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## 4874773530 : MAJOR PEDIATRICS

KEY WORD: MULTIPLE CARBOXYLASE DEFICIENCY / HOLOCARBOXYLASE

SYNTHETASE ENZYME / BIOTINIDASE ENZYME / BIOTIN
YINGDAO CHAYASIKANON : PRESENTATIONS, NATURAL HISTORY,
TREATMENT RESPONSE AND MUTATIONS OF THAI PATIENTS WITH
MULTIPLE CARBOXYLASE DEFICIENCY. THESIS ADVISOR : ASSOC.

PROF.VORASUK SHOTELERSUK,MD., 37 pp. ISBN 974-17-4010-7.

Objective : To study the presentations, natural history, treatment response and mutations in
Thai patients with multiple carboxylase deficiency.

Design : Retrospective descriptive study .

Populations : The patients who have the clinical characteristics of multiple carboxylase
deficiency in King Chulalongkorn Memorial Hospital, Bangkok during 1999-2005.

Methods : We reviewed presentations, natural history, treatment response and mutations in
patients with multiple carboxylase deficiency.

Results : Four Thai patients (3 girls and 1 boy) with multiple carboxylase deficiency were
included in the current study. All the patients were holocarboxylase synthetase deficiency. The average
age of onset of symptoms were 1-9 menths. The first clinical presentations werc skin manifestations.
Bui thie symptom which bring the children to the hospital were tachypnea, coma, hypotonia and
seizure. Three of them had skin manifestrations during iheir first admission. In all patients diagnosis
was established by the finding of organic aciduria typical for multiple carboxylase deficiency. All the
patients had normal biotinidase activity and had mutations of HLCS gene. RS0SW was the most
common mutation allele. One novel mutation was found. All manifestations improved markedly within
one day of the administration of oral biotin and symptoms in all patients could be controlled with 1.2
mg/day of biotin. Development is associated with the onset of treatment with biotin.

Conclusion : This disease impairs neurologic and skin in the affected patients. Urine organic
acid analysis is crucial to the diagnosis. In Thai patients, administration with 1.2 mg/day of biotin can
improve and control symptoms. Early diagnosis and biotin supplementation can contribute

significantly to the improvement of prognosis.
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Percentage of Affected Children

symptom

100

Ketolactic acidosis

Organic aciduria

75-100

Hyperammonemia

Breathing problem ; tachypnea, hyperventilation

50-75

Skin rash

25-50

Lethargy

Irritability

Feeding problems and vomiting
Hypotonia/hypertonia

Seizures

Odor of urine

Thrombocytopenia

10-25

Hypothermia
Hyporeflexia/hyperreflexia
Developmental delay

Coma

<10

Ataxia
Tremor

Alopecia
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Percentage of Affected Children

symptom

>50

Alopecia
Developmental delay
Hypotonia
Ketolactic acidosis
Organic aciduria
Seizures

Skin rash/skin infection

25-50

Ataxia

Conjunctivitis

Hearing loss

Lethargy

Mild hyperammonemia
Tachypnea/apnea/breathing problems

Visual abnormalities : loss of vision/optic atrophy

10-25

Coma
Feeding difficulties/vomiting/diarrhea

Fungal infections

<10

Hepatosplenomegaly

Speech problems
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Determination of treatment response
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M3M5I9319Me
Vital sign BP Ja131d PR 180/min capillary refill 5 sec
BW 23.6 Kg (P70) Ht. 119.6 cm. (P70)

General appearance - stupor, dyspnea, no dysmorphic feature

Skin - no rash, no abnormal pigmentation

HEENT - not pale, no icteric sclera, dry lips

Heart -normal S1, S2, no murmur

Lung - normal chest wall, breath sound equal, no adventitious sound
Abdomen - scaphoid shape, liver just be palpated, spleen can’t be palpated
Neuro - stupor E,M.V,, pupil 2 mm, RTL BE

- reflex 1+ all
- BBK plantar response both, no clonus
- Eye ground WNL
MsasaMares fiams
CBC wbc 20,000/mm’ (N 85% L 9% Mo 6%) Het 40% platelets 267,000/mm’
BUN/Cr 29/0.5 Electrolyte Na 136 K 4.8 C1104 CO, 4 anion gap 28
Serum ammonia 38
UA sp.gr. 1.018 pH 6 protein 2+ sugar negative ketone 4+ no rbc no wbc
Urine ferric chloride test negative
Urine organic acid W1l methylcitrate

Chest x-rays patchy infiltration at RUL, RML

a oA aa o 1 & . - . .
iﬂﬂwafﬂiﬁiﬂ%ﬂidﬁ@dﬂgﬂﬂmi%ﬂu%ﬂEJ’JW]JL! Pneumonia (k8¢ Propionic acidemia

I5MITNH
Biotin (300 pg/tab) 3 mg oral Wuh LazAene 3.6 mg/day
Carnitine (500) 2 tab oral 1N 8 hr
Vitamine B12 1000 pg iv OD

mIautulsnszrdgeglsaneIa

P4

18991014 Biotin U5zanas 24 2119 91015111981 UATVY NI metabolic acidosis

9

2R Y . Y
ATU LazeENTONgANT IR NaHCO, iv 14
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“ﬂﬂlu?i 1 pneumonia ag respiratory failure 1#1& endotracheal tube on ventilator 81015
dd? [ 9y . .
AvUNA1H antibiotic
dtheansonauiuld uaz lasusmuziilimiu Biotin 3mg/day  Carnitine 150
mg/kg/day pottiaanaly
MsautulsnsznNBPNAAMNINS
Y A A A dgl a 9 ~ [ I
Ej']J'JEJLi?J?JﬂiIJW”INTHJU‘UiL'Jﬂ!ii’]‘]_l']J”Iﬂ YN IUNU VI UY uazmamwmﬂuqmaq
1 Y
on Lﬁﬂﬂ”lq 6 11 8 1fou 1dn379 urine organic acid Fnuin ldnulsa Multiple carboxylase
. KX aa o 1< . 4 &£ o Y Y .. Y
deficiency v IHmne Isaudlu Multiple carboxylase deficiency FI5NBIA9NT W Biotin 1FUNU
HAZEINNTOAIUANDINS 1A 1UULIA 1.2 me/day
a a ' 09/ @ 1 1 J a o < =
ﬂ”liLﬁ]SilJuLG]']JI@VIN'iNﬂTEJ umuﬂuazmqug‘lmﬂmmﬂfm quJﬂ”IW‘V]'J"I,']JLHNLLﬁQﬂ
Y1 = ~ 9 1 A v A [ = g’ 3 v A
EJII’JEIN“ﬂﬂluyﬂﬂﬁﬁfJHTﬂEJ%Wﬂ')HWE]uGlH'JEJLﬂEJ'JﬂU 01¢ 7 1 NYYNFIFU 1.1 daveu
o ] [~ y @ [ :/‘
vilado 1118 @399 1Q = 50 1111 mild mental retardation i9gUuiSouogsu 1.3

3201 Biotinidase activity :  7.64 nmol/min/ml

Mutation analysis : R508W (1522 C>T) / Not found (ﬁ’ig 19 3)

{ Y o JIa @ 1 !
11 4 uaasdanbmzmsnargiuiaasiauuen HLCS voeliloson |

A q

R508W
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Vital sign BT 36.4C PR 125/min RR 40/min (9Van) BP 104/58 mmHg
General appearance - drowsy, tachypnea

- wt. 8.8 Kg (P97) Ht. 64 cm.(P35) HC 41 cm. (P30)
Skin - Erythematous patch with desquamation around all flexor area

Generalized non pitting edema

HEENT - not pale, no icteric sclera, AF 2.5%2.5 cm., not tense

Lymph node - no lymphadenopathy

Heart -normal S1, S2, no murmur

Lung - normal chest wall, breath sound equal, no adventitious sound
Abdomen - soft, not tender, liver 3 cm. below RCM, span 7 cm.

Neuro - response to pain, hypotonia, pupil 3 mm. RTL,BE

DTR 3+ all, BBK plantar response both, no clonus,
Brudzinski sign negative
MIasIaMaresfiams
CBC wbce 8,39O/mm3 (N 39% L 59%) Hct 30.8% platelets 210,000/mm3
Electrolyte Na 141 K 4.2 C1105 CO, 10 anion gap 26
Serum ammonia 25
UA sp.gr. 1.019 protein 1+ sugar negative pH 5 ketone 2+ rbe 0-1 wbc 2-3
Urine ferric chloride test negative, Urine P-nitroaniline negative
Urine DNPH negative
Urine organic acid W1 B-hydroxyisovaleric acid, B -methylcrotonylglycine, B -hydroxypropionic
acid, lactic acid, 2- hydroxyisobutyric-acid, B - hydroxyisobutyric acid 1{i& acetoacetic acid
nARaMIATIINIResl §iAmIeItadeduilu Multiple carboxylase deficiency
IBMITnH
5 7.5%NaHCO, Lﬁ@iiﬂﬂﬁ severe metabolic acidosis
1% Biotin Tae14 1.8 mg oral AURA AR 1.2 mg/day
MIautulsnszridgeglsaneIa

4

#8191 1% Biotin sz 16 1 Tuedilee1nmsddu veumilosanas JAnAmN

E4 4 d

=2 . . . oak 1 a dg‘ I~ ]
VYU LATZNIIL metabolic acidosis AVU Iﬂﬂf’n HCO, myvuan 8 1Wu 25 !Lagﬁn\nﬁﬂﬁf‘!ﬂ‘lﬁ

NaHCO, Tdmelu 24 4 Tuanaeld biotin



19
o A v g . . A 4 ) £ J '
Jun 2 1ae14 biotin  HSUIAITBYAI AONNINTU A3ID electrolyte  H1 HCO, 0
11979 22-27 urine ketone trace
1 1 = a dy g Y P . ogqe
izmwagﬂiqw&nmauﬂiymuwa cut down ARLFO N1330H1 1M antibiotic cloxacillin
o al
HazHa 91N15AUY
Atheamnsonauihula uaz lasuduzaihIimiu Biotin 1.2 mg/day sotitosso 1]
mIauiulsaszrNNAamueINs

Y
Ao 1dudAaamssnuiamiia ansaaiugueins 1a Tasvaziildsuer 1.2

i 2 =

1 A 4 ] < 1 @ ll J a a o A lqg.l’
mg/day IlilLﬂEJiJNu“]JuﬂﬂblllmEJH]‘]J’]J’JEJEMLL?Q WmHWﬂTSE’JQluLﬂm"V]ﬂﬂ@] Liauwmaaag%uﬂ.z
52911 Biotinidase activity :  8.48 nmol/min/ml
Mutation analysis : RS08W (1522 C>T) / G505R (1513 G>C) (A431/7 5)

[ v JIa @ U {
11 6 naasanmzmsnateiugRasHauudn HLCS veudiloson 2

A B—

G505R R508W

A d' < a a a = A A o @ o
WTJ'JEI§1EI‘VI 3 Lﬂﬂﬁiy\illﬂfl (tna 8 W AAINIYY 2544) 2918 4 1 4 1hou QUAUUIIININ
Aa 4 Y v Aaa o c?/‘ 1 =\ = A P
mwdaus ldsumsitenelsnaeua we. 2545 awueiiong 2 U5 1hou Taeldwuuwndf
Y Sy 9 @ Y < A d? 1 A UM
IﬁﬂWﬂWUWalﬂﬂ“ﬁuﬂﬂﬂﬂ’lﬂWi Nulﬂqul 19U Dl’t]l,l)ﬁ\‘l‘] ‘WWElﬁ]ﬁ]Li'J IAUBIUIMNVUTNNANAY Dlﬂ‘Wl!
& Y o Y o ' dy ! ldd?‘ o A 3 =K
811 A3 Llagﬁlﬁﬁniﬂ‘ﬂulﬂﬂqﬂlﬁ’lﬂ UAZITHUYDUINIU ﬁ’t]iﬂ@'lﬂTilliJﬂ"llu EN?JWWEJGI,%!'H”J U

= A ¢
fNﬁNllW]i"Jm/lIﬁﬂWﬂTUTaﬂWTﬂﬂﬂim
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va ] ! o { 1 o
UsgIdedn : iuyasaud 2 luswauiies 2 au aseansuimua (lszuiney

J oy @ Y [
ATIN 8 LﬁfJU) WIUNUINAADA 2,100 NIV LL‘UQLL‘Nﬁ

= a A dgl a Y di’ v
91¢ 9 ADUNAULAIYUUTNUTBUYIN TOUAT NU Lj@inﬂUﬂWTﬂﬂ U1

Yo aa o o .. . . .
aaoa lasun1sadanelu acrodermatitis enteropathica UQEIAYANTIV immunoglobulin level,

skin prick test wadlnd 1asumssnu lagld topical steroid waz i supplement ZnSO, Taf wuly

ad o ad ' ' A < £
AVY EJ\‘]llW‘L!i'ﬂ?JThﬂ I0UATDY uaznaﬂmamawmmﬂumﬂmu

UsziAnsounda  Ufasilszianmaunsnulumiogna

= = PR A
31U 7 uruMWWIRIave IR 1eI1eN 3

O O

cn/Te
==

12y

]
A

UszTamsndasfuTanaziannms : Juauld waldudlida demsiadises
PIINIIVI MY :
Vital sign BT 36C PR 120/min RR 40/min BP 90/40 mmHg capillary refill < 2 sec.
General appearance - wt. 9.5 Kg (P3) Ht. 89 cm. (P62)
Skin - generalized desquamation of face, trunk, extremities

Erythematous plaque at periorbital, perioral and perianal area

HEENT - not pale, no icteric sclera, sunken eye balls, dry lips

Lymph node - no lymphadenopathy

Heart -normal S1, S2, no murmur

Lung - normal chest wall, mild suprasternal notch and subcostal retraction

breath sound equal, no adventitious sound
Abdomen - scaphoid shape , liver and spleen can’t be palpated

Neuro - normal
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MsasIaMarealfiiams
CBC whbc 8,320/mm3(N 72% L 20% Mo 8%) Hct 37.3% platelets 217,000/mm3
BUN/Cr 14/0.5 Electrolyte Na 135 K 4.6 C1109 CO, 7 anion gap 19
UA sp.gr. 1.010 pH 6 protein negative sugar negative ketone small rbc 0-1 wbc 0-1
Urine organic acid WU B-hydroxyisovaleric, B-methylcrotonylglycine, methylcitrate Laig
B-hydroxypropionic acid
NARANIATIINIT el §iAmsedtiadeduilu Multiple carboxylase deficiency
IBMI5M
1% 1V fluid 1l hydration 1119491050128 dehydration 1azlsf 7.5%NaHCO, 1iipa91n
3 severe metabolic acidosis

Ha99ANIIUKA Urine organic acid 1314 Biotin Taels 2.7 mg /day

maautulsnszridnsedlsanauIa

Ed v
= a

18191019 Biotin l5zmm 24 ¥ Twadihoe1nsATu Husuguas 7172 metabolic

acidosis AU Taga1 HCO, 110 7 Ay 18 Taolidesld NaHCO,

SRERS ' - = o v Y e . al

1 19dunn secondary bacterial infection Nuranua1d 14 antibiotic 11U 01N1TATY

drheawnsondutin g waz lasudmuzailinu Biotin 2.7 mg/day Aotiiosae

msﬁuﬁuismz‘ninmﬁﬂﬂmmms

Y1 4 a [ @ 4 dy Yo

Ejﬂﬁﬂulﬂﬂﬂﬂﬂ@nllfnﬁiﬂ‘bl“ﬂ'lﬂu@ ﬂ'ﬁﬂiﬂﬂ?ﬂﬂllﬂ'lﬂ1ivlﬂ Tﬂammzu"lmum 1.2
a a @ Yy < 9

mg/day mmiigmﬂmmzwwmmwnmuaﬂ
3201 Biotinidase activity : 6.60 nmol/min/ml

Mutation analysis : R508W (1522 C>T) /R508W (1522 C>T) (ﬁﬁgﬂ‘ﬁ 7
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anYy3IA001n13
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3 dlaninoumlsanernia liueusneidanlsameuiaanys aaeld lo eu
I [ o
antios electrolyte WU severe metabolic acidosis HCO, = 7 naalinissam supportive

al =2 Y o 9
treatment 81N15AYY HCO, = 12 33 1HinauTu
T 9

3 Junouwrlsanervia 19 -leuin newmiteswinyu- o Tsaneruraanys 1d
endotracheal tube LH10491ANBVIIN WU severe metabolic acidosis with wide anion gap 909
1 == A o S KX 1w o A t4
ALY NFMNTI DIAANNTIIADN 159NN ol

A A | d' o :j v U
dszinena  1Wuyasaun 2 Tud w2 au dminusnaaea 3,250 N5Y LSNAADA
an <3 =
UnAa LT IANINAeA
A A a4 9 ¥ Yy a o
019 8 19U WAuuAIaenHT soua sau1hn Snus USwe TeIzwd
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9y 9 mo

sz Iamsis@ulaaziannms : na
NISAIIVINNE :
Vital sign BT 38C PR 140/min

General appearance - E M,V

Skin - erythematous rash patch and plaque between eyebrow, around

eyes and mouth and perineum no scale

HEENT - not pale, no icteric sclera

Heart -normal S1, S2, no murmur

Lung - normal chest wall, breath sound equal, no adventitious sound

Abdomen - soft, mild distension, liver just be palpated, spleen can’t be
palpated

Neuro - pupil 3 mm, RTL BE

BBK plantar response both, no clonus

motor flaccid
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MsasIaMareal fiiams
CBC whbc 18,950/mm3(N 75% L 21% Mo 4%) Hct 35.1% platelets 193,000/mm3
BUN/Cr 26/1.1 Electrolyte Na 140 K 2.2 C185 CO, 16 anion gap 39
Serum ammonia 71, serum ketone negative
UA sp.gr. 1.020 pH 6 protein trace sugar negative ketone 4+ rbc 0-1 wbc 0-1
Urine ferric chloride test negative
Urine organic acid WU methylcitrate 1 1Ny Multiple carboxylase deficiency
Chest x-rays patchy infiltration at RUL

a ua aa o 1

mﬂwaﬂ15@53%ﬂ1ﬂﬁ6%ﬂ§]ﬂ@]ﬂﬁ%ﬂl&ﬂﬂﬂiﬂlﬂu pneumonia with sepsis l6i& Multiple
carboxylase deficiency

Aad w

IBNITINH

Tua19usn 1A 13 Biotin 1.2 mg/day, Carnitine 280 mg/kg/day W8391ANITIVHA Urine
organic acid 39'1A1MuUUA Biotin 1ag loadl.8 mg oral WU MIUA28 Biotin YUA 3.6 mg/day
nagvgae Carnitine

o a \
msautulsnszrdnseglsaneiuia
' 1 9
#a991n 19 Biotin Uszanw 24 7 Tuagihoauiannndy uazaunsaniugune
1 [ 1

metabolic acidosis 149171 HCO, 15-16 111 17-22 Taeliidee1¥ NaHCO, vgno1 Carnitine

“ﬂﬂljﬂ pneumonia agd respiratory failure 1@ 1& endotracheal tube on ventilator 81015
dd? A [ 9 T
AVULIDY ﬁﬁﬂ‘ﬁ antibiotic

a .. o Jq 9 o Y

WUT fungal tracheitis 91913911 bronchoscope 19 11n1355n11TAg ¥ fluconazole N1
Atheamnsonauihula uag lasuduziihIiniu Biotin 1.2 mg/day detilosso |

msaudulsasennaunfanneIns

9 ] a o @ n 9 L= 1 ' A 9
N‘lJ’JEJ“l:UaJmmmmﬁﬂmmuuﬂ Lm"lﬂmu Biotin 98 NABLUDIAIYVUIA 1.2 mg/day

U

' Y v
1A

a3 KA A o ] 4 Aa
mﬂ"lumumuaﬂ mmxuwmmmmgiummmﬂﬂm
529U Biotinidase activity :  4.88 nmol/min/ml

Mutation analysis : R508W (1522 C>T) /R508W (1522 C>T) (ﬁﬂg 17 9)
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[ 1 = [ qu‘ [ ~ v Jd a 1 o A
ANYUSITUIAYINUNG 4 ma‘um:}mgﬂw 10 Lmz‘w‘]_Iﬂ"liﬂﬂ1ﬂwu§%uﬂ1ﬁM1uﬂiﬂUﬂ53% 2

Tagwulumsadiheuazfile asgili 11
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51U 11 uaraawansnateiuguuen HLCS Tunseunsauazdiaens 4 1

B —
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* Fx fio Un1w09d1105187 x Mx Ao 1nsavesdi)iesien x Px Aedi)esed x
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= o J 1 = @ Y A
5UN 12 HaaanansnNagn U IniuuY  G505R uuau HLCS luasevnsivesdiesion 2

g2t 1la 2 gt

Ladder F2 M2 P2

A a 9 d‘ = 9 d‘ A 9 d'
*F2 fo UﬂT”U’ENEJ“IJ’JEJiWEJVI 2 M2 f0 3J1'iﬂ1"’llﬂﬂﬁjﬂ’wﬁﬂ“l/] 2 P2 ﬂﬁ]ﬁﬂ’lﬂﬁﬁm 2

v 9
A135199 4 udaswamsany ludihen 4 510

Athesien 1 2 3 4
18l %) LI N N
20191y 10V6mou | 618wou | 4V4mou | 17 8iA0u
AA A = A A A
3.01gNTNUDINT 1809 1 1foU 9 1h0U 8 1Y
AA aa o a A a A A
4.01gNUIUINY 61 6 10U 27 5 1hou 9 10U
A o =~ a 4 ~
5.u81 MYIULY3 AYNTAINTIY MWaUg aniys
6.consanguinity - - - +
A v A g {
7452 3Ans0UnT YU +HWe) - - +
Y
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Athesien 1 2 3 4

8.91M15 NN
A
-NU + + + +
-01M5N9TTVVsTEm + + + +
-delayed development + P + _
9.HaN1IH o lians
-metabolic acidosis Na 135 K4.8 Na 147 K3.6 Na 135 K4.6 Na 139 K4.5
Cl1104 CO,4 C1119 CO,low | C1109 CO,7 | Cl1105CO,3
. . LA Yy

-urine organic ac1d‘1/llslnllﬂ + iy + +
10.biotinidase activity 7.64 8.48 6.60 4.88
( normal 2.5-9.33
nmol/min/ml )
11.MINaNeWUE uudu R508W/not R508W/ R508W/ R508W/
HLCS found G505R R508W R508W
12,9119 biotin 14113 | 3.6(10d)=> 1.2 | 1.8Qd)> 1.2 | 27Qwk) > | 3.6(5d)>1.2
FNH (mg/day) 1.2
13.5282101715 4 24 ¥ 19 16 %2109 24 %3139 24 %3104
AOUAUBIADNITSNH
14 Warnnmsilagiiv Fiantes(Q Unad Fuantioy Und

50 1io01g 8 1)

X A
+ VU U/ A5INY

= (=1 1
- vinena 1Y/ 319 liwy
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agiwanmside
:;’ I { (B I y ]
157 Multiple carboxylase deficiency i1 Isann'ld lives tulsaninsorenea
v

NNRUFNTTUUDVANBUZAoUUD 1o Tau Dearmsany lanslumanenazimana

= Qs’l dy Y= 91 o < ) a o
msanynseil lddnudiaediuan 4 s1e Humsaaesiuan 1 510 memgesiuau 3 s1elag

<3 ]
HUN

AA A 1 [l = (] [l A A A [ A
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Q

soun souRY uade lu ldsumsdione Tsaganu
1 0 A A o Y aa o YA ~ =*
dauom s unuunnduazi liaunsodiane lsn lanennsezlionsdy
A = Y dy 1 = 1 v .
WHeYYeU UNT10LeINTNa1tooo Ul InTlens WA 18 1azATIIND severe  metabolic
. . . . . % [RCVIR G G va 3 1
acidosis with wide anion gap ¥4 ldNWuTNVYTEIAMIAVIe uazud lvldenTasns1d
NaHCO,
Y
Tumsidanelsa N34 5189529NVL severe metabolic acidosis with wide anion gap
{ v 1 [ 1 g
HAgHANITATIV urine organic acid Aansaddine ldFanuindulsa Multiple carboxylase
deficiency
3 @ Yo aa o 1 - . 4 Yo
14 4 510189 195 U5 IR o u Multiple carboxylase deficiency 1612 1&5uns
@ Y a A [ = = s - 1 [ dg’ [

Snwrlasld TuTeauluvinafidienu e 1236 Taaniuaoiu  Yusgnun1Ig severe
metabolic acidosis ¥0941)78 1Az NUIINTABUAUBIABNITINEIANIN TAA1IZ metabolic
. . dg 1 ] Y o A YR v
acidosis AYUBHNFAIU. F1NIIOUYANIT I - NaHCO, Mel1-16-48 52103 Huguag $and0

dgl a [ =WAl d’ a Iy (] 1 d' 9
Wiy wag lumsAamunisingszeze 1d1e 3 s1euiaanumssneied Aol 14
mululeanluvuia 12 Hadnsuaeuae daudn-1 5104120 lulduaaaiweinisuala

] 4
mu'luTeAues eanaotitodluviia 1.2 TadnSude Tugunulaens 4 s1eau150AUAY
[ F4 v
01314 lufiaudu 1ifiam metabolic acidosis 1@ 2 1u 4 5190 1d5umsIuane Isnvae
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6 lasumsnadou 1Q Yszliuinily mild mental retardation d2ufi)reio1g 23 5 ouANY
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Y
9INN1IATIV biotinidase activity WU TuGt)2eM3 4 510 H52AU biotinidase activity
a 1 1 v 1 v
Un@ Aoogluria 4.88-8.48 nmol/min/ml taz lAnsramsnateiuguuiimsnatewugvosdu
1 1 . . [~ a

HLCS ud maﬂué’ﬂaﬂ"lﬂ alsn Multiple carboxylase deficiency 1Wurila Holocarboxylase

5 ) v PR < Ao A A v A g
synthetase deficiency Iﬂﬂﬁﬂ‘]&lﬂwﬂﬁﬂﬁﬁlwu‘]ﬂulﬂﬂ’lﬁmx‘] 4 S1UanYUSNHNOUNY AD 11U

o da 1y . . A A A A 4 . &4 .
MINAYNUTHNATN (missense mutation) wuﬂmﬂaﬂumﬂaiahlmmﬂ cytosine 13u thymine

A o 1 o Y a .. Ao o A A < a

NAwnUe 1522 Minsaezii Ty arginine Nd 190N 508 gnlasui]unsnozii Ty tryptophan

dy Y1 A o v da o . . A A ~ a =
uaﬂmﬂucluggﬂaaﬁww 2ANUMINAIWUTHATUE (missense mutation) nunanlasuilong

J <3| { o 1 o a . o w !
To'InA91n guanine 111U cytosine AU 1513 i1 linsavziiTu glycine N&10UT 505 gn

A S a — o A A v J
waswiunsaoziTu arginine Aanuaasluaisem s Llaxﬁ]”lﬂﬂ"liﬁiflilﬂ”liﬂa"IEJWUTj‘GlLl

v A

v I @ (V) @ o a @
AIDUANT ﬂWUﬂ']iﬂa1ﬂwu‘ﬁjuaﬂﬂmgl‘}/iﬁ@uﬂuiunﬂﬂjf’]Uﬂijﬂﬂ ﬂ1§ﬂﬂ1ﬂwu€Nﬂﬁ1’iﬁ

1] '
A o w =

{ o ' i o a — { I
(missense mutation) M@ 1522 M T¥nsaezil Tu arginine N0 VT 508 gulaswilu

{ 7 o o

Y
N5A02 1 T tryptophan HAAIINNL 4 ATOUATIUIVETUIINYFHNUANUTURUTAUNI

A ' = §Fo Y o [ = [
T oANINDU (founder effect ) ﬁ]\WﬂblTinlﬂTiﬂﬂTﬂWHﬁiuaﬂBmglﬂﬂjﬂu

A1519% 5 AN Mutation analysis

é}ﬂﬁﬁl‘i wﬁ HLCS mutation Nucleic acid changes
1 R508W(1522 C>T) / not found Arg508Trp / not found
2 R508W(1522 C>T) / G505R(1513G>C) Arg508Trp / Gly505Arg
3 R508W(1522 C>T) /R508W(1522 C>T) Arg508Trp / Arg508Trp
4 R508W(1522 C>T) / R508W(1522 C>T) | Arg508Trp / Arg508Trp
aAl5aNan1sIvY

=S

= a A dyd o 1A <3| A
iﬂﬂﬂaﬂﬁﬁﬂ‘]&l'l‘V]N’éJﬂlqi‘b”J’JT]EJWUL“IJUﬂ']ﬁﬁUUﬁHu’NEJu HLCS gﬂuaumuwmﬂu

M3 l¥inalsa Multiple carboxylase deficiency ¥ Holocarboxylase synthetase deficiency

9 dg‘ A = 3 PR 9 & o 4 Y1 g
11!Ejﬂ?ﬂﬂﬂ!“]f@“]f"l@]‘ﬂllﬂﬁﬁﬂkﬂi’nﬁ/]\ﬂuEjﬂ’.]fl]l‘ﬂflﬂjﬂ maﬂymzmsmwwummgﬂaam 4

9 9 1 o 4 =\ £ 1 o ] [
5"IEJE1’J‘Lllm’JLLG]UJMﬂﬁﬂﬁ"IEJWH‘ﬁ“’U’ENEJH HLCS GBQ@Q‘]J‘L!T?‘I?IMI%?J@HLL‘I’THQ 21g22.1 anywe
| o da Y . . o 1A ' 2 @ =2
L']J‘l!ﬂﬁﬂﬂ”lﬂW‘l!ﬁNﬂiWﬁ (missense mutation) h1‘11“5]1!&14°LN‘1/I°I/\l‘]_ILGIleLﬂEJ’Jﬂ‘]JGL‘Ll'ﬂ”li?f'f‘l‘]eﬂﬂli’]\‘l

yw v da @ a = 1
Morrone 1143) 2002 HoNNTUTINUNMTNANOWUTAATHE (missense mutation) i TraFeda 1]
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1 A A A a = J . [~ . Ao 1 o
UNTAUNVUINDOU AD NﬂWﬁ!ﬂﬁﬂuu')ﬂﬁI@UlﬂﬂﬂWﬂ guanine 1Wu cytosine ALK UI 1513 M

Y a Ao o A A 3 a qaj dyw
Tinsaozii Ty glycine Néeun 505 gauasilunsaeziTu arginine iatianyazmMInale
v Jdo ' o < L4 ]
ugaananinai Iniinsadrauduland Holocarboxylse synthetase laitiioane

ATUBINTUAAN FITNIAVDITIA azMIapUdUeIAenITTnE1 wudile nedl
A a o 3 I {
PINITUNTNABDDINTNNAIMUL 1AZATIINVDINMTHOD FUudungInilinIgg severe
dyw =] =< 9 dy 1 = =
metabolic acidosis HBNIINUTINOININTZVVYTZE ™M FU ndrwiesouilnilen 1195183
HYaymidauinsdn $nsawdae suile ldsuniddeieud1asumsinulaonsld luTeau
9
NnIwApDaUeIAens 1N I Teauaun onnsganui ludiheInens1d 1o TeAunaunulsy
{ ' a a o - < % 1
luvmeidesniwnie 12 Jaansudeiu Na1m150AIUANDINIG 1AA FIUANA1991N
MIANEIDUY 1FUMIANYIVEY Fuchshuber 113) 1993 uazamzdua Hdeal¥ luTeauluvina
A a o 1w [ : { 1Y | o o ]
10 Haanfudo Tulumssne G90199zNeItenUNMSNINMsNaTWUE lud e RS0SW Ul
o S Y A o SRR
du HLCs milu 1@ iosnnnumsnaeiuguuuilugie Inennsie
A o o A =2 A o =2 9 an dy
gedrnndnidsenisvilsaenisiiwanisane 1l 1¥luneadin TagTsatiamnse

Aa o 3 a <o [l 1 < 1
”Juﬁ]ﬂflhl??ﬁﬂflﬂ”ﬁ@ﬁ’ﬁ] urine organic acid Gﬁ\?"115WUﬂﬁﬂ@HVI?ﬂﬂTLWW%UN@ﬂN UASLHUITNIT

v 9
A v o v

. . . 3 ! aa < A o o
#1379 urine organic acid Ulﬂﬁ?ﬂ?iﬂﬁﬁﬁﬁ?ﬁ]hl@g{nﬂ ﬂ\iuuﬁﬂ‘Hﬂlg'ﬂTﬂWiﬂWQﬂﬁ’IUﬂLﬂu/ﬁQﬁWﬂfQ
[ d‘ 1 YR XK dy [ 09/’ 9 91 dld a YA | [
Wﬁﬂﬂ%%“ﬁ’)ﬂﬁlﬁuﬂﬂﬁjiﬂu ﬂﬁuuﬂWWUﬁjﬂﬂﬂﬂN@’]ﬂ'ﬁﬂWﬂW'JWU\??'J?Jﬂ‘U'EJ’Iﬂ']TVl'Ni%TJTJ
Ay o a v & Y Y = = Sy ¥
1J3$ﬁ'WlﬂthﬁWN'lﬁﬂf)ﬁ‘UWElﬂ’JfJIiﬂﬂuulﬂ ﬂ?iﬁ@\iuﬂﬂﬁiiﬂuq?ﬂ’lﬂ UAZDINTIINUNIILS

. . .o Yy ' aa o v 2 aa o PR
severe metabolic acidosis ﬁ'JﬂJﬂ'JElﬂ’i]5‘5381Uﬂ133u%ﬂ813ﬂ19\118‘uu !LagﬂTﬁ"]uﬂﬂﬂiﬁﬂqﬂlﬁ'}
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