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Fig. 1 Covalent structure of hen egg-white ribofavin-binding protein (RfBP).
<Q represents pyroglutamate residues; CHO, carbohydrate chains;

P, phosphate groups.
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Table 1

Effect of various phosphoproteins on the precipitation of calcium phosphate.

Sample Precipitated calcium phosphate
: Chemically
No protein RfBP OVA phosphorylated BSA
Ca Pi Ca Pi Ca Pi Ca Pi Ca Pi
(mM) (mM) (mM) (mM) (mM) (mM) (mM) (mM) (mM) (mM)
20 17 14.4 9.5 0 0 13.0 8.1 0 0
30 22 24.5 15.7 0 0 24.7 15.0 0 0

The protein concentration was 2 % and all samples contained 10 mM citrate.
RFBP: riboflavin-binding protein; BAS: bovine serum albumin; OVA: ovalbumin;

Pi: inorganic phosphate.
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Fig. 2 Inhibition of the spontaneous precipitation of
calcium phosphate. The assay system contai-
ned 4 mM calcium, 10 mM phosphate, 40 mM
KCl and 3 mM sodium azide at pH 6.7. Inhi-
bition was meseared at a concentration of
0.05% phosphoprotein. (@), no praotein;
(O), RfBP; (A), chemically phosphorylated
bovine serum albumin; (0), Enzymatically
dephosphorylated phosvitn.
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Fig. 3 High performance gel chromatographic patterns of RfBP and depho-
sphorylated RfBP solutions containing calcium (Ca), phosphate (Pi)
and citrate. Column, TSK-GEL G3000SW column; flow rate, 0.7 m//
min; effluent, simulated milk ultrafiltrate. All samples contained 10
mM citrate. (a), RfBP (12 mM Ca, 13 mM Pi); (b), RfBP (14 mM Ca,
14 mM Pi); (c), RfBP (18 mM Ca, 16 mM Pi) ; (d), dephosphorylated
RfBP (Ca 20 mM, Pi 17 mM). Arrows show the elution of marker
proteins: (1), bovine serumalbumin (67,000); (2), ovalbumin (43,000);
(3), B -lactoglobulin (18,000); @ -lactalbumin (14,400).
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Fig. 4 Changes in the contents of RfBP and casein

cross-linked by calcium phosphate by addi-
tion of calcium and phosphate. (@), RfBP;
(O), casein;
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Table 2 Amounts of calcium and Pi bound to RfBP

Sample

Bound Ca Bound Pi
(rgill) (ii\/l) (mole/more RfBP) (mole/mole RfBP)
10 12 4.2 0.5
12 13 6.3 1.2
14 14 7.7 1.5
16 15 8.8 2.5
18 16 11.8 4.1
20 17 14.7 5.0
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Table 3 Calcium absorption and solubilized calcium in the small intestine in
the rats fed selected protein source.

45Ca absorption

: : Ca sbsorption
Diet (Ligated Soluble Ca
loop method) (PEG method)
(%) (%) (%)
<Esperiment 1>
Soy protein 45.0%+12.2 45.1%26.7* 43.2+ 8.7*
Casein 58.5% 8.3 76.6£23.7" 72.7% 8:0°
<Experiment 2>
Soy protein 48.4% 6.4 62.4+16.6° 52.0% 3.4°
RfBP 51.0%13.5 81.5& 7.7° 84.7+ 4.2°

Each value represents the mean * SE for 6 rats. Means with different superscripts in a
column are significantly different from each other (P <0.05) .
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Food functions of phosphoproteins and phosphopeptides

Takayoshi Aoki (Department of Biochemical Science and Technology,

Faculty of Agriculture, Kagoshima University)

Since egg white riboflavin-binding protein (RfBP) has 8 phosphate groups, interactions
with calcium phosphate were examined. When calcium, phosphate and citrate were
added to RfBP solution, no precipitate was formed and cross-linked RfBP appeared in
high performance gel chromatography which was carried out using simulated milk ultra-
filtrate as the eluent. RfBP inhibited the precipitaion of calcium phosphate from the
solution supersaturated with respect to dicalcium phosphate. Bovine serum albumin
phosphorylated by phosphorous oxychloride also inhibited the precipitatiom of calcium
phosphate. However, dephosphorylated phosvitin did not inhibite the precipitation of cal-
cium phosphate. When rats were fed the diet containing 20% RfBP, calcium and pho-
sphate were solubilized in the small intestine and calcium absorption from small intestine,
which was measured using polyethylene glycol as an absorption index, was higher than
when rats were fedsoy protein. Almost no effects of phosphopeptides from RfBP, casein

and phosvitin onthe growth of small intestine epithelical cells were observed.



