
b u t  were not detec table in feces from convent iona l  animals,  bu t  the role 

of  cecal bacte r ia  in mucin digest ion in the ra b b i t  is unknown .

1.4 Funct ion of  in tes t ina l  mucins

Mucus is a weak viscoelast ic  gel fo rm ing  a c on t inuou r  p ro tec t i ve  cover  

ov e r  mucosal ep i the l ia .  The gel components are held t oge the r  by  

non-cova len t  in te rac t ions  which res is t  so lub i l iza t ion bu t  al low f low and 

anneal ing when d i s tu r b e d .  The composi t ion of  mucous gel is a complex 

m ix tu re  of  sec re to ry  IgA and o th e r  plasma p ro te in s ,  l ip ids ,  d igested  food 

mater ia l ,  desquamated ep i the l ia l  cel ls,  and d iges t ive  enzymes. But  the 

most im por tan t  c o n s t i tu e n t  is the  mucin mole;u le,  responsib le  f o r  the 

un ique  rheological  p rope r t ie s  exh ib i ted  by  the  gel .  The many a t t r ib u te s  

accorded the  mucous la ye r  are concerned w i th  p ro tec t ion  o f  the u n d e r ­

l y in g  ep i the l ia l  su r face ,  e i the r  f rom phys ica l  damage by  v i r t u e  of i ts 

s l ip p e ry  adhes ive n a tu re ,  o r  f rom chemical a t tack ,  as in the stomach, 

where  i ts impermeabi l i ty  to ions p reven ts  damage by  ga s t r ic  ac id i t y .  

Dyscrasia of  mucous p roduc t ion  is also inc r im inated in several  disease 

cond i t ions in man and animals (Sch rage r  & Oats,  1978). Comprehensive 

reviews by  Al len (1981, 1984), Fo rs tne r  (1978) and F o rs tne r  et al. 

(1984) l i s t  a number  of  o the r  func t ions  th a t  have been proposed to r e ­

in fo rce  the  phys io log ica l  importance of the mucous gel .  I t  p resen ts  a 

b a r r i e r  to po ten t ia l l y  pa thogenic  microorganisms en te r in g  the G IT ,  b y  

b in d in g  to bacter ia  o r  t h e i r  tox ins ,  t h e re b y  p re v e n t in g  access to 

recep to r  sites on the ep i the l ium.  At the same time it  suppo r ts  a dense 

f lo ra  of ind igenous bacter ia  wh ich also helps to exc lude al loehthonous 

microorganisms from the u n d e r ly in g  t issue.  The gel also ac t ivs ly  b inds 

i ron and o the r  cat ions,  a l though the s ign i f icance of  these f in d in g s  in 

absorp t ion  by  the host is not c lear.

1.5 Secret ion of  mucus
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The mucin molecule is assembled in gob le t  cel ls o r ig in a t in g  in the 

in tes t ina l  c r y p t s  of  cecai t u b u la r  g lands .  The  cel ls secrete t h e i r  mucin 

as they  m ig ra te  along the basement membrane un t i l  they  are desquarmted 

f rom the  t ips  of the v i l l i .  A pep t ide  core  i« g lycosy la ted  in the  golgi 

and is bel ieved to be polymerized as i t  is t r a n s fe r r e d  to vesic les f o r  se­

c re t io n .  (N eu t ra ,  1984). The st imul i  f o r  secre t ion of  mucus f rom the 

gob le t  cel ls are complex and poor ly  unders tood .  The re  seems to be a 

con t inuous  d ischa rge  to maintain phys io log ica l ly  def ined mucus levels,  

b u t  apoc r ine -s t im u la ted  release also takes place when the ep i the l ium is 

exposed to i r r i t a n t s  o r  damage (MacDermot et a l . ,  1974). T hu s ,  t r e a t ­

ment w i th  musta rd  o r  neu ro t ra n s m i t te r  d ru g s  induces enhanced secret ion 

of mucous from in tes t ina l  goblet  cel ls (Menguy L Thompson, 1967), a l ­

though  pro longed adm in is t ra t ion  causes changes in the chemical s t r u c t u r e  

of  the  mucin molecule.

As the th ickness  o f  the mucous b ' l . i k e *  ! ny p a r t  of  the G IT  remains 

re la t iv e ly  cons tant  between 50 and 500 wm ( F o rs tn e r  1978), the re  appears 

to be a balance between secret ion and loss in to  the lumen, con t ro l led  on 

the one hand,  by  the  mechanisms in f luenc ing  gob le t -ce l l  d ischarge ,  and 

on the  o the r ,  by  deg ra da t ive  processes at the ou te r  sur face of  the  gel .

1.6 Structure of intestinal mucins

g

Native mucins are g lycop ro te ins  of  approx imate ly  10 dal tons unde rgo ing  

a so l-ge l  t rans fo rm a t ion  when t h e i r  concen t ra t ion  approaches 20 mg ml  ̂

A t  least th ree  models have been proposed to explain t h e i r  func t iona l  and 

chemical p rope r t ie s  and indicate the d i v e r s i t y  of  these molecules.  Snary

et al. (1970) found  tha t  reduct ion  o r  p ro teo lys is  of  na t ive  pig g a s t r i c
5mucin y ie lded f o u r  subun i ts  of 5x10 da l tons ,  and proposed the windmil l  

model i l lu s t ra ted  in F igure  1 in wh ich the subun i ts  are held t oge the r  by  

78 d isu lp h ide  bonds at the cent re  of  each molecule (S ta rkey  et a l . ,  1974; 

A l len ,  1978) I t  was subsequen t ly  found  th a t  a l though reduc t ion  w i th



mercaptoethanol  d id in ?d y ie ld  f o u r  su b u n i t s ,  c leavage by  pro teo lys is  

gave f o u r  s l i g h t l y  sina; «ubun i ts  t o g e th e r  w i th  a pep t ide  of 70 000 

molecular  mass (Roussel c? a l . ,  1984; A l len ,  1983). A g lobu la r  bead 

s t r u c t u r e  p ro p o .e d  by  Robinson & Monsey (1975) has rec ieved l i t t l e  r e ­

cogn i t ion  o th e r  than in i ts o r ig ina l  app l icat ion to ovomuc in ,  bu t  F o rs tne r  

et al (1973) c ons t ruc te d  a f le x ib le - th re a d  model, in w l i ch  the molecule 

is held in i ts t e r t i a r y  s t r u c t u r e  by  many more d isu lph ide  bonds than in 

S na ry 's  model. Fo rs tne r 's  modrl  was proposed to represen t  the in tes t ina l  

gob le t  cel l mucins th a t  were found  to be res is tan t  to d isu lp h ide  bond 

r e d u c t i o n .

The s t r u c t u r e  of s u b u n i t  mucins has been l i kened to t h a t  of a bot t le  

b ru s h  (A l len ,  1981), w i th  a pep t ide  core compr is ing  up to 30°o of  the 

molecule and r ich  in ser ine  and th reon ine  in G IT  mucins.  I t  is to these 

amino acid residues t h a t  c a rboh y d ra te  side chains are at tached by 

O -g ly s o s id ic  l inkage via N-acety l-ga lac tosamine (Clamp et  a l . ,1978 ) .  The 

pep t ide  sequencing seems to be d i f f e r e n t  fo r  each species of  mucin jn d  

determines  the shape and overa l l  s t r u c t u r e  of the  molecule (Jabbal  et 

a l . , 1 9 7 6 ) .  S u s c e p t ib i l i t y  of  non g lycosy la ted  pept ides to p ro teo ly t i c  d i ­

gest ion and the  d i f f i c u l t y  in ob ta in ing  na t ive  mucins e n t i r e l y  in tac t  is 

discussed by Horow itz ,  (1977).

I t has been stated th a t  the  chem is t ry  of  mucin is the chem is t ry  of  i ts 

c a rb o h y d ra te s ,  as be ing  the main reason fo r  the marked po ly d is p e rs i t y  

among mucin molecules (Clamp et a l . ,1978 ) .  Except fo r  te rm ina l  s t ru c tu re s  

wh ich appear to be un d e r  gene con t ro l ,  supe rv is ion  of  g lycosy l t ra ns fe ra se  

a c t i v i t y  associated w i th  p r e c u r s o r  syn thes is  in the gob le t  cell seems to 

ba less c r i t i c a l ,  re s u l t in g  in v a r ia b i l i t y  in the length  and composi t ion of 

mucins w i th in  +he same species (Ga l lagher  & C o r f ie ld ,  1978). The 

s ide-cha in  s t r u c t u r e  of  p ig gas t r ic  mucin shown in F igure  2 is on ly  one 

example of up to 800 such chains of  v a r y in g  length at tached to the 

pep t ide  core .  The GIT mucins are composed of  s t ra ig h t  o r  b ranched
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chains of  galactose (Gal)  and N -ace ty l -g lucosam ine  (G lcNAc) ,  in mainly 

B1 »3 l inkages, anchored to ser ine o r  th re on ine  by  N-acetylgalactosamine 

(Ga lNAc) .  Fucose res idues may be jo ined to the main chains by  al->2 

l inkage and are also found  as p a r t  of  te rminal  s t ru c t u r e s  at the 

n o n - re d u c in g  end .  A l th ough  some G IT  mucins are su lphdted on in terna! 

res idues , the exact  pos i t ion of  the esters  is unknown f o r  most of  the 

species s tud ied .  Sa l iva ry  mucins are also heav i l y  sialated w i th  a g roup  

of sugars  based on N -a c e ty l -  o r  N -g ly c o l -n e u ra m in ic  acids,  bu t  as w i th  

su lpha t ion ,  the pos i t ion of  *he small amounts p resen t  on lower G IT  mucins 

is unknown .  Both su lphate  esters  and sial ic acids are supposed to confer  

resis tance to d iges t ion  on the molecule by  v i r t u e  of  the negat ive charge 

they  c a r r y  (G o t tscha lk ,  1972; Rober ton L Stan ley ,  1982).

Terminal  s t r u c tu r e s  of  mucins have been of  g rea t  value  in mucin r e ­

search,  as they  are the same as the c a rb o h y d ra te  s t ru c tu r e s  tha t  express 

the ABO blood g ro u p  system on human red cel ls (Hosk ins ,  1967; Slomiany 

t  Meyer ,  1972). Under  the in f luence of  the Le secre to r  gene var ious 

sugars  may be added to the non - reduc ing  end of  the c a rb o h y d ra te  side 

chain as shown in F igu re  3 and are re fe r re d  to as A, B o r  H substance.  

Mucins c a r r y i n g  these s t r u c tu r e s  absorb  homologous an t ibody  ou t  of  an 

ABO hem agg lu t ina t ing  system, b u t  an t ibod ies ,  p repa red  in rabb i ts  to 

p u r i f i e d  mucins,  do not  recogn ize ant igens c f  the ABO system (Jabbal 

et a l . ,1976 ) .  Hoskins (1967) success fu l ly  used th is  fe a tu re  to monitor  

mucin secret ion in va r ious  disease states in man, and Aminoff  & Furukawa 

(1970) used the  ABO s t ru c tu r e s  to assess in vitro deg ra da t io r  of  GIT 

mucins by  loss of  blood g roup  substances.

Among the G IT  mucins,  the fu l l  s t r u c t u r e  of  on ly  pig gas t r ic  mucin has 

been de te rm ined ,  a l though the chemical composi t ion of many o thers  have 

been repor ted  in major review a r t i c les ,  tex ts  and research pub l i ca t ions .  

Table 1 presen ts  the avai lable data on mucins f rom d i f f e r e n t  anatomical



s - s

F igure  1. The windmil l  model of  p ig gas t r ic  mucin,  

( a f t e r  S ta rkey  e t . a l . ,  1974.) The s u b -u n i t s  consis t  

c f  suga r  side chains at tached to the p ro te in  cores 

wh ich are jo ined to g e th e r  by  d isu lph ide  bonr<s
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FUC FUC

GALNAC-----GAL----- GLCNAC----- GAL
SO'

G AL-GLCNAC-----GAL-----------GALNAC*

GALNAC— GAL---- GLCNAC------ GAL

I I
FUC FUC

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  gas t r ic  mucin ( a f t e r  Al len 1978). The model is a 

rep resen ta t ion  of  one of  ove r  800 such cha ins on the

mucin molecule.
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Gal NAc* -GAL-
I

Fuc

-GlcNAc

Fuc

G a l------ G a l -------- G lcN A c

Fu c Fuc

Gal G lcNAc
NON

Fuc

SEC'iETOR

SECRETOR

SECRETOR

F igu re  3. Term ina l  s t r u c tu r e s  exp ress ing  blood g rou p  spec i f i c i t y  

on mucin molecules ( a f t e r  Slomiany and Meyer ,  1972). Pig 

g a s t r i c  mucins te rm ina te  in t l i e  A t ype  s t r u c tu r e .



y

si tes ,  f rom a number of  sources,  to i l l u s t ra te  the d i v e r s i t y  of  th is  g roup  

of  molecules.

1.7 Mucin degradation by gastrointertinal bacteria

Tne re  is ample c i r cumstan t ia l  ev idence to indicate t l rat  mucous 

g lycop ro te ins  are degraded in the  gu t  by  indigenous members of  the 

en te r ic  m ic ro f lo ra .  As noted in sect ion 1.3,  analysis of  feces from 

g e rm - f re e  and convent iona l  animals f o r  inso luble muc in,  mucin sugars  o r  

ABH substances showed tha t  in the absence of  a bacter ia l  f lo ra  in the 

G IT ,  mucins are exc re ted  v i r t u a l l y  in tac t  apar t  f rom minimal p ro teo ly t i c  

d igest ion  by  the  host (Wold et a l . ,  1975). In iect ion of  rad io ' .be l led  mucin 

into l igated je juna l  segments of  ra t  in tes t ines resu l ted in rap id  deg rada ­

t ion to low molecular we igh t  p rodu c ts  wh ich  was negated by  s imultaneous 

adm in is t ra t ion  ">f an t ib io t ic  (Ofasu et a l . , 1 9 7 8 ) .  These observa t ions  i n d i ­

cate q u i te  c le a r l y  tha t  degrada t ion  of  mucin in the  animal G IT  is a 

func t ion  of  the  ind igenous bacter ia l  f lo ra  and tha t  the host 's d iges t ive  

sy£tem plays a minimal role.

1.8 In v itro  studies of mucin degradation

With the ev idence  presen ted above, i t  is s u r p r i s i n g  tha t  so few studies 

have been made on the degrada t ion  of  in tes t ina l  mucins by  p u re  cu l tu res  

of  g u t  bac te r ia .  In a ser ies of  pub l i ca t ions  ove r  a number of  years ,  

Hoskins and his co -worke rs  con f i rm  the conclusions discussed in sect ion

1.7 by  dem ons t ra t ing  tha t  consort ia  of  human fecal bacter ia in mixed 

c u l tu re  d iges ted  all the c a rb o h y d ra te  and up to 50po of  the pro te in  in 

commercial p ig  gas t r ic  mucin These f i n d in g s  exp la ined the loss, of  ABO 

substances f rom the mucin subs t ra te  by  the act ion of  deg rada t ive  bacter ia 

found  in e a r l ie r  w o rk .  Subsequent  s tud ies showed th a t  the enzymes re ­

spons ible f o r  degradat ion  of the mucin molecule were e x t ra c e l lu la r  

glycos idases associated w i th  bacter ia l  popula t ions  p resen t  in human feces
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Tab le  1. Publ ished data on the composi t ion of  

gas t ro in tes t ina l  mucins.

GlcNAc.

Chemical composi t ion 

GalNac Gal Fuc 

Molar ra t ios ------------

NANA Sulph

O" o

Prot

Saliva

Humand 1.2 1 1.5 0.9 0 .6 ♦ 34

Pig f nil 1 0 .5 0 .4 0.4 nil 36

SheepL nil 1 ni l ni l 1.0 ni l 46

Stomach

Human1 2.4 1 3.1 2.1 0.2 7.0 17

P ' 9 f 2 .8 1 2.9 1.9 0.2 3 .0 13

p i g e 1.5 1 1.5 0 .4 0.04 nd nd

Small In tes t ine  

Human1' 1.0 1 2 .0 0 .6 0.2 nil 12

P'9a 0.6 1 0.7 0 .3 0 .5 2.6 18

RatC 1.2 1 2.2 1.1 0.9 0.2 14

R a bb i tb 1.0 1 1.7 0 .3 0.2 0.1 21

Colon

Human** 1.0 1 1.1 0 .5 0.7 1.6 33

P ig9 2.9 1 2 .5 1.5 0.2 3 .0 13

R a b b i th 1.1 1 1.2 0 3 0.3 0.2 18

0
Inoue t, Yosizawa, 1966 

Nemoto I Yosizawa, 1969b 

Jabbal  e t . a l . , 1 9 7 6 C 

Horow itz ,  1977d

F o rs tne r ,  19781 

A l len ,  1978f

Rober ton £, Stan ley ,  19829 

Munabata t, Yosizawa, 1978h



6 10at dens i t ies  of  10 to 10 per  gram d r y  we igh t .  (Hosk ins ,  1969; Hoskins 

£, Bou ld ing ,  1976, 1981; Var iyam V Hosk ins ,  1981).

The few w o rk e rs  who have at tempted to s tudy  mucin degrada t ion  by  pu re  

cu l tu re s  have not met w i th  any g rea t  success. Salyers et al. (1977a) 

used re fe rence cu l tu re s  of  human gu t  bacter ia and monitored mucin 

fe rmenta t ion  by  acid p rodu c t ion .  None of  the s t ra ins  s tud ied  u t i l ized  pig 

g a s t r ic  muc in ,  a l though mucin monosacchar ides were read i ly  fe rmented 

by  most. S im i la r ly ,  Rober ton I S tanley  (1982),  using  re fe rence cu l tu res  

of  Bacteroides sp. g rown in media con ta in ing  pig colonic muc in,  demon­

s t ra ted  on ly  l imi ted degradat ion  by  analysis of the sub s t ra te  before and 

a f te r  exposure  to the bacter ia l  c u l tu re s .  Bayl iss & Houston (1984) r e ­

covered 14 d i s t i n c t  bacter io '  isolates f rom human feces on enr ichment  

media con ta in ing  p ig  gas t r ic  mucin,  bu t  d id  not enqu i re  f u r t h e r  in to  the 

e x te n t  of  s ubs t ra te  deg rada t ion .  The  ev idence from th is  l imi ted in vitro 

w o rk  on mucin d igest ion by g u t  bacter ia  indicates th a t  a l though 

deg ra da t ive  a c t i v i t y  is p resen t  in mixed c u l tu re s ,  separate species seem 

to be incapable of  e x e r t in g  any g rea t  e f fec t  when exposed to mucins in 

pu re  c u l t u r e .  Hoskins & Bou ld ing  (1976) suggest  tha t  to comple tely r e ­

move all the sugars  f rom h t yp ica l  side chain of  p ig gas t r ic  mucin ,  several  

a - L - f  ucosidases, f i -D-galac tos idase and both a- and 

B-N-acety lhexosamin idases would be re qu i re d  to wo rk  in sequence. They  

suggest  the im p roba b i l i t y  tha t  any s ingle bacter ia l  s t ra in  would  produce 

all these enzymes.

1.9 Glycosidases of  en te r ic  bacter ia

The ex tens ive  l i t e ra tu re  on bacter ia l  g lycosidases (o r  g lycos ide 

hydro lases)  has been generated mainly t h ro u g h  in te res ts  in p lan t  f i b r e  

digest ion by  rumen microorganisms, o r  f rom p u r i f i ca t io n  and rh a r a c te r -  

izat ion s tudies on the enzymes in ce l l - f r e e  c u l tu re  s upe rna tan t  f lu id s .  

As a g ro u p ,  t h e y  have been demonstra ted in a wide v a r ie t y  of  bacter ia
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and fu n g i  g rown  on an equal ly  wide range of subs t ra tes .  However ,  many 

au tho rs  have caut ioned tha t  a gener ic  glycosidase may occu r  w i th  d i f ­

f e re n t  spec i f i c i t ies ,  isoenzymes and phys ica l  requ i rements  (Patel ,  1978; 

Cabezas et a l . , 1 9 8 3 ) .  H o ik ins  (1984) p resen ts  the accumulated data f rom 

severa l  repo r ts  on the range of  bac ter ia l  g lycosidases detected in feces 

and in tes t ina l  contents  of  man and ra ts ,  among which are all those re le ­

v an t  to degrada t ion  of  mucin po lysacchar ides .  The on ly  p u r i f i e d  enzymes 

tha t  have been stud ied  in th is  con tex t  were recovered f rom Clostridium 

perfringens and tested aga inst  p ig muc in.  Aminoff  & Furukawa (1970) 

found  th a t  an a -L - fucos idase  removed ABH substance w i th  a t tendan t  loss 

of serological  sp e c i f i c i t y ,  and Rober ton & Stanley (1982) re p o r t  tha t  

c lo s t r id ia l  neuramin idase e f fec t ive ly  de-s ia la ted ga s t r ic  mucin.  Berg  et 

al. (1978) s tud ied  rep resen ta t ive  s t ra ins  of a range of Bactcroidcs species 

th a t  are w ide ly  d i s t r i b u te d  ir. the la rge bowels of  animals. They  found  

th a t  all of  them produced &-galactosidase, B-N-acety lhexosamin idase,  

and o th e r  glycosidases in c u l tu re  supernates d u r in g  late logar i thmic  and 

s ta t io n a ry  phases of  g row th  n batch c u l tu re  on glucose as the  sole 

e n e rg y  source.  The enzymes were tes ted on p -n i t r o p h e n o l  glycos ides 

and i t  may be er roneous to assume th a t  they  would be equal ly  e f fec t ive  

on the  g lycos ide  bonds of  complex g lycop ro te ins .

1.10 Aims of this study

T h e re  has been a considerab le  rev iva l  of  in te res t  in the microb io logy of 

d iges t ion  in the  domestic rabb i t  in recent  years,  associated with an i n ­

c reas ing  awareness of  the animal's importance as an economical source oi 

p ro te in .  The studies generated by  th is  in te res t  have focussed mainly on 

the need f o r  n i t rogen  supplementat ion of  the r a b b i t ’s d ie t  to improve 

w e igh t  gain and have been concerned almost exc lus ive ly ,  w i th  the p o p u ­

la t ions of  u reo ly t i c  bacter ia in cecal con ten ts ,  o r  sof t  and hard  fecal 

pe l le ts .  The animal is a h e rb ivo re ,  w i th  h in d - g u t  d igest ion of  p lant  

mater ia l  and is t he re fo re  dependent  on the  bacter ia l  popula t ions in i ts
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cecum to degrade complex po lysacchar ides to fermentable ene rgy  sources 

to the mutual  bene f i t  of both  the host and its m ic ro f lo ra .  The pa r t  o layed 

by  mucin in s tab i l iz ing  these essential  microbial  popula t ions  has been 

suggested,  b u t  never  inves t iga ted .  This  s tu d y  proposes to examine the 

bacter ia l  m ic ro f lo ra  of the ra b b i t  cecum in g re a te r  depth  than has been 

repo r ted  in p rev ious  in ves t iga t ions ,  w i th  p a r t i c u la r  re fe rence to the 

bacter ia l  popula t ions tha t  are invo lved in degradat ion  of mucin f rom the 

ra b b i t  d iges t ive  t ra c t .  I t  is proposed tha t  these bacter ia are versa t i le  

po lysaccha r ide -deg rade rs  th a t  are able to use mucin as an a l te rna t ive  

s ubs t ra te  d u r in g  f lu c tua t ion s  in d ie ta ry  i n p u t ,  hereby  c o n t r i b u t i n g  to 

the  s ta b i l i t y  of  the  cecal m ic ro f lo ra  in genera l .  Th is  proposal  wi l l  be 

inves t iga ted  th ro u g h  a s tudy  of the enzymes produced by bacter ia i n ­

vo lved in mucin degrada t ion  and th e i r  role in digest ion of  complex 

po lysaccha r ides .
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CHAPTER TWO

MATERIALS AND METHODS

2.1 Animals

A d u l t  New Zealand White rabb i ts  of  e i the r  sex were obtained from the 

u n i v e r s i t y  animal un i t  where  they were housed und e r  convent iona l  con ­

di t ions  in racked cages w i th  f ree  access to wa te r .  They  were fed a 

commercial pe l leted d ie t  of  the fol lowing composi t ion pe r  Kg: p ro te in ,  160 

g ;  fa t ,  25 g ;  f i b r e ,  170 g ;  moisture ,  120 g and supp lementary  t race  

minerals.  In t ravenous  pen tobarb i tone  was used f o r  euthanasia and the 

gas t ro in tes t ina l  t r a c t  was dissected ou t  post mortem as the source of  all 

exper imenta l  mater ia l .

2.2  Electron Microscopy

Standard  techn iques  were used in which small (0.5mm) and large (5mm) 

blocks of  wall were removed from ceca a f te r  gent le  wash ing in th ree  

changes of  cold phys io log ica l  sal ine.  In all subsequent  steps the t issues 

were handled as c a re fu l l y  as possible to re ta in  mucous b lanke t  mater ial  

adher ing  to the ep i the l ia l  sur face. Blocks were f i x e d  in cold 2.5% 

g lu ta ra ldeh y de  in 0.2M phosphate b u f f e r  at pH 7.1 fo r  at least 24 hou rs .  

They  were p o s t - f i x e d  in 1°o osmium te t ro x id e  in the same b u f f e r  f o r  an 

hou r ,  and deh y d ra te d  in ascending alcohol concen t ra t ions .  For scanning 

electron microscopy (SEM) la rge r  pieces of  t issue were p repa red  by  

c r i t i ca l  po in t  d r y i n g  in carbon d iox ide  and coated w i th  20nm of gold f o r  

examinat ion in a Cambr idge Stereoscan microscope. Th is  rou t ine  t e c h ­

n ique was shown by  Bayl iss  £, T u r n e r  (1982) to be sa t is fac to ry  f o r  the 

p rese rva t ion  of  the  mucus blanket  and its associated bacter ia .  Small



blocks f o r  t ransmiss ion electron microscopy (TEM) were embedded in 

S p u r r ' s  low v iscos i ty  resin fo r  sec t ion ing ,  stained w i th  u rany l  

acetate- lead c i t r a te  sequence and examined in a Jeol 100S microscope at 

an accelerat ing vo l tage of 80Kv.

For negat ive s ta in ing  of bacter ia l  suspensions,  a d rop  of  c u l tu re  was 

placed on a carbon-coa ted  g r i d  and mixed w i th  a d rop  of  a solut ion 

con ta in ing  0 .3g  d l "^  phospho tungs t ic  acid.  A f t e r  15 s the g r i d  was 

d ra ined  and d r ie d  before  examinat ion in the electron microscope.

2.3 Anaorobic culture

In i t ia l  development of  anaerobic c u l tu re  techn iques took place in a 

home-made f le x ib le  v in y l  cab inet  ( A r a n k i  & F re te r ,  1972: Dickman 

e t . a l . ,1979) ,  bu t  th is  was la ter replaced by  a commercial vers ion (Forma 

S c ie n t i f i c ) .  Separate gasses were p iped in to  the  system via f low meters 

to  p ropo r t ion  the  gasses to 12% CO2 in n i t r o g e n .  Six percen t  hyd rogen  

was maintained in the gas mix to ac t iva te  pal lad ium ca ta lys t  f o r  scav­

eng ing  residual  oxygen  in the cab inet  and gas d ispens ing  ou t le ts .  Redox 

potent ia l  was mon itored by  b u b b l ing  gas phase via an aquar ium pump,  

t h ro u g h  redox ind ica to rs .  These were p repa red  by  d isso lv ing  1% 

methylene blue and ind igo  carmine separa te ly  in 4% glucose solut ion and 

bo i l ing  un t i l  co lour less .  They  were taken in to  the cab inet  and slowly 

b ro u g h t  to pH 7 .0  w i th  sodium carbonate  as they  equ i l ib ra ted  w i th  the 

gas phase. T hus ,  reduc ing  cond i t ions in the cab inet  could be conf i rmed 

Ly  absence of co lour  change in the ind ica to rs  (Cost i low,  1981). Al l s te r i le  

p las t i c -w a re  used in the cabinet were "aged"  f o r  a few days to remove 

adsorbed oxygen ,  and manipula t ions were done with a 12v e lec t r ic  loop 

powered wi tn  a t ra n s fo rm e r  f rom w i t '  in the cab inet .

1 he c u l tu re  medium used ' h r o u g h o u t  th is  w o rk  was based on tha t  d e ­

signed by  Caldwel l & B ry a n t  (1966) fo r  rumen mic rob io logy .  The o r ig ina l



M10 fo rm u la t ion  was modif ied as descr ibed  below to make it  more sui tab le  

f o r  cu l t i v a t io n  of  bacte r ia  f rom the ra b b i t  cecum.

Ana lys is  of  f re s h  cecal contents  in situ ind ica ted th a t  the pH var ied  f rom

5 .6  at the  prox imal end to 6.3 in the append ix .  The 

c a rbona te -b ica rbona te  b u f f e r  was adjus ted acco rd ing ly  U  a pH of  6.5  by  

t r ia l  and e r r o r  by  v a r y in g  the amount of  b ica rbona te  in the medium o 

g ive  the re q u i re d  pH wi th  the 12% CC^ gas phase. The theore t ica l  ap 

proach ind ica ted  by Hungate (1S70) d id  not g ive  sa t is fac to ry  resu l ts  in 

p rac t ice .

The volat i le f a t t y  acid composit ion of rabb i t  cecal d igesta was measured 

by gas ch rom a tog raphy  as discussed la te r  in section 2.6,  and was found  

to consis t  mainly  of 63% acetic acid,  16° p rop ion ic  acid and 21% b u t y r i c  

acid.  A stock m ix tu re  was made up to g ive  these p ropo r t ions  when added 

to media be fore  s te r i l i za t ion ,  (see append ix  5 ) .

Redox potent ia ls  of cecal contents  were ro u g h ly  assessed, in the absence 

of  a redox measur ing elec trode,  by  opening l igated ceca in to  isotonic 

so lu t ions of  reduced ind ica to rs  in the glove cab ine t .  Acco rd ing  to 

Heniges  and Maier (1972), no co lour  change in reduced ind igo  carmine 

so lu t ion  a f te r  30 mm ind icated tha t  the cecum con tents  were below *160 

mV and th is  reagent was used in all media at a concen t ra t ion  of  0 .5  mg 

in 100 ml (Latham and S h a r p s ,  1971). C a rb o h y d ra te  subs t ra tes  f o r  iso­

lat ion of rumen bacter ia were replaced by  those most l i ke ly  to be found  

in the ra b b i t  cecum inc lud ing  glucose, galactose, maltose and lactose 

w i th  the tota l  ca rbohyd ra tes  not exceeding 2 g dl  Mucins were also 

added to media,  e i the r  in add i t ion to the sugars  ment ioned above, o r  as 

the sole carbon source. Roberton L Stanley (1982) es tabl ished tha t  mucins 

are not a l te red  by the autoc lav ing necessary to s ter i l i ze  bacter io logical  

medio. Modi f ied M10 medium fo r  g row th  c u rv e  measurements and r e ­

c o v e ry  of c e l l - f r e e  suporna tan ts  was made up as discussed above, in bu lk
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volumes of  200 ml, w i th  s ingle  c a rb o h y d ra te  subs t ra tes  at a concentra t ion 

of 1.0 g dl \  added before  au toc lav ing .

The o the r  components of M10 medium such as sal ts,  yeast  e x t ra c t ,  

peptones,  v i tamins and reduc ing  agent were not a l tered and are g iven 

in appendices 1 & 2, toge the r  w i th  the method of  p repara t ion  of media. 

In exper iments  to es tabl ish the s u i ta b l i t y  of var ious media f o r  p r im a ry  

isolat ion of cecal bacter ia ,  formula t ions based on rumen f lu id  agar  ( B r y a n t  

and Robinson, 1961) and o ra in  heart  in fus ion agar  (Holdeman 

e t . a l . , 1977), were modif ied as descr ibed  in appendices 6 u 8 f o r  com­

par ison w i th  the modif ied M10 medium in terms of tota l  numbers of 

organ isms recovered and colony d i v e r s i t y .  For detect ion of  mucin de ­

g rada t ion  in  I'itro, basic modif ied M10 medium was supplemented w i th  500 

mg dl ' p ig o r  rabb i t  mucin as the on ly  c a r b o h y d ra te . A f t e r  8 d i n c u ­

bat ion at 37° C mucin concentra t ions  of  tests and un inocu la ted cont ro l  

media were compared us ing  the Per iodic A c id -S c h i f f s  method (PAS, ap ­

pend ix  12) and analysis by  g a s - l iq u id  ch rom atography  (G L C ) ,  (sect ion 

2 .9 ) .

O th e r  media used in th is  s tudy  inc luded Peptone-Yeast e x t ra c t  base 

medium (PY)  to wh ich was added 1 g dl  ̂ of var ious sugars  f c r  

fe rmenta t ion  s tud ies .  (append ix  7).  Solut ions of 10 g dl  ̂ of  

D-ga lactose,  L - fucose ,  N-acetylgalactosamine and N-acety lg lucosamine 

were p repa red  in PY medium, f i l t e r - s t e r i l i z e d  into bu lk  medium and d i s ­

pensed asept ical ly  in to  screw-capped vials unde r  a stream of carbon 

d iox ide .  A d ro p  in pH of 1 un i t  o r  more a f te r  inoculat ion and 48 h i n ­

cuba t ion ,  ind ica ted pos i t ive  fe rmenta t ion  (Holdeman et a l . ,1977 ) .  PY 

medium was also supplemented w i th  1 g dl 1 glucose (PYG) fo r  c u l tu re  

of all isolates f o r  detect ion of fe rmentat ion e n d -p ro d u c ts  by  gas l i qu id  

ch rom a tog raphy  (sect ion 2 .6 ) .



2.4  P r im ary  isolat ion and enumerat ion of  cecal bacter ia

2.4 .1  Microscopic coun ts .

Mucosal sc rap ings  and samples of  lumen contents  were d i lu ted  1 ; 100 

by add ing  0.1 ml to 10 ml of  d i lu te  c ry s ta l  v io let  solut ion and ag i ta t ing  

on a v i b r a t o r  f o r  1 min.  A Neubauer  coun t ing  chamber was used to 

enumerate bacter ia a f te r  they  were al lowed to set t le f o r  30 min in a moist 

chamber.

2 .4 .2  V iab le  plate coun ts .

Ligated sections of  ceca were placed in anaerobic d i l u t i n g  f l u i d  (ADF, 

see append ix  4 ) ,  gassed wi th  C 0 9 to exclude ai r  (Patel et a l . ,  1984), 

and passed into the anaerobic cab ine t .  D i lu t ions of d igesta were made 

by  add ing  0 .5  ml to a ca l ib ra ted  vial con ta in ing  4 .5  ml of  anaerobic  d i ­

lu t i n g  f l u i d .  Cecal wall was washed th ree  t im e:  in 20 ml ADF u n t i l  c lear 

of  pa r t icu la te  m at te r  and the  mucous membrane scraped w i th  a s te r i le  

m icros l ide  to  g ive  0 .5  ml of  mucous mater ia l wh ich was also added to 4 .5  

ml of  ADF. Both samples were d i lu te d  10-fold f rom 10  ̂ to 10 ® in ADF 

and 0.1 ml volumes of  each d i lu t ion  p lated out  in t r i p l i c a te  on p re - re d u c e d  

agar  media. A f t e r  at least six days at 37°C plates were eva luated and 

d isc re te  colonies p icked o f f  in to  M10 b r o th .  These isolates were  s u b ­

c u l tu re d  onto sol id media, re -eva lua ted ,  and d isc re te  colonies again 

p icked o f f  into l i qu id  M10 medium A f t e r  a f inal  check f o r  p u r i t y  by  

Gram's s tain,  s te r i le  g lycero l  was added to each c u l tu re  to g ive  a f ina l  

concen t ra t ion  of  10%, as a c r y o p ro te c ta n t ,  and the sc rew-capped vials 

stored at -80° C in a carbon d iox ide  re f r ig e ra t ion  cab inet  ( l e a t h e r ,  

1982).

2 .5  Tes ts  f o r  iden t i f ica t ion  of  isolates

As a matte r  of convenience,  the MB24A system manufac tured by  D ispos­

able Produc ts ,  Au s t ra l ia ,  was used fo r  basic tests to id e n t i f y  the
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