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Purity Measurement of Specific Peptide Segment of Casein Phosphopeptides Using Amino Acid-Based Isotope Dilution
Mass Spectrometry XU Qi,LI Ling , YANG Meng-rui* ,ZHOU Jian LI Fu-kai LI Liang (Key Laboratory of Agro-food Safety and
Quality , Ministry of Agriculture and Rural Affairs, Institute of Quality Standard and Testing Technology for Agro-Products, Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract; A determination method of purity based on hydrolysed amino acid-isotope dilution mass spectrometry ( AA-LC-IDMS/
MS) was established for the casein phosphopeptide with specific peptide segment of YKVPQLEIVPNpSAEER. The structural
information, such as molecular weight and amino acid sequence of the specific peptide segment of raw materials was focused.The
hydrolysis conditions of peptide segment amino acids were further optimized, and the influence of spatial resistance on the
hydrolysis efficiency was also discussed.Four kinds of amino acids, including proline, valine, leucine, and isoleucine , were selected
to determine the purity of the casein phosphopeptide with specific peptide segment by the established AA-LC-IDMS/MS. The
results showed that the accurate and reliable determinations of peptide segment based on four different amino acids were obtained
with a good consistency,and the value was ultimately assigned to be (0.916+0.016) g/g.The determination method would lay a
foundation for the preparation of certified reference of the specific peptide segment and the accurate measurement of casein
phosphopeptides.
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2.4.2  EREVEFE IO

SATRRE 3 fokE i, FEo KRR I LC-IDMS/
MS YEUMERRINGE 4 P HARE SR , TR Sl 3 K
PP SR 25 2R, P ol R 5 45 SR By
TERRBEAE .tk 1 Al R, 200 2 45 2R A s o D
ZERHIE 2% RIS BN R AT

R 1 AA-LC-IDMS/MS Xf CPP FFAE kB4l B f
FEAEZE
Tab.1 Determination of the purity of specific peptide
segment of CPP by AA-LC-IDMS/MS

Purity/
(gg)
0.919

1
Val 2 0.920 0.916 0.67 0.73
3 0.908

Average/ SD/ RSD/
(gg™) % %

Name Sample

0.893
0.923 0.905 1.61 1.78
0. 898

Pro

w N =

0.920
0.931 0. 925 0.57 0.61
0.923

Tle

[USTIN N I

—_

0.924
Leu 2 0.917 0.921 0.36 0.39
3 0.922

2.4.3  BEETROV AN

ARWFFETFIE T 5 B8 5 58 o 25 K A W
Fi K CPP FRIE KB 7 vE EA T /K S #5240 52
B 45 R [ e P S 0 5 B v VBORH ) v J3E ) 2 i
Mg LN, #e BRAOL AR S 19 LC-MS/MS J77k AL
A 380 5 PR K il O S TS 1 BRI AR T
VW S U TR, SE IR A A LA, DAk
L R BN . AR 2 BN, A J B
HIEN 2 WAREY ME {H 3300 5% T 1, Ui ] 2 i
BRONE SR AT DL 2B AT

R 2 AA-LC-IDMS/MS %t CPP #fF ik Bt 4ti i 1Y
FE{HES
Tab.2 Determination of the purity of specific peptide
segment of CPP by AA-LC-IDMS/MS

Characteristic Peak area of standard Hydrolysed amino

quantity solution(A)  acid peak area (B) MU P/A
Val 1 382 049 1368 618 0.99
Val(U-BCy) 3 583 311 3 897 939 1.09
Pro 2 256 903 2 217 685 0.98
Pro(U-13Cy) 4086 631 4192 645 1.03
Ile 3 641 854 3 818 074 1.05
Hle(U-2Cy) 5081 578 5903 757 1.16
Leu 4485162 4 425 200 0.99
Leu(D,) 5402 312 5627 239 1.04

2.4.4  FaHHERAE IR
R 7K At J R AE IR BERE i R DL AL IS BT
R[] R AR T v LA, AR A B 15145
FZH B AR M LE i S TSR 3 A5 05 I L AN
10 AP 1 EE T X R 9 25 b R TR ) TR JE 25 2R DL
®3,
R3O GIERRAORHIBR S E R

Tab.3 Limit of detection and quantification of amino acids

LOD/ ( pg-kg™") LOQ/ (pg-kg™)

Amino acid

Val 16. 65 55.46
Pro 14.78 49.21
Ile 2.78 9.26
Leu 8.41 28.00

2.5 EfE4
SEATHERRFRI 6 3 FE i, SR FH A 7 i K i 24
FEIR-[A) o R AR B A I 2, AR AT
3 EETIE & AR & i R4 A (1) 15
CPP FRAERRBR AU | e (HA R LR 4,
R4 AA-LC-IDMS/MS *F CPP FRAE KB I (45 R

Tab.4 Determination of the specific peptide segment of
CPP by AA-LC-IDMS/MS

Number(n=6) 1 2 3 4 5 6
Val 0.9060 0.9140 0.9150 0.9270 0.9290 0.9150
Pro 0.9270 0.9230 0.9160 0.9150 0.9170 0.9120
Ile 0.8970 0.9130 0.9170 0.911 0 0.9120 0.900 0
Leu 0.9250 0.9200 0.9210 0.9180 0.9190 0.9220
AA-LC-IDMS/
B 0.9138 0.9175 0.9173 0.9178 0.9193 0.9123

MS/(g+g™)
Overall average/

- 0.916 0
(g:g7)
Sh/(g-g™") 0.008 0

BEXE T 7 0, 977 540 07, RN

Dixon 5 56 % FL 45 2R 0 5 56, B s A K 36
KB Ay — 2k
ST X A% E R E H A5 R 0 S W (R T
Dixon i85, HAGRUZE 5 P,
RS AA-LC-IDMS/MS X CPP H#IE KB A5 (E 25
Tab.5 Determination of the specific peptide segment of

CPP by AA-LC-IDMS/MS

Val Pro Ile Leu AA-LC-IDMS/MS
r 0.381 0.273 0.188 0.250 0.273
r, 0.133 0.333 0.235 0.500 0.273

R S EWANANE | DN 5 DORY W k2 E Sn g D
T

Yy S S S ey S Ky

M =607,
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o= (%) —xy)/ (Ao —20) [ 6]Mathie T, Barbara D, Camille D, Aurélie M, Audrey R,

m = (B = X0en )/ (g — %)
FH Dixon 6 46 7] %1, 2% 28 25 12 0 2 25 SR 19 r,
Fr, BT £10.05.6 = 0. 560 , 2 W45 S LRI B 45
SRR, Y TC SR, R S5 RO

K FABL e 4S50 4% R SR e (H 45 4 E Y
— 2k,
AN A (2) s,
C= [i](i’ -x)*]/(kx*) (2)

LS TR N (oF vl = /N LI E L EAE |
0.425, 7 H R 3, WEMEIKT a=0. 05 AIHHL
TR A 5 Bl FE R ER 0,481, % T
e 458 <0. 481 X — I FHA , Br LLTE W 3 17K
a=0.05 WIS, % 4 45088 005 22 B — 3
P 3050 B 45 2 3 R I o 445 SR 1) 7 34 (B SR
H—%tE . R, B Val Pro Ile  Leu B9 € {H 45
Y 0. 916 ¢/, MFE A% I B &8 (A 45 R
PR 0.008 0 ¢/g.

3 g

AWFFEEE R CPP 4 AE KBS YKVPQLEIVPNp-
SAEER #4177 (HIRSTY , & B XK A 20T DAL
b, B2t T OTIESE RS R T T 4 Fh R Y
KA LR R A R AR Bk . BE T 4 RO TR 2
BRI IKBOE B4 R B A RAFr— 3ok, & (H e
i H AT &E, A 2R By 8 1A 45 R & (0.916 +
0.016)g/g, M4, XHAY0.016 U HE T EENE
FIAR SR, ZITIE R, RIS SRR AR B bR
HEVI BRI T T 1 el

SE .

[1]Wang Q Q,Du J, Feng F Q. J. Food Saf. Qual., 2022,
13(5) ;1 438-1 443.
EAFE, FLHY SRR A 2 BRI 22 4, 2022,
13(5) .1 438-1 443.

[2]Jiang C X, Quan W, Chen J, He L J. Sci. Technol. Food
Ind.,2021,42(18) :292-299.
LT, AR, BRI, BUORME. B A Tl B, 2021,
42(18) :292-299.

[ 3]Michihiro N, Teruaki M, Komei I, Hidehiko I. Allergol.
Int. 2023 ,72(3) :488-490.

[4]Ying W,Hua S B,Song ] W,Rui X W,Zhan Z W.Food
Chem. ,2022,401 ;134 218.

[5]Lan J,Shu H L, Nan W, Shuang Z, Yue C.Food Chem.,
2021,352.129 332.

Julie R, Audrey B, Rozenn R, Christophe F, Benoit C.
Food Res.Int.,2022,157 .11 360.

[7]Sima B,Zahra S,Sadat S M H T, Abolfazl H, Majid D. /.
Drug Deliv.Sci. Technol. ,2023 ,86 . 104 680.

[8]Widyarman A S, Udawatte N S, Theodorea C F, Apriani
A, Richi M, Astoeti T E, Seneviratne C J.J. Dent. , 2021,
106(5) :103 582.

[ 9] Olumeeshabon Z, Boehmer J L. J. Proteome Res., 2013,
12(6) .3 034.

[ 10 ] Kitamura H.Milchwiss ,2002,57(11) :611-614.

[11]Donida B M, Mrak E,Gravaghi C, Villa I, Cosentino S,
Zacchi E, Perego S, Rubinacei A, Fiorilli A, Tettamanti
G, Ferraretto A.Peptides,2009,30(12) .2 233.

[12]Bansal A, Ingle N A, Kaur N, Ingle E.J. Int. Soc. Prev.
Community Dent,2015,5(5) :341.

[ 13]Chandak S,Bhondey A, Bhardwaj A, Pimpale J, Chand-
wani M. J. Int. Soc. Prev. Commun. Dent ,2016,6(5) :423-
429.

[14]Shao Q,Wei L. N,Zhang D L, Zhang L. R, Wang W, Qu
Y F.Food Res.Dev.,2019,40(3) ;220-224.

ARHL, BLRNHE, AT, SR L, £, Ja s e B R AT
5% ,2019,40(3) :220-224.

[15]Wang Z Q, Tang H, Liu Y, Li J L. Mod. Food , 2022,
28(1) :205-208.

TR R, R, 2R 4 TR AR A, 2022,28(1) ¢
205-208.

[16]Li S Q,Bao R, Li R, Jiang Z T.Food Res. Dev.,2021,
42(14) .132-137.

AR AR, R E T EMPR 57k, 2021,
42(14) .132-137.

[ 17 ]Hettinga K A,Reina F M, Boeren S,Zhang L, Koppelma
G H, Postma D S, Vervoort J J M, Wijga A H. PLoS
One,2015,10(3) :e0122 234.

[18]Wei X L,Mohan L,Xue Y C,Hong J H,Fan H K,Xi Q
Y.Food Res.Int.,2020,127(C) . 108 741.

[19]Eva B,Eduard S.Proteom,2017,17(17/18) :1 700 180.

[20]Zhou Y.Optimization of the Detection Method of Casein
Phosphopeptides in Milk Powder. Heilongjiang: Hei-
longjiang University,2018.

J T LA s AR 1 R SO AG I 1y v 1 A PR
RIETTR%,2018.

[21]Gabriella P,Simonetta C,Maria A N, Rosalba M, Marina
C, Antonio P, Gianni P, Lina C, Francesco A.Food Res.
Int.,2013,53(1) .510-521.

[22]Hu Z W,Wang Z M,Liu Y,Wu Y, Han X J,Zheng J,
Yan X F,Wang Y. J. Agric. Food Chem.,2015,63(41) .
8 999.



84 f2:38%]  CHEMICAL REAGENTS

5547 B4 3 1)

[ 23] Epshtein N A.Pharm.Chem. J.,2018,51(10) :928-937.

[24]Xiao B J, Ting T W, Yuan H D, Lei Y.Appl. Catal. A,
2017,541.107-111.

[25]Tahoun 1 F, Shehata A B. Mapan, 2016, 31(2) ; 145-
152.

[26]Wang X X, Wu L Q, Yang B, Zhang N,Su P, Yang Y.
Biotechnol. Prog ,2020,10(6) :597-606.
FANE , AP, 3T, 958, . A Py B ik
J&,2020,10(6) ;:597-606.

[27]Caroline P, Frank A T,Chris H, Milena Q, Gavin O C.
Anal. Biochem. ,2011,412(1) .40-46.

[ 28 |Hashim L, Jinhwan L. Bull. Korean Chem. Soc., 2022,
43(5) :704-713.

[29]Zang Y,Zhou X R,Pan M Y,Lu Y L,Liu H R, Xiong J
P,Feng L X.Anal. Bioanal. Chem.,2022,415(1) . 211-
220.

[30]Huang T, Zhang W, Quan C,He Y J,Li H M. Metrol.
Tech.,2018,(9) :8-9.
BHE, SR A, A, RERS AR 20 T R 2018,
(9).8-9.

[31]Huo Z Z,Feng L. X,Li H M, Xiong J P.Chin. J. Anal.
Chem.,2019,47(12) .1 931-1 937.
i R, 240, BE 4T 43 BT Ak, 2019,
47(12) .1 931-1 937.

[32]He C C.Research on the Purification and Preparation of

High-purity Bovine Serum Albumin and the Value As-
signment of Two Serum Proteins.Tianjin; Tianjin Univer-
sity of Technology,2019.

AR e 0 2 L 1 1 0 Al o A B v L T
A (TS K HE R TR ,2019.

[33]Yan J J,Wang M, Yang M R,Zhou J,Xue X F,Wang T
T.Food Chem.,2022,385:132 674.

[34]Bradley S A, Jackson W C, Mahoney P P.Anal. Chem,
2019,91(3) :1 962-1 967.

[35]Lu Y L.High-accuracy Quantitative Study of Tau Pro-
tein, a Biomarker of Alzheimer’s Disease.Beijing; Beijing
University of Chemical Technology,2022.

e b R ] 7% PR SR A b AR ) v 2 1 A e A
JEE EFIE AL AU TR, 2022,

[36]Ji S J,Hyuk M L,Sook K K, Hyung K K,Kyung H O,
Sang R P. J. Chromatogr. A, 2011,1 218(38) : 6 596-
6 602.

[37]Xie L. N, Suo R, Zhao Y. Qual. Saf. Agric. Prod, 2021,

(1) :67-72.
WISE IR, SR, e A 7= i i 5% 42,2021, (1)
67-72.

[38]Munoz A, Kral R, Schimmel H.Anal. Biochem., 2010,
408(1) :124-131.

[39]Zhou M Y ,Ma X F.Lab.Sci.,2018,21(5) ;75-78.
JAAG B/ N7 SR A R, 2018,21(5) 1 75-78.





