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Abstract

Glucose-6-phosphate dehydrogenase (G6PDH; EC 1.1.1.49) deficiency is one of the most common human
enzymopathies throughout the world. Although most affected individuals are asymptomatic, there is a risk of neona-
tal jaundice and acute hemolytic anemia which can be triggered by infection, some pharmaceuticals and, in older in-
dividuals, eating fava beans. We characterized the molecular basis of G6PDH deficiency in a sample of 348 adults
from Porto Alegre (population about 1.5 million), the capital of the southernmost Brazilian state of Rio Grande do Sul.
Genomic DNA was extracted from peripheral blood leukocytes. We studied the three G6PDH mutations that appear
to be the most frequent in Southern Brazil, the G202A and A376G A minus (A-) variants and the C563T Mediterra-
nean (Med) variant. From July 2004 to October 2005, 348 patients (162 Females plus 186 males, age range 0 to 82
years) from Porto Alegre were referred to our laboratory for G6PDH analysis, 36 (9.7%) of which showed deficient
G6PDH activity. These 36 patients and 34 randomly-selected non-deficient control individuals were submitted to mo-
lecular analysis which revealed a predominance of G6PDH A- allele among the deficient patients. The prevalence of
the G6PDH A- variant agrees with its distribution among the ethnic groups that colonized RS, especially those of Afri-
can, Portuguese, Spanish, and Italian origin.
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Glucose-6-phosphate dehydrogenase (G6PDH; EC
1.1.1.49) is expressed in all tissues, where it catalyses the
first step in the pentose phosphate pathway (PPP) and pro-
duces NADPH which serves as an electron donor in
reductive biosynthesis. Since red blood cells lack mito-
chondria, the PPP is their only source of NADPH and cru-
cial for their protection from oxidative stress (Mehta et al.,
2000).

Deficiency in G6PDH is one of the most common hu-
man enzymopathies throughout the world. Although most
affected individuals are asymptomatic, there is a risk of
neonatal jaundice and acute hemolytic anemia, triggered by
infection, the ingestion of certain pharmaceuticals and, in
weaned individuals, fava beans (favism) (Beutler, 1994).
The disorder occurs most frequently in individuals of
Meditarrenean, African and Asian origin, with an incidence

as high as 20% in some populations. Previous reports have
shown that in several regions of Brazil the prevalence of
G6PDH deficiency is around 10% among males of African
origin and between 1% and 6% in males of European de-
scendent (Azevedo and Azevedo, 1974; Garlip and
Ramalho, 1988; Weimer et al., 1993; Saad et al., 1997;
Weimer et al., 1998). Inheritance of G6PDH shows a char-
acteristic X-linked pattern and the gene has been mapped to
chromosome Xq28, with males being more prone to devel-
oping symptoms of G6PDH deficiency disorder. The
G6PDH gene is comprised of 13 exons spanning nearly 20
kb and encoding 515 amino acids with a GC-rich promoter
typical of many housekeeping genes (Beutler, 1994; Mehta
et al., 2000).

To date, more than 140 different molecular abnormal-
ities and 400 biochemical variants have been described in
G6PDH-deficient individuals, with a considerable varia-
tion in the defects among various racial groups (Luzzato
and Mehta, 1995; Beutler and Vulliamy, 2002, Human Ge-
netics Database). The vast majority of affected individuals
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are asymptomatic. Almost all mutations of G6PDH affect
the coding sequence of the gene. The vast majority are sin-
gle base substitutions leading to amino acid change. A few
of these occur as a second mutation, most frequently in
combination with the polymorphic mutation that distin-
guishes the non-deficient variant G6PDH A from the
wild-type enzyme G6PDH B. The only deletions seen in the
coding sequence are small and in-frame. The absence of
large deletions or frameshift mutations suggests that a total
lack of G6PDH is incompatible with life (Mehta et al.,
2000).

In the southernmost Brazilian state of Rio Grande do
Sul (RS) estimates of the frequency of G6PDH deficiency
among both sexes range from 3% to 8% (Weimer et al.,
1981; Neto et al., 1999) and several variant forms of
G6PDH-deficiency have been reported (Hutz et al., 1977;
Weimer et al., 1993; Saad et al., 1997; Weimer et al., 1998;
Compri et al., 2000), the most common being the G6PDH
A minus (A-) variant (Saad et al., 1997; Compri et al.,
2000) which results in a residual enzymatic activity of be-
tween 85% and 95% as compared to normal donors (Kay et

al., 1992). In this study, we have characterized the molecu-
lar basis of G6PDH deficiency in a sample from Porto
Alegre, Brazil.

This study was carried out from July 2004 to October
2005 using blood samples collected from 348 patients from
Porto Alegre (the capital city (population about 1.5 million)
of Rio Grande do Sul) who were under investigation for
G6PDH deficiency and had been referred to the Medical
Genetics Service at Porto Alegre Clinical Hospital (Hospi-
tal das Clínicas de Porto Alegre - HCPA) for G6PDH anal-
ysis because they had reported of acute hemolytic anemia
crises, a family history of G6PDH deficiency or had shown
occasional reduced enzyme activity. Informed consent
form was signed by all the patients and the study was ap-
proved by the Medical Ethics Committee of HCPA.

The Interscientific Neolisa G6PDH Kit
(Interscientific Corporation, Hollywood, FL, USA) was
used for the quantitative measurement of G6PDH activity
as previously described (Reclos et al., 2000). Of the 348 pa-
tients (162 Females plus 186 males, age range 0 to 82
years)examined the enzyme assay detected 36 patients (21
male and 15 female, 9.7% of the total sample) who had
G6PDH levels lower than 11.5 units per gram of hemoglo-
bin (U g-1 Hb) (Table 1). These 36 patients plus 34 (n = 70)
randomly-selected non-deficient control individuals were
submitted to molecular analysis.

Genomic DNA was extracted from peripheral blood
leukocytes of the 70 individuals as previously described by
Miller et al., (1988). We studied the three mutations that ap-
pear to be the most frequent in Southern Brazil, the G202A
and A376G A- mutations and the C563T Med mutation.
The coding region of the G6PDH gene encompassing the
A- and Mediterranean mutations were analyzed using the
polymerase chain reaction (PCR) and primer sets appropri-

ate for the amplification of exons 6, 4 and 5 as previous de-
scribed (Vulliamy et al., 1991; Cittadella et al., 1997;
Bouanga et al., 1998).

Mutation screening of the 70 individuals revealed that
a high proportion of the 36 deficient patients were positive
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Table 1 - Glucose-6-phosphate dehydrogenase (G6PDH) activity of 15
female and 21 male (n = 36) patients from the southern Brazilian city of
Porto Alegre. For both sexes the table is ordered by G6PDH levels, levels
lower than 11.5 U g-1 of hemoglobin (Hb) indicate deficiency.

Patient code G6PDH activity
(U g-1 Hb)

Mutation A376G Mutation G202A

Female

1 3.4 Homozygous Homozygous

2 5.6 Heterozygous Heterozygous

3 5.7 Homozygous Homozygous

4 5.8 Homozygous Homozygous

5 5.9 Heterozygous Heterozygous

6 6.5 Negative Negative

7 7 Homozygous Homozygous

8 7.2 Heterozygous Heterozygous

9 8.9 Heterozygous Heterozygous

10 9.7 Heterozygous Heterozygous

11 10.3 Heterozygous Heterozygous

12 10.4 Heterozygous Heterozygous

13 11.4 Heterozygous Heterozygous

14 11.4 Heterozygous Heterozygous

15 10.2 Heterozygous Heterozygous

Male

1 2.2 Hemizygous Hemizygous

2 2.7 Hemizygous Hemizygous

3 2.7 Hemizygous Hemizygous

4 2.8 Hemizygous Hemizygous

5 2.9 Hemizygous Hemizygous

6 3.2 Hemizygous Hemizygous

7 3.4 Hemizygous Hemizygous

8 3.4 Negative Negative

9 3.8 Hemizygous Hemizygous

10 4.1 Hemizygous Hemizygous

11 4.3 Hemizygous Hemizygous

12 4.5 Hemizygous Hemizygous

13 4.7 Hemizygous Hemizygous

14 4.7 Hemizygous Hemizygous

15 4.9 Hemizygous Hemizygous

16 5 Hemizygous Hemizygous

17 5.7 Hemizygous Hemizygous

18 6 Hemizygous Hemizygous

19 6.1 Hemizygous Hemizygous

20 6.3 Hemizygous Hemizygous

21 9.8 Hemizygous Hemizygous



for the G6PDH A- variant (94.4%). However, only four fe-
males were homozygous for G6PDH A- (females 1, 3, 4
and 7 in Table 1) and none of the non-deficient controls
were positive for any of the mutations investigated. One fe-
male (Female 6 in Table 1, G6PDH = 6.5 U g-1 Hb) and one
male (Male 8 in Table 1, G6PDH = 3.4 U g-1 Hb) patient
were G6PDH deficient but negative for the three mutations
analyzed.

Other studies have characterized the relatively high
variability of G6PDH among Brazilian populations. As ex-
pected, these studies reported the same alleles (G6PDH B,
G6PDH A, G6PDH A- and G6PDH Med) commonly found
in populations of European and African descent (Saad et

al., 1997; Weimer et al., 1998; Compri et al., 2000). Sev-
eral biochemical variants have been described in southern
Brazil, some of which have been characterized at the mo-
lecular level (Weimer et al., 1998; Weimer et al., 1993,
Hutz et al., 1977). However, the population in the state of
Rio Grande do Sul is mainly triallelic regarding G6PDH
with a predominance of the wild type (G6PDH B) enzyme,
followed by the G6PDH A and G6PDH A- alleles which
are of African-origin.

Using molecular and biochemical techniques, we
could characterize G6PDH deficiency in a sample from
Porto Alegre as being mainly due to the G6PDH A- allele
G202A or A376G mutations. Although we screened only a
small number of cases, our results are in accordance with
the published data (Saad et al., 1997; Weimer et al., 1998;
Compri et al., 2000), showing the homogeneous distribu-
tion of the G6PDH A- mutation in Brazil.

Weimer et al. (1993) and Luzzato and Mehta (1995)
suggest that the G6PDH A- variant is not restricted to indi-
viduals of African descent but is frequent in populations
from southern Italy, Spain, Portugal and the Arabian Penin-
sula. Therefore, the prevalence of this variant is in agree-
ment to its distribution among the ethnic groups (Africans,
Portuguese, Spaniards and Italians) that colonized Rio
Grande do Sul (Pesavento, 1993).

The Mediterranean variant has also been reported in
samples from Rio Grande do Sul (Weimer et al., 1998).
Nevertheless, in our study there was no individual with the
C563T mutation. However, it is important to note that the
Italian immigrants to Rio Grande do Sul were almost exclu-
sively from the Pó Valley and other regions of Northern It-
aly such as Vêneto, Vicenza, Treviso, Verona and Beluno
(De Boni and Costa, 1984) where G6PDH deficiency is sig-
nificantly less frequent than in Southern Italy.

In our study, two deficient patients were negative for
the mutations screened. It is possible that they bear other
mutations not screened for or as yet uncharacterized. Sev-
eral rare variants have been described in Rio Grand do Sul,
such as G6PDH S. Borja, Anaheim, Guaíba, Minas Gerais,
Porto Alegre, Seattle and Farroupilha. For many of them
the molecular defect has not been described but their elec-

trophoretic and biochemical characteristics place them
apart (Hutz et al., 1977; Weimer et al., 1998).

Since more than 140 G6PDH variants have been de-
scribed (Beutler and Vulliamy, 2002) a complete analysis
of all mutations would be expensive and screening of com-
mon mutations is more effective, as shown by the fact that
94.4% of deficient patients were genotyped in this study by
analyzing the G6PDH A- and Med variants.

Aknowledge of the local G6PDH mutation frequency
is also important for analysis of females because the preva-
lence of G-6-PD deficiency in females has been infre-
quently studied (Reclos et al., 2003). Enzyme assay may
not always give a definitive answer, regarding carrier status
in females (Beutler, 2001) but molecular analysis, although
not suitable for mass screening, is an accurate method by
which to assess the G6PDH genetic status of females
(Mehta et al., 2000; Lin et al., 2005). In our study, 10 out of
15 (66.7%) of females were found to be carriers. Even
though molecular analysis alone is insufficient to assess the
real risk of a women carrying a deficient G6PDH gene it is
helpful for genetic counseling and the better management
of disease symptoms.
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