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Amino acids analysis without derivatization by using liquid chromatography
guadrupole time-of-flight mass spectrometer (LC-QTOF-MS)

MATSUMOTO Tsuyoshi*, KISHI Daiki*, ENOMOTO Yasuyuki* and NOGUCHI Hiroshi*
*Tokyo Customs Laboratory 2-7-11 Aomi, Koto-ku, Tokyo, 135-8615 Japan

Amino acids are usually analyzed by the post-column-derivatization method or pre-column-derivatization method using an
automated amino acid analyzer or general HPLC. Recently, LC-MS/MS operating in the selected reaction monitoring (SRM)
mode has been used for amino acids analysis because a MS (mass spectrometer) can detect amino acids without derivatization

and the SRM mode has high selectivity and sensitivity. However, this method has disadvantages; (1) it is required to optimize

SRM parameters for individual compounds and (2) it is impossible to measure compounds for which SRM parameters are not
optimized. The total ion monitoring (TIM) mode using LC-QTOF-MS has the advantages that; (1) there is no need to optimize

MS parameters for individual compounds and (2) the acquired data can be used for non-target analysis. In this study, we
examined an analysis method for underivatized amino acids by using LC-QTOF-MS. As a result of the measurement of 20
standard amino acid samples, the measured exact masses were in close agreement with the calculated exact mass of [M+H]+

and the repeatability of peak area intensities obtained from extracted ion chromatography (EIC) of [M+H]+ were generally

less than 5% in relative standard deviation, except for glycine and L-alanine. Furthermore, the coefficients of determination
(R2) of the calibration curve ranged from 0.98-1.00 in the concentration range of 1-20 pmol/L.
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Table 1 Results of LC-QTOF-MS analysis of underivatized amino acids showing elution order, retention time, measured accurate mass and so on.

Elution Retention time Amino acid Symbol Formula Molecular Calculated exact ~ Measured accurate Mass error
order (min) (3-letter) Weight mass of [M+H]* mass (m/z) (mDa)
1 5.1 L-Phenylalanine Phe CgH1:NO, 165.19 166.0868 166.0862 0.6
2 5.6 L-Leucine Leu CsH13NO, 131.18 132.1025 132.1022 0.3
3 6.1 L-Isoleucine lle CsH13NO, 131.18 132.1025 132.1021 0.4
4 6.5 L-Methionine Met CsH11NO,S 149.21 150.0589 150.0586 0.3
5 6.8 L-Tyrosine Tyr CgH1:NO3 181.19 182.0817 182.0814 0.3
6 7.1 L(-)-Proline Pro CsHgNO, 115.13 116.0712 116.0707 0.5
7 7.3 L-Valine Val CsH1:NO, 117.15 118.0868 118.0863 0.5
8 9.7 L-Hydoroxyproline Hyp CsHgNO3 131.13 132.0661 132.0657 0.4
9 10.1 L-Alanine Ala C3H/NO, 89.09 90.0555 90.0552 0.3
10 10.2 L-Threonine Thr C4HgNO; 119.12 120.0661 120.0656 0.5
1 10.4 L-Glutamic Acid Glu CsHgNO,4 147.13 148.0610 148.0607 0.3
12 10.8 Glycine Gly C2HsNO, 75.07 76.0399 76.0398 0.1
13 10.8 L-Aspartic Acid Asp C4H7NO,4 133.10 134.0453 134.0447 0.6
14 111 L-Serine Ser C3H/NO; 105.09 106.0504 106.0502 0.2
15 11.6 L(+)-Citrulline Cit CgH13N303 175.19 176.1035 176.1031 0.4
16 133 L(-)-Cystine (Cys)2 CsH12N204S, 240.30 241.0317 241.0311 0.6
17 18.5 L-Histidine His CsHgN30, 155.16 156.0773 156.0771 0.2
18 19.4 L-Lysine Lys CsH14N20, 146.19 147.1133 147.1129 0.4
19 19.6 L-Ornithine Orn CsH1,N,0; 132.16 133.0977 133.0972 0.5
20 20.8 L-Arginine Arg CesH14N4O; 174.20 175.1195 175.1188 0.7
Table 2 Relative standard deviation (%) of peak area obtained by five measurements and coefficient of determination (R?) of calibration curves.
(Extracted mass range : m/z ([M+H]*) =50 ppm)
Elution  Amino RSD(%, n=5) of each concentration Coefficient of determination (R?) of calibration curves
order acid 1 2 5 10 15 20 40 1-10 umol/L 1-15umol/L 1-20pmol/L 1-40pmol/L
pumol/L  pumol/L  pmol/L  pmol/L  pmol/L  pmol/L  pmol/L (4 points) (5 points) (6 points) (7 points)
1 Phe 1.6 3.2 35 2.7 33 3.2 3.0 0.9985 0.9951 0.9944 0.9842
2 Leu 1.6 2.1 3.1 2.4 3.2 2.3 21 0.9987 0.9946 0.9934 0.9845
3 lle 15 1.9 31 25 3.9 1.9 3.6 0.9988 0.9938 0.9932 0.9792
4 Met 1.7 3.2 2.9 2.8 3.2 2.0 2.2 0.9967 0.9944 0.9925 0.9808
5 Tyr 1.2 2.1 33 2.2 21 2.8 35 0.9939 0.9873 0.9832 0.9647
6 Pro 2.0 25 2.4 2.4 2.3 2.0 1.8 0.9962 0.9937 0.9924 0.9810
7 Val 0.9 19 3.9 2.8 2.7 3.0 21 0.9999 0.9966 0.9924 0.9750
8 Hyp 3.6 3.6 31 2.3 2.6 34 3.4 0.9891 0.9875 0.9845 0.9711
9 Ala 6.5 8.0 5.3 6.9 49 7.0 7.7 0.9998 0.9973 0.9947 0.9876
10 Thr 35 2.3 3.2 3.4 3.8 5.1 2.7 0.9996 0.9995 0.9994 0.9985
1 Glu 0.8 3.2 35 33 44 44 31 0.9995 0.9996 0.9995 0.9920
12 Gly 23.8 7.7 9.0 6.2 7.3 5.4 6.8 0.9973 0.9908 0.9839 0.9677
13 Asp 4.9 3.2 3.6 15 31 49 4.4 0.9999 1.0000 1.0000 0.9975
14 Ser 34 31 3.7 33 5.2 41 8.5 0.9998 0.9999 0.9999 1.0000
15 Cit 4.3 42 2.6 1.8 2.4 1.8 1.8 0.9943 0.9876 0.9831 0.9588
16 (Cys)2 3.2 35 3.8 3.2 2.6 2.9 3.2 0.9968 0.9974 0.9987 0.9956
17 His 4.3 44 4.1 338 3.6 2.7 1.0 0.9959 0.9924 0.9904 0.9767
18 Lys 41 41 5.6 3.0 2.6 25 1.6 0.9807 0.9929 0.9961 0.9904
19 Orn 1.8 3.8 4.0 3.4 3.6 3.4 1.9 0.9968 0.9988 0.9988 0.9857
20 Arg 4.0 4.1 5.3 3.0 4.1 2.6 1.8 0.9986 0.9920 0.9835 0.9387




24
etk v~ b7 5 7 AT BT (LO-QTOF-US) £ FIVET 3/ B IR IR HHED Bt

x10 2
TICC

17

16 18 20
19

x10 2 1:Phe (m/z 166.086)

1 - .

04 AL

x10 2 2:Leu (m/z 132.102)

1 4 .

| L

x10 2 3:1le (m/z 132.102)

Ll b

. M

x10 2 4:Met (m/z 150.058)

1 - .

0 - _L

x10 12 5: Tyr (m/z 182.081)
0 - L

x10 12 6:Pro (m/z 116.071)
04 L

x10 2 7:Val (m/z 118.086)

EIC

x10 2 8:Hyp (m/z 132.066)

x10 2 9: Ala (m/z 90.055)
191 |

0 .
x10 2 10: Thr (m/z 120.066)

| .'\

0 - S

1 2 3 4 § 6 7 8 9 10 11 32 43 14 15 16 17 18 19 20 21 22 23
Counts (%) vs. Acquisition Time (min)

Fig.1-1 TICC and EIC of amino acid standards (Elution order: 1-10, Extracted mass range : m/z ([M+H]*) =50 ppm).
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