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A B S T R A C T

The status of mucin as a fe rmentab le  ene rgy  source f o r  po lysacchar ide  

de g ra d ing  microorganisms in the ra b b i t  cecum was in ves t iga ted  us ing 

bacter ia  isolated from digesta  and mucosal membrane. U l t r a * t r u c t u r a l  

s tud ies  of  the cecal ep i the l ium revealed a laye r  of  microvesic les p r e 

v e n t in g  contact  between bacter ia  and the b r u s h  b o r d e r ,  b u t  t h e re  was

heavy colon izat ion of  the o v e r l y i n g  mucous b lank e t .  Mean v iab le  counts
6 9f rom mucus and digesta  were  10 anH 10 pe r  ml respec t ive ly ,  w i th  ov e r  

18 d i f f e r e n t  species of  ob l igate p re s u m p t iv e ly  iden t i f ied  f rom

f iv e  rabb i ts .  The  species most f r e q u e n t l y  iso la ted,  iden t i f ied  on lv  on

p heno typ ic  c r i t e r i a ,  were  s imi lar  to  Bacteroides r ,  c * •;;■>* orc>........

intermedius, Bacteroides ruminicola and Peptostreptococcus productus. 

T he re  was cons iderab le  va r ia t ion  in the d i s t r i b u t i o n  o f  dominant species 

between mucus and d igesta  and among in d iv id u a l  rab b i ts .  B. 

vulgatus-Wke  s t ra ins  were  not on ly  p resen t  in all animals,  b u t  were also 

the most ac t ive in deg rada t ion  of  mucin f rom ra b b i t  small in tes t ines as 

measured by  the pe r iod ic  a c id -S c h i f f  s react ion .  Chemical analysis of  

mucins before  and a f te r  d iges t ion  by  B. vulgatus- l i k e  s t ra ins  showed th a t  

ra b b i t  in tes t ina l  mucin v as less easi ly degraded than p ig  gas t r ic  mucin .  

Never the less ,  t he re  was up to 40 °0 reduc t ion  in c a rb o h y d ra te  con ten t ,  

changes in the re la t ive  molar rat ios and loss of  im muno-reac t ive  term ina l  

s t ru c tu r e s  a f te r  d iges t ion  by  monocu l tures o f  m uc ino ly t ic  bac ter ia .  The 

g lycos ide  hydro lases l i k e ly  to be invo lved  in deg rada t ion  of  ra b b i t  mucin 

were c o n s t i t u t i v e  and c ' ■< und in all s t ra ins  of  Bacteroides sp. s tud ied .  

However,  in cu l tu re s  oi j c m o l y t i c  s t ra ins ,  lactose, and to some e x te n t  

muc in ,  induced h ig h e r  levels of  g lycos idases , no tab ly  fucos idase and 

N-acety lg lucosamin idase,  wh ich were excre ted  in to  the e x t ra c e l lu la r  mil ieu 

as the cu l tu re s  approached s ta t iona ry  phase. I t  is conc luded tha t  mucin 

is a read i ly  ava i lab le ,  a l te rna t i ve  e n e rg y  source f o r  

polysacc i  a r id e -d e g ra d in g  bacter ia in the ra b b i t  cecum.



DECLARATION

I he reby  declare tha t  the  w o rk  fo rm ing  

the basis of th is  thesis is my own and 

has not been submit ted  f o r  any degree 

o r  examinat ion at any o th e r  U n iv e rs i t y





PREFACE:

Some of the  mater ia l  p resen ted  in th is  thes is  has been pub l ished  else

where .

1. In fec t ion  and Im m un i ty ,  v o l . 47, pp  '40 -^43 ,  1985.

Preven t ion  of  adherence by  ind igenous bac ter ia  to r a b b i t  cecal 

ep i the l ium by  a b a r r i e r  of  mic roves ic les .  R . R . H . H i l l .

2. Microecology and T h e ra p y ,  vol .  14, pp  273, 1984.

Bacter ia l  deg rada t ion  of  cecal muc in .  R . R . H . H i l l

L is t  o f  a bb re v ia t ion s  used in the tex t  of  th is  thes is .

G IT :  G as t ro in tes t ina l  t r a c t  

V F A :  Vo la t i le  f a t t y  acids 

GLC:  G as - l iqu id  ch rom a tog raphy  

SEM: Scanning e lec tron microscopy 

TEM: T ransmiss ion  elect ron microscopy 

PAS: Per iodic acid Sch i f f ' s  reagent 

Gal: galactose 

Fuc: fucose

GlcNAc:  N-acety lg lucosamine 

GalNAc:  N-acety lga lac tosamine

For purposes of  th is  thes is ,  the te rm " iso late is used f o r  any pu re  bac

te r ia l  c u l t u r e  th a t  was g rown  from a s ingle colony b u t  not  id en t i f ied .  

The te rm " j t r a m "  is used f o r  a p u re  c u l t u r e  tha t  was iden t i f ied  in 

taxonomic s tud ies  and al located a s t ra in  number  f o r  re fe rence.



ACKNOWLEDGEMENTS

The advice and encouragement g iven  by  Pro f .  H.M. G a rn e t t  and Dr .  

N .O .v a n  G y ls w y k  d u r i n g  the course of t h is  w o rk  is acknowledged wi th  

deepest g r a t i t u d e .



TABLE OF CONTENTS

A b s t r a c t  

Declara t ion  

De dication 

Preface

Acknowledgements  

Tab le  of con ten ts  

Table of  i l l u s t r a t i o n s

CHAPTER ONE

INTR ODUCTIO N

1.1 General  in tes t ina l  microecology

1.2 Anatomy of  the  cecum

1.3 The ra b b i t  cecum as an exper imenta l model

1.4 Funct ion  of  in tes t ina l  mucus

1.5 Secret ion o f  mucous

1.6 S t r u c tu r e  o f  in tes t ina l  mucins

1.7 Mucin deg ra da t ion  by gas t ro in tes t ina l bacter ia

1.8 In v i t r o  s tud ies  of  mucin degradat ion

1.9 Glycos idases of  en te r ic  bacter ia

1.10 Aims of  th is  s tu d y

CHAPTER TWO 

MATERIALS AND METHODS

2.1 Animals• •
2.2 E lectron microscopy

2 .3  Anaerob ic  c u l t u r e

2.4  Pr im ary  isolat ion of cecal bacter ia

2 .5  Tests f o r  iden t i f i ca t ion  of  isolates



2 .6  Dete rm ina t ion  of  fe rm enta t ion  end p ro d u c ts  25

2 .7  Pu r i f i ca t ion  of  r a b b i t  in tes t ina l  mucin 25

2 .8  A n a ly t ic a l  methods 27

2 .9  Gas ch ro m a to g ra p h y  (GLC) of  c a rb o h y d ra te s  28

2 .10  Iden t i f i ca t io n  of  b lood g ro u p  subs tances 29

2.11 G row th  cu rves  30

2 .12 D ry  mass de te rm ina t icn  30

2.13 APIZVM system f o r  bacter ia l  enzymes 3',

1.14  Bacte r ia l  g lvcosidases 31

CHAPTER THREE

RESULTS 35

3.1 U l t r a s t r u c t u r e  of  ra b b i t  cecal mucosa 35

3 .2  Bacte r ia l  popu la t ions in the  ra b b i t  cecum 39

3 .3  Id en t i f i c a t io n  of  isolates 47

3 .4  D is t r i b u t i o n  of  bacter ia l  species in the  cecum 55

3 . 5  Chemical  composi t ion of  mucins 58

3 . 6  Bac te r ia l  deg rada t ion  of  mucins in vitro 61

3 .7  Fermenta t ion  of  mucin hexoses 64

3 .8  Detect ion of  ce l l -boun d  enzymes b y  APIZVM 69

3 .9  Produc t ion  uf g lycos iddses  by  bac te r ia l  c u l tu re s  69

3 .1 0  I n h ib i t io n  of  g lycos idases in vitro 70

CHAPTER FOUR

DISCUSSION 78 

CHAPTER FIVE

APPENDICES 98

1 Prepara t ion  of  p r e - re d u c e d  media 98

2 Modi f ied M10 medium 99

3 Salts so lu t ion  100

4 Anaerob ic  d i l u t i n g  f l u i d  (A D F )  101

vi i i



5 V o la t i l e  f a t t y  acids so lu t ion  102

6 P. reduced b r a in - h e a r t  in fus ion  medium 103

7 PY basal medium 104

8 Rumen f l u i d  c a rb o h y d ra te  medium 105

9 L o w ry 's  method f o r  p ro te ins  106

10 De term ina t ion  of  hexoses w i th  A n th ro n e  107

11 T u r b i d i t y  t e s t  f o r  su lphates 108

12 Per iod ic  . ' ic id -Sch i f f 's  method f o r  g lycop ro te ins  109

13 De te rm ina t ion  of  s ia l ic acids 111

14 C a l ib ra t ion  c u r v e  to. '  p - n i t r o p h e n o l  112 

Ca lcu la t ion o f  d r y  mays of  bacter ia l  c u l tu re s  113

16 Opt imum incuba t ion  t ime fo r  enzyme assays 114

17 P re - re duced  t r y p t o n e - s o y  b ro th  115

REFERENCES 116



11

12

13

36

36

37

38

40

41

42

43

44

45

65

67

T A B LE  OF ILLU S T R A T IO N S

L IST  OF FIGURES

F igu re  1 Windmil l  model of  p ig gas t r ic  mucin 

F ig u re  2 The s t r u c t u r e  of  a c a rb o h y d ra te  s ide chain of 

p ig  g a s t r i c  mucin 

F ig u re  3 Term ina l  s t ru c tu r e s  e x p ress ing  blood g roup  

s p e c i f i c i t y  on mucin molecules 

F igu re  4a A low power  SEM v iew of  the  mucous b lanke t  

c o v e r in g  the ra b b i t  cecum ep i the l ium  

F igu re  4b SEM view of  the edge of the  mucous b lanke t  in 

the ra b b i t  cecum 

F igu re  5 TEM sect ion of  mucosal d ia l  la ye r  in the

r a b b i t  cecurr

F ig u re  6 TEM of t u b u la r  g land in th e  ra b b i t  cecum 

F ig u re  7 TEM sect ion of  m ic roves icu la r  la ye r  separa t ing  

the  b r u s h  b o rd e r  and mucous gel 

F igu re  8 TEM sec of  a bac ter ium in close con tact  

w i th  th. 'c roves icu la r  layer  

F igu re  9 Classical o ram pos i t i ve  cel l wal ls f rom TEM 

sect ions of  cecal mucus 

F igu re  10 Classical Gram negat ive  cel l wal ls f r •.>t> TEM 

sect ions o f  cecal mucus 

F igu re  11 Cell  walls f rom TEM sect ions of  cec ' ?v ucus 

not  con fo rm ing  to classical  s t r u c i u -  .

F igu re  12 TEM of cecal mucus layer  o f  rabb *' m

showing luc id  halos s u r ro u n d in g  gr , • j t e r ia  

F igu re  13 GLC chromatogram of s i l / l - d e n v a  : ra b b i t  

mucin be fo re  and a f te r  d iges t ion  

F igu re  14 Grow th  o f  Bacceroides vulgatus on 

p ig  g a s t r i c  m ' i ^ n

x



F igu re  15 G row th  cu rv es  of  Bacteroidcs vulgatus

on galactose, fucose and N-acety lg lucosamine 

F igu re  16 Enzyme a c t i v i t y  in c e l l - f r e e  supe rna tan ts  of 

Bacteroides vulgatus g rown on glucose 

F igu re  17 I n t r a c e l lu la r  enzyme levels of  nor i -muc ino ly t ic  

B. vulgatus g rown  on d i f f e r e n t  subs t ra tes  

F igu re  18 I n t ra c c . lu la r  enzyme levels o f  m uc ino ly t i r

B. vulgatus g rown  on d i f f e r e n t  subs t ra tes  

F igu re  19 Concen t ra t ion  of p ig  mucin p lo t ted  aga ins t  opt ica l  

d e n s i t y  of Periodic a c id -S c h i f f ' s  analyses 

F igu re  20 C a l ib ra t ion  g raph  f o r  d i lu t io n s  of p -n i t r o p h e n o l  

in the s tandard  enzyme assay to r  glycos idases 

F igu re  21 C a l ib ra t ion  c u rv e  f o r  d r y  mass of bacter ia  

p lo t ted  aga inst  opt ica l  de n s i t y  

F igu re  22 Opt ica l  de n s i t y  of  p -n  t ropheno l  enzyme assay 

p lo t ted  aga ins t  t ime of  incubat ion



\ B L E  OF ILLU S T R A T IO N S ( C O N T . )

L IST OF TABLES

Tab le  1 Publ ished data on the composi t ion of 

g a s t ro in te s t in a l  mucins 

1 able 2 Comparison o c d i f f e re n t  media f o r  isolat ion 

of  cec.a! b a c t e r i j  

T . 'b le 3 P resumpt ive  id en t i f ica t ion  of  isolates c u l tu re d  

from the ceca of  f i ve  rabb i ts  

Tau le  4 D i s t r i b u t i o n  o f  the dominant bacter ia l

species isolated from the  ceca of  f i v e  rabb i ts  

T- jb le 5 D i s t r i b u t i o n  of  the dominant  bacter ia l  species 

f rom cecal mucosae and digesta  

Tab le  6 Chemical ana lysis of s u b u n i t  mucins f rom p ig  

stomach and ra b b i t  in tes t ines  

Tab le  7 A g g lu t in a t io n  of  homologous red cel ls by  ABO 

ant ise ra  a f te r  absorp t ion  w i th  mucins 

Tab le  8 Compara t ive  degrnda t ion  of  p ig and ra b b i t  

mucins by  Bacteroides vulgatus 

Table 9 Changes in ABO status of  mucins a f te r  d iges t ion  

b y Bacteroides vulgatus 

Table 10 Molar rat ios of  mucin sugars  a f te r  degrada t ion  

by  Bacteroides vu I gat us 

Table 11 Fermenta t io  i react ions of s t ra ins  on s ingle 

mucin hexoses

1 able 12 C e l l -bound  glycosidases detec ted by  APIZVM 

• l

.able 13 In h ib i t io n  of glycos»idiise a c t i v i t y

xii

page

15

46

48

56

57

59

60

62

63

66

68

72

74



z.

CHAPTER ONE

INTRODUCTIO N

1.1 General intestinal microecology

The mammalian gas t ro in tes t ina l  t r a c t  (G IT )  is an ex t remely  complex s y s 

tem re s u l t in g  f rom e v o lu t ion a ry  adapt ion to symbiot ic  re la t ionsh ips  be 

tween the host and its colon iz ing m ic roorganisms.  Anatomical d iv is ions  

of  the  mammalian G IT  show c lear  d i f f e re n t ia t io n  into func t iona l  zones 

such as the oral  c a v i t y ,  stomach, s. i l l  and la rge in test ines  and rectum, 

each f u l f i l l i n g  a un ique  d iges t ive  process and h a rb o u r in g  i ts own un ique 

m ic ro f lo ra .  The many reviews on in tes t ina l  microecology of  the mammalian 

G IT  have also demonstra ted th a t  each p a r t  of  the  system may be s u b d i 

v ided  f u r t h e r  in to  d i f f e r e n t  m ic r o -h a b i ta t s . (Savage, 1978; F re te r ,  

1982). Th is  is well  shown from s tud ies  of  the oral  cav i ty  where  the  

sa l iva,  tongue ,  buccal  ep i the l ium and tooth sur face s u p p o r t  qu i te  d i f 

f e re n t  co loniz ing m ic ro f lo ra  (Gibbons £» van Houte,  1975). Fu r the rm ore ,  

t h ro u g h o u t  the length  of  the G IT ,  the  colon iz ing bacter ia may be 

s u b -d i v id e d  in to  those associated w i th  lumen mater ia l ,  e i the r  f ree ,  o r  

a t tached to food pa r t ic les ,  those in h a b i t in g  the mucous b lanke t  cove r ing  

the inside of  the g u t  wali and those th a t  adhere to receptor  s ites on the 

ep i the l ia l  sur face ( Savage, 1978, C.^sterton L Cheng,  1982). Savage 

(1977) gives some ind ica t ion of  the d i v e r s i t y  of  bac ter ia l  species in h a b 

i t in g  the  G IT  of  man and the re  have been many s tudies on the G IT  

m ic rob io logy  of  o th e r  animals such as roden ts ,  non-human pr imates ,  

swine, dogs and w i ld  and domest icated rum inan ts .  These repo r ts  dem

o n s t ra te  t h a t  each species is not on ly  un ique  in its d iges t ive  anatomy, 

b u t  is also colonized by  an o r ig ina l  n ic ro f lo ra .  From the ev idence of  

compara t ive  s tud ies  c a r r ied  out  on *he mic rob io logy  of d i f f e r e n t

1



gas t ro in tes t in a l  m ic rohab i ta ts ,  i t  is ev iden t  tha t  some bacter ia  occupy  

h ig h ly  spec i f ic  niches, such as the cel lu lose d iges te rs  of  the rumen and 

cecum th a t  adhere to food par t ic les  and the sp i rochetes of  pr imates t h a t  

i.re fou n d  f i r m ly  at tached to the  ep i the l ia l  b rus h  b o rd e r .  A l t e rn a t i v e l y ,  

many of  the  bacter ia  t h a t  inhab i t  a p a r t i c u la r  p a r t  of  the d iges t ive  sys te  n 

may be simi lar  to those th a t  are found  in the l iqu id  phase of the  lumen. 

Thus  Mead & Jones(1981) re p o r t i n g  on the rumen m ic ro t lc ra  and Davis 

e t . a l . ,  (1977) in a s tu d y  of  bacte r ia  of  the dog G IT ,  recorded sim i lar  

bac ter ia l  genera common to both the ep i the l ia l  sur face and lumen con ten ts ,  

a l though d i s t r i b u t i o n s  va r ied  between the two hab i ta ts .

The enormous bacter ia l  bu rdens  c a r r ie d  by  most par ts  of the  d iges t ive  

t ra c ts  of  animals are u nd oub ted ly  to le ra ted  because of  the  benef i ts  gained 

from symbio t ic  re la t ionsh ips  wh ich outwe igh possible d isadvan tages  

(McBee, 1971). Studies on g e rm - f re e  animals repo r ted  by  Gordon & Pesti 

(1971),  showed tha t  the  gu t  f lo ra  per fo rms many essential  f u n c t io n s  in 

mammalian d iges t ion ,  no tab ly ,  v i tamin  p ro d u c t io n ,  complex po lymer  d i 

ges t ion ,  urea recyc l ing ,  b i le decon jugat ion  and mucin regu la t ion  among 

many o the rs .  A t  the same t ime, the g u t  ep i the l ium is in a state o f  mild 

inf lammation w i th  elevated rate  of  desquamation and the re  is subs tant ia l  

compet i t ion f o r  fooa resources.  H in d g u t - f e rm e n t in g  he rb ivo res  such as 

the p ig ,  r a b b i t  and roden ts  re tain digesta  f o r  ex tended per iods  o f  t ime 

in an en larged cecal b l in d  sac and some of  these animals recyc le  fecal 

biomass b y  ob l iga te  cop rophagy  fMcBee, 1977; Wil l iams Smith,  1965). In 

c o n t ra s t ,  special izat ion of  the fo re -s tomach in ruminan ts  permits  ex tens ive  

microbial  d igest ion  of p lan t  mater ia l and subsequent  u t i l iza t ion  of  the 

re s u l ta n t  biomass in the  gu t  (Hunga te ,  1966).

Bacter ia l  popula t ion densi t ies in some of  the G IT  hab i tats  may be as h igh
11as 10 pe r  gram of contents  in the rumen,  f o r  example.  These numbers 

are much reduced in the  stomach and prox imal  small in tes t ine  w i th  es

sen t ia l l y  t r a n s ie n t  microorgan isms in the  lumen and sparse autochthonous

2



popu la t ions  adheren t  to the ep i thel ia  (Savage, 1983). Towards the 

i leocecal va lve  and in the  cecum and colon the numbers r ise again to 

between 10 '^  and 1 0 ^  pe r  gram of con tents  w i th  la rge numbers also 

co lon iz ing the  ep i the l ia l  sur face o r  .nucous layer  (Moore L Holdeman, 1974; 

Al l ison et  a l . , 1 9 7 9 ) .  In those pa r ts  of  the G IT  th a t  have been s tud ied  

most in te n s iv e ly ,  the re  can be many taxonom ira l ly  d i s t i n c t  bacter ia l
O

popu la t ions ,  each at densi t ies as high as 10 pe r  gram, bu t  most GIT  

ecosystems are dominated by compara t ive ly  few species th a t  charac te r ize  

the hab i ta t  (Savage, 1977). In genera l ,  the re  are marked d i f fe rences  

in the  dominant  m ic ro f lo ra  occup y ing  simi lar  pa r ts  of  the G IT  in d i f f e r e n t  

animals, b u t  the re  are also cons iderab le  var ia t ions  among d i f f e r e n t  hosts 

of  the  same species and even on a d a y - t o -d a y  basis of any one i n d i 

v id u a l .  Moore et al. (1974) showed both qua l i ta t ive  and q u a n t i ta t i v e  d i f 

fe rences in human fecal popula t ions between in d iv id u a ls ,  as d id  Robinson 

et  al. (1981) in the  cecal m ic ro f lo ra  associated w i th  s p e c i f i c -p a th o g e n - f re e  

p>gs. As most pa r ts  of  the G IT  of  mammals are at v e r y  low redox po 

ten t ia ls  of  between -250 to -300 mV, the  majo r i ty  of  microorganisms i n 

hab i t ing  the  t r a c t  are ob l iga te  anaerobes, ra re ly  found  outs ide  t h e i r  g u t  

env i ronm en ts .  The rumen, colon and cecum ecosystems are the  most 

complex m ic rob io log ica l ly , w i th  la rge consort ia  of  d i f f e r e n t  species of  

anaerob ic  bacter ia  and protozoa c o n t r i b u t i n g  to the b reakdown of  complex 

p lan t  po lymers  to y ie ld  vo la t i le  f a t t y  acids (VFAs)  wh ich are absorbed 

as an ene rgy  source b y  the host (C la rk  and Bauchop, 1977). Up to 20% 

of the  total  ene rgy  requ i remen ts  of h in d - g u t  he rb ivo res  is absorbed as 

VFAs from the cecum w i th  an e f f i c iency  equal  to tha t  of  the rumen 

(S tevens ,  1978; 3*. ’.uv i i le  e* al. 1974). The re  is also a common s t ra te g y  

towards  n i t rogen  conserva t ion  among both  fore and h i n d - g u t  he rb ivo ros  

in he lp ing  to maintain *he symbio t ic  m ic ro f lo ra .  Urea is recyc led th ro u g h  

the wall  of  both the rumen and cecum where  it  is degraded to ammonia 

by u re o ly t i c  bacter ia and released as the  main n i t rogen  source f o r  o the r  

g u t  microorganisms (H i l l ,  1983; Crociani  et al. 1984).
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1.2 Anatomy of  the  cecum

The  rumen and its complex m ic rob io logy has been the sub jec t  of  in tens ive  

s tu d y  f o r  many years and is the most f u l l y  unders tood  of  all the g u t  

ecosystems. More recen t ly ,  the p r inc ip les  de r ive d  from rumen w o rk  have 

been app l ied to o th e r  systems and the re  are cont inua l  add i t ions be ing 

made to o u r  apprec ia t ion  of the role of g u t  bacter ia  in man and o th e r  

animals. The s ign i f icance  of cecal fe rmenta t ion  in h i n d - g u t  he rb ivo res  

of  economic impor tance such as the  pig and ra b b i t ,  however ,  is s t i l l  

re la t iv e ly  unexp lo red .  The cecum of the  ra b b i t  is a la rge b l ind  sac 

t e rm in a t ing  in a sh o r t  append ix .  I t  is th in  walled f o r  most of  i ts le ng th ,  

b u t  ex tens ive ly  t rabecu la ted  by  bands of muscles wh ich keep the organ 

in cont inua l  mot ion.  Contents  of the  la rge in tes t ine  empty into the cecum 

at the prox imal  end near the po in t  of  the cecal-colon ju n c t io n ,  so th a t  

some of  the  mater ia l bypasses the cecum to be exc re '  * h r d feces. 

T he re  is a d iu rn a l  em pty ing  of  cecal contents  in to  t l  exc re t ion

as soft  feces wh ich  may be recyc led by  co p rc p h a -  vens,  1978;

Emaldi et  al . 1979). The i n t e r io r  wall cons is ts  of  a simple columnar  

ep i the l ium and th in  m uscu la tu re ,  typ ica l  of  genera l  G IT  anatomy. A l 

t hough  the  sur face lacks v i l lu s  fo rmat ion ,  i t  is pene t ra ted  by  numerous 

inden ta t ions  termed t u b u la r  g lands ,  f rom wh ich  the th in  mucous layer  

o r ig ina tes ,  secreted by  gob le t  cel ls l in ing  the g land ep i the l ium (T o n e r  

et  al. 1971). Mater ia l en te r in g  the cecum consists  of  complex d ie ta ry  

po lymers th a t  have escaped d igest ion  in the prox imal  reaches o f  the G IT  

toge the r  w i th  microorgan isms ind igenous to these areas. D i f f e re n t  species 

of  mucins f rom sal iva,  stomach and small in tes t ines  also s u r v i v e  the rap id  

t r a n s i t  f rom th e i r  po in t  of  o r ig in  to the cecum (Ofasu et  al. 1978), where  

they  are supplemented by  endogenous cecal mucins (Ve rce l lo t t i  et  al. 

1978). The cecum, th e re fo re ,  is an ideal model to s tu d y  t h f  ac t iv i t ies  of  

bacter ia  tha t  can d iges t  complex po lysacchar ides f rom both exogenous and 

endogenous sources.



1.3 T h t  rabbit cecum as an experimental model

Studies  on the m ic rob io logy  of  h i n d - g u t  h e r b i v o r y  have concen t ra ted  on 

cecal fe rm enta t ion  of the domestic pig and several  repo r ts  have shown 

the p ig  cecum to  be as complex as the rumen,  a l though the mic ro f lo ra  

cons is ts  of  bac ter ia l  genera more typ ica l  of  the colon than of  these found  

in the  rumen.  (A l l ison  et al. 1979; Russel l ,  1979; Robinson et al. 1984). 

Fu r the rm o re ,  these stud ies i l lu s t ra te  the •' f i cu l t ies  of  genera l  gu t  

m ic rob io logy  in th a t  th e y  re p o r t  qu i te  d i f f e r e n t  species s t ru c tu re s  in 

d i f f e r e n t  p igs ,  and even considerab le  va r ia t ions  between animals in the 

same s tu d y .  In comparison to the work  done on the microb io logy of  the 

pig  cocum, however ,  ve ry  l i t t le  is known about  the ra b b i t ,  ye t  th is  animal 

is a sui ble sub jec t  r.o r  the s tudy  of cecal mic rob io logy as it  is also of 

some impor tance economical ly as a source of  animal p ro te in .  With a p r o 

tein con ten t  of  21%, (h ig h e r  than th a t  of  lean bee f ) ,  ra b b i t  meat is 

marketed e x te n s iv e ly  in Europe, bu t  less so in ^ the r  pa r ts  of  the  wo r ld .  

The animal is also w ide ly  ex* j i te d  in the f u r  i n d u s t r y  as a souce of  coney 

and angora pe l ts  (K e l le r ,  1965), and is an im por tan t  sub jec t  f o r  animal 

exper imenta t ion  in un ive rs i t ies  and research in s t i tu t io n s  (Adams, 1976). 

Yet s tudies on the d iges t ive  process of the ra b b i t  are sparse, and found  

main ly  in European l i t e ra tu re .

Ear ly  w c rk  by  Wil l iams Smith (1965) repo r ted  th a t  the ra b b i t  cecal 

m ic ro f lo ra  consis ted almost e n t i r e l y  of  Racteroides sp. and low numbers 

of s t rep tococc i .  These f ind ings  were in accordance w i th  Cools t  Jeun iaux 

(1961),  who had repor ted  tha t  the microbial  f lo ra  of the  rabb i t  cecum 

was o r ig ina l  and inc luded a measure of  ce l lu lo ly t ic  a c t i v i t y .  Th is  theme 

was exp lo red  by  several  o the r  w o rk e rs  d u r i n g  th is  per iod  who i n v e s t i 

gated cel lu lose degrada t ion  in ceca from var ious animals.  Hal l , (1952) 

repo r ted  cocci w i th  th is  p r o p e r t y  in the rabb i t  cecum, tha t  were s imi lar  

lo, bu t  not  ident ical  w i th  Rum'iiococcus sp. of th  rumen. Davies (1965) 

demonstra ted cocci and rods in the ra b b i t  cecum by f luo rescen t  an t ibody
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analys is  w i th  an t isera  p repa red  aga inst  cel I u lo ly t  ic ruminococci  and 

Bacteroides sp. isolated from the  rumen. Gouet L Fon ty ,  in more 

genera l  s tudies (1973, 1979), la te r  descr ibed  an anaerobic f lo ra  of  up to 

10^ orga. i isms pe r  gram of digesta wh ich was isolated and enumerated on 

se lect ive c u l t u r e  media. They  repor ted  a mainly g ram -nega t ive  composit ion 

w i th  m inor  popula t ions of  c los t r id ia l  spo re - fo rm ers  and n o n -s p o ru la t in g  

gram pos i t i ve  rods.  Members of  the F.nterobacteriacae were p resen t  at 

weaning bu t  d isappeared from the  t r a c t  th e re a f te r .  Lactobaci l l i  were net 

recovered  from any of  the  rabb i ts  in t h e i r  s t u d y .  This general  p i c tu re  

was la te r  conf i rmed by  C h r is ' . -V ie to r  (1973) us ing simi lar  techn iques ,  bu t  

in a subsequen t  re p o r t  (Weber et al. 1974) i t  was estaLl ishec! tha t  both 

lactobac i l l i  and conforms were p resen t  in the G IT  of  rabb i ts  fed f resh  

vega tab les ,  b u t  not  in those fed a commercial pel le ted d ie t .  Two recent 

repo r ts  g ive  some ind ica t ion of  the taxonomy of  ra b b i t  cecal bacte r ia  at 

the  species level bu t  both  are concerned on ly  w i th  u reo ly t i c  s t ra ins  iso

lated on select ive media.  Crociani  et al. (1984) id en t i f ied  isolates in the 

genera Peptostreptococcus, Fusobacterium & Clostridium as be ing the  m'j in 

u re o ly t i c  s t ra ins  isolated from cecal con ten ts ,  a l though Forsy th  & Pa rke r  

(1985),  in a s imi lar  s t u d y ,  repo r ted  Bacteroides vulgatus, Clostridium 

clostrid i if or m e, Bacillus sp. and Staphylococcus sp. as be ing the 

dominant  u reo ly t i c  bac ter ia .

The ev idence rev iewed above suggests  tha t  the cecum of the  ra b b i t  is a 

complex ecosystem. D ie ta ry  po lymers tha t  have s u rv iv e d  the host 's  

d iges t ive  system, are re ta ined f o r  p ro longed a t tack  by  microbial  p o p u 

lations adapted to th is  purpose.  However,  the exact na tu re  of  these 

popula t ions has not been inves t iga ted .  Comparat ive s tudies between 

convent iona l  animals w i th  a fu l l  complement of  indigenous microbes,  and 

g e rm - f re e  animals lack ing  an in tes t ina l  f lo ra ,  have shown tha t  bacter ia l  

fe rmenta t ion  in the cecum degrades 20-30“ , of  d ie ta ry  po lysacchar ides 

be fore  exc re t ion  (Gordon L Pesti ,  1971). Fu r the rmore ,  L inds ted t  et al. 

(1965) showed tha t  mucins are excre ted  almost in tac t  f rom ge rm - f re e  ra ts
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