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Chromatographic Analysis on Tryptic Hydrolysis of Whole Casein

QI Wei HE Ming-xia HE Zhi-min SHI De-ging
Enzyme Technology Laboratory Chemical Engineering Research Center
Tianjin University Tianjin 300072  China

Abstract Tryptic hydrolysis of whole casein was investigated by high performance size exclusion
chromatography HPSEC in combination with the degree of hydrolysis DH . In terms of HPSEC
chromatograms obtained at different DH values the complex process of enzymatic reaction and the
relative molecular mass distribution of multiple hydrolysates were quantitatively characterized. Based
on the information of casein micelle structure the possible reaction mechanism was deduced from a
series of chromatograms. Being taken into account the primary structure of whole casein and the target
amino acid of trypsin the distribution of theoretical peptides were accurately calculated by determining
the split sites of complete enzymatic hydrolysis. According to the relationship between retention time
and relative molecular mass the corresponding HPSEC absorption peaks of active peptides in
hydrolysates were identified and caseinophosphopeptides sequences were also characterized.
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Fig.2 High performance size exclusion chromatograms of tryptic hydrolysis of whole casein
a.whole casein b.DH=5% ¢.DH=10% d.DH=15%.
For ty and M, of the main peaks see Table 1.
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Table 1 The relationship of retention time relative molecular mass and peptide fragments for tryptic hydrolysis of whole casein
Experimental results of tryptic hydrolysis of whole casein Theoretical analysis of tryptic hydrolysis of whole casein
peaks in . " . . o )
Fio.2 tg min M, x10 functional peptides containing SerP common peptides
ig.
al’ 12.55 12.13 whole casein
bl 14.02-16.20-16.72 8.08 -4.43-3.83 casein core be composed of @y ay [-casein
b2 2 d2 16.72-18.33-19.95 3.83-2.46-1.51 monomer a, a, B Kk-casein
b3 ¢3 d3 19.95-22.15-22.95 1.51-0.86-0.68 Y-casein and other combination peptides

ay TP 43 =79 wlP 117
169 :
aq2P 43 - 58 a,-5P 59 - 79
ag-1P 106 - 119  ao-4P 1 -

b4 ¢4 d4 22.95-23.98-25.20 0.68-0.52-0.37 152-193 3 49-97 B 114-169

ag 8-22 ay 23-34 ay 133-151

ds 25.20-25.80-28.15  0.37-0.31~0.16 5" 7 g0 “pup | D @e 92113 B 177 - 183 B 184 -
% 202 k 1-10 « 47-63 & 69 - 86
25 * B-1P 33 -48
ag 84 -90 ay 91 - 100 ay 125 -
_ ) 132 0y 25-32 a, 33-41 a, 81-
6 28.15-29.25-30.80 0.16-0.12-0.08 %2 1P 138 =149 ao2P 126 = 517 "= s o5 ol 174 - 181 ay

136 182-188 B 170 - 176 « 25 - 34

k 35-46 « 87-97 « 98-111

ag 4-7 ay 80-83 ay 120-124
ag 194 - 199 ay, 42-45 ay, 71 -
76 ayp 77-80 ayp 153 -158 a, 161

d7 30.80-31.23-32.52 0.08-0.07-0.05 ag-1P 37-42 -165 ay 167-170 ay 192 - 197
ap 200 - 205 3 100 - 105 B 108 -
113 B 203-209 « 17-21 « 64 -
68 « 113-116

* ay-TP 43 =79 is a-caseinophosphopeptide M,=4600 [-4P 1-25 is f-caseinophosphopeptide M,=3100 .
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Fig.3 Relative molecular mass distributions of tryptic hydrolysis of whole casein
a. the process of enzymatic hydrolysis b.variation in the composition of hydrolysates.
M, x10* 1 >8.1 28.1-2.6 32.6-1.5 41.5-0.68 50.68-0.37 6 0.37-0.08 7 <0.08.
DH % 1 0 Il 5 Il 10 IV 15.
3-a DH < His40-Ser177" Lys Arg
5% 10 min 52% —
0% 7% 224 4
DH=5% ~ 15% 2
8.1 ~2.6 24% Table 2 Information of casein structure
6% Casein Percentage M,  Number of " N2
% x 10* residue
H @ -Casein 44 .7 2.36 199 21 253
p a,-Casein 10.5 2.52 207 30 496
[3-Casein 32.9 2.40 209 15 136
r-Casein 11.9 1.90 169 14 120
Average - 2.34 200 19 224
1 n is the number of Lys and Arg residues 2 N=2 n+ C2
3-b DH - g B
N is the number of theoretical hydrolysis peptides.
<5% 8.1 ~0.08
100
DH =10%
0.37 ~0.08 80 |-
90 min DH=15% 30% o0
=
2.6 ~1.5 1.5 ~ 40 7
0.68 0.68 ~0.37 /
20 | ’
| 7
26~1.5 1.5~068 0.68~0.37 0.37-0.08 <008
< 800 M (X109
7% ~ 8%
4
Fig.4 The number of theoretical hydrolysis peptides vs
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Table 3 Caseinophosphopeptides mapping and corresponding high performance size exclusion chromatographic peaks
Peak in
Peptide name Peptide mapping M, .
Fig.2
ag-1P 37-42 Val-Asn-Glu-Leu-SerP-Lys 768 7
ay-TP 43-79 Asp-lle- Gly-SerP—Gllf-SelzP—Tllr- Glu-Asp-Gln-Ala-Met- C:lu-Asp-Ile—Lys— Gln-Met-Glu- Ala-Glu-SerP- 4645 4
Ile-SerP-SerP-SerP-Glu-Glu-1Ile- Val-Pro- Asn-SerP- Val-Glu-Gln-Lys
ag-1P 106 - 119 Val-Pro-Gln-Leu-Glu-1le- Val-Pro- Asn-SerP- Ala- Glu-Glu- Arg 1659 5
ap-4P 1-21 Lys-Asn-Thr-Met-Glu-His- Val-SerP-SerP-SerP- Glu- Glu-Ser-1le-1le-SerP-Gln- Glu- Thr-Tyr-Lys 2745 5
@0-4P 46170 Asn-Ala- Asn-Glu-Glu-Glu-Tyr-Ser-1Ile- Gly-SerP-SerP-SerP- Glu- Glu-SerP- Ala- Glu- Val- Ala- Thr-Glu- 2898 5
Glu-Val-Lys
ay-2P 126 - 136 Glu-Gln-Leu-SerP-Thr-SerP-Glu-Glu- Asn-Ser-Lys 1410 6
apo-1P 138 - 149 Thr-Val-Asp-Met-Glu-SerP-Thr-Glu- Val-Phe-Thr-Lys 1465 6
B-4P 1-25 Arg—Cl}l—Leu—Clu—Clu—Leu—Asn— Val-Pro-Gly-Glu-lIle- Val- Glu-SerP- Leu-SerP-SerP-SerP-Glu- Glu-Ser- 3120 5
Ile-Thr-Arg
B-1P 33 -48 Phe-Gln-SerP-Glu-Glu-Gln-Gln-Gln-Thr-Glu- Asp-Glu-Leu-Gln-Asp-Lys 2060 5
Thr-Glu-1le-Pro-Thr-Ile- Asn- Thr-Ile- Ala-Ser-Gly-Glu-Pro- Thr-Ser- Thr-Pro- Thr-Thr-Glu- Ala- Val-
k-1P 117 - 169 Glu-Ser-Thr-Val-Ala- Thr-Leu- Glu- Asp-SerP-Pro- Glu- Val-1le-Glu-Ser-Pro-Pro-Glu-Ile- Asn-Thr- Val- 5610 4
GIn-Val-Thr-Ser-Thr-Ala-Val
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