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Trace-nutrient-binding proteins and gut bacteria 239 
Fe or vitamin B,, and folate until the excess binding capacity has been saturated (Ford, 
1974). More recently it has been shown that both milk and the isolated binding proteins 
will inhibit the growth of folic acid- and vitamin B,,-requiring organisms (K. J. Scott, 
unpublished results). However, in Expts 2 and 3, which were designed to demonstrate any 
effect of saturation of these binders on the growth of bacteria in vivo, coliforms grew well 
in the presence of unsaturated Fe binder, and the low levels of streptococci and lactobacilli 
were not increased by the addition of folic acid and vitamin B,, to saturate the binding 
proteins. 

Lactobacilli were not found in conventional animals irrespective of the treatment, but 
were present throughout the intestine, at counts of lo4-107/g contents, in all but one of the 
experiments with gnotobiotic animals. (Lactobacilli are not normally recovered from the 
gut of rabbits although Fesce et al. 1977 found counts of 106/g in faeces.) 

In the present study, high counts of streptococci were generally found only in the colon 
of conventional and gnotobiotic animals. 

Counts of coliforms were variable. In Expt 1 the coliform count was lower in the 
conventional animals than in the gnotobiotic, suggesting that the large numbers of 
anaerobic bacteria present in the lower gut (Smith, 1965) were having an effect on the 
composition of the flora. However, in a subsequent experiment coliforms grew to high levels 
in conventional animals. The outcome may depend on the strain of E. coli or the type of 
anaerobe present in the gut or on the nature of the anaerobic flora. The does were all 
practising coprophagy and in the baby rabbits there was evidence of coprophagy, as judged 
by the presence of faecal pellets in the stomach contents of some individuals. However, the 
significance of this habit in relation to bacterial colonization of the gut is impossible to assess 
without data from animals in which coprophagy was prevented. 

There was no evidence from the results of Expt 3 that suckling was superior to 
bottle-feeding in controlling the coliform population. The possibility that the high levels 
of coliforms were due to dosing with faeces was discounted because large numbers of 
coliforms were also recovered from rabbits that had been allowed to acquire a natural flora 
(Expt 4). These findings with coliforms were unexpected because in the past they have been 
usually recorded as absent, or present in very low numbers (Smith, 1965; Fuller & Moore, 
1971; Fesce et al. 1977; Gouet & Fonty, 1979; von Malthes, 1981). 

In vitro investigations of the bacteriostatic properties of milk have shown that, even with 
a relatively high level of inoculation, growth may be delayed for as long as 6 h. Factors 
such as residence time in the stomach, the role of bicarbonate in potentiating the 
antibacterial effect of transferrin (Reiter et al. 1975) and the relative resistance of different 
strains of E. coli to bactericidal fatty acids (Smith, 1966) may be important in the 
establishment of E. coli in the stomach. It has been reported (Samson et al. 1980) that in 
vitro digestion of human milk with trypsin abolished its bacteriostatic effect on a vitamin 
B,,-dependent organism, and this finding seems to argue against an in vivo bacteriostatic 
role for the vitamin B,, binding protein in milk. However, Ford et al. (1975) found that 
chyme in the stomach and small intestine of piglets given sows’ milk contained unsaturated 
vitamin B,, binding protein, partly endogenous and partly derived from the milk, which 
prevented uptake of [G3-H]cyanocobalamin by the intestinal bacteria. 

Our findings provide no evidence that the various trace-nutrient-binding proteins present 
in rabbits’ milk influence the composition of the gut flora. This conclusion is based on the 
behaviour of coliforms, streptococci and lactobacilli after saturation of the nutrient binders 
in milk. Although strictly anaerobic bacteria are dominant in the gut of conventional 
rabbits, the three facultatively anaerobic strains used in gnotobiotic experiments were 
selected because of their dependence on the three nutrients being studied. The counts of 
these three indicator organisms were unchanged and it seems likely that, if the dominant 
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anaerobic flora in the lower gut of conventional rabbits contains strains which require the 
test nutrients, they would also be unaffected. 

Although the counts of coliforms were usually atypically high, the counts of streptococci 
and lactobacilli in the stomach were consistently low and were not increased in the absence 
of unsaturated milk binder. It may well be that for these two groups of bacteria, the 
bactericidal system based on fatty acids (Smith, 1965) was operating. 

The final composition of the gut flora may be determined by the activity and interaction 
of several components in the milk. However the significance of the nutrient-binding proteins 
in relation to gut ecology remains uncertain. 

The authors would like to thank Mr J. P. Fordham for care of the gnotobiotic rabbits 
and Mr P. H. Anderson for technical assistance. 
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