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ABSTRACT

Acid precipitated soybean protein (Soybean Protein Isolate, SPI) was phosphorylated
with POCI; under an alkaline condition. The amount of incorporated phosphorus was 14 ug
per mg of SPI. When the molecular weight of the SPI was taken as 360,000 daltons, the mol
ratio of phosphorus to protein was about 140. Amino acid analysis for the phosphorylated SPI
suggested that the type of phosphate bound to the protein was ortho-phosphoric acid, and that
the phosphorylated amino acid residues were lysine and histidine. The association of phos-
phate to SPI was stable for more than 2 weeks at pH>5.0. The functions of phosphorylated
SPI were examined at various pH. The high solubility of phosphorylated SPI at pH >3.0 did
not decrease the emulsifying ability and gel forming ability, even in the acidic range when
compared with the neutral range, whereas the SPI lost most solubility and functionality at
pH <5.5. There was no difference between the digestibility of phosphorylated SPI and SPL
These results suggested that phosphorylated SPI is a very useful food material possessing
good functional properties throughout a wide pH range.
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Effect of POCIs : SPI ratio on the
extent of SPI phosphorylation

Table 1.

Phosphorus in SPI

POCs : SPI , _
(mol/mol) Pi/SPI Incorporation
(ug/mg) (mol/mol)
0 1.5

50 2.0 5.8

200 2.8 15.1

500 9.8 96. 3

1000 14.3 150. 8

2000 14.8 154. 3

3000 14.1 146.2

The concentration of SPI was constant (4%) and the
amount of POCIs was varied.
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Table 2. Effect of reaction pH level on the
extent of SPI phosphorylation

Incorporation Reaction pH
(Pi/SPI) 8.0 9.0 10.0 11.0
ug/mg 8.9 10.5 12.6 12.3
mol/mol 103.2  121.8  146.1  142.6

The ratio of POCl3/SPI in the reaction mixture was
1500 (mol/mol). The pH was adjusted with 5N-NaOH.

Table 3. Stability of bound phosphate

H Dialysis Incorporation
P (day) (g Pi/mg SPD
11.0 0 14.8

1 15.0

3 14.0

5 14.0

7 14.0

14 14.0

7.5 1 14.4
3 13.9

5 13.2

7 12.2

14 12.8

5.0 1 14.6
13.8

5 12.5

9.9

14 10.0

4.5 1 14.3
3.5 1 13.8
2.5 1 5.6
1.5 1 6.2

1% P-SPI solution was dialyzed against 10 mM tris-
malate or CH3sCOONa-HCI at 4°C for 14 days. The
incorporated phosphorus was measured after dialysis.
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Fig. 1 Effect of pH on the turbidity of a P-SPI solution.
The concentration of the samples was 0.1%. The con-
tents of phosphorus (mol Pi/mol SPI) were as follows :

0, (O); 5.8, (@); 15.1, (A); 96.3, (A); 150.8, ().



Table 4. Effect of phosphorylation on the
extent of relative emulsification

activity
Pi/SPI EA (%) at different pH levels
(mol/mol) 4.5 5.5 6.5
0 0 0 100
5.8 0 41 98
15.1 56 90 103
96. 3 122 114 130
150. 8 125 118 130
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Fig. 2 Effect of calcium concentration on the turbidity
of P-SPI solution.

The concentration of the samples was 01 %.

tents of phosphorus (mol Pi/mol SPI) were as follows:

0, (0); 5.8, (@); 15.1, (1) ; 96.3, (A); 150.8, (OI).
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Fig. 3 Effect of pH on the relative gel strength of P-
SPL

The concentration of the samples was 12 % in 2.5 %

NaCl. P-SPI, (O); control SPI, (@); commercial SPI

(Fujipro R), (A).
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Table 5. Amino acid composition of SPI and
P-SPI hydrolyzed by HCI

SPI P-SPI P-SPI/SPI
Amino acid  (mmol/100g  (mmol/100 g (%)

SPD P-SPI)
Lys 39.3 39.1 99. 4
His 15.3 14.5 105.0
Arg 37.6 37.5 100.0
Asx 74.2 76.2 102.0
Thr 26.3 26.5 99.2
Ser 37.9 38.5 98.4
Glx 113.6 115.0 98.9
Gly 48.2 50.1 96. 2
Ala 41.9 41.8 100.0
Val 36.6 37.2 98. 4
Met 7.8 7.8 100. 0
lleu 32.2 32.7 98.5
Leu 51.3 51.3 100. 0
Tyr 19.9 19.1 96.0
Phe 27.5 27.7 100.0

The hydrolysis was carried out in 6N-HCI at 110°C
for 24 hr.



Table 6. Amino acid composition of SPI and
P-SPI hydrolyzed by Pronase E

Table 7. Amino acid composition of peptides
in P-SPI hydrolyzed by Pronase E

SPI P-SPI P-SPI/SPI Mole ratio of amino acids (%)
Amino acid (mmol/100g  (mmol/100 g %) Amino acid Peptides in Control A/B

SPI) P-SPI) ? P-SPI (A) . SPI (B)
Lys 27.7 9.3 33.5 Lys 11.7 6.1 1.90
His 11.2 6.3 56. 3 His 2.8 2.3 1.20
Arg 17.0 18.6 109. 4 Arg 2.8 6.1 0. 46
Asp 5.8 517 100.0 Asx 15.9 12.4 1.29
Thr+Gln 26.0 26. 3 100.0 Thr 4.6 4.3 1.07
Ser+ Asn 90.5 93.4 103.2 Ser 6.7 6.3 1.06
Glu 13.2 14. 4 109. 2 Glx 25.8 18.7 1.38
Gly 5.0 5.2 101.0 Gly 5.5 8.0 0.69
Ala 22.9 16.6 72.5 Val 4.6 6.0 0.77
Val 37.0 36.6 99.0 Met 0 1.0 0
Met 7.8 7.8 100. 0 lleu 3.0 5.3 0.57
Tleu 34.3 29.8 90.0 Leu 2.5 8.3 0.30
Leu 52.0 51.5 100.0 Tyr 1.2 3.1 0.39
Tyr 20.0 14.9 74.5 Phe 1.4 4.5 0.34
Phe 28.0 26.3 93.9

The hydrolysis was carried out with Pronase E 4t
37°C, pH 7.0, for 6 hr.
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The peptide fraction was collected by the gel filtration
shown in Fig. 4. Fraction No. 24 was analyzed. The
hydrolysis was carried out in 6N-HCl at 110°C for 24 hr.
The control SPI (not hydrolyzed by Pronase E) was
hydrolyzed by HCI in the same manner as the peptide
fraction.
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Fig. 4 Gel filtration profile of P-SPI hydrolyzed by

Pronase E.

Gel filtration was carried out on a Sephadex G-10 col-

umn (2.0 cm X 40 cm).

The flow rate was 1.0 ml/min

and the eluting buffer was 10 mM CHsCOONa-HCl (pH
6.0). Protein, (@) ; amino acid, (»); Pi, (O).



Table 8. Amino acid composition of SP! and
phosphorylated SPI hydrolyzed by
digestive enzymes

SPI P-SPI P-SPI/SPI
Amino acid (mmol/100g  (mmol/100 g (%)

SPD) P-SPI) ?
Lys 30.6 30.8 100. 0
His 10.2 10.7 99.4
Arg 27.7 27.1 104. 8
Asp 27.7 27.1 104. 8
Thr+GIn 26.3 26.2 100.0
Ser+ Asn 38.1 37.9 99.5
Glu 49.5 51.0 103.0
Gly 36.2 34.9 96. 4
Ala 38.8 39.8 102. 6
Val 38.3 39.3 102. 6
Met 7.7 8.0 103.0
Ileu 32.7 32.2 100.0
Leu 49.0 51.0 104.1
Tyr 17.9 17.0 95.0
Phe 26.5 27.3 103.0

The first hydrolysis was carried out with pepsin at
37°C, pH 2.0, for 3hr; the second with pancreatin at
37°C, pH 7.5, for 20 hr; and the third with aminopep-

tidase and prolidase at 37°C, pH 7.5, for 24 hr.
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