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I. The influence of goat’s-milk folate-binding protein (FBP) on the uptake of 5-methyltetrahydrofolate
(MTHF) by brush-border-membrane vesicles prepared from the small intestine of the 6-d-old goat was
investigated using a rapid-filtration assay.

2. Uptake of MTHF by the membrane vesicles was strongly enhanced by FBP within the pH range 4-5-6-5, with
an optimum at pH 5-5-5,

3. Both the initial rate of MTHF uptake and uptake of MTHF at equilibrium were markedly increased in the
presence of FBP.

4. Uptake of MTHF by brush-border-membrane vesicles was maximal when the molar ratio FBP: MTHF was
1-0-25.

5. The relation between pH and '**I-labelled FBP binding to the membranes was similar to that for uptake of
MTHF, with an optimum at pH 5.

6. In experiments in which the osmotic pressure of the incubation medium was progressively increased with
cellobiose, **I-labelled FBP was found to be taken up primarily by binding to the brush-border-membrane
surface.

7. Uptake of '*I-labelled FBP was time-dependent and saturable, with a K,, of 0-39 (st 0-07) gm and ¥, of
673 (sE 0:92) ug/mg protein.

8. Experiments in which various milk proteins (cow FBP, goat FBP, a-lactalbumin, g-lactoglobulin, bovine
serum albumin and lactoferrin) were allowed to compete in turn with *I-labelled FBP for uptake by brush-
border-membrane vesicles indicated that high-affinity binding was probably specific to FBP, although lactoferrin
reduced uptake possibly by non-specific coating of the mucosal surface.

9. It was concluded that a folate transport mechanism mediated by the FBP in milk exists at the intestinal brush
border of neonatal goats. It is suggested that this may reinforce the developing endogenous transport system.

Folate-binding proteins (FBP) are a group of immunologically cross-reactive membrane-
bound and soluble proteins, which bind folates with high affinity (dissociation constant,
K, approximately 107*-107!" M) and are found in many tissues and body fluids (Kane e al.
1986). The soluble FBP of cow’s milk has been isolated as a glycoprotein of subunit
molecular weight 35000 which binds 1 mol folate/mol protein at pH 7-2 (Salter et al.
1981).

The possible physiological functions of the milk FBP remain controversial. In the gut of
the milk-fed animal FBP may compete with bacteria in sequestering folate in a form that is
available for uptake at the mucosal surface (Ford, 1974). It may also serve in facilitating
folate uptake by interacting with mucosal receptors, but there has hitherto been little direct
evidence for this. Folic acid uptake by rat intestinal cells in vitro increased twofold when
the vitamin was in a bound form in skimmed milk, compared with free folic acid, although
FBP was not shown specifically to enhance uptake (Colman et a/. 1981). However, in
human nasopharyngeal epidermoid carcinoma (KB) cells an FBP has been implicated in
folate transport (Antony et al. 1983).
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The present work was undertaken to determine whether added goat’s-milk FBP could
increase intestinal folate transport using the in vitro system of brush-border-membrane
vesicles from infant goats, previously used to characterize folate transport (Blakeborough
& Salter, 1988). The goat was used because its milk provides a relatively rich source of
binder for the preparation of useful amounts of the purified FBP, and the protein is very
similar in structure to both human- and cow’s-milk FBP (Svendsen et al. 1982). Preliminary
accounts of some of the results presented here have been reported previously (Blakeborough
& Salter, 1985; Trugo & Salter, 1986).

MATERIALS AND METHODS
Materials
Bovine serum albumin (BSA ; fraction V), Hepes, Mes (2[N-morpholino] ethanesulphonic
acid), a-lactalbumin (Type 1) and g-lactoglobulin from cow’s milk, and 5-methyl-
tetrahydrofolate (barium salt; MTHF) were obtained from Sigma Chemical Co. Ltd,
Poole, Dorset. Bolton and Hunter reagent (containing 1 mCi!*I) and [“C]JMTHF
(58 mCi/mmol) were obtained from Amersham International plc, Amersham, Bucks.
Other chemicals were purchased from BDH Chemical Co. Ltd, Poole, and were of
analytical grade where possible.

Preparative techniques
Brush-border-membrane vesicles were prepared from the whole small intestine of a 6-d-old
suckled goat which had been fasted overnight, as described previously (Blakeborough &
Salter, 1988).

FBP (> 95 % pure) was prepared from cow’s and goat’s milk and its purity checked by
the procedures of Salter et al. (1981). The purified goat’s mitk FBP (5 ug) was labelled with
1251 (1 mCi) by the method of Bolton & Hunter (1973). Excess '**1 was removed by
chromatography on Sephadex G75. The specific radioactivity of different preparations of
#5I-labelied FBP ranged from 10 to 50 xCi/ug. Radioactivity (counts/min) per sample for
0-0001 gmol ***I-labelled FBP varied from 6-3 to 31-5x 10°. The proportion of protein-
bound '*I was checked at regular intervals by ‘instant’ thin-layer chromatography
(Gelman Sciences Inc., Ann Arbor, MI, USA) and found to remain above 95% during the
course of storage at —20° for up to 2 months. The *I-labelled FBP was diluted with
unlabelled FBP from the same preparations to achieve the desired concentrations.

Lactoferrin was purified from human milk as described by Blakeborough et al.
(1983).

Analytical techniques
Protein was assayed as described by Bensadoun & Weinstein (1976). *C was estimated by
liquid-scintillation techniques after the addition of 10 ml Instagel (Packard Instrument Co.
Inc., Illinois, USA) to the samples. '**I was estimated using an Intertech CG 4000
v-scintillation spectrometer.

Experimental
The experimental protocol for studying the uptake of folates by brush-border-membrane
vesicles has been described previously {Blakeborough & Salter, 1988). The experimental
conditions were as follows. (1) To determine the effect of FBP and pH on the uptake of
folates, the vesicles (50 ug protein) were incubated for 15 min with [*CJMTHF (2 uM) and
FBP (0 or 2 um) at pH 4-8. (2) In experiments to determine the influence of FBP on the
time-course of folate uptake, vesicles were incubated with [**CIMTHF (0-5 um) and FBP
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Fig. 1. The effect of pH on the uptake of free 5-[**C]methyltetrahydrofolate (MTHF) and [“CIMTHF
complexed to folate-binding protein (FBP) by brush-border-membrane vesicles. Membrane vesicles
(50 ug protein) were incubated with [**CIMTHF (2 M) in the absence (@) and presence (O) of FBP
(2 um), for 15 min at 25°, pH 4-8. Results are the means of three determinations, with their standard
errors represented by vertical bars. Where no bars are shown the standard errors fall within the
experimental points as drawn. The inset shows 2 magnification of the lower curve (uptake of [**CIMTHF
in the absence of FBP).

(0 and 0-5 gm) for 1-30 min at pH 5-0. (3) To determine the optimum molar ratio,
FBP:folate for uptake, vesicles were incubated with [**CIMTHF (0-5-2 M) and FBP in a
molar ratio FBP:MTHEF of 0-5 for 30 min at pH 5-0.

In experiments to study the uptake of '#I-labeiled FBP by brush-border-membrane
vesicles, the protocol was the same as that described previously for MTHF. (1) To
determine the effect of pH on FBP uptake, vesicles were incubated with *I-labelled FBP
(20 pg/ml) for 15 min at pH 4-8. (2) The time-course of FBP uptake was studied by
incubating vesicles with !**I-labelled FBP (1-40 ug/ml) for 1-30 min at pH 5-0. (3) To
distinguish between transport and membrane binding, vesicles were incubated with various
concentrations of cellobiose (10, 25 and 50 g/I), together with '**I-labelled FBP (1 xg/ml)
for 1 min at pH 5-0. (4) The specificity of uptake of '*’I-labelled FBP (20 pg/ml) was
determined in the presence of a fivefold molar excess of BSA, «-lactalbumin, pg-
lactoglobulin, lactoferrin and cow’s- and goat’s-milk FBP with a reaction time of 15 min
and pH of 5-0. (5) A 15 min reaction time and pH of 5-0 was used to study the uptake of
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Fig. 2. The time course of uptake of free 5-['*Clmethyltetrahydrofolate (MTHF) and [“CIMTHF
complexed to folate-binding protein (FBP) by brush-border-membrane vesicles. Membrane vesicles
(50 pug protein) were incubated with M CIMTHF (0-5 uM) in the absence (@) and presence (O) of FBP
(0-5 um) for 0-5-30 min at 25°, pH 5-0. Results are the means of three determinations, with their standard
errors represented by vertical bars.

1%5]-labelled FBP (0-1-40 ug/ml) at steady-state. Uptake of saturated '**I-labelled FBP-
MTHEF complex (prepared by incubation of 1**I-labelled FBP with MTHF in a molar ratio
1:5 for 1 h at 0°) was also measured under these conditions. Results were plotted as 1%°1-
labelled FBP taken up v. unreacted '**I-labelled FBP at steady-state. Values for ¥, and
K, were calculated from these values using a non-linear curve fitting package (MLP) on a
Vax 11/750 computer (Digital Equipment Corporation). Results were fitted to the
Michaelis—Menten equation (y = b/(1+dx) where b is —V,, and d is 1/K,) after
converting the y values to a logarithmic form (logy + constant).

RESULTS

In preliminary experiments to investigate the influence of FBP on folate uptake by brush-
border-membrane vesicles, the molar ratio FBP:MTHF was 1:1. Optimal uptake of
[**CIMTHF in the presence of FBP occurred at pH values between 4-5 and 5-5 (Fig. 1);
uptake decreased sharply to low values at pH 8 and pH 4. However, the amount of
[“*C]MTHEF taken up by the vesicles in the presence of FBP at pH 4-5-5-5 was 50-100 times
higher than that observed when no FBP was added to the incubation medium. A pH of 5-0
was used for the subsequent experiments.

Fig. 2 shows the time course of uptake of [**CIMTHF with and without added FBP. This
shows that both the initial rate (1 min uptake) and final uptake at steady-state of folate
were increased markedly.
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Table 1. The effect of various concentrations of folate-binding protein (FBP) on 5-
methyltetrahydrofolate (MTHF) uptake (pmol MTHF taken up/mg membrane protein per
30 min) at steady-state by brush-border-membrane vesicles

(Values are the means of six determinations with their standard errors. Membrane vesicles (50 ug
protein) were incubated with [MCIMTHF (0-5, 1 and 2 uM) for 30 min at pH 50 with various
concentrations of FBP)

0-5% 1t 2t

FBP:MTHF
(mol/mol) Mean SE Mean SE Mean SE
0 036 022 1-19 02 2:04 0-2
0-25 12:5 36 111 39 71-6 16-5
0-5 260 45 255 105 802 87
10 586 20:5 76-8 260 2760 879
25 84-8 159 1133 564 2940 969
50 778 291 1090 253 1130 339

t Initial [**C)MTHF concentration (uM).
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Fig. 3. The effect of pH on the uptake of '**I-labelled folate-binding protein (FBP) by brush-border-
membrane vesicles. Membrane vesicles (50 xg protein) were incubated with '2°I-labelled FBP (20 xg/ml)
for 15 min at 25°, pH 4-8. Results are the means of three experiments, with their standard errors
represented by vertical bars.

To study the influence of varying the molar ratio FBP:MTHF on the uptake of
[“CIMTHEF, a reaction time of 30 min was used by which time the uptake process was at
steady-state (Table 1). Significant enhancement in [**CIMTHF uptake was observed at
relative molar ratios FBP: MTHF of 0-25 and above. Maximal increases in [“"CIMTHF
uptake were observed at a molar ratio FBP: MTHF of 1-2:5. At this ratio [**CIMTHF
uptake was increased by 95-235-fold compared with the uptake of [“CJMTHF in the
absence of added FBP. The enhancement in [“*CIMTHF uptake began to decline as the
molar ratio FBP:MTHF increased above 2-5, uptake at a molar ratio of 5-0 being 38 %
of optimal uptake at an initial dose of 2 uM-["*CJMTHF.

The influence of incubation medium pH on uptake of *?*I-labelled FBP by brush-border-
membrane vesicles is shown in Fig. 3. Uptake of **I-labelled FBP reached a maximum at

ssa.ld Aissanun sbpuquied Ag suljuo paysiignd 6500886 LNIG/6.01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19880059

502 D. N. SALTER AND P. BLAKEBOROUGH

o —

125 _(abelled FBP uptake {19/mg protein)

___ %

1

A

5

I 9
20 20

Period of incubation {(min)

Fig. 4. The time-course of uptake of '**I-labelled folate-binding protein (FBP) by brush-border-
membrane vesicles. Membrane vesicles (50 g protein) were incubated with various concentrations
(ug/ml) of ***I-labelled FBP (W), 1; (1), 2; (A). 4;(A), 10; (@), 20; (O), 40 for 1-30 min at 25°, pH 5-0.
Results are the means of three determinations, with their standard errors represented by vertical bars.
Where no bars are shown the standard errors fall within the experimental points as drawn.

pH 5-5-5 but fell sharply at higher pH values, and in subsequent experiments the medium
was buffered at pH 5-0. The influence of the concentration of FBP on the time course of
uptake of '#*I-labelled FBP is shown in Fig. 4. '**I-labelled FBP was taken up rapidly by
brush-border-membrane vesicles and a steady-state was established in 5-15 min. Uptake at
steady-state increased with increasing dose of *I-labelled FBP and there was evidence of
saturation at the higher doses (uptake at a dose of 40 ug/ml '**I-labelled FBP was only
47% greater than that at 20 ug/ml **I-labelled FBP). Fig. 5 shows the effect of increasing
the osmotic pressure of the medium on ***I-labelled FBP uptake. The uptake of '**I-labelled
FBP was reduced relatively little by successively increasing concentrations of cellobiose in
the incubation medium and by extrapolation of the curve it was estimated that the decrease
at infinite osmotic pressure was 27 %. The effect of competition of other milk proteins at
a fivefold molar excess with '**I-labelled FBP for uptake by the vesicles is shown in Table
2. Bovine serum albumin and a-lactalbumin had no significant effect on '**I-labelled FBP
uptake. Bovine p-lactoglobulin significantly decreased '*°I-labelled FBP uptake by
approximately 20 %, and lactoferrin and cow’s- and goat’s-milk FBP lowered '**I-labelled
FBP uptake by approximately 50-60% compared with control values. In another
experiment a twentyfold dilution with goat’s-milk FBP reduced '**I-labelled FBP uptake to
1'4 ug/mg membrane protein per 15 min.

The uptake of 2*I-labelled FBP under steady-state conditions is shown in Fig. 6. Uptake
of uncomplexed '**1-labelied FBP increased with increasing ***I-labelled FBP concentration
and saturation was achieved at 1*I-labelled FBP concentrations of 20 ug/ml (0-57 M) and
above. Analysis of the results using the MLP computer program gave rise to a value of
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Fig. 5. The effect on **I-labelled folate-binding protein (FBP) uptake by brush-border-membrane
vesicles by increasing the osmotic pressure of the medium. Membrane vesicles (50 ug protein) were
incubated with 1**I-labelled FBP (1 xg/ml) in the presence of 0, 10, 25 and 50 g cellobiose/l, for 1 min
at 25°, pH 5-0. Results are the means of six determinations, with their standard errors represented by
vertical bars. The best-fitting straight line was drawn through the points using linear regression analysis.
The dashed line shows the extrapolation of this line back to the y axis.

Table 2. The effect of other milk proteins on the uptake of ¥ I-labelled folate-binding
protein (FBP) by brush-border-membrane vesicles
(Results are the means of three experiments except where shown; a pooled standard deviation of 1-09
was calculated from the results. Membrane vesicles were incubated with **1-labelled FBP (20 pg/ml,
0-57 uM) in the presence of a fivefold molar excess (2-85 uM) of other milk proteins, for 15 min at 25°,
pH 5)

%] labelled FBP uptake

Competing protein (#g/mg membrane protein per 15 min)

None 8-6t1

Bovine serum albumin 7-5 NS
a-Lactalbumin 7-6 NS
p-Lactoglobulin 6-8*

Lactoferrin 4.Q¥**
Cow’s-milk FBP 3-6***
Goat’s-milk FBP 4-4%**

NS, not significant.

Mean values were significantly different from that obtained in the absence of a competing protein (Student’s
t test): * P < 0-05, ¥** P < 0-001.

T Six experiments.

K, for uptake of 0-39 (sE 0-07) uM and a value for ¥V, of 673 (SE092) ug FBP/mg
membrane protein. Uptake values for '**I-labelled FBP complexed to MTHF produced
higher values of K,, (57 (SE 5-5) uM) and V,,, (37-6 (SE 347) ug/mg protein) than were
observed for the uncomplexed protein but these were not significantly different (P lies
between 0-1 and 0-05).
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Fig. 6. The uptake under steady-state conditions of **I-labelled folate-binding protein (FBP) by brush-
border-membrane vesicles. Membrane vesicles (50 ug protein) were incubated with various con-
centrations of uncomplexed !**I-labelled FBP (@) or *I-labelled FBP complexed with S-methyl-
tetrahydrofolate (Q) for 30 min at 25°, pH 5-0. Results were plotted as uptake of FBP (V) v. initial
FBP concentration (), and are the means of six experiments, with their standard errors represented by
vertical bars. The curves were drawn as calculated by the MLP computer program.

DISCUSSION

Free folates are taken up by brush-border-membrane vesicles and enterocytes by a
saturable carrier-mediated process located in the brush-border membrane, but the capacity
of the system is low and characteristically only one-thousandth of the dose is taken up
(Selhub & Rosenberg, 1981; Blakeborough & Salter, 1988). The present results provide
evidence that uptake of MTHF was strongly promoted by FBP isolated from goat’s milk,
in a manner analogous to that reported for the effect of sow’s milk vitamin B,, binding
protein on uptake of vitamin B,, by brush-border-membrane vesicles isolated from
neonatal pig intestine (Trugo et al. 1985). Indeed, the observed enhancement was an order
of magnitude greater than that of the vitamin B,, binder on vitamin B,, uptake.

The pH at which optimum folate uptake occurred in the presence of FBP (5-0) was
similar to that for uptake in the absence of the protein, but there was proportionately much
lower uptake at pH values on the alkaline side of neutrality. The protein was therefore most
effective within the pH range found in the acidic microenvironment which exists at the
surface of the brush-border membrane (Blair & Matty, 1974; Lucas et al. 1975). Kinetic
studies showed that the time-course of folate uptake by brush-border-membrane vesicles in
the presence of the binding protein was similar to that in its absence, in that equilibrium was
reached in 15-30 min, but the initial rate and total uptake were greatly increased. Uptake
of folate was found to be highly dependent on the molar proportions of FBP to MTHF
with an optimum ratio 1-2-5:1. The decrease observed at higher molar ratios was
presumably due to competition of free binder for sites occupied by binder complexed to
MTHF.

Studies of uptake of the #*I-labelled FBP by brush-border-membrane vesicles suggest a
mechanism by which it might function to facilitate folate transport. Uptake of ***I-labelled
FBP was pH dependent, its optimum coinciding with the pH optimum for MTHF uptake,
and it was shown by kinetic and steady-state studies to be saturable. These features are
consistent with an uptake process whereby FBP binds to a saturable receptor molecule on
the brush-border-membrane surface (Lever, 1980). Results with cellobiose added to the
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medium indicated that uptake of the protein was primarily due to surface binding (Hopfer
et al. 1973), with little transport of FBP across the membrane. The strong bond between
MTHF and FBP at neutral pH (Salter et al. 1981), characteristic of that prevailing within
the gut lumen, would be weakened by binding of the FBP—folate complex to the brush
border in the slightly acidic microenvironment at the membrane surface, where MTHF
would be released. Uptake by the endogenous transport mechanism (X,, approximately
107° M at pH 5-0) would thus be ensured. Increased transport of MTHF across the brush-
border membrane was indicated by the present study. Whilst saturation of FBP binding to
the brush-border membrane occurred at approximately 6 ug/mg membrane protein
(171 pmol, Fig. 6) the maximum uptake of MTHF observed was 294 pmol/mg membrane
protein (Table 2). The implication of these results is that an increase in MTHF uptake over
and above that due to the binding of a MTHF-FBP complex of molar ratio 1:1 is due to
transport.

The effect of FBP on uptake of MTHF by the ileal cell membrane shows a superficial
resemblance to that of intrinsic factor or of the milk cobalamin-binding protein on
cobalamin uptake. Binding of FBP and FBP-MTHF complex to the ileal membrane
(K, 039 and 5-7 uM respectively) was less avid than that of intrinsic factor and intrinsic
factor—cobalamin complex to its receptor (K, 1-1 and 67 nM respectively; Seetharam ez al.
1983) but, like intrinsic factor, FBP showed a possible tendency to bind more strongly when
uncomplexed to vitamin. There was an indication however that capacity for FBP uptake
increased when it was complexed to MTHF (Fig. 6). The intrinsic factor—cobalamin
complex binds optimally to the ileal receptor at neutral pH, is internalized by endocytosis
(Robertson & Gallagher, 1985) and does not bind to the receptor below pH 5-4 (MacKenzie
& Donaldson, 1972). Sow’s-milk cobalamin-binding protein is also optimally effective at
neutral pH (Trugo et al. 1985). The FBP-MTHF complex, however, binds optimally to the
enterocyte membrane at pH 5-5-5 and does not appear to be internalized as the complex.
Again, whereas intrinsic factor binds cobalamin strongly at pH 5, FBP binds MTHF only
weakly at this pH (Ford er al. 1969). These differences imply different roles for the
respective binding proteins in uptake of the two vitamins.

Despite the very marked response of folate uptake to the presence of FBP, which
suggested a specific effect, two proteins (lactoferrin and fS-lactoglobulin) in addition to
goat’s- and cow’s-milk FBP were able to compete to varying extents with FBP for binding
sites on the brush-border membrane. However, a-lactalbumin and BSA, both of which are
present in milk, were without effect. Inhibition by fivefold additional FBP was less than
anticipated. In another experiment a twentyfold dilution with goat’s-milk FBP reduced
125T.1abelled FBP binding to 1-4 ug/mg membrane protein per 15 min. The relatively lower
effectiveness of FBP in displacing '#I-labelled FBP at higher concentrations is presumably
a consequence of concentration-dependent polymerization known to be a property of this
protein (Ford et al. 1969). Lactoferrin is known to bind avidly to the brush-border
membrane and can coat the entire mucosal surface (Masson et al. 1969). It may therefore
reduce the binding of !%°I-labelled FBP to the membranes. This is unlikely to be an
important factor in goat’s and cow’s milks which contain little lactoferrin (Masson &
Heremans, 1971), but may be of significance in human milk which contains up to 5 mg
lactoferrin/ml (Nagasawa er al. 1972). Commercial fg-lactoglobulin preparations are
known to contain relatively large amounts of cow’s-milk FBP as an impurity (Waxman &
Schreiber, 1975) which, without doubt, contributed to the observed partial inhibition of the
binding of !*%I-labelled FBP to brush-border membranes.

There has been much speculation concerning the role of FBPs in the cellular biochemistry
of folates, but little direct evidence for their participation (Kane et al. 1986). It has been
pointed out that the high folate affinities of membrane-associated FBP isolated from

19 NUT 59
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various tissues, including pig and rat kidney, rat liver, hog choroid-plexus, etc.
(K, 107°-1071° Mm; Wagner, 1982) are of the same order of magnitude as those reported for
other recognized membrane receptors, making them logical candidates for a physiological
transport role. Binding of folic acid to rat intestinal epithelial cells (K, 4 x 107 M; Leslie &
Rowe, 1972) and neonatal-goat intestinal brush-borders (K2 x 107® m; Eilam et al. 1981;
Blakeborough & Salter, 1988) was weaker, however, by several orders of magnitude. Close
structural homology between particulate and soluble forms of FBP, shown by their
immunologic cross-reactivity has led to conjecture that soluble FBPs such as milk FBP are
produced by specific proteolytic cleavage of an insoluble membrane protein. Such a
precursor—product relation has been supported by pulse-chase studies in human KB cells
in which the membrane-associated and soluble FBP were labelled endogenously with
[**S]methionine (Kane et al. 1984). Evidence for a similar relation for the particulate and
soluble binders of human milk, based on the constancy of the value 1:1 for folate: FBP and
evidence that folylpolyglutamates do not cross biological membranes, has also been put
forward (Selhub et al. 1984). A precursor—product relation between the soluble milk FBP
and a membrane-associated FBP in the mammary epithelium does not, however, preclude
a physiological role in the suckling animal, such as was suggested by Ford (1974) and
Herbert et al. (1979). Indeed, the reported enhancement of folate uptake in rat enterocytes
by skimmed milk (Colman et al. 1981) indicated a need for further investigation, which has
been met by the studies described in the present paper.

We conclude that the evidence presented here shows that a folate transport mechanism
mediated by the milk FBP exists at the intestinal brush-border of neonatal goat kids,
although the physiological importance of the binding protein for the folate nutrition of the
kid remains to be further elucidated. Uptake appears to involve binding of FBP to a
receptor in the cell membrane, to which it attaches most readily under the slightly acidic
conditions prevailing at the mucosal surface, this environment also being favourable for
release of the bound MTHF. At the neutral pH usually found in the intestinal lumen,
MTHEF is very strongly bound to FBP (K, 50 pm; Salter ef al. 1981). A consequence of this
very high affinity would be to sequester any free folate within the digestive tract and channel
it to the absorptive surface. It is possible that such a mechanism would assist conservation
of folate synthesized in the developing rumen, which begins to function at a low level
between 1 and 3 weeks of age, although weaning does not take place until 6-8 weeks under
current practice or 12—-16 weeks under natural conditions. Similarly folate excreted into the
small intestine in bile could be recovered. Liver reserves average about 230 ug folate (60 %
of whole-body folate) in the kid at birth (Ford et al. 1972), and the rate at which these
become depleted is not known. However, it may be calculated that during the first week
after birth a kid receives in the milk about 500 ug folate, accompanied by a two- to
threefold surplus of folate-binding capacity, assuming a daily intake of 1 litre milk with an
average of 75 ug folate/l, potentially sufficient to restore the entire liver folate reserves. The
folate content of goat’s milk falls rapidly after parturition, reaching less than 10 xg/1 after
14 d, whereas the FBP concentration falls relatively slowly and maintains a surplus folate-
binding capacity in excess of 100 ug/1 for 30 d or more (Ford er al. 1972). This excess FBP
may be important during the period when the kid is relying increasingly on its folate
reserves, when milk folate intake is very low, and rumen synthesis is at an early stage.
Further investigations will be required to determine whether or not the capacity of the
uptake mechanism of the neonatal kid for free folate is sufficient to meet the animal’s full
requirements. The present work suggests that this capacity could be greatly increased by
milk FBP, and that it may be a means of facilitating folate absorption until endogenous
mechanisms become fully developed.
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