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Abstract: Milk is one of the most common and widespread allergenic foods. Milk allergy
is an adverse immunological reaction to milk proteins of different mammalian species.
B-Lactoglobulin (8-LG) is one of the main allergenic proteins of cow's milk. There is an
urgent need to develop an accurate and traceable method to accurately quantify g-LG

Based on the known g-lactoglobulin sequence, the Skyline tool was used to simulate the
B-lactoglobulin digestion process. After digestion of 8-LG with trypsin, the tryptic pep-
tides in the samples were detected selectively by MS/MS. In short, the peptides were
searched with MS full scan of respective digested milk protein. Three characteristic pep-

tides of f-lactoglobulin were screened by primary local sequence search tool (basic local
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alignment search tool, BLAST) and Uniprot database. Finally, one of the characteristic
peptides with the highest response intensity and the best stability was selected for fur-
ther verification by HPLC-MS/MS and quantitative studied by multiple reaction monito-
ring (MRM). In this work, the specific peptides were quantified by isotope dilution
mass spectrometry (IDMS) after trypsin digestion of g-LG. At the same time, the
effects of deuterium-labeled characteristic peptide IDAL ¥ NENK (D;-Leu) and carbon-
nitrogen dual-labeled characteristic peptide IDAL * NENK (¥ C;, " N-Leu) as internal
standards on chromatographic behavior and detection results were investigated, and the
methodology was verified. The method showed a good linear relationship within its own
range. The limits of detection and limits of quantification were 0. 001 9-0. 002 2 g/L. and
0. 006 4-0. 007 4 g/L, respectively. The recoveries ranged from 90.1% to 102. 7%, and
the coefficients of variation (CVs) were less than 8. 0%. Analysis of 5 samples [rom the
domestic market showed CVs were less than 6.5%. Deuterium-labeled peptides with
lower synthetic cost could be used as reliable substitutes for " C and " N-labeled peptides
in protein quantification. The established quantitative method of isotope dilution mass
spectrometry had strong anti-interference ability, high sensitivity, high accuracy and
good reproducibility. It is expected that the comparability of g-LG quantitative results
between different laboratories will be improved. In addition, the combination of new
ultrasensitive mass spectrometry with stable-isotope labelling techniques has advanced to
a point that some studies with radioactive isotopes can now be readily replaced by stable-
isotope techniques. This trend is expected to continue and this isotope method will be a
key component of the design of new clinical studies currently under way. At the same
time, with the widespread use of stable isotope markers in food allergy, metabolomics,
proteomics, clinical pharmacology and other fields, the demand for stable isotope
labeled compounds is expected to further increase.

Key words: liquid chromatography-tandem mass spectrometry (LC-MS/MS); g-lacto-
globulin (B-LC); isotope dilution mass spectrometry (IDMS); signature peptides
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1.2 #HE5iRKHA

R R 2 B B 2 B e (TAMD | B 5 i
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ik Ds-IDAL x NENK (Ds-1KS8, 4l if >98% ,
J#>98atom %) . Z ik C; . " N-IDAL » NENK
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W T —20 THRAF.
1.3.2  NARGEA R RSB0 FRIBGE &) O i 2
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B o - 36 B 0 by 25 1 Ak o (10 g/ L) 6 i
s B B0 1) A 0. 25.,0.50,1. 00, 1. 50, 2. 50, 4. 00
15,00 g/L RANbRUE TAEE W - BB IMA
— JE ) AR 5 . IR B
1.4 HmaE

HHLZY 2 mL A A 5L & 100 mL 45 5
W, 0,05 mol/L R A E R B A LR B
TG A & bAoA & . R AR U
W B 200 pL FIARFEW T 1.5 mL AR
Bt J5 A 50 w1 0. 1 mol/L DTT # %, 55 C
PE YA H S 60 min, fiF SN BE R R E R
J& s A 100 L 0. 1 mol/L TAM ¥k, T30 C
i W30 mins SR 5 A 100 pL 1 g/L &
HEEEW T 37 “Cal R (16 h) s B J5 A
100 L 10 % H R K % 0, = I & 30 min &
BB o 20k S 7R 4 C R RS LS 500
r/min .0 10 min, F3EW L 0. 22 pm JE 5
R BB . 1 HPLC-MS/MS 4347 .
1.5 L& H
1.5.1 @ik @354 Shimadzu C18 A
(4.6 mm X 250 mm X5 pm); Ji g AH: A
0. 1% IR /K IE W B N 0. 1% IR & B 7 W
Wi 1.0 mL/min; 86 B AR P :0~3. 0 min
(10%B),3.0~13.0 min(10%~30%B),13. 0~
14.0 min (30% ~ 90% B), 14.0 ~ 18. 0 min
(90%B) s Mk 35 Cs b FERE 10 pl.
1.5.2 Fui s Hmiss (ESD B F 8. B4
HHE 3.5 kV. R 13 mL/min, & £
EIELRE 275 °C L i fE B (CE) 20 eV 22 % I W
DA 205 AR Z2 K TK-8 1 m /= 459803, P x
Bk Ds-1K8 By m/z 462—809, N AR Ik Cq » " N-
IK8 ) m/z 462. 5—810,

2 ZR5iHR
2.1 ZRRRERE

KA I & WA A 8 5 7L b LG
S IR AE 2 Ik, AR A xR TR
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DEALEK 1E R & £ K.
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PR HEAT 25 4% .
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PR TR R SRR AR R
Ds-IK8 [y Bl 4 75 #2 &y y = 0. 020 22 —0. 008 3
(R*=0.999) , WHR K" Cs " N-IK8 A 1] 5 7 72
SN y=0.036 32—0. 045 1(R*=0.999),7F 0. 25~
5.00 g/LYREEJE BN BA RIFLME LR,
AL 2 L A AT K

2.3.2 Rp S PRFIE SRR g% SE R A Ak
W INA 0.1 mg LG bR fh, 4 1.4 75
J7 i A B RE B A . DA 0 0 EE 3 AR A M L
(S/N)>, L S/N=10 FE i R(LOQ ,S/N=3
ok B (LOD) . 45 3R R W, DL D-1KS g
FRi LOQ $70. 006 4 g/L,LOD 240.001 9 g/L;
LI Cs, P N-IKS Sk N 5 9 LOQ 240,007 4 g/L,
LOD 40.002 2 g/L.
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L4 5 )7 A BRI 5E » BL De-TK8, Gy, P N-
TK8 hy AR I 75 H PN AH X 4 1 4 22 (RSD) 43
BN 5. 300 4 T s IR — ik S E 5 K.
53 H ) RSD 43818 7.1% .6.5% .

2.3.4 WEGRE A m A gLG bR
o b 25 S Al 25 PN B 32 1 o A R L SR R o i
43R 1,10 F1 100 g/L. WHEIR & J5 1% 1.4
TP AL B 4y 50 DL D-1KS L PGy, P N-IKS
KRR AB A, HERE S BT A 2043 m oK
Ty RS TR L,

F1 MAEKEIEER(n=5)

Table 1 Investigation test of recovery rate (n=5)

[asx’] WK A 21 [l R A 41 RSD B 25 [l i % B4l RSD
Chemical Additive Group A recovery Group A Group B Group B
compound content/(g/L) rate/ % RSD/ % recovery rate/ % RSD/ %

A - - 53 - 00

&?Lf?kﬁlj 1.0 92.6 6.2 95.6 7.1
10. 0 94. 4 4.8 90. 1 5.3
100. 0 101. 1 2.5 102. 7 3.7
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Table 2 Detection of actual samples (n=6)
5 MR BLG &= T E X o Al 2
Milk Internal standard Content of g-LG/(g/L) Average/(g/L) RSD/ %
1+ D, TK® 3.47.3.33,3.58.3. 66.3.50,3. 49 3.50 3.2
1#Cy . 1T N-TKS 3.59,3.74,3. 60,3. 61,3. 54,3. 42 3.58 2.9
2 Ds-IK? 2.91,2.91,2.75.,3.13,2. 98,3. 00 2. 95 4.3
130, N-TK® 3.15.2.88,2.79,3.12.3. 04,2. 98 2.99 4.
3% Ds-1K® 3.02,2.85,2.80,3.19,3.14,3.02 3.00 5.1
13Cq , P N-IK® 3.18,3.15,2.93,2.93.3.33,3. 15 3.11 5.0
4% Ds-1K® 2.71,2.49,2.38,2.64,2.45,2.57 2. 54 4.9
13Cg , P N-IK® 2.82,2.63.,2.55,2.71,2.57,2.43 2.62 5.2
57 Ds-IK? 3.20,2.97,3.12,2.64,2.96,3.01 2.98 6.5
13 Cs , P N-IK® 2.68,2.94,2.92,3.17,3.03,3.09 2.97 5.8
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