
Tab le  13. Inh ib it ion  of bacteria l g lycos idase  a c t iv i t y .

blank Galactose

10
mM

1 nh ib itor 

Fucose 

20 
mM

Lactose

10
mM

Mucin

8
mg/ml

Enzyme Enzyme a c tiv ity , (nKat/m g) & inhibition (%)

Fucosidase (W11) .98 .85(15) .25(75) .75(24) .72(27)

Galactosidase (W22) .72 .52(28) .60(17) .57(21) .73

Hexosaminidase(W1 1) .82 .79 .80 .63 .79

Inhibition was tested on the enzyme a c tiv ity  of washed cells of 

enzyme-producing Bacteroides vulgatus-like s tra ins . Inh ib itors were in ­

cluded in the standard enzyme assay in place of the bu ffer volume to 

g ive  d iffe ren t final concentrations. The A ^ q  of the standard tests 

(b lan ks ) are compared to the A ^ q  of reactions in the presence of 

inh ib ito ry concentrations of carbohydrates.
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F igure  15. Growth cu rves  of Bacteroides vulgatus stra ins W12, W13 and 

L7 grown on 1°, galactose and 1% fucose :|||§|§§i| Growth of W13

on 1o N-acetylglucosam ine a ■ ■ ■ - - - a
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F igure  16. Enzyme a c tiv ity  in cell-free supernatants of two strains 

of Biicteriodes vulgatus-\\ke strains W12 and W13, grown on 1% glucose

as substra te . D ry  mass of cu ltu re W12 ■--- ■ and W13 ▲ ---- ▲  Specific

activ ities  of galactosidase □ ---□ , N-acetyl g lusosam inidaseA--- A  and

fucosidase o —— Q 
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Figure  17. Re lative  cell-bound enzyme levels of non-mucinolytic stra ins 

of B. vulgatus when grown on d iffe ren t substrates. Cells were harvested  

in late logarithmic grow th, sonicated and tested in the p-nitrophenol 

g lycoside assay for a c tiv ity  of the enzymes. Results expressed as the 

means from two strains W2 and L7 .

N-acetylgalactosam inidase a-L-fucosidase

N-acetylglucosam inidase (S-D-galactosidase
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F igure  18. Relative cell-bound enzyme levels of mucinolytic stra ins of 

B. vulgatus when grown on d ifferen t substrates. Cells were harvested 

in late logarithmic growth, sonicated and tested in the p-nitrophenol 

g lycoside assay for a c tiv ity  of the enzymes. Results are expressed as 

the means from two stra ins W12 and W13.

B $ $ t N-acetylgalactosam inidase a-L-f ucosidase

N-acetylglucosam inidase (S-D-galactosidase
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C H A P T ER  FOUR

D ISC U SS IO N

This study has shown that the rabbit cecum is colonized by a mixed flora 

of bacteria , many of which are also found in the mucus layer on the 

epithelium . The d ive rs ity  of species cu ltivated  from both habitats 

characterize  the rabbit cecal flora as unique. Approxim ately 17% of 

bacterial isolates from mucus and lumen samples could degrade mucins 

by removal of sugars through the action of ex trace llu lar g lycosidases. 

The broad spectrum of enzymes produced by the dominant cecal bacteria 

suggests that mucin can be an a lte rnative  substrate  for these 

poly saccharide-degrading organism s.

Mucin is a complex glycoprotein with an inner protein core protected by 

extensive glycosylation with polysaccharides chains (A llen  1984). In the 

gastro intestinal tra c t, sim ilar struc res are found in d ie ta ry  material, 

p a rticu la r ly  plant polysaccharides, animal cells desquamated from the gut 

epithelium and dead microbial biomass. These, together with mucins from 

the proximal gastro intestinal tra c t su rv ive  to the large bowel where stasis 

allows suffic ient time for at least partial degradation into soluble 

oligosaccharides (Verce llo tti et al. 1978;. The rabbit cecum, therefore 

proves to be is an ideal model to investigate interactions of the 

autochthonous flora of the gastro intestinal tract with mucins that may 

be washed into the area from the upper reaches of the trac t or secreted 

locally from cecal epithelia and to determine the role of mucin as an en ­

ergy source for cecal bacteria. Compared with the th ick layer of mucus 

encountered for most of the length of the small in testine, the cecum gave 

a v e ry  poor yield when the mucus was harvested by scraping the opened 

mucosal surface. Furtherm ore, initial centrifugation of cecal mucus gave



a small, insoluble pellet with free sugars detected in the supernatant 

flu id . In contrast, small intestine mucus consisted of a substantial in ­

soluble gel, with a smaller soluble sugar component in the supernatant. 

Yosizawa and his colleagues in the ir studies of rabb it mucin ( Nemoto & 

Yosizawa, 1969; Munabata & Yosizawa, 1978), do not state how many 

animals were sacrificed  to recover su ffic ient colonic or cecal mucin for 

chemical ana lys is , but in this study the cecal epithelium of five  rabbits 

yielded insu ffic ien t insoluble, native mucin for use as a cu lture medium 

substrate , or even for chemical analysis. Sellars et al. (1983) snowed 

that there is a p rogressive  loss of s tructu ra l strength  and increased 

so lub ility in samples takon in descending order from gastric to colonic 

sites in the pig and thif, may well explain why the composition of cecal 

mucins has been studied mainly in large animals in which the yie ld  is 

like ly to be g rea ter. Davis et al. (1977), in an SEM study of ileal and 

colonic mucous membrane in -odents, reported a th ick  mucous blanket in 

germ-free animals, but v e ry  thin or absent in conventional rats. Partial 

solubilization of cecal mucus in vivo is offered as substantial evidence 

for degradation by bacteria inhabiting the mucosal layer.

Recovery of cecal mucous after parenteral treatment of the animals with 

the neurotransm .tter drug Pilocarpine was not enhanced, although there 

was an almost immediate increase in duodenal secretion, lacrym ation, and 

salivation within 10 min of injection of the d rug , Menguy & Thompson 

(1967) found no effect of the drug on dog gastric  secretions, but Neutra 

(1984), reported that response to p ilocarpine in rabb it mucosal exp l?nts 

was restricted  to c ryp t goblet cells from small and large intestines. It 

would appear therefo re , that apocrine stimulated release of goblet cell 

mucin in the gastro intastinal tract is limited to specific target epithelia 

and seems to be confined to the proximal G IT  with little  or no response 

in the large bowel.



TEM sections of the rabbit cecum wall showed ve ry  few active goblet cells, 

as in F igu re  6, and the mucous layer covering epithelial surfaces was 

only 25 - 50 pm th ick  in places. The paucity of mucin the cecum would 

appear to be physio logically normal and the functions attributed  to mucins 

in o ther G IT  systems do not seem to be po important in the cecal context. 

Compared with o ther regions of the gastro intestinal t ‘'act, * cecum is 

minimally affected by invasion by pathogenic bacteria, * gh many 

components of mucus are reputed to have a strong influence on the in ­

fectious process. Furtherm ore, a pH of 5.6 measured in the distal end 

of the cecum is su ffic ien tly  low to indicate that even a thin layer of mucin 

is adequate for protection of the epithelium against adverse ac id ity . It 

is concluded from these observations that little mucin is produced in the 

cecum and that most of the lumenal mucin in the cecum orig inates from 

the upper gastro intestinal trac t, where tran s it time is too short for s ig ­

n ificant degradation of polysaccharides to have taken place. Apart from 

the inab ility  to harvest suffic ient mucus from the cecum fo r analysis, 

there is adequate justification for the use of small intestine mucin in 

studies on utilization of mucin by cecal bacteria.

There is substantial evidence to indicate that the s tructu re  of the mucin 

molecule strong ly influences degradative mechanisms operating in the 

gastro intestinal tra c t. Before consideration of microbial-mucin in te r ­

actions therefo re , it was necessary to define the chemical composition of 

rabb it small in testine mucin to be used as a substrate in digestion 

studies. It was found to be similar to p rev iously  published data on rabbit 

intestinal mucins as shown in Table 6 (Nemoto & Yosizawa, 1969; Munabata 

k Yosizawa, 1978). There was less sulphate esterification found in the 

mucin derived  from rabbits in this study and exceptionally high protein 

component. Allen (1981) discusses th*- contamination of mucous by tissue 

proteins when it is collected from epithelial scrap ings. S ta rkey  e t.a l. 

(1974) also report that pig gastric  mucus scrapings may contain over 50% 

protein wet weight and small intestine mucus as little  as 15% carbohydrate
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component. The high proportion of protein found in this study is most 

like ly to be unidentified  material remaining bound to mucin during the 

separation techniques. Table 1 shows that the protein concentrations of 

gastro intestinul mucins lie between 12 and 33%, but three separate ana­

lyses of rabbit small intestine mucin consistently gave between 50 and 

55" protein . Ceca were frozen at -20° C and thawed in batches for 

a m ly s is . It is possible that degradation and loss of carbohydrate  com­

ponents could have taken place during  the thawing process but retention 

of A - type  terminal s tru ctu res , as shown by absorption of anti-A an ti­

body from blood group specific sera means that post mortem degradation 

was minimal. This technique was used by Hoskins & Boulding (1976) to 

monitor fecal digestion of exogenous mucin. The demonstration of B 

absorbing structu res  on rabbit small intestine mucin preparations is not 

definative, as A and B substanr?.s are sim ilar to the chemical structu res 

that express ABO  blood yroups on red cells and as the red cells of three 

rabbits used in this study were typed as group A, it is concluded that 

the absorption of anti-B by rabbit mucin was due to a non-immunological 

cause, possib ly associated with the anonymous protein d iscussed above. 

Some confirmation of this is found in digestion studies in which bacterial 

degradation of rabbit small ir testine mucin preparations failed to restore 

anti-B t itre  as it did w i.'i anti A.

Resistance to disulphide-bond reduction in the initial steps of purification 

indicates that rabbit small intestine mucin is s tru c tu ra lly  d iffe ren t from 

the more easliy reduced pig gastric  mucin upon which S ta rk ey 's  mod' I 

was based (S ta rk e y  et a l. ,  1974). Forstner et al. (1973) remodelled a 

flexible thread s tru c tu re  discussed by Horowitz (1967) after encountering 

d ifficu lty  in d isulphide bond reduction of rat small intestinal mucin. In 

this model, te r t ia ry  s tructu re  is maintained by many more 

d isu lphide-bonds, yet susceptib ility  to proteo lytic digestion at 

non-glycosyiated portions of tha peptide core is retained. Hoskins (1978), 

re fe rrin g  to e report made twenty five  years earlie r, mentions an enzyme,
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cyste ine reductase, produced by unknown G IT  bacteria , and involved 

in cli vage of d isu lphide bonds. The enzyme- appears in modern lite ra ­

tu re  as EC . 1 .6 .4 .1 , effecting NADH - NAD conversion in the presence 

of its substrate  cyste ine . The enzyme may well occur in the intestines 

in su ffic ien t amount to effect prem ature solubilization of the mucous gel 

unless the mucin molecule were resistant to its a c tiv ity .

The carbohydrate  components of the rabbit mucin preparations were 

sim ilar to those of other mucins within the limitations of po lyd ispersity 

and analytical techniques (Tab le  6) .  The range of sugars in rabbit small 

in testine mucin preparations revealed by gas-liquid 

ch ro m ?tog rap hy(F ig u re  13) was the same as that reported for other 

gastro intestinal tra c t mucins and conforms to the model o* the side chain 

s tru ctu re  proposed for pig gastric  mucin. However, the molar ratios of 

the component sugars were not the same as those found in pig gastric  

mucin and it is concluded that rabbit mucin contained less fucose and 

more galactose and N-acetylgalactosamine in proportion to 

N-acetylglucosam ine. Thus the rabbit small intestine mucin has e ither 

shorter or fewer side chains on the molecule. No sulphate was detected 

in rabbit small intestine mucin preparations and there was moderate 

sialation compared with other mucins. These moieties are thought to 

confer a negative charge on the mucin molecule and greater resistance 

to enzyme attack (A llen , 1978; Flowers & Sharon, 1979). Roberton 

(personal communication) found some isolates of G IT  bacteria that could 

cleave ester linkages thereby releasing sulphate from the mucin molecule. 

Bacteria l neuraminidases have also been extensive ly  studied in the contex 

of desialation or b inding to acid polysaccharides, in pathogenesis of in ­

fectious disease. The pro tective  role accorded sulphation and sialation 

of G IT  mucins in general is supported by substantial evidence but rabbit 

small intestine mucin has little  of eithei , and some other mechanisms must 

operate to resist prem ature degradation and solubilization in excess of 

baseline mucus secretions. As there was minimal sialation and no sulphate



detected in rabb it mucin p reparations, these residues were not monitored 

during  degradation studies by gut bacteria .

Increased so lub ility  of mucin a fte r p roteo lytic cleavage of the peptide core 

resu lts in loss of the in trins ic  rheological nature of the gel (Scawen fc 

A llen , 1977). Bacteria  inhabiting the lower gastro intestinal tra c t and 

utiliz ing mucins as energy sources may therefore be involved in two im­

portant processes. Those that colonize the mucous layer may remove 

carbohydrate  side chains by the action of glycooide hydrolases, thereby 

rendering the mucin more read ily  susceptib le to proteolytic a c tiv ity  and 

c r- tr ib u tin g  sign ifican tly  to mucin tu rn over in the cecum. The 

mucinolytic bacteria inhabiting the lumen also use similar enzymes to re ­

move all evidence of mucin from the digesta before it is excreted in the 

feces (L in d sted t et al. 1965). Polysaccharide-degrading bacteria of the 

lower gut are considered to be beneficial to the host, as the epithelia 

absorb many products of microbial metabolism fo r assimilation from the 

cecum where vitam ins, deconjugated bile products and growth factors are 

made availab le through the action of cecal and colonic microorganisms. 

Bacteria  responsible for this a c tiv ity  d erive  much of the ir nutritio: from 

the complex polysaccharides, including mucins, reaching the large bowel 

(D ra se r & H ill, 1974). The polysaccharide-degrading bacteria of the 

large bowel therefo re , may be considered to be prim ary producers in the 

complex G IT  ecosyr.. m.

The bacterial flora uf the ceca of rabbits fed exclusive ly on a maintenance

pelleted diet was shown in this study to be d iverse . O ver 19 dominant
6 ftspecies were recovered in cu ltu re , in counts between 10 to 10 per ml 

(Tab le  4 ). The numbers isolated were to some extent dependent on the 

cu ltu re  media used, as was found by Kelly (1983), in a study of isolation 

media for chicken intestinal bacteria The modified M10 medium simulated 

the cecal environm ent as closely as possible uiid gave higher counts and 

g rea te r d ive rs ity  than the other media with which it was compared. Total



viable numbers recovered on M10 medium represented less than 10oo of 

the microscopic count bu t  reached 1 0 ^  per  ml of  wet lumen contents in 

one rabb i t .  These numbers are s imi lar  to the v iable  counts found by  

Bonnafous fc Reynaud (1970) in the cecum and by  Emaldi et al (1979) 

in ra b b i t  sof t  »ces, which are comparable to cecvl contents .  There  were

fewer  bacter ia c u l tu re d  from mucous scrap ings ,  w i th  mean total  counts
6 4of 10 per  ml cons is t ing  of  dominant species recovered at levels of  10
5to 10 pe r  ml. Anomalous resu l ts  fror. v iable-cel l  counts and dir  ?ct mi­

croscopic counts of  gas t ro in tes t ina l  systems has always been a problem 

in G IT  microb io logy.  Undoub ted ly ,  many dead cells are counted in the 

microscope, bu t  also, there  m i s t  be many types of  bacter ia tha t  can on ly  

be isolated under  speci f ic  condi t ions and many more tha t  do not respond 

in a r t i f i c ia l  c u l tu re .  The bacter ia isolated in th is  s tudy  the re fo re ,  

represent  on ly  the least fast id ious types  c o r s t i t u t i n g  on ly  pa r t  of  the 

total f lo ra .  TEM and SEM mic rographs of  the mucous layer  (F igu res  5

& 7) showed th a t  the gel was densely  populated by  many d i f f e re n t  

morphotypes al though none were seen adher ing  to the epi thel ia l  sur face.  

Almost all o the r  par ts  of the gas t ro in tes t ina l  t r a c t  of  animals suppor ts  

an adherent  micro f lora tha t  b ind to speci f ic  receptor  sites on epi thel ia l  

cells (Savage, 1983). This  s t u d /  h,as demonstrated th a i  bacteria do not 

adhere to the cecal epi the l ium b< eu,se of  the presence of  s layer  o f  small 

membrane bound vesicles cover ing  the b rush  bo rd e r ,  shown in F igure 

8. They  have been repor ted  before in both man and rabb i ts  (T one r  et 

a l . ,  1971) bu t  no special s ign i f icance  was given to them except th a t  they  

were though t  to ar ise f rom b lebb ing  of  the m ic rov i l lus  t ips .  They  were 

not seen in SEM p r rp a ra t io n s  (F igu re  4b ) ,  a l though th e i r  size should have 

been ju s t  w i th in  the resolu t i  of o good SF.M. The few bacteria seen to 

be in contact  w i th  microvesic les suggested recep to r - l igand  adherence bu t  

cont inual  shedding of microvesic les into the mucous gel ,  as postulated 

by Toner et al. (1971) would ensure  tha t  any adherence by bacter ia to 

the epi thel ia l  sur face would be tempora ry .
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An at tempt was made to categor ize the bacter ia in mucous gel by  t r a n s ­

verse  section of  cell wall s t ru c tu re s .  A l though classical Gram-pos i t ive  and 

Gram-negacive cell walls we.'e seen, the re  were many bacteria w i th  cell 

envelopes tha t  did not conform to e i the r  of the two g roups ,  and clear 

sub -d iv is ion  o f  the bacter ia l  f lo ra  of the mucous gel on morphological 

c r i t e r ia  could not be made. There  is an u rg e n t  need fo r  techn iques to 

i d e n t i f y  microorganisms in situ in complex systems wi th  high adherent  

components such as the  G IT ,  aquat ic biofi lms and soi l, to be able to relate 

to func t iona l  cha rac te r is t ics  establ ished in vitro Immunological techniques 

us ing f luo rescen t ,  rad ioact ive  or  electron dense labels have not fu l f i l led  

all t h e i r  p.omise and it  was hoped tha t  u l t r a s t ru c tu r a l  microanatomy mignt 

be of  some help in th is  s tu d y .  A .  shown in Figures 9, 10 ..i:ci 11, bac­

te r ia  in situ have few c lear ly  d i f fe re n t ia t in g  features and comparison 

w i th  p repara t ions  f rom a r t i f i c ia l  cu l tu res  would be fa r  f rom sat is fac tory .  

I t  is now genera l ly  accepted tha t  "G ram -pos i t ive "  cell wall u l t r a s t r u c tu r e  

is not necessar i ly  synonymous wi th  G ram -pos i t i v i t y  in the classical 

s ta in ing  techn ique ,  as was c lear ly  shown by  Mead & Jones (1981) in t h e i r  

s tudies of  the anaerobic bacter ia associated w i th  the sheep rumen wall .

The d i f f i c u l t ie s  in cu l t i va t ion  and ident i f ica t ion  of  gu t  anaerobes was not 

underes t imated in th is s tu d y ,  and tne l imi tat ions discussed by Moore & 

Holdeman (1974) were noted before resul ts  wore in te rp re ted .  Problems 

lie w i th  the s u i ta b i l i t y  of  c u l tu re  media Tor maximum recovery  of the broad 

range of bacter ia l  species present  in gu t  sample!,; in the assurance tha t  

sampl ing techn iques are adequately represen ta t ive  of the natural  system 

and in the v a l id i t y  of  techn iques used to enumerate bacter ia.  The 

methods usea in th is  s tudy  were based on s tandard prac t ice c u r re n t l y  

in use fo r  gas t ro in tes t ina l  microbiology and ident i f ica t ion  of st ra ins should 

be considered to be mere ly p resumpt ive .  Recent evidence using genetic 

c r i t e r ia  f o r  relaxedness among G IT  bacter ia has shown tha t  st ra ins 

g rouped  toge the r  on p u re ly  phenotyp ic  charac ter is t ics  may well be qu i te

I eterogeneous genet ical ly  (Shah and Ccl l ins ,  1983). T h i r t y  on? taxonomic
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c r i t e r ia  were used to  p resumpt ive ly  id en t i f y  isolates,  w i th  weighted 

charac te r is t ics  of  Gram's stain react ion,  metabolic e nd -p rod uc ts  and 

m ot i l i ty  de f in ing  in i t ia l  gen e r :c g rou p in g .  When more than 29 out of  the 

31 charac te rs  were in accordance wi th  pub l i shed species descr ip t ions  f rom 

var ious sources, isolates were given a taxonomic name and s t ra in  number.

The cu l t i vab le  bacter ia l  f lora of the rabb i t  cecum was found  to be o r i ­

g ina l ,  w i th  a combinat ion of  dominant species that  is not  found  in o the r  

animais (Tab le  4 ) .  The most f re q u e n t l y  isolated species had already been 

descr ibed ,  a l though the re  were minor  populat ions tha t  could not be 

iden t i f ied .  T he re  was considerable var ia t ion in the d i s t r ib u t io n  of  species 

between in d iv idua l  rabb i ts  and between the lumenal and mucosal f lo ras 

(Tab le  5) .  The rabb i t  cecum is not unusual  in th is as studies on o the r  

animals have shown simi lar  ations. The colonic f lo ra  of  f o u r  .luman 

cadavers were qu i te  d i f fe re iv  , J r o u c h e r  et a l . ,  1983), and the fecal f lo ra  

of man, cons idered to  represent  that  of  the colon, also var ies between 

ind iv idua ls  and even w i th in  an ind iv idua l  f rom day to day (Holdeman et 

a l . ,  1976). Simi lar  f  adings have been repor ted  in dogs by  Davis et al. 

(1977),  and in pigs by  Robinson et  al. (1981).

S t ra ins  s imi lar  to Bacteroides vulgatus were the most f re q u e n t  isolates 

f rom all ceca and presen t  in lumen contents and mucosae, as was 

Bacteroides ruminicola and the facu l ta t ive  st reptococci  represented by 

Streptococcus intermedius. These species, toge the r  wi th Fusobacterium 

and absence of  Lactobacillus are charac te r is t ic  of the rabb i t  cecal f lo ra .  

The d i v e r s i t y  of genera recorded from the rabb i t  cecum was comparable 

to t h a t  found in the ceca of o ther  animals such ; dogs, p igs,  rodents 

and man. In the dog, over  18 d i f f e re n t  species were tound  in one g roup  

of animals w i th  the dominant genera Streptococcus, Lactobac il Jus , 

Fusobacterium and Bacteroides, a l though it  was shown tha t  housing con­

d i t ions  s tong ly  in f luenced the composi tion of xhe dog cecal f lo ra .  In 

con t ras t ,  the fecal f lo ra  of man, also an omnivore,  genera l ly  contains
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Bacteroides, Bifidobacterium, Streptococcus, Peptostreptococcus, and 

Lactobacillus as dominant genera (Holdeman et a l . ,1976 ) .  The rabb i t  

cecal f loi  a is more similar  to the d i s t r i b u t i o n  of  bacter ia l  species in the 

ceca of  o the r  h in d - g u t  fe rment ing  he rb ivo res  such as rodents and p igs.  

Bacteroides, Lactobacillus and Fusobacterium are most f r e q u e n t l y  isolated 

from rodents (Macy et a l . ,1982)  and Bacteroides, Lactobacillus, 

Peptostreptococcus, and Streptococcus are repor ted  as being dominant 

genera in the pig (Robinson et a l . ,  1981, Russel l , 1979).

The d i s t r ib u t io n  of  bacter ia l  popula t ions in cecal mucosae invest igated in 

th is  s tudy  was not the same as in lumen contents .  A l though Bacteroides 

vulgatus and streptococc i  were dominant in bo th ,  the re  were some species 

p resen t  th a t  were not found in the lumen, p a r t i c u la r l y  Coprococcus 

eutactus, and var ious Clostridium sp. Robinson et al. (1984) repor ted  

a s imi lar  f i n d in g  in the pig,  w i th  Streptococcus and Bacteroides species 

the most f re q u e n t  isolates f rom the mucous layer ,  bu t  Leptotrichia, 

Peptostreptococcus and Selonomonas found exc lus ive ly  in the mucosal en ­

v ironment .  In o the r  animals however ,  the re  is cons iderable evidence fo r  

colonizat ion of the cecal Wall by un ique bacter ia l  popula t ions .  The 

f i lamentous organisms of the rodent  gas t ro in tes t ina l  t ra c t  f o r  example,  

and spirochaetes of  the pr imd.e colon, are in t im a t r ly  at tached to the 

epi thel ia l  sur face ra th e r  than loose in the mucus, b lanket  (Savage, 1983), 

bu t  no evidence of  popula t ions of th is  na tu re  was found in the rabb i t  

cecurn, nor  were iactobar.i l l i  nor col i forms found in any of  the rabb i ts  

in th is  s tudy .

The animals were adu l t  convent ional  stock f rom a u n iv e rs i t y  fa c i l i t y  

main ta in ing high s tandards of care and n u t r i t i o n .  C h r i s t - V ie to r  (1973) 

found  a comparable type  of microf lora in labora to ry  rabb i ts  maintained 

u n d e r  s imi lar  cond i t ions ,  bu t  i t  was la te r  shown tha t  f resh  vegetables 

fed as a regu la r  component of the d ie t ,  induced marked changes in the 

cecal microf lora character ized by the pers is tence of lactobaci l l i  and
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col i forms in the adu l t  animal (Weber et a l . ,  1974). The cecal f lo ra  of 

rabb i ts ,  as in o ther  animals, is the re fo re  suscept ib le to envi ronmental  

fac to rs ,  and the descr ip t ions  given in th is  s tu d y  app ly  on ly  to animals 

maintained under  the general  condi t ions descr ibed above.

Bacter ia in hab i t ing  the mucus layer  of  the rabb i t  cecum are presumably 

us ing components of  th is  secret ion as a source o f  nu t r ie n ts ,  bu t  whereas 

some were  ind is t ingu ishab le  f rom isolates found in the digesta,  others  

e xc lus ive ly  colonized the mucosal hab i ta t .  Bacteroides vulgatus-Uke 

s t ra ins  and the s treptococc i  were not on ly  among the species occu r r ing  

in the highest  numbers in the cecum bu t  are also found in both digesta 

and mucus, imp ly ing  v e rs a t i l i t y  in t h e i r  nu t r i t iona l  requ irements .  The 

in f luence  of mucus on the d i s t r ib u t io n  of bacter ia in the cecal ecosystem 

is obv ious ly  s ign i f ican t .  Muc ino ly t ic  bacter ia were isolated from lumen 

(L isolates) and mucus (M isolates) in more o r  less equal numbers bu t  

whereas the M isolates were l i v ing  in a milieu almost en t i re ly  composed 

of  local ly secreted cecal mucin ,  the L isolates would have been exposed 

to a range of  exogenous po lysacchar ides,  in c lud ing  mucins f rom small 

in test ines  and even stomach.

The choice of  methods used fo r  detect ion of mucin degradat ion  by  bacteria 

is impor tan t  f o r  success. The per iod ic  ac id -S ch i f f ' s  method was o r ig ina l ly  

a histological  techn ique f o r  demonstrat ion of cer ta in  polysacchar ides such 

as g lycogen,  goblet  cell mucin and o the r  PAS-pos i t ive  material of  unknown 

composi t ion.  Mant le and Al len (1978) modif ied the techn ique to a 

biochemical test  f o r  mon ito r ing  and measur ing mucins in t h e i r  importan t 

studies on the composi tion and s t r u c tu r e  of the mucin molecule. The pe­

r iodic acid opens g lycosid ic  bonds to expose aldehyde groups  which re ­

store leuco-basic fuchs in  to its coloured dye con fo r  - t ion .  The test  is 

the re fo re  a measure of the number of g lycos id ic  bonds presen t  in the 

molecule being stud ied.  When used to monitor the amount of  mucin in 

c u l tu re  media a f te r  bacter ia l  d igest ion ,  up to 40°o loss of  PAS - react ive

89

■'•w



Author  Hill Robert R H  
Name of thesis Digestion Of Mucin By Anaerobic Bacteria Of The Rabbit Cecum.  1985 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 


