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Introduction

GM1-gangliosidosis (MIM# 230500) and mucopolysaccharidosis [IVB (Morquio B, MIM# 230500) are auto-
somal-recessive diseases, which belong to the group of lysosomal storage disorders and are caused by chang-
es in the structure of the same gene, GLBI. The mutations in GLBI lead to deficiency in acid 3-galactosidase,
and, as a result, the accumulation of GM 1-gangliosidosis and keratan sulphate in the patients’ lysosomes. Aim.
To analyze the spectrum of mutations in GLBI in Ukrainian patients with GM1 gangliosidosis and Morquio B
disease. Results. We analyzed GLB/ in 25 Ukrainian patients with the diagnosis of GM 1-gangliosidosis and
one patient with Morquio B disease; 52 alleles were analyzed. Seventeen types of pathogenic mutations were
identified, including 11 missense replacements, three deletions, one insertion and two mutations in the splicing
site. The missense mutation p.His281Tyr (c.841C>T) in exon 8 was found to be the most common, as it was
found in 19 out of 52 mutant alleles (36.5 %) of all the examined patients. The study allowed to identify six
new mutations, which had not been found in any databases or previously described in scientific literature, in-
cluding three deletions (c.699delG, c.833delG, ¢.1203 1205delTTA), two missense replacements (p.
Gly243Arg, p.Gly262Ala) and one mutation in the splicing site (IVS12+8T>C). Conclusions. Our results can
be used for a precise molecular diagnostics of patients with GM 1-gangliosidosis and Morquio B disease and
prenatal diagnostics in the high risk families.
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rate of this disease in the world is 1:100,000—
1:200,000 newborns [2, 3]. GMI-gangliosidosis

GM1-gangliosidosis (MIM# 230500) and muco-
polysaccharidosis IVB (Morquio B, MIM# 230500)
are autosomal-recessive diseases, which belong to
the group of lysosomal storage disorders and are
caused by changes in the structure of the same gene —
GLBI [1]. The mutations in gene GLBI lead to the
deficiency in acid pB-galactosidase, and, as a result,
the accumulation of GM1-gangliosidosis and kera-
tan sulphate in the patients’ lysosomes.
GM1-gangliosidosis is a clinically heterogeneous,
neurodegenerative disease. The general incidence

may be divided into three clinical forms: type I (in-
fantile form), type II (juvenile form), type III (adult
form). In patients with the infantile form, the disease
is manifested during their first six months of life
with severe pathology of the central nervous system.
The juvenile form is characterized by neurological
changes and disorders in the locomotor system,
which are manifested at the age from 7 months to 3
years. The adult form of the disease is manifested at
the age from 3 to 30 years and is characterized by the
disorders in the coordination of movements, dysto-
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nia, developmental language disorders, short stature
and moderate changes in the skeleton.

Morquio B disease is referred to mucopolysac-
charidosis type IV and is remarkable for multiple
skeletal changes, short stature, corneal opacity, and
disorder of the cardiac function [3]. The incidence of
Morquio B disease in the world has a wide range
from 1:75,000 newborns in the Northern Ireland [4]
to 1:640,000 newborns in Western Australia [5]. In
contrast to GM1-gangliosidosis, the patients with
Morquio B disease do not have neurological symp-
toms. It is possible that the mutations, responsible
for the deficiency in B-galactosidase, have different
impact on the ability of the enzyme to split different
substrates (GM1-ganglioside and keratan sulphate).
However, recently the borders between GMI-
gangliosidosis and Morquio B disease have become
less and less distinct, as some identified mutations in
the gene GLBI caused the intermediate phenotype
with neurological symptoms and skeletal changes in
the patients [1].

The gene GLBI is mapped on chromosome 3 in
the locus 3p21.33, is 62.5 kb long, consists of 16
exons and encodes 677 aminoacid residues of acid
B-galactosidase, including 23 aminoacids of the sig-
naling peptide [6]. The molecule of human acid
[-galactosidase is a protein, consisting of three do-
mains (the main catalytic TIM barell domain and B1-
and B2- domain), which exist in the monomer form
at neutral pH [2]. In conditions of acid pH of the
lysosome (pH 4-5) the molecule of human
[-galactosidase acquires its active form by dimeriza-
tion. At present 144 mutations in the gene GLBI
have been described, 109 of which are missence/
nonsense mutations, 14 — deletions, 10 — insertions,
11 — mutations, causing splicing disorders [6].

Noteworthy, the differential diagnostics of GM1-
gangliosidosis and Morquio B disease is complicat-
ed to the common metabolic deficiency, so the final
determination of the diagnosis in the patients with
the deficient activity of B-galactosidase requires the
molecular and genetic diagnostic methods. The iden-
tification of the primary genetic deficiency has be-
come very relevant recently, when there are active

investigations on a possible gene correction and an
enzyme-replacement therapy for the patients with
GM1-gangliosidosis and Morquio B disease. Also it
is impossible to have prenatal diagnostics in the high
risk families without the identification of the muta-
tion, which triggered the disease.

Until today, there has been no analysis of the mu-
tations in the gene GLBI for Ukrainian patients with
GM1-gangliosidosis and Morquio B disease and
their frequencies are unknown.

The aim of our work was to analyze the spectrum
of mutations in the gene GLBI in Ukrainian patients
with GM1 gangliosidosis and Morquio B disease.

Materials and Methods

The analysis of mutations in the gene GLBI was car-
ried out in 26 patients from different regions of
Ukraine in the Clinical Genetics Laboratory, NCSH
OKHMATDYT, who had the preliminary diagnosis
of GM1-gangliosidosis (25 patients) and Morquio B
disease (1 patient), determined by the identification
of the activity of acid pB-galactosidase enzyme and
the level of excretion for oligosaccharides and kera-
tan sulphate with urine [7, 8]. Genomic DNA was
isolated from peripheral blood of patients using
commercial kits NeoSorb (Neogene, Ukraine) ac-
cording to [the] manufacturer’s instructions. All 16
exons of the gene GLBI, including the 5" and 3’ un-
translated regions and intron/exon boundaries, were
amplified from genomic DNA using thermal cycler
SimpliAmp (AB, USA). PCR primers were designed
using the Primer 3 program, web-version 4.0.0
(http://bioinfo.ut.ee/primer3/) (Tab. 1).

The identification of mutations was made by the
Sanger’s method of direct automated sequencing
using ABI Prism 3130 device (Applied Biosystems)
according to the manufacturer’s protocol. The anal-
ysis of sequencing results was made using pro-
grams Chromas and BLAST (http://www.ncbi.nlm.
nih.gov/blast). The electronic databases of known
mutations — dbSNP, 1000 Genomes, HGMD — were
used to characterize the mutations. The analysis of
the pathogenicity of new mutations was made us-
ing programs PolyPhen2 and Provean (http://genet-
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Table 1. Primers for sequence in the GLBI gene.

Exon Primers Sequence Tm, °C The size PCR, bp
. F cagggaagacgcctgcaaaa 65.7 473
ggtccactgectgegttee 66.5
F acctggcttagcaatggttt 58.7
’ ggctiagcaalgg 463
R cccteccagaacatcacact 59.9
F aaagcgcctteteectett 60.5
3 398
R acctgtgctgggtacagtee 60.0
F aaagcccagctcaaatacce 60.5
4 320
R gtetcgaacteccaaccteca 60.2
F acccagccagaaaactcaga 59.8
5 gecag £ 392
R atgccttcccaaatgcaa 60.0
6 F gcagtcattaagcecttgtcatctta 60.9 198
R tcaatctgcccatgacactta 59.1
F cttgggtgttaagttccaaca 57.6
7 gggigtiaag 340
R tgactccacaatcccattage 59.9
F cattgctggtattggaa, 60.5
8.9 ggcatigeigglatiggaag 508
R agcctgggtgacagagtgag 60.5
F agggtcacgtetgtgtctce 60.2
10 gggicacgicigig 389
R tagcetgatgectecectteat 59.8
1" F ccagatcctgetttggaaga 60.3 381
R cccattaggcttgcagaaaa 60.2
F ctgggaagcaatactgagt 59.7
12 gggaag gaglgg 363
R acctgggatctgatgcattt 59.4
F cgggaggtggaggaagatt 61.4
13 gggagglggaggaag 369
R aaagatgatgggtagagcectga 60.1
F aagcatttctttccaagtct; 59.8
14 g gletee 398
R aactcctggectcaagtgat 58.8
F cgaggttcatttcetgtt 60.5
15 gagg gugg 499
R aacgccacactcaaaacca 60.1
F geatttctttcetecattge 59.6
16 810
R tggtttattcagcccactea 59.1

ics.bwh.harvard.edu/pph2/, http://provean.jcvi.org/
index.php).

The blood samples of 50 voluntary donors (con-
trol group) were analyzed to confirm the pathoge-
nicity of new mutations. The voluntary donors
aged 18 to 60 years without any clinical signs of
lysosomal pathology gave written consent to the
study. To exclude a polymorphic character of new
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rearrangements the RFLP analysis was used: for
€.699delG — Pstl digestion, for p.Gly262Ala —
Sau96l digestion, for ¢.833delG — Bmil digestion,
for ¢.1203_1205delTTA; ¢.1207C > A — Psel di-
gestion.

The parents and patients provided written consent
to conduct molecular studies of blood samples of
children. Committee on Bioethics allowed the study.



New six mutations in GLBI gene in Ukrainian patients with GM1 gangliosidosis and Morquio B disease

Table 2. The mutations in gene GLB/ in Ukrainian patients

Exons Nucleotide changes Aminoacid changes S;ll?ge(s)f r;fﬁf:tii;i Information sources
2 c.176G > A p-Arg59His 3/52 missence Silva C. et al, 1999 [9]
intron3 | ¢.397-2A>G IVS4 -2A> G 1/52 splicing site | Bidchol A. M. et al, 2015 [6]
5 c481T>G p-Trp161Gly 3/52 missence Caciotti A. et al, 2011 [3]
6 c.602G > A p-Arg201His 1/52 missence Oshima A. et al, 1991 [10]
6 €.699delG p-Leu233fs 6/52 deletion Our studies
6 c.727G>A p.-Gly243Arg 1/52 missence Our studies
7 c.765G>C p-GIn255His 5/52 missence Iwasaki H. et al, 2006 [11]
7 ¢.785G>C p.Gly262Ala 1/52 missence Our studies
8 c.808T>G p-Tyr270Asp 1/52 missence Paschke E. ef al, 2001 [12]
8 ¢.833delG p.Gly278fs 1/52 deletion Our studies
8 c.841C>T p-His281Tyr 19/52 missence Paschke E. et al, 2001 [12]
8 c.817 818 TG>CT | p.Trp273Leu 1/52 missence Oshima A. et al, 1991 [10]
B T P = e
intron12 | ¢.1233+8T>C IVS12+8T > C 1/52 splicing site | Our studies
14 c.1445G > A p-Arg482His 1/52 missence Oshima A. et al, 1991 [10]
15 p-GluS534fs c.1601_1602 insGCCA 3/52 insertion Hofer D. et al, 2009 [13]
16 c.1768C>T p-Arg590Cys 1/52 missence Boustany R. M. et al, 1993 [14]

Results and Discussion

While conducting the molecular analysis of the gene
GLBI in 25 Ukrainian patients with the diagnosis of
GM1-gangliosidosis and 1 patient with Morquio B
disease, 52 alleles were analyzed. 17 types of patho-
genic mutations were identified, including 11 mis-
sence replacements, 3 deletions, 1 insertion and 2
mutations in the splicing site (Table 2).

While analyzing the frequencies of the mutations,
identified by us during the molecular analysis of
Ukrainian patients with GM]I-gangliosidosis, it
should be noted that the missence mutation p.
His281Tyr (c.841C > T) in exon 8 was the most
common one. It was found in 19 out of 52 mutant
alleles (36.5 %) of all the examined patients and
caused the development of the infantile form of the
disease. This mutation was present in 4 patients in
the homozygous state and 11 patients — in the hetero-
zygous state. The analysis of the data, published in
recent 10 years regarding the distribution of the mu-

tation p.His281Tyr in other populations, was con-
ducted by us (Table 3).

The result of the analysis demonstrated that the
mutation p.His281Tyr (c.841C > T) was described
for single cases of patients from Germany, Italy, and
Portugal, whereas no allele with this replacement
was identified in other countries. This fact may tes-
tify to a considerably higher frequency of this muta-
tion in Ukraine, compared to most countries and al-
lows considering this mutation to be major for pa-
tients, suffering from GMI-gangliosidosis in
Ukraine. The rest of mutations were observed with a
smaller frequency or in single cases.

All the mutations, the prevailing majority of
which, previously described in the scientific litera-
ture (Table 2), had pathogenic impact on the protein
and caused the development of GM1-gangliosidosis
or Morquio B disease. Most mutations (12 out of 17)
were localized in exons, corresponding to TIM barell
of the protein structure domain of B-galactosidase,

453



N. Y. Mytsyk, N. G. Gorovenko

Table 3. Distribution of mutations p.His281Tyr (c.841C>T) in different populations.

Country "l_“he number of alleles with mutation Frequency, References
p.His281Tyr of the general study of alleles %

Ukraine 19/52 37 This work
Argentina 0/38 0 Santamaria R. et al., 2007 [15]
Brazil 0/130 0 Fernanda Sperb et al., 2013 [16]
Portugal 2/28 7 Coutinho MF et al., 2012 [17]
Austria 0/32 0 Hofer D. et al., 2010 [18]
Germany 1/34 3 Paschke E. et al., 2001 [12]
Spain 0/14 0 Santamaria R. ef al., 2007 [19]
Italy 2/50 4 Caciotti et al., 2011 [3]
UAE 0/28 0 Fatma A. et al., 2013 [20]
Turkey 0/10 0 Basak Celtikci et al., 2012 [21]
India 0/100 0 Bidchol, A.M., et al., 2015 [6]
China 0/10 0 Yang et al., 2010 [22], Hong-Lin Lei ez al., 2012 [23]

3 more mutations — to B1-domain and 2 mutations —
to f2-domain of the protein (Fig. 1).

The electronic databases of known mutations —
dbSNP, 1000 Genomes, HGMD — and the published
data were used to characterize the mutations and
their impact on the formation of the disease pheno-
type. The mutations, described in the scientific liter-
ature, which promoted the formation of the early

form of the disease, were found in the genotype of
most patients with the infantile form of GMI-
gangliosidosis (Table 4).

Two mutations in two different alleles were iden-
tified in one patient with the juvenile form of GM1-
gangliosidosis (Table 4), one mutation is associated
with the onset of the juvenile form of the disease
(p.Arg201His), and another one (p.His281Tyr) is re-

R
kel 01y [ Giyeasg] [51203_12054elTTA; c Prot03Tre
p-Arg39His p.Gin255His
IVS4 245G pr=yiii IVSI2+8T>C
p.Tyr270Asp p.Argd§2His
p.Trp273Len - c.1601_1602insGCCA
p-Arg390Cys
c.SBSdeIGl
pHis281Tyr
Fig. 1. The localization of
=1 known and new (inside the
- u | 1| 28k ' frame) mutations, identified
—_—— during our study, in exons of

1 23 49 359 397
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Table 4. The genotype and phenotype of 26 Ukrainian patients with GM1-gangliosidosis and Morquio B disease

Patients Age;itE ttl};: ‘r::irtnent Phenotype First allele Second allele
1 12 months Infantile form of GM1 | p.Gly243Arg p-His281Tyr

2 8 months Infantile form of GM1 | p.GIn255His p-His281Tyr

3 9 months Infantile form of GM1 | p.GIn255His p.His281Tyr

4 10 months Infantile form of GM1 | ¢.699delG ¢.833delG

5 3 months Infantile form of GM1 | IVS4 -2A>G p-His281Tyr

6 12 months Infantile form of GM1 | ¢.1601 1602insGCCA p-His281Tyr

7 12 months Infantile form of GM1 | ¢.699delG p-Arg59His

8 13 months Infantile form of GM1 | p.His281Tyr p-His281Tyr

9 8 months Infantile form of GM1 | ¢.699delG p-Tyr270Asp

10 14 months Infantile form of GM1 | p.GIn255His p-His281Tyr

11 12 months Infantile form of GM1 | p.Trpl161Gly p-His281Tyr

12 14 months Infantile form of GM1 | p.Arg59His p-His281Tyr

13 1 month Infantile form of GM1 | ¢.699delG p-Arg59His

14 12 months Infantile form of GM1 | p.His281Tyr p-His281Tyr

15 10 months Infantile form of GM1 | ¢.1601 1602 insGCCA c.1601 1602 insGCCA
16 4 months Infantile form of GM1 | p.Trpl61Gly p-Trp161Gly

17 9 months Infantile form of GM1 | p.His281Tyr p.His281Tyr

18 12 months Infantile form of GM1 | ¢.1203_1205delTTA; c.1207C>A | ¢.1203_1205delTTA; ¢.1207C>A
19 14 months Infantile form of GM1 | p.His281Tyr p.His281Tyr

20 4 months Infantile form of GM1 | ¢.699delG €.699delG

21 7 months Infantile form of GM1 | p.Gly262Ala p-Arg590Cys

22 9 months Infantile form of GM1 | p.Trpl161Gly p-Arg482His

23 11 months Infantile form of GM1 | p.GIn255His p-His281Tyr

24 4 months Infantile form GM1 p-GIn255His p-His281Tyr

25 11 y.o. Juvenile form of GM1 | p.Arg201His p-His281Tyr

26 7 y.o. Morquio B disease p-Trp273Leu IVS12+8T>C

the mutations, not described in the scientific literature but identified during our study, are in bold.

markable for the onset of the infantile form of GM1-
gangliosidosis and was found to be major for our
patients. In this case the mutation p.Arg201His,
which affects the development of a milder form of
the disease than the mutation p.His281Tyr, had a
dominating impact on the development of the pa-
tient’s phenotype, which confirms the data of other
authors [1].

A new mutation IVS12+8T>C and a known muta-
tion p.Trp273Leu, which, according to the scientific
literature, is remarkable for this syndrome and must

have had the main impact on the formation of the
patient’s phenotype [13], were found in one patient,
whose diagnosis was determined to be Morquio B
using the combination of clinical signs and the re-
sults of biochemical tests. The mutation p.Trp273Leu
has been never observed in the group of patients
with GM1-gangliosidosis, examined by us, which
testifies to its specific association with Morquio B
disease and allows using the results of the molecular
analysis for the purpose of differential diagnostics of
GM1-gangliosidosis and Morquio B disease.
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Six out of 17 mutations in the gene GLBI had not
been found in any electronic database (dbSNP, 1000
Genomes, HGMD) or previously described in scien-
tific literature, including 3 deletions (c.699delG,
¢.833delG, c.1203 1205delTTA), 2 missence re-
placements (p.Gly243Arg, p.Gly262Ala) and 1 nucle-
otide replacement in the splicing site (IVS12+8T>C)
(Fig. 2). Also, none of the identified new mutations
was found in the samples of 50 volunteers donors.

A
160 170
" BB REEEES ES RN RN
G CC C a G G ACCC I TG G
n7
C
180 :
" R E R R R R R A RR B R R E E RN
AR AA & C C T T A€ C T 3T & AC
exon 12

€.1203_1205delTTA

p.Pro403Tre

!

The prognostic analysis of possible impact of new
mutations on the structure and function of the protein
of B-galactosidase was carried out using programs
MutationTaster, PolyPhen2 and Provean. The results
of this study demonstrated that all new mutations were
pathogenic and led to the changes in the structure and
functional properties of the protein of -galactosidase.

The newly found deletions ¢.699delG in exon 6
and c.833delG in exon 8 lead to the early onset of a

210 220
H E H B B EEE = . == - " R E
CA G G TAG GCCTTCAAMAGS G G

intron 12-13

IVS12+8T>C

Fig. 2. DNA sequences chromatogram of new mutations in the gene GLB1: 4 — ¢.699delG in the heterozygous state in exon 6; B —
p-Gly243Arg in the heterozygous state in exon 6; C — p.Gly262Ala in the heterozygous state enkzoni 7; D — ¢.833delG in the
heterozygous state in exon 8; £ — ¢.1203_1205delTTA combined with p.Pro403Tre mutation in the homozygous state in exon 12;
F — splice site mutation IVS12 + 8T> C in heterozygous state in 12-13 introns.
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A 359 397 514 545 647 677
p.Leu233fs*20 sp
1 23 49
B
p-Gly278fs*31 P
1 23 49

Fig. 3. The schematic presentation of the shortened protein of B-galactosidase due to deletions ¢.699delG (p.Leu233fs) — 4 and
¢.833delG (p.Gly278fs) — B, which lead to premature occurrence of a stop-codon

stop-codon via 20 aminoacids and via 31 aminoacids The deletion ¢.1203 1205delTTA, identified in
respectively. Due to these changes the protein mole- the homozygous state in exon 12, leads to the fall-
cule is shorter for deletion ¢.699delG — by 424 ami- out of the aminoacid Tyr402 in fl1-domain of the
noacids, and for ¢.833delG — by 368 aminoacids, protein of f-galactosidase, which has negative effect

which makes its functioning impossible (Fig. 3). on the functional properties of the protein and may
a) p.Gly243Arg

species aa alignment
Human 243 A L Q G L YT T V D F G T G S N I T D A F L S Q
Our patient 243 D F R T G S N I T D A L S
Ptroglodytes 243 D F G T G S N I T D A F L S
Mmusculus 244 T L Q D L Y A T V D F G T G N N I
Ggallus 226 A L Q G LY A T V D F A P G G N
Trubripes 237 AM Q G L Y A T V D F G P G S NV T A A F
Drerio 262 S L Q G L Y A T V D F G P G A N V T A
Dmelanogaster 236 K I Q G V L A T M D F G A T N D L K P
Celegans 24 T VvV E G V F P T VvV D F GPTD D A K E I E N N F K L
Xtropicalis 241 T I Q G L Y T T V D F G P G S N V T
¢) p.Gly262Ala

species aa alignment
Human 262 A F L §S Q R K ¢C E P K G P L I N S E F Y T G W L
Our patient 262 A F L §S Q R K CE P K AP LT NS EVFYTGW
Ptroglodytes 262 A F L §S Q R K €C E P K G P L I N S E F Y T G W
Mmusculus 263 A F L vV Q R K F E P K G P L I N S E F Y T G W
Ggallus 255 A F L A Q R S S E P TG P L VN S E F Y T G W
Trubripes 256 E A Q R H A E P RGP L VNS E F Y T G W
Drerio 281 A F E A Q R H V E P R G P L VNS E F Y P G W
Dmelanogaster 253 I w A K F R R Y QP K G P L VNAEY Y P G W
Celegans 276 R K F AP NG P L V N S E Y Y P G W
Xtropicalis 260 T F S v.Q R 'Y C E P K G P L VN S E F Y T G W

Fig. 4. The comparison of a protein sequence encoded in the gene GLB! for a human protein and close homologs of mammals for
the purpose of determining the conservative nature of aminoacid Gly in positions 243 and 262 (MutationTaster, PolyPhen2)
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lead tothe changeinthe splicing site (MutationTaster).
This deletion was found in 2 alleles in combination
with the missence replacement p.Pro403Tre, which
may have no considerable impact on the protein
properties (MutationTaster, PolyPhen2 and Provean).

The results of the prognostic analysis for the new
missence mutations, identified by us, p.Gly243Arg
(c.727G > A), p.Gly262Ala (c.785G > C), demon-
strated that aminoacid Gly in both positions is rather
conservative (Fig. 4), and its replacements, found in
positions 243 and 262, have a damaging effect on the
protein of B-galactosidase, which causes the destruc-
tion of its properties.

Another intron variant of the mutation
¢.1233+8T > C (IVS12+8T > C), found by us, was
localized in the acceptor zone of the splicing site at
the end of exon 12. This mutation leads to incorrect
splicing of mRNA and, as a result, to the formation
of abnormal protein product.

Four new mutations (c.699delG, c¢.833delG,
Gly243Arg, p.Gly262Ala) were found in the patients
with the infantile form of GM1-gangliosidosis in the
heterozygous state in combination with other muta-
tions, which, according to the data of scientific litera-
ture, cause the infantile form of this pathology
(Table 3). The deletion ¢.699delG was also present in
the genotype of one patient in the homozygous state,
which resulted in very early onset of the disease. The
bound inheritance of mutations ¢.1203_1205delTTA
and p.Pro403Tre was identified in one patient in the
homozygous state and conditioned the development
of'the infantile form of GM 1-gangliosidosis. However,
the mutation of the splicing site IVS12+8T > C, found
by us, was identified in the patient with Morquio B
disease in the heterozygous state in combination with
the missence mutation p.Trp273Leu, common for this
phenotype [13].

Thus, the spectrum of mutations in the gene GLB1
in Ukrainian patients with GM1 gangliosidosis and
Morquio B disease and their impact on the patients’
phenotypes were studied in our work. Six new patho-
genic mutations in the gene GLBI were identified
with the characterization of their impact on the struc-
ture and function of the protein of B-galactosidase.
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The frequencies of alleles were determined and the
major nature of the mutation p.His281Tyr (c.841C >
T) for Ukrainian patients with GM1-gangliosidosis
was defined. These results of our study provide the
necessary information for more efficient and precise
molecular diagnostics of the patients with GMI1-
gangliosidosis and Morquio B disease, for under-
standing the impact of mutations on the enzymatic
activity which is responsible for the development of
the disease. Also the results of molecular diagnostics
are required to carry out prenatal diagnostics in high
risk families, suffering from GM1-gangliosidosis and
Morquio B disease.

Conclusions

The study of the spectrum of mutations in the gene
GLB1in26 Ukrainian patients with GM 1-gangliosidosis
and Morquio B disease allowed identifying 52 alleles,
containing 17 types of pathogenic mutations.

The missence mutation p.His281Tyr (¢.841C > T)
has high incidence rate among Ukrainian patients
with GM1-gangliosidosis (19/52 alleles) and may be
considered to be the major mutation for this popula-
tion.

The mutation p.Arg201His, which affects the
development of the juvenile form of GMI-
gangliosidosis, has dominating impact on the de-
velopment of the patient’s phenotype in case of
combination with more severe mutations in the
genotype, which are associated with the infantile
form of the disease.

The mutation p.Trp273Leu is remarkable only for
the patients with Morquio B disease, which testifies
to the possibility of using the results of molecular
and genetic analysis during the differential diagnos-
tics of GM 1-gangliosidosis and Morquio B disease.

The study allowed identifying six new pathogenic
mutations, which had not been found in any electronic
databases or previously described in scientific litera-
ture, including 3 deletions (c.699delG, c.833delG,
c.1203 1205delTTA), 2 missence replacements (p.
Gly243Arg, p.Gly262Ala) and 1 nucleotide replace-
ment in the splicing site (IVS12+8T > C).



New six mutations in GLBI gene in Ukrainian patients with GM1 gangliosidosis and Morquio B disease

The results of the molecular and genetic analysis

of mutations in gene the GLBI may be used for more
precise molecular diagnostics of patients with GM1-
gangliosidosis and Morquio B disease and prenatal
diagnostics in the high risk families, suffering from
this disease.
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InenTudikanisa Ta XapaKTepuCTHKA IECTH HOBUX MYTAalii
B reHi GLBI y naunienTis 3 GM1-ranrnio3nio3om ta
cunapomoM Mopkio B 3 Ykpainu

H. 1. Mumuk, H. T. TopoeHko

GM1-ranrmosuno3 (MIM# 230500) ta mykomnosnicaxapuos [VB
(Mopkio B, MIM# 230500) ayTOCOMHO-PEIIECHBHI 3aXBOPIOBAHHS,
1110 BIJTHOCSITHCS JI0 JTI30COMHHX XBOPOO HAKOIIMYUCHHSI Ta BUKJTHKA-
Hi 3MiHAMH B CTPYKTYpi OAHOTO i Toro )k reny — GLBI. Pe3ynbratom
MyTalii B redi GLB1 € nediut Kucioi B-ranakro3uaasi i, sik Ha-
CITIJIOK, HAKOITMYCHHS B JTi30coMax mnartieatiB GM 1-ranmmiosuy ta
keparancynbdary. Meta. [IpoBeieHHs aHATI3y CIICKTPY MyTalliil B
redi GLBI cepen nauientiB 3 GM1-raHmiio3n030M ta CHHIPO-
MoM Mopkio B B Vkpaini. Pesyabrarn. [Ipu npoBeneHHI MoieKy-
JsSIpHOTO aHaiizy reHy GLBI y 25 ykpalHCHKHX MAli€HTIB 3 Jia-
raozoM GM 1-rannio3no3 Ta y 1 namieHra 3 cuHIpoMoM Mopkio
B Oyro npoanasizoBano 52 anedi, B IKMX BUSBICHO 17 THITIB 11aTO-
TEHHUX MyTalliii, cepes sikux 11 — miceHc 3amiHu, 3 — aenenii, 1 —
iHCepIis Ta 2 — MyTanii caifTy cnalicunry. HaifgacTimoro BusBH-
nack MiceHc myTaist p.His281Tyr (c.841C > T) y 8-my ek30Hi, sika
Oyna 3Haiinena y 19 3 52 myrantaux anenis (36,5 %) ycix obcre-
JKEHUX TalieHTiB. B xomi mocipkeH s Oyl0 BUSIBJICHO IICThH HO-
BUX MyTalil, siki He Oyan 3HaieHi B eIEeKTPOHHUX 0a3ax Ta He
Oyl OITMCaHi paHillie B JHTeparypi, cepenm sKuX 3 — maenerii
(c.699delG, c.833delG, c.1203_1205delTTA), 2 — miceHc 3amiHK
(p.Gly243Arg, p.Gly262Ala) Ta 1 — 3amiHa HyKJICOTHIY B CalTi
crnaiicuary (IVS12+8T > C). BucHoBku. Pe3ynbraru npoBeieHo-
TO MOJIEKYJISIPHO-TCHETHYHOTO aHai3y MyTaliid B reHi GLBI mo-
JKYTb OyTH BUKOPHCTaHI JUIst OLTBII TOYHOT MOJEKYIISIPHOI JiarHOC-
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THKH XBopHX 3 GM 1-ranmmio3umo3oM ta cudapomoM Mopkio B ta
MPEHATAITLHOI JIIATHOCTUKH B CiM’SIX BUCOKOTO PH3UKY OOTSIKEHHUX
JITAaHUM 3aXBOPIOBAHHSIM.

Kaw4yoBi caosa: GMI-raamiiosnnos, cuaapom Mopkio B,
red GLBI.

HNnenTudukanms 1 XapaKTepuCcTUKA IeCTH HOBBIX
myTauuii B rene GLBI y nauuentoB ¢ GM1-
TaHIVIMO3U/1030M U cuHApoMoM Mopkuo B ¢ Ykpaunsl

H. 1. Mbipik, H.I. T'opoBenko

GM1-raammoznnos3 (MIM # 230500) u mykoromicaxapros [VB
(Mopxkuo B, MIM # 230500) ayrocomMHO-perieccHBHBIC 3a00IeBa-
HHS, OTHOCSIIMECS K JIM30COMHBIM OONE3HAM HAKOIUICHUS U BbI-
3BaHHBIE N3MEHEHHMSAMU B CTPYKTYpE OHOTO U TOTO Xe reHa - GLBI.
Pesynsrarom mytaimii B reHe GLBI siBisieTcst Je(UIUIT KUCIOH
[-rayaxTo3maaspl u, KaK CJIEICTBUE, HAKOIUICHHE B JIM30COMAX ITalld-
entoB GM1-rannmiosuna u keparancyibdara. Llesn. [IpoencHue
aHaim3a crieKrpa Myrauuii B rene GLB1 cpeau natmentoB ¢ GM1-
raHDIMo3U1030M 1 cuHapoMoM Mopkuo B B Ykpaune. Pesyibrarbl.
Ilpn mpoBeneHNM MONEKYISIPHO-TEHETHUECKOTO aHAIM3a B TCHE
GLBI y 26 mammentoB ¢ GMI1-TaHIIIMO3HI030M U CHHIPOMOM
Mopxkuo B B Yipante ObII0 BEISIBICHO 52 aiess, Conep KX ma-
ToreHHele MyTanuy. Hanbornee gacTo BCTpeyanach MUCCEHC MyTa-
st p.His281Tyr (c.841C > T) B 8 sx30He, KoTopast Oblia HaleHa Y
193 52 myTanTHbIX ayuenei (36,5 %) Bcex 00cie10BaHHbIX MAIUeH-
ToB. B mponece nccnenoBanusi ObUI0 OOHAPYIKEHO INECTh HOBBIX
MaTOTeHHBIX MYTALMi, KOTOpbIE He ObUIN HalIeHbI B AIEKTPOHHBIX
0a3ax ¥ He OIVCaHbI paHee B JIUTEpaType, CPer KOTOPBIX 3 — jiere-
i (¢.699delG, ¢.833delG, ¢.1203_1205delTTA), 2 — mucceHe 3a-
meHsl (p.Gly243Arg, p .Gly262Ala) u 1 — 3ameHa HykJIeoTHAA B
caiire crmaiicuara (IVS12 + 8T > C). BeiBoapl. Pe3ynerarst mpose-
JICHHOTO MOJIEKYIIIPHO-TeHETHYECKOTO aHAIM3a MYTaliii B TeHE
GLBI MOryT OBITh UCTIONB30BAHBI TS 00JIee TOUHOM MONEKYIISIPHOM
JMArHoCTUKN OompHBIX ¢ GMI1-raHmIMO3UI030M M CHHIPOMOM
Mopxkuo B 1 nipeHaTaibHO# JUarHOCTHKY B CEMbSIX BBICOKOTO PUCKA
00peMEHEHHBIX JaHHBIM 3a00JICBAaHHEM.

Kawuesbie ciaosa: GMI-rannmo3unos, cuaapoM Mopkuo
B, reu GLBI.
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