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HUMAN RED CELL ENZYMES DISTRIBUTION IN A
POPULATION SAMPLE FROM BAMBUI (MINAS GERAIS)
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ABSTRACT

Genetic polymorphism of four red cell enzymes (ACP1, ADA, PEPA and ESA) was examined
in a sample of 390 individuals from a trihybrid population. Only common alleles were detected, except the
ESA system which presented polymorphic frequency in a variant that may be Tashian’s AC variant (Am.
J. Hum. Genet. 17: 257-272, 1965) or the ESA*Dp4c; variant (Neel et al., Hum. Genet. 36: 81-107, 1977).
Gene and phenotype distributions are presented. They were found at a frequency similar to those of other

populations.

INTRODUCTION

Few studies about the distribution of genetic variability have been performed
on Brazilian populations except for the Indians. The characterization of gene and
genotype frequencies made in a tri-racial sample from Bambui, Minas Gerais state,
provided the elements for further analyses that will likely give some indication of the
nature of the variability observed in four enzymatic systems: erythrocyte acid phos-
phatase, esterase A, peptidase A and adenosine deaminase.

Polymorphism in human red cell acid phosphatase (ACP1, EC 3.1.3.2) was
described by Hopkinson et al. (1963) and its different types are determined by three
common alleles, ACP1* 4,B and C. There also exists a series of other alleles reported
in different individuals or populations, identified by differences in electrophoretic or
isoeletric focusing mobilities (Miller et al., 1987).
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Esterase A (ESA, EC3.1.1.1) seems to be specific to the erythrocyte. Tashian
and Shaw (1962), Tashian (1965) described the common type A1 and the variant AC.
Other allelic variants are rare and some have private polymorphism, as for example
the ESA*Dpg4c1 among the Macushi Indians as described by Neel et al. (1977).

Peptidase A (PEPA, EC 3.4.11 or 13) occurs practically in all tissues, with
two common alleles found with relatively high frequency (Rapley et al., 1971).

Adenosine deaminase (ADA, EC 3.5.44) is observed in all tissues with dif-
ferent electrophoretic patterns. Its polymorphism was described by Spencer et al.
(1968) and the common phenotypes are due to two alleles, 4DA*] and 2. Rare
variants are described in different populations (Weissmann et al., 1982) and
homozygosity for the silent gene ADA*0 is responsible for the severe combined im-
munodeficiency disease described in 1972 by Giblett et al.

MATERIALS AND METHODS

The population studied is from a Brazilian area endemic for Chagas’ disease,
Bambui, Minas Gerais state (Dias, 1979). A multidisciplinary study on this American
trypanosomiasis was carried out by Krieger and collaborators (1978) in order to study
genetic variability to susceptibility to Tripanosoma cruzi. This study included the
dynamics of biochemical polymorphisms. Families were selected through the records
of Fundagio Oswaldo Cruz (Bambui Center) by selecting 25-40 year old patients in
the chronic phase of the disease. For population details and blood samples see Bar-
bosa et al. (1981).

The samples for this work were processed from stored blood cells within six
years after bleeding. The red cell electrophoretic patterns were determined follow-
ing some adaptations (Mestriner, unpublished) of the methods of Harris and Hop-
kinson (1978), for ACP1, Spencer et al. (1968), for ADA, Lewis and Harris (1967)
for PEPA and Harris and Hopkinson (1978) for ESA.

The Hardy-Weinberg formula, in spite of some factors limiting gene frequen-
cy analyses, was employed and the significance level adopted was 5%.

RESULTS AND DISCUSSION

The four enzymes tested had the usual isozyme patterns encountered in other
studies. Table I gives the phenotype numbers observed as well as the x° values calcu-
lated on the assumption of the Hardy-Weinberg equilibrium. There were no sig-
nificant deviation expectations for any system. The corresponding gene frequencies
determined by gene counting, as well as the system phenotype distribution according
to racial categories of the Bambui population are also presented.

Comparison with other populations yields the following comments:
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ACP]1 system

In our sample only two genes were present: ACP1*4 and ACPI1*B (Table I),
with frequencies of 0.203 and 0.797, respectively. We noted the absence of the C al-
lele, characteristic of Caucasian populations and the R allele, wich is a Black racial
marker. However, the sample from three individuals presented uncertain phenotypes
(B or BC) and after testing them several times, they were considered as B phenotype
and as such were included in the analyses. If these subjects had a BC phenotypes, the
gene frequencies would be: 4 = 0.203, B = 0.793 and C = 0.004. The C allele does
not occur in Brazilian Indian populations, with a rare exception in the Guaymi tribe
(Chakraborty et al., 1988), is absent among Blacks and its frequency is 0.03 among
Whites of Aracaju, in Northeastern Brazil (Conceigio et al., 1987). According to
Tashian et al. (1967) its presence among individuals of Southeastern Africa reveals
Caucasian ascendency. Its frequency is 0.10 in Sweden (Beckman et al., 1971) and
0.11 among Armenians of Iran (Akbari et al., 1986).

The gene frequencies in this system among White, Mixed and Black in-
dividuals of Bambui (Table I) differs from that of Aracaju (Conceigao et al., 1987)
and from parental gene frequencies (reported by Santos et al., 1987) for an
Amazonian population. Table II gives these frequencies as percentages.

ESA system

The A1 gene frequency was 0.991 and that of a variant, 0.009 (Table I). All
the variant phenotypes were from unrelated individuals.

The rare variant was less anodal than the common type. Similar
electrophoretic variants, the ESA;23 *Dpmac; variants, respectively, had been
described by Tashian (1965) and Neel et al. (1977). The characteristics of these
variants are:

a. both exhibit slower moving components;

b. the activity of some bands seems to be increased in both variants;
but:

1. in Tashian’s variant the Alb band is more active, whereas

2.1in Neel et al.’s variant the highest intensity is observed in the A2a band.

c. Tashian’s variant presents additional slow moving bands in the A2 region,
not observed in that of Neel’s et al.

Our variant did not present visible differences of intensity of the bands, nor
were the additional A2 bands of the AC type observed. This may be due to problems
of starage, because all the normal A2 bands were reduced or not visible in our sample.

Table ITI compares our results with those reported by Tashian (1965) and
Chakraborty et al. (1988) in a paper about genetic variation among tribal populations
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of Central and South America. We note that the ES4 *C variant was found in a Black
population. When we associated the ESA system with the racial composition of the
Bambui sample we noted, however, a relatively high concentration of our variant
among Caucasian individuals (6 ESAC). But the Black component could exist in in-
dividuals of caucasoid phenotype: the Bambui White racial class presents 20% Black
genes in its genetic composition (Nogueira, 1981).

Table III - ESA variant distribution among different populations.

Population Total Variant alleles Reference
Caucasian 2600 1 ESA*B Tashian (1965)
Black 600 1 ESA*B Tashian (1965)
1 ESA*C
Amerindian 11340 85 ESA*D MAC-1 Chakraborty et al (1988)

1 ESA*D GUA-1

Tri-Racial: 397 7 ESA*C variants This work
Black 0

Mixed

Caucasian 6

ESA*DMacushi variant is restricted to some Indian tribes of Northwestern
Brazil and Central America, very distant from Bambui (Eastern Brazil), restricting
the gene flow.

We may therefore suppose that our variant is the same ESA*C described by
Tashian (1965).

PEPA system

We observed no polymorphic frequency of PEPA*2 (0.064) in Bambui,
(Table I). Only the usual alleles PEPA*1 and PEPA*2 were observed in this popula-
tion, and four blood samples without activity were found. Two hypotheses can be
made to explain this:

1. These individuals were homozygous for PEPA*8 gene, whose presence
causes enzymatic inactivity in the red cell (Lewis, 1973).

2. The individuals were homozygous for PEPA*1, an unstable enzyme (Mal-
colm et al., 1982) that had lost its activity due to storage problems, transport condi-
tions, etc.
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It was not possible to distinguish the true hypothesis through familial dis-
tribution, and the individuals were eliminated from the gene and phenotype frequen-
cies calculations. But since the samples were stored for some years, the second
hypothesis is more probable than the first one.

This system is monomorphic among some racial groups: Mongolic (Brequet
et al., 1982, and Chakraborty et al., 1988) and Caucasians (Lewis and Harris, 1967;
Fox et al., 1981, etc.). All Black individuals of the Bambui sample presented the
PEPA*1 gene only, but the PEPA system is polymorphic among other Black popula-
tions (Lewis and Harris, 1967; Ojikutu et al., 1977).

ADA system

The frequency of the ADA*1 gene was 0.958 and of the ADA*2, 0.042 (Table
I). This is close to that observed in other populations: 0.04 in Bogalusa, USA (Fox et
al., 1981); 0.037 among the adult Black population of Porto Alegre, Brazil (Franco et
al., 1982) and 0.052 among the Caucasian population of Porto Alegre, Brazil (Weimer
et al., 1981).

According to Weissman et al. (1982) a pattern of distribution of ADA genes
is impossible to determine due to fluctuations observed in gene frequencies between
and within populations.

Aswe could observe, gene and phenotype frequencies of ACP1, ESA, PEPA
and ADA systems in Bambui follow the same kind of distribution observed in other
populations. Chagas’s disease seems to have no influence on the gene and phenotype
frequency patterns (data to be presented in a future publication).
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RESUMO

Trezentos e noventa individuos de uma populagéo tri-hibrida brasileira foram estudados em
relagdo a 4 sistemas genéticos (ACP1, ESA, PEPA and ADA). Somente os alelos comuns foram detec-
tados nesta populagdo, com excegio do sistema ESA que apresentou frequéncia polimérfica numa
variante rara. Esta variante pode ser classificada como sendo ESA*Dp4c; (Neel et al., 1977) or ESA*C
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(Tashian, 1965). Sdo apresentadas as freqiiéncias génicas e fenotipicas e estas sio encontradas em
distribuicdo semelhante a de outras populagSes descritas.

REFERENCES

Akbari, M.T., Papihas, S. and Farhud, D. (1986). Genetic differentiation among Iranian Christian Com-
munities. Am. J. Hum. Genet. 38. 84-98.

Barbosa, C.A., Morton, N.E., Rao, D. and Krieger, H. (1981). Biological and cultural determinants of im-
munoglobin levels in a Brazilian population with Chagas’ disease. Hum. Genet. 59: 161-163.

Beckman, G., Beckman, L. and Cedergren, B. (1971). Population studies in Northern Sweden. II. Red cell
enzyme polymorphism in the Swedish Lapps. Hereditas 69: 243-248.

Brequet, G., Ney, R., Grimm, W., Hope, S.L., Kirk, R.L., Blake, N., Narends, F.B. and Toha, A. (1982).
Genetic survey of an isolated community in Bali, Indonesia. Hum. Hered. 32: 308-317.

Chakraborty, R., Smouse, P.E. and Neel, J.V. (1988). Population amalgamation and genetic variation ob-
servations on artificially agglomerated tribal populations of Central and South America. Am.J. Hum.
Genet. 43: 709-725.

Conceigdo, M., Salzano, F.M., Franco, M., Weimer, T.A. and Krieger, H. (1987). Demography, genetics
and race admixture in Aracaju, Brazil. Rev. Bras. Genet. X: 313-331.

Dias, J.C. (1979). Epidemiological aspects of Chagas’ disease in the Western of Minas Gerais, Brazil. En-
vironmental, ecologic and human aspects studied by the Bambui Center (FIOCRUZ) during the
period 1943-1979. Cong. Intern. Doenga de Chagas, RJ: H-1 - H-6.

Fox, M., Weyer, M., Thyrmon, T. and Berenson, G. (1981). Genetically controlled enzymatic variation in
a Southern biracial, semirural community. Hum. Hered. 31: 138-154.

Franco, M.H.L.P., Weimer, T.A. and Salzano, F.M. (1982). Blood polymorphisms and racial admixture
in two Brazilian popultions. Am. J. Phys. Anthop. 58: 127-132.

Giblett, E., Anderson, J., Cohen, F., Pollara, B. and Meuwissen, H. (1972). Adenosine deaminase deficien-
cy in two patients with severely impaired cellular immunity. The Lancet 2: 1067-1069.

Harris, H. and Hopkinson, D.A. (1978). Handbook of enzyme electrophoresis. Human Genetics North Hol-
land Publ. Comp.

Hopkinson, D.A., Spencer, N. and Harris, H. (1963). Red cell acid phosphatase variants: a new human
polymorphism. Nature 4897. 969-975.

Lewis, W.H. (1973). Common polymorphism of peptidase A. Electrophoretic variants associated with
quantitative variation of red cell levels. Ann. Hum. Genet. 36: 267-271.

Lewis, W.H. and Harris, H. (1967). Human red cell peptidases. Nature 215: 351-355.

Malcolm, L., Woodfield, D., Blake, N., Kirkk, E. and McDermid, E. (1982). The distribution of blood
serum, proteins and enzyme groups on Manus Island (Admiralty Islands, New Guinea). Hum. Hered.
22: 305-322.

Miller, S., Nelson, M., Dykes, D. and Palesly, H. (1987). Comparison of acid phosphatase (ACP1) variants
byisoelectric focusing and conventional electrophoresis: identification of three new alleles,ACPI*N,
ACPI1*P and ACPI1*S. Hum. Hered. 37: 371-375.



Blood Enzyme Distribution in Bambui (MG) 123

Mohrenweiser, H., Neel, J.V., Mestriner, M.A, Salzano, F.M., Migliazza, E., Simées, A.L. and Yoshihara,
C.M. (1979). Electrophoretic variants in three Amerindian tribes: the Baniwa, Kanamari and Central
Pano of Western Brazil. Am. J. Phys. Anthropol. 50: 237-246.

Neel, J.V,, Tanis, R., Migliazza, E., Spielman, R., Salzano, F.M., Oliver, W., Morrow, M. and Vachofer,
S. (1977). Genetic studies of the Macushi and Wapishana Indians. 1. Rare genetic variants and a
"private polymorphism" of Esterase A. Hum. genet. 36: 81-107.

iNogueira, C.P. (1981). Estudo populacional de trés polimorfismos enziméticos eritrocitarios (ESD, CAIl
e GLO) na populagdo de Bambui (Minas Gerais). Masters Thesis. Departamento de Genética,
Faculdade de Medicina de Ribeirao Preto, USP.

Ojikutu, R., Nurse, G. and Jenkins, T. (1977). Red cell enzyme polymorphisms in the Yoruba. Hum. Hered.
27: 444-453.

Rapley, S., Lewis, W.H.P. and Harris, H. (1971). Tissue distribution, substrate specificities and molecular
sizes of human peptidases determined by separate gene loci. Ann. Hum. Genet. 34: 307-320.

Salzano, F.M., Gershowits, H., Mohrenweiser, H., Neel, J.V., Smouse, P., Mestriner, M.A., Weimer, T A.,
Simdes, A.L., Constans, J., Oliveira, a.E. and Melo e Freitas, M.J. (1986). Gene flow across tribal
barriers and its effect among Amazonian Igana River Indians. Amer. J. Phys. Anthropol. 69: 3-14.

Santos, S., Guerreiro, J., Salzano, F.M., Weimer, T.A., Hutz, M. and Franco, M.H.L.P. (1987). Mobility,
blood genetic traits and race mixture in the Amazonian population of Oriximin4. Rev. Bras. Genet.
X: 745-759.

Spencer, N., Hopkinson, D.A. and Harris, H. (1968). Adenosine deaminase polymorphism in man. Ann.
Hum. Genet. 32: 9-14.

Tanis, RJ., Neel, J.V., Dovey, H. and Morrow, M. (1973). The genetic structure of a tribal population,
the Yanomama Indians. IX. Gene frequencies for 18 serum protein and erythrocyte enzyme system
in the Yanomama and five neighboring tribes: nine new variants. Am. J. Hum. Genet. 25: 655-676.

Tashian, R. (1965). Genetic variation and evolution of the carboxylic esterase and carbonic anhydrase of
primate erythrocytes. Am. J. Hum. Genet. 17: 257-272.

Tashian, R. and Shaw, M. (1962). Inheritance of an erythrocyte acet)'rlesterasc variant inman. Am. J. Hum.
Genet. 14: 295-300.

Tashian, R., Brewer, C., Lehmann, H., Davies, D. and Rucknagel, D. (1967). Further studies on the
Xavante Indians. V. Genetic variability in some serum and erythrocyte enzymes, hemoglobin and
the urinary excretion of 3-aminoisobutyric acid. Am. J. Hum. Genet. 19: 524-531.

Weimer, T.A., Salzano, F.M. and Hutz, M. (1981). Erythrocyte isozymes and hemoglobin types in a
Southern Brazilian population. Hum. Evol. 10- 319-324.

Weissmann, J., Vollmer, M. and Probilla, O. (1982). Survey of the distribution of adenosine deaminase
and superoxide dismutase markers in different populations. Hum. Hered. 32: 344-356.

(Received January 9, 1989)



