st 2Xd HAHEE StalX
1

K53 15, 2005
2 &F 2F o)ds 2= wZAE T
297} 39 BAhe] A oA TS o] %as_
AT 524 4 2 Sl g
50|, Y53, WHe WsH
T CHSim ol Tichst ARMMSHY A0 ANMH s TA"
= Abstract =

A Study on the Screening of the Novel Genes Associated with
Lysosomal Trafficking and Mutation Detection in Fibroblasts
of the Patients with Mucolipidosis type II and III

Seng Mi Song, Soo Hee Chang*, Kyung Hoon Paik, Dong-Kyu Jin
Department of Pediatrics, Samsung Medical Center, Sungkyunkwan University, School of Medicine,
Clinical Research Center, Samsung Biomedical Research Institute*

Purpose: To understand genetic differences and similarities between mucolipidosis and control.

Methods: Using the fibroblast of the mucolipidosis II and control, forward and reverse subtracted
libraries were constructed. Among these clones, we investigated mutations in the GNPTA (MGC4170)
gene, which codes for the o/B subunits of phosphotransferase, and in the GNPTAG gene, which codes
for the y subunits in 5 Korean patients with mucolipidosis type II or IIIA.

Result: Several differentially expressed cDNAs were cloned and their sequences were determined.
Mutation analysis of the interested gene, GNPTA was performed and we identified 7 mutations in the
GNPTA gene, but none in the GNPTAG gene. The mutations in type II patients included
p.Q104X(c.310C>T), p.R1189X(c.3565C>T), p.S1058X(c.3173C>G), p.W894X(c.2681G>A) and
p-H1158fsX15(c.3474_3475delTA), all of which are non-sense or frame shift mutations. However, a
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splicing site mutation, IVS13+1G>A (c.2715+1G>A) was detected along with a non-sense or a frame
shift mutation (p.R1189X or p.E858fsX3(c.2574 2575delGA)) in two mucolipidosis type IIIA

patients.

Conclusion: This report shows that mutations in the GNPTA gene coding for the afsubunits of

phosphotransferase, and not mutations in the GNPTAG gene, account for most of mutations found in

Korean patients with mucolipidosis type II or IITA.

Key Words: mucolipidosis type II, mucolipidosis type III, phosphotransferase, mutation detection,

GlcNAc-phosphotransferase, GNPTA, MGC4170
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Table 1. Clinical summary of the patients

. Age at . . .
Patients Type . . Clinical manifestations
diagnosis

growth retardation, developmental delay, hypotonia,

1 I 1.6 yrs severe skeletal deformity, gum hypertrophy, severe mitral and aortic
valve regurgitation with prolapse, hip subluxation

5 I 23 yrs growth retardation, developmental delay, craniofacial anomaly, skeletal
dysplasia

3 I 14 growth retardation, developmental delay, coronary artery atresia, gum

A4 yrs .. ..

hypertrophy, joint restriction, coxa valga
no growth retardation, normal intelligence, mild coarse face, mild

4 mA 11yrs . .
restricted joint movement, thenar muscle hypotrophy,
borderline growth retardation, normal intelligence, mild coarse face,

5 A 8yrs mild restricted joint, claw hand, toe walking, hip subluxation, coax

valga

Table 2. Serum lysosomal enzyme activities (nmol/min/mL) and GIcNAc phosphotransferase activity

(pmol/hr/mg, skin fibroblast) in 5 mucolipidosis patients

Patient No 1 2 3 4 5 Reference
value
B-hexosaminidase(total) 290 210 7.5-4.1
B-hexosaminidase A 19 20 20 14 14 0.5-3.1
B-glucuronidase 23 26 22 14 18 0.1-2.0
a-fucosidase 125 104 70 75 65 2.0-25
a-mannosidase 65 64 50 52 52 0.5-3.0
Arylsulphatase A 51 51 6.4 33 42 0.1-1.6
a-Nac-galactosaminidase * 12 * 8.0 9.0 0.1-0.6
. N . 0.016 (1.8% of 0.015 (1.7% of

GlcNAc-phosphotransferase activity

normal control)  normal control)

* not available

2.4

1)  Subtractive

hybridization&
subtracted cDNA libraries®| 75

Subtractive hybridization2 PCR-Select TM
cDNA subtraction kit (Clontech Laboratories
Inc, USA)9] manufacturer®recommendation®l]
T3 339t Forward hybridizationdl A

_68_



2laE WE 0142 XeHots R2NLS 281 38 X2l o

AALZE A= tester2A], AATL driver®
A AFEE AT reverse hybridizationdl e A
Aol tester, FRZAWST FAP ldriverz AR
Atk

A#%E dL& F 123 /MY subtracted clones
ABIPRISM Dye Terminator Cycle Sequencing
Core kit(Applied Biosystems,
perkin-Elmer, Foster city, CA)E AM&3te A
BAE FY3tdth AlF2E NCBIY nucleotide
BLASTE 5% GenBank/EMBL/PDB gl o] e}
o]2& AHE-3Th.

Devision of

2) Genomic DNA Zu]¢} E04Wo] ¥4
Ed¥ol E4E& fstd 7 dAERREHY
genomic DNAY Wizard genomic preparation
kitg A&t WITRFEH FEHoH
(Promega, Madison, WI), ZZ}¢] exon® PCR
AESE OideE AFEAE SRS
GNPTA(MGCA4170,MIM#607840)2] genbank No.
+ BC071687, NM_02412°]9, GNPTAGH
genbank No.&= BC014592, NM_032520°] t}.

2 B

1.Subtractive hybridization

olF AT, AARNFA FRALF A A
ol d&EFe] xo]E Hol= FAHAE 2] 9
g A WA AZ2A giEd FEAY 2- D
A719E WHe Aoy #A FRAE
22 %3tk fEle AR FEAAY A
W o2 PCR-based cDNA subtraction 71&&
A8t o] Wge  standard hybridization
kinetics& %3 subtractiono.Z <13 A€ &
o s EEsete #Fol 7] Wil tEA

o

FOIHIZEE 0|88 A REX B

1=
He
fin
e
e
=}
=2
jou}
o
e
-

B33 cDNAE 10008] o]de] Hl&2 d&
F Qo] W 83 WHelth

Subtraction ¢cDNA libraryE screening3te
910], forward hybridizationl A 73712 E&&
AL, reverse hybridizationd]l A& 5070¢] &
& A4 =3 blast searchE 33 A3,
vector contaminatione A|9|3le] &xje] o]
A% FAA 25709 ddo] U KA 16

l

%}XMW wgo] FUhEE FAAE
‘:}%3’4 %E}. Integrin receptor signaling®l] <
ate] AEe] o]F oy, #3} apoptosisdl FFE
u] )= HEF1 3} rheumatoid arthritis ¢}
pathophysiologyl A 319 A3 AHAg 2
Crk-associated lymphocyte type, Cas-L& &%
g 4 gtk E=3F PKCS GTPase® Rho, Arf
familyoll ¢j8] =& ¥E PLD29F PAK2 18|31
DNA damage'} apoptosis®] A& ZHZo] &
3= MKPS: & 4 9t} Fc-epsilon receptor
I beta—chaine allergic response®] #HAH £z}
ol®, BMCP12 brain mitochondrial carrier
proteinl & 2A] A9 tjF-Fo] NG ATl EA
3% BMCP1& WEZEgole] 3F 283 4
Al AAS AT, A% PR EAl
Jol He FHFFe F=E HE Fx Ytk
Dystrophin® 1 Z%oz <¢lg ATFL do
4 £ uEe Bust glew, glycolytic
pathwaysh €2 tAlA F23 Za2 28
3= pyruvate kinase,
monomer$! thyroid hormine binding protein®=
E 4 9ok T3 reverse hybridization® 2 %
A A ddo] Zxdte FAAE HASAH
SMAPS5E choriocarcinomadl & 2&83tA] ¢
o1 97 placental villidlA H& &= AR}

pyruvate kinase®

_69_



o

T

STUL HAEE 83X M523 M1&, 2005

t}. 183 Choronic progressive external
opthamoplegia (CPE0)2] #A}olA] #&HE v
EZsgolr: A=

ol &Y zlolE %O northern bloto]h
RT-PCR & GE3t9 Ax &<lo] FLsin,
g fAAe FIRAE Ateld #AALS

goz Ysjlof & A7FAlolth

2. Subtracted library 7%& 53 GIcNAC
-phosphotransferase2|o/p subunit S&

o] Z Clone #7¢ 435bp A¥<L human
MGCAI70 FAAY AMEdf dXFFsE 2o
MGC41702 GNPTAS} SYstA 128 FAA o)
AA 3, 21709 exong 7FAR QU EI E
dAWo] EMS JPste EF T SHA F
59 AFe GNPTAY XM E7 MGCA1709] A
3 dAFES ST F UAH FRAYS &
A A AAHRS] o] A= o] fFrHAE
GlcNAc- phosphotrasferase (GNPTA,
MGCA170, MIM#607840) & & 5 JATh

A
Al

3.=¢HO|

HI

MLIO® MLIIAIA S &2} FEAAe] A+
E 48, Canfield W. M2 GlcNAc-
phosphotransferase®]  o/f$t ¢y  subunit®
northern analysisg %3t HALES A3
o} MLIY Al E 62kbe o/pe] HAFE]
EABHA E$ta, MLIIA A= AAMEo] Za
st of[ds] EAAT o] ZL @] gene
deletion WERJA7ME ZASIFARE #EE 5 QL
AT23). 1HEZ o] A3 A At 4
L ot A Z& AALESY Ao JF

S "X A By &S ZAE Fo]l 1 d
gdolgt oAsth B AFNAE subtracted
hybridization®] 2%, B1¥ nle} L34 3
A AAFEO] AL GNPTA (MGCA170,
MIM#607840) 8 #2384 AL, FIAHEF
F93% Y9oE HuF+E GNPTA (MGCA1T0,
MIM#607840)¢F GNPTAG FAAE didoz
Eddlo] AL Y3t
GlcNAc-phosphotransferase®] y subunit®] A
d& 2EA o], WA MY FEALS I
g3} 27HAS FEARF M sidst= 4
9] 57HAllA GNPTAGS E4do] AAE A
=3 2tk ddgeE 28 GNPTAGAAE &
dwlols  FolE £ QY] W&,
GNPTA(MGCAL70, MIM# 607840)¢] =AW
AAS sttt GNPTAGO g EdWo]
= Xug upyl ey, GNPTA (MGCAI70,
MIM#607840)ell gt EdWe] ATE FHx=E
A&E v 923 22 A74E BJH(Table 3).
FIEALS 039 A<M = Q104X, R1189X,
S1058X, H1158fsX15 ~ W8%M4X<]
mutation®} frameshift mutation®] FEE RO
W, early infancyol A% &= Z4AE HUh
o] H]3le, MM E nonsense mutationd}
frameshift muation# ¥7 splicing site
mutation®] @A Azt EAW|F I S
o] AZ4Age A #AE B4

nonsense

a s

I cell disease (MIM 252500, HZA W3S 3
et  Pseudo-Hurler polydystrophy — (MIM
252600, FrEAEE 78 DS 79 A g
T YaF FFo] HRGH2E o]Folx LA

_70_



oiAE uE 0148 Zcke R2NLS 281 38

X9 SROIMEE 0188 &l SUX S84 & SHHOI0f hEt A+

Table 3. Types of mutations in the GNPTA(MGC4170) gene in 5 families with mucolipidosis type II or

IIIA
Phenotype Patient Exon/ Intron Description Nucleotide change Mutation effect
I 1 o/f E3 Q104X ¢.310C>T Nonsense
a/f E19 R1189X ¢.3565C>T Nonsense
2 a/f E16 S1058X ¢.3173C>G Nonsense
o/ E19 H1158fsX15 c.3474_3475delTA Frameshift
3 o/f E13 Wwg94X c.2681G>A Nonsense
a/f E19 R1189X ¢.3565C>T Nonsense
I 4 o/f E19 R1189X ¢.3565C>T Nonsense
o/f 113 IVS13+1G>A c2715+1G>A Splicing
5 a/f E13 E858fsX3 €.2574_2575delGA Frameshift

o
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Fig. 1. RT-PCR analysis of total RNA from whole
blood samples. (A) Localization of GNPTA
cDNA specific primers (F1, F2, R1, R2 and R3)
used in the RT-PCR analysis. (B) Electrophoresis
of RT-PCR products of GNPTA cDNA. M lane:
kb DNA marker, Lane C lanes: GNPTA
transcript from a control, P lanes: patient (C)
Partial sequences of the splicing varient of
GNPTA. The sequence represents the part of exon
12, skipped exon 13 and part of exon 14.
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