and 3 weeks - NS
4" and ¥ weeks - NS
Before vs after surgical operation 0.29 <0.001

Therefore, the study of caecal bacteria communitcassion in response to disturbances (feeding or
breeding factors) need an alternative sample tgpsily accessible, non-disturbing for animal and
microbes, and similar to caecal bacterial commurBgth nMDS (Figure 1) and ANOSIM showed
significant but barely separated CE-SSCP profilesoaling to sample type (R=0.16; P<0.05).
However, ANOSIM showed that bacterial communitycaécal content was closer to soft feces than to
hard feces (R=0.13, 0.24 respectively, P<0.05).

Iterative ANOVA revealed that few peaks explainbd structure difference between caecal content
and soft feces (Figure 2). Thus, in great majothyg, same ribotypes assembly seemed to be observed
in ceecal content and soft feces. These resultestegthat it is possible to investigate dynamithef
caecal bacterial structure by monitoring soft feddsOSIM showed individual variability (R=0.19;
P<0.001) but pairwise comparisons of rabbits demnatesl that individual variability was mainly
explained by few rabbits (data not shown).

Variability of bacterial diversity

Diversity of bacterial community of the caecal coitevas meanly 3.8 £ 0.5 (Figure 3). Diversity
varied among individual whatever sample type (P&D)0Diversities of soft and hard feces did not
change during the first 3 weeks (4.2 + 0.4; NSgntkecreased between weeksadd 4 following
surgery (-0.5 pt; P<0.05) and then did not chargdieen % and 8" weeks (3.7 + 0.4; NS). Bacterial
diversity of ceecal content and soft and hard feeas similar (3.75 + 0.49, 3.94 + 0.53; 4.08 + 0.4
respectively; NS). There was no interaction betwasnple type and week effects.

A

® Caecal content
& Soft feces
a * Hard feces

Figure 1: nMDS of CE-SSCP profiles according to the sanype
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Figure 2: Structure differences on CE-SSCP profile betwkacterial community of caecal content
and soft feces using iterative ANOVA. Significanffefences at P<0.05 were indicated by black
horizontal bars

A

- -+

ot - - = - - 4

-

ok - - - HEp=]- 4

4.0 45
1
=1 ]--+
1-+
R
4
- - - -4
-4
o - - - =] -+
- --

B) ﬂ
‘% II 1 1 1 : ©———oHard feces
bl L L ]
2 [ ] == ab ab ! 5 Bsoft feces
2 ﬁ- : : 9 Caecal
1
g J'_ aJ'b ! || . : ° content
1
£ ab . ! ]
[ ' 1 1 1 .
o " ! ! ! a
? 1 L AL 1
” 1 ab ab ab +
1 ab
1
1
R b
o i P < 0.001 NS NS NS <0.05 NS
T T T T T T T T T T T T T T T T T T T
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10R11R12R13R1l4 Wl w2 W3 W4 W5
Rabbit number Sampling week

Figure 3: Boxplot and average of diversity for the 14 rablpf) and average of diversity by week and
sample type (B)

CONCLUSIONS

Without disturbances, both diversity and structfrbacterial community of rabbit soft and hard fece
were stable. Such a result allows studying caeeakebial community changes in response to
nutritional challenge comparing bacteria before aftdr disturbance. However, the access to caecal
content is difficult and surgical method affecteagty both bacterial diversity and structure. Oatad
showed that soft feces, which are easily accesgibbsented a similar structure community of those
of caecal content. Thus, soft feces could be arasting alternative sample type to study bacterial
community of rabbit caecal ecosystem.
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