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Irina Gout

Lviv Medical Institute

35a Nekrasova str., Lviv, Ukraine

Instituie of Ophthalmology
11 Both sir., London, UK

Mucins are the structural components of the epithelial mucose that protects the respiratory, gastrointestinal
and reproductive fracts from the hostile environments, including microorganisms, toxins and abrasives.
Mucins constitute a group of high molecular weight (> 200 kDa), polvdisperse and highly glycosviated
proteins which are present on the surface of most epithelial tissues. OQur understanding of the structure and
function of mucins has advanced significantly in the lusi decade. This progress was mainly associoted with
the isolation of the cDNA clones, encoding a family of epithelial mucins. To dafe, this Jamily includes
eight mucin genes (MUCI—MUCS8)} and more await to be discovered. Bused on sequence anafysis and
studies of subcellular localisation, epithelicl mucins could be divided info two classes: membrane-associated
(MUC!) and secretory (MUC2-8). This review is focused on our current knowledge of the structure of
products of mucin genes and their function in normal fissues and in disease. The regulation of the
expression of mucin genes, posttranslational modifications and alterations in secretion and processing will

also be discussed.

Mucins as an integral part of mucus. Most mam-
malian epithelia that are in contact with hostile
cnvironments need protection, which is provided by
secretion of a mucus gel. Specialised epithelial cells,
such as goblet and non-gobiet cells, secrctc mucus
which adheres to the cpithelial surface and serves to
hydrate and protect the underlying epithelium and
also to trap forcign substances for their removal |1,
2). Mucus can be characterised as a slimy, viscous
secretion that contains water, minerals, mmmuno-
globulins, and mucins. The spccific properties of
mucus vary among the different tissues, but there are
some common features which include both physical
aspects such as lubrication, protection and chemical
composition. Mucins make up a large part of the
mucus and contribule io its viscosity, clasticity, and
protective functions.

Structural and functional diversity of mucin ge-
nes. Mucins constitute a heterogeneous group of high
molecular weight (> 200t kDa) glycoproteins which are
present on {he surface of most epithelial cells [1, 3,
41. Biochcmical charactcrisation of mucins, purified
from different tissues, indicated that these molecules
are heavily glycosylated and, in some cases, contain
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more then 75 % of carbohydrates by weight [5]. On
the basis of their sensitivity to proteolytic cnzymes,
the existence of so called «naked regionss that are
devoid of carbohydrates was demonstrated. [t was
also found that sugar groups are mainly linked lo the
protein  backbone via O-glycosidic bonds, formed
between N-acetylgalactosamine and serine or thre-
onine residues {3 1.

In gencral, mucins are difficull to analysc by
conventional biochcmical and biophysical methods,
due to their large size and high degree of glyco-
sylation. However, ¢cDNA cloning and sequencing of
mucin genes unfolded considerable insight into the
primary structure and, subscquently, the function of
these molecules.

The first mucin gene, called MUCI, was iden-
tified in 1987 [6]. To date, cight different mucin
genes have been cloned (MUCI—MUCS) and more
await to be discovered [T—16]. Due to the high lcvel
of heterogeneity and presence of numerous carbo-
hydrate chains on mucin polypeptide backbones, they
have proven to be difficult for protein scquencing
analysis. As a result of that, most mucin genes were
cloned by screcning of expression libraries with
polvclonal and monoclonal antibodics, raised against
purified and chemically deglycosylated mucins. No
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sequence homology was revealed between mucin genes
from the analysis of corresponding ¢cDNA clones, but
common features of the internal organisation of the
polypeptide backbone were uncovered [3, 41].

First of all, a major portion of cach mucin gene
was found to consist of tandem repeats, which are
specific for each type of mucin. Secondly, serine and
threcnine residues, located within the tandem re-
peats, create potential glycosylation sites. Thirdly,
the high degree of heterogeneity can be explained by
4 variable number of tandem repeats and different
glycosylation patierns. Finally, the alternating patiern
of hydrophylic and hydrophobic domains was found.

Tandem repeat sequences. Tandem repeats of
mucin genes are nol homologous to each other in
sequence and differ significanily in length. For exa-
mple, the MUC35AC genc product contains the shor-
test repeat structure of 8 amino acids, while the
MUCH gene product has the longest repeat unit of 169
amino acids {11, 121, A summary of the mucin
tandem rcpeats and their amino acid composition is
presented in Table 1.

Among these differences, mucin tandem repeats
have one common feature -— a high percentage of
three amino acids: scrine, threonine and proline.
These three amino acids together constitute 20—
55 9% of mucin tandem repeats. The serine and
threonine residues of tandem repeats are potential
glycosylation sites, through which hundreds of oligo-
saccharide chains may attach to a single core protein.

It has bcen proposed that proline residues in
tandem repeats may play a siructural role, since this
amino acid is known to be involved in the formation
of the o-turn left~handed helixes, which exhibit rigid
rod-like structures [17]. The presence of proline

Table 1
Characterisation of tandem repeats of the mucin gene products

residues near serine and threonine, particularly al
position —] and +3, was shown 10 be important for the
initiation of O-glycosylation of mucins [17].

Electron microscopy revealed native mucin mole-
cules as long filamentous structures, varying in length
from 200 to > 1000 am {18 ]. Profound glycosylation
and presence of a large number of proline residues in
tandem repeats may determine the filamentous confo-
rmation of mucin molecules, observed by clectron
microscopy. Significant variability in the size of mucin
molecules can be explained by the variable number of
tandem repeats and polymerisation of subunits.

The arrangement of the mucin subunits in the
mucus is also controversial. Several structural models
have been proposed, including end-to-end attachment
of mucin subunits by disulphide bridges and a
flexible-thrcad model with or without the linking
peptide [1, 19].

Glycosylation of mucins. Glycosylation of mucins
take place in the c¢is-Golgi compartments and is
subsequenily followed by sialynation and sulphation
15 ). Attached oligosaccharide chains differ in tength:
from | to 20 sugars per chain. It has also becn
demonstrated that the number and composition of
associated oligosaccharides varies between different
mucins which may explain the inherent hetlerogeneity
of these molecules. Interestingly, the same mucins
contain different oligosaccharide chains in different
tissues and their composition is altered in diseascs
12022 1.

Sequence analysis of mucin genes show the
presence of potential N-glycosylation sites. Xu et al.
[23 1 identified N-glycosylation of rat intcstinal mucin
(RIM) by chemical analysis and suggested that this
modification may play a rolc in the intracellular

Mucing ! Taadem repedt sequence length {aal J Number nf repriis

MUCI PDPRPAPGSTAPPATIGVTSA 20 47
MUC2 PTTTPPITTTTTVTPTPTGTQT 23 X

MUC3 HSTPSPTSSITTTGTTS 17 i3
MUC4 TSSASTGHATPLPVTD 16 10
MUCSAC TTSTISAP 8 Not known
MUCSH SSTPGTAHTLTVI.TTTATTPTATGSTATP 29 Not known
MUC6H A very fong repeat (169 aa) 169 Not known
MUC7 CRPKI.PPSPNKPPKFPNPHQPPK 23 Not known
MUCS Two repeats (1% ang 41 aa long) 13/41 Not known
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targeting of mucin. In another study, N-glycosylation
was shown to be imporiant for the oligomerisation of
gasiric mucin [24 ]. However, more studies are neces-
sary to clarify the importance of this posttranslational
modification in mucin function.

Based on the composition of atiached groups,
mucins can be divided into three main classes:
sialomucins (acidic mucins), sulfomucins (very acidic
mucins) and neutral mucins, containing mainly hexo-
ses. These different subclasses of mucins can be
casily distinguished from each other by special histo-
chemical analysis.

Membrane-associated and secretory mucins. Ba-
sed on the structure and cellular localisation, epi-
thelial mucins can be subdivided into membrane-
associated (MUCIL) and secretory (MUC2—MUCS),
as shown in Fig. 1.

MUC1 is thc only cloned membrane-associated
mucin which consisis of a large highly glycosylated
extracellular domain, a membrane spanning domain,
and a short cytoplasmic domain [6]. It has also been
demonsirated that MUC! is not able to form oligo-
meric complexes, which are specific for secretory
mucins [25]. The extracelludar domain — extends
well above the apical cell membrane and this can be
important for specific function of this mucin. Mem-
brane association of ithe MUCI, observed by im-
munchistochemical analysis, could be explained by
the presence of a hydrophobic membrane-spanning
domain. The function of the cytoplasmic domain is
not known, but it has been suggested that this domain
may provide a link with the actin cytoskeleton [26]).

|
//

EPITHELIUM-ASSOCIATED 1

MUCINS
| MEMBRANE-BOUND i SECRETORY
MUCIN | MUCINS
MUC1 ; MUC2 - MUCS

MUCI mucin is expressed in nearly all ¢cpithelial
tissues. Attention has recently focused on the aber-
rant expression of MUC! by carcinomas of different
origins, which makes it an important marker in cancer
{27—291].

Secretory mucins constilute the viscous mucus of
the tracheobronchial, gastrointestinal, and reproduc-
tive tracts and typically form extrcemely large oligo-
mers through linkage of protcin monomers via disul-
fide bridges. Complete ¢cDNA sequences are available
only for two secretory mucins: MUC2 and MUC7 [7,
9]. The ¢cDNAs for MUCSA, B, and C werc originally
cloned from human tracheobronchial mucosa c¢cDNA
libraries |8, 11]. Chromosomal mapping has demon-
strated that MUCSA and MUCSC are part of the
same genc |30] and therefore were termed as
MUCSAC. The presence of specific regions at the
N-terminus, called leader sequences, determines their
extraceltular localisation. Besides the tandem repeat
sequences, sccretory mucins (MUC2, MUCJSAC) were
shown to contain a cyctein-rich domains |7, 11|
These domains are known to be important in
mediating prolcin-protein interactions via the
formation of disulfide bridges. The identification of
cystein-rich domains in secrctory type of mucins may
explain the polymecrisation of mucin molccules into
gel. It is interesting that MUC7 lacks cysiein-rich
domain and is not able 1o form oligomers. This
secretory mucin was found to be cexpressed only in
submandibular salivary giand, but not all epithelial
tissues have been analysed [9]. Cloning and charac-
terisation of the full length ¢DNAs for other secretory

ASSOCIATED MUCINS

#

MEMBRANE-BOUND

CDb34, CD43, GlyCAM,
PSGL-1, TACTILE

ENDOTHELIUM/LEUXOCYTE- F

]

Fig. 1. Ciassification of mucing, based on the structure and tissue expression
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mucin genes (MUC3, MUC4, MUC6, and MUCS) is
essential for the elucidation of their function,

Schematic structures of ihe transmembrane
MUCD and secrctory mucins (MUC2) are shown in
Fig. 2.

Mucin-like molecules. Mucin-like proteins have
been identified in non-epithelial fissucs, such as
endethelium and lymphocytes. Endothelial and leu-
kocyte type of mucins are membrane associated and

RN

NzH

i

800-1700aa
variable region of
tandem repeats

127aa

heavily givcosylated proteins, involved in lymphocyte
migration via specific binding to selecting [3]. It is
suggested that mucin-like proteins play an important
role in inflammation via the initiation of the adhesion
cascade and lymphocyte activation [31].

Expression of mucin genes and its regulation.
Initial analysis of mucin gene expression by immuno-
histological methods was not very productive, because
of the lack of specific antibodics directed against these
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Tig. 2. Schematic structures of the menbrane-bound (A) and secrelory (B) mucins
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protcins. Polyclonal and monoclonal antibodies raised
against native mucins recognised mainly carbohydrate
epifopes, which are difficult to classify and not just
expressed on mucins. The use of chemically deglyco-
sylaled and recombinant (unglycosylated) mucins as
antigens allowed generating of a panel of specific and
high affinity antibodies [321].

The availability of specific antibodies and also
cDNA probes enabled significant analysis of mucin
gene expression in mammalian cepithelia. Different
techniques have been cmployed to fulfil this aim,
including Northern and Western blot analysis, immu-
nohistochemistry, RT-PCR and in situ hybridisalion.

Numerous studics provided evidence that mucins
are expressed in an exiremely tissue-specific manner.
Mucin transcripts and proteins have only been detec-
ted in cpithelial tissucs [6, 7, 9, 33, 34, 50—501.
Differential expression of mmcin genes in various
epithelial tissues has also been observed. For exa-
mple, MUC! and MUCS5B exhibit a widespread
pattern of expression and are detecied in all or almost
all epithclial tissuc. On the other hand, MUC7 has so
far found to be expressed only in submandibular

salivary glands {9]. A summary of mucin gene
expression in different human epithehal tissues is
presented in Table 2.

Aberrant overexpression of mucin genes has been
also detected in patients with cystic fibrosis, asthma
and chromic bronchitis [21, 35]. Abnormal expression
of mucin, was demenstraicd in skin fibroblasts,
derived from a paticnt with long-standing sclero-
derma. Histological examination of a biopsy specimen
from the affected skin indicated significant accu-
mulation of mucin between collagen bundles |36 .

The undersianding the mechanisms of tissue-
and cell type-specific expression of mucin genes
remains a topic of intense research. Devclopmenial
expression of mucin genes was shown to correlate well
with the diffcrentiation of epithclial cells in mammary
glands, gastreintestinal and respiratory Lracts {37,
381.

Many endogenous and exogenous factors, in-
cluding growth factors and hormones, pathogenic
organisms and chemicals, werc found to influence
expression of mucin genes. For cxample, cxpression
of MUCI in mammary glands was found 1o be

Table 2

Expression of mucin genes in human epithetial tssues

) Tissue ] MUCT I MUC2 I MUC3 ] MUCH ’ MUCSAC | MUCSB [ MUICH [ MUCT ! MEICS I R{‘irranca;—w
Bronchus + —_ ++ ++ + ND + [20, 33.32.53]
Trachea + —_ + + * ND {20, 33, 52, 53]
Lung + — 4 + * ND + [20, 33, 52}
Salivary gland + — — — —_ + - + ND [9, 20, 33, 53]
Esophagus 1 — — NI» -— + — ND ND [13, 20, 52, 53]
Stomach + - + + + + — ND [9, 20, 33. 53]
Small intestine + + + + + * ND — [13, 20, 33, 52.]
Colon + + + * + * ND N3 113, 20, 33. 52,1
Pancreas + + — ND NI ND — ND ND 120, 53. 54]
Gall bladder + =+ + ND + + + ND ND 143, 20, 33, 53}
Mammary gland + — — ND e + ND ND 120, 52, 53|
Uterus + — — D - — — ND [20, 51—3583|
Cervix + * — ND + + + ND NDY 133, 52, 53)
Ovary - — — + XD ND — — ND {20. 53]
Prostate + + + ND ND ND ND ND ND [201
Conjunctiva + — — + + — - — — |55, 561

Level of expression: (#++) — high, {(++) — medium, (+ — low, {(—) —- not expressed,

414
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stimulated by insulin, prolactin and hydrocortisone
[3%]. In another study. it was shown that EGF can
regulate differentiation of tracheal epithelial cells and
subsequently stimulate expression of mucins [40].
Interesiingly, an increased expression of EGF and its
functional analoguc TGFa has been demonstrated in
response to the inflammatory process or tissue injury,
which also induce mucin expression. On the other
hand, vitamin A, which is known as an important
factor in the regulation of airway epithelial cell
function, exhibits an opposite effect on mucin exp-
ression, Both time- and dose-dependent downre-
gulation of MUC2 cxpression by vitamin A has
recently been reported in tracheobronchial epithelial
cells |41 ). Taken together, these data indicate that
the expression of mucin genes can be regulated in
both a stimulatory and an inhibitory fashion,

Differential expression of mucin genes, induced
by various stimuli, has also been reported. Estrogen
and dexamethasone were found 1o increase MUC4
and MUCS expression in human epithelial ccll lines 4
fold, but not MUC1 {42). In the same study, it was
shown that progesterone does not exhibit a sti-
mulaiory cffect. It was also demonstrated that dif-
ferential expression of mucin genes depends on the
growth and differentiation of various subpopulations
of mucus-secreting epithelial cell lines {43 1],

In a number of studies, ii has been shown that
viral or bacterial infections lead to a dramatic increase
in mucin gxpression [44 |, Trritation of mucous mem-
branes by chemicals also produces a stimulatory effect
on the expression of mucin genes [45]. The molecular
mechanism of this stimulation remains unclear. Re-
cently, it was demonstrated that inflammation-as-
sociated mediators stimulate mucin secretion in tra-
cheal epithehal cells via a mechanism involving intra-
cellular production of nitric oxide, which serves as a
signalling messenger {46 ].

Taken 1togelher these data indicate that exp-
ression of mucin genes is very complex and could be
regulated at different levels, including transcription,
alicrnative splicing and translation (schematic repre-
sentation in Fig. 3).

Regulation at the level of transcription. Induced
expression of different mucins in response to treai-
ment with various stimuli, was shown to require de
novo RNA and protein synthesis, indicating irans-
criptional rcgulation of this process. Chromosomal
mapping and scquence analysis of genomic clones has
opened the field of transcriptional regulation of mucin
genes. Promoter sequences, identified within the
MUCI and MUCSB genes, greatly facilitated affinity
purification and characicrisation of transcription fac-
tors, involved in the regulation of mucin genes [47,

TRANSCRIPTIONAL

"i..x

e
TRANSLATIONAL

mANA STABILITY REGULATION

Fig. 3. Regulation of the expression of epithelial mucins

481. A nuclear protein, called NFI1-MUCSB, was
found to modulate the transcriptional activity of the
mucin MUCSB genc [47]. Further characterisation of
the new promolcr regions in other mucin genes will
creale the platform for the discovery of common and
specific transcription factors, invelved in transcrip-
tional regulation of mucin genes.

Heterogeneity of mucin mRNA. Polydispersity of
the messcnger RNA, which is a characteristic of most
mucins, with the exception of MUCI, may also
contribute to the regulation of their expression pattern
[49]. Many factors can contribute to the hetero-
geneity of mucin messages. Firstly, rapid turnover of
mucin RNA, confirmed experimentally by using the
pulse-chasc technique, is one of the most likely
explanations of the observed polydispersity. Several
destabilising sequences have been found within the
3’ uniranslated region of mucin RNAs, which may at
least in part explain their instability. It is known that
nuclear and cytoplasmic proteins can specifically bind
to these sequences and induce a rapid degradation of
mucin RNA,

Secondly, an alternative splicing of mucin
mRNAs has also been suggesied as a contributing
factor. However sequcnce analysis of many mucin
cDNA clones did not provide sufficient evidence in
favour of this explanation. Alternatively, susceptibility
to RNAase degradation and physical instability of
very large mucin messages (well over 10.000 bases),
may be an essential faclor in generating an artifactual
ladder of degraded mRNAs [1(}]. This hypothesis
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could be ruled out by data indicating that poly-
dispersity of mucin mRNAs is also observed in the
RNA samples, which showed no sign of degradation.
Taken together, thesc results suggest that rapid
turnover of mucin mRNAs seems the most likely
explanation of polydispersity. Regulation of mucin
mRNA stability by intracellular factors is going 1o be
the subject of intense investigation in the near future.

Regulation at the translational level. There are
some data indicating that restriction of mucin exp-
ression 10 mucous cells is regulated at the level of
translation {37). This conclusion was based on the
analysis of MUC2 and MUC3 expression in human
bronchus, where mRNAs spccific for these mucins
were found both in mucin-expressing and mucin-non-
expressing cells, So far, there arc no data concerning
the rcgulation of mucin gene expression at the
posi-translational lfevel.

Conctusion. The last decade has been very pro-
ductive and exciting in the study of mucin genes and
their products. Isolation and sequence analysis of
cDNA clones encoding eight mucin genes, provided
insighis into the structurc of their products. Based on
these studies, common features of the internal organi-
sation of the polypeptide backbonc was uncovered
within the family of epithelial mucins. The availability
of cDNA clones has opened new areas of research on
mucins, Immunohistochemical and in situ hybridi-
sation experiments with specific antibodies or ¢cDNA
probes provided the information on tissue distribution
and subcellular localisation of the different mucin
gene products. Expression studies of mucins in vitro,
using ¢cDNAs and cell lines, have also been initiated
and shounld generate data which will enable better
understanding of their role in physiological and
pathological processes. However, much work remains
to be done in elucidating the regulation of mucin gene
expression. In order to examing this at the molecular
level, the sequences of the mucin gene promoters have
to be determined. The next few years will witness
new insights into thc research on mucins, cspecially
with the generation of transgenic mice in which a
particular mucin gene will be inactivated or over-
expressed in gpithelial tissues.
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Crpykrypa | yHKUIT eniTetianeiyx My Ui

Pezwome

Myyunu — ye cHpyimypri  KOMROHERML  eniMenianbrO20  tuapy
MYROIL, AKI 3AXUMLOMD PecHipamophui, MpAskuil ma penpodyi-
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MHGHIIL MPAKMU 6IF HezAMuUGHUX SHINGIG INGHIMIILOO ONIOEHMS
{ MIKDOOPZQHIZMIE, MOKCURIG Mma Ximinnux abo Mexaritunx nod-
paznuxie). Myyunu cxradaome pyny GUCOKOMONCKYARpHIX (> 2K]
KAa), noriducreprux ma curbhOZAiKositosaHux Giaxia, wo snaxo-
ORMbC HA HOGEPXHI Giaviochl enimeifaapHuX MKeHur. 3a 0c-
ManHe Jecsmupivis RPOZPEC 6 POIYMINHI CINPYICMYPL N (YR
MYHUHIG, & OCHOEHOMY, NOd a3unuil 3 odepxanmam kJHK xrouis,
KOOYIOMUX CiMedcmao enimenianonux myuunic. Ila coocodui e
ciMelicmao oxonuoe sicim myuuHosux cenie (MUCI—MUCSE)} i
ouikyemoea didkpuwmms noaux. Lagyionuce na REpaunHill CpPYK-
MYPL Ma  GUGHEHH] SHYMPIMIHBGKAIMUHHOL  ROKaAI3ANE,  onime-
RIQALHE Myyubn MoXHa Hodiaumy HQ 06n KAacu: meMipan-aco-
uiliogani (MUCI} ma cexpemopni (MUC2—MUCS). Heid ocand
COKYCOBAHO HA CYHUCHUX YAGREHHAX AP0 CHIPYKMYPY Npodykmis
MYUHHOBUX CeHIG M EXHE QYUKW 8 HOPMAABHUX MKakihaX { Hpu
namoneciax, OBC0sOPHIOMBCH MAKGK DEeYAAKIA CKCNPEC Myul-
HOGUX CeMiB, NGCHMPAHCARYIINT MOOudikauil ma sming & cexpeyit
I npodeciney.

H. H T'vm
CtpyxTypa H PyHKIIMK IMUTENMANIBHBIX MYLHMBOB
Peaiome

Myuunbl —— CHPYKINYDHbE  KOMROHCHMGL  NIUMERNAABHOLO  CAOS)
MYKO3bL — JQUELEIOM. PECHUPAMOPHOL, NUREsapuMentHbl o pe-
APOOYKIUGHbIE IMPAKIMbE O OMPUKAMETBHOCO GOI0CUCTNAUS GHEW -
HELO OKPYIKEHUS, GKAICHQIOMES) MUKPOOPLURUIMB, MOKCUHDL W
METTHURECKLE PARGPARUMEni. MYUHbL COCIRAQEHICIT ¢FYHIY Gbl-
COKOMOREXYARPHOLY (> 200 k/{0) nosuducneperslX i CURBHDEAUKD-
IUAUPOBAHHBIX DEAKOE, PACNOADKERHUX HU NOBERXTIOCMU DORbLULRH-
CHIGA INUWMERUANBHBLY MKAnieid. 3a nocaednee [(-nemue npozpece 8
GLIACHEHWI CRPYRIMYPSL W (DYuKiu  mMyyuHos bort o8u3aM, ¢
OCHOBHOM, ¢ dpifderenuem KAHK KAOROG, KOMPYIIKUX CeMELCME0
NUMEAUARLHHIX MYUHo8. Ha cecodns 3mo cemeicmao armonaerm
yKe GoCeMb MVUNMHOSMX echoa (MUCI—MUCE) u oxudaemes
onicpotmue wodolX. Fla ocHoge andaudda Nepéuunnl CMpyinypu u
UIYHEHNA GHYRIDUKACMOUHON HOKUAUIQUUE UM CRNATO ol MV~
Hbl MOXHO pazfeaumis HG 06a KAQCea: MEMODAH-ACCOKUNPOGTHHBIC
(MUC!) u cerpemoprste (MUC2—MUCSE). Hawnwid 0630p cdoxy-
CUPOBAN MG COBPEMEHHLIX NPeICMAGACHUANX O CIPYIIYDe Npooyi-
MO8 MYUYUHOBHIX CEHOG U UX (HYHKKUAX & HOPMUALHOIX MEGHAX U
APr MAMOAQZURX. (OCYXO@IOMCR MaiKe PeCYARuUR IKCHPECCUN
myqu»ocmx CeHOB, ROCRUNPUHCAREUOHHbIE M()dudm.fcau,uu. HoOIME-
HEHUA 6 CEKPERNU U HPOUCCCUHCE MYULHOG.
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