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Abstract: A method of liquid chromatography-tandem mass spectrometry (LC-MS/MS) was
developed based on the self-developed QLIT-6610MD quadrupole-linear ion trap liquid
chromatography-mass spectrometry for the accurate quantification of amino acid biomarkers
including leucine, phenylalanine, tyrosine, and cystine in plasma for medulloblastoma research.
Plasma samples were processed by proteins precipitation with isopropanol, and the supernatant was
quantified using a QLIT-6610MD quadrupole-linear ion trap tandem mass spectrometer after amino
acid derivatization with 6-aminoquinolinyl-N-hydroxysuccinimidylformate (AQC). Leucine,
phenylalanine and tyrosine were quantified by an isotope internal standard method, and the linearity
is good in the range of 1-400 umol/L with the determination coefficients (R*) of 0.9964, 0.993 5,
0.999 5, respectively, and the limit of quantification (LOQ) is 1 umol/L. The precision of the quality
control samples is less than 15%, and the accuracies are within the range of +14%. Cystine was
quantified by an external standard method, the LOQ is 1 pmol/L, and R’ of the target is not less than
0.9979 in the range of 1-400 pmol/L, and the precision of the quality control samples ranges from
1.2% to 11.6%, the accuracy is within the range of —7.4% to 10.8%. Two liquid chromatography-
mass spectrometry instruments, QLIT-6610MD and AB QTRAP 6500+, were used to analyze 60
clinical plasma samples, in which the concentrations of leucine, phenylalanine, tyrosine, cystineis are
in the range of 17.16-127.06, 13.21-57.89, 11.14-60.97, 4.70-22.97 pmol/L, respectively. Data
correlation was analyzed using the Pearson coefficient, and the correlation coefficient (R) between
QLIT-6610MD and AB QTRAP 6500+ is =0.996, indicating a significant positive correlation
(P<0.01). Data consistency was analyzed using Bland-Altman, and the percentage of data out-of-
bounds points is <10%, indicating that the data consistency is good and meets the actual clinical
monitoring needs.

Key words: liquid chromatography-tandem mass spectrometry (LC-MS/MS); quadrupole-linear ion

trap mass spectrometry; biomarkers; medulloblastoma; amino acids
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Industries 2\ ) 7= it ; G20 % &5 3 25 A #5001 b
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ONHE TR
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FEAC 23 BIIEH AR FEA

SRR S RS M, TR A A IR R AR Y 25
AN T 500 uL, TvKiz i, H T -80 C IR 17
et I, A5 0 A T 1 b
1.3 BKEH

F T T 2 R 24 R P VR 2 4, ek AR
25 PRV T, B T S LR I 7 e B, AR SR
FH 50% 8 7KV WA A 15 700 TC 1l o4 ot VA VR o
1.3.1  ZEMRIEAS TA/ERMBCH FRE 1 mg
2R . SR . RN AR . WA MR bR e,
A 50%Z i K W, TR ETR A, C Rk B
1 000 pmol/L bRifEfifi 28, 43%¢, T-20 °C HOLLR
FEo I R, FH 50% 1 7K 35 WO g vk B2 43 i)
1,2, 4,10, 20, 40, 100, 200, 400 pmol/L ]
TAREW
132 FHREMRFEAL RN TAERMACH  FRE
1 mg Z TR [ 137 R IR AR, H] 50% i 7K 135 W v
fift, 733 1000 pmol/L f##, 432%%, T—30 C #bt
TRAF o
1.3.3 7 i 4E ] (QC) T A% i 1y e
30. 300 pmol/L QC TAEW .
1.34 iR FI M E K FRE 1 mg AQC ik
M, A1 mL ZREEf#E, #3511 000 mg/L AT A= 4k it
FliB 5w, AT 55 °C W F AT 15 min,
1.4 FHmurai2

] 10 pL ML3REEAFTIA 10 pL ZKF1 5 pl 14
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AR A, IR 10 s, FFRY 1 minCafi
e 54 Ja , A i s A= K A, A0 A BN 45
W BB LE 55 °C IEEE B b A 10 min.
FEAATAESEER, TIA 900 uL /KB B, EHLAGI .
1.5 LC-MS/MS &%

1.51 QLIT-6610MD {4, ji% 4% 1} . Phenomenex
Kinetex C18 ff %41 (150 mmx2.1 mm, 2.6 um), ¥
T 45 °C; T sh AR 0.1% 1 R /K ¥ T (A) F10.1%
HR O TEVEW (B), Tk 0.6 mL/min; ¥ FF 25 75 1
4 °C; BERE IR 3 s B R PR B AR /¥ - 0~0.5 min

(96%A), 0.5~2.5min(96%~90%A ), 2.5~5.0 min
(90%~72%A), 5.0~5.1 min(72%~5%A), 5.1~
6.1 min(5%A), 6.1~6.2 min(5%~96%A), 6.2~
7.2 min(96%A) .

JT i S FELME S5 B TR OE B AR,
T4 (QTPIS) 5 Z 4 + & F 144 (QTPISn); Hy
M5 %5 H IR 4 500 V, B IR 350 C, KRR
CR BE 300 °C, B§ SR 51 4.14x10° Pa, fi B < E
5% 2.07x10° Pa, X WK 58 5.52x10° Pa, HoAth 5
ESHIFE L,

%1 QLIT-6610MD /RiL&#
Table 1 Mass spectrometry parameters of QLIT-6610MD

HHER R T TET AL RE LA AR T
Amino acid Parent ion (m/z) Product ion (m/z) Fragmentation energy/% q Point Ionization time/s

Leu 302.1 171.1 25 0.28 0.01
Leu-d7 309.1 171.1 25 0.28 0.01

Phe 3351 171.1 25 0.3 0.01
Phe-d10 345.1 171.1 25 0.3 0.01

Tyr 352.1 171.1 25 0.3 0.01
Tyr-d10 362.1 171.1 25 0.3 0.01

Cys 291.1 171.1 25 0.35 0.3

1.5.2 AB QTRAR 6500+ {&3% 4 1.5.1 45,
JE i S H SR S IR OE B TR, £ O
T (MRM) #5525 HE I8 %5 B R 5 500 V, &5 T IR

B 450 °C, 25 LS 58 3.79%10° Pa, % Bl i 4 X,
JE i 3.45%10° Pa, R A% A 5k 2.41x10° Pa, filf i
fift 2 <, Medium, HA FE S50 T3 2.

&2 ABQTRAP 6500+ i 24
Table 2 Mass spectrometry parameters of AB QTRAP 6500+

BIER HEE T TET ERERIE I EE i it IE B s [
Amino acid Parent ion (m/z) Product ion (m/z) Decluster potential/V Collision energy/V Dwell time/s
Leu 302.1 171.1 50 34 0.01

Leu-d7 309.1 171.1 50 31 0.01

Phe 335.1 171.1 50 38 0.01
Phe-d10 345.1 171.1 50 30 0.01
Tyr 352.1 171.1 50 34 0.01
Tyr-d10 362.1 171.1 50 38 0.01
Cys 291.1 171.1 50 23 0.01
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H 1,,<<ls
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\—NH . . Derivatized amino acids

2° Amino acid;

t,<<ls

H,0
t,~15s

.
Gy S

NIPAN

NH

2 s =%

succinimide = N/ O N,
+CO, N

bis-Aminoquinoline urea

6-Aminoquinolone (AMQ) (derivatization peak)

E1 AQC SEBITHENREE

Fig. 1 Schematic diagram of amino acid derivatization of AQC™"
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2.1.1 A pHAEfE  HX 10 uL 100 pmol/L 4 F
HERASE R ER T 1.5 mL B.08 T, ik

A 70 wL B R 5 2% v i AT 20 ul 1 000 mg/L
A A= 38570 % W, 431 0.5 mol/L NaOH 5 0.5 mol/L
HCL¥ pH fH 4> 98 2 7. 7.5, 8. 8.5, 9. 9.5, 10,
W NRE T 10 s, RV 1 min J& , 68 FH & 0 1
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15 min, HEAATA S8 545 A 900 pL K F5 B, I

HAEDR

2.1.2 MREMIE B 10 pL 100 pmol/L 4 F
RILARMEMBR T 15 mL BL0E T, ik
MM 70 pL B2 5 22 vl A 20 pL 1 000 mg/L
AT AN W, PR 10 so 7 I 1 min 5,
e P B AT AR KA, B B0 53 '8 T 40, 45,

BURI, 25 5K T & 2a. A UL, 7E pH 8~10 i 50, 55, 60, 65 C ANFH E PN 15 min, #F5
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E T / g s
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Fig. 2 Optimization results of derivatization conditions
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Fig. 3 Mass spectra of leucine (a) and its internal standard (b)
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Fig. 4 Mass spectra of phenylalanine (a) and its internal standard (b)
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Fig. 5 Mass spectra of tyrosine (a) and its internal standard (b)
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Fig. 6 Mass spectrum of cystine )
R*>0.993 5,
<100 232 EEME L1065 5 M ROl R
. (LOQ). FL £ T W5 5 VI T VR 7
6 2 # (RSD) < 15%, 4 Fh & B2 ) LOQ A 1 umol/L,
4 é. RSD<7.81%.
| . 233 fEGHEE RIS AF 10 uL ALK A B
! Lents LA BEJF LA 10 uL QC TAEWER S L PR
|- Phesis VWL, RIS TP L 3 ANV [ QC R R
e /CTyTZ{s SR I 1 B 1415 7 0 TR b A 2R A
o 3 3 4 e T[] — K P, AR FEE ORE 45 5 0, 3t 4
I 1) /min HERE, LABRAS H RS 25 B R 3 s 182 3 K,
7 4TS EBENETEILE Kl #g 5 I kESh, 2548 3 MEE RS B Bk %
Fig. 7 Extracted ion chromatograms of R BE, 45 5R 8 T3 4 Al 0, R 2% B A8 S R AL
4 amino acids (CV)EI/INT 15%, ARSI 25 2E£15%30 FEL A .
F3 AMFEBNEEXREEER
Table 3 Linear relationship and limit of quantification of 4 amino acids
AL bt 2 I B L s B
Amino acid Calibration curve Correlation coefficient (R%) Linearity range/(pmol/L ) LOQ/(pmol/L)
Cys y=32539.6x+672.523 0.9979 1~400 1
Leu y=0.117283x+0.0134711 0.9964 1~400 1
Phe y=0.346144x+0.0254845 0.9935 1~400 1
Tyr y=0.936181x+0.0753799 0.9995 1~400 1
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Table 4 Accuracy and precision of 4 amino acids
H A% H A % 5
s Intra-day precision Inter-day precision
LR SHEIREE (n=5) (n=5)
) .. Theoretical concentration/ —— —
Amino acid (umoliL) SR X bR 2% R
Actual concentration/  Relative %% Actual concentration/  Relative EX 4
(pmol/L) deviation/% CV/% (pmol/L) deviation/% CV/%
Cys 3 3.22 7.2 7.2 2.81 10.8 11.6
30 29.04 -3.2 5.1 29.44 —0.6 9.7
300 278.41 -7.2 5.0 277.83 -7.4 12.3
Leu 3 2.77 =7.7 11.6 291 -2.9 7.6
30 27.84 =72 3.2 29.04 -3.2 6.2
300 269.39 -10.2 7.1 280.84 —6.4 6.9
Phe 3 2.72 -9.5 16 2.95 -1.8 14.4
30 27.96 —6.8 2.5 28.77 —4.1 3.6
300 266.41 -11.2 7.1 273.95 -8.7 7.0
Tyr 3 2.82 —6.0 8.0 2.69 -10.3 8.8
30 28.08 —6.4 4.4 28.77 —4.1 4.7
300 267.93 -10.7 5.7 274.80 -84 7.1
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Fig. 8 Bland-Altman analysis of 4 amino acids in 60 actual plasma samples
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