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Summary. The distribution of PLG phenotypes in the population of Tuscany 
(Central Italy) has been investigated by means of isoelectric focusing fol- 
lowed by immunofixation of desialyzed sera. In a random sample of 383 
unrelated healthy blood donors registered at the Hospital of Pisa, three 
common phenotypes,  PLG A, A-B ,  and B, and two rare variants were 
found. The allele frequencies calculated in our study were: PLG*A = 0.6749, 
PLG*B = 0.3225, and PLG*rare  = 0.0026. The theoretical exclusion rate in 
cases of disputed paternity is 17.42% 
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Zusammenfassung. Die Verteilung der Plasminogen-Ph~inotypen in der Be- 
v61kerung der Toskana wird untersucht. Die Bestimmung erfolgt an Neura- 
minidasebehandelten Seren nach isoelektrischer Fokussierung im Agarose- 
Gel und anschlief3ender Immunofixation. In einer zuf~tlligen Bev61kerungs- 
stichprobe yon 383 unverwandten gesunden Blutspendern des Krankenhau- 
ses Pisa wurden die drei neueren-Phfinotypen PLG A, A-B  und B gefun- 
den sowie zwei seltene Varianten. Die berechneten Allelfrequenzen un- 
serer Studie waren: P L G * A  = 0,6749, PLG*B = 0,3225 und PLG* seltene 
Var. = 0,0026. Die theoretische Ausschlief3ungschance im Vaterschaftsver- 
fahren betrfigt 17,42%. 

Schliisselwiirter: Plasminogen (PLG),  genetischer Polymorphismus - Vater- 
schaftsgutachten, Plasminogen 

Introduction 

Plasminogen is a component  of the fibrinolytic system and is the precursor of 
the serine protease plasmin, which is formed by the action of specific activators. 

* This work was supported by a grant from the Ministero della Pubblica Istruzione 
Offprint requests to: R. Domenici 
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It is a plasmaprotein of the beta fraction, has a molecular weight of 91000 and 
a constant portion of 2 % - 3 %  carbohydrate, and is synthesized in the liver [1]. 
The genetic polymorphism has been demonstrated by different electrophoretic 
methods and by immunological or functional detection techniques. Hobart  [2] 
and Raum et al. [3] were the first to describe two common codominant alleles 
(PLG*I ,  PLG*2). Since then, a large number of rare variants have been found 
in many population studies, making a uniform nomenclature indispensable for 
different designations of corresponding phenotypes [4]. It was suggested that 
the common alleles should be called PLG*A and PLG*B; the known variants 
with acid pI: PLG*A1 to *A3; intermediate variants: PLG*M1 to *M5; and 
basic variants: PLG*B1 to *B3. 

The presence of a silent allele in the PLG system (PLG*Q0) has been dem- 
onstrated by family data and quantitative investigations [5-9]. 

Materials and methods 

Serum samples were obtained from 383 unrelated blood donors registered at the Hospital of 
Pisa. Prior to use they were desialyzed by neuraminidase treatment (Boehringer) by overnight 
incubation at 37°C with 5 gl Clostridium perfringens neuroaminidase solution (1 rag/250 ~tl) in 
50 gl serum. 

The phenotypes were demonstrated using isoelectric focusing (IEF) in agarose gels (pH 
3.5-9.5), followed by immunofixation according to the procedure suggested by Leifheit et al. 
[10] with minor modifications. 

Gel casting was performed with flat bed gels (250 x 125 x 0.5 mm); 0.16 g agarose IEF, 
2.0 g sorbit and 18.50 ml distilled water were dissolved in a flask and degassed. When the tem- 
perature had fallen to 75°C, 0.7 ml ampholine, pH 3.5-9.5 and 0.7 ml ampholine, pH 5.0-8.0 
were added. Gels were polymerized for 30 min. After lh  at room temperature gels were 
stored overnight at 4°C. Electrode solutions were 0.25 M acetic acid for the anode and 0.25 M 
NaOH for the cathode. 

Prefocusing was carried out for 30rain in a Multiphor chamber (LKB 2117) at a cooling 
temperature of 8°C and 1200 V, 50 mA, 8 W. 

Aliquots of 10 gl were then applied 1.5 cm from the anode, using Serva applicator strips. 
Electrophoretic conditions were 30 rain salt run setting at 250 V and 90 min focusing setting at 
1200 V. 

After IEF, lml anti human-plasminogen antiserum diluted 1/2 in saline (Atlantic Anti- 
body) was spread over the gel surface and incubated for 90rain at 37°C. The gel was pressed 
for 20 min with a filter paper and washed in saline overnight. 

After drying at 37°C, the gel was stained for 15 rain with 0.2% Coomassie Brilliant Blue 
and destained in a solution of methanol 45% acetic acid 10%. 

Results and discussion 

Figure 1 shows the PLG phenotypes obtained by IEF on agarose gels with neu- 
raminidase-treated serum samples followed by immunofixation with a mono- 
specific PLG antiserum. The alleles PLG*A and PLG*B determine the three 
common phenotypes. 

The distribution of phenotypes and the gene frequencies in our population 
sample for the PLG polymorphism are reported in Table 1. The distribution of 
observed and expected phenotype frequencies are in good agreement with the 
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Fig. 1. PLG phenotypes observed by isoelectric focusing on agarose gel (pH range 3.5-9.5) 
and immunofixation. Left to right: 1, A; 2, AB; 3, A; 4, AB; 5, A; 6, AB; 7, B; 8, B; 9, A 

Table 1. Phenotype distribution and gene frequencies in a sample from Tuscany (Italy) 

Phenotype Observed Expected Gene frequencies 

n % n % 

A 169 44.13 174.47 45.55 
A - B  177 46.21 166.71 43.53 
B 35 9.14 39.82 10.40 
A-rare  2 0.52 1.35 0.35 
B-rare 0 0.00 0.64 0.17 
Rare 0 0.00 0.00 0.00 

Total 383 100.00 383.00 100.00 

F*A = 0.6749 
F*B = 0.3225 
F*R = 0.0026 

Chi-square: 1.62 (B+rare), 1 dr; P > 0.10 

Hardy-Weinberg  equilibrium. The estimated allele frequencies f rom our  popu- 
lation sample are: P L G * A  = 0.6749, PLG*B = 0.3225, PLG*Rare  = 0.0026. 

In Table 2 our allele frequencies are compared  with those found in some 
other  European  population. 

The frequency of P L G  alleles in our study is similar to that found in North  
and Central Europe,  but lower than that found in-previous studies of other Ital- 
ian populations.  

P L G  polymorphism is now used in several laboratories for parentage testing 
[11-14]. The theoretical exclusion rate in cases of disputed paterni ty was calcu- 
lated at 17.42% (class I,  7.94%; class II ,  9.48%). Apparen t  opposite homo-  
zygosity in family studies may  be due to the occurrence of PLG*Q0 allele; its 
frequency has been variously est imated at 0.0013 [9] and 0.0035 [7]. 
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Table 2. Geographic distribution of PLG gene frequencies in Europe 

I. Spinetti et al. 

Population n PLG*A PLG*B PLG*rare References 

Denmark 1664 0.639 0.303 0.058 [15] 

Germany 
North 604 0.713 0.270 0.018 [16] 
South 380 0.682 0.297 0.021 [9] 
West 1330 0.702 0.277 0.021 [14] 

Switzerland 308 0.688 0.281 0.031 [ 17] 

Italy 
Venetia 1325 0.840 0.158 0.001 [18] 
Venetia Julia 716 0.858 0.140 0.001 [19] 
Tuscany a 0.83 0.16 0.01 [20] 
Tuscany 383 0.675 0.322 0.003 This study 
Latium a 0.81 0.18 0.01 [20] 
Campania a 0.81 0.18 0.01 [20] 
Lucania a 0.78 0.21 0.01 [20] 
South 287 0.766 0.214 0.021 [21] 

Spain 703 0.800 0.200 0.000 [22] 

a Tuscany + Latium + Lucania + Campania: n = 2116 

The  ev idence  for  a nul l  a l le le  was p r o v i d e d  by  quan t i t a t ive  analysis:  rad ia l  
immunod i f fu s ion  [6-9]  and  e l ec t ro immunod i f fu s ion  [8]. Never the le s s ,  Scherz  
et  al. [5] found  it s o m e w h a t  difficult  to i n t e rp re t  some  cases of  oppos i t e  h o m o -  
zigosi t ies  by  d e t e r m i n a t i o n  o f  the  p l a s m i n o g e n  concen t ra t ion .  

Inverse  h o m o z y g o s i t y  b e t w e e n  pa ren t s  and  the i r  offspr ing m a y  also be  as- 
c r ibed  to  the  we l l -known  t echno log ica l  diff icult ies in recogniz ing  the  anoda l  

P L G  var iants  [8]. 
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