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Overview 3-2. Alloisoleucine specific quantification

We here present a new method for the quantification of 47 amino acids, including the =~ The chromatographic separation of leucine, isoleucine and alloisoleucine enables their
separation of leucine, isoleucine and alloisoleucine (specific marker for MSUD). Additional specific quantifications in a single run, already including a wide number of amino acids.
amino acids may be added upon request. Total cost per sample is reduced from 13€ to 2€  This specific quantification is reinforced by the use of specific transitions. A typical
compare to current methods. Certified plasma controls showed good accuracies and chromatogram is presented bellow.
repeatability. Leucine (Leu) (+)
132.00>43.00(+)

1. Introduction

Amino acids are routinely assayed to diagnose inherited metabolism disorders. As they are ﬁ
highly polar compounds, they are hardly retained onto reverse phase columns.
Derivatization or addition of ion pairing reagent in the mobile phase is required. For easier |
and rugged analysis of amino acids, there was a need for a new solution not using pre- |
mentioned reagents. Recently, a new LC-MS/MS method was developed for the
simultaneous high sensitive quantification of amino acids, using a mixed-mode column and - N

typical volatile mobile phase suitable for LC-MS/MS (1). However a separate injection was I I I I

still needed for the quantification of alloisoleucine. Alloisoleucine is of much interest for 5.0 7.9 10.0 12.5 min

newborn screening as it is currently the most specific and most sensitive diagnostic marker Figure 3. Typical chromatogram for the separation of leucine, isoleucine and alloisoleucine.
for all forms of maple syrup urine disease (MSUD). We here present a new analytical
methoc! enabling the.q.uantlflca.tloon 47 amino aqu, in a unique analytlca.I run, mcludmg the 3-3. Method Performances
separation and specific quantification of leucine, isoleucine and alloisoleucine. Sample

preparation is very simple. Plasma is precipitated and supernatant is directly injected. All  Analytical performances of the method were monitored using certified plasma samples
amino acids were separated in 25 minutes. Particular attention was paid to separate isobaric  from Recipe as calibrators and certified plasma controls from MCA Laboratory as QC
amino acids chromatographically or by using specific MRM transitions. Plasma calibrators ~ samples. Accuracies of calibrators and QC samples were comprised between 80 and 120%
as well certified plasma controls showed good repeatability and excellent accuracy values. for all analytes, and RSD values were all bellow 15% (n=3 intra-day, over 3 days for inter-

day, n=9).
2‘ Materlals and MethOdS Calibrator level 1 Calibrator level 2
The new method was developed using LCMS-8050 triple quadrupole mass spectrometer |, .. adq Conc. (uM) /igc- (%) Ros/Dmtfday Ros/Dmt_e;ay Cone. (uM) A_;c. (%) Ros/Dmt:a;ay Ros/Dmtjrgay
(Shimadzu Corporation) coupled to the Nexera X2 high performance liquid | e mi |G ) | b 52) =) mn-mar | (%, 1=3) | (%, 1=9)
. : : ) Alanine (Ala) (+) 413 84 - 115 5.0 12 692 82 - 120 2.4 15
chromatography (Shimadzu Corporation). The separation was performed using Intrada 5 naaminon-butyric (Abu) (+) 15 51 . 115 | 82 13 = 23 . 119 | 1.0 T
Amino Acid 150mm column (Imtakt Company). An acetonitrile, tetrahydrofuran and  |Arginine (Arg) (+) 29 94 - 106 | 1.9 4.2 256 | 95 - 107 | 05 4.5
ammonium formate buffer with 0.3% of formic acid was used as mobile phase A, and an  Asparagine (Asn) (- 40 81 - 119 13 14 185 | 8 - 117 12 14
o : ) . : ) Aspartic Acid (Asp) (+) 10 83 - 120 9.3 8.8 105 80 - 119 15 13
acetonitrile and ammonium formate buffer mix was used as mobile phase B, in gradient  |ciuiine (cit) (+) >4 23 . 118 >3 13 120 04 . 107 0.6 c 3
mode. Injection volume was 1pL, reducing the matrix effect. Certified plasma samples from  |Glutamic Acid (Glu) (+) 104 | 91 - 115 88 8.1 207 | 89 - 115| 35 8.0
Recipe were used as calibrators and certified plasma samples from MCA Laboratory were  [Slutamine (Gln) (+) 449 | 87 - 112 | 34 2.4 945 | 96 - 106 17 4.0
: : . . Glycine (Gly) (+) 192 81 - 120 7.4 15 667 87 - 115 3.8 11
used as quality control samples (QC). The sample preparation consisted of a protein  |istidine (His) (+) - 03 . 112 49 61 170 97 - 108 18 3c
precipitation followed by a centrifugation. Isoleucine (lle) (+) 83 95 - 108 3.8 3.8 131 90 - 108 4.8 6.1
Leucine (Leu) (+) 148 94 - 114 2.4 6.0 291 89 - 110 4.9 6.8
Lysine (Lys) (+) 170 96 - 104 2.5 3.1 270 9% - 102 1.4 2.6
1L Methionine (Met) (+) 29 82 - 110 2.4 11 67 86 - 115 8.4 12
| Agitation and et Ornithine (Orn) (+) 139 85 - 116 4.3 10 334 86 - 120 2.5 13
| / centrifugatio Nexera X2 Phenylalanine (Phe) (+) 79 95 - 105 2.1 3.4 421 97 - 102 0.6 1.7
// L N K ‘ ‘ T G Proline (Pro) (+) 231 99 - 101| 03 0.7 461 99 - 102 | 0.9 0.8
Serine (Ser) (+) 100 89 - 113 3.7 7.5 291 96 - 104 2.6 3.0
Taurine (Tau) (-) 45 83 - 118 3.9 12 190 96 - 105 1.6 2.8
Threonine (Thr) (+) 113 84 - 119 11 13 210 80 - 119 5.3 13
: : e : s Tryptophan (Trp) (+) 48 96 - 104 1.9 2.6 215 98 - 104 0.2 2.5
Figure 1. Sample workflow overview for the quantification of amino acids in human plasma. Tyrosine (Tvr) (+) o 08 - 102 . 4 500 97 - 102 09 g
Valine (Val) (+) 239 96 - 105 2.3 2.6 433 97 - 102 0.4 1.5

3. Results
3-1. Typical chromatogram

Table 1. Human plasma calibrators : accuracies and RSD values.

. . . . . . . . e . Quality control level 1 Quality control level 2
A total of 47 amino acids, including alloisoleucine, were simultaneously quantified in an PR oD Py .

. . . .« e . . . . - - \/0 intra da inter day - \/0 intra day inter day
analysis time of 25 min. MRM transitions and source parameters were optimized using  /AminoAcid Conc. (MM)|(Zg) o | (%, n=3) | (%, n=g) |COMC M) o % n=3) | (%, n=9)
LabSolutions Connect software (Shimadzu Corporation) and specific MRM were chosen for  |Alanine (Ala) (+) 313 | 90 - 119| 43 9.4 880 | 91 - 120| 16 10
isobars when hardly resolved by chromatography. Typical chromatogram in human plasma  AlPha-amino-n-butyric{Abu)(+) 29 | 80 - 106 1.1 3.1 92 | 84 - 110 43 8.5
. Arginine (Arg) (+) 27 81 - 94 1.3 5.1 507 97 - 110 0.5 4.3
is showed bellow. Asparagine (Asn) (-) 37 84 - 114 8.2 11 205 80 - 119 3.0 8.9

W Aspartic Acid (Asp) (+) 18 82 - 118 14 13 98 84 - 120 13 14
10000 | | Citrulline (Cit) (+) 20 87 - 107 8.8 6.8 406 68 - 72 1.1 2.2
| Glutamic Acid (Glu) (+) 74 82 - 113 1.2 13 240 85 - 106 0.8 8.5
Glutamine (GIn) (+) 531 90 - 99 4.1 3.7 1073 | 102 - 110 0.3 3.0
AR Glycine (Gly) (+) 291 81 - 117 8.8 13 948 92 - 117 7.8 7.0
0000 | o L V, z e om 10ut00 2000 Histidine (His) (+) 97 95 - 119 | 56 8.5 380 92 - 118 | 09 8.6
j | | e (he) () 160 10120 Isoleucine (lle) (+) 31 96 - 120 | 2.7 7.0 377 99 - 105 | 1.3 1.9
MIgros_i”e((l\;yggii;;gtig;gg Leucine (Leu) (+) 76 84 - 111 7.5 10 3839 99 - 112 54 3.9
1 (fa)AIIoisoIeﬁucine (aIIe),ib_)/\I\sEIeucine(Ile)(+)1Sé.OO>69.i0(+) LySIne (Lys) (+) /6 387 - 116 0.3 2.3 467 87 - 117 0.7 1.8
8000~ Methionine (Met) (+) 9 83 - 113 10 13 226 82 - 96 3.3 5.1
Alpha-aminoadipic acid (Aad) (+) 162.10>98.20(+) I

AR Ornithine (Orn) (+) 62 80 - 103 6.4 10 614 84 - 112 2.4 9.7

Pipecolic Acid (Pip) (+) 130.10>84.00(+)
| | | p ; Phenylalanine (Phe) (+) 74 97 - 100 1.7 1.4 922 101 - 104 0.6 1.2
N R N S Valine(Va) (1) 11810>7210() Proline (Pro) (+) 191 99 - 102 0.9 1.0 565 104 - 108 0.8 1.0
R 1 e ) ) 0 108 00 Serine (Ser) (+) 51 | 80 - 94 | 38 4.6 248 | 89 - 104| 27 4.8
. | Threonine (Th) (+) 120.10>73.90(+) Taurine (Tau) (-) 48 82 - 119 7.8 7.8 398 81 - 111 3.9 3.5
- e Aokt (o (o 195 507 0000 Threonine (Thr) (+) 100 | 81 - 99 7.5 7.7 402 92 - 116 | 87 7.8
6000 Tryptophan (Trp) (+) 146 81 - 90 1.6 4.1 320 86 - 94 0.7 2.6

_ \{Ff_g . S'S“”"Cysz:”:ié:gs; :)27(;09%:?111;3\ Tyrosine (Tyr) (+) 51 96 - 116 4.6 6.2 838 106 - 112 0.4 1.6

| o EE L 2 Valine (Val) (+) 151 90 - 94 1.0 1.8 304 101 - 105 0.8 1.0

7 } K Methionine Sulfoxide (MSO) (+) 165.90>74.00(+)

5000, H \ Citrulline (Cit) (+) 176.10570.15(+) Table 2. Human plasma quality controls : accuracies and RSD values.
J \ | Taurine (Tau) (-) 124.10>80.00(-)
i ; ‘n\ ° ° °
oo 052 ) (1472020400 | ol Conclusions & Discussion

i l I 1

1 B-Aspartylglucosamine (GIcNAc-Asn) (+) 336.10>125.90(+) H ;“ “M‘ H R . . ..

| Cystine (Cys2) (+) 240.805151.90() i — /HH\ A novel LC-MS/MS method was developed for the simultaneous and high sensitive

7 Homocystine (HCy2) (+) 268.90>136.00(+) |\ A ) m . o . . . . . . . . .

. o ] i quantification of 47 amino acids in human plasma, with no need of derivatization or ion

T e I pairing agent, and a very simple sample preparation. The method directly includes the

* Y | quantification of alloisoleucine, which is essential for the newborn diagnostic of maple

2000, Omithine (Orn) (+) 133.10570.10(1) , [ i syrup urine disease (MSUD). Additional amino acids may be added upon request. The

e o oo T It total average cost per sample is reduced from 13€ to less than 2€ per sample compare to

UL — N— GRS current methods with derivatization. Amino acids were quantified in a total analysis time

71 Beta-Alanine (BAla) (+) 90.10>72.10(+) [ | . . . . . . o e .

1000, n | ﬂ of 25 min with a good distinction between isobars. Plasma control sample injections
| | | . : :

| Hisidine (His) (+) 156.10110.00(+ B ——— showed good repeatability and accuracy. The method proved its fits for purpose to

| Anserine (Ans) (+) 241.00>109.00(+) Hr j | \‘\ . . . .. . .

| 5-Aminolevuianic Acid (DALA) (+) 132.105114.20(1) support diagnosis and may be used also in clinical studies to monitor drug effects on

0 ‘\‘ .

| Arginine (Arg) (+) 175.00>70.10(+) ‘L metab0|lsm’

7 T T T ] ] T ] ] ] ] (1) A. Jaffuel and M. LeVi, “A novel fast quantiﬁcation method for amino acids in human plasma by LC'MS/MS, without ion
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pairing or derivatization” poster presented at the 3rd MSACL EU Conference on Mass Spectrometry, Salzburg, Austria, 2015

Figure 2. Typical Chromatogram for the quantification of amino acids in human plasma. Disclaimer: For Research Use Only. Not for use in diagnostic procedures. Not available in the USA, Canada and China.



