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Diagnostic Method for Inborn Metabolic Disorders using

differentiation between D- and R- Isomers on GC-MS

Hye

Biomedical & Pharmaceutical

-Ran Yoon

Analysis Lab, College of Pharmacy,

Duksung Women's University, Seoul, Republic of Korea

Since the secretion of specific chiral isomers in urine (or plasma) is very crucial to diagnose some inbormn
metabolic disorders, clinical application of dual column achiral differential method has been performed
for the absolute configuration of chiral compounds, Extracted from the acidified urine with diethyl ether,
carboxylic functional group of organic acid (sterecisomers of the volatile) was derivatized with (-)-men-
thylation or (S)-(+)-3-methyl-2-butylation and followed by O-triflucroacylation, Each of the enantiomers
was accurately separated from the library matched double column (achiral) with a retention index (). In
various inborn metabolic disease urines, absolute chirality was identified correctly in the urine (10 pa-
tients) with inborn metabolic disease (including secretion of D, L- lactic acid, D, L-3-hydroxybutyric acid,
and D, L-2-hydroxyglutaric acid). In this study, we identified and isolated the volatile diastereomer as
a useful diagnostic marker, this successful application to urine specimens may be useful for diagnostic

classification of inherited metabolic disorders;,

Key words: Achiral column, Derivatization of diastereomer, Inborn metabolic disorder
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CHet = =i
CHad
ARA R AWl AFgL YiAte)d#iAE (short chain
3—hydroxy acyl—CoA dehydrogenase deficiency,
medium chain 3—ketoacyl—CoA thiolase defici-
ency) 2 f714F tirte] &AL (B—ketothioloase A
) EZFH AFHEHUT A4 diateld ko] A&
WA g AdotEld A9} 37 Ao Alnh] €]t
tf &t} (Department of Pediatrics, Shimane Medical
University, Shimane 693—8501, Japan) 9} ¢ cjst
A ol 9l )8R 8ka} (Department of Pediatrics
and Human Genetics at Yale University, New Ha-
ven, CT, USA) Z25F A& @t} AddAdA dloly
A deolHe o AR REFE 4k B
& A9 $A= DNARAL B Aslehs] 2At
HARAE o] &3 IS Soto] JIHEHSGo
Ll X}E‘: S AU w7 2 o
Bl $xe] FeolEld 4%
1742 =70 CellA] Bt=| Sk

Hl-

ey

o2t A%
%
-

1) Mz R Al

(=) —Menthol, (S)—(p) —3—methyl—2—butanol,
o 3lo}A trifluoroacetic anhydride® Sigma—
Aldrich Korea (Seoul, South Korea) 4, n—&3}
T BFE(C10-C22, <12 Polyscience (Niles,
IL, USA) oA 3k tE Analytical grade?] oAl
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 AFeM e 7 RS B4 ol 7] Y HP
3365A GC Chemstation (Hewlett—Packard, Avon-
dale, PA, USA)QIEIFo| 27} 485 8/m)eed 5
Q] AlxElo] A2HEl Hewlett—Packard HP model
5890A gas chromatograph series [[E AF&3}3iT)
FYT 2 AE7Y) E5E 77 260TC 9 280°Calr

AZ(0.5 mL) & purge timeg 0.7%0 % 3l v|&
g 74 RER FYHET 1549 DB-5 [5%
phenyl— (methylpolysiloxane)] @ %%+ =4]2] DB-
17 [17% phenyl— (methylpolysiloxane)] 2 T %
A7t 24 A-(J & W Scientific, Rancho Cor-
dova, CA, USA; dimensions 30 mx0.25 mm I.D.,
0.25 um film thickness) &] o]Z R A7 AJ2H
o2 FAste] MF-E AFDE S + A4
< Y-2ZYHE ol &3l njgAstd Hegt FEqA
mX0.25 mm 1.D.) & A=At} O—trifluoroacety-
lated (S)—(+)—3—methyl—2-butyl ester?] -3
Aol A2l & s 08 2% 60TCA 2%
A & 3C/79 £57 280C7HA] SEptes A4
3}tk O—trifluoroacyl—(S) — (+) —3—methyl—2—
butyl ester®] F-EQlAlol A e FelE 913 2
2525 60TCoA 242, o]F 3T/ $E= 100TC
A 2% 17 F 30/ $ER EEE ¥l HFH L
7 280C7F H== Al F =3 ol HEY
9] A5+ dual—channel mode?] GC Chemstation®]l
Al FAlel A ek ofo] g whE uE g -
G342 (C10-C22, AFih = o 2584 E 79
Hoon, 2E7F 22 aE 3 719 HrE R

TE olgsto] IR "3l REEY vF-E ARE

549 3139 Fol2uS A2 s

el A
BaE =32 gfolueid] dolE o] A7t 9E

3) A2 MXze|
EaEo] AAY 2H2(0.25 mge A olEl o

tfedhs Ale A = g o R pH 1-28 %
Aot 5§ dskiaEoR T F tolod dHER
FESIATHE mLx3). JHE2S FEE2 alvkv
£ 0
5
a:

2 AZA F olth 9 3 Azsnh el

butyl ester ¥ O—TFA—(—)—menthyl ester &+
2719} o] AAw et GCE A5 B 1Y,
ZA ZARE toluene (20 ul), acetyl chloride
(1 pL) 2 (S)—(+) —3—methyl—2—butanol (20 mL)
= (—)—menthol solution (100 mL)= 7}k 3,
M EFES 100CAA 1AZE 7FEske] F37 q1Ao]
AAA FEAE QT 3FY WS AaTks
St AA &, FFE AFES oOMHEYEL (0 ul)
ZA) skl A trifluoroacetic anhydride (20 uL) £+ 60
CoflA 2087 WA Lh WS A9e2 T Aus
toluene (30 ul) el €3lA1A GC AellA 2 45
At

O:

e a

Fig. 1-5% 270¢] S490] M2 th2 23& o8¢t
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e 1Ak o) dd A GC-MS ARFHETF0]

Response
5.0e*
< SCHADD
406t =
Q
3.0¢* < <
= a
2.0e* | gl /
3 @
1.0¢* B f
0 j I Ml i ] i
E T T T
12 20 30 40 50
5.0¢e*
2
4.0¢* - =
e
L]
3.0¢* 1 /Q'
2.0e* -|
1.0e* 4
0

T T T
12 20 30 40 50
Time (min.)

Fig. 1. Dual chromatograms obtained from the urinary
extracts of patient with SCHADD using the DB—
5 (up) and DB—17 (down) columns.



— i3 AA A 28 A 1598 Al 23, pp65~71, 2015 —

t}. Table 1 (adapted from Reference 11)-& &
ol Jidd WS B Aol A 8AZE W SIA
oA SREEY B8 Ao] BF QokElo] Pl

AGAE Abgl diateld Ao EREE ARl
SCHADD (Fig. 1) MC3KATD (Fig. 3)2] 4:1ef|A]
7A%% 3—hydroxybutytic acid®] YA d&A= D—
Az FAEo] kel Bugl Yx .

Response

5.0¢*
BKTD
4.0e* -|
3.0e*
2.0e* |

1.0e* 1

0

5.0¢* 7 —

4.0¢* |

3.0¢*

2.0¢*

1.0e*

2 2 30 40 50
Time (min.)
Fig. 2. Dual chromatograms obtained from the urinary

extracts of patient with BKTD using the DB—5
(up) and DB—17 (down) columns.

Response

1.0¢% MC3KAD
=
8.0e* o]
Q
4 @
6.0¢’ 4 A
a0et ] <2
e
] UL/ JMMWULJ
0 : i :
12 20 30 40 50
1.0e% 7 —
S
8.0e* fan)
Q
4 - ";’
6.0¢ - A
4.0¢* o :F \
[=]
2.0e* - / IL\ v
\ T 0 PV TS PO NI
| i T
12 20 30 40 50
Time (min.)

Fig. 3. Dual chromatograms obtained from the urinary
extracts of patient with MC3KAD using the DB—
5 (up) and DB—17 (down) columns.

B—ketothiolase AF% =] AmlelA AAEA
AL Ho]PE 3—hydroxybutyric acid’} HAEEA
ko L-lactic acidg Holi $Ith(Fig. 2)".
Fig. 49} Fig. 55 727} L—2—-hydroxy glutaric
aciduria®} Glutaric aciduria type 2 $H&9] 2H A
59| I8 ANZ A A9 XS Fleeit

Ea
)

Response L-2-hydroxyglutaric aciduria
5.0e*
4.0¢* 4

3.0e*

«
g
z
Q
€N
\

2.0¢*

1.0¢* 4

0

0

5.0¢* 4

4.0¢* J\!»
0

T T
10 20 30 40

3.0et 4

_L-2-OHGA

2.0¢* -

1.0¢* §

0

10 20 30 40
Time (min.)

Fig. 4. Dual chromatograms obtained from the urinary
extracts of patient with L—2—hydroxyglutaric
aciduria using the DB=5 (up) and DB—17 (down)

columns.
Response Glutaric Aciduria 2
5.0¢ 5 —
<
-
4 |
4.0¢ = <
o
3.0¢* < / =
o 3
(]
2.0e* A
L] i
o lecetd LMt e JJLMW;
i T T T ,
0 10 20 30 40
5.0e*
4.0e*
3.0e% 5
=]
. 3
2.0¢ Q
a
1.0e*
U A bk Mk
0 10 20 30 40

Time (min.)

Fig. 5. Dual chromatograms obtained from the urinary
extracts of patient witih Glutaric aciduria type 2
using the DB—5 (up) and DB—17 (down) columns.
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Table 1. Absolute Configuration of Chiral Acids Identified from Patients’ Urine

Absolute configuration

Case FAO disorders and organic aciduria
20HBA 30HBA' 20HGAT
1 SCHAD def. L D ND
2 B—Ketothiolase def. ND ND ND
3 MC3KAT def. L D ND
4 L—2—Hydroxyglutaric aciduriab ND ND L
5 Glutaric Aciduria 2 ND ND* D

*2—Hydroxybutyric acid; TS—Hydroxybutyric acid; T2—Hydroxyglutaric acid; ND; Not detected.

This table is adapted from ref 11.
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F-5 44 0] AIQ] O—trifluoroacyl—(S) — (+) —
3—methyl—2-butyl ester FEAZ THEo)A Fig. 1
3} Fig. 3¢l4 &9l¥ 3—hydroxy butyric acid& Kim
TV mae} dxste] vEE AR D-A7F LA
Hr} wekom retention index matchings %8ho]
D-A o] FAHJATHY, whaf 3| =2A] 30]o] B4
B3 % (short chain 3—hydroxy acyl—CoA dehy-
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4k o]/ dAAA Aot
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B—ketothiolase 235 (BKTD, acetoacetic thio-
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HAZ A= 22E T isoleucineS WA gl
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T Aol 2} (Fig. 2).
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