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Mutations in exon of ATP7B gene in Chinese patients with Wilson’s disease
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[ Abstract] Objective To amplify the ATP7B gene of Wilson disease (WD) patients by PCR and to sequence the
amplification product, so as to characterize the possible mutations. Methods The genomic DNA of 41 WD patients, 10 normal
controls and a WD genealogy (proband’s daughter and parents) were extracted. The fragments of exon 8 and 12 of ATP7B gene
were amplified using PCR, and the PCR products were directly sequenced. Results No abnormality was found in the control group.
Mutations of exon 8 were found in 11 WD patients, with 6 WD patients having Arg778Leu heterozygous mutations. Mutations of exon
12 were found in 4 WD patients, with 2 patients having Arg9521.ys mutations. In the sibs of the WD patient, the proband’s daughter
carried 2 heterozygous mutations: Arg778Leu mutation of exon 8 was from her father and Pro992Leu mutation of exon 13 from her
mother; the proband’s parents were found as normal heterozygous carriers. Conclusion Exon 8 and 12 of ATP7B gene are prone to
mutations in Chinese WD population, and the mutations of other exons, such as exon 13, also exist.
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20 MNHE 7, CRIE 380 LR R, BFEE
B U L AR S 14 18 g R g8 AR iy X
717 L B 35 PR 2 7 A e Ah - 8 128 AR
gt X E N WD 3 ATP7B 2 K5 (1Y B 47 4
W HEAT A I LR I E N ATP7B S 4k
T RAS R A,
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L1 #RAR 41 6] WD BEH N 2006 4£9 H E
2009 4F 11 H @b B2 22 Be 45 — M s B2 Be o 22 N
Wois o B A G A 2 R I 27 o, L 14 B AR R
14~56% P24 £7. D, 1D WD K&K, Hip
JeUEH L)L 22 %, WD 3%, HALE 56 %, BESR
55 % RAVIYIE &, K 2o JL B 07 ) B2 B B2 %2 WD
BE A, WD 2 Wibs o . (1) HE A FAE AR I
H ORISR (2O M K-F BRI ; (3) 1 v #d i 2
R, Hoag LA LI a2 WD iy i3 L
R REARAS LAY ATAR A G P SR S, O S A A
FRAARIIE O SR 24 h BRSR HE 1S 22 |l 48 B D-
TR MR TT A RN 2 K WD, 53 10 1) fid e
Ok F JC M 2% 5 78 09 1 [ £l R . 63 ) A S £ e 1
.56 Bl L4 B FRAERY (26, TH2. DY AR
WD Il PR 2 B LI 5 35 2 K IR

ARIRIEFE A B2 Bre A PR By 2 A AZ IF AL v, BT Ay
WFSE RS 45 58 BE U i PR ORI 2 3% R A [ =43
1.2 A B DNA e9 4048 il WD g 51 28 A it
JHERT BEZH B A1 R DKL 3 ml IR EE , = ik B Ak
B (5 mol/L) LM F1 40 L, 445 0 10 pl A E K
(100 pg/mb) B 55°C /K W By o 5, 75 1 -4 05 12 4
I 4] DNA L PRAFAE—20°C o5 . RIBFIC 5 ] B
2] DNA 2 100 3506 W e B¢ i DK 2R 47 o 4
A IS O BT Do / Doso o 80 58 FE A U JEE
K ALE G
1.3 sldheyakit AT 8 BIWFESI. LWl 5
aag cta gag get ttg cca tee-3', FFHN 5'-cet gaa gge
cag gtt tet tta-3' ,PCR ¥4 F Bt K 0 592 bp; /M i
F 12 519 F 3. LN 5'-caa tga cac cac ttt ggc
tea-3", FiiFH 5'-cct gea gaa gga gag tga ctg-3',PCR
Y1 BERK R 587 bps A BF 13 51T A 1l
H 5'-ggg atg tgg aga gea gta acg-3', FIFN 5'-tga
gtg get cte agg ctt tte-3' ., PCR ¥ 3 F Bt K& A 470
bp. HARINELFHGI YT 50
1.4 PCR B BAK & &G KIS ATP7B
PRI A A S 3547 PCR 973, S WiAKR &R 20 pl,
FIEFL] DNA 1 p1(20 ng) . HotStar Tag DNA %
4 (Qiagen A 7)1 U,dNTP 0. 2 mmol/L, Ff.

T4 (0. 2 pmol/pl)ﬁ 0.5 ul, MgCl: 2. 0 mmol/
L. 10X PCR Buffer 2 pul. 4% R R 1 K T8 X K %R
B, MR R I35 KA B0 30 pl,J: Pharmcia
PCR ¥ AL 418

Touchdown PCR ¥ 34 %% . 95°C #4415
min, 94°CAEYE 15 s, H IR EE N 62°C FFIh, ik 47
— N RIEAREAVETR AR 0. 5°C, —H R ZE 57°C, #4
PEIR v A2 PR B I 1) N 40 s, SEfHOME E 72°C F 1
min, XA —HE 11 ARG, Lot XA K
Ji o SN HEAEE A RIVE E TR K R
FEN 57°C A F5 A AR AE  BEAT 24 ANSIAEIR . Hea
72°CHEAH 15 min,
1.5 mMsAEs Ak I PCR ™) 3 pl in EAE
1 pl GRS A IFEFL b 78 196 B AR b B
100 V FHLJK 30 min, AR 2 i 1 X TBE (% 1%
fEZWE 0.5 pg/mD , EAMT N WL PCR ¥4 | Bt
R SE
1.6 PCR =# a5 PCR ¥4 Qiaquick Spin
¥ (Qiagen 2 &) 4lifk 5 . M B AL A4 L B 5 H BL 2
LR AG T O Al L 43 T 5 A% 2 R T o 58 B DNA
P4 | B XU AL I I R R )
GYHT S AT 5 A8, A BE M) L 1 24 PCR w B
W J5 TR A . 40 B D e TR, 40 A A% 1 1R 7 O
48 0 v L W s L O T G 2R A L DA S S
e, BT 51 4 R B 2 3 B 9 Ah 1 50 bp DA |
1.7 REXW P 41 FERE K 10 FIE® A
ATP7B HK BT A 5 8+ . 4% DNA 190 7 45 2R
5 GenBank W3k 3 119 1E % A M B 4h B F 5 41 i 47
FEXT, 43 #r 58 AE A L
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2.1 PCR Z# & k4R ATP7B K 8,12.13
AR F PCR &34 7= W 1 HL UK S50 T M. TC 5 1 ) — 3R
L ILE 1,

2.2 SrEFSAI2HEETHR

2.2.1 #EFS8HREL 11 % WD &E#FH ATP7B
FEH AT 8 K4 Arg778Leu(CGGT778CTG) %
CE 2A) s Horb o6 BIREA Lk 778 B A LR
A5 A B 38 & Leu770Leu (CTT770CTG) [A] X 46
HRA(E 2B,

2.2.2 HEFI2HRE 44 WD HEH ATP7B A
HIFME A 12 Kty 4 Fhge s, Hor 2 il & A4 Arg952Lys
(AGA952AAN) RAE (] 20) 51 BiFE K& 4 Arg952Lys &
AR FIFHE AR Argd19Gly(CGGI19GGG) AL ;1 i Ky
Thr935Met ( ACGI935ATG ) % 4%; 1 ] & Tle940lle
(ATT940ATA YRAS
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Exon§ ——
(592 bp)

Exon 12
(587 bp)

Exon 13
(470 bp)

1 ATP7B £HFSEF 8,12 1 13 & PCR =1
Fig 1 PCR products of ATP7B gene exon 8, 12 and 13

M. D2000 markers; 1: Control; 2-7: Patients

Missense mutation at codon 778 of exon 8

200 210 22 230 240 250
TGCCCTGGGCCGGTGGCTGGAACACTTGGCAAAGGTAACAGCAGCTTCAGGTT

Al

Missense mutation at codon 952 of exon 12

140 150 160 170 180
CGATTTTGGTGTTGTTCAGAAATACTTTCCTGTAAGTTGAATGE

C

B 2 ATP7TB EERZE

2.3 RERAIBFSA I3 ERL &L
CHE A #5) 4 2 P9 Fp 58 A8, 3 i 2. A BT 8 W
Arg778Leu(CGAT78CTA) A M5 48 K b |1 13
' Pro992Leu(CCG992CTG) 24 & 1 % 78 (K 2D),
HRX KRR RBRE FHEHE LT 8 A
Arg778Leu Z=& P9 A8 ; HoRE A g oK A 14 58 78 A
AT E NET 134 Pro992Leu 24 S HERAE,

3 4t it

WD M 28 5 405 UL AR 3 5 0 0, A TR
i R A T R SRR IR T L 4 K 2 AT R B 4F, R R
i FI2 W M AR A TR T B T S i
GEERT SR AN FE, B AE, 2R AL
M I PR 2 B R A 30 3E 47 12 W, A 1 A o X AR
HIEE B 2 W Ra 7 a0 SR e A,
B ATP7B JEH %748, 0] LA K B3G9, 0 2 4l 5 A0
PR R AR L, LR 28 B S 2 I F . H ORI
WrC T RS WA A L A

Missense mutation at
codon 778 of exon 8

.

180 190 200 210
CCCCCATGCTGTTTGTGTTCATTGCCCTGGGCCGGTGGC

Silent mutation at
codon 770 of exon 8

B
Missense mutation at codon 992 of exon 13
TTGTGTTCATTGCCCTGGGCCHGTGGCTGGAACACTTGGCAA
260 265 270 275 280 285 290 295
|
| " I
Il\ ”ll Ill ||
' I | ' \
iy ' l i .
all & N RS = Al - ol - - il e L = |)

£HM DNA W FEE

Fig 2 DNA sequence chart of mutant ATP7B gene in Wilson disease patients

A: Exon 8 DNA sequence chart of the patient was found with Arg778Leu; B: Exon 8 DNA sequence chart of the patient was found with both

Leu770Leu and Arg778Leu; C: Exon 12 DNA sequence chart of the patient was found with Arg952Lys; D: Exon 13 DNA sequence chart of the

patient was found with Pro992Leu

F ATP7B %k H 8 o B Dok, {1 57 25 [ X)
ATP7B MK &2 M HF TR 8 £, 1995 4E & K% &
Thomas % IESZAM 2 F 14 A9 His1069GIn B 548
KA 28%, AM LT 18 M Glyl266Lys I 2 748 R ly

10%, £ B A E T 14 A1 18 BJLBK & WD B &
ATP7B #: R AE 4 5 ; Karabanov Z W F 58 T 4%
BT 42 ) WD &1 ATP7B JL K% 14.15.16.,18
ST RSN S T 14 19 His1069GIn Kl %€ 48 3R 1k
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60% CRLFRAL A F 5226 ). 1E6) R 4l E 55 R
EHM AT, ATPTB EH AT T 14 19 H1069Q
2878 Rl 28. 8% ~68. 3%, 1M A5 X WP A Bt
M FE v, — 3506 27 B AN H#ER WD B3 4
TR P, R TR T 18 F1 13 myge Az,
XF i E B 37 1) WD B A 9E & B Arg778Leu
AR AN 37, 9%,

B FHAEXT 22 4 L% K R DUKE WD
HWOATPTB R HE MR KW, I8 F 8 I
Arg778Leu Fl Arg778GIn B RZER 430 A 11. 4%
9. 1% RaE P &N 3E 84 Bl WD R Y
ATP7B A F A7 FE A I, & 3 Arg778Leu Fil
Thr935Met iy ATP7B 3 [H 28 28 $4 05 , 28 48 43 R 43
Wl ik 37. 7% F1 10, 0%, AN Thr935Met J2& H1 &
N WD 85 5L A8 (1 — AR5, S Bl S i 38 1Y
RABSAEINEF 5.7.8,12,14, 18, H i A i+ 8
() Arg778Leu MR N 11. 4% ~37.5% ., A [H
AN WD &35 ATP7B Y 58 48 i 4 “ 807, Ah i
T 12 9 Thr935Met T ZEAE 4, 6. 3% ~10. 0% . A
HE A WD B3 ATP7B 35 [H B 278 Pyl 7

JETPEAN WD B ATP7B ZE KA 719
SRR R ARMEGERT 41 B WD BE 1 AKR A 4
B2 ) K10 @ X B ATP7B £
)4 ER AN 34T T, IR 45 R 5 GenBank Y
1EH A RS 7 750 3047 Lext . S5 5R &3 WD &
H ATPTB EHAMNE T 8,12 73l e — 55 5848
PO LT A T 14,18 W) WL g AR, $E R b A
ATP7B #2748 I8 =X 5 76 Jr AR ol RE A7 76 5 W
BES,

WAVENTRFPERT 14 WD IR R, Bl&
H IR 2 Bl # TR REE ) A Ah
T8 Arg778Leu RARJRG T4 & B A W1
13 Pro992Leu 724G T4 # , SBIEE (LI #
WX PR A AR A, AR R BR A BT 8
12 XA ORI AR S, i E N WD 835 ATP7B %
DR 3 ) A7 A8 Ho A Ak 28 28, A Ah i 7 13, A0 i X
WD 3 ATP7B 5K 43R40 i 47 4 i A
177 22 305 A48 A A A 1 LA HCAE 28 48 L O I R 18 12
W7 =12 TR 55
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