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Summary. The polymorphism of BF was investigated in 765 unrelated Japa- 
nese individuals by isoelectric focusing and immunoblotting. Besides five 
common subtypes three rare variants were observed. The allele frequencies 
were: BF*S 0.8078, BF*FA = 0.1797, BF*FB = 0.0105, BF*Var. = 0.0020. 
The above method was successfully applied to subtyping BF in stored blood- 
stains. The determination limits were: at 4~ 8 weeks, at room temperature 
2 weeks and at 37~ only 2 days after storage. The BF subtyping is of practi- 
cal use in medicolegal individualization of unknown bloodstains. 
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Zusammenfassuug. Mittels isoelektrischer Fokussierung und Immunoblot- 
ting wurden die BF-Subtypen bei 765 nicht verwandten japanischen Indivi- 
duen untersucht. Neben ftinf h~iufigen Ph~inotypen wurden drei seltene Va- 
rianten beobachtet.  Die Allelfrequenzen betrugen: BF*S = 0,8078, BF*FA = 
0,1797, BF*FB = 0,0105, BF*Var. = 0,0020. Diese Methode wurde mit Er- 
folg zur BF-Subtypisierung an gelagerten Blutspuren angewandt. Die zeitli- 
chen Nachweisgrenzen betrugen: bei 4~ 8 Wochen, bei Zimmertemperatur  
2 Wochen und bei 37~ nur 2 Tage nach Lagerung. Die BF-Subtypisierung 
ist zur rechtsmedizinischen Individualisierung von unbekannten Blutspuren 
von praktischem Nutzen. 

Schliisselwiirter: Polymorphismus, Serumgruppen - Serumgruppen, BF - Iso- 
elektrofokussierung und Immunoblotting, BF-Subtypen - Blutspuren, BF- 
Subtypisierung 

Introduction 

The genetic polymorphism of human properdin factor B (BF) was first reported 
by Alper et al. (1972) using high-voltage agarose gel electrophoresis with the exis- 
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t ence  of  two c o m m o n  al leles ,  B F * F  and BF*S,  and two less c o m m o n  alleles,  
BF*F1  and  BF*S1 (BF*S07).  Subsequen t ly ,  a n u m b e r  of  ra re  var iants  have been  
ident i f ied  and  a n o m e n c l a t u r e  has been  p r o p o s e d  by  Mauf f  et  al. (1978). 

R e c e n t  i soelec t r ic  focusing s tudies  have  r evea l ed  the  occu r rence  of  sub types  
o f  B F  F (Teng  and  T a n  1982; Gese r i ck  et  al. 1983; A b b a l  e t  al. 1985; N a k a m u r a  
et  al. 1987; N i sh imuka i  e t  al. 1988; Segu rado  and Arna i z -V i l l ena  1989) and B F  
S (Dav id  et  al. 1983; W e i d i n g e r  et  al. 1984). Us ing  this t echn ique  and i m m u n o -  
f ixa t ion ,  W e g e n e r  and  R u m m e l  (1986) d e m o n s t r a t e d  B F  ba nd ing  pa t t e rn s  in 2 
w e e k  o ld  b loods ta ins ,  bu t  no ava i lab le  da t a  were  given on B F  subtyping  f rom 
b loods ta ins .  

In  the  p r e sen t  s tudy  the  p o l y m o r p h i s m  of  B F  was inves t iga ted  in a J a p a n e s e  
p o p u l a t i o n  and  B F  subtyping  was a t t e m p t e d  f rom b loods ta ins  by  m e a n s  of  poly-  
ac ry l amide  gel  i soe lec t r ic  focusing and  immun ob lo t t i ng .  

Materials and methods  

Sera. Blood samples were collected from 765 unrelated Japanese individuals living in a central 
part of Japan, Yamanashi Prefecture. Serum samples were separated and stored at -20~ until 
u s e .  

For BF typing, 5 gl of the serum was applied to a slot of the gel. 
For BF subtyping, the serum was treated with neuraminidase according to Mauff et al. 

(1984): 9 btl of serum was added with 1 Id of 1M potassium phosphate buffer (pH 7.0) contain- 
ing 50 U/mi neuraminidase from CIostridium perfringens (Type V, Sigma, St. Louis, USA) and 
left overnight at room temperature. The mixture was applied to the gel using 5 • 6 mm filter 
paper strips (Whatman No. 3, UK). 

Bloodstains'. Venous blood from 20 donors with known phenotypes was dropped on filter 
paper (Whatman No. 3) and dried at room temperature. The bloodstains thus made were 
stored in a refrigerator at 4~ at room temperature and in a thermostatic chamber at 37~ 
and examined at different time intervals over a period of 10 weeks. 

For BF typing, 5 x 5 mm pieces of the stains were soaked with 50 gl of distilled water over- 
night at 4~ and 5 ~tl of the extracts were applied to a slot of the gel. 

For BF subtyping, the stains were cut in 5 • 6mm pieces, moistened with 10btl of 1M 
potassium phosphate buffer (pH 7.0) containing 5 U/ml neuraminidase (Type V, Sigma), left 
overnight at room temperature and directly applied to the gel. 

BF typing. BF types were determined by high-voltage agarose gel electrophoresis followed by 
immunofixation as described previously (Kido et al. 1988). 

BFsubtyping. The BF subtyping method of Nishimukai et al. (1988) was adopted in this series 
of investigations with slight modifications. 

Isoelectric focusing was carried out with an LKB 2117 Multiphor apparatus (Bromma, 
Sweden). Polyacrylamide gel plates (230 x 110 • 0.5 mm) were composed of 20 ml of stock so- 
lution (5.25% acrylamide/0.25% N,N'-methylenebisacrylamide), 3g of urea, 0.34ml of Ser- 
valyt pH 3.5-5 (Serva, Heidelberg, FRG), 0.85 ml of Ampholine pH 5-8 (LKB), 0.24ml of 
Pharmalyte pH 3-10 (Pharmacia, Uppsala, Sweden), 0.3 ml of 0.01% riboflavin and 2.5 g of 
sucrose. The electrode paper strips were soaked with 0.5M phosphoric acid for the anode and 
with 0.5M sodium hydroxide for the cathode. After prefocusing at Vmax 1200V and Imax 
10 mA for 40 min, the specimens were applied to the gel surface 2 cm from the anode. Electro- 
focusing was conducted at Vmax 1200 V and Imax 10 mA for 30 min, and at Vmax 1300 V for 
3 h, The specimens were removed after 30 min of electrofocusing. During focusing the gel plate 
was cooled by circulating water at 4~ 

A sheet of nitrocellulose membrane (Bio-Rad, Richmond, USA) was placed onto the gel 
surface and left for 40 rain without pressing. Thus, the focused proteins were passively transfer- 
red to the membrane. Following blotting the membrane was rinsed in 20 mM tris/500mM 
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sodium chloride buffer, pH 7.2 (TBS), for 10 min and immersed in TBS containing 3% gelatin 
for 30rain. After one wash in TBS containing 0.05% Tween 20 (TTBS) for 15 min, the mem- 
brane was incubated for 60 min in goat anti-human BF serum (Atlantic Antibodies, Scaborough, 
USA) diluted 400-fold with TTBS. Then, the membrane was washed twice in TTBS for 20 min 
and incubated for 60 min in peroxidase-conjugated rabbit anti-goat IgG serum (Cappel, West 
Chester, USA) diluted 400-fold with TTBS. After two washes in TTBS for 20min, the mem- 
brane was incubated in a freshly prepared reaction mixture (50 ml of TBS, 10 mg of 3,3'-diamino- 
benzidine and lml  of 30% hydroperoxide) for a few min. 

Results and discussion 

Figure  1 shows B F  sub types  r e v e a l e d  by  the  p r e sen t  i soe lec t r ic  focusing tech-  
n ique  fo l lowed  by  i m m u n o b l o t t i n g .  B F  F is subd iv ided  into  two c o m p o n e n t s :  the  
fas ter  B F  F A  and  the  s lower  B F  FB.  Thus ,  six c o m m o n  p h e n o t y p e s  assoc ia ted  
with  the  BF*S,  B F * F A  and  B F * F B  al le les  a re  classif ied.  O u r  sample  inc luded  

Fig. 1. Isoeleetric focusing patterns of BF subtypes observed in the present study. 1: S; 2: FAS; 
3: FA; 4: FBS; 5: FAFB; 6: F075S; 7: FAS045; 8: SS075. The anode is at the top 

Table 1. Distribution of BF subtypes in a Japanese population 

Subtype No. observed (%) No. expected 

S 500 (65.4) 499.2 
FAS 221 (28.9) 222.1 
FBS 13 (1.7) 13.0 
FAFB 3 (0.4) 2.9 
FA 25 (3.3) 24.7 
FB 0 (0.0) 0.1 

F075S t ; (0.3) 2.5 
SS075 1 1 
FAS045 1 (0.1) 0.5 

Total 765 (100.1) 765.0 

Allele frequencies: BF*S = 0.8078; BF*FA = 0.1797; BF*FB = 0.0105; BF*Var. (the combined 
frequency of BF*F075, BF*S075 and BF*S045) = 0.0020 
~2 =0.713, df=6, P >  0.99 
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Table 2. Positive results for the determination limits of BF S, FAS, FBS and FA subtypes in 20 
bloodstains stored at 4~ room temperature and 37~ 

Temperature Subtype Age of bloodstains 

2d 5d  l w  2w 3w 4w 5w 6w 7w 8w 9w 10w 

4~ S 8 8 8 8 8 8 8 8 8 8 
FAS 6 6 6 6 6 6 6 6 6 6 
FBS 3 3 3 3 3 3 3 3 3 3 
FA 3 3 3 3 3 3 3 3 3 3 

Room tem- S 8 8 8 8 6 5 0 
perature FAS 6 6 6 6 6 5 1 0 

FBS 3 3 3 3 3 0 
FA 3 3 3 3 3 3 3 2 0 

37~ S 8 5 0 
FAS 6 4 0 
FBS 3 2 0 
FA 3 3 0 

6 5 
2 2 
1 0 
3 3 

d: Days, w: weeks 

Fig. 2. Isoelectric focusing patterns of BF subtypes in bloodstains stored at room temperature 
for 2 weeks. 1: S; 2: FBS; 3: FAS; 4: FA; 5: S; 6: S; 7: FBS; 8: FAS; 9: FA. The anode is at 
the top 

no B F  F B  type.  T h e  o t h e r  th ree  types  of  ra re  va r ian t  were  fur ther  d e t e r m i n e d  
by  agarose  gel e l ec t ropho re s i s  as F075S,  FAS045  and  SS075. T h e  resul ts  for  the  
d i s t r ibu t ion  of  B F  sub types  in 765 J a p a n e s e  are  given in Tab le  1. T h e r e  was g o o d  
a g r e e m e n t  b e t w e e n  the o b s e r v e d  and  expec t ed  number s  of  p h e n o t y p e s  accord-  
ing to the  H a r d y - W e i n b e r g  law. The  al lele  f requenc ies  a re  s imilar  to those  for  
a n o t h e r  J a p a n e s e  s u b p o p u l a t i o n  (Ni sh imuka i  et  al. 1988). The  resul ts  p rov ide  
suppor t ing  ev idence  for  the  re l iab i l i ty  of  the  m e t h o d .  

A t  first  we t r ied  to d e m o n s t r a t e  B F  types  f rom b loods ta ins  using h igh-vo l tage  
agarose  gel e l ec t rophores i s  fo l lowed  by  immunof ixa t ion .  H o w e v e r ,  the  band ing  
p a t t e r n s  were  so fa int  and  diffuse tha t  the  typing  was no longe r  poss ib le  a few 
days  af te r  s tain fo rma t ion .  

T h e  p r e s e n t  i soe lec t r ic  focusing t echn ique  and  subsequen t  i m m u n o b l o t t i n g  
y i e lded  fair ly  c lear  B F  pa t t e rn s  f rom dr ied  b loods t a in s  though  the  bands  b e c a m e  
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fainter and more  indistinct with increasing age of  stains. There  were  no remark-  
able differences in loss o f  intensity a m o n g  the allelic products .  Table  2 shows the 
results for the de terminat ion  limits of  BF subtypes in bloodstains s tored at 4~ 
r o o m  tempera tu re  and 37~ All  the bloodstains  examined were  subtyped for 
BF at 4~ for  per iods of  up to 8 weeks,  at r o o m  tempera tu re  for  per iods of  up to 
2 weeks and at 37~ for  per iods of  up to only 2 days. Our  results at 4~ and 
r o o m  tempera tu re  are superior  to those of  Wegene r  and R u m m e l  (1986) at 4 -  
25~ The  BF  subtype pat terns  in bloodstains  stored at r o o m  tempera tu re  for  2 
weeks are shown in Fig. 2. 

The  me thod  of  Nishimukai  et al. (1988) also permits  reliable BF  subtyping 
f rom dried and stored bloodstains.  The  above  limits of  de terminat ion  imply that  
this prote in  is stable enough  to be used for forensic purposes ,  but  unsui table to 
be used in summer  or  in tropical  coun t r i e s  The  BF  subtype system would  offer  
a new useful genetic  marke r  for the medicolegal  grouping of  bloodstains  pro- 
vided that  polyacrylamide  gel isoelectric focusing combined  with immunoblo t -  
ting is used. 
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