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FAdE dAREEQ f714Horganic acidemia), oFv]
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Hyeperhistidinemia) & 7%(5% ¢°| TSH, Free
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MSe 23474 FAB/MS/MSt 2 | §¢ A%,
AL ofdl2YRe BAYPozN {434 ALE
Holzth 0dE M2 7Hes HHolAR" ESI/
MS/MSE ohd7t2Urz o] AXUAIERZA §9
T oo EAEta, vFAACEA g EIA
T = g AESA=IF Holdo] AU
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< ojn Rdoldslzyrle] FHEE AL YL
22 LC (Liquid chromatography)®] o]&4e] #HE
o] Bo|3l==E 2% acetic acidi} trifluoroacetic
acide} 2 H/MAIE ¥Xolx positive ESI/MSH
Ao Agsitte Aok Ql, Q2, Q32 FAHE MY/
MSE%E Q29 Collision-induced Dissociation (CID)
of o3 Fdoldrt2yrle] (CH3)3N3 C4H8 2|1
ZA7}A ] o 1EQ RCOOHE E¥= o] ztzto] "o
A1, m/z 859 FZtol2& wEY ojxZte ZY] o
€ RIFE 7IA opdslzvdez o 27+ wE
o] MS/MS2HEHS A ecHFig. 2).
HEZ=gold e ©aF 1670 ol I A
uato] AbslE|o] &S 27190 JHAFEE acetyl CoA
7R AAEEE o] HAAM L-sl2U"e I
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* | I .
(CH;),N—CH,- CH- CH,- CO + C,Hy-OH

R 0
HCl + I 0l
—» (CH;;N—CH,-CH-CH,-COGH,+ H,0

Fig. 1. Butyl esterification of acylcarnitine.
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Fig. 2. CID fragmentation pattern of acylcarnitine and amino acid butyl esters. (A) Common neutral loss ion
of m/z 102 from CID of amino acid bytylesters; (B) Common fragmentation of m/z 8 from CID of

acylcarnitine bytylesters.

3 mEZ=gol FAHE IFEAAFE FEIA
(detoxifying agent)2419] J&L 3t} Aol &
o, ¥F F olisiEUdo] HAZHoR FUHHOE
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2. dgR

1) E=E 9 labeled stable isotope internal

standards

Acetyl-[d3-methyllcarnitine, octanoyl-[d3-methyl]
carnitine, palmitoyl-[d3-methyllcarnitine, = alanine-
2334-d4, valine-d4, leucine-555-d4, methionine—
methyl-d3, phenylalnine-ring-d5, tyrosine-ring-d4
£ Cambridge Isotope LaboratoriesZ%E T3t
t}. 7l oimxAtyl Al {714 BEFELS Sig-
ma$} Aldrich2%8 T8t

2) Al 2

HAL filter paper (Schleicher and Schunel, S&
S #903; Dassel, Germany)ol F @t 24A17HF<t
ALoa Azt 24F w7tA polypropylene bag
of Hobd @I Bt AWAEE BY I7A
-20TE B3

3) SYAIZ H=

Hol(blood spot)E 5 mme ¥Poz HX}Y
glass vialel EEth ARE 400 gl HEENA 253

2 308 329 AES M vialZ §74 LF Sl
Z9 AZAZ A EE A2 n-F&EE 200 plst obAl
g2 zelols T %) Viad F23o2 43t
3 65EA 308z tddth EFAL AEAA W"
€ 200 plo] TA] Fo AFEA vialZ &3

4) A¥AIZ HE

29 2 mLol 100 nmol®] 3-phenylbutyric acid®t
100 nmol®} heptadecanoic acidE WHEFHoZ 3
7bgth, A|2E pH 12 AHJ318t1(4N HCI 3 %2)
NaCl2 =3tk 2 mLel ethyl acetate B di-
ethylether2 7zt 23] &%t} 45 44E839
(2500 rpm, 10%) 33 %4 magnesium sulfate®
FEAAZ AL AN AZFAE 200 ¢1 o
HEUEH %o bis (trimethylsilyl) trifluoroacet-
amide (BSTFA) (1% trimethylsilyl choloride), ¥
a3 4 (41, v/v) 80EAA 1Az Ztd@th s
& ABE 200 pl FMHNEUEZY o AFEY vial
2 &7t

5) Tandem Mass Spectrometry

ESI-MS/MS+ Perkin Elmer Wallac triple quad-
rupole mass spectrometrE Perkin Elmer Wallac
HPLC pump$} autosampler® F&aste] 20 gl A=
loop ¢ 7 gt FAE FEFEE ASH
Qa, 2EqAE 25-45 eVE AAFAT ojLh
2L5E 0CAT) odslEYd Z2RdS 474
A m/z 250-5009) H A m/z 859] parent iong
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o] A& F71 stk
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Fig. 3. Blood amino acid profiles obtained by ESI-MS/MS analysis, scanning for a constant
neurtral loss of 102 D. (A) Normal; (B) a case of PKU; (C) a case of maple syrup urine disease
(MSUD) ;(D) a case of homocystinuria (HCYS). The signals in the profile corresponded to the
protonated molecular ions (MH+) of amino acid butyl esters. Their masses are as follows:
alanine (146; d4-labeled isotope 150), serine (162), proline (172), valine (174; d8-labeled isotope
182), threonine (176), pyroglutamic/deammoniated glutamine and lysine/pipecolic acid (186),
leucine/isoleucine (188;d3-labeled isotope 191), asparagine/ornithine (189), glutamine/lysine (203),
methionine (206;d3- labeled isotope 209), histidine (212), phenylalanine (222;d5-labeled isotope
227), arginine (231), citrulline (232), tyrosine (238;d4-labeled isotope 242), aspartate dibutyl ester
(246), tryptophane (261), and glutamate dibutylester(260).
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2z 2y4dz 27 o] yehd & Urh
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nic acidemia, methylmaonic acidemia, B -ketothio-
lase deficiency® %% AlAol7ld] iRty EF
2 YehdAY forly ofdelrt Hojde WY, 1
S2YNEF, 33 T84T, 2P AEFTLE YedTh
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glutaric acidemia® YAx7] FFolA SAAHY #
Aoz gAd gt
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Fig. 4. Blood acylcarnitine profiles obtained by ESI-MS/MS analysis, scanning for
precursor ions of m/z 85. (A) A case of isovaleric acidemia (IVA); (B) a case of
B-ketothiolase deficiency(BKT); (C) a case of HMG; (D) a case of GA type 1 (GA-1).
The signals in the profile are the molecular ions(M+) of the acylcarnitine butyl esters.

Their masses are as follows: acetyl(260).
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GC/MSE o148 #714% ¥Aolut fe) gat &
Mg olgsted YA UAARS AW AL 4T

3 og2d I olfE FX9 AA3] F& AU A=
T dde A F8F dateo] Wit ¥ FER

Aol E£A38l7] w&oltk. 53] acyl-CoA ZEF
(Acyl CoA dehydroganase deficiency)< WAIEE9]
dgde] fArste] FEse Wddy] ¥ 3
AESH wWld] o3 ey Fd & JdWE
o] &3t7] Aol E3] o] AL o FHAY zdo
AHAY FF AHHA RS /HAE F7F AJAAT,
ESI/MS/MSe| & ofazt2yd °o]-§-31d
ojg|g gHE = Ax FEF F Ut

3) olol=Ab CHAKEIE TR

g7t &3] ®el 0] 49 PKUE AFAT #de
g oA gojzAor APAFE E4Q phe
Inylalanine hydroxylase®] deficiency®2 dojus F
Az F4 ol vehdn AHurefolst @k Tyro-
sinemia type I-& E}o]ZAlo] tlAlEE F¢+ fumary-
lacetoacetase®] AR O 2 fumarylacetoacetate’} =3
o} alkylating agentZ ZHg&3te] 7ro] &£48 Fo
2249 fumarylacetoacetate= H]AAZQ Az=Z o
AE]o] succinylacetoneS THEO] 4RI ooz F
Hjgoh olw FxleME HAFY AFEJ He 5
9] &go] Aststn AT et ok, AR
A& Fanconi syndrome (hyperamino aciduria, glu-
cosuria, hyperphosphaturia)e] el TFHo] A
Atk gHFoz A3 el o231 Apgsith Urea
cycle disordert 57}x)9] FAge] I diEdso] gl
o] #AS A AAMN G2 R AHFHE dRY
ol ureaR FE3IEY BlMFHARER o] tiAte] &
A7t BRE A, T gERYoldEFo] AV 747
g wel g2 FFHY ofrjiite] mu He ul
Z9rh gAGEE vl st A 8%, S50,
TE, A5S Zn et 3 st 2ok o]
A8 carbamyl phosphate synthetase defici-
ency,

4=} (e}
=A<

ornithine carbamyl-transferase deficiency,
argininosuccinic synthetase deficiency @ arginino-
succinate lyase deficiency, arginase deficiency’} X
g wxledoe] TRAIAHUS AX A2EXLY
2 AzHdeZ2 tiatEE #AF A7 e cysta
thionine B -synthase deficiency®l*l: homocysti-
nuria’t WjAg oz H AFS gt o] AZANE
3 EA|2"e] FA5o] @Al &4E FH AF
3 e WIS Yozt

AT F714 dixrE #(Fig. 4), 28 dAE S
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(Fig. 5), olvixAt tiAbE3k(Fig. 3)9] 89 As=2F
9] ES/MS/MSAelAe] theakdt siele] opdytzy
g zZzado] zZ+ AR EAH o257 A
2 2agn FAHQAG Y. 2aAxoz FAB/MS/
MSe] Z2ud# frApetth

4. MAolATE|Y(Newborn Screening) 2t

MS/MS

FAA ARy AAol 238de] A=E Mil
lington®Al Sol g3l AEAE HAZD, oloiN
Rashed'®, Chace'”, Shigematsu 5% 93 z Uz}
o] EAd 2A MS/MSE °]&d Ao} 23y

100

zzae] AYF Yk MS/MSE ol &3t g
F e AA4 dAEge dEHA /71, o
A A gabel e & F A, ol9] Holjd AA
& A A A7) g Aotk & 9 7
7Y gadE o) yshulit Aole AT M A
Zo] ®3¥® Rashed $°% CAMPAZ ¥t mi-
croplate sample processE ©o]-8% AAE3 A2
APAY F £ Hel 200970 o)) ARE E4F
© 24 high-throughput capacity”’} 7Fsstths A&
g RAFY

o]s} zto] ES/MS/MSE 1) RE opdsl2ydsy
ojm|iAte] REdAHE2 REAIL @ T JbE

Normal
80
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Fe CPT O
i.
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Fig. 5. Comparison of normal plasma acylacarnitine profile with those from patients with
enzymatically confirmed fatty acid oxidation defects. The signals in these profiles are the
molecular ions (M+) of acylcarnitine methyl esters. They form a homologous series as
follows: aceyl (M+=218), propionyl (232), byutyryl (236), 2-methylbutyryl+isovaleryl
(260), hexanoyl (274), octanoyl (302), C10 (330), C12 (358), Cl4 (386) C16 (414). Their
dehydro-analogs form another series 2 mass unit less, eg. Cl4;1 (384) and hydroxy-
analogs appear at 16 mass units higher, eg. OH-C16 (430), OH-C18:1 (456). The peaks
marked “is.” are isotopically labelled forms of acetylcarnitine and octanoylcarnitine added
to check recovery and quantify individual acylcanritines.
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sttt 2) 3 BAYE 259 FHE 4G4 we o
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2 ESI/MS/MS®] ARgo] F713tH sjuit} ml=, o
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