
anaerobic bacter ia l  isolates. The system cons ists of  a p re -p re p a re d  

m ic ro t i t r e  plate con ta in ing  lyoph i l ized  subs t ra tes  and the pH in d ica to r ,  

b rom - thym o l  blue.  A suspend ing  medium supp l ied  w i th  the system was 

very  s imi lar  to M10 medium and s uppo r ted  g ro w th  of all isolates tested.

Bacter ia were suspended in th is  medium to t u r b i d i t y  o f  a number  1
o

McFarland tube ,  (c.  3 x 10 pe r  m l ) ,  and dispensed in to  the m ic ro t i t re  

wells by  p ipe t te .  A f t e r  48 h at 37° C in the anaerobic cab ine t ,  pH changes 

were  noted, a f te r  the add i t ion  of  more ind ica to r  when necessary.  Gram's 

iod ine was added to the  test  well  f o r  s ta rch hy d ro ly s is  and f e r r i c  c i t ra te  

f o r  escu l in h y d ro ly s is .  Indole p rodu c t ion  was detected by  the add i t ion  

of Kovack's reagent ,  cata'ase w i th  d i lu te  hyd rogen  perox ide  and n i t ra te  

reduc t ion  by  sulpi  . . l i l ic acid reagent.  The o th e r  fe rmentat ion subst ra tes  

inc luded in the system were arabinose, cel lobiose, f ruc tose ,  glucose, 

lactose, maltose, mannito l ,  mannose, mel ibiose, ra f f inose ,  rhamnose, 

r ibose,  sa l icm,  sucrose,  t reha lose,  xy lose, and ge la t in .  Add i t iona l  f u r ­

t h e r  tests  inc luded the  fe rmenta t ion  of  galactose, g ro w th  in M10 medium 

supplemented w i th  20 g d l  ' ox bi le (D i fco)  and detect ion  of  hyd rogen  

su lph ide  p roduc t ion  b y  suspend ing  a lead acetate paper  test  s t r i p  above 

M10 b ro th  cu l tu res .  The MB24A system was eva luated w i th  Clostridium 

portringens f rom ou r  stock c u l t u r e  col lect ion and Actinomyces israelii 

X372^ .  and was shown to g iv e  concordance w i th  pub l ished  descr ip t ions  

of  these species.

Aero to le rance was checked by  s u b c u l tu re  on u n - reduce d  M10 agar in c u ­

bated fo r  two days in a i r .

Isolates found  to be moti le by  hang ing  d rop  method were examined by 

e lec tron microscopy of  nega t ive ly  stained p repa ra t ions .  This method was 

less capr ic ious than the  f lage l la r  stains v iewed by  l i g h t  microscopy and 

is s t ro n g ly  recommended if  fac i l i t ies  are avai lable.
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All  bacter ia l  names used in p resum pt ive  iden t i f ica t ions  were in accordance 

w i th  Skerman et al. (1980).

2.6  Dutermination of fermentation en ' products

The method of  Car lsson (1973) was used fo r  gas chromatograph ic  d e ­

tect ion of  vo la t i le  and non-vo la t i le  f a t t y  acids.  C u l tu res  in PYG medium 

were  passed t h ro u g h  a small column of  AG50W-X4 200 mesh cat ion e x ­

change resin (B io - ra d  Labora to r ies)  and the clear aluate col lected f o r  

c h r o r ra to g ra p h y . A s tandard  m ix tu re  of  volat i le f a t t y  acids (V F A s ) ,  

each at c concentra t ion  of  1.0 meq dl  ̂ was also passed t h ro u g h  a column 

w i th  e v e ry  batch of  analyses. A Pye GC gas chromatograph was f i t t e d  

w i th  dua l  f lame ionizat ion detec tors  and dual 1.8 m x 3 mm glass . olumns 

r ked w i th  Chromosorb 101 (Johns-M anv i l le )  leaving a 4 .0  cm in le t  

space. Samples of  2 yl were run  iso thermal ly  at 210°C, w i th  a n i t rogen  

c a r r i e r  gas f low rate of 60 ml min 1 The acids chromatographed in the 

sequence, acet ic ( A ) ,  p rop r io n ic  (P ) ,  i s o b u ty r i c  ( i B ),  b u t y r i c  ( B ) ,  

isova le r ic  ( iV ) ,  va le r ic  ( V ) ,  lactic ( L ) ,  capro ic  (C) and succ in ic  ( S ) ,  in 

16 . r n u t e s .  Formic acid and alcohol could be detected , bu t  not  

q u a n t i ta te d ,  as ta i l  peaks emerg ing w i th  the wa te r  pe?.k. Major metabol ic 

p ro a u c ts  were repor ted  if  peak areas were equal to o r  g re a te r  than those 

c f  the  1 meq dl   ̂ s tandard  peaks and minor  if  they  were less.

Al l isolate.. vere placed into g roups  shar ing  common Gram's stain 

morpho logy  and react ion ,  the presence of  spores,  m o t i l i t y ,  vo lat i le f a t t y  

acid p ro f i les  and colonial cha rac te r is t i c s .  Approx im a te ly  a t h i r d  of  the 

isolates of  each g roup  were f u l l y  id en t i f ied  and taken to be rep resen ta t ive  

of the  g roup  as a v/hole. When anomalies arose, more isolates f rom the  

g ro u p  were taken fo r  iden t i f ica t ion .



2.7  Collection and purification of rabbit intestinal mucin

Ligated sect ions of  small in tes t ine ,  colon and cecum were stored f rozen

at -20°C and thawed in batches. Lumen con tents  were washed out  wi th 

a gen t le  stream of tap wate r  and the g u t  opened leng thways .  The 

ep i the l ium was scraped w i th  a glass microscope sl ide in to  0.2M NaCI in a 

f la t  d ish and harves ted in 50 ml c e n t r i f u g e  tubes .  Sodium azide was added 

to the  sal t solut ion at  a concentra t ion of  0.02 g dl  ̂ to p re v e n t  any 

f u r t h e r  bac ter ia l  deg rada t ion  of samples to be used f o r  chemical ana lysis.  

Increased y ie ld  o f  in tes t ina l  mucous in rabb i ts  was obta ined by  

in t ravenous  inocu la t ion  ot 0.2 ml of  1% p i loca rp ine  (Alcon Laborator ies 

I n c . )  Th is  caused p ro fuse  sal ivat ion and lacrymat ion w i th in  10 minutes,  

and the  animals were k i l led  fo r  mucin col lect ion as descr ibed above. 

Secret ion of  cecal mucous was not af fected by  th is  t reau. ient  and yie lds 

remained too small f o r  analys is ,  bu t  mucous in the small in test ines  was 

increased tw o - fo ld  and was used thoughou t  th is  s tu d y .

In i t ia l  cen t r i f u g a t io n  at 2 100# as suggested by  Creeth  (1978),  separated 

the mucus in to  a soluble f rac t ion  in Hie supe rna tan t  and insoluble gel in 

the  depos i t .  The fo rm e r  was s tored and the la t te r  sub jected to 

homogenizat ion v\i th a Sorval l  Omni-m ixer  at  16 000 rpm in 0 .2  M NaCI 

w i th  azide. C e n t r i f u g a t io n  again at  2 100 g f o r  30 min removed debr is  

arid the supe rna tan t  was pooled w i th  the f i r s t  soluble f ra c t io n .  Sugar  and 

p ro te in  analyses were c a r r ied  out  at each step to mon ito r  mucous com­

ponents in separated f rac t ions  (see appendices 9 £■ 10).  To des t roy  the 

Theological p rope r t ies  in he ren t  in nat ive mucin,  reduct ion of  the 

d isu lp h ide  bonds was at tempted w i th  0 .4  M 6 mercaptoethanol  in phosphate 

bu f fe re d  sal ine at pH 7.5  fo r  12 h at  4°C und e r  n i t rogen  gas phase. 

Retent ion of  gel fo rm ing  p rope r t ies  encountered in subsequent  steps 

conf i rmed Fo rs tne r 's  observa t ions  (1978),  th a t  some -.mall in tes t ine  mucins 

are r e s io ta r t  to th is  t y p e  of  reduc t ion .  However,  successful  d igest ion of  

•'*1 war achieved by  pronase (B o e h r in g e r  Mannheim GmBh.  F R G . ) .  

jspens ion  of 100 mg in 5.0 ml of 0.2 M ammonium acetate b u f f e r  at 

pH 6 .5  w i  added to 50 ml of mucin so lu t ion.  A d ro p  of to luene was



added as p rese rve  and the. m ix tu re  incubated f o r  24 h at 37°C. Ano the r

5.0  ml o f  enzyme suspension was added 24 h la te r  and incubat ion con­

t in u e d  f o r  a f u r t h e r  24 h. The p repa ra t ion  was d io lysed aga inst  d is t i l led  

w a te r  o v e r n ig h t  at  4°C .  and frozen at -20°C.

C ru d e  s u b - u n i t  mucin was p u r i f i e d  by  p rec ip i ta t ion  w i th  6 0 °  ( v / v )  e thy l  

alcohol sa tura ted  w i th  sodium acetate (Roden et al. 1972). The p r e c ip i ­

ta te  con ta in ing  ov e r  90 % of the o r ig ina l  mucin was col lected by 

c e n t r i f u g a t io n  at 2 100 g, d isso lved in 50 m of 0.2  M NaCI and lyop ' . i l ised 

in 1 ml volumes (Var iyam & Hoskins,  1981).

Hog gas t r ic  mucin was purchased from Sigma Chemical C o r p . ,  as batches 

33f076 and 54f0154. I t  was d issolved in 0 .2  M N-,''.l and d ia lysed aga inst  

d is t i l l e d  wa te r  f o r  24 h be fore  chemical analysis

2 .8  Analytical methods

Protein was est imated by the  s tandard  copper  method of  Lowry  et  al. 

(1951),  us ing human albumen to p repa re  a ca l ib ra t ion  c u rv e  (append ix

9 ) .

Hexose sugars  were  est imated w i th  the an th rone  method (S ie f te r  

e t .a l .1950 )  using galactose as the s tandard  (append ix  10).

Su lphate  concen t ra t ion  was measured by  the techn ique  o f  L loyd (1966) 

a f te r  acid h y d ro lys is  (append ix  11). As the re  is no real ly  sa t is fac to ry  

method f o r  sulphate determinat ion (Horow i tz ,  1967), the bar ium ch lor ide  

tes t  was chosen f o r  i ts convenience.

Sial ic acids were est imated by  the t h i o b j r b i t u r i c  acid method of  Warren, 

(1959),  modif ied by  Cod ing ton et .  a l . ,  (1976),  us ing N-ace ty lneuram in ic  

acid (Sigma Chem. C o r p . )  as s tandard  (append ix  13).

G lycopro te ins  were q u a l i ta t iv e ly  est imated by  the modif icat ion of the  pe­

r iod ic  a c id -s c h i f f  react ion (PAS) designed by  Mant le b Al len (1978).  No
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s tanda rd  re ference was avai lable,  bu t  the techn ique  was on ly  used to 

compare re la t ive  anounts  of mucins remaining in c u l tu re  media a f te r  d i ­

gest ion by bacter ia l  s t ra ins  (see append ix  12).

2.9 Gas Liquid Chromatography (GLC) of carbohydrates

2 .9 .1 .  Developmental  b ackg ro und .

T he re  are many techn iques  f o r  gas ch rom atography  of  sugars .  The 

a ld i to l  acetate method discussed by  Laine e t . a l . ,  (1972) was in i t ia l l y  a t ­

tempted as i t  is repu ted  to g ive  chromatograms in wh ich the  sugar  

anomers do not separate,  as is the case w i th  o th e r  d e r iv a t i z a t io n s . Re­

su l ts  showed inexp l icab le  loss of  some s tandards ,  no tab ly ,  galactose, and 

the techn ique  was not  p u rs ue d .  S i ly l  de r iva t iza t ion  was adopted 

(Clamp, 1977 and Chambers & Clamp 1971) w i th  g re a te r  success when the 

fo l low ing  p rocedu re  was used.

2 .9 .2  H y d ro lys is .

Methanol ic -HCI reagent  was p repa red  by  b u b b l in g  HCI gas, generated 

from a m ix tu re  of  calcium ch lo r ide  and concen t ra ted  s u lp h u r ic  acid,  into 

AR g rade  methanol .  M o la r i ty  was measured by  t i t r a t i o n  w i th  M NaOH and 

b rom o- thym o l -b lue  and the p repa ra t ion  stored und e r  n i t rogen  at  -20°C  

at a concentra t ion  of not  less t . ' ^n  1.5 M. Dr ied mucins o r  s tandards  

were hyd ro ly s e d  in 0 .5  ml of  methanol ic HCI f o r  i t  least 3 hours  at 

85°C (Chambers t Clamp, 1977).

2 .9 .3 .  R e -ace ty la t ion .

A " k n i f e p o in t "  of  s i l v e r  carbonate  was added to the hyd ro lysa te  to neu­

t ra l i ze  the acid.  Any  insolub le carbonate  would have been e f fec t ive  in 

th is  step a l though the s i l v e r  sal t  poss ib ly  adsorbs less o rgan ic  material
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f rom the hy d ro ly s a te .  Acet ic  a n h y d r id e  (B D H ) ,  0.2  ml, was added and 

the m ix tu re  le f t  to react  f o r  2 hours  at room tempera tu re .  The sugars  

were t i t u ra te d  at least tw ice w i th  methyl  alcohol and evaporated to 

d ry nes s  und e r  vacuum.

2 .9 .4 .  D e r i v a t i z a t io n .

Of ali the s i l y a t ing  reagents  ava i lable,  a m ix tu re  of  t r im e thy lch lo ros i lane  

and hexamethy ld is i laz ine  have been most w ide ly  used f o r  sugars  (Laine 

e t . a l . ,  1972). However t r im e thy ls i l y l im idazo le  (TMSI)  is recommended by  

the m anu fac tu re rs  (Supelco In c . )  f o r  ch rom atography  of  sugars  and was 

used in th is  s t u d y .  To the d r y  depos i t  f rom the p rev ious  t^ep,  0.1 ml 

of a m ix tu re  of  TMSI and p y r id i n e  (1 :2 )  was added hal f  an hour  be fore  

r e q u i re d ,  as the p repa ra t ion  was found  to be stable f o r  less than 8 h.

2 .9 .5 .  C h rom atography .

A Pye GC gas chromatograph  w i th  flame ionizat ion detec tors  and c h a r t  

reco rde r  was used th ro u g h o u t  th is  w o rk .  Glass columns, 1.8 m by  3 mm 

in te rna l  d iameter were packed in the labo ra to ry .  A recommended pack ing  

of  10o SP2330 on supe lcopor t  was too po la r  in na tu re ,  g i v in g  excess ive 

re ten t ion  of  de r iv a t i v e s  in the column, and g re a t ly  ex tended 

ch rom a tog raphy  t imes. SP2100 at 5°0 concentra t ion  on 80/100 supe lcopor t  

gave unacceptable peak ta i l ing  wh ich was co r rec ted  by  increas ing the 

l iqu id  phase to IOQ0. Pnysical  cond i t ions inc luded a n i t rogen  f low rate 

of 60 ml min  ̂ w i th  tempera tu re  p rogramming,  us ing balanced columns, 

fo r  3 minutes at 190°C fol lowed by  an increase of 18° min  ̂ un t i l  320°C 

was reached. The major d isadvan tage of th is  method was t h a t  anomeric 

and r in g  forms of  sugars  gave mult ip le  p ia k s ,  bu t  these could be resolved 

by adequate s tandard  con t ro ls  (Sp i ro ,  1972). Chromatograms were run  

in dup l ica te  and molar rat ios were de r ived  by  summation of peak areas 

fo r  each suga r .
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2.10 Iden t i f ica t ion  o f  b lood g roup  substances

An app l icat ion of  a simple hemagglu t inat ion react ion was adapted from 

hematological p rac t ice  to detect  blood g ro u p  substances in mucin p re p a ­

ra t ions .  Commercial ant isera to blood g roups  A and B (O r tho  Diagnos­

t i c s ) ,  were separa te ly  absorbed wi th  mucin p repa ra t ions  of approx im ate ly  

100 mg ml  ̂ in 0 .5  ml volumes. A f t e r  incubat ion  fo r  1 h at 37°C, both 

absorbed and unabsorbed ant isera were d i lu ted  twofo ld  to 1:32 and added 

to homologous washed red cel ls (donated by  fe l low s t a f f ) .  Agg lu t ina t ion  

was recorded microscop ical ly  w i th  clumps of more than 20 red cel ls con­

s idered pos i t i ve .

2.11 Growth  c u rves

Flasks con ta in ing  200 ml of  M10 medium were p repa i - .d  w i th  the  fol lowing 

subs t ra tes :  g lucose,  galactose, and lactose at 1 g dl ^ ; p ig gas t r ic  

mucin at 1.5 g dl  ̂ and medium w i th ou t  fermentab le  subs t ra te .  The media 

were inoculated w i th  suspensions of  tes t  s t ra ins ,  s tandard ized to  the 

d e n s i t y  of  a number  5 McFar land tube ,  and incubated on a r o ta ry  shaker  

in the anaerobic cab ine t .  Eve ry  hou r ,  dup l ica te  5 ml samples were r e ­

moved f o r opt ica l  dens i ty  measurements at 420 nm. The samples were 

pooled and c e n t r i f u g e d  ac 2 100 g f o r  15 min and superna tan ts  decanted. 

Cells were washed once in phys io logica l  sal ine w i th  0 .05 M d i th io th re i to l  

and c e n t r i f u g e d  to a pel le t .  Both the cell pel lets and superna tan ts  were 

stored at -80° C un t i l  requ i red  f o r  ' .n iyme stud ies .

When the A ^ q  of  b u lk  cu l tu res  reached 0 .9 ,  50 ml volumes were removed, 

c e n t r i f u g e d  at 15 000 g f o r  30 min and processed as descr ibed above.
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2.12 D r y  mass dete rminat ion

Th in  10 mm x 100 mm glass tubes were ca l ib ra ted  in a Bausch and Lomb 

spec t ropho tometer ,  d r ied  at 110° C f o r  2 d and weighed on an ana ly t ical  

balance. C u l tu re s  remaining at the end of g ro w th  c u rv e  exper iments  

were d i lu ted  10- fo ld in sai in» and 10 ml volumes of each d i lu t ion  added 

to ca l ib ra ted  tubes .  The opt ica l  den s i t y  at 420 nm of each tube  was 

measured,  then the  tubes were c e n t r i f u g e d  and superna tan ts  decanted.  

A f t e r  d r y in g  at 110° C fo r  2 d the tubes and contents  were re -we ighed 

and d r y  mass determined by  su b t ra c t io n .  The g raph  of  d r y  mass p lo t ted  

aga ins t  A ^ q is g iven in append ix  15 toge the r  w i th  the theoret ical  g raph  

d raw n  from the formula given by  Koch (1981).

2.13 APIZYM system f o r  bacter ia l  enzymes

A p las t ic  t r a y  w i th  19 cupules each con ta in ing  a deh yd ra te d  chrorr.ogenic 

s ubs t ra te ,  forms the basis of  th is  tes t  system. The subs t ra tes  used to 

de tec t  g lycosidases are ccup led with e i the r  1- o r  2- nap h th y l  q ro u p s ,  

wh ich  react w i th  Fast blue sal t  BB to produce co loured formazans when 

released by  enzyme a c t i v i t y .  Co lour in te n s i t y  is q u a n t i ta t i v e ly  p r o p o r ­

t iona l  to the amount of  enzyme a c t i v i t y  in the samples. Subs tra tes  i n ­

c luded  in the APIZYM system fo r  detec t ion  of  g lycosidases are the 

n a p h th y l  d e r iva t i ves  of the fo l low ing :  a-D-ga lac tose,  0-D-ga lac tose,  

B -D -g luc u ron ide ,  a -D-g lucose  B-D-g lucose,  N-acety l- (J -D-g lucosamine,  

a -D-mannose and a -L - fucose .  Bacter ia l  s t ra ins  tested by  the APIZYM 

method (API systeme, SA France) were g^own in p re - red uc e d  t r y p t i c a s e  

soy b ro th  w i th ou t  added ca rbohyd ra tes  (append ix  16). Cells were h a r ­

vested by c e n t r i f u g a t io n ,  washed in anaerobic d i lu t in g  f lu id  and resus ­

pended to an opt ical  dens i ty  of  0.4 .  Suspensions were tested by  add i t ion  

of 0 .2  ml to each cupu le  and incuba t ing  the API t ra y s  in the anaerobic  

cab ine t  f o r  4 h.  Co lour  changes were developed by  exposure  of  the  t ra y s  

to b r i g h t  s u n l ig h t  f o r  2 min and compared w i th  a c ha r t  p rov ided  b y  the 

m anu fac tu re r .
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2.14 Bacter ia l  g lycosidases

2 .1 4 .1 .  P -n i t ropheno l  subs t ra tes  fo r  assay of g lycos ides.

Spec i f ic  glycosidases release chromogen from p -n i t ro p h e n o l  gl ycos ides.  

The  colour  is enhanced by  add i t ion  of  a lkal i  and opt ical dens i ty  at 420 

nm is p ropo r t iona l  to the amount of enzyme p resen t  in the sample when 

all cond i t ions of  the tes t  are kept cons tan t .

2 .1 4 .2 .  Prepara t ion  of  samples.

Frozen cell pel lets f rom g row th  c u rv e  measurements were thawed by  the 

add i t ion  of  2 ml of phosphate b u f f e r  at pH 6.5  con ta in ing  0.05 M 

d i t h i o e t h r e t o l . The cel ls were d i s ru p te d  by  sonicat ion at one t h i r d  power  

o u t p u t  in a 50% pulse cycle f o r  10 min w i th  an U lt rason ics in s t rum en t .  

Cell  deb r is  was removed by  c e n t r i f u g a t io n  and d is ru p t io n  conf i rmed by  

pha se -con t ras t  microscopy.

Enzyme p ro te ins  were p rec ip i ta ted  from superna tan ts  w i th  ammonium 

su lpha te .  Berg  et. al.  (1980) used a two stage techn ique f o r  pa r t ia l  

p u r i f i c a t io n  of  bacter ia l  g lycos idases. They  p rec ip i ta ted  all p ro te ins  out  

of  solut ion by  the add i t ion  of salt to a f ina l  concentra t ion  of  70% and 

fol lowed th is  w i th  a second step to recover  p ro te ins  tha t  p rec ip i ta te  out  

between 25% and 70% sal t concen t ra t ions .  With th is  process they  gained 

a 20- fo ld  increase in the amount of  enzyme. In th is  s tu d y ,  the add i t ion 

of  sol id ammonium su lphate  to 50 ml of  c u l tu re  superna tan t  to g ive a f ina l  

concen t ra t ion  of  70 g di   ̂ was used fo r  c rude  f i r s t  stage separat ion of 

p ro te in s .  The  m ix tu re  was s t i r r o d  at 4° C f o r  1 h, then c e n t r i f u g e d  at

2 100 g f o r  10 min. The  pro te in  depos i t  was d issolved in 10 ml of  b u f f e r  

at pH 6 5 and dialysed aga inst  b u f f e r  at 4° C f o r  24 h.
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The p ro te in  con ten t  of  all samples was measured using  the Lowry  method 

(append ix  9 ) ,  and co r rec ted  to 1.0 mg ml  ̂ w i th  b u f f e r .

2 .14 .4 .  Subs t ra tes .

The p - n i t r o p h e n y l  g lycos ides of  a -L - fu c o p y ra n o s e ,  3 -D -ga lac topy rano je ,  

B D -N -a c e ty lg lu c o s a m id e  and a-D-N-acety lga lac tosamide (Sigma) were 

used to detect  the enzymes most l i ke ly  to be invo lved  in degradat ion of  

ra b b i t  mucin.  Stock solu t ions of 5 mM were p repa red  in 0.2  M phosphate  

b u f f e r  at pH 6 .5 .  Th is  pH was used for all subs t ra tes ,  a., Berg et al. 

(1980) re p o r t  maximal enzyme act iv i t ies  of  g lycos idases from Bacteroides 

fragilis to be at pH opt ima of 6.3 f o r  a -L - fucos idase  (EC 3 .2 .1 .5 1 ) ,  at

6.9  f o r  £-D-ga lactosidase  ( EC .3 .2 .1 .2 3 )  and 6.4 f o r

N-acety lg lucosamin idase (EC .3 .2 .1  . 52).  As the pH of  the contents of 

ra b b i t  cecum at the mic po in t  was between 6.3 and 6 .5  (see sect ion 2 .3 )  

a compromise pH of  6 .5  th is  was chosen f o r  enzyme tes ts  in th is  s tu d y .

2 .14 .5  p -n i t r o p h e n o l  ca l ib ra t ion .

Stock p -n i t r o p h e n o l  solut ion (Sigma Chem. C o rp ) ,  at a concentra t ion  of

10 iiM ml \  was d i lu ted  two- fo ld  in 0 .5  ml volumes in b u f f e r .  One ml of  

b u f f e r  was added and 2 nil of M sodium carbonate .  The A ^ q  of each 

d i lu t io n  was measured in a spec t rophotometer  and the g raph  of  opt ica l  

den s i t y  p lo t ted aga inst  concen t ra t ion ,  (append ix  14).

2 . 1 4 . 6 . Opt imum incubat ion  time.

Cells f rom a c u l t u r e  of  s t ra in  W13, showing s t rong  react ion in the APIZYM  

tes t  f o r  &-galactosidase, were used to determine the opt imum time of  i n ­

cubat ion fo r  detect ion of  g lycosidases. Volumes of  0 .5  ml of  cel ls in 

b u f f e r ,  were added to 0 .5  ml of 5 mM p - n i t r o p h e n o l - B galactosidase and 

incubated at 37° C f o r  5, 10, 15, 20 and 30 min.  A f t e r  the add i t ion of
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2 ml of sodium carbonate  so ln . ,  the A jj(; was measured The opt ical 

dens i ty  of  the 20 and 30 min samples were 0.83 and 0.85 respec t ive ly  and 

at 15 min the OD was 0.72 on t h '  l inear  pa r t  of  the c u rv e  of  opt ical 

den s i t y  p lo t ted aga ins t  t ime (Append ix  16). A t ime of 15 min was 

th e re fo re  chosen f o r  use in the enzyme assay.

2 .14 .7  The s tandard  tes t  f o r  measurement r '  enzy.-ies.

Volumes of  0 .5  ml of  c rude  enzyme samples conta in ing  0 .5  mg p ro te in ,  

t oge the r  w i th  0 .5  ml of  phosphate b u f f e r  at pH 6.5  were warmed to 37°

C. Substra tes  as 0 .5  mM solutions were also held at 37° C and O.b ml 

volumes added to react ion m ix tu res  wh ich were incubated at 37° C fo r  

exac t ly  15 min.  Two ml of M sodium carbonate  were added and the opt ical 

de n s i t y  measured at 410 nm. The amount of  er zyme in the sample was 

calcula ted from the  amount of  p -n i t r o p h e n o l  released in 15 min and spe­

c i f ic  a c t i v i t y  de r ived  from enzyme a c t i v i t y  per  un i t  mass of  p ro te in ,  e x ­

pressed as nka t  mg  ̂ Contro ls  run  w i th  all tests inc luded a volume of 

b u f f e r  replac ing the subs t ra te ,  b u f f e r  rep lac ing enzyme prepara t ion  and 

enzyme p repara t ion  heated to 85° C f o r  15 min to des t roy  a c t i v i t y .  The 

volume of  0 .5  ml of  b u f f e r  was replaced by  solutions of  sugars  in b u f fe r  

to re tain constant  react ion volumes in in h ib i t ion  studies.



CHAPTER THREE

RESULTS

3.1 U ltrastructure  of the rabbit cecal mucosa

An ove rv ie w  of  the mucus b lanke t  cove r ing  in tes t ina l  epi thel ia  is shown 

in F igu re  4a, a l though i t  must be admit ted  tha t  p rese rva t ion  of  in tac t  

mucus was not as complete as th is  in all p repa ra t ions .  A h ig h e r  magn i­

f ica t ion  of  the edge of  the mucous layer  in F igure 4b shows a dense mass 

of  m ic roorganisms in the mucus. The exposed epi thel ia l  sur face is re la ­

t i v e l y  f ree  of  adheren t  bacter ia .  T h i i  image, al though pe rm i t t in g  v i ­

sua l iza t ion of  bacte r ia  in situ, is an a r te fac t  of  the p re p a ra to r y  method. 

When mucus is stabi l ized by  t rea tment  w i th  speci f ic  ant isera  (Rozee et 

a l . ,  1982), o r  by  low- tem pera tu re  process ing  (Bay l iss  L T u r n e r ,  1982; 

R ichards  L T u r n e r ,  1C84), no bacter ia  can be seen w i th in  the layer ,  

b u t  g lu ta ra ldeh yde  f i x a t io n  reduces the gel to a f i b r i l l a r  ne two rk  and 

microorgan isms in the mucus can be observed  as in F igure 4b.

Low-power  TEM pho tog raphs  of  the mucosal layer  of the ra b b i t  cecum 

taken from approx im ate ly  ha l f  way along its le ng th ,  showed a simple co­

lumnar  ep i the l ium w i th  a f r i n g e  of  m ic rov i l l i .  There  was a layer  of  

microvesic les of v a r y in g  dep th  separa t ing  the m ic rov i l lu  '• 'order f rom the 

mucous gel ,  wh ich was well p rese rved  in most sections,  approx im ate ly  

50 pm th ic k  and heavi ly  colonized by d i f f e r e n t  types  of  bacter ia .  In some 

sect ions,  amorphous lumen mater ial  was st i l l  adher ing  to the ou te r  sur face 

of the gel (F ig u re  5 ) .  T u b u la r  glands inden t ing  the epi thel ia!  sur face 

( F ig u re  6) showed a h ighe r  dens i ty  of  mucus secre t ing  gob le t  cel ls than 

was observed in the sur face ep i thel ium and the ghn:J  lumens were also 

coionized by a mixed bacter ia l  f lo ra .  H ighe r  magni f icat ion shoved the
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Figure  4a. Low-power  view of  the mucous b lanke t  cove r ing  

gas t ro in tes t ina l  epi thel ium in the ra b b i t .  Digesta has 

been removed by careVul washing to leave po r t ions  of 

mucus in tac t .  Bar = um

Figure  4b. H igher  SEM magr. i f icat ion showing the edge of 

a f ragment  of mucous b lanke t  as would be seen in the 

sauare marked o r  F igure 4a. Dense colonization of the 

mucus (above) conxrasts sha rp ly  w i th  the m ic rov i l lus  

sur face (below) w i th  f e v  at tached bacter ia .  Bar -  1 ym
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F igu re  6. TEM  section of tu b u la r gland in the rabbit cecum. Two mucus 

sec ating goblet cells (G ) are to be seen in the gland epithelium. B a r  

= 2 um
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m icrovesicu lar layer to be made - of small membrane-bound vesic les, 

50 nm in diam eter, n filtra ting  between the m icrovilli and sometines free  

in the mucous gel .r ig u re  7 ). Although bacteria were ra re ly  noted to 

be in contact with one or more m icrovesicles (F ig u re  8) ,  none were seen 

to be adhering to the epithelial brush border in TEM sections.

Microorganisms embedded in the mucous gel were extrem ely d iverse , 

judg ing from the d iffe ren t cell wall structu-es. There  were many examples 

of the classical forms of Gram -positive (F ig u re  9) and Gram -negative cell 

walls ^Figure 10), although there was considerable variation  within each 

typ e , p a rticu la r ly  in the nature and extent of g lycocalyx  formation. 

Th ere  were many wall s tructu res  that did not conform to e ither of the 

classical types and could not be ca t'go rized  (F ig u re  11), and unusual 

morphotypec such as spores and sp irillae  were seen in sections. It was 

not possible, therefo re , to make an assessment of the d istribution  of 

bacteria l types by u ltrastru c tu ra l morphology in TEM sections.

F igu re  12 shov/s a section in which bacteria are embedded in a gel matrix 

p a rtia lly  p recip itated  by g lu tera laohyde fixation. The lucid zones around 

some bacteria may be a rtifac ts , but they aiso suggest halos of cleared 

mucus, possib ly formed by enzyme a c tiv ity .

3.2 Bacterial populations associated with the rabbit cecum

Comparison of th ree  cu ltu re  media used for isolation j f  bacteria from cecal 

samples is g iven in Table 2. In general, the resu lts of plate counts of 

samples on d iffe ren t media were ve ry  sim ilar, although those on modified 

M10 medium w err s ign ifican tly  h igher and showed g rea te r d ive rs ity  than 

e ither the brain lieart infusion agar or the rumen fluid-based medium. 

( p= o . 05 when th e  d a ta  was a n a ly s e d  by th e  S t u d e n t 's  t  t e s t )  

1 otal numbers of v iab le  bacteria recovered from five  rabbits by the plate 

count dilution metnod on modified M10 medium, varied  between 10® and 

11 per ml of wet lumen contents with a mean of 109 . The mean of
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