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Organic acidemias in Korea
- Eight years experience of organic acid analysis -
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Eun Joo Bae, M.D., Won Il Park, M.D. and Hong Jin Lee, M.D.

Department of Pediatrics, College of Medicine, Hallym University, Chunchon, Korea

Purpose : We have done this retrospective study to know the relative incidence and clinical mani-
festations of organic acidopathies in Korea during 8 years(from Jul. 1997 to May 2005). This results
of organic acid analysis of 1,787 patients were compared with the results of organic acid analysis
that were published three years ago.

Methods : The results of quantitative organic acid analysis of samples of 1788 patients, referred
from Jul. 1997 to May 2005, were analyzed retrospectively according to four age group(-2 mon, 3
mon-2 years, 3-12 years) and major clinical manifestations. Quantification of 83 organic acids was
done with gas chromatography and mass spectometry.

Results : We diagnosed 470 patients with 27 diseases of organic acid metabolism during this study
period. Diseases found more than 10 cases are cytosolic 3-ketothiolase deficiency, mitochondrial res-
piratory chain disorders, PDHC deficiency, mitochondrial 3-ketothiolase deficiency, glutaric aciduria
type II, biotinidase deficiency, methylmalonic aciduria and propionic aciduria. Other diseases were di-
agnosed in less than 10 cases.

Conclusion : Though the incidence of individual organic acidemia is low, the overall incidence of or-
ganic acidemia as a whole seems to be relatively high in Korea. Compared with the results of or-
ganic acid analysis that were reported three years ago, we couldn’t find a new disease and the dif-
ference of the relative incidences of high incident diseases. We were apprehensive of the errors that
was owing to the short study period(3 years), but the relative incidences of our study(8 years) were
similar to the results of organic acid analysis that were reported three years ago. (Korean J Pediatr
2006;49:258-267)
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Table 1. Symptoms and Signs of the Patients whose Urine
Samples are Referred for Organic Acid Analysis(July 1997-
May 2005)
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Table 2. Symptoms and Signs of the Patients whose Urine
Samples are Referred for Organic Acid Analysis(July 1997-
June 2000)

Chief complaints Number of Number of patients/

Number of Number of patients/

Chief complaints

patients total patients(1,787) the patients  total patients(712)
General seizure 651 36.4% General seizure 168 23.6%
Develomental delay 363 20.3% Develomental delay 120 16.9%
Mental retardation 147 8.2% Mental retardation 118 16.8%
Other movement disorders 125 7.0% Other movement diorders 68 9.6%
Partial seizure 120 6.7% Partial seizure 59 8.3%
Vomiting 111 6.2% Vomiting 63 8.8%
Hypotonia, letharginess 96 5.4% Hypotonia, letharginess 84 11.8%
Language retardation 53 3.0% Language retardation 30 4.2%
Feeding refuse 45 2.5% Feeding refuse 37 5.2%
Dysmorphic facial feature 37 2.1% Dysmorphic facial feature 18 2.5%
Changes in consciousness 35 2.0% Changes in consciousness 33 4.6%
level including coma level including coma
Organomegaly 24 1.3% Organomegaly 16 2.2%
Ataxic gaits 20 1.1% Ataxic gaits 12 1.7%
Tachypnea 16 0.9% Tachypnea 19 2.1%
Abnormal smell 14 0.8% Abnormal smell 10 1.4%
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Table 3. Overview of Patients Diagnosed with Urine Organic Acid Analysis during Jul. 1997-May 2005 according to the Age

Groups
Male Female
Disease Total
-2mon -2 yr -12 yr 12 yr- Subtotal -2 mon -2 yr -12 yr 12 yr- Subtotal

Normal 129 289 313 52 3 83 215 203 33 534 1,317
Methylmalonic aciduria 3 1 5 1 10 0 0 0 1 1 11
propionic aciduria 2 1 2 0 5 3 1 2 0 6 11
Holocarboxylase syntase def 0 0 0 0 0 0 0 0 0 0 0
Biotinidase deficiency 0 1 0 2 3 1 1 6 2 10 13
Cobalamine deficiency 0 0 0 0 0 0 0 0 0 0 0
Maple syrup urine disease 0 1 0 0 1 2 0 0 0 2 3
Isovaleric aciduria 1 0 2 0 3 1 1 0 0 2 5
Tyrosinemia type I 0 0 0 0 0 0 0 0 0 0 0
Tyrosinemia type II 2 0 0 0 2 1 2 0 0 3 5
Glutaric aciduria type I 0 1 0 0 1 0 1 0 0 1 2
Glutaric aciduria type II 0 6 8 1 15 0 4 11 1 16 31
3-Methylglutaconic aciduria I 0 0 3 0 3 0 0 1 1 2 5
3-Methylglutaconic aciduria II 0 0 0 0 0 0 0 0 0 0 0
3-Methylglutaconic aciduria III 0 1 6 0 7 0 1 1 0 2 9
HMG-CoA lyase deficiency” 1 0 1 0 2 0 0 0 1 1 4
Hyperglyceroluria 0 2 0 0 2 0 0 0 0 0 2
Dioxygenase deficiency 0 1 0 0 1 0 0 0 0 0 1
Cytosolic 3-ketothiolase def 2 21 46 2 71 2 20 36 4 62 133
Mitochondrial 3-ketothiolase def 0 8 11 1 20 0 6 6 0 12 32
3-Hydroxyisobutyric aciduria 0 1 2 0 3 0 0 0 0 0 3
L-2-hydroxyglutaric aciduria 0 1 0 0 1 0 0 0 1 1 2
Fumaric aciduria 0 1 1 0 2 0 0 0 0 0 2
PDHC deficiency " 5 8 13 3 29 3 5 10 2 20 49
E3 deficiency 0 0 0 0 0 1 0 1 0 2 2
Pyruvate carboxylase deficiency 1 0 0 0 1 3 0 1 0 4 5
M. respiratory chain disorder 11 19 35 5 70 5 13 19 13 50 120
SCAD deficiency® 1 2 0 0 3 0 0 0 0 0 3
MCAD deficiency ' 1 0 1 1 3 1 1 0 1 3 6
LCAD deficiency” 0 0 0 0 0 0 0 0 0 0 0
3-Methyl crotonyl glycinuria 0 0 1 0 1 0 0 0 0 0 1
Orotic aciduria®™ 4 1 0 0 5 1 1 0 0 2 7
2-MBCAD deficiency ' 1 1 1 0 3 0 0 0 0 0 3
No of patient except normal 35 78 138 16 267 24 57 94 27 202 470
No of total patients 164 367 451 68 270 107 272 297 60 736 1,787

"HMG-CoA lyase : 3-hydroxy—3-methyl glutaryl CoA lyase, 'PDHC : pyruvate dehydrogenase complex, "M : mitochondrial, *SCAD :
short chain acyl-CoA dehydrogenase, "MCAD : medium chain acyl-CoA dehydrogenase, "LCAD :long chain acyl-CoA dehydro-
genase, Orotic aciduria : marked elevated orotic acid Urea cycle disorder, lysinuric protein intolerance and HHH syndrome are
possible disorders, T2-MBCAD : 2-methylbranched chain acyl-CoA dehydrogenase
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Table 4. Symptoms and Signs Classified according to Diseases

Disease Total No #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11
Normal 1,317 428 107 256 38 100 15 89 8 17 29 47
Methylmalonic aciduria 11 4 0 0 1 3 0 1 0 0 1 2
propionic aciduria 11 5 1 1 0 2 0 5 0 0 0 6
Holocarboxylase syntase def 0 0 0 0 0 0 0 0 0 0 0 0
Biotinidase deficiency 13 11 0 2 1 3 0 1 0 0 0 0
Cobalamine deficiency 0 0 0 0 0 0 0 0 0 0 0 0
Maple syrup urine disease 3 1 0 0 0 0 0 0 1 0 0 2
Isovaleric aciduria 5 1 0 2 0 0 0 0 0 0 0 2
Tyrosinemia type I 0 0 0 0 0 0 0 0 0 0 0 0
Tyrosinemia type II 5 0 0 1 0 0 0 0 0 0 0 0
Glutaric aciduria type I 2 0 0 1 0 0 0 0 0 0 0 0
Glutaric aciduria type II 31 19 1 9 2 5 0 4 0 0 1 3
3-Methylglutaconic aciduria I 5 3 0 1 0 0 0 0 0 0 0 0
3-Methylglutaconic aciduria II 0 0 0 0 0 0 0 0 0 0 0 0
3-Methylglutaconic aciduria III 9 9 0 4 0 0 0 0 0 0 0 0
HMG-CoA lyase deficiency” 4 1 0 2 0 0 0 0 0 0 0 0
Hyperglyceroluria 2 0 0 2 2 2 0 0 0 0 1 0
Dioxygenase deficiency 1 1 0 0 0 0 0 0 0 0 0 0
Cytosolic 3-ketothiolase def 133 63 2 31 6 10 3 5 2 0 1 9
Mitochondrial 3-ketothiolase def 32 21 4 9 0 4 0 0 0 0 0 0
3-Hydroxyisobutyric aciduria 3 2 0 1 0 1 0 0 0 0 0 2
L-2-hydroxyglutaric aciduria 2 1 0 0 0 1 0 1 0 0 0 1
Fumaric aciduria 2 0 0 1 0 1 1 2 0 0 0 1
PDHC deficiency " 49 24 3 5 0 4 0 5 0 0 1 9
E3 deficiency 2 1 1 0 0 0 0 0 0 1 0 1
Pyruvate carboxylase deficiency 5 1 0 1 0 0 0 0 0 0 0 0
M.F respiratory chain disorder 120 49 1 32 3 9 1 10 1 4 1 6
SCAD deficiency® 3 0 0 0 0 0 0 0 0 0 0 0
MCAD deficiency ' 6 2 0 0 0 0 0 0 0 0 0 0
LCAD deficiency” 0 0 0 0 0 0 0 0 0 0 0 0
3-Methyl crotonyl glycinuria 1 0 0 0 0 0 0 0 0 0 0 1
Orotic aciduria”™ 7 2 0 1 0 1 0 2 1 2 1 4
2-MBCAD deficiency ' 3 2 0 1 0 1 0 0 1 0 1 0
No of patient except normal 470 223 13 107 15 47 5 36 6 7 8 49
No of total patients 1,787 651 120 363 53 147 20 125 14 24 37 96

"HMG-CoA lyase : 3-hydroxy-3-methyl glutaryl CoA lyase, "PDHC : pyruvate dehydrogenase complex, TM : mitochondrial, *SCAD :
short chain acyl-CoA dehydrogenase, 'MCAD : medium chain acyl-CoA dehydrogenase, "LCAD :long chain acyl-CoA dehydro-
genase, Orotic aciduria: marked elevated orotic acid Urea cycle disorder, lysinuric protein intolerance and HHH syndrome are
possible disorders, T2-MBCAD : 2-methylbranched chain acyl-CoA dehydrogenase

#1 : G-seizure, #2:P-seizure, #3:develop delay, #4:Language Retardation, #5:Mental retardation, #6 :ataxia, #7:other movement
disorder, #8: abnormal smell, #9 : Organomegaly, #10 : dysmorphic face, #11 : lethalgy, hypotonia
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Table 5. Symptoms and Signs Classified according to Diseases

Disease Total No #12 #13 #14 #15 #16 #17 #18 #19 #20 #21 #22
Normal 1,317 25 8 59 12 3 17 3 50 55 21 6
Methylmalonic aciduria 11 0 0 3 3 2 0 1 5 5 3 1
propionic aciduria 11 3 0 4 2 4 0 1 5 6 3 3
Holocarboxylase syntase def 0 0 0 0 0 0 0 0 0 0 0 0
Biotinidase deficiency 13 0 0 0 0 0 0 0 0 0 0 1
Cobalamine deficiency 0 0 0 0 0 0 0 0 0 0 0 0
Maple syrup urine disease 3 1 0 2 2 0 0 0 2 2 0 2
Isovaleric aciduria 5 2 0 3 0 1 0 1 3 2 0 1
Tyrosinemia type I 0 0 0 0 0 0 0 0 0 0 0 0
Tyrosinemia type II 5 0 0 0 0 0 0 1 1 1 1 0
Glutaric aciduria type I 2 0 0 0 0 0 0 0 0 0 0 0
Glutaric aciduria type II 31 0 0 1 1 0 0 1 1 1 0 0
3-Methylglutaconic aciduria I 5 0 0 1 0 0 0 0 0 0 0 0
3-Methylglutaconic aciduria II 0 0 0 0 0 0 0 0 0 0 0 0
3-Methylglutaconic aciduria III 9 0 0 1 1 0 0 0 1 2 0 0
HMG-CoA lyase deficiency” 4 0 0 0 0 0 0 0 0 0 0 0
Hyperglyceroluria 2 0 0 0 0 0 0 0 0 0 0 0
Dioxygenase deficiency 1 0 0 0 0 0 0 0 0 0 0 0
Cytosolic 3-ketothiolase def 133 1 2 19 5 2 1 0 6 6 6 3
Mitochondrial 3-ketothiolase def 32 0 0 0 0 0 0 0 0 0 0 0
3-Hydroxyisobutyric aciduria 3 0 1 0 0 0 1 0 1 1 1 0
L-2-hydroxyglutaric aciduria 2 0 0 0 1 1 1 0 0 0 0 0
Fumaric aciduria 2 0 0 0 0 0 0 0 0 0 0 0
PDHC deficiency " 49 4 0 6 3 1 1 0 9 9 3 1
E3 deficiency 2 1 1 0 0 0 0 0 2 1 0 0
Pyruvate carboxylase deficiency 5 0 0 1 0 0 0 0 4 4 1 0
M.T respiratory chain disorder 120 4 1 7 3 1 3 0 11 7 2 0
SCAD deficiency® 3 0 0 0 0 0 0 0 0 1 0 0
MCAD deficiency ' 6 0 0 0 0 0 0 0 1 2 0 0
LCAD deficiency’ 0 0 0 0 0 0 0 0 0 0 0 0
3-Methyl crotonyl glycinuria 1 0 1 0 1 0 0 0 0 0 0 0
Orotic aciduria®™ 7 4 2 4 1 1 0 0 5 5 0 0
2-MBCAD deficiency ™ 3 0 0 0 0 0 0 0 1 0 1 0
No of patient except normal 470 20 8 52 23 13 7 5 58 55 21 12
No of total patients 1,787 45 16 111 35 16 24 8 108 110 42 18

"HMG-CoA lyase : 3-hydroxy—3-methyl glutaryl CoA lyase, "PDHC : pyruvate dehydrogenase complex, "M : mitochondrial, *SCAD :
short chain acyl-CoA dehydrogenase, 'MCAD : medium chain acyl-CoA dehydrogenase, "LCAD :long chain acyl-CoA dehydro-
genase, Orotic aciduria: marked elevated orotic acid Urea cycle disorder, lysinuric protein intolerance and HHH syndrome are
possible disorders, T2-MBCAD : 2-methylbranched chain acyl-CoA dehydrogenase

#12 : feeding refuse, #13:tachypnea, #14 : vomiting, #15:coma, #16 : pancytopenia, #17:anemia, #18:leukopenia, #19 : acidosis, #20:

hyperammonemia, #21 : hypoglycemia, #22 : ketosis
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Glutaric aciduria 189X+ glutarate®t 3-hydroxygluta-
rate’} FEZAA F7F8H Glutarate® glutaric aciduria 11
%, 2-aminoadipic aciduria, short bowel syndrome S°lA%=
Z7F8l2 2 3-hydroxyglutarate®] %7}= glutaric aciduria 13
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)
g, A 2B A 5
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2-Methylbranched chain acyl-CoA dehydrogenasex 2-
methylbutyryl-CoAE tiglyl-CoAZ H]7}= 0 &4430ES-
& dovlE arza? ojzle] RFHW M om Aol
oA 2GR A7 ) AAe] FEupuish 3 AH A
Sl AW FAZ o), J1Ye] WAAF, Wy AL v
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T < 4%@, AAAA, e FHAmZF FAF ToR o]olF
A =k 714t Aol M= ethylmalonate, isobutyryl-
glycine, methylsuccinate, butyryl-glycine, isovalerylglycine,

2-methylbutyrylglycine &°] &7}sle] glutaric aciduria 1%
I} H| ST glutaric acide] S7H7F §le Hoz FEEoX]
w387k XEE R

3-Methylcrotonic acide FAl ALY S dAMEZA] 3-
methylcrotonyl CoA carboxylase®] Zo] A F

Agk ketoacidosis®t #&o] U= AFGo] YA oZ V)=
=2 Ago|tH®  awolA 3-hydroxyisovale-rate$} 3-meth-
ylcrotonylglycine® 3-methylcrotonic acid’} <71k, 371
ATt

Holocarboxylase ?é J g4 biotinidase?] APl oW B
£ biotin o]&4 FEEAetolAle] Ay o] AT} Holocarbox-
é%‘% Folrlel Al Ak diabgd AEdT
!9 o]e} @] biotinidase 2H
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[] & ol &} 7 o) o]/g—o]q. _Q_E_A]AE]J‘T_%.T,}- "Qo] Q)
o e EdnEe F 117 A =
o] tiAl B4 S 2-oxoisocaproic acid7} AtEA gt &2z}
& hAEZ A primary isovaleryl-CoA dehydro-
wf AWoA giFgo R Frisith AlAolre] x

23924k e 22 Iy ASES LdRYET,
F4 HWF ol Eal ANGY. Al R BEEe
e oAb did el o8 oiabg AR S, Yol S,
T T S0l AR AR gt SLARE of
Az o] 2RAAM 7o) yEhtA] Gtk tial, ofeladx

o] %45101 o}o] 47 2 &elo] M (isvalerylglycine)
o] 2w Yel}al 3-hydroxyisovalerate, 3-hydroxybutyrate,

acetoacetate, lactateEx UWERITE AAEL 2lAolr]19 24

Folzlel 14, frolrlel 2d(4Alet 6419 FAel ofolid x4t
5ZES S F AT
©@ZF D=3 EE branched chain ketoaciduria®™ branched

chain @ -ketoacid dehydrogenase(BCKAD) complex®] 23+
of oJs] A7t} o] HAFZ branched chain aminoacids(FA4,
ol aFAl, w#)e} o]o 43 branched chain @ -ketoacids
(2-ketosocaproic acid, 2-keto-3-methylvaleric acid, 2-keto—
isovaleric acid)7} &H9H®. BCKAD® El, E2, E3 7499

o Zzte] EAMole] o3 BE WMmFe] PFF Y Hol7}
G, GPHon AT 1FAARE B4 DIFER G,
TE, AW, W, E9% A8 AEF A0 A% Dol

Al ketoacidosis7t 1F8H o0& A7171% 3 ketoacidosis ]
AAAA7Y 25 Ful= ok BAo)A 37k419] branched chain
aminoacids®] %2 ¥ alloisoleucine(keto-enol tautomeri-
zationZ} 2-keto-3-methylvalerate®] transamination®] A4k
E)o] =HHt} o]H3 2-ketoacidE AMWolA s hy-

droxylamine® 3 derivatization®] o] oxime®] ¥ ojofyt
712 B4o] 7hEsltl 1y 2-ketoacidet $HAl olel AT

3} branched chain 2-hydroxyacids(2-keto groups in vivo
o] ghlell o) A3HE WA GC-MSel 93 AEE +
omg A Aud £ A B AFeEs Aol 24,
Qdobr1e] 18 E 2s & AATh

Carbamyl phosphate ornithine transcarbamylaseol <3|
o] @ U (ornithine)? Z@3te] A|EE 9 (citrulline) =
T=i=t] ornithine transcarbamylase$} ©}F27|d%-3] & 2 (ar-
gininase)®] ZA3o]l o™ 9 ZEA(carbamyl phosphatedl] ]
T tiAbE) o] A3 AwdA Frkete
W 9 FAE dte d3om aR IR

&35k Asto|tt, AAetr] 9] 5d, el
28 A &R orotate’t 71e S 2 YENEU ornithine
transcarbamylase2] Z¥ wlEel Aoz Hrl EE olZ7|UE
sla4 ZAWZ, lysinuric protein intolerance, HHH syndrome,

44

O REARZO &

A EEATF(citrullinemia) 59 F% Atk LZAR
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QEEMRTE AATAR Tl fle AdA oltd WEo
E4& Z7] wid 4] Agen d2uz ajxg + ok
AbgA o] Al Absh= 47FA] Bl ofF] AEH o R Yo
Usd o] a5 AR tE 71AS e A frHe
25 AolsteR At FHEe AlE Zold & a4sEs
EXdHogr T2 & olvh AMEA HEF Abs; Ao &%
He A F3E2 WE @AY (endoplasmic reticulum) ol A
27K w) At o3 wEoR = B4 A (peroxism) 2

WEH B) Atslel 98] o] 2 dicarboxylic acidZ A 7%=
st} paksiaAl o] HEl Abslel #ojdE G 671904 1071
9] B4 AMER e A dicarboxylic acidsth AHAEe] Abeh=
flemz C-6, C- 8 C-10 dicarboxylic acids7}

Fe T4 IHAE o &

Aol @ <73
HE, A2 835 Q—% E‘ﬂé% ol FuHE AZEFS

ek
ofl
of\
o
fr
=
fuj
FL

oY Medium chain dicarboxylic aciduria
valproateE -8 F°]AY medium chain triglyceride oil&
Fokel ketoacidosis7t AE A-FolE 7AW o] A=
~hydroxybutyrate®} acetoacetate’} o] Exjs7] wiiEol
A Akal Absl(hereditary fatty acid oxidation)9] ZAgke] <l
Ag-oF FHEo A
MCAD ARTE AANAALR 7P &5 AL Abst ol
oA QMo RE HA ASHEIN FE, HAGH o
7Ve), 2+ ), F 715 o, S%1%A
T UoldZ(Reye syndromed AhH 5o
ATF” . Aol gof EAAL FF(sudden infant
death syndrome)2 & FABHE Aoz Az 9o
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FHaos R FxEo] =A¢o] AUty gen e A
= A& slok gtk ThEgel o Fde] 241 vl Al A
Q3 FAolth shHe Aol Qe W ALY thaRAe] A
o] oldl sjErt AW f7IaE EACA AL A4 we=

UeEbA] AN F4 tAE did Aol S8k tiAE =
A adipate, suberate, sebacate, 5-hydroxyhexanoate, 7-hy-
droxyoctanoate hexanoylglycine, phenylpropionylglycine®] 3}
4l 53] hexanoylglycine, phenylpropionylglycines ©] 3%
ol SAAoRE Fr sk tiAbEelt 637 dE AT

Long chain acyl CoA dehydrogenase Z¥%(LCAD defi-
ciency)> YAHOZ Reye syndrome? MCAD Z#Z53 #
AbelARE o] A4 R ZHFo]l o AlsA dehin 53
AT To] A7l Aol MCAD Z¥S¥ "t 29 /7
A B2 o)A adipate, suberate, sebacate?} ¥4 C-12, C-24
dioic acids7} WERFHY o] el A= LAE A ki)

Short chain acyl-CoA dehydrogenase Z3%(SCAD defi-
ciency)> MCAD ZA¥Zolv LCAD AR SRt @ &3y 3
ko] oAl WA EAZ o3}, 2WE, SETAS, dA
8%, failure to thrive, A4AA Fol Jepdofh ¥ 2

712F ZALell A ethylmalonate, methylsuccinate, adipate, buty-

El
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WEA 9l 59l 1 IR E R4 B4 8l 4

rylglycine, butyrylcarnitineSo] thsh oz viehdoph )
SCAD AHF9 & #F714F &4 54 440 74
&= HZSsH UrE}‘* Foenz i &

&3] L% 2 AT A ethylmalonate”} 571
SCAD 334]7]' ‘/}E]r”x]?} g4 BAAE EdTH(Table
4, 5).

=743l 4

n:& ot
ol\

2 o

_l?.'.

2 = o] f714 Al ol Ao gd Wy
o QAP Lopur] flatel §714t | FFsatel
19979 795E 20059 5€97kA] 8% ool e tiEH Y
A ez 178799 Aol AAE BA U
@ A7l vaste] Aelelan.

o>‘

Hh B : 1997 79 1¥9%H 20053 5¢9 31¥471#4] <F 8d &
oF B RS ATAR BAo] gAY 1,787% Aol

AAESY BAAAE AAT(BF 2L 7HA),
o|F 2AI7FA)), Fraelbr](24 ol 12 A7A) R
(124 o] = R, A5 Fosd B 2dSs st
Aot fF71aE AL 83F9 fU1EE
mass spectrometrys ©|-&3te] A%
oz sk
Z o F 287k H3 4707 e FAE o] 7|3 Ftd g
g & odeH, JPd REZE =W dIEd
ketothiolase 285, AHEAY S5 A4l &49
PDHC Z¥HF,
mitochondrial 3-ketothiolase 2% %, glutaric aciduria type II

AR5, WEEE S (methylmalonic  aciduria),

dotr1(2M4

2] 2~ 7] o] &

O -l

ol o

rlo

gas chromatographygr

wAsglon, 54949

cytosolic 3-
o]} A3

(mitochondrial respiratory chain disorders),

biotinidase

X 23] 24+ F(propionic aciduria) 5] AT

A E:#7IF giAF Aol dBES 44 3y HlEe vto
U Sel M e o ditso] I flon, ol AL
o] A9 ANAHTH o] £27S Holal ora AlAsHH
o £HE Hole AeE hEzdel ¥FAAr " 3d
% Choi o] wxsh A5-d349 vlaste] A2 Adte] =4
2 Y REZE =2 Agte] WnliEe] Abo]E Ho|A| ok
th 39 He] AFEA S Ao R Qg oo sheA
< dystaiont 89 Bk 1 A7 S v=g A
HNIEE Hol olgg AZEo] gyt v dE=
Aoz yetEn Foy7F g siria dekEnh
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