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DNA > B A 2.5 ul 10X #8247 ~ 2 pl ANTP
(25mM )~ 0.5 ul B]F (100 ng/ul )~ 0.25 U
DNA & ( Promega ) ¥R 25 ul »
R EEEHE (OmniGene, HYBAID ) #£77
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&% formamide buffer( 95% formamide, 0.1%
bromophenol blue, 0.1% xylene cyanol )> #5%4)
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Figure 1. Diagrammatic representation of the NAGLU gene. Exon is represented by stripped box and intron by thick

line. Location of mutation detected is indicated by vertical linc above the gene. Amino acid 1 and 743
represent the amino and carboxyl termini, respectively. Location of primers and PCR amplificd regions are

indicated as broken lines with arrowheads on both ends below the gene.
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Table 1. Primers and conditions for PCR.

Amnnealing Product
Exon Primer pairs Temperature('C)  Conditions  Size (bp) Restriction enzyme*
I 1L ( AGACGCCCCCAAGGGAGTAT) 57 1.5 mMMgCl, 608  BssHIL: 315,235, 58
IR (ATTTGGGTGGCAGCGGCTCC) 10% DMSO
2 2L (CCCTGCCCATCTGTTAGACT) 55 1.5 mMMgCl, 596 Avall: 308, 203, 85
2R ( GCACGTTGAAAGCACTTCTA ) 10% DMSO
3-4 3L ( AGCGCCCAGCACAAAGAAG) 57 LOmM MgCl, 561 Pstl: 315, 246
4R ( AAATTCCCTCTCTGAGCTAA )
5 5L (AAACCAGGAGCTGTAGAGAAGT) 54 L5mM MgCl, 434 BsXI: 259,175
SR (CTGCCTACCCCTACTGACATCT)
6a 6al ( GGCCCTCTGTTTCATCACTC) 57 LOmM MgClL, 444 Sphl: 251,193
6aR ( AAATCTGGCACTGGGTCCTT)
6b  6bL ( GCATCAGCCAGAACGAAGTG) 52 L5mM MgCl, 426 Pstl: 236, 190
6bR ( CCAGCTCCTTGCTCAGGTAG)
6¢  6cL ( CAACCGATCTGATGTGTTTG ) 55 1.5 mM MgCl, 387 Fhal: 234, 153
6¢cR ( TTGGCATAGTCCAGGATGTT )
6d 6dL ( GCCGAGGCCGATTTCTAC) 57 1.OmM MgCl, 345 SfaNIL: 180, 165

6dR ( GCGAATCTATCACCAAGAGC)

*PCR amplified products were restricted with appropriate restriction enzyme to generate exon-containing subfragments
of approximately 100-300 bp for SSCP analysis.
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Figure 2. Mutation analysis in paticnt 773. ( Upper
panel ) Heteroduplex analysis of PCR
products containing exon 3-4 (left ) and
exon 6¢ (right ) . The PCR products werc
electrophoresed on a low cross-linking 20%
polyacrylamide gel.  Additional  slower
migrating heteroduplex bands were marked
by asterisks ( *) . ( Lower panel ) ASO
analysis of 660dclC and R365W mutations.
The PCR products were dot blotted and
hybridized with ASO 660C, 660AC (lcft )
or R565~W3563( right ). Samples in each lanc
the patient 773 ( closed
square ) . 773's father ( half-closed square ) |
773's mother ( half-closed circle ) . and 773's
brother ( half-closed square ) .

are following:
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13018 Wi 15 &7 PH RS W 5 00488 )46 2 D W 8 Cys
( R130C ) ( data not shown )« 4% T % B
{1 SR B B Kpnl A7 1) 5 BE W3 2 Kpnl G #1119 160
K259 bp b BB 55419 bp 11 B  Kpnl W) #1011
a1 B\ B BE O BROE 1362 0 1363 WL Y R
RlaOC’“*&cl'l’Jan MG HRPRIAIRERI30C

ZERE(FL AN 5 o BUE1377FINAGLU RN &
R TFIVE BE700it > B & T2

b 5y 461 i cDNA JT- 41 % A T > G Y i 4
(transversion ) » BIES 1S40 B2 2L 85 1 ¥ P ig
B Mle #8143 B K5 B2 B% ( 1154R ) ( data not
shown )e H1 11 SAR A3 S iifi A Ol 488 1 finf S 111
FROUEI M S HOR RS el A
B A W Hinfl G 2L > IPCRIR K ~ Hint1 )
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Figure 3. Mutation analysis in patient 1146,
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35 '

192 .

(£ ) NAGLU A H %k
BF 6c by SSCP 447 - PCR AR FIT 6
R FR 0 8 [Thal 48] ~ e 88 MR 4 12, »%a'ﬂ
SR L A R S 15/% (*) #% -r)i
SR ET )h‘fﬂf o (4 )RO26X K& /)c/el
b E M) - 8, 4 RO26X R4 ey £ -F 6c A 1%
& Ddel wl\J HH 2% FEBRETARBR - &
lanc A9FS 2 314 - B 1146 (2 ‘E’lﬂ/ )~
K (—Fr2auit ) B (24w
I )
( Left
panel ) SSCP analysis of PCR products
containing exon 6¢. The PCR products were
restricted with Hhal and electrophoresed on
a nondenaturing 12.5% polyacrylamide gel.
Additional aberrant SSCP band was marked
by an asterisk (*) . (Right panel ) Ddel
restriction analysis of R626X mutation. The
PCR products were restricted with Ddel and
fractionated on a 2% agarose gel. Samples in
cach lane arc following: the patient 1146
( closed circle ) . 1146's father ( half-closed
square ). and a normal control( open squarc ).

fil‘l-l
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I3 ¥ 0 MPS 1B % f
i o SSCPOM T R B AR & 97

F A
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396
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192
Blvg ~ B 13621363~ 13778 R 547 - ( £ )RIZOC

REWKpnln E4a0] o &8 B 41362 ~ 136331
o (D2 FH ) FH (—F2alN ) &
WARAE (ZH vy ) ey RIRT2R & &Kpnl
B 5 A 1.2%F TR A - (4 ) 1154R
RN Hinflin £ « 265 T PCRA& K8y 8,

/u%( —FEawFH ) EH1377(LEW
W) AR (—FEHRM ) LFEe (%
Gy ) ey R B2 1% 0 & Hinfldn &) i 8h
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Figure 4. Mutation analyses in patients 1362, 1363, and

M

1377, ( Left pancl ) Kpnl restriction analysis
of R130C mutation. The amplificd cxon 2-
containing PCR products from patients 1362,
1362 ( closed squarcs ) . mother ( half-closed
circle ) , and a normal control ( open square )
were digested with Kpnl and fractionated on a
1.2% agarosc gel. ( Right panel } Finfl
restriction analysis of T154R mutation. The
mismatch primer amplificd cxon 2-containing
PCR products from 1377's father ( half-closed
square ) , the patient 1377 ( closed squares ) |
1377's mother ( half-closed circle ) , and a
normal control ( open square ) were digested
with Hinfl and fractionated on a 2% agarose
gel.
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i) © SSCP 43 M7 B8 AL H R 1)) e 16 die e 1)
ST B CUTER S 114600 KB 1 6c
B ) B FIDNA Y R S A1 100-300 bp
o PCRIB A, S NAGLU RN & &5 -1~
B B2 DAGHE 1) B B 1 4% 4 1 7 SSCP
SPHT o FHER A IE TR AT 5 90 v Ao AT gl LR
WRE Sy sl > WOR B ADNAKE - i B2
LA T 1362 ~ 13771 s B 7 )V ER > HH
I RN e

i PAC L D ) S5¢ J 1) B 5 5 oK I ST
Koo BB T3 B A 5 ( compound
heterozygote ) HJZe8% » (LIA8FK IR (L8 > Hil
P AR B L P L AT 8709 (novel )
660delCEE > 7R AU 12 22 ( frameshift
mutation ) A GEE FEMRNAMN A& E M > H
R I VTR 15 220-23 7R B LR 1
AR AL o EE238 I JE I D A S A R
0 1 % B9 truncated 45 1 B ME S HLBE RS
PE 5 BT BB EHE JE N AT RS0S WKy
S ST SO S W B 8 HH S B I A 1 0 fi
B oo Mo R OB - JE R M |
( nonconservative substitution ) || AN &
FINAGLUTE SR R B 15 55 2 RS W Wi ses > A
& BUNNAGLU B 35 7L b R 8 m g i 1A
82%FH LM ( Weber ef al., 1996; Zhao ¢t al.
1996, 1997 ) ( [@ /1. )o RSOSWHE B i (i 4 ity B
W EE (side chain ) W7 M7 > WO HE & g 22
NAGLUBERE M ~ Rl Phi it b g vk -
RS6SWHE BLI DA S 4] ATMPS THTB I £ 5
5 HE (Beesley ef al, 1998 ) ©

B 146 285K » FBBRO26XIH ] 4 5 -1
SRR SET A IS 026 1 2 T 15 1R L 1 e A A
15> HononsenseZ2 4 N HE T I mRNAK 1~
FEae vk > FLAT4E a8 (W truncated 45 18T 2
e B g 11 8 2 B iz > e T A L LS U 3R
PE o Ddel ) F1A kgl S B 80 1 & 11 508 5%

2L

T 123

RE26X ) HE AU A7~ > A ok H A4 B3 9 11 7k B
1B (carrier ) o RO26XZ2%E K B A W2 —=
IMPS W B » WG = E 7 -
EEM S (Zhao e al 1996, Beesley et al.,
1998 ) o

1362 ~ 1363 BB SHL ~ S5k o
WA L B RS RI30CTA [R) Y 15 -1 28 4% > 5 1k of3
13O e LL 827 Pk e i et 1 21 I R Bl >
SRS - JE ORI > LR BB 0 78 L L
SEARAFIY (B 40 ) o RI3OCHEEL G| A MBI /1
A% 8% ] g 8 OB R B ( disulphide bond )
220 BCHE S 52 BENAGLUBE 151k -
RI30CHS AR v E it 1) 28 4% > 18 th Kpnl W) #11
B e SR RS RI30CH AL A 7
A PR IR IS ACHT I I R B b > WO e o
WHIE G IRERIZOCH AL S F o R130CHE 5
A6 R G A R K S0 47 iF 5 N ( data not
shown ) ¢

BB I3TTHAET B BSIS4RM R A& 1
ZERE > IR 1 SAMR I BRI h B I
R > M OR R 1 e AT i b LR 2 T
R0 ) o TTSARAEE B/ ey A Bz 16 5 ) 3l
O FE far > SCHEID N & 2 BENAGLURE 32 35 ©
[154RYNES SR Y 284 > 315 | 1 IPCR
B Hinf 1) 1 0 580 587 B 1) A0 Y
FLISARIE A -7 HACREH AT HE A 19 ) -
b L 5 85 TS RC ( consanguinity ) © 1154R
i TR SR B P A T 1Y) TOO MG 11755 A He i
( data not shown ) ©

K T B R AR R Ze A )1 > RSOSW
R626X » RIZOCEHT 2CG AL B8 15 TG »
Hlae b N HHEE L C ( 5-methyleytosine ) 48
AR BZVEN] ( deamination ) 8BS IR T o B Ze g
ICGT BT e A I % 38 s 1 e I
ZRREFHRY o £S5 22 AT BV (hot spot ) ( Cooper
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human 1 MEAVAVAAAVGVELLAGAGGAAGDEAREAAAVRALVAKLLGPGPAADFSVSVERALAAKPGLDTYSLG 68

mouse | CAGL. VIL. 1 - SV G D NoLooo DES. ... S 66
R130C
human 69 F(JCAAR\’R GSTGVAAAAGLHRYLRDFCGCHVAWSGSQLRLPE EPLPA\’PGELTLATP\I\YRYYONVL 136
mouse B7 . GVP. L. ... .. G SACUHDUW L DG...T............ 134
115412
human 137 TQSYSFVWWDWARWERE TV P INLALAWSGQEATWOQRVYLALGLTQAE INEFFTGPAFLAWGRM 204
mouse 135 CHoo L. Qo N SODTY. oo 202
660de]C
human 205 GNLHTWDGPLP )%\! IKQLYLOQURVLDOMRSFGMIPYLPAFAGHVPE-VIRVFPQVNVTKMGSWGHEN 272
mouse 203 oo 0. WOLS VL I..R...... 1 ........... KI......... L., 270

human 273 CSYSCSFLLAPEDIFPTIGSLFLREL IKEFGTDHTYGADTFNEMQPPSSEPSYLAAATTAVYEAMTA 340
mouse 271 ..o L. GoUMOUL N T Koo .. TA ... H 338

human 341 VDTEAVWLLOGNLFQHOPQFWCPAQIRAVLGAVPRGRLLVLDLFAESQPVYTRTASFQGQPF IWCMLH 408
mouse 339 .. PD.L oL oS B T 1 | S 406

hunan 409 NFGONHGLEGALEAVNGGPEAARLFPNSTMYGTCMAPEG I SQNEVVYSLMAELGWRKDPVPDLAAWVT 476
mouse 407 ... ..o L OROQe ... G...... Ao M...S 474

human 477 SFAARRYGVSHPDAGAAWRLLLRSVYNCSGEACRGHUNRSPLVRRPSLOMNTSTWYNRSDVEEAWRLLL 544

mouse 475 .1 Q. Vo UKo S K.o..... SAV.. ... h42
R565W
haman 545 TSAPSLATSPAFRYDLLDLTRQAVQELVSL YYLLHS-\YLSI\ELASLI RAGGVLAYELLPALDEVLAS 612
mouse 543 AN T Voo Co.... CKQUUDLL L. LV.K .. T ..L.. 610
RGZ0A
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Mucopolysaccharidosis Type [l B : Mutation Analysis of
NAGLU Gene

Shio-Zhu Lin', Shuan-Pei Lin’, Guey-Jen Lee-Chen'”

'Department of Biology, National Taiwan Normal University
Taipei, Taiwan
*Department of Pediatrics, Genetic Section, Mackay Memorial Hospital

Taipei, Taiwan

ABSTRACT

Molecular lesions of four Chincse families with mucopolysaccharidosis type 1B (MPS i B)
were investigated. The coding scquences of the NAGLU gene were amplified and examined by single
strand conformation polymorphism, heteroduplex. and DNA scquence analyses. Patient 773 has
heterozygous mutations; one NAGLU allele has R365W ( C-T transition in codon 565 ) and the other
NAGLU allele has 660delC ( deletion of nucleotide C at cDNA 660 ) . By allele specific oligonucleotide
hybridization analysis, mutation R365W was maternally inherited whercas mutation 660delC paternally
inherited. Patient 1146 is homozygous for mutation R626X ( C-T transition in codon 626 ) . By Ddel
restriction analysis, the mutation also appearcd in 1146's father. Patients 1362 and 1363 are homozygous
for mutation RI30C ( C-T transition in codon 130 ) . By Kpnl restriction analysis, the mutation also
appeared in 1362 and 1363's mother. Patient 1377 is homozygous for mutation i1154R ( T-G transversion
in codon 134 ) . By PCR with mismatch primer and //infl restriction analysis, the mutation was inhcrited
from both parcnts.

Key words: Mucopolysaccharidosis type lll B. NAGLU, Gene mutation
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