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Fig.1  Total ion chromatogram of natural abundance ( a) and high abundance "N labeling ( b) reference
substance derivatives
1: s 28 03 s 4 05
1. Alanine; 2: Urea; 3: Glycine; 4: Aspartic acid; 5: Glutami cacid.
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Alanine (My, 89) N-methyl-N-(trimethylsilyl)trifluoroacetamide, MSTFA  Alanine derivative (My,233)
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Fig.2  Derivatization reaction of alanine
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Fig.3  Electron impact ( EI) spectra of natural alanine (a) and high abundance "N labeling alanine ( b)
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1, Fig.4  Characteristic fragment of alanine derivative ( * : "N labeling
site)
1
Table 1  Molecular weight ( M) before and after derivatization and characteristic fragment of amino acids and urea
M, Characteristic fragment
Compound o o .
Before derivatization After derivatization Formula M, Fracture location
11@0 L
Alanine 89 233 CsH, NS 116 e N
((Ala) ; ;
A i
Urea 60 204 CeH,7N,0Si, 189 RN l
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1( Continued to Table 1)
M, Characteristic fragment
Compound Before derivatization After derivatization Formula M, Fracture location
o
. . PN
Glycine 75 291 C;H,NSi 174 L QRN S
(G e AN I
T [
H —Six
. i / NHi
Aspartate 133 349 CyH,, NO, Si, 232 | 0—
( Asp) : 0 i
Glutamate 147 363 C 14 H33 N04 513 246
( Glu)
* BN (* N labeling site) .
3.3
m/z 116 m/z 116 117 118
100: 12.8: 4.5 0.852: 0.109: 0.038. °N
m/z 117 m/z 117 118 119 2 o
C,H,"NSi **  C.H,"NSi*"
X, X 1 dalton
A A X, X, m/z=i (1),
m/z 60 ~ 63 A
m/z =i (2) ~(5) -

A, AT A = AT A A = 0.852: 0. 109: 0. 038
A = 2 A" = x, +0.852

mix

A7 = wy o AT w0 AT = x, #0109 + 3, + 0,852

mix

A" =y o A b, oA = %, 2 0.038 + 4, +0.109

mix

A = x, 2 A" = x, ©0.038
1 Xg +x, =1o
. (6) N
1 .
PN atom( %) = =(n«,) /(n-2x,) =98.8%
(6) 2 °N EI

Table 2 Characteristic fragment ions of N labeling alanine derivative and classification in mass spectrum

Formula Isotope peak cluster (m/z) Mole fraction Mole fraction results (% n=5)
CsH,, "*NSi *° 116 117 118 X, 1.1 1.2 1.1 1.2 1.1
CsH " NSi*~ 117 118 119 X, 98.9 98.8 98.9 98.8 98.9
1 3 N
3 N
CoH,, 08, N“N*"" C,H,,0S8i,"*N"”N*"  C.H,,08i,"’ N°N*" 3 Xy X
15 15

% 3 . 5N, 2 N

(6) 3,
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3
Table 3 Isotope abundance of "N labeling amino acids and urea
b
Distribution of natural 15N labeli a . .
abundance fragment fragm;:tng Caleulated value of RSD_ Reference value of Rcl'z(it{ve
Compound isotope abundance (% n=5) isotope abundance deviation
m/z Peak intensity Peak intensity (%) (%) (%)
116 100 1.16
Ala 117 12.8 100 98.8 0.03 98.5 0.3
118 4.50 12.5
189 100 0.27
Urea 190 19.0 4.50 97.5 0.12 98.1 0.6
191 9.90 100
174 100 1.31
Cly 175 18.6 100 98.7 0.03 98.1 0.6
176 8.21 21.1
232 100 0.49
233 18.9 100 99.5 0.02 98.1 1.4
Asp 234 11.2 21.0
246 100 0.50
Glu 247 23.3 100 99.5 0.05 98.1 1.4
248 7.81 22.0
in=5; " ( Measured by isotope mass spectrometer) © o
3 -
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40 ° Fig.5 Total ion chromatogram ( TIC) of amino acids and urea—
N N N derivatives in blood
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( 13) 1: Alanine 2: Urea 3: Glycine 4: Aspartic acid 5: Glutamic acid.
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Fig.6  EI spectra of amino acids and urea derivatives in blood
a. ; b. ; c. ;d. ;e o
a. Alanine; b. Urea; c. Glycine; d. Aspartic acid; e. Glutamic acid.
4
Table 4  Isotope abundance of amino acids and urea in blood
Fragment Fragment
Compound Isotope abundance Compound Isotope abundance
m/z Peak intensity (atom %) m/z Peak intensity (atom %)
116 100 232 100
117 12.4 Natural . 233 43.4 19.8
Ala bund Asp
118 4.5 abundance 234 23.8
189 100 246 100
Urea 190 21.8 15.3 Glu 247 36.3 11.5
191 17.5 248 11.8
174 100
Gly 175 27.9 8.49
176 9.84
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Determination of Isotope Abundance of °N Labeled Amino
Acids by Gas Chromatography-Mass Spectrometry

LEI Wen' > HOU Jie' DU Xiao-Ning"' ZHANG Wei-Bing’

'( Shanghai Engineering and Technological Research Center for Stable Isotope
Shanghai Research Institute of Chemical Industry Shanghai 200062 China)
*( College of Chemistry and Molecular Engineering
East China University of Science and Technology Shanghai 200237 China)

Abstract The determination method of isotope abundance for "N labeled alanine glycine aspartic acid

glutamic acid and urea which derived by N-methyl-V-{ trimethylsilyl) trifluoroacetamide ( MSTFA) was
developed. The five derivatives were baseline separated under optimized GC-MS conditions. The suitable
characteristic fragment ions were chosen for isotopic abundance calculation by analyzing the EI mass spectrum.
The isotope abundance can be obtained by isotope peak cluster algorithm. Isotope abundance of various
compounds can be determined at same time by this method. The developed method was validated by "N
labeled reference substance of amino acids and urea. The results showed that the RSD of the method was less
than 0.15% and the relative deviation of isotope abundance was less than 1.4% . The isotope abundance of
four "N labeled amino acids and "°N labeled urea in blood were successfully determined.

Keywords Isotope abundance; Amino acid; Gas chromatography-mass spectrometry; N labeled
( Received 11 May 2015; accepted 12 June 2015)
This work was supported by the Shanghai Science and Technology Talent Planning Postdoctoral Fund ( No. 14R21421800) the Special Fund
of Shanghai Science and Technology Commission for Technical Standards ( No. 13DZ0502601) and the Special Fund of Science and Technology
Ministry ( No. 2014EG116258) .



