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Summary. Practical methods were developed for A B O  
blood grouping of semen from mixed body fluids. An 
monoclonal antibody (P6-5H) which recognizes a tissue- 
specific epitope on a seminal ABO blood group sub- 
stance (a2-seminoglycoprotein) was used as a solid phase 
antibody for selective capture of the seminal A B O  blood 
group substance. ABO blood group epitopes of secretor 
and non-secretor semen were detected in dilutions of 
8 x 103-3.2 × 104 and 8 × 103-fold, respectively, by sand- 
wich ELISA.  AB O blood group epitopes were also de- 
tected in dilutions up to 4 × 10%fold, irrespective of sec- 
retor  status, by the sandwich absorption-elution test. 
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Zusammenfassung. Eine praktikable Methode wurde 
entwickelt ffir die ABO-Best immung an Samen bei Vor- 
liegen von gemischten K6rperfliissigkeiten. Ein mono- 
klonaler Antik0rper  (P6-5H), welcher ein gewebsspezi- 
fisches Epitop von Spermafltissigkeits-ABO-Blutgrup- 
pensubstanz (az-Seminoglycoprotein) erkennt,  wurde 
als Fest-Phasen-Antik0rper eingesetzt zur selektiven 
Bindung der ABO-Blutgruppensubstanz aus Samen. 
ABO-Blutgruppenepi tope von Sekretoren und Nichtse- 
kretoren wurde bis zu Verdtinnungen 8 × 103 bis 3,2 × 
104-fach bzw. 8 x 103-fach nachgewiesen mit Hilfe der 
Sandwich-EL1SA-Technik. AB O-Blutgruppen-Epitope 
wurden ebenfalls nachgewiesen bis zu Verd~nnungen 
von 4 × 103-fach, unabh~ingig vom Sekretorstatus mit 
Hilfe des Sandwich-Absorptions-Elutionstestes. 

Schliisselwiirter: Monoklonale Antik6rper  - ABO-Blut-  
gruppenbestimmung - Samenfltissigkeit 
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Introduction 

Although D N A  fingerprinting has brought about inno- 
vations in the identification of individuals, conventional 
A BO  blood grouping is still a very important procedure 
for individual identification in criminal investigations. 
A BO  blood grouping is well established, however, pro- 
cedures for the A BO  blood grouping of each constituent 
body fluid in mixed body fluids remain to be developed. 
In particular, the A BO  blood grouping of semen mixed 
with vaginal secretion is extremely important in the in- 
vestigation of sexual assaults. 

Recently,  we developed methods for A B O  blood 
grouping of saliva from mixed body fluids by sandwich 
methods using monoclonal antibodies (mAbs) to a tis- 
sue-specific epitope (TSE) on the core protein of an 
A B O  blood group substance (BGS) in saliva [1, 2]. If 
seminal ABO-BGS also carries TSE on its core protein, 
A BO  blood grouping of semen from mixed body fluids 
can be performed by sandwich methods using mAb to 
TSE of seminal ABO-BGS.  In this report,  we describe 
the production of mAb to TSE of seminal ABO-BGS 
and the application of this mAb to sandwich methods for 
A BO  blood grouping of semen from mixed body fluids. 

Materials and methods 

Production of  anti-seminal ABO-BGS mAb. Seminal plasma (B 
Se) was separated by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) according to Laemmli [3] and the ABO blood group 
active fraction was eluted electrophoretically from the stacking 
gel. The ABO blood group epitope in the eluate was detected to a 
104-fold dilution by ELISA and this eluate was used as the im- 
munogen. Immunization of mice with immunogen, fusion of mice 
lymph nodes cells with myeloma cells (P3U1) and establishment of 
antibody-producing hybridomas were performed essentially as de- 
scribed in the previous paper [1]. 

Buffers. Compositions of buffers used in this study were described 
in the previous paper [1]. 
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Enzyme-linked immunosorbent assay (ELISA). ELISA was per- 
formed as described in the previous paper [1], except that biotin- 
conjugated F(ab')2 fraction of sheep anti-mouse IgG(X2, 500 dil.; 
Cappel, Pa, USA) was used as secondary antibody. 

Immunoblotting. Immunoblotting was carried out by separating 
the proteins on a SDS-polyacrylamide gel and electroblotting on to 
a PVDF membrane (Millipore, Ma, USA) as described by Towbin 
et al. [4]. The membrane was incubated with anti-seminal ABO- 
BGS mAb P6-5H (2 gg/ml) over night at room temperature and 
the antigen-antibody complexes were identified with biotin conju- 
gated F(ab')2 of sheep anti-mouse IgG (X2,500 dil.) and avidin- 
HRP (X5,000 dil.). 4-Chloro-l-naphthol was used as substrate for 
color development. 

Sandwich ELISA. Preparation of P6-5H coated plate for sandwich 
ELISA was performed in the same way as described in the previ- 
ous paper [2], except that purified P6-5H solution (2 gg/ml) was 
used for coating the plate. Specimens of mixed body fluids (50 gl) 
were added to the wells and incubated for 1 h at 37°C. The plate 
was then washed and to each well 50 gl of monoclonal anti-A, anti- 
B (X10 dil.; Ortho diagnostics, N.J., USA) or anti-H(X10 dil.; 
CHEMBIOMED, Alb, Cad) antibody was added. After 1 h incu- 
bation at room temperature, the plate was washed five times with 
washing buffer and incubated with 50 gl of HRP conjugate anti- 
mouse IgM (X1,000 dil.; CALTAG Laboratories, CA, USA) for 
1 h at room temperature. Color development of the enzyme sub- 
strate reaction was measured as for the ELISA procedure. 

Sandwich absorption-elution test. Preparation of P6-5H coated 
plate and incubation with specimens were performed as for sand- 
wich ELISA. The absorption-elution test on the plate was carried 
out as described previously [2]. 

R e s u l t s  

Production and properties o f  m A b  to TSE 
on seminal B G S  

Hybr idomas  were  ob ta ined  by fusion of  m ye loma  P3U1 
and lymph node  cells f rom mice immunized  with seminal 
BGS.  Cul ture  supernatants  were screened by E L I S A  on 
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Fig. 1. Detection of semen by ELISA with P6-5H. Serial dilutions 
of semen on plate were used as the solid phase antigen. P6-5H 
(2 gg/ml) was used as primary antibody. ELISA was performed as 
described in Materials and Methods. O: A Se, A: B Se, R: O Se, 
I1: O Se, @: AB Se 
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Fig. 2. Binding properties of P6-5H to immunogen and ct2-SGP. 
Immunogen (ca. 10 gg/ml) and ct2-SGP (10 gg/ml) were used as the 
solid phase antigen. Serial double dilutions of P6-5H (ascites) were 
used as primary antibody. ELISA was performed as described in 
Materials and Methods. 0:  immunogen, O: ct2-SGP 
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Fig. 3A, B. Identification of the 
seminal component defined by P6-5H. 
Semen and ct2-SGP were separated by 
SDS-PAGE (5% acrylamide gel) and 
stained with periodic acid-schiff 
(PAS) A. Seminal components sepa- 
rated by SDS-PAGE were transfered 
to PVDF membrane and the blot was 
stained with P6-5H B. 1: ct2-SGP, 2: 
semen 

the plate coated  with seminal B G S ( B  Se). Cul ture  super- 
natants  of  the positive wells were re-screened on the 
plate coated  with saliva BGS(B  Se) to discriminate the 
semen-specific clones f rom the cross-reactive and blood 
group specific clones. Of  the many  hybr idomas  produc-  
ing antibodies,  several p roduced  antibodies which bound  
only to seminal BGS.  One  of  these hybr idomas  (P6-5H) 
was highly specific for  seminal B G S  but  not  specific for 
A B O  blood groups. 

A l though  the amounts  of  seminal B G S  varied be- 
tween individual, they were  detected to a dilution of  at 
least 60,000 by E L I S A  with P6-5H, irrespective of  A B O  
blood group and secretor  status (Fig. 1). 

Figure 2 shows that  P6-5H bound  not  only to the im- 
munoge n  but  also to a2-SGP which carries the A B O  
blood group epi tope [5]. Fur the rmore ,  high molecular  
weight  g lycoprote in  which cor responded  to a2-SGP, was 
stained with P6-5H on the blot  of  seminal p lasma pro-  
teins (Fig. 3). These  results suggest that  the e lectropho-  
retically purified A B O - B G S  for immunogen  was a2-SGP. 

The  tissue specificity of  P6-5H was investigated by 
immunoblo t t ing  (Fig. 4). B o d y  fluids (saliva and vaginal 
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Fig. 4A, B. Analysis of tissue specificity of P6-5H. Semen, saliva 
and vaginal secretions were separated by SDS-PAGE (5% acryl- 
amide gel) and transfered to PVDF membrane. The gel was 
stained with PAS A and the blot was stained immunologically with 
P6-5H B. i: semen, 2: saliva, 3: vaginal secretion 
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Fig. 5. ABO blood grouping of semen from mixed body fluids by 
sandwich ELISA. Specimens were prepared as follows: specimen 
1, 25 ~tl of A Se semen (X250 dil) + 25 gl of B Se saliva (X250 dil); 
specimen 2, 25 gl of B Se semen (X250 dil) + 25 ~tl of extract from 
a A Se vaginal swab; specimen 3, 25 gl of O Se semen (X250 dil) + 
25 gl of extract from a A Se vaginal swab; specimen 4, 25 gl of O se 
semen (X250 dil) + 25 gl of extract from a A Se vaginal swab; 
specimen 5, 50 gl of AB Se semen (X500 dil). Procedures are de- 
scribed under Materials and Methods. Absorbance values are ob- 
tained after subtraction of the blank values (ca. 0.05) from the 
measured ones 

secretions) other than semen were not stained with P6- 
5H which shows that P6-5H recognizes TSE of seminal 
BGS. 
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Fig. 6. The limits of detectable ABO blood group from semen by 
sandwich ELISA. Serial doubling diutions of semen were used as 
specimens. Procedures are described under Materials and Meth- 
ods. ©: A epitope of A Se semen, A: B epitope of B Se semen, 
Vq: H epitope of O Se semen, II: H epitope of O se semen, ~ :  B 
epitope of AB Se semen. Absorbance values are obtained after 
subtraction of the blank values (ca. 0.05) from the measured ones 

A B O  blood group antibodies by E L I S A  and absorption- 
elution test, without interference by other body fluids. 

A B O  blood grouping of 500-fold dilutions of semen 
mixed with saliva or vaginal secretions was performed by, 
sandwich E L I S A  (Fig. 5). Although the A B O  blood 
groups of these specimens were detected as the sum of 
blood groups of each body fluid by the conventional ab- 
sorption-elution test, only the ABO blood group of semen 
was detected by the present method. The same results 
were also obtained with the sandwich absorption-elution 
test (data not shown). 

Figure 6 shows the limits of detection of A B O  blood 
group epitopes from semen by sandwich ELISA.  In this 
method, A B O  blood group epitopes were detected in 
8,000 to 32,000-fold and in 4,000-fold diluted semen 
from secretors and non secretors, respectively. These 
detection limits varied significantly between individuals. 

In the sandwich absorption-elution method, detec- 
tion limits were in the range 4,000 to 8,000-fold dilu- 
tions, irrespective of secretor status (data not shown). 

Discussion 
Blood grouping of semen by sandwich method with P6-5H 

Since P6-5H recognized TSE of seminal BGS, P6-5H 
seemed to be a suitable antibody to use for the capture 
of seminal ABO-BGS from mixed body fluids. There- 
fore, we examined the applicability of P6-5H as a cap- 
ture antibody for A B O  blood grouping of semen by 
sandwich methods. 

Specimens of mixed body fluids were incubated with 
purified P6-5H. The A B O  blood group epitopes of sem- 
inal BGS captured by P6-5H were detected with anti- 

In recent years several attempts to identify the A B O  
blood group of semen from mixed body fluids have been 
reported including an immunohistochemical procedure 
[6]. In other reports, polyclonal anti-seminal plasma 
antibodies were employed as capture antibodies in sand- 
wich ELISA or as precipitating antibody in the immuno- 
diffusion method [7, 8]. However,  there were uncertain- 
ties in these methods, because the polyclonal antibodies 
employed were not specific for seminal BGS but for 
seminal plasma. Therefore, we attempted to achieve the 
same purpose by using mAb which was specific to semi- 
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nal BGS. We prepared mAb(P6-5H)  against TSE on 
seminal BGS which was specific for semen and could be 
used to distinguish between semen and other body fluids 
(saliva and vaginal secretions) as shown in Fig. 4. By 
using P6-5H as a capture antibody, A B O  blood group 
epitopes on seminal BGS were selectively detected by 
the sandwich method with ant i -ABO blood group anti- 
bodies (Fig. 5). These results supported our hypothesis 
on the structure of seminal ABO-BGS.  Figures 3 and 4 
show that P6-5H recognizes a2-SGP. Iki et al. (1988) re- 
ported that anti-a2-SGP antibody, as well as ant i -ABO 
blood group antibody, was produced by injection of pu- 
rified a2-SGP into rabbits, and that this anti-ct2-SGP anti- 
body could be used in the sandwich method for A B O  
blood grouping of semen. However ,  this polyclonal anti- 
a2-SGP antibody cross-reacted with saliva BGS [9]. In 
contrast to the polyclonal anti-a2-SGP, P6-5H did not 
cross-react with saliva BGS,  demonstrat ing that both  
common and specific epitopes exist on seminal BGS and 
P6-5H recognized a specific epitope. 

ABO blood grouping of semen by the sandwich meth- 
od with P6-5H is highly sensitive. The sensitivity of the 
sandwich absorption-elution test is lower than that of 
sandwich ELISA,  but is sufficient for practical use. The 
sandwich absorption-elution test can be per formed with- 
out expensive reagents and equipment  such as labeled 
second antibodies and E I A  reader.  

Since rape cases involving more  than one assailant 
are not rare,  it is important  to identify the A B O  blood 
groups of all assailants relevant to the sexual assault. 
When the eluate in our sandwich absorption-elution test 
was applied to sandwich E L I S A  using A B O  blood group 
antibodies as capture antibodies [10], it was possible to 
discriminate whether  the specimen is blood group AB 
semen or a mixture of blood group A and B semen. 
However ,  if the specimen is a mixture of blood group 
AB semen and other blood groups, all specimens will be 
identified as blood group AB semen. Therefore ,  blood 
grouping of individual semen in a specimen which is mix- 
ture of semen from multiple assailants is very restricted. 

Based on our hypothesis on the structure of A B O -  
BGS in body fluids, we have also produced anti-human 
salival BGS mAbs.  These mAbs  recognized the core 
protein of salival BGS and were tissue and species spe- 
cific [1], and could be employed for blood grouping of 
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saliva from mixed body fluids [2]. We think that the 
sandwich method with m A b  against TSE of BGS may be 
the universal method for A B O  blood grouping of indi- 
vidual body fluids f rom a mixture of body fluids. 
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