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SAZETAK

Miotoniéna distrofija (DM) je najéeséa miopatija u odraslily. U
Jedna cd najvisih prevalencija ove bolest 18/100 000. Dva lokusa
mutacijom u genu miotonin protein kinaze i drugi lokus-3q, ul
je ovog rada procijeniti molckulsky patogenezu u populaciji Istre a
panzije u genu migtonin protein kinaze. Analizirana je korelacija g
prijenos umnozenih trinukleotida kroz generacije. P
obitelji koje su Prepoznate u Istri tijekom nade pretl
»Seuthern blot. | tehnika lancana reakeiin polim
procjenu (CTQG) umnozenosti. U § od 10 DM obite]
mehanizam mutacije. Uogena je korelaci
Od 10 analiziranih roditelj-dijete prijenosa uodena e: jedna reduke
misije i 7 amplifikacija, jedna preko zahvadenog
tonin protein kinaze uofena je u vegé
cija je metoda izhora za k

juc

wzom (PCR)
It amplifikacija

oca. Amplifikacija
Istarskih DM obitelji. Direl
ni¢ku 1 prenatalny dijugnozu DM,
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ABSTRACT

sse-6-phosphate dehydrogenase (GGPD) RN\MSS:&; 7 3mNSc_f,M\n.waM.WohwmmwH%M
- , thy. G6PD Mediterranean is caused by a C — .H H.S:Z :.:,N. g nueleotice 565,
o haractort ed with less than 10% of normal enzyme activity and s mE.m.ﬁ\F as se o
s &wmg.ﬁml.mi FN:‘.N. eteen unrelated males from Southern Croatia ~.E,3, severe Om
QE.LQ o ::Q. >~ \wf m\ enzyme digesiion, for the presence of the .S.m.m\:w\‘x: nean Ar;ﬁ
mﬁbQM\N_M.M.ENMMMM”JM“%\‘N mmwmmuﬁ( im&i@.gzgz were \.E.Q:M usmem:c& for \@\ani\wmwm\w ,év?‘
" e ; : ‘our of netee dividuals were posiiive ¢!
it . de 1311. Four of the nineteen inc :
MMMMNUMWMVMM~M-NNMWNM“«MMM MEQQ and all four had the silent mutation.

was described, its transmission was lin-
ked to the long arin of the X chromosome,
close to color vision loci%?. Hjc. G6PD
gene consists of 13 exons, spanning ap-

Introduction

Glucose-6-phosphate  dehydrogenase
(G6PD) is an enzyme present in all om:m. e s ons, spunning .
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G6PD Mediterranean is characterized
by a very low enzyme activity (less than
10% of normal value), and may be associ-
ated with acute haemolytic anaemia
caused by infection, or by ingestion of
fava beans or certain drugs®. It was ini-
tially described in different populations
around the Mediterranean sea, hence its
name, but has since been described in
various ethnic groups from different
parts of the world®. The mutation re-
sponsible for G6PD Mediterranean is a
C > T transition at nucleotide 563, caus-
ing the amino acid replacement 188
Ser — Phel'. Soon after, the Mediterra-
nean mutation was described, a silent
C— T transition at nucleotide 1311 was
found. This silent polymorphism amongst
different populations ranges between 54,
and 50%, while among people with G6PD
Mediterranean from Europe and the Mid-
dle East it is almost 10091215 Interest-
ingly, the prevalence of this silent
morphism among people from the Indian
subcontinent carrying the Mediterrancan
mutation is almost zero. One interpreta-
tion of this finding is that the Mediterru-
nean mutation in Europe originally took
place on a G6PD gene that already had
the 1311 mutation, and arose independ-
ently in Asia on a normal G6PD genels,
The fact that a few European individuals
with the G6PD Mediterranean mutation
but without the silent polymorphism can
be found, may be explained by crossover
or by population admixture!217

N

Southern Croatia, which is part of
East Coast of Adriatic Sea, is studicd be-
cause of characteristic migration pro-
cesses.  Hlyrians  secttled  this region
around second millennium BC, followed
by Greeks colonization in the fourth and
Romans during the second century BC.
Slavs began to settle into this region,
from northern parts of Europe, during
the sixth and seventh centuries AD!SIY
Population studies of this region were
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conducted and enzyme GEPD was use ! g
genetic marker?021,

The aim of this study was to analyze
the presence of the Mediterranean muta.
tion among G6PD deficiency individualg
with very low G6PD activity. Individua)g
with G6PD Mediterranean and their fe.
male heterozygous relatives were furthe,
tested for the presence of silent polymgr.
phism in order to determine genetic! L.
ground of G6PD Mediterrancan n.
tion.

Cas

Material and methods

Molecular genetic analysis was pe.
formed in ninetcen unrelated individy-
als, originating from Southern Cromtig,
with severe GGPD deficiency (enzy: .
tivity less then 10%. They were adm, .
to the hospital for acute haemolytic ansg.
mia. In 18 (95%) cascs the anaemia wae
observed after consumption of fiva beang
~ favism. Molecular analysis was per-
formed in seven females relatives of the
G6PD Mediterrancan positive males, |
zyme activity was measured accord; )
the WHO recommendation®®. DN .
extracted from peripheral blood ay,

cedure. Primers 91 (nucleotide sequence:
uVOOOOGi@?@@?ﬁ%@?&@ﬁQQ ST3h
and 92 (nucleotide sequence: 5'GAAGAG-
TAGCCCTCGAGGGTGAC 3" were used
to amplify exons 6 and 7, where the Mot
terranean mutation is located, The ¢
tions for PCR reaction were as followv..
95°C, 5 min., followed by 30 eveles of G57C
1min.;58°C 1 min.; 72 °C I min. with the
last step for 10 min. The product of ampli-
fication was a 583 bp iragment. The
Mediterranean mutation creates Mbo [i
restriction sites in the exon 6 and w
thus used to confirm the presence of

mutation in the gene. Mbo I] digesu
was performed overnight at 37 °C, diges-
tion products were separated on 3%
NuSieve agarose, stained with ethidium
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1443 bp
1008 bp

613 bp
357 bp
278 bp
193 bp

108 bp

Fig. 1. Gel electrophoresis pattern showing DNA fragments for the Mediterranean mutation. M
U= ize marker, EMBL 8 - Powll/Tugl. Wild type: lane 11: Males hemizygotes for the
Vediterranean mutation: lanes 4,8, Yand 12; Female heterozygotes for Mediterrancan
mutation: lanes 1-3, 5-7 and 10.

bromide, lighted with ultraviolet light,
and photographed. After Mboll digestion
of a PCR amplified fragment from normal
individuals a bands of 379 bp, 120 bp and
60 bp were obtained (Figure 1, lane 11).
On the contrary, Mbo 11 digestion of the
f=ment obtained from a person carry-
diterranean mutation are 103 bp.
<9, 120 bp and 60 bp fragments (Fig-
L, lane 12). By this approach G6PD
Mediterranean heterozygous were also
positively identified (Figure 1, lane 10).

To amplify exon 11, which contains nu-
eotide 1311, previously described prim-
. cre used*?. The result of this ampli-

1 was a 203 bp fragment. Digestion
vi e normal fragment with Bel 1did not
alter its size (Figure 2, lane 13). If the
DNA contuined the 1311 Co T tran i-
ton, Bel T digestion creates fragments of
i80 bp and 23 bp (Figure 2, lane 123,023
bp fragment is too small for detection by
+method). Both bands (203 bp and 180

‘ere visible in a heterozvgote for this
ation (Figure 2, lane 11). Seven fe-
. relatives of males with the Medj-
lerranean mutation and heterozygotes
for the Mediterranean mutation were

also tested for the presence of this silent
polymorphism

Results and discussion

G6PD deficiency is the most common
enzymopathy in humans taffecting over
400 million people) most probably be-
cause 1t provides resistance to Plasmo-

0

dium faiciparum malaria® = The evi-
dence for this comes from three sets of
observations. First. a correlation of geo
graphical distribution of GEPD deficiency
with the historical endemicity of malaria
suggests that this disorder has risen in
frequency through natural selection by
malaria®6. Sccand, females heterozygous
for G6PD deficiency have lower para-
sitemias than appropriaie  controls?
Third, recent epidemiological evidence
shows that G6PD deficiency is associated
with resistance 1o severe malaria, for
both males and females™ G6PD defi-
ciency is very common in some Mediter
ranean and Middie Eastern populations
such as Kurdish Jews. Greeks, Turks,
Sardinians, Sepharadic Jews and Ital-
ians'” In those populations the Mediter-
ranean mutation is responsible for the
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1443 bp
1008 bp
613 bp
357bp
278 bp
193 bp

6 7 8 9 10 11 12 13

Fig. 2. Gel electrophoresis pattern showing DNA fragments for the silent mutation 1311,

Wild tvpe: lane 13, silent mutation lanc 12; Males hemizygotes for

tlent mutalion:

lanes 4, 5, 9 and 10; Females heterozygoles for silent mulation: 1-3.G-8and 11.

t major
re Ommd mmoﬂc:& (enzyme
GZM2850 Op the

o]

o
CD
;.

1
o?:mi: 1s from northern parts
mcéwm do not have the Mediterrancan
mutation®’.
Nineteen unrelated males with severe
G6PD deficiency were tested for pres
of Mediterranean mutation. Four (21%)
of these individuals were positive for the
Mediterranean mutation. Since the Croa-
tia is part of Mediterranean basin higher
incidence of Mediterranean mutation was
expected, among the individuals with
very low enzyme activity. We hypothesize
that the Mediterranean mutation was
brought into Southern parts of Croatia
during historical interaction with other
populations from around the Mediterra-
nean sea, because this mutationis not de-
scribed in other Slavic populations. Fre-
quency obtained in our sample is pro-
bably due to Jater migrations from north-
ern parts of Europe into this region.

The silent polymorphism at nucleotide
1311 is interesting because it is in Link-
age disequilibrium with the G8PD Meai-
terranean mutation: while the G6PD
Mediterrancan mutation in Europe and

488

in the Middle East is associated with the
silent nucleotide change (1311T) i the
Indian subcontinent it is not!>% This ei-
ther suggests an independent origin of
the Mediterrancan mutation in Europe
and in Asia or the occurrence of an an-
¢ient recombination event!® 0 All four
individuals with Mediterrancan muta-
tions from Southern Croatia had the =
lent polymorphism at nucleotide 1311
Furthermore, 7 female relatives of thesce
man who are heterozygous for the Medi-
terranean mutation are also heterozy-
gous for silent polymorphisn

Further studies are in progress in or-
der to elucidate the mal
G6PD deficiency in the majori
individuals in Croatia, who do not haw
he G6PD Mediterranean mutation.
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GLUKOZA-G-FOSFAT

DEHIDROGENAZE U JUZNOJ HRVATSKO!]

SAZETAK

Deficit glukoza-6-fosfat dehidr
vierojatno zbog toga $to pruZa zadiitu od te
uzrokovana C - T supstitucijom na nukleot

0

om aktivnoscu manjom od 10% norm

“irano je na prisutnost mutacije Meditera

Osobe = GGPD M cg:n anosuopatont tes

¢ Cetd
v na nukleotidnom mje

fosobe (21% ) = smutaciju

naze (GBPDY je nadedda hun

alne aktivinosti 1 spac
o Devetnaest nesrodnih muskaraca s teskim GGPD deheite

i enzimopatija,
' Mediteran je
terizirana je en-
u teske GEPD de-
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