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Development of a GC-MS Diagnostic Method with Computer-aided
Automatic Interpretation for Metabolic Disorders

Hye-Ran Yoon
‘Biomedical & Pharmaceutical Analysis Lab, College of Pharmacy, Duksung Women's University, Seoul, Korea

Purpose: A personal computer-based system was developed for automated metabolic profiling
of organic aciduria and aminoacidopathy by gas chromatography-mass spectrometry and
data interpretation for the diagnosis of metabolic disorders

Methods: For automatic data profiling and interpretation, we compiled retention time, two
target ions and their intensity ratio for 77 organic acids and 13 amino acids metabolites.
Metabolites above the cut-off values were flagged as abnormal compounds. The data
interpretation was a based on combination of flagged metabolites. Diagnostic or index
metabolites were categorized into three groups, "and" , "or" and "NO" compiled for each
disorder to improve the specificity of the diagnosis. Groups "and" and "or" comprised
essential and optional compounds, respectively, to reach a specific diagnosis. Group "NO"
comprised metabolites that must be absent to make a definite diagnosis. We tested this
system by analyzing patients with confirmed Propionic aciduria and others.

Results: In all cases, the diagnostic metabolites were identified and correct diagnosis was

_40_



GC-MS IZ0IEES| HFRH NSHAS 0/S8 RFH HAIRES RcHH g

founded to be made among the possible disease suggested by the system.
Conclusion: The study showed that the developed method could be the method of choices in rapid,
sensitive and simultaneous screening for organic aciduria and amino acidopathy with this

simplified automated system.

Key words: simultaneous analysis, organic acids and amino acids, trimethylsilyl - trifluoroacetyl

derivative, GC-MS, diagnostic algorithem, mass screening
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1) Aot % 717
WEFZEAQl tropic acide= Sigma—Aldrich

AHMA, USA)elA Flstgla, BEEAQ ot

LA E&EE(glycine 2 propionylglycine,
isobutyrylglycine, isovalerylglycine,
tiglylglycine), 7|4t EFEF  (3—hydroxy

propionic acid, Methylmalonic acid, Glutaric
acid, Methylcitric acid)®= Sigma—AldrichA}
(MA, UsA)OllA FAsHETE AAI%FY methyl
orange?} F=AE  AJ9FQl  N-Methyl-N-—
(trimethylsilyl)—trifluoroacetamide(MSTFA) %
N-Methyl— bis(trifluoro acetamide(MBTFA)E
SigmaAHMA, USA)ZEE] sttt HPLC
gradeql OMHEUEZ,
sulfosalicylic acid (SSA)E Merck(Germany)A}
oA FUstct. Aol 6mmdl FHAR=
Schleicher and SchunelAHS&S #900; Dassel,
Germany) 2HE I3
92} Zg4L Millipore-Milli Q"™ (Tokyo,
JAPAN)E B3 Azt ANESEH. 717le
HP 6890 Gas chromatgraphy?} HP 5973 Mass
selective detector® ©]&3}9ct ZHPoZ:=
HP®O] Ultra 2 (Crosslinked 5% PH ME
Siloxane, 50mXx0 2mmXx0, 33y m)E ARSI
I, &2 93 Thermo vap (PIERCE Model
18780)& AMESIGTh Alm AT BEE Al
TAITEC (Tokyo, JAPAN)ALS]
shaker& AME3HEITE

trifluoroacetic acid,

incubator/

2) Gas chromatography—mass spectrometry
GC-MS A]A®ElL  Hewlett—Packard 6890
Gas chromatgraphy®t HP 5973 Mass
selective detector® o839t HPoR:=
Hewlett—Packard 2]
column Ultra 2 (5% Phenyl methyl siloxane,
25m X 0,2mm, film thickness 0,33y m)E AR&-
gt BT 80TA 28I RAS
80Tl 290C 7HA] &% 5TH F7HAIFLH,
290ColA 587 FA AT FUF 2E=
300C9 L, A&7 280C2EHTh. MSDe A
oi4x] 70 eVolA electron impact modeZE 2
FEUT 2RIA) EEVIAY £5E 0.8
mL/min@ X A2 FUAFE 100 AzFY
A9 split HEL 1:1022 3Hth m/z
50-5507}A] full scan mode& A} F=A|
S 2AAe B

fused silica capillary

3) AR

o g3 Eu" WHeR gAESS
trimethylsilylation(TMS) i3
trifuluoroacetylation(TFA)3FY] A 3 =

ac-Ms BAsraTH?,

4) Target /7|43 opo|lcdt YFHE 9
Fo ooy M3

obu| i Abdt §-7)Ae] BEES TMSY TFAH
TA 3 3 o]z XHE PojW GC-MS ARuULE
aolA ZrZke] ofu|iAbi} §7)4be] AHEY
& 93 ¢l 5 TMS-TFA f=A|8
Hhg & ofu|icAbdl {7)ARS] EAE (fomular
weight, FW), fZA|3gt BaF M+), HFF
Al ZHretention time, RT), AUHEE ALt

(relative retention time, RRT), At ¥hgQ 4
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(relative response factor, RRF), selected ion
monitoring(SIM)2 3t AFo]-&(quantitation
ion, QI) &<Qlo]&(confirmation ion, CI)o] Tj
T F8 FEE Pt 2 ou|eAbt {74
o HEE Azt Foll diet ARE 7N SIM
ZR2IHE WA 7 B2 RT, ol
T & ZAZ SIM o]2& AHst SIM
2oof FEgE fof AREE AHE olE9 iR
B2 TMS F=A43te Ex}o]2(molecular ion,
M)o|AY Bato]2efAl CHa7|7k Hojdl M~15
o] &o] it

5) 8% % A¥HCo=R Frao S HE

% sZHY 4F

Ahor mHd 8% 2 AW HAE EF
o] X wol 33 & pooled plasma?} pooled
urineg TEolA ALz AR ARSI
OlHAZREE Azweg ofm|iAtzt {74k
SEHAE At o] MAUdAM 103] A A
Aste] Hat, BEHAL, FEHAE F3HAT

(22
ox 8

) HHY 1K (reference range) 23
ARl A 9 AW AFHAWZ 0 -
4, UiY - 2A], 2 - 18M)E EF3}o] X
g 33Tt

7) TMS—TFAE 0|88t GC/MS library A%

GC/MS9] scanning modeoA]Q] A 2ulE13
ORRE Z} ofuiiby {7]4HS] TMS-TFA 2
HEHE AL, o &l FHFA library=
Azt (7F3 HMP0033. 1ib). ©] library=
ojxe] w3zt UAd o 93 $HLOE AE
it

o
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8) ARNIEDY a9 X[&3t AL Y
7§el-¢ AFEElS] Excel Macro ZEIHL
“Laboratory Report” = &2 AIA|7} =

dEsEe PASY, 2ol aMezy

g7 olomatel  EARME s

GC-MSOlA g Aekea|o] Bste] A4

Text BYE Excel VBAE AMERITh ©|3A £

AEolRl 90 AF JEE FAE F&3t EF

I A AFE Fux|of gt AL ¢35t

o] “Laboratory Report” &= Zi} HIAE

Azo 2 XMASH= Excel Macro T2 10|t}
Scheme 19]4%& GC-MSO|A V& AGFANS

AR dxgd JuXNERE AGE 93 4

o] Yer7txe] maadfo] Y& IFEL

flow chart2 YERHSiTH

o~

9) i=Z2 #Xkrol Chet AA HA HE

GC-Ms AZuEIH A= 7759 {74kt
13%:9] ofu:Ak( 650) ZefolAlE EQ W]
ago| BE OE wag PEEs Y=
SaA Z27F =]l

7N o] AA| Ao §-83HA ek
42 & SUeA RV iAol AR
Propionic aciduria, Methylmalonic aciduria
Sxjo} ofuliAl Hirbol4Hd8kel Maple syrup

urine disease, phenylketoneuria,
hyperphenylalaniemia (PKU),
homocystinuria, cystinuria, lysinuria,

nonketotic—hyperglycinemia®] &&oiz] gl
AW R utE A AA|rp A
<A HES '
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103%—4 T8 o}u]_\,-_/‘k_} 4 fraE dides
Y= ojd TMS-TFA =43t W82 3H3ict
o] & ofukAt 1 & (citrulline)@ {74 12
T2 o] FEAE HLslrlo] AYEA| ¢ot 2
ZHog2E 90 o] B4l AT

£ FEAF} ghgo] aatAolx] EHY 12 F9
vﬂ*&% glyoxylate,

pyruvate, 3—hdyroxy

—isobutyrate, 2—keto—isovalerate,
ethyhydracryliate, urea, acetoacetate,
2—keto—

2—ketoglutarate

2—keto—3—methylvalerate,
isocaproate, succinylacetone,
2} suberylglycine ©]it},
HE BEMgY RMEE TMS-TFA =4
k5t 9079 1At ofmliil SEFEEL
FAHEZE AL T o|E HP Chem Station
Yol A library2 THEQITH (HMP0033.D), 32
ulE 1Mo 2 X E library matching®] quality
£ 3913 Adt 90% o4 FEd matching
rated 98 & %tk $714K)
ofalcAbe]
library 9]
matching quality= ZHZF 93%, 92%, 94%Z Tj
# Fauol Srsige
9 a8 AR A= (% 0 - 17]1%
17H%;l - 24, 2 - 1BADE EFI] {74
(Table )T} ojujiAl (Table 2)o] Axd
AE F3AL o] AHE ol HiuH 73
Hlaseh (2 =RoMdes A% 0 - Y

quality
mevalonolactone (Fig, 1) I

valine (Fig, 2) propionylglycine,

o B K

Scheme 1. Flow chart of diagnostic process from

quantification result the interpretive diagnosis results.

Mz o
L
L
L

Plasma/Urin |

g

S <
F;Iqasma Urine g1
ke l anx My

text reading

1

Report
Z x| =N

il

AA dis meta
OA dis meta
Others dis
meta

i

Disease =4

il

ﬂﬁaqn'

Zkm gk B 13, phosphorate®} ZHo] ZTho
A o] gle diAHE ¢ I 89 ofmAt
(arginine, branched chain amino acid)< A
Jstie oln] Hud EAL FARE i3]
wgen frae A% 2 A7) Fue
BnE B usf ot ¥ £AE EA
. O]AL AN ZA| fresh specimend 7

A Ao] ohdm A dAE mdas

fu

_QL e

— 44 -



GC-MS AZOIED™S HREH NSHAS 0/88 SEL HAIZESS oy JHY

Ol 19e] 28FER I Alolo] HAY] Wtz 2O o|8ste] {4 diatol s A
Holu}, o3 24 Wst B AZEQ] = 3] Jdshed S FAE Foich

Fig. 1. TMS-TFA mass spectrum library (HMP0033.L) matching of organic acid, mevalonolactione.
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Fig. 2. TMS-TFA mass spectrum library (HMP0033.L) matching of amino acid, valine.
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Fig. 3. TMS-TFA mass spectrum library (HMP0033.L) matching of propionylglycine.

Abunisnce ) ~ ; Scan 847 (16.482 min). AO\’!BO.D
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& PCE o83t AR AFs A2 A E =
< $J8l%] Excel macrog ©]§3 23t 253 o ZRIAARS S AdE] s
4 NzEs 99 2A8S U/ AW F2 W A%

YAFEES And, Or &2 NoZ 152 YF9 X =2
BRAAT. 2 9714 W oliAle kol UeEs Ezadlg wEdt H8% wxl
Age] Aot A" 247 e A & Azl HEe ofn] FrE ZEuAtkFo] 1
25 e o] ARE EYE Zray o 5508 zHR o] AXE A AT &+
(Scheme NE FAT H HEHA 23 A&l WS s

A Aag 22IHE AT (Table 3).

gAE A direldds Az 283t

7] 98} e GC-MS ZRubEIWO] quality

of B, 74 ZEspY, ofulid ZEjy,

Aaele] AR HF Ao s AHAsHI

Qs AA dirtolFES RS Zhste] HSE

=2

Table 3& M2 A28t Excel macro T2
= B3] diatel SR HAZRE GC-MS
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Table 1. Reference value for urine organic
acids in infants within 1 month of age
(N=10)

Oeganic arid O Lal Hvﬂ'muxn.x. (;‘(19"?.3)‘
Monn® = Novmn} range™™
-Lamic acid $365.5 TOC - 3300
A0 ssobuiycn acid 3.7 % [
3exanoic svid 1.0 & 9 - s
yentiz sesd 30.1 G - a4z
204 butyric seid .5 & . 80
oM
L

20-Propionylglycine
Jt-Mevatonolacione
% L dsobutyry bnlycine
AesuconiciMethy umaric) acid
O iutaric seid

Mothvighntaric scid

() SONopretinepy rogluatamic acid)
S el

i ;e Cchildres aged 0.0- 16 yoars © Hofts T ot A (1903) ph
pachophysiology of organ acids in corehrospinal flid “N.1; not determined.

S 0188 SEAN HARES Xcy g
Table 1. Continued.
Organic acid Our Lab Hoffmann, G.{ 1913)‘
Mean® + SD* Normal range™
11-Thiodiglycolic acid ND?
ND!
N.D.!

i 0 - L3
45-30H giui ND?
46-Phenyliactic 2cid N
47-Pimelic acid ND.

48-30H 3mett
49-30H phenylacetic acid
50-40H benzoic acid
S1-i lgiveine

34-Suberie acid

35-2Keto adipic acid

Homovanillic acid
60-Azcizic acid
61-Citric 2cid
62-Tsocitric acid
63-Homogentisi
64-Hippuric acid
65-Methyleitric acid?
Methyleitric acidZ

id

69-40OH phenyitactic acid
70-fndole 3 ace gt

3Phenylpropionylglycine
almitic acid
~3CH phenyipyruvic acid

74-20H hippuric acid
75-Dodecanedioic acid

Iric acid

Acetyltyrosine

48 + 5

W2 =9
37 ¢ 6
335 ¢+ 14
22 £2
48 £ 10
57 =8
196.0 = 222
107.6 £ 62
0.0 £9
3426 = 366
528 =39
86 =5
230.0 + 394
6.8 + 16
73 =6
127 * 16
104 = 16
00 =0
91 =3
2.7 = 117
03 =0
90 =0
59 x4
0.0 £0

*Unit : pun

. *eiildren aged 0.2-16 years * Hoffmann.G. et al. (1593} phys

1 fluid *.D: not

a4

pathophysiology of organ acids in

i

Table 2. Reference value for plasma amino acids in infants within 1
age (N=10).
. Our Lab Dickinson et al. (1965)"
Amino acid
Mean® + SD° Mean” = SD”

Al-Glycine 3638 =+ 213 343 £ 69
A2-Valine 2735 95 136 = 39
A3-Leucine 2627 = 85 72 = 17
Ad-Isoleucine 1448 = 59 39 = 8
As-Homocysteine 00 +* 0 ND.C
Ab6-Methionine 782 & 35 29 = 8
A7-Phenyialanine 179.5 % 41 78 + 14
A8-Ornithine 188.0 + 82 91 as
AY-Lysine 188.7 + 83 200 % 46
A10-Arginine 1256.1 = 669 54 % 17
All-Tyrosine 177.% + 53 69 & 16
A12-Cystine 97.5 = 157 NDS
Al3-Homoystine 5.0 = NDS

ErEN i T N - . = - - = B
“Unit ; nmol/L. "Recaiculated from Dickinson et al., 1965:25 infants {more than 2500grams) studied

before feeding  N.D.; not determinded
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Table 3. Result report of the patient with Propionic aciduria

Simultaneous Anaylsis of Organic and Amino acids {Urine)

a8Xy Huigsl HHY
R HEIOR 1.0,
5 w€at e [ akdl & 5 #a | LA &z
A1-Giycine 4434.060 1 1 21.44 - 2634 .23 j38-Malic acid 438.80 { H £.80 - 4512
A2-Yabne 3.7¢ 0.85 - 17.48  #30-Adipic acid 23.301 H 0.83 - 4.35
A3-Leucine N.C. 0.00 -5.87 40-Pyroglutamic acid 40.30 0.00 ~
A4-iscisucing 5.0¢ 1 0.51 - 4,89 41 - Thiodiglycolic acid N.D. 0.00 -
AS-Homocyieine N.D. 0.00 -~ 133,48 #42-3 Methyladipic acid 5.70 1 0.53 ~
AB-Matnionine 0.8C 0.00 -9.32 4 3-Tiglyglycins 18.00F H 0.00 - .00
A7~Phenylaianing 9C.4C 19.64 ~ 110,32 §44~20H glutaric acid 134.70 H 385 - 3538
A8-Ornithine 3.00 0.00 - .81 45-30H glutaric acid 39.30 ¢ H 2.80 -~ 14.84
A9-Lysine 27,10 0.00 ~ 27.84 46~-3 Phanyllactic acid M.D. G000 -0.7
A10-Arginine N.D. 0.00 ~ 3124 .54 §47-Pimalic acid 490§ 1 0.00 ~4.53
Ali-tyrosing 42.0C 34,13 - 95.71 48-30H 3metnyighataric aci 37.30 H 3.88 - 15.24
A12-Cysting 71.30¢ H .00 - 0.00 49-30H phenylacetic acid N.D. Q.00 -8.74
A13-Homeoystine N.D. (.00 - 0.00 50-40H benzoic acid N.D. 0.00
1-Lactic acid 215.80 12.02 ~ 1268.14 ji51 -Hexanoviglycine N.D. 0.00
2-2CH-iscputyric acid 3.80 4.01 - 48.24  1152-40H phenylacetic acid 83.40 13.12
3-Caproic aci N.D. C.00 - 32.64 #53-N-Acetylaspartic acid 41.00§ 7§ 4.33
4--Clycotic acid 168.40 43.59 - 353.64 i54—-Buberic acid 3.40 0.52
3-20H butync acid 890§ H 0.00 - 4.09 55-2Ketoadipic acid 10.40 H Q.00
&~ Oxalic acid 14875 25817 ~ 1760.87 §56-Orotic acid N.D. .00
7 ropionic acid 2313.2 H 16.27 - 120,04 #57-Aconitic acid 42.10 23.48
G- ic acid 1.20 .00 -1.74 58~Vanillic acid 13.00 4 1.43
Q { butyric acid 15.70 1.99 - 80.42 56~Homovarillic acid 10.70 2.06
- isgvaleric acic 0.8C 0.0C - 6.87 50~Azelaic acid 4.20 .70
342.00 1§ 1 0.00 - 0.00 61~-Citric acid 821.00 1692
54204 1 7.85 - 40.66  {i62-Isccitric acid 128.90 5.91
N.D. 0.00 - 0.00 63~Homegentisic acis N.D. 0.00
N.D. 0.00 - 1141.88 §iB4-Hippuric acid 256.20 .00
N.D. 0.00 -1.38 65-Mathyleitric acid 31722.3 H 1.5%
5.80 0.C0 - 70.19  #66-30H suberic acid 112.20§ 1 C.00
N.D. 0.00 ~7.73 67-Sebacic acid N.D. C.00
45.70 11.62 - 83.75  #68-Vanimandelic acic G.10 1.95
19-Ethylmzlonic acid 83.50 0.00 ~287.18 {169~-40H phenyllactic acid 3.3 0.91
20-Phesphoric acid 172284 ¢ 0.00 - 10187.2 §70-indole 3 acetic acid 28.00 Q.00
21-Acelylglycine N.O. 0.00 ~0.00 71-3 Phenyipropionylglycin 3.60 s} .00
22-Phenylacetic acid N.D. .00 - 33.48  H72-Paimitic acid 3.9C 1.23
23-Maleic acid N.D. 0.00 -~9.18 73~40H phenvlpytuvic acid 12.20 .00 .
24~Succinic acie 153.80 4.92 -~ 193 .81 §74-20H nippuric acid G.20 8.0¢ - 0.97
25-Methyisuccinic acid 6203 ¢ 1.20 - 3.68 75~Dodecanedioic acid N.D. .00 -0.00
26-Clyceric acid 20.80 2.62 - 21.28  }#i76~Uric acid N.D. ©.00 - 39.57
27-Uracil 18.40 2.54 - 26.58 7 7-N-Acetyityrosine N.D. .00 - 5.22
28-Fumaric acig 199.404 o 1.18 - 23.89  H+unlt : mmol/mol Cr Creatinine(mg/dt) 1 0.6
2g-Propionylglycine 836501 H 0.00 - 0.00 Dissase
30-tevaionciacione N.O. .00 - 0.00 1. Preplonic scidurla
31-Iscbutyrylgiveine S.70¢ H 2.00 - 0.00 2. Cystinurie
32-Mesacenic acid ND§ L 3.31 - 4.48 3. 3-OH-3-msthylgiutaric
33-Glutaric acid 106.50] H 0.88 -3.75 4. Ghateric aciduria type 1
34-3 Methylglutaric acid 1.80 1 0.54 - 1.67 8. Glutarke aciduria hype 2
35~-Giutaconic acid N.D. 0.00 - 130.28
36~0ecanoic acid 0.80 1 0.00 - 0.54
37-Isovaierylgiycing 17.50{ H 3.0C - 3.00
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