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Summary. The polymorphism of plasminogen (PLG) 
was analysed by isoelectric focusing on polyacrylamide 
gels, followed by electroblotting. For analysis, neuramin- 
idase-pretreated sera were used. In a random sample 
of 500 unrelated individuals from east Westphalia 8 
phenotypes were observed. The allele frequencies were: 
PLG*I  (A), 0.708; PLG*2 (B), 0.274; PLG*3 (a3) ,  
0.013; PLG*V,  0.005. The  family data (300 mother-  
child pairs) confirmed the hypothesis of autosomal co- 
dominant inheritance. PLG phenotypes could be deter- 
mined in 1-year-old bloodstains (cotton and glass) that 
had been stored at +4°C and -20°C.  The PLG pheno- 
types could clearly be demonstrated in sera diluted 1 : 4. 
The phenotype 1 (A) could still be detected in dilutions 
of 1:6. The theoretical exclusion rate was calculated to 
be 22.6%. 
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Zusammenfassung. Der  Polymorphismus des Plasmino- 
gens wurde mit der isoelektrischen Fokussierung auf 
Polyacrylarnidgelen und anschliegendem Elektroblotting 
untersucht. Es wurden Neuraminidase vorbehandelte 
Serumproben verwendet.  Bei einer Stichprobe yon 500 
nicht miteinander verwandten Personen aus dem ostwest- 
f~ilischen Raum wurden 8 Ph~inotypen beobachtet.  Die 
Genfrequenzen waren: PLG A = 0,708, PLG B = 0,274, 
PL G A3 = 0,013, PLG V = 0,005. Die Familiendaten 
(300 Mutter-Kind-Kombinationen) bestfitigen die Hypo- 
these des autosomal-kodominanten Erbganges. Der  PLG- 
Phfinotyp konnte bei Blutspuren (Glas und Baumwolle),  
die bei +4°C und -20°C gelagert wurden, eindeutig nach- 
gewiesen werden. Mit Aqua dest. verd/innte PLG-Ph~i- 
notypen waren bis zu einer Verdiinnungsstufe von 1:4 
bzw. 1:6 in Abhiingigkeit vom Phfinotyp ablesbar. Die 
theoretische allgemeine Vaterschaftsausschlugchance 
wurde mit 22,6% errechnet.  
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Introduction 

The genetic polymorphism of plasminogen was first de- 
scribed in 1979 by two research groups. Hobar t  [1] and 
Raum et al. [8] postulated a 2-allelic model at an auto- 
somal locus. Recent investigations from various groups 
[2-4] indicate the existence of 8 alleles, 4 of which have 
a frequency of more than 1% : P LG  1, 0.69, P LG 2, 0.26, 
P LG  3, 0.02, PLG 4, 0.01 (PLG 5, PLG 6, 0.03-0.005) 
[2]. 

During the 1986 P LG  symposium an alphanumeric 
nomenclature was recommended [9]. This was based on 
isoelectric focusing with Western blotting and casein- 
overlay detection methods. The aim of this study was to 
introduce the immunoblotting technique for the deter- 
mination of PLG phenotypes,  because a much higher de- 
gree of sensitivity is required for forensic investigations, 
especially with regards to stains. 

Material and methods 

Serum samples were obtained from 500 unrelated donors and from 
300 mother-child pairs from Westphalia. Serum samples were de- 
sialised by treating 10 gl serum with 5 pl CPN (Clostridium per- 
fringens neuraminidase type V) and incubated overnight at +37°C. 

Bloodstains were made on glass and cotton and stored at tem- 
peratures ranging from +37°C to -20°C. An additional series of 
stains was stored at +37°C under humid conditions. 

Isoelectric focusing was carried out on thin-layer polyacryl- 
amide gels (1ram) with the following composition: 15ml sac- 
charose (20.5%); 1.515 g gelling agent in 10ml aqua dest.; am- 
pholine: 1.5ml pH 6-8, 0.3ml pH 3.5-10, 1.0ml pH 5-7; 1.5ml 
1% ammonium persulphate; 100 gl TEMED. 

Electrode solutions were 1M H3PO4 for the anode and 1 M 
NaOH for the cathode. Pre-focusing was carried out for 30 min at 
1200 V, 20 mA and 20 W at +5°C. The samples were applied using 
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Whatmann no. I filter-paper squares and focusing was carried out 
for a further 2.5 h. Transfer of the proteins to nitrocellulose mem- 
brane was carried out using electroblotting as previously described 
[6], followed by immunofixation (primary antibody: anti-PLG, 
1 : 200, A 081 Dakopatts) and finally immune overlay (secondary 
antibody: alkaline phosphatase-conjugated swine anti-rabbit, 
1 : 1000, P 217, Dakopatts) as described by Pflug [5] using 5-bromo- 
4-chloro-3-indolylphosphate as substrate. 

Results and discussion 
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Table 2. Distribution of phenotypes in 300 mother/child pairs 

In the samples investigated 8 different phenotypes  (Fig. 1) 
were observed.  The  different band  pat terns  are diagram- 
matically represented  in Fig. 2. The  2 homozygous  types 

Mother Child 

1 2-1 3-1 4-1 5-1 6-1 4-2 2 Total 

1 (A) 93 45 3 . . . . .  141 
2-1 (AB) 42 39 2 - - 1 - 24 108 
3-1 (A3A) 5 4 1 . . . . .  10 
4-1 (A1A) 1 1 - - - 1 1 - 4 
5-1 (AM4) 1 . . . . . . .  1 
6-1 (AM3) 1 . . . . . . .  1 
4-2 (A1B) . . . . . . . . .  
2 (B) - 20 . . . .  1 14 35 

Fig.1. Plasminogen (PLG) phenotypes after isoelectric focusing 
(pH 3.5-10). Left to right: 1, A3A; 2, AB; 3, AB; 4, AB; 5, AM4; 
6, B; 7, AB; 8, AM3; 9, A1A; 10, AIB; 11, A 
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P L G * I  (A) and P L G * 2  (B) each show 2 intensive main 
bands and a varying number  of  fainter bands. The hetero- 
zygous types are usually character ized by 4 equally in- 
tensive major  bands,  each pair  reflecting the allele pro-  
ducts of  the respective h o m o z y g o u s  types. Only  the 4 - 2  
pheno type  shows a 3-band pat tern ,  since 2 major  bands 
overlap.  

In  the popula t ion  sample investigated, no  significant 
differences were  found  be tween  the observed  and ex- 
pected  numbers ,  so that  equil ibrium under  Hardy-Wein-  
berg condit ions was present  (Table 1). The  investigation 
of  300 mother-chi ld  pairs demons t ra t ed  an autosomal  
codominan t  inheri tance.  No  genetical  incompatibi l i ty 
could be demons t ra t ed  in a total  of  113 so-called critical 
mother-chi ld  pairs (Table 2). 

Fig. 2. Diagrammatic representation of PLG variants 

Table 1, Distribution of PLG phenotypes in east Westphalia 

PLG 1-1 2-1 3-1 4-1 5-1 6-1 4-2 2-2 

NO, 
observed 248 195 13 2 1 1 1 39 

No. 
expected 251 194 9 0.9 0.7 0.7 0.8 38 

Percent 
observed 50 39 2.6 0.4 0.2 0.2 0.2 7.8 

Percent 
expected 50 39 1.8 0.4 0.1 0.1 0.2 7.5 

Z X2 = 3.3848 
Fig, 3a, b. Serial dilutions of PLG 
phenotypes, a PLG A; b PLG B 
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recent findings [7], which have demonstra ted that addi- 
tional bands and changes in the band pat tern can be ob- 
served in pos t -mor tem blood samples and stored alcohol 
samples. Although this does not normally lead to false 
interpretation of the phenotypes it can cause some con- 
fusion and care must be taken when typing is carried out 
on samples such as these. 

Fig. 4. PLG phenotyping of 
5-month-old bloodstains on 
cotton after storage at 4°C. 
Left to right: 1,2, PLG A; 3,4, 
PLG AB 

Serial dilutions were made f rom serum samples of 
phenotypes  1, 2-1 ,  3 - 2  and 2 with aqua dest. The inten- 
sity of the bands was definitely at tenuated at dilutions of 
1 : 6 by phenotype  1 and by the other phenotypes  at 1 : 4 
(Fig. 3). 

The sensitivity of detection of plasminogen using elec- 
troblotting was investigated on bloodstains with special 
reference to forensic application. Large series of experi- 
mental  bloodstains were applied on glass and cotton and 
stored between +37°C and - 2 0 ° C  (Fig. 4) The 37°C 
series was also stored in a humid chamber.  The time 
limits of  the ability to detect distinct P L G  patterns var- 
ied: 1 month  (humid chamber,  37°C), 5 months (20°C) 
and at least 1 year  (+4°C,  -20°C) .  

The use of  electroblotting combined with immuno-  
chemical visualization ( immunochemophoresis)  results 
in a definite increase in sensitivity compared  with the ca- 
sein-overlay technique described by other authors [3, 
10], for which undiluted serum samples were used. Al- 
though the sensitivity of this method cannot compare  
with that repor ted  for the Gc system [6], the stability of 
the protein in stored bloodstains indicates it's suitability 
for forensic use. 

In this study, fresh serum samples and laboratory- 
made bloodstains were examined and no artefacts or ad- 
ditional bands were observed. This is in contrast to more  
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