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Summary. A sample of the population of Naples has been examined for several
red cell enzyme markers. About 2,000 newborn have been analyzed for ACP,
GLO1, and UMPK; 1,000 of them were also analyzed for PepA and PepB, and
500 for PGM; and PGM.. In addition about 400 school children have been
typed for the PGD and PGP polymorphisms. The observed gene frequencies
for the polymorphic systems are: ACP*=0.293, ACP*=0.667 and ACP®=
0.040; GLO' =0.372; GPT® =0.462; UMPK’ = 0.029; PGM1=0.279; PGD" =
0.037; PGP' =0.953, PGP*=0.038 and PGP’=0.009. Moreover during the
screening of PepA, PepB and GPT markers, some rare alleles have been
encountered, one of which, at the GPT locus, has never been reported before.
We propose for it the name GPT'™.

Key words: Red cell enzyme markers - Population of Naples ~ GPT, new
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Zusammenfassung. Eine Stichprobe aus der Bevolkerung Neapels wurde auf
verschiedene Enzymsysteme der roten Blutkérperchen untersucht. Ungefihr
2000 Neugeborene wurden auf ACP, GLO I, GPT und UMPK: davon 1000 auf
PepA und PepB und 500 auf PGM; und PGM; analysiert. Weiterhin wurden
bei ungefdhr 400 Schiilern die PGD- und PGP-Polymorphismen bestimmt. Die
beobachteten Genhiufigkeiten in den polymorphen Systemen verteilen sich
wie folgt: ACP*=0,293, ACP*=0,667 und ACP“=0,040; GLO'=0,372;
GPT?=0,462; UMPK®=0,029; PGM1=0,279; PGD" =0,037; PGP'=0,953,
PGP’=0,038 und PGP’ =0,009.

Dariiber hinaus sind wir wihrend des Screening von PepA-, PepB- und GPT-
Mustern auf einige seltene Allele gestoBen, von denen eines, das sich auf dem
GPT-Locus befindet, nie zuvor in der Literatur beschrieben worden ist. Fiir
dieses Allel schlagen wir den Namen GPT' vor.
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Schliisselwiirter: Enzymsysteme der Erythrozyten - Bevélkerung Neapels -
GPT, neuer Phenotyp

Introduction

In gpite of the numerous population studies on red cell enzyme markers, data
concerning Southern Italy are still scarce.

As a part of an extensive research programme on the genetics of the Southern
Italian population', we performed the analysis of several enzyme systems on a
sample of individuals living in Naples.

The following genetic markers were investigated: Acid phosphatase (ACP),
Glyozxalase I (GLO 1), Glutamic pyruvic transaminase (GPT), 6-Phospho gluco-
nate dehydrogenase (PGD), Phosphoglucomutase-locus 1 and 2 (PGM, and
PGM;), Phosphoglycolate phosphatase (PGP), Uridin monophosphate kinase
(UMPK) and Peptidases A and B (PepA and PepB). In the usual conditions of
analysis, the ACP and PGP polymorphisms are characterized by three codominant
alleles, [1, 2] the GLOI, GPT, PGD, PGM, and UMPK systems by two
codominant alleles, [3, 4, 5, 6, 7] whereas PGM:, PepA and PepB loci arc mono-
morphic in almost all populations [8, 9].

Material and Methods

The sample was comprised of about 2,000 newbom and 400 school children(9-11 years old). The
analysis of all the above mentioned enzymes was carried out on the first group with the exception
of PGP and PGD, for the typing of which, the second group was utilized. Blood specimens (cord
blood for newborn) were collected in EDTA and packed washed red cells were stored at —20°C
for 2 or 3 weeks until tested. Before analysis, hemolysutes were prepared by repeatedly freezing
and thawing packed red cells.

Electrophoretic and staining procedures were performed according Lo the methods described
by Meera Khan and Doppert for GLO I{10|, Chen and Giblettfor GPT [4], Meera Khanfor PGD
[11], Spencer et al. for PGM [6], Barker and Hopkinson for PGP [2], Giblett et al. for UMPK [7],
and Lewis and Harris for Pep A and PepB [9]. As far as ACP is concerned the electrophoresis was
performed as reported by Karp and Sutton [12] and the isozymes were visualized using 4-methyl
umbelliferyl phosphate as substrate according to the method of Swallow et al. [13].

Gene frequencies have been computed only on unrelated subjects for the sample of school
children but on the total sample for the newborn., since the relationships within this group, if any,
were unknown.

Results and Discussion

Table 1 shows the phenotype and gene frequencies for ACP, GLOI, GPT, PGD,
PGM,, PGP and UMPK polymorphisms. The results of the analysis of PGM;,
PepA and PepB markers arc shown in Table 2.

1 This programme was organized by the Istituto Internazionale di Genetica ¢ Biofisica of Naples.
Blood specimens were collected in Naples at the §.8. Annunziata Hospital and at the
elementary schools
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ACP

The frequencies found for the ACP* and ACP? alleles are very similar to those
reported for the Continental Ttalian populations whereas that of ACP® (4%) lies
ncar the lower limit of the range (3—-8%) of variation {for a review see [14] and [ 15]).

Table 1. The phenotype and gene frequencies of the polymorphic systems analyzed in a sample

of the Naples” population

Genetic Phenotypes Frequencies Gene frequencies
markers Observed Expected
ACP A 185 181.67 ACPA=0.293 40,007
BA 818 827.79 ACPE=0,667 = 0.007
B 948 943.00 ACPC=0.040 +0.003
CA 53 49 76
CB 113 113.37
C 2 3.41
Total 2,119 2,119.00 Du=027 P>0.80
GLO1I 1 260 273.45 GLO'=0.372
2-1 960 929.09 GLO*=0.628 +0.008
2 768 783.46
Total 1,988 1,988.00 Bar=22 P~0.15
GPT 1 591 567.81 GPT' =0.535 +0.008
2-1 937 981.63 GPT? =0.462 +0.008
2 446 424.27 GPT? =0.003 +0.001
3-1 4 531
32 6 459
3 ¢ 0.01
7-2 1
10-1 1
Total 1986 1y=4.85 P—-0.10
PGD A 364 363.53 PGD*=0.963
AC 27 27.93 PGD=0.037 +0.007
C 1 0.54
Total 392 392.00
PGM, 1 249 250.56 PGM| =0.721
2-1 197 193.92 PGM3 =0.279+0.014
2 36 37.52
Total 482 482.00 Fr=0.12 P>0.70
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Table 1 {continued)
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PGP 1 241 238.61 PGP' =0.953 = 0.009
2-1 17 19.04 PGP*=0.038 £.0.008
2 1 0.38 PGP’ =0.009 +0.004
31 2 476
3 1 0.02
32 1 0.19
Total 263 263.00

UMPK 1 1578 1578.31 UMPK' =0.971
21 95 94.28 UMPK® =0.029 +0.003
2 1 1.41
Total 1,674 1,674.00

* For calcolating x° the CA and C phenotypes were pooled

" This figure includes 606 individuals previously analyzed [17]

° For calculating y* the 3-1 and 3 phenotypes were pooled; 7-2 and 10-1 phenotypes were excluded

Table 2. Resulis of the analysis of PGMz, PepA and PepB in a sample of the Naples® population

Genetic markers Phenotypes Frequencies Gene
frequencies

PGM, 1 482 PGM}=1
Total 482

PepA 1 962 PepA' =0.999
3-1 1 PepA®=0.001
Total 963

PepB 1 961 PepB' =0.997
2-1 4 PepB’ =0.002
31 1 PepB’ =0.001
Total 966

GLOI

The analysis of the GLOT polymorphism we previously carried out on about 30%
of the present sample had shown that the incidence of the GLO” allele (61.1%) was
one of the highest among Europeans (for a review see [16]) and signilicantly
different (P < 0.02) from that {56.5%) found in an area of Northern Italy (provinec
of Milan) [17]. The finding of a further, though slight, increase of this value in the

present larger sample confirms the previous observations,
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Fig. 1. Starch gel electrophoretic GPT phenotypes

GPT

The GPT? and GP1” alleles showed almost the same frequency in agreement with
the data concerning Caucasians in general (for a review see [18]) and the few other
Continental Italian populations so far examined (for a review see [19]).

During this study, in addition to the three common phenotypes, some variant
patterns were also encountered, one of which has never becen reported beforc
(Fig. 1a).

This last pattern can, even in the absence of family studies, be interpreted as the
heterozygous combination of the common GPT' allele and a new allele (we have
named it GPT'®), the product of which bands between the common GPT 2 and the
rare GPT 4 [20] isozymes. The other anomalous patterns are due to the occurrence
of the variant GPT® allele [20] and of a GPT’ like allele (for the latter sce Fig. 1b).
Since we have not been able to compare our variant with the only other described
GPT allele found in Norwegians [18, 21], we propose for it the name GPT' ™",

PGD

The results of this study arc in line with those reported by Corbo ¢t al. [22] for
L’Aquila (Central Italy) (PGD®=3%) and by Brinkmann et al. [23] for a sample of
people predominantly from Southern and Central ltaly (PGD® = 3.1%). They dif-
fer significantly, however, (F~0.01) from those reported by Carfagna et al. [24]
in another sample from Naples (PGD“=1.8%).

PGM,

The incidence of the PGM? allele is very similar to those observed in other parts of
Continental Ttaly [15, 25-27] and lies near the upper end of the European range
of variation (18-30%) [28].
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PGP

The only data available for ltaly concern a group from the Po delta [29]. The
frequencies found in that sample (PGP' =91.9%; PGP* = 6.9%; PGP’ = 1.29;) are
quite different from thase reported by Barker and Hopkinson [2] for a “random
Furopean population” (PGP' = 82.6%; PGP* = 12.9%; PGP’ = 4.5%) and by
Amorim et al. [30] for Germans (PGP = 87%; PGP = 10%; PGP’ = 3%), in that
a lower incidence of PGP® and PGP? alleles was obscerved (P« 0.0001 vs. “random
Europcan population™; P<0.001 vs. Germans). These differences have been
confirmed by the present study in which an even lower frequency (3.8%) of the
PGP allele has been found.

UMPK

The results of this analysis are almost the same as those observed in Milan and
Rome [31]. For this polymorphism therefore the Continental Ttalian population
scems to be rather homogeneous (UMPK® mean frequency = 2.88% +0.2) and can
be differentiated from the other two Caucasian groups so far examined [7, 32] for
a significantly lower frequency of the UPMK” allele (#<0.02 vs. white North
American population; P <0.002 vs. Germans).

Acknowledgments. The technical assistance of Mr. M. Negri and Miss C. Indorato is gratefully
acknowledged.

References

1. Hopkinson DA, Spencer N, Harris I1{1963) Red cell acid phosphatase variants: 2 new human
polymorphism. Nature 199:969-971

2. Barker RF, Hopkinson DA (1978) Genetic polvmorphism of human phosphoglycolate
phosphatase (PGP). Ann Hum Genet 42:143-151

3. Kompf J, Bissbort S, Gussmann S, Ritter H (1973} Polymorphism of red cell glvoxalase I
(E.C.: 4.4.1.5). A new genetic marker in man. Humangenetik 27:141-143

4. Chen SH, Giblett ER (1971) Polymorphism of soluble glutamic pyruvic transaminase: a new
genetic marker in man. Science 173:148-149

5. Fildes RA, Parr CW (1963) Human red-cell phosphogluconate dehydrogenase. Nature 200:
890-891

6. Spencer N, Hopkinson DA, Harris H (1964) Phosphoglucomutase polymorphism in man,
Nature 204:742-745

7. Giblett ER, Anderson JE, Chen SH, Teng YS, Cohen F (1974) Uridine monophosphate
kinase: a new genctic polvmorphism with possible clinical implications, Am J Hum Genet
26:627-635

8. Hopkinson DA, Harris II (1965) Evidence for a second structural locus determining human
phosphoglucomutase. Nature 208:410-412

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

10. Mcera Khan P, Doppert BA (1976) Rapid detcction of glyoxalase 1 on cellulose acetate gel
and the distribution of GLO variant in a Dutch population. Hum Genet 34:53-56

11. Meera Khan P (1971) Enzyme electrophoresis on cellulose acetate gel; zvmogram patierns
in man-mouse and man-chinese hamster somatic cell hybrids. Arch Biochem Biophys 145;
470-483

12. Karp GW Jr, Sutton HE (1967) Some new phenotypes of human red cell acid phosphatase.
Am J Hum Genet 19:54-62



Red Ceil Fnzymatic Markers in the Naples® Population 95

13.

14.

15.

16.

17.

I8.
. Facchini F, Gruppioni G, Veronesi-Martuzzi F, Zannotti M (1980) GPT polymorphism in

20.

21,

22,

23
24,
25.
2.
27.
28,
29,

30.

31

32.

Swallow DM, Povey S, Harris H (1973) Activity of red cell acid phosphatase locus in other
tissues, Ann Hum Genet 37:31-38

Spedini G, Biondi G, Cristofori G, Salsini G, Panatta GB (1974-1976) La distribuzione di
alecuni polimorfismi eritrocitari ¢ plasmatici in un campionc di popolazione della provincia
di Ferrara. Istr Riv Antropol LIX: 103-122

Beretta M, Barberio C, Ranzani G, Bertolotti E (1977) An analysis of red cell enzymatic
markers in the province of Bologna (Italy). Hum Hered 27:352-355

Busi RB, Wells LJ, Volkers WS, Ebeli-Struijk AC, Meera Khan P (1979) Distribution of
glyvoxalase | (GLO) variants in western Europe and the Indian subcontinent. Hum Genet
49:105-113

Ranzani G, Antonini GG, Santachiara-Benerecetti AS (1979} Red cell glyoxalase 1 poly-
morphism in Ttalians. Report of a variant phenotype. Hum Hered 29:261-264

Olaisen B (1975) Distribution of GPT types in Norway, Hum Hered 25:20-29

the population of Bologna and linkage with beta-thalassaemia. Hum Hered 30:54-57
Chen SH, Giblett ER, Anderson JE, Fossum BLG (1972) Genetic of glutamic-pyruvic
transaminase: its inheritance, common and rare variants, population distribution, and
differences in catalytic activity. Ann Hum Genet 35:401-409

Olaisen B (1973} Two rare GPI phenotypes in a Norwegian family. Evidence of a seventh
allele. Humangenctik 19:289-291

Corbo RM, Spennati GF, Scacchi R, Palmarino R, Della Penna MR, Lucarelli P (1981)
A survey of serum protein and enryme polymorphisms in the district of L’Aquila (Ttaly}).
Hum Hered 31:167-171

Brinkmann B, Reiter J, Kriiger O (1977) Gene frequencics of some enzyme polymorphisms
in Mediterranean countries. J Hum Evol 6:131-133

Carfagna M, Gaudio L, Attanasio S (1972) The distribution of phosphogluconate dehvdro-
genase types in Naples. Hum Hered 22:42-44

Modiano G, Santolamazza C, Gigliani F, Scozzari R, Terrenato 1. (1968} Studi quantitativi
e popolazionistici sulla fosfoglucomutasi e sulla adenilato chinasi eritrocitaria. Atti Assoc
Genet Tial 13:104-106

Scozzari R, Santolamazza C, Spermati GF, Azzarone G (1970) Red cell acid phosphatase,
phosphoghicomutase and adenylalckinase polymorphisms in the district of L' Aquila (Ttaly),
Hum Hered 20:104-111

Facchini F, Martuzzi-Veronesi F, Ruggeri S (1974) Ricerche sul polimorfismo della foslatasi
acida eritrocitaria e della fosfoglucomutasi nefla popolazione bolognese. Estr Riv Antropol
LiX:3-12

Mourant AE, Kopec AC, Domantewska-Sobczak K (1976) The distribution of the human
blood groups and other polvmorphisms. University Press, Oxford London

Beretta M, Mazzetti P, Barbusani G, Vullo C, Barrai I (in press) Isoenzimi dei globuli rossi
in provincia di Ferrara. Atti Assoc Genet [tal

Amorim A, Siebert G, Ritter H, Kémpf J (1980) Formal genctics of phosphoglycolate
phosphatase (PGP): investigation of 272 mother-child pairs. Hum Genet 53:419-420
Ranzani G, Bertolotti E, Santachiara- Benerecetti AS (1977} The polymorphism of red cell
uridine monophosphate kinase in two samples of the Ttalian population. Hum Hered 27:
332-335

Kiihn B, Bissbort 8, Kompf J, Ritter H (1975} Red cell uridine Smonophosphate kinase
{UMPK). Formal genetics, linkage analysis and population genetics from Southern western
Germany. Humangenetik 28:255-258

Received February 9, 1982



