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Fig.1 (A) Extraction electrospray ionization (EESI) ion source, and (B) the schematic diagram of the EESI ion

source
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Fig.2 (A) Effects of the distance @ in Fig. 1 to the signal intensity of arginine detected by EESI-
MS/MS, and (B) effects of the distance b in Fig. 1 to the signal intensity of arginine detected by
EESI-MS/MS
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Fig.3 EESI-MS spectrum of arginine Fig.4 The EESI-MS spectrum of a human urine sample
The inset shows the EESI-MS/MS spectrum of arginine (diluted 100 times)

The inset shows the EESI-MS/MS spectrum of arginine
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Table 1 ~ Summary of the EESI-MS/MS spectra for 10 typical amino acids

A AT RS TR SR BT
No. Ami == o Mo [M+H]* " Collision energy Fragments
mino acic W + (% ) ( MS/MS)
o 84[ M+H-CO-H,0-NH, ]*
1 *ﬁfff 146 147 19 130[ M+H-NH, ]*
' 129[ M+H-H,0]*
itz Proline 115 116 19 70[ M+H-CO-H,0]*
AR Histidine 155 156 22 110[ M+H-CO-H,0]*
A 101[ M+H-CO-H,0]*
4 Glutamine 146 147 22 130[ M+H-NH, ]*

116[ M+H-NH=C(NH, ), ]*
o 130 M+H-NH,-CO]*
5 fi 174 175 22 70[ M+H-NH=C(NH, ),-H,0-C0]*

Arginine
158 M+H-NH; ] *
157[ M+H-H,0]*
N 69[ M+H-CO-H,0-NH, ]*
A 0-H,0]°
6 Ei b 131 132 22 86[ M+H-CO-H,0]
Isoleucine
115[ M+H-NH, ]*
2258 60[ M+H-CO-H,0]*
7 Serine 105 106 21 88[ M+H-H,0]*
KA 87[ M+H-CO-H,0]"
8 Asparaine 132 133 19 116[ MeHNEL ]
RAHTR 88[ M+H-CO-H,0]*
9 Aspartic acid 133 134 24 116 M+H-H,0]*
NE R 102[ M+H-CO-H,0]*
10 A 147 148 25 LM+ 20

Glutamic acid 130[ M+H-H,0]*
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Table 2 Summary of the performance of EESI-MS/MS for quantitative detection of amino acids

K5 10 Fp# S REAR 1Y EESI-MS/MS Ak Hh 2

Fig.5 Calibration curves of 10 typical amino acids deter-

mined by EESI-MS/MS

RIEFR 75 A 1 ( The number of amino acids are the same as

in Table 1) ,

A LN R A Bl RSD
Amino acid Linear equation R? Linear range LoD (% , n=6)
(ne/L) (ne/L)
R Lysine y=36.287+0. 328 0.984 10 ~ 1000 3.5 8.8
ili& & Proline y=122.70+0. 233« 0.980 5 ~ 1000 0.5 3.6
%R Histidine y=32. 540+0. 236x 0.991 10 ~ 1000 4.0 4.6
B ABNE Glutamine y=43.234+0. 193x 0.974 1 ~1000 0.2 4.6
KRR Arginine y=9.413+0. 224x 0.992 10 ~ 1000 3.4 6.0
SELER 1soleucine y=18.789+0. 205x 0.991 2 ~1000 0.4 4.1
2% /R Serine y=16.070+0. 114x 0.985 10 ~ 1000 6.3 9.5
RAMERE Asparagine y=11.752+0. 174x 0.994 1 ~1000 0.14 6.3
KAFR Aspartic acid y=8.531+0. 033x 0.980 10 ~ 1000 2.0 5.0
AE R Glutamic acid y=6.536+0. 021x 0.999 10 ~ 1000 2.0 4.6
H%& MR Glycine y=1.163+0. 0009x 0.985 100 ~ 3000 26.2 5.7
N/ Alanine y=8.720+0. 005x 0.986 50 ~5000 6.9 7.1
5 Valine y=118. 681+0. 073« 0.994 10 ~ 1000 1.7 4.3
LR Leucine y=24.278+0. 181x 0.986 10 ~ 1000 2.0 5.9
JRERR Threonine y=4. 609+0. 006x 0.982 1 ~3000 0.22 4.7
HNEMR Phenylalanine y=20.910+0. 031x 0.940 50 ~5000 4.3 4.0
{6 %% Tryptophan y=70. 167+0. 024« 0.995 50 ~ 5000 2.5 6.1
W% iR Tyrosine y=23.33+40. 117x 0.955 10 ~ 1000 2.0 5.5
F &R Methionine y=33.53+0. 043« 0.990 50 ~5000 7.0 7.1

3.4 Ri&HERDHT

— PR AR IR R 2 L/24 h o JRIE 2228008 5 3207 777 wmol/24 h(40827.47 pe/L)
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IR ,50, 100 F1500 pg/LABZNR , HEAT ISR S MIASHY 543 5K 225. 69 (RSD=2.2% ,n=6) 372.80
(RSD=2.4% ,n=6) .641.94(RSD =5.2% ,n=6) pg/L %% #4;98.84 (RSD=11.4% ,n=6), 162. 56
(RSD=5.1% ,n=6) ,527.97(RSD=4.6% ,n=6) wg/L Ki &R, Inds BRI 100. 7% |, 82.6% ,

103.4% f183.7% , 105.6% , 94.2% , {HAFEREAYZ, B DR A Hr BB X7E 0.5 min DAY,
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Direct Detection of Amino Acids Using Extractive
Electrospray Ionization Tandem Mass Spectrometry

XU Ning', ZHU Zhi-Qiang' , YANG Shui-Ping' , WANG Jiang' , GU Hai-Wei ™', ZHOU Zhen>”, CHEN Huan-Wen'
'( Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation
East China Institute of Technology, Nanchang 330013, China)
*(Institute of Environmental Pollution and Health, School of Environmental and Chemical Engineering ,
Shanghai University, Shanghai 200444, China)
*( Guangzhou Hexin Analytical Instrumentation Company, Guangzhou 510530, China)

Abstract A novel method, based on extractive electrospray ionization ( EESI) tandem mass spectrometry
(MS), was developed for the direct detection of amino acids in biological fluids with minimal sample pretreat-
ment. Based on our previous research, we constructed a new EESI ion source to improve the analytical per-
formance and operation safety. We optimized EESI-MS conditions using representative amino acid standards.
The reagent solvent ( methanol :water=1:1) was electrosprayed at 5 pl/min at high voltage (+4 kV, positive
ion detection mode). The temperature of the heated capillary was optimized to be 150 °C. Collision induced
dissociation (CID) experiments were done by applying 17% —25% of the collision energy to the precursor ions
isolated with a window width of 1.5 mass/charge (m/z) units. The limit of detection (LOD) of these amino
acids was in the range of 0. 14 - 26.2 png/L, and the linear dynamic range was larger than two orders of mag-
nitude. The amino acid concentration in human urine samples was measured by the method, and the average
time for a single sample analysis was less than 0.5 min. The recovery rates for different concentrations ranged
from 82.6% to 105.6% , and the relative standard deviations ( RSDs) ranged from 2.2% to 11.4% . This
study showed that EESI-MS was a powerful tool for the rapid, sensitive, and quantitative detection of amino
acids in complex biological samples.

Keywords Exiractive electrospray ionization; Ambient mass spectrometry; Amino acids; Urine
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