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- Molecular analysis of genetic diseases in Pediatrics -
Ornithine transcarbamylase deficiency and Angelman syndrome

Toshinobu Matsuura

Department of Pediatrics
Faculty of Medicine, University of the Ryukyus, Okinawa, Japan.

ABSTRACT

During the last two decades, molecular biology has made striking progress and many genes
responsible for human genetic diseases have been identified. A decade ago, it took months to
analyze a gene in patients with certain genetic disease. Now, advanced molecular biology tech-
nology allows us to analyze mutation(s) of the gene within a few days. This technology also
indicates that more than one gene is responsible for one clinical entity. This means that we
cannot fully understand the pathogeneses of a disease without considering the expression or regu-
lation of plural genes. Thus, it is very crucial to obtain genetic information faster and more
accurately than ever so as to analyze the involvement of genetic factors in diseases. With our
unique molecular biological technique, we analyzed two distinct genetic diseases. One is ornithine
transcarbamylase (OTC) deficiency, which is a single gene disorder caused by a defect of the
urea cycle enzymes. We detected 40 mutations on the OTC gene, and clarified the relation be-
tween genotype and phenotype of OTC deficiency. The other disease is Angelman syndrome
(AS), which is regarded as a contiguous gene syndrome, caused by defect of several genes on
chromosome 15q11-q13. Our molecular analysis of this region showed that UBE3A gene, en-
coding E6-AP ubiquitin-protein ligase, played the most important role in AS. Ryukyu Med.
J., 20(3)99~106, 2001

Key words: OTC, Angelman syndrome, imprinting, hyperammonemia
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ZOTHERDDFEMFDESIDET LLIELDE
BOREBICHEbLLBEFIRIES N, FHMOESRICL
N—ADBEOHETREZRVWETOICEEN LI
TP BRETHETNIEHERN CTHEENIHUETES
LI HhoTHTNS, T LIz#KICLWRETIHE, £
CORBTEPNL AL > OBETFPEESETH I L,
BB = B—H{EFEFTEIPHI TR L —DNER
BROBEZEFFESE L) B EHBEL, FLB8EFOR
RR TR 2L EIICIERZEBTLZLEITERVE
ERONB LI hoTE& I, FOLORBOFREY BT
THET, WRILBESERICEZ ORIEZFHERELITETY
AIENTELPVEELRRBE RS, BRI T, MR
EEOGPTHE—BEFERERE LTREYA 2 VEBEED
—DTHLINZF Y NTVAHNMINT FT—F (OTC) K

BIEY, BEOBGFIEETH0H® 5 BEEETER
BLLTCP YV v ERRLHICHT, BLHTT-T
& oA TFEYFEWEAT L BRICHA E RIS 5.

L ANV=F VS VAHIWNTT—E (OTC) KIBHE
A. OTCOHALFRIMEE & BIZTHEE

OTCWt, 7YE=T%MEHEL, RELXEHTHIRETA 2
WOHRT, FNVZFUEIMNIN) VEREZEEE LTV b
M) rEEAETARGCHES T3 (Fig. 1). COBEKIR,
BEANTOKDORIEMEPEREINI b )T M) v o
APRUZRATL, V) — ¥ —EFIEG A BRANTIOK DY 7
2z bOSRABMMOIBEEE 2D, L BE TR
EEAEOON, ZOFHIIBBIIZIZIZEALEDLNT
FESRICEEICERA LTS, OTCOEERTIT X #BAEXp
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Glutamic NH4 + HCO3
Acid 2ATP

NAGS
N-acetyl- —_—
glutamic acid Mg CPS|
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Acetyl CoA 2ADP +2Pi

Carbamyl phosphate

Mitochondria
oTC CHtrulline
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Aspartic acid
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Fig. 1 Urea cycle. Substrates, products, and co-factors re
quired for ureagenesis. NAGS: N-acetylglutamate synthetase,
CPS I carbamyl phosphate synthetase 1, OTC: ornithine
transcarbamylase, AS: argininosuccinic acid synthetase,
AL: argininosuccinase, ARG: arginase.

211 Fica—Fah, £EFKTHIkbIZh-D 10D 7Y
khs (Fig. 2)V. :
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ZOBENEETHHOTCRIBAEIL, 19TTELUBEO XX
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NI N Y RIEOERIORBIEEE I HIOTAIC L ATH S Z
EREZDBL, REVA 7 VEREERICOTCRIBE SN
WCHEERKRLEILOLNS,

FRENDEFRIIFOTCHOBEILLAET7 VETIETH 5.
X hEgREER e s a2 b b, —MRICERKA LA
WBE L= B IR CIMERDTE, FEIRIKEE, WILHET TR
fEL, MREE, B, HERTESZRZETONE, Hw
nA, R, BSEREICEIIECTS. —FH, ~NTUOES
HEOTETIROTCIERORFIIFERTOREOTCHIZF %
B 5 XGEBEITNELEZITTOAEBEICKFEL TS,
ZFDi%, FORKRERDS BEFILLEICSHEICEAR, FE
BEICREETALODPS T o BERTRREE LTESB
THEEITHATHS, T, HEHERETHEIRBLE
CEBEAN, BRI LVREL, BH, EHE®, g
IR, T AREEZRZIL, T4 EEBICUAERTRET
HBIEFIR, BRERFAFERCRARETAIRALED-H
HEHLASNDSY, Fi, EFLTWHEER AL LB
Bl & D ZEBHZ .

LIAT, BT U ETHEY & THERETHLERZED
FERERT 728, fERIZITTIE, OTCRIBSE & D55 Hl 13 0 i
Thsd BT yETHEEBENAT M VERIREIZL D
OTCRABIEREE) T LI TE DA, HEZMICIIIFERICE
DOTCIHEHRENLEL 7D, FIFOES % #Hk R RER
B, FLANCRBLIREFER M, D3RI K E { A THOTC
EHE L TAHS (Fig. 3). FERMBERBECEIZF0IE
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Fig. 2 Human OTC ¢cDNA and gene. A Restriction map
and sequencing strategy of the human OTC cDNA.
Untranslated and translated regions are represented by
thin lines and by open boxes, respectively. The direction
and extent of sequencing are shown by arrows. Restric-
tion sites are P: Puull, B: Bglll, X: Xhol, K: Kpnl, H:
Hindlll, RV: EcoRV. Position + 1 corresponds to the
first nucleotide of the initiation codon. B Organization
and restriction map of the human OTC gene. Exons and
introns are denoted by solid boxes and thin lines. Exons
are numbered with Arabic numerals. EcoRIl sites of
each clone are indicated by vertical lines.
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Fig. 3 Hepatic OTC activities of patients with OTC defi-
ciency.
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Fig. 4 Southern blot analysis of genomic DNAs. Total
genomic DNAs were digested with Tagl and were hy-
bridized to human OTC c¢cDNA. Pedigree with proband
shown as a closed box, normal male as an open box,
carrier female as a closed circle within an open circle.
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Table 1 Gene mutations and demographic data on Japanese patients with OTC deficiency
Exon/ . Disease oTC Number
Group Intron* Nucleotide change Codon change onset* activity (%) of familie:
Males with
neonatal onset
11 IVS +4,a—c¢ 3D 0 1
E2 G insert at codon 47 54 Ter 3D 0 1
with frame shift
12 IVS +1, gt—at Possible E2 skipping 4D 0 1
E4 GAC—-GGC Aspl26Gly 5D 0.9 1
ES CGA-STGA Argl41Ter 6D 0 1
ES CGA—CAA Argld41GIn 6D ND 1
ES TCA-TGA Ser164Ter 6D 0 1
ES TAC—-»TAG Tyr167Ter 6D 0 1
ES ATC—-ATG el72Met 6D 0 1
E5 AGGCTC deletion Thr178 + Luel79 deletion 6D 0 1
IS IVS +2, gt—ge ES5 skipping 6D 0 1
E6 AGC—AGG Ser192Arg 2D 0 1
E6 TGG-HTAG Trp193Ter 6D 0 1
E6 GAT-GTT Asp196Val 5D/6D 7/ND 2
E6 CTG—CCG len201Pro 1D 0 1
E6 AGC—-AGA Ser207Arg 3D 0 1
E6 GCG-HGTG Ala209Val 10D ND 1
E7 CCG—CTG Pro225Leu 4D 2 1
E9 CGA—-TGA Arg320Ter 4D 0 1
E9 TGG-TGA Trp332Ter 2D 6 1
Males with
late onset
E2 CGT—CAT Argd0His 9Y-56Y 1-12.1 6
E2 TAT—-GAT Tyr55Asp 46Y 1.5 1
E4 CAT->CGT His117Arg 10M 18 1
E4 CGT—-CAT Argl29His 1M/16M/19M  2,1/3.1/ND 2
(G—A at3'end of E4)  +donor splicing error
ES CAG—-CAC GIn180His 2Y 7.1 1
(G—>Cat3' end of E5)  +donor splicing error
E6 AAG—AAA Lys221Lys 4Y 8.0 1
(G—A at3'end of E6)  +possibly generating
splicing error
E8 ACT—GCT Thr264Ala 5Y 22 1
E8 ACT—-ATT Thr2641le 13M 2 1
E8 ATG—-ACG Met268Thr 6M/13M 6.7/5.0 2
E8 CGG-HTGG Arg277Trp 13M/15M/8Y  9.8/16/19 3
E9 TTG-TTT Leu304Phe 2Y 6 1
+alternative splicing
Females
E10 GTC-CTC Val337Leu 6Y 6 1
El CGA->TGA Arg23Ter 2Y 16 1
ES  CGA-TGA Argl41Ter 19M 4.5 1
ES TTG-TTT Leul48Phe 2Y 17 1
ES TCA->TGA Ser164Ter 7Y 33 1
E6 CGG-HAGG Gly267Arg 4Y 6 1
E8 AGC->CGC Ser267Arg 8Y 21 1
18 IVS +1, gt—at possible E8 skipping 2Y 25 1
E9 CGA-TGA Arg320Ter 2M ND 1

*E, exon; I, intron; D, days; M, months; Y, years.
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Fig. 5 Mobility shift of single-stranded DNA fragments.
SSCP (silver staining) showing mobility shifts between
wild type and mutant single strand DNA derived from
PCR products of human OTC gene. These patients’ DNAs
contain one point mutation in each exon. P1-6: Patient,
C: Control (wild type).
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KEDOBIREETE, BESELSLZ EIZE ) HIBRBEREREA
HERLZD, FrIL HBETEIENH S, PCRIZE hHEIEL
7-DNAWTH 2 #OKIBRERICL WEIliT A2 Lick ), £H
NTOEEBEGETFOILENYEZRLIENTESL. BFE, Bl
EFEMM TORRERERNSE W LR SN, KEAFDO
BEW) de novo BREFR Do/ EME LTRETAEE LS
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Fig. 6 Gene tracking in a family of OTC deficiency.
Pedigree analysis of the family. Pedigree with proband
shown as a closed box, normal male as an open box,
carrier female as a closed circle in an open circle. Ampli-
fied DNA fragments contain the exon 8 region. Symbols
above each panel refer to individuals shown in the pedi-
gree. In the proband, the undigested 122 bp {ragment
was present. In the mother and the maternal grand-
mother, the undigested 122 bp {ragment was present in
addition to 98 bp and 24 bp {ragments. In the brother,
the amplified 122 bp fragment was cleaved into 98 bp
and 24 bp fragments.

T2, RHEINAEEBEIFERELRLER2OD, Fhk
LELRBDNADERI O HRTALELHSL. 22T,
EERF-¢ FOTCcDNAZERL, BRI U252 1LD
FERWEFOOTCHEED R VEEMALCos 1ICHEHA S L
(Fig. 7). 73 JEBIEILTAIALVAERIZOWTIRE
BEEA0TCH /37 BT 5125 b S TOTCIEEAYE
TLTEY, EEVPOTCRIBEDHRETH S Z Lhbhb.

E. SHRORE

OTCEETLI Yy BIULI YV /4 Yy b /BRI
EREIRB SN WEFINRVWIZERTWE, Thb DES
EFDOTCRIZF DT OE—F —RL U4 —FRHIATS
POERNEIET LU REEDH D A L TIT il o
v, F7:, OTCIZDWTIE, ERRAIZIFBHE R & D% L
WIEREOEAN L ) —BHED SNLLENHS ).
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Fig. 7 Western blot analysis and activities of OTC in
transfected Cosl cells. A Western blot analysis of human
OTC in transfected Cos 1cells. Proteins (0.5 « g) from Cos
1 cells transfected without an expression vector (lane 1),
pCAGGS (expression vector, lane 2), exp-EC5 (wild type
human OTC ¢cDNA, lane4), exp-T264A (lane 5), exp-D196V
(lane 6), exp-E154X (lane7) and exp-G195R (lane 8) were
subjected to gel electrophoresis. Normal human liver ex-
tract (0.1 #g) was analyzed for comparison (lane 3). B
The OTC activity was calculated based on the f-
galactosidase activity in each cell line, which was used
to monitor the efficiency of transfection and is expressed
as a percentage of OTC activity of the expression vector
subcloned with wild type OTC cDNA.

. 7YYz v VIERRE
A. & & IREE

T Tz VIEBREE (AS) ik, BHEH, TADLA,
EKFET, BHIGIERIENEE Y, FRERFZEN
BRHE LTHITONIZAREFERETHS. EEHR
BT, #iflz2L3d5. LRI VEEOKMES
REBHLYRLEENERTIZIZTE 2., FITHAILE
FEh, E2b520HPo) AREOBE% T 5. 19654,
Angelmanil & Y W1 TEHRE S A, BT, JLIEH»S
RN LREMARLAONBHICER TH 5. MBRE,
HEALFEMRE, RIRE, HEINCTRMRILZ E TR ZEYE
BRI,

B. BB L F#

BERMREREEI RV, TAPAKCKLTIE, FheFh
DEREZBOERIE LT TAPAEDOERS 21T . HHE

nonDEL
Deletion nonUPD
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V22
65-75% 14-20%
I Maternal 7777 Paternal

Fig. 8 Genetic basis for Angelman syndrome.

WREIVEFOELIZE LS REALLOBRFLHERN
RRBIVLETHL. EGTRIZRFTH D, FREED
RLERGI % ETEIERBEADOREBEFERERLEBEZFEEORE
EXNIHED) BIZMERERITHLEND S,

C. T ERIEAT

ASL BT S ¥ — - 7 1 ) —fEREE (PWS) LW
Bhdhb., CORBIUELHER - LIRHOER L HBRET,
DRMLVIGE AL HBE, RET AWM, HIFELEK,
BEMERN, ERERAEE, KR, MEL2FRE, FEER
THREET5. ASEPWSIZBL o7-RBIEN, L HICIHH
AR O15ql1-qI3ICRE 2RO EDE ., TDHE
BOBRBFILE—NH2EEFOXRE I EGREROE
BFPERLTVE WS LRI AA (imprinting) A3&
LNAbDWH 5, ASTIHEMEHAET, PWSTITAH
EEBEFORAERVBEORKIISH 5.

S F TOREFEHFTAPSASIRRD 4BICHETH &
M T &/ (Fig. 8).

a. RERE : 65-T5%ICEHBHROPEBEICRELRED S,
THEEEIRB I NEH S MICA SN B, 15q1l-gl3ilid
HECR2E ) Bz FHHEEL, Tz, HECR2E{zT &
HEHOBEVES] (END repeat) AW OMEET L. K
LI DPETEHEEILALRTEY, bR
WREIZECEELTWEDEEZLNED

b. UPD (uniparental disomy) : UPD&Z—# DO HE 4t
BAMBLOFBELOHRTIRETHSL. BHEEHARKRDLS
HFthtRE, XPHEOGEBMEE —HFD. ASTIEE
BHRABETFERSITORBET S, HICHBIICIBOR
BEO—HBEEELZREI L TWAEAZILL DA,

c. WlhAAZER (imprinting mutation) : #15 % DB E |-
Abb, WMHHROFEEEIZL 20D OT, T OERIC
FIET A imprintingBEZF TRIERLAF VLN RE /Y —
YERRT. RO AAKREFE T BRI D AAHB L (imprinting
center; IC) AMERIZNTEBY (Fig. 9), ASEBETCI O
REHERD GNBFINTEIET 5. IC IIPWSHORRBZFH—o &
#Zx b b SNRPN (small nuclear ribonucleoprotein-
associated polypeptide N) @ LI 4 5. ASTC
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Table 2 Mutations in Angelmen syndrome

Identifier Nucleotide Protein Family
Truncating mutations
H-144 sibs 856delG frameshift present in mother
H-157 904del5 frameshift de novo
H-151 sibs 980delAG frameshift present in mother
H-137 1500G->A W305X present in mother and maternal grandfather
H-123 1552delA frameshift de novo
H-118 1559del7 frameshift de novo
H-179 family 1694del4 frameshift large pedigree
H-115 1835C > T R417X de novo
H-104 1930delAG frameshift de novo
H-150 sibs 2185T >G Y533X present in mother
H-168 2567ins4 frameshift de novo
H-145 sibs 2890G -> A W768X present in mother
H-121 3093del4 Frameshift de novo
Missense mutations/amino acid deletion/elongated protein
H-101 648G > A C21Y present in mother
H-173 sibs 2929del3 F182A present in mother and maternal grandfather
H-143 2997T -> A 1804K de novo
H-124 3142dellS elongated protein de novo
 FUSIChTOHEmNgon: W SN, UBE3ADASOBE L % 2 BIZTFLEZ ORI
- NDN  SNRPN " uBEsa GABRA3 P (Table 2 )13, LA
2ZNF127 Ic Pw GABRB3 GABRG3 HECR2

OQ OO HE-OCT- W H_——HH—10D

Centromere AS-SRO  PWS-SRO Telomere

I paternal imprinting
matarnal Imprinting
[ Imprinting ()

é breakpoint {AS, PWS)
O END repeat

X breakpolnt (AS)

Fig. 9 Map of the Angelman and Prader-Willi syndrome re-
gion. Genes or transcripts mapping to either candidate re-
gion are indicated in boxes.

DWEIRDOREGIOFATT— ¥ OHERFICL N ILBLTREL
TWAR/PNDFEIHAS-SRO (shortest region of overlap)
ML MR- TEEY, PWSTH ZOEEAREY B L
imprinting |2 2% % R T4, AS-SROIZPWS-SRO & i3 i &
PRI EZ > TEBY, TOFEBOBEBIIOVTHISDE
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COFEOL Y IIERAHDASHEET A I LS, AS
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b bY@ R15ql1-13T8RiZik, ZnT 4 Y —F YN Hw
I — N9 % ZNF27, NECDIN, SNRPN, PAR (Prader-Willi/
Angelman region)-1, IPW (Imprinted gene in the Prader-Willi
syndrome region), PAR-2, UBE3A (E 6 -AP ubiquitin-protein
ligase), v -7 I /EEEL T ¥ — - 7=y b OBGTE
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