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Introduction

Mucopolysaccharidosis I (MPS 1) is a rare hereditary autosomal-recessive metabolic disorder,which occurs
due to the deficiency of the lysosomal enzyme o-L-iduronidase (/DUA; EC 3.2.1.76). There are three clinical
forms of MPS I: Hurler syndrome, MPS T H; MIM # 607014, ORPHA 93473, Hurler/Scheie syndrome, MPS
[ H/S; MIM # 607015, ORPHA 93476, Scheie syndrome, MPS 1 S; MIM # 607016, ORPHA 93474. Aim. To
identify the spectrum of mutations in the /DUA gene in Ukrainian patients with MPS 1. Methods. RFLP-
analysis, automated sequencing. Results. We have identified 100 % (34/34) mutant alleles of the /DUA gene
among 18 Ukrainian patients (one proband had a sibling with the identical genotype) with MPS I from 17
families. The spectrum of mutations in the /DUA gene in Ukrainian patients with MPS 1 is represented by six
known missence mutations: p.Q70%*, p.W402*, p.A75T, p.A327P, p.P533L, p.S633I; two deletions: ¢.1398delC
and c.46_57del 12, one insertion: ¢.889 899 ins 12, and one mutation in the splicing zone IVS11ds+5G-A.
Three new missence mutations were revealed by us in the /DUA gene: p.N372S, p.Q563P and p.
S633*. Conclusions. Our results may be used for planning the most reasonable algorithm of the molecular-
genetic analysis of Ukrainian patients with MPS L.
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generally three clinical forms are distinguished: 1) se-
vere form (Hurler syndrome, MPS I H; MIM #

Mucopolysaccharidosis I (MPS 1) is a rare heredi-
tary autosomal-recessive metabolic disorder, which
occurs due to the deficiency of the lysosomal en-
zyme o-L-iduronidase (IDUA; EC 3.2.1.76), in-
volved in the multistage catabolism of dermatan sul-
phate (DS) and heparan sulphate (HS). The deficien-
cy in a-L-iduronidase leads to the accumulation of
non-degraded GAG substrate in the lysosomes of
cells of different organs and tissues [1, 2].

Although the clinical phenotype of MPS I is a con-
tinuous spectrum from severe forms to mild ones,

607014, ORPHA 93473), with the manifestation of
symptoms by the age of 12 months, life span of no
more than 10 years and mental retardation, which is
manifested at the age under three; 2) intermediate
form (Hurler-Scheie syndrome, MPS 1 H/S; MIM #
607015, ORPHA 93476), with the manifestation of
symptoms at the age from 1 to 6 years, longer life
span and no or mild mental retardation, which is never
manifested under 3; 3) mild form (Scheie syndrome,
MPS I S; MIM # 607016, ORPHA 93474), with the
manifestation of the first symptoms of the disease af-
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ter the age of 5, unchanged life span and complete
absence of mental retardation [1].

The gene, encoding o-L-iduronidase (/DUA;
MIM # 252800), was mapped in locus 4p16.3; it
consists of 14 exons, separated by 13 introns. An
open reading frame of cDNA (ORF) is ~ 2 kilobases
long and encodes the polypeptide of 653 amino ac-
ids [3]. At present there are over 220 mutations,
identified and characterized in the /DUA gene, in-
cluding missence/nonsense mutations, small dele-
tions and insertions, four gross-deletions, one gross-
insertion, 36 splicing mutations and three complex
mutations (Human Gene Mutation Database-
HGMD, http://www.hgmd.cf.ac.uk/ac/index.php).
In general most mutations occur less than in 3 % of
cases or are single.

The missence mutations p.W402*, p.Q70*, p.P533R
and p.G51D are the most common for the gene IDUA.
Mutation p.W402* has about 50 % distribution fre-
quency in Northern Europe, Great Britain, North
America, and Spain, whereas its frequency in the
Russian Federation, Italy, and Brazil is 4 %, 11 %, and
20 % respectively, according to the estimates of differ-
ent researchers [4, 5]. On the contrary, mutation p.Q70*
occurs in Scandinavia and the Russian Federation
much more frequently (up to 50 %) than in other coun-
tries [6]. The missence mutation p.P533R of probable
North African originis wide-spread in the Mediterranean
region, and has 13 % and 10 % of mutant alleles in the
IDUA gene in Italy and Spain, respectively. According
to the data of Italian researchers, the missence mutation
p.G51D is major for Italy only, and is registered with
the frequency of 13 % for mutant alleles in the /DUA
gene among [talian patients with mucopolysaccharido-
sis I [4]. The frequency of mutations in the /DUA gene
for Ukraine has not been defined yet.

The aim of our work was to identify the whole
spectrum of mutations in the /DUA gene in Ukrainian
patients with MPS 1.

Materials and Methods

The material of the research was the blood of 17 pa-
tients with MPS I (7 boys and 10 girls), whose diag-
nosis was confirmed in the Clinical Genetics

Laboratory, NCSH OKHMATDYT of the Ministry of
Health of Ukraine, using biochemical methods with
the determination of the activity of a-L-iduronidase
enzyme in lysosomes, and the blood of their 37 rela-
tives (siblings and parents) from different regions of
Ukraine [7]. The age of the patients at the moment of
the diagnosis determination was 2 + 1 years for Hurler
syndrome, 14 £ 1 years for Hurler-Scheie syndrome
and Scheie syndrome. One proband had a sibling with
the identical genotype, who was not taken into consi-
deration while identifying the mutation frequency.
For control of the pathogenicity of new mutations, the
blood samples of 100 volunteers aged 18 to 60 years
without any clinical signs of lysosomal pathology
were used. The parents of all the patients and volun-
teers gave their informed consent for the studies. The
bioethics committee approved the research.

DNAs were extracted from the whole blood using
the commercial NeoSorb kits (Neogen, Ukraine).
The identification of major mutations p.Q70* and
p.-W402* was conducted using the RFLP-analysis as
described in our previous publication [7].

The identification of rare mutations in the /DUA
gene involved the method of direct automated se-
quencing by the Sanger’s method using ABI 3130
analyzer (Applied Biosystems) according to the
manufacturer’s protocol. The sequences of primers
for each of fourteen exons of the /DUA gene were
selected using Primer3 program (http://simgene.
com/Primer3). The analysis of sequencing results
was made using programs Sequencing Analysis,
v.1.1/3.1 (Applied Biosystems, Life Technologies
Corporation, USA), Chromas and Blast (http://www.
ncbi.nlm.nih.gov/blast). The analysis of pathogenic-
ity of new mutations was made using programs
PolyPhen2 and Provean (http://genetics.bwh.har-
vard.edu/pph2/, http://provean.jcvi.org/index.php).

Results and Discussion
The studies, conducted by us, allowed identifying
100 % (34/34) mutant alleles of the /DUA gene in
Ukrainian patients with MPS I (Table 1).

The most common mutation for the investigated
Ukrainian patients with MPS I was nonsense -muta-
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Table 1. The localization of the identified mutations in exons of the IDUA gene and their frequency

Nu(_:leotide replacement | Aminoacid replac;ment _in the Number Iiiutr}?:i;t?cf 2‘1?:;22:1:? Reference to thc? first description of
in the /DUA gene molecule of a-L-iduronidase of exons number of alleles the mutation in the /DUA gene

c.46 _57del 12 p-S16_A19del 1 1/34 Bunge et al., 1994, [8]
c.208C>T p-Q70* 2 11/34 Clarke et al., 1993, [9]
c.223G>A p.A75T 2 1/34 Clarke et al., 1994, [10]

c.889 899 ins 12 p.T296 _T299dup 7 3/34 Bunge et al., 1995, [11]
¢.979G>C p.A327P 8 1/34 Bunge et al., 1995, [11]
c.1115A>G p-N372S 8 3/34 Our studies
c.1205G>A p-W402* 9 5/34 Scott et al., 1992, [12]
c.1398delC p-P467Rfs*58 9 3/34 Bertola et al., 2011, [4]
c.1598C>T p-P533L 11 1/34 Voskoboeva et al., 1998, [13]
IVS11ds+5G-A 1738+5G>A Int.11 1/34 Verturi et al., 2002, [14]
c.1688A>C p-Q563P 12 1/34 Our studies
c.1898C>T p-S6331 14 1/34 Beesley et al., 2001, [15]
c.1898C>A p.S633* 14 2/34 Our studies

tion p.Q70* — 11 alleles out of 34. The frequency of
this mutation is 32.4 % (11/34) which is close to the
indices of the distribution of this mutation in Europe
[6]. Two patients had this mutation in the homozy-
gous state, seven patients — in the heterozygous state.

The other major mutation p.W402* in the /DUA
gene was found in five patients with MPS I in the
heterozygous state, which is 14.7 % (5/34), i.e. its
distribution in Ukraine is close to the indices of
Italy [4]. Two compound heterozygotes p.Q70%*/p.
W402* were revealed.

In addition to major mutations, the previously de-
scribed deletion ¢.1398delC was identified with high
frequency of 8.8% (3/34) in Ukraine, in homo- and
heterozygous state in the patients with MPS 1.

Four previously revealed mutations were de-
scribed among the missence mutations, identified
during the analysis, in addition to major p.Q70* and
p.-W402*: in exon 2 — p.A75T, in exon 8 — p.A327P,
inexon 11 —p.P533L, and in exon 14 — p.S6331. The
previously described mutation in the splicing zone
for exon 11 IVS11ds+5G—A was identified for one
patient in one allele. A previously known insertion of
12 basic pairs ¢.889 899 ins 12 was revealed in
exon 7 in four patients, two of them were siblings. A

444

previously described deletion of 12 bp in exon 1
c.46 57del 12 was found in one patient.

Additionally, three mutations in the /DUA gene,
which have been neither previously described nor in-
cluded into HGMD database, were identified by us,
namely, three missence mutations: p.N372S in exon 8
(in three alleles in two patients), p.Q563P in exon 12
(in one allele), and nonsense-mutation p.S633* in
exon 14 (in two alleles in one patient) (Fig. 1).

No changes in the sequence of nucleotides of the
IDUA gene were identified by us in the individuals
of the control group, i.e. they may be estimated as
mutations, and not as a polymorphic variant.

The detailed analysis of these mutations using
programs PolyPhen2 and Provean confirmed their
pathological character (Fig. 2).

A new missence mutation p.N372S, which was
identified in exon 8, leads to the replacement of as-
paragine for serine, due to which the length of pro-
tein does not change, but there is a disorder in the
functioning of the protein, which causes the change
in the splicing site. A new missence mutation p.
Q563P, which was identified in exon 12, results in
the replacement of glutamine for proline, which does
not have any significant impact on the protein func-
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species aa alignment
Human 563 TRLRALPLT QGQLVLVWSDEHVGS
mutated 563 TRLRALPLTQGPLVL VWSDEHVG
Featus 510 TQLRALPLTS GaQVLLVwW
Mmusculus 562 SRLRALPLTHGQL ILVWSDERVG
Ggallus 510 GOQVVVLWDDGCVN
Drerio 558 GOVLIIWKDHCVG
Dmelanogaster 550 QQLS!I AEVT QREV F ISWMEHPKS

A Xtropicalis 437 GEVAV IWSDEHIT
Species aa alignment
Human 372 AQRTLTARFQVNNT RPPHVQLLRK
mutated 372 AQRTLTARFQVS N TRPPHVQLLR
Mmusculus 371 SQRTLTARFQVNNTHPPHVAQL LR
Ggallus 318 TQRTLTARFOMNNTKPPHVQMVR
Drerio 372 SQRTLTARFQINSTNPPHVQILR
Dmelanogaster 365 TQRTLLAHFRMNETKPPHSQLVQ

B Xtropicalis 246 SQRTLTARFOMNNTNPPHVQMVR

Fig. 2. The conservatism of new missence mutations in our

studies:

A —new mutation p.Q563P (c.1688A>C);
B — new mutation p.N372S (c.1115A>G).

i Fig. 1. The chromatograms of the DNA sequence of new mutations in the
IDUA gene:

A —missence mutation p.N372S in the homozygous state in exon 8§;

B — missence mutation p.N372S in the heterozygous state in exon 8;

C — missence mutation p.Q563P in the heterozygous state in exon 12;

D — missence mutation p.S633* in the homozygous state in exon 14.

tion, leading only to the point replacement of the
aminoacid in its structure. A new nonsense-mutation
p-S633* in exon 14 forms a stop-codon and shortens
the protein by 21 aminoacids (~10 % from the total
length of the protein).

Therefore, the spectrum of mutations in the /DUA
gene in Ukrainian patients with MPS T at presen is
represented by 9 missence mutations, 2 deletions of
1 and 12 bp, 1 insertion of 12 bp, and 1 mutation in
the splicing zone (Fig. 3).

Similar to many other European populations, two
mutations may be considered to be major for
Ukrainian patients with MPS I: p.Q70* (32.35 %)
and p.W402* (14.7 %). As for rare mutations, the
most common ones were found to be deletion
c.1398delC (8.8 %) and a new missence mutation
p-N372S (8.8 %), which were revealed in the homo-
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and heterozygous state among Ukrainian patients
with  MPS [. The insertion ¢.889 899 ins 12
(8.8 %), identified in four patients in the heterozy-
gous state, two of whom were siblings, was also
found to be quite common. A new nonsense muta-
tion p.S633* (5.9 %), which was identified in one
patient, may also potentially be more common for
Ukraine, as it was identified in the homozygous
state. However, this may also be a result of the intra-
familial accumulation of the pathological mutation
after the marriage of close relatives, who are parents
of this patient. Other mutations were represented by
single cases. Probably, these frequencies may change
with further identification of new patients. The most
rare mutations, identified by us in Ukrainian patients
with MPS 1, were localized in exons 2, 7, 8, 9, and
14, and one in each — in exons 1, 11, and 12 of the
IDUA gene.

The complete characterization of the patients with
MPS I with the consideration of the clinical form of
the disease is presented in Table 2.

The results of molecular-genetic analysis of
Ukrainian patients with MPS I, obtained by us, dem-
onstrated that all the patients with major mutation
p.Q70* in the homozygous state, and two patients,
who were found to be compound heterozygotes of
p-Q70X*/ p.W402*, have a severe form of the dis-
ease — Hurler syndrome, which is in good agreement
with the data of other researchers about the associa-
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phenotype Fig. 3. The localization of mu-
tations in separate exons of the
IDUA gene in Ukrainian pa-

tients with MPS 1

Mild
phenotype

Q563P

tion of major nonsense -mutations p.Q70* and
p.-W402* with the severe disease progression [6, §].
The severe progression of MPS I was also noted for
patients with the major mutation p.W402* in one al-
lele and the missence mutation p.A75T (1 person)
[15]. A previously known single-nucleotide deletion
c.1398delC, identified in two patients in both the ho-
mozygous state and the compound with the major
mutation p.W402*, also characterized the presence
of the severe clinical form of MPS I, Hurler syn-
drome, in patients [4].

Two patients, who had a new, previously not de-
scribed missence mutation p.N372S in the homozygous
state and in the compound with the major mutation p.
Q70%*, were characterized by early onset of the disease
and a severe phenotype. Three patients with the com-
pounds combination of major mutations and rare muta-
tions (genotypes p.Q70%/p.P533L, p.Q70*/c.46 57
del 12 and p.W402*/p.S633I) had a severe form of the
disease — Hurler syndrome with early onset of the di-
sease.

Hurler-Scheie syndrome, which was identified in
two patients, was associated with genotypes
IVS11ds+5G-A/c.889 899 ins 12 and a new muta-
tion in the homozygous state p.S633%/p.S633*.

Scheie syndrome was diagnosed in four pa-
tients, two of whom were siblings, with geno-
types ¢.889 899 ins 12/p.Q70* — in three pa-
tients, and the missence mutation p.A327P in the
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Table 2. The characterization of patients with MPS 1

# Gender Ageat thgertré(;:nnie;;tt?ofndiagnosis Phenotype First allele Second allele
1 F 1.5 y.o. H p-Q70* p-Q70%*
2 M 3.5y.0. H p-Q70%* p-Q70%*
3 F 1 y.o. H p-Q70%* p-P533L
4 M 2.5 y.o. H p-Q70%* c.46 57 del 12
5 F 3 y.o. H p-Q70%* p-N372S
6 M 2.5 y.o. H p-Q70* p-W402*
7 F 3 y.o. H p-Q70* p-W402*
8 M 2 y.o. H p-S6331 p-W402*
9 F 2 y.o. H p-A75T p-W402*
10 F 4.5 y.0. H ¢.1398delC p-W402*
11 F 2 y.o. H ¢.1398delC c.1398delC
12 F 4 y.o0. H p-N3728 p-N3728
13 F 14 y.o. H/S p-S633* p-S633*
14 M 15 y.o. H/S IVS11ds+5G-A c.889 899 ins 12
15 M 9y.o. S p.Q70* c.889 899 ins 12
16 M 14 y.o. p.Q70* c.889 899 ins 12
17 F 8 y.o. p-A327P p-Q563P

H — Hurler syndrome, H/S — Hurler-Scheie syndrome, S — Scheie syndrome;

F — girls, M — boys;

Mutations highlighted in bold are new mutations, which have not been described in the literature.

compound with the new mutation p.Q563P — in
one patient.

Therefore, our analysis of the molecular-genetic
characterization of Ukrainian patients with MPS 1
allowed identifying 100 % mutant alleles. High fre-
quency of mutations p.Q70* (32.35 %) and p.W402*
(14.7 %) among Ukrainian patients substantiates
RFLP-screening for the presence of these mutations
at the first stage of the molecular-genetic analysis. It
would be reasonable to start the analysis during the
identification of rare mutations, which have led to
the development of the disease in the proband, with
“hot” regions of the /[DUA gene — exons 2, 7, 8, 9,
and 14, where most pathogenic mutations were lo-
calized in the patients, studied by us. During the
planning of the analysis, this order would allow op-
timizing time and resources for the analysis and en-
suring the maximal efficiency of the molecular ge-
netic diagnostics of MPS I in Ukraine.

Conclusions

The molecular genetic analysis of pathogenic muta-
tions in the /DUA gene in 18 Ukrainian patients with
MPS I from 17 families (34 alleles) revealed 100 %
mutant alleles.

The share of the alleles with the major mutation
p.Q70* was the largest — 32.35 % (11/34). The other
major mutation for European populations, p.W402*,
was found in five patients (14.7 %) in one allele, so
it is also major for Ukraine.

Most rare mutations, identified by us in Ukrainian
patients with MPS I, were localized in exons 2, 7, 8,
9, and 14 of the /DUA gene, and one in each — in
exons 1, 11, and 12.

Three previously not described missence muta-
tions in the /IDUA gene — p.N372S, p.Q563P and
p.S633* — were also revealed.

The data of the conducted molecular genetic anal-
ysis of mutations in the /DUA gene may be used
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while planning the most reasonable algorithm of the
molecular genetic analysis of Ukrainian patients
with MPS I in order to enhance the quality of provid-
ing medical care to the families, suffering from this
disease.
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MoJiekyJISIpHO-TeHeTHYHA XapaKTePHCTHKA NAL€HTIB 3
Mykomnogicaxapuao3om I Tuny 3 Ykpainu: BusiBjaeHHS
TPHOX HOBMX MyTauiii B reHi a-L-ixyponigazu

H. C. Tpodimora, H. B. OnpxoBuy

Myxonomnicaxapunos 1 tummy (MIIC 1) — pigkicHe cniagkoBe ayTo-
COMHO-PEIeCHBHE META00NIIUHE 3aXBOPIOBAHHS, SIKE BUHHKA€ BHA-
cmigok gedexry JtizocomansHOro (epmeHty o-L-imypoHinasu
(IDUA; EC 3.2.1.76). Pospizustots 3 wiiniuaux dopmu MIIC I:
cunpom I'ypnepa, MIIC I T'; MIM # 607014, ORPHA 93473, cun-
npom ['yprep/Ileite, MIIC 1 T/1L; MIM # 607015, ORPHA 93476,
cunapom llleite, MIIC I L; MIM # 607016, ORPHA 93474.
Mera. BusiBiieHHsI TOBHOTO CrieKTpy MyTariii B reni /[DUA y narii-
enriB 3 MIIC I 3 Ykpaiau. Meromu. [1/IPdD-anari3, MmeToa mpsmoro
ABTOMATHUYHOTO cekBeHyBaHHs 1o CeHrepy Ha aHaiizaropi ABI
3130 (Applied Biosystems). PesyabraTrn. Ha mincrasi nposene-
HHUX HaMU JIOCTiKeHs Oyno ineHtH(ixoBano 100% (34/34) my-
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TaHTHUX ajeniB reny /DUA cepen 18 xBopux (omuH npobaH MaB
cubca ¢ ineHTnaHnM rerotrnoM) Ha MIIC I mamienTiB 3 17 poausa
3 Vipainu. Criexktp mytaniii B reri /DUA y nanientis 3 MIIC I B
Vipaini npeacTasineHnii 6 BiTOMAME MiceHC-MyTarisMu — p.Q70%,
p-W402*, p.A75T, p.A327P, p.P533L, p.S633[; 2 nemeuisimu —
¢.1398delC ta c.46 57del 12, 1 incepuiero ¢.889 899 ins 12, ta
1 myTanjero B 30Hi crtaiicinry IVS11ds+5G—A. Hamu Gyro BusiB-
JIEHO TPH HOBUX MiceHc-MyTatii B reri /DUA: p.N372S, p.Q563P
Ta p.S633* BucHOBKH. [[aHi TIPOBEACHOTO MOJEKYISPHO-TCHE-
TUYHOTO aHaji3y MyTauiif B reHi /DUA MOXXyTh OyTH BUKOpPHCTaHI
IIpH TUTAHYBAHHI HAMOUIBII PaliOHAIBHOTO aJTOPUTMY MOJIEKY-
JISIpHO-TeHEeTHYHOTO aHamizy nanieHTiB 3 MIIC I B YkpaiHi.

KnwuoBi caoBa: mykornomicaxapumos, cusapoMm [yprep,
cunapom Lleiie, o-L-imypoHinasa.

MoJieky.JIsIpHO-TeHeTHYeCKasi XapaKTepPHCTHKA NallHeHTOB
¢ MyKONoJucaxapuao3om I Tuna uz YkpanHbl: BUsIBJIeHUe
TPEX HOBBIX MyTalMii B rede o-L-uaypoHnaasnl

H. C. Tpodumona, H. B. OnpxoBuu

Myxkononucaxapunos I tuma (MIIC I) — penxoe HaciencTBeHHOE
ayTOCOMHO-PELIECCHBHOE MeTabomieckoe 3a00eBaHne, KOTopoe
BO3HHKAeT BeiencTBue aedexra ¢epmeHra o-L-uaxypoHnnassl
(IDUA; EC 3.2.1.76). Paznensror 3 xmanaeckux ¢popmst MIIC I:
cunapoM ['ypnepa, MIIC I T; MIM # 607014, ORPHA 93473, cun-

npom ['yprep/Ileite, MIIC I T'/1; MIM # 607015, ORPHA 93476,
cunzapom llleite, MIIC I II; MIM # 607016, ORPHA 93474.
Ilenn. BeisiBnenue noiHoro crekrpa MyTauui B reue /DUA y na-
uuentoB ¢ MIIC I u3 Ykpaunsl. Metoabl. [1/[P®-ananusz, metox
TIPSIMOTO aBTOMATHYECKOTO CeKBeHnpoBaHus 1o CeHrepy Ha aHa-
mmzarope ABI 3130 (Applied Biosystems). Pesyiabrarsl. Ha ocHo-
BaHUU MMPOBEACHHBIX HAMU I/ICCHe}IOBaHI/Iﬁ 6]>IJ'[O I/IJICHTPI(l)I/lLII/IpO—
BaHO 100% (34/34) mytanTHbIX ajuteneii rena /IDUA cpenn 18 ma-
IIMCHTOB (1Ba Mpo0aH/[a UMeIN CHOCOB C MICHTHIHBIMY F'€HOTHUIIA-
mu) ¢ MIIC [ u3 17 cemeit m3 Yipannbl. CekTp MyTanyid B TeHE
IDUA y manmentos ¢ MIIC I B Ykpanne npencraBieH U3BeCTHBIMU
6 muccenc-mytamusamu - p.Q70%, p.W402*, p.A75T, p.A327P, p.
P533L, p.S6331, 2 nenemmsivmu — ¢.1398delC u c.46_57del 12,
1 mHCepimei —c.889 899 ins 12 u 1 myTanueii B 30He CIUTaiicnH-
ra [VS11ds+5G-A. Hamu 65110 HaifieHO TpH HOBBIX MHCCEHC-MY-
tanmit B rene /DUA: p.N372S, p.Q563P u p.S633*. BuIBOIbI.
JlaHHBIe TPOBEIEHHOTO MOJIEKYIISIPHO-TEHETHIECKOTO aHAITH3a M-
Taruii B reHe /DUA MOTyT ObITh HCHOJIB30BAHbI IIPH [UIAHUPOBA-
HHUHM HanOonee PalMoHAIBHOTO aJrOPUTMa MOJIEKYIIPHO-TEHETH-
yeckoro ananuza nanueHTo ¢ MIIC I B Ykpaune.

KuawueBbie ci0Ba: Mykonomicaxapunos, cuaapom ['yprep,
cuapom Illeite, a-L-unyponnnasa.
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