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Abstract : In this study, a new quantitative analytical method has been developed for the rapid
determination of acylcarnitines and amino acids in human blood using electrospray ionization /
tandem mass spectrometry (ESI-MS/MS). Acylcamnitines and amino acids were analyzed by tandem
mass spectrometry after conversion to their butylesters through treatment with 3N butanolic hydrogen
chloride. Acylcarnitines were analyzed using precursor 85 ion scan and alanine, valine,
Jeucinefisoleucine, methionine, phenylalanine, tyrosine, aspartic acid and glutamic acid were analyzed
using neutral loss 102 scan, omitine and citrulline were analyzed neutral loss 119 scan, glycine was
analyzed using neutral loss 56 scan, arginine was analyzed using peutral loss 161 scan and
argininosuccinic acid was analyzed product ion 459 scan. This method reduced sample preparation
time compared to that with conventional amino acid analyzer and liquid chromatography, with high
sensitivity and good reproducibility.
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Fig. 1. Butyl esterification of acylcamitines and amino
acids.
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Fig. 2. CID fragmentation pattern of acylcarnitine and
amino acid butylesters. (A) Common neutral
loss ion of mfz 102 from CID of amino acid
butylesters, (B) Common precursor ion of m/z
85 from CID of acylcamitine butylesters.
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Fig. 3. Schematic diagram of on-line system.

2.2, Agwy

£ Holg YHAX(filter paper, Schleicher and
Schunel, S&S #903; Dassel, Germany)o| 75 L& 4
A5 U4AESE dLdA HEANG. 443 Az
 8Ad=|E= DBS puncherE ©]43l9 3.2 mm(1/8")
A28 AEgs, oS 96-well microplated] Beth
gutdos 32 mm #7)9] BAQAE 3 plo] Y
& ¥t Y Aoz gA Stk ¥ spoto]
71 96-well microplates]] o}A7}EU ¥y} ofm|4te
WREZEAo] 49 80 % wEge &d4L 150 pL
Yo g incubator/shakerd] X 3087 EEFELY EE
ojZo] By Foe 60 TAH ALE o83t &
3 AZAAD. ols} gol NEE F£F FH o=
S=A8 34L& AN fFEAZe godM F2
5l % ehd3] AXAZ] 96-well microplateo] 3N
butanolic hydrogen chloride® 150 pL¥ ¥, 60 T

L orir

O

Analytical Science & Technology



ESI-MS/MSE o83 old7hzuesh ofulxabe] 32y 387

3|4 2027} incubator/shakers] 4] EEojEt). o]R
A s fEdz} 3P 29 9, 4 P 98
Yoz $Ad AxAY. a3 vpxuteg 80
% SMEUEZR 150 4LE 96-well microplates] Fo]
1, 30#7t incubator/shakerol| A &Eo0iZc) o& A
sto] AME7t 2% EFUW autosamplerE o] §3ho
Y FFEA 7)) NEE FUSAT o)Az
80 % SHHEUELS AL31g1, Aay Fe 2
#L, o153 §4& 50 yLmin, $E/AZE T
= ALE ARSI oldslald zenye oy
AsA myz 250-5502] o)A precursor ion 85 scan
< S8 HASGR, ol Zadye A 9
A mfz 1203009] HohA neutral loss 102 scan,
m/z 120-3009] M)A neutral loss 119 scan, m/z
90-1802] R $1o)| A neutral loss 56 scan, m/z 190-280<]
AN neutral loss 161 scan 2] Haujolx o}
E7IieHAYte] YoEA Folr7) 918 product
459 scang 3Gth T 4% L AN AYS 9
) oE2YE, sdgeid, AEZH diaj A
3tk

3. &t ¥ @

ord7tE2 e ¥4(precursor ion 85 scam)e] HZ
MS/MS ZL- declustering potential(DP)o] 40.0 V,
focusing potential(FP)©] 391.0 V, entrance potential(EP)
o] 9.0 V, collision cell entrance potential(CEP)o| 18
V, collision energy(CE)7} 43 V, collision cell exit
potential CXP)©] 2 V, deflector(DF)7} -150 V, channel
electron multiplier(CEM)7} 2000 V, collision activated
dissociation gas(CAD)7} 6 psi, curtain gas(CUR)7} 25
psi, nebulizer gas(NG)7} 15 psi, auxiliary gas(AG)7}
40 psi, ionspray voltage(ISV)7} 5500 V :18]1 ion
source L= 200 Tolth. th9] Fig. 4 (A)e 99
MSMS KAz oM A& FAQle AHEHo|1,
Fig. 4 (B)T isovaleric aciduriag}ly= §7]2bAbe]Aba
B gAe) ~FEo|T Fig. 4 (B) $4e) ~¥EY
A Bxo] #ale] B¢ olawHdsEYR(CS)o0)
AR vl 323 Wol FAHHE & 5 Qok 2
21 AHEHoM *2 FAE AL ofdzlzyge)
HWREFEREZ SAUE g7l 2YEI(C2dy), =
E2IEBUR(CIG), RE|PF2UR(Cady), L8

Vol.14, No.5, 2001

Y72V RICE-d), A= LFAZUR(Clody) §
olth. Fig. 40l Hio| ESLMSMS WL o)g3t
oHIZl2UR $Ae Jd4tdes 74 @ A
WAl 3AES A& . FosA A9 + e uy
o] €& 4 gl

100 2

% Intensity
g

cis:

l ct

270 300 330 360 390 420 450 480 510 540
miz

(A) Normal

% Intensity
(43
(=]

270 300 330 360 390 420 450 480 510 540
miz

(B) Isovaleric aciduria
Fig. 4. Blood acylcamitine profiles obtained by ESI-
MS/MS analysis, scanning for precursor ion of mjz 85.
(A) normal, (B) a case of isovaleric aciduria(fIVA).
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(B) Phenylketonuria

Fig. 5. Blood amino acid profiles obtained by ESI-
MS/MS analysis, scanning for neutral loss ion
of mjz 102. (A) normal, (B) a case of
phenylketonuria(PKU).
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(B) Citrullinemia
Fig. 6. Blood amino acid profiles obtained by ESI-
MS/MS analysis, scanning for neutral loss ion of m/z
119. (A) normal, (B) a case of citrullinemia.
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(B) Neutral loss ion of mjz 56
Fig. 7. Blood amino acid profiles obtained by ESI-
MS/MS analysis. (A) scanning for neutral loss ion of
myjz 161, (B) scanning for neutral loss ion of m/z 56.
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Table 1. Concentration of acylcarnitines and amino
acids in human blood

acetylcamnitine (C2) 1.590 17.850
propionylcarnitine (C3) 0.202 7.895
butyrylcamitine (C4) 0.024 0.890
isovalerylcarnitine (C5) 0.088 0.908
hexanoylcarnitine (C6) 0.120 0.368
octanoylcarnitine (C8) 0.074 0.233
myristoylcarnitine (C14) 0.043 0.251
palmitoylcarnitine (C16) 0297 6.505
oleylcarnitine (C18:1) 0.140 2.898
alanine 48 547
valine 74 321
leucine+isoleucine 71 323
methionine 7 60
phenylalanine 26 137
tyrosine 24 147
aspartic acid 20 129
glutamic acid 62 620
ornitine 10 211
citrulline 10 46
arginine 6 140
glycine 124 740

Unit : nmol/mL
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Fig. 8. Calibration curve of phenylalanine and citrulline.
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AL 5g 3 48 123 3o d& G
FHEFHARSD)E YepSITE T3] Table 2
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Table 2. Recovery and precision of phenylalanine and
citrulline (n=12)

Anal Spike 200 M RSD| Spike 800 «M  RSD
yte (Recovery) i (%)| (Recovery) : (%)
. 12013447 uM 809+138 uM
Phenylalanine (100.6%) 23 (101.1%) 1.7
. 194358 uM 810+20.1 u M
Citrulline ©72 %) 30 (101.3%) 25

n=12 : number of data point

4.d B
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electrospray  ionization tandem mass spectrometry
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& neutral loss 102 scang AHE3tY 7HAE & & AU
o, o =2UEld ANEEYUEL neutral loss 119 scan, &
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161 scan 18]3 o}E7|YxMA AR product ion
459 scand AME3le] AgFHo g TE Hy Qo] AE
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