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Determination of two protein-bound advanced glycation end-products in bread by ultra-high

performance liquid chromatography-tandem mass spectrometry based on protein precipitation
JIANG Guanhua', YU Haili’, WANG Pei', WANG Qiang', CHEN Liangkai',
ZHANG Yan’, LIU Liegang'
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Huazhong University of Science and Technology, Hubei Wuhan 430030, China;2. Yeast Function Hubei
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Abstract: Objective To establish an ultra-high performance liquid chromatography-tandem mass spectrometry method

for the detection of two typical advanced glycation end products (AGEs) in bread. Methods

Protein-bound

carboxymethyl lysine (CML) and carboxyethyl lysine (CEL) were used as the detection objects. Bread sample was

subjected to reduction incubation, protein precipitation, addition of isotope internal standard, acid hydrolysis, nitrogen

blowing, reconstitution with nonafluorovaleric acid aqueous solution, and then underwent multi-reaction monitoring to

quantitative analysis. Results The detection limit and quantification limit of the method were 4.5 ng/g and 20 ng/g for
CML, and 0.5 ng/g and 2 ng/g for CEL. The spike recovery rates of CML and CEL were 89. 62%-95. 65% and 86. 38%
-97.17%. The linear range were 2.5-800 ng/mL and 0.25-80 ng/mL, and the coefficients of determination were both

above 0. 999. Conclusion The method was accurate and sensitive, and could meet the detection requirements of AGEs in

bread.

Key words: Ultra-high-performance liquid chromatography-tandem mass spectrometry; bread; carboxymethyl lysine;

carboxyethyl lysine
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(Ultra-high-performance liquid chromatography tandem
mass spectrometry, UHPLC-MS/MS) J5 2=, LI 37 52 # Xt
T AL P 25 A A CML L CEL #95E BEAS I

1 #RE5F%
1.1 EZUER 550

ZORBAX Eclipse Plus C,, {8 3% # (2.1 mmx
100 mm, 1. 8 wm) . 1200SL 4 i &0 A (4 3% & 4t
6460 — F K P G0 AT BT 3% AW A 38 [F Agilent
Technologies, Waters OAsis HL.B EAHZEBUMME(L e/
30 mg, 30 wm, 3 F Waters) , B F 2 #F K, Milli-Q
A 4l KA (92 [ Millipore) , KZ-1TT #ff ) 4% , ALPHA1-
4 LD plus ¥ 7 T2 HL(FE[E Christ)

Na,B,0,- 10H,0 . NaBH, , H,BO,, CH,0, . C,H,0,
C,HCL,0, .CHCL, \HCI( 4B 4li , I ifg [ 24 4 F Ak 2% 34
FIA AT, CHOF, (4B 46, 1 27 wdbk 2B (LR
A RAF),CML,CML-d,,CEL ,CEL-d, (4> ¥7 4li ,
it Iris Biotech GmbH) , Z IF . JUFR I R ¥ ol {4
Tl

1.2 ik
1201 R W T i)

RAARMER W B 2 Bl AGEs b i 75 1 FH 8 4l
K 43 ) A B E 1) R 10 g/ mL FA b o 6 25 TR, L ER
afi 7K s B E R CML:2.5.5.10.20.50.100,200,
400,800 ng/mL,CEL:0.25.0.5.1.2.5.10,20.40.
80 ng/mL AR & bR fE h £k T AR WL .

BB VAR K 10 pg/mL () CML-d, .CEL-d, N
T fifh 25 W LA 2 7K B B JF IC 1 28 CML-d,: 1 pg/mL,
CEL-d,:0. 5 pg/mL ARG PIARE FH -
1.2.2  [EELAE &AL B

B2 R T O By R B R AR T AL RE o A
TRk — 20 B B S BC ) B 0. 05 ¢/mL B IUR L 72
SRR BET B 25 pL & 7 mL BEESAY . A 500 wL &
0. 1 mol/L NaBH, % i % £k (Na,B,0,,0. 05 mol/L) %%
P (pH=9. 2) , # & 2 h; A 2 mL —20 “CHIE JE/K
CEEDLEE L4 000 r/min {K3# 8.0 10 min, 37 |
THW A UIVE, B AR B B 45 A A AGEs; [ ULJE
A 50 pL A N AR A W (CML-d,: 1 pg/mL, CEL-
d,:0.5 wg/mL) .500 wL 6 mol/L #h W2 , 7 B 5 )5
110 °C R fi# 18 h; R fift J5 80 "C AWM &= T, Jm A
500 L A KB W% HZE 1.5 mL EP &,
14 000 r/min & .0» 10 min, B F 1% % 200 pL T Hr
1.5 mL EP % ,80 °C N AWK ZE T ;i1 A 400 pL
5 mmol/L JUFR R /KB E %, iR ie G 14 000 r/min
B0 10 min, 13 0. 22 pm 8 B85 B R 25 I 2 RE
1.2.3 fUaRRMF

O IEAEIR 30 °Cs T sh Al . CHE (A A1) A1 5 mmol/L
JUSR S R 7K %5 W (B AH ), 3 3 : 0. 25 mL/min, B J&
PE L % 2 : 0~1 min, 96%B; 1~4 min, 96%B—80%B;
4~7 min, 80%B—60%B; 7~8 min, 60%B—40%B;
8~9 min,40%B—20%B;9~11 min,20%B;11~11. 5 min,
20%B—96%B; 11. 5~17 min, 96%B. ¥t & .10 ul;
B U ARy g AR 2 R T
F U5 B 2 350 C, R U 11 L/min, W55 KN
4000 V. & B F X : CML: 205. 1—130. 0, CEL:
219. 1—130. 0; & & &+ XJ : CML: 205. 1—84. 1,CEL:
219.1—-84. 0,

2 #HR
2.1 FF S ET AL B AR AR
2011 HTAR BRIy R

IO 58 408 19 2 11 455 2 AGEs J7 25 i Ak 2
— % % TE A AR OB (Solid—phase extraction, SPE)
PN H SPE /N A% A i, ELFE IO PR B AR
S SO I TR G AN o TN B SIS e A 5
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AR 5 H X ] Waters Oasis HLB /M 4 [ AH A€ B
25 =20 CHIA JEK 2B ) 8 11T TE 325 56 1 4
FE i 2E AT T AL B AR & B AR 5 vk AL B S
CML . CEL 1y [a] it 28 4 7E J5 15 27 43 BT 2K 1 £15%
T PR P, R R ik A L) R A R £ R b SRR
P4 5a 78 H AR AGEs Hi 1§ Y H i i i) B P JE A
TC T 2% 06 5 R SR [T AH A% IR0 A6 A b ISR B A 5
FBCE T AL TR A DUE R BAES AFA R AR
Je AR R AGEs KT 1 TH AL RE 48 W R ik A
HE M E EE R 2RI FE L (P>0.05) , 3 W,
Fe 1o RIRH R E L 28 5 0 B 1 U0 TE VA A R i Ak 2R
J5 % R AT LA S 30T 1T B R b R B 2 A
AGEs [ 7€ ft #
2.1.2 HEEAVERH LR

Sy BIBCRBE-Z 0 (13, V/VIRABRW . =82
Fii N R ER R (6 mol /L) \ = 54 H Bt . -20 CHI& JCK
ZBEAS 2 mL AR B A UCUE ], %t 1AL TR A R L 3

1 ERIFEROE M B UURE TR E i 45 R L (n=3)
Table 1  Comparison of quantitative results between solid

phase extraction and protein precipitation (n=3)

e [ A AE Lk / EHDTUEDL/
EETR7) gﬁg (mg/kg) (mg/kg) TS

EELEH SD EELEH SD

1 637 053 514 0.67 —

CML 2 23.46 1.32 20.91 1.17 —

3 4260 2.6 3977 3.02 —

1 278 030 239 035 —

CEL 2 25.17 1.77 2798 251 —

3 43.72 1.38 4379 3.40 —

1 :SD:ARifE2E 5 —: P> 0.05

ATHT AL FE I E AL, 25607 W AGEs WK FEE 2 CML
437.13%20. 36 ng/mL. CEL 442.52+21.30 ng/mL.
LI CML.CEL U [f FH B ) 37 184 Oy 48 A L 1050
R 3 W 4RI E 2, A CML,CEL i i {H K /)N
B, -20 CHA TC/K & BEVTVE B 11 10 250 5 B 8 47
F = O NE R A B N msfET
HEE-CE (L3, V/V)IRG W, Sk #5520 CHlE
TeK AR S A 3 56 i Ak 34 % B T UE 3K o

2 6 FE FIPLIE R L E AR (n=3)

Table 2 Comparison results of 6 kinds of protein precipitation reagents (n=3)

RSN CML CEL

DLTE G

LA W 7 W o i %)
-2 (1:3,V/V) 5269 328.33 264 550.60 5300 196.33 339 315.71
WA 4 481 195.66 283 194.16 4569 539.00 325 836.68
TN TR 4375 279.00 383 987.48 4927 684.33 308 451.74
P2 (6 mol/L) 3578 098.66 520 278.00 3 809 690.66 433 907.63
=ik 4 467 133.66 402 073.07 4767 240.00 132 061.57
20 “CHIE JEK LB 5565 120.00 197 735.13 5321 281.66 222 271.39
VT (] < Ak 4 0 7E 5 3% P o 1008 T L5 S b o 2%

2.1.3 BRI 5 96%B.,

AR B T 0.5.1.2.5.8 mmol/L ¥ (1) =
BOMR R LR BT3GR KV WA Ry 215 e
IR AR ORI B TR G AR VR W AGEs ¥R 25 CML
50 ng/mL.CEL 5 ng/mL. Z5% & M 5 mmol/L 1 JL
SIS TR K VS AR Ry 5 T B KRR A T A AR ) R
BEEFI) 3 B8ORS e ik i o 25 CRR A E T pH
R 5 mmol /L JUFUKER 1 pH {H K 2. 33~2. 35,
TE C,, (03 A 1 2 1 pH {H 75 Bl 2~8 N . #R
5 mmol/L Y JUFR S PR 7K V5 WA Sl 52 35 W S /K AH (B
A o AR5 SR B U T A R LA e K AH T s 1 IR K
A4S AT LA A B R 5% i VA LW A 3 A
Hh TR A K 0 AT 1) 7 A O T # 5 CML,
CEL 1947 25 B,y /b 6 B2 ol 35 1 08, $2 i AR, e &
T 5 B BB JE VR AL 40 F : 0~1 min, 96%B; 1~4 min,
96%B—80%B; 4~7 min, 80%B—60%B; 7~8 min,
60%B—40%B; 8~9 min, 40%B—20%B; 9~11 min,
20%B; 11~11.5 min, 20%B—96%B; 11.5~17 min,

2.1.4 CML.CEL fry 47l (1, 3% 5]

25 FRE S bR 25 L RE S O bR & JE CML:
20 ng/mL,CEL:2 ng/mL) L4 K T 40 FF i 1) i 750 6 3%
UL TR 1, 4% €0 % 06 R R G, SE PR FE R CMIL L CEL
B A5 B2 IF A 43 ) A 8. 49 8. 96 min, 25 [ KE & X R
FR) 4 06 ) i) G S P VR T M A A o
2.2 BRIV B PEY

HOBE S 5 BE 150 °C L HEKT B[] 8 min B9 1T A 08
B, 1 A0 3 7 DRI D9 AR 25 T e A 3 A
HEREW,F AR B 1 A5 IS L LA 25 2R R AR TR
B, BBCIZ 5 B i 11 R D0 2 R YA Sy 23 1 Rk RV
I3 57 I VG L bR 1 R 2R 5 300 b o il 2R AT
B, CML.CEL A 3 5 DT fic b o il 28 15 75 570 b o il
LRRPR LM N 0.83.0. 81 H 1+0. 15 L) , 1fi 2
FER oA — B LBREI H AR AGEs 98 ¥ 4k .
FE P P bR o #h 2 o [ 3R AR I & BLAER L (E
4 0.91.0.96, BRAE AN A [F] 457 3 N 5 J5 AT LA Z2 W T
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«10' CML: + MRM (205.1 -> 84.1) BLANK6.d «10' CEL: + MRM (219.1 -> 84.0) BLANK6.d
8 8
[
5 &0
B B
§4 1?:[4
2 2
Al 12345678 91011121314151617 12345678 91011121314151617
Counts/% vs. KE K} [8]/min Counts/% vs. KE} [8]/min
«105 CML: + MRM (205.1 -> 84.1) S4.d «10¢ CEL: + MRM (219.1 > 84.0) S4.d
1.75 8.493 175 8.944
1.50 1.50
i 1.25 25
§1.00 ﬁl.oo
2075 =075
=0.50 =0.50
02 0231 1493 6.855
A2 12345678 91011121314151617 R2 12345678 91011121314151617
Counts/% vs. SHER []/min Counts/% vs. HE ] /min
«10° CML: + MRM (205.1 -> 84.1) 551.d «105 CEL: + MRM (219.1 -> 84.0) 551.d
8.489 506 8.964
5 175
™4 2 1.50
o = 125
=) £11.00
B2 6.862 =075
1 L 025 6.870
e ) S—— b
A3 12345678 91011121314151617  p3 1 2345678 91011121314 151617

Counts/% vs. KHEIT 7] /min

Counts/% vs. SKH2HF]/min

W2 HAEN (A1:CML;B1:CEL) , iN#r2s AL (A2: CML;B2: CEL) , {5 FE 5 (A3:CML;B3: CEL)

K1
Figure 1

A FE BT H ARk A W S 0y 52 PR O SR AR 3
AT A5 9 I A TRD A7 28 P A 1140 5 300 s o Bl 2 1 A7 7 o
2.3 FIEKRHBR i PR AR R 2R TR
D7k R i BRAR 4l AR 2SRRI A
{3 A 10 B E A 4, B CML 4. 5.20 ng/g;
CEL 0.5.2 ng/go 5 H A fif W 53 J7 v A6 T 1 2
AGEs [RFFT A ELE T A 58 B9 K6 Hh R A% 22 i BR 34
AR, CML AR HEM W 9 A B A5 2.5.5.10,
20.50,100,200,400.,800 ng/mL, ¥ & 55 315 FBl P4 £&

UPLC-MS/MS #7515 4]
Typical chromatograms of UPLC-MS/MS

PR, 260 R - y=0. 022 444x+0. 132 779, B 5E
FH R>0.999; CEL br i £k iy 9 A~k B A
0.25.0.5.1.,2.5.10.20.40.80 ng/mL, ¥ J& &4 5 [#]
N2tk B, 26 15 B2 . y=0. 048 061x—0. 010 915,
P R A R>0.999, 25 1A B OIS L rp L vk
FEAR 09 45 3L 0L 3R 3, Horf CML 19 °F 3 i R oy
89. 62%~95. 65% , F X} #% #E i 22 (RSD) A 4. 14%~
10.75% , CEL 1Y *F- 34 8] Wit %5 86. 38%~97. 17%,
RSD M 6.39%~9.92%

# 3 CML.CEL AR ] i 58 K AR X A 1 22 (n=6)
Table 3 Spiked recoveries and relative standard deviations of CML and CEL (n=6)

ERRY] AJEAE /(ng/mL) JnAr i/ (ng/mL) SEAY /(ng/mL) [FCE /% RSD/%
0 5 4.48 89.62 10.75

CML 0 50 47.82 95.65 4.14
0 500 452.38 90.48 8.40
0 0.5 0.43 86.38 7.55

CEL 0 5 4.86 97.17 6.39
0 50 46.47 92.93 9.92

2.4 SEBRAEAR I E 0.09 mg/kg.

T BE VR A 1% B 20% I 8% , Bt &% iR BE
190 °C, MERE I} E] 28 20 min 5141 5% 7Y 6 > 1A AL 4L 3 Mg

o G 85 SR B R T AL 2 45 A R CMIL L CEL -1
N 33.69+2.95,30. 42+1. 31 mg/kg, [fi L .t5
45 A B CML, CEL ¥ & & & 7.56+0. 83, 1. 33+

ARG HE N7 T T8 T e R I T A R
454 AGEs [ UHPLC-MS/MS 7. H[#
AH AR BOTE AH H , AR 3056w b BEOR T LL-20 CHI
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JE 5 T A SR [R] B AR LA 4 A FE R R L4
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fiff R T T A 35 S5 A 19 ) A TR SR AR T ik
DL R T CML L CEL 5 5 B9 HERRPE o AR 46 i 22 57
BRI 3k ELAG TR 4R M T YRR LB
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