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Summary. Glycolipids extracted from groups A, B, and 0 erythrocytes were 
developed on thin-layer plates; their AB0 blood group antigenicities were 
detected by immunostaining method using avidin-biotin-complex (ABC). 
Among series of glycolipids of different flow rates, antigen-specific staining 
was observed in five bands from group A1 erythrocytes, four bands from 
group B, and two bands from group O. Monoclonal anti-A, -B, and -H anti- 
bodies specifically stained glycolipids from A1, B, and 0 erythrocytes, re- 
spectively. 

AB0 blood grouping was possible from 5 g of epidural heat hematoma of 
a charred body by this method. ABC immunostaining on thin-layer 
chromatography is a useful and reliable method for AB0 blood grouping in 
forensic practice. 

Key words: AB0 blood groups, immunostaining - Glycolipids, AB0 blood 
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Zusammenfassung. Glycolipide, welche von Erythrozyten der Blutgruppen 
A, B und 0 extrahiert wurden, wurden mittels der Dtinnschichtchromatogra- 
phie nachgewiesen; ihre AB0-Blutgruppenprfigung wurde mit Hilfe der Im- 
munf~irbungsmethode unter Verwendung von Avidin-Biotin-Complexen 
nachgewiesen. Unter den Serien von Glycolipiden mit verschiedenen FlieB- 
geschwindigkeiten wurden antigenspezifische F~irbungen in ffinf Banden 
von Erythrozyten der Blutgruppe A festgestellt, in vier Banden von Ery- 
throzyten der Blutgruppe B und in 2 der Blutgruppe 0. Monoklonale Anti- 
A, B- und H-Antik6rper f~irbten spezifisch Glycolipide der jeweiligen Ery- 
throzyten. 
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Im  Falle einer verkohl ten  Leiche  war die AB0-B lu tg ruppenbes t immung  
aus 5 g eines ep iduraden  Hi t ze -H~matoms  m6glich. Die Immunf~irbung mit  
Hilfe des Avidin-Biot in-Complexes  auf Dt innschichtchromatographie-Plat ten 
ist eine ntitzliche und zuverl/~ssige M e t h o d e  ftir die AB0-Blu tg ruppenbe -  
s t immung in der  forensischen Praxis. 

Schliisselw6rter: AB0-Blu tg ruppen ,  Immunff i rbung - Glycolipide,  AB0-  
Blu tg ruppen  

Introduction 

Recent ly ,  immunos ta in ing  on thin-layer c h r o m a t o g r a p h y  (TLC- Immunos t a in -  
ing) has been  adop ted  to detect  glycolipid antigens of  colon carc inoma and chol- 
era  toxin using monoc lona l  antibodies [1, 2]. Hansson  et al. [3] also pe r fo rmed  
immunos ta in ing  on thin-layer c h r o m a t o g r a p h y  using the 125I-labeled secondary  
an t ibody for  the detect ion of  b lood  group A-  and B-active glycolipids. 

In  this study, var ious immunos ta in ing  methods  on thin-layer plates using 
peroxidase- labeled  antibodies were  c o m p a r e d  to analyze the A B 0  antigen ac- 
tivities of  glycolipids f rom erythrocytes .  Moreove r ,  we tried to detect  A B 0  
b lood group antigens f rom epidural  heat  h e m a t o m a  by A B C  method .  

Materials and Methods 

Preparation of ABO Blood Group-active Glycolipids from Whole Blood 

A, B, and 0(H)active glycolipids were prepared by the method of Folch et al. [4]. One 
hundred milliliters of each human red cell (A, B, and 0) from a bag of whole blood preserved 
in ACD (acid-citrate-dextrose) solution for 30 days were washed three times with saline and 
hemolyzed in 0.2% acetic acid. After being centrifuged and washed again with water, the 
stroma was stirred continuously in 200 ml acetone for 1 h. The dehydrated stroma was extrac- 
ted with 200 ml chloroform/methanol (2:1, vol/vol) by constant stirring at room temperature 
for 1 h. The extracts were subsequently evaporated to dryness with a rotary evaporator. Total 
glycolipids containing AB0 glycosphingolipids were dissolved in 5 ml chloroform/methanol 
(2 : 1, vol/vol), followed by re-evaporation to dryness under a stream of nitrogen gas. The 
crude extracts were readjusted to a volume of 100 pl with chloroform/methanol (2 : 1, vol/vol), 
and were used for the detection of AB0 blood group antigens using immunostaining on thin- 
layer chromatography (TLC). 

Preparation of ABO Blood Group Glycolipids from Epidural Heat Hematoma of a Charred Body 

Five grams of epidural heat hematoma was obtained from a body which was burned to death 
in a house-fire. The sample of hematoma was washed with water three times. Separation of 
blood group-active glycolipids was made essentially by the same way as from the whole blood. 
Finally, the crude extract was dissolved in 50 gl chloroform/methanol (2 : 1, vol/vol). 

Procedures for ABO Grouping by Irnrnunostaining on TLC 

1. The preparation (8 ~tl) was applied on an aluminium plate (6 x 8 cm) coated with Silieia Gel 
60 (HPTLC, Merck, Darmstadt, FRG). 
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Table 1. Monoclonal antibodies employed for TLC-im- 
munostaining 

Monoclonal Immunogen 
antibody 

Anti-A GalNAcc~ (1-3) (Fucc~ (1-2)) Gall3- 
Anti-B Gala ( l -3 )  (Fuca(l-2))  Ga113- 
Anti-H Fucc~ (1-2) Ga113 (1-4) GlcNac 13- 

Fuc: fucose; Gal: galactose; GalNAc: N-acetylgalacto- 
samine; GlcNAc: N-acetylglucosamine 

2. Glycosphingolipids were developed on the plate in a chromatography tank containing 
chloroform, methanol, and water (60 : 35 : 8, vol/vol/vol). 

3. The plate was air-dried, and then covered with phosphate-buffered saline containing 5% 
bovine serum albumin (BSA-PBS) for 30 rain in a moist chamber. 

4. BSA-PBS was then tipped off; as the primary antibody, blood grouping antibodies (anti-A, 
anti-B, and anti-H monoclonal antibodies; DAKO, Santa Barbara, Cal., USA) were overlaid 
on the plate and let react for i h in a moist chamber. These monoclonal antibodies were pro- 
duced by immunization against the sugar groups listed in Table 1. Each antiserum used was 
diluted to 1/30 of the original volume in PBS containing 0.5% BSA. Agglutination titers of 
commercial DAKO anti-A, anti-B, and anti-H monoclonal antibodies with groups A, B, and 
0 erythrocytes were 256,256, and 64, respectively. 

5. The antiserum was tipped off and the plate rinsed three times with BSA-PBS. For the de- 
termination of AB0 blood groups, the following three immunostaining methods were per- 
formed, (a) avidin-biotin-peroxidase complex method: ABC method, (b) unlabeled antibody 
enzyme method with peroxidase-anti-peroxidase complex: PAP method, and (c) indirect 
method. 

(a) In the ABC method [5], a biotinylated anti-mouse IgM antiserum (Medical Biological 
Laboratory, Nagoya, Japan) was used at the dilution of 1/30 with BSA-PBS. 

(b) In the PAP method [6], a rabbit anti-mouse immunoglobulin serum (DAKO, Santa 
Barbara, Cal., USA) and peroxidase-anti-peroxidase complex mouse serum (DAKO, Santa 
Barbara, USA) were used respectively diluted to 1/25 and 1/100 with BSA-PBS. 

(c) In the indirect method, peroxidase-conjugated rabbit anti-mouse immunoglobulin 
serum (DAKO, Santa Barbara, Cal., USA) was used at the dilution of 1/50 in BSA-PBS. 
Reaction time of the secondary antibody or the peroxidase-conjugated antibody on the plate 
was l h  each in a humid atmosphere. At the interval of each step, the plate was washed three 
times with BSA-PBS. 

6. For staining of blood group-specific antibody binding, the plate was treated with 4-chloro- 
1-naphthol (10mg/ml in ethanol) diluted 1:50 in PBS (1/15M, pH 7.2) to which fresh 30% 
H202 was added to a final concentration of 0.005%. 

Results 

Tota l  g lycol ip ids  e x t r a c t e d  f rom h u m a n  b l o o d  were  s e p a r a t e d  by  T L C  using the  
so lvent  c h l o r o f o r m - m e t h a n o l - w a t e r .  I m m u n o c h e m i c a l  s ta ining of  e r y t h r o c y t e  
m e m b r a n e  g lycol ip ids  on  T L C  was p e r f o r m e d  to de tec t  A B 0  b l o o d  g roup  activ- 
i ty b y  using an t i -A ,  B,  and  H m o n o c l o n a l  an t ibod ies .  T a b l e  2 c o m p a r e s  the  sen-  
si t ivi ty a m o n g  the  i m m u n o s t a i n i n g  t echn iques  e m p l o y e d  in this s tudy,  A B C ,  
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Table 2. Comparison of immunostaining methods on 
TLC 

Method Original red cell volume (ml) 

10 20 50 100 

ABC _+ + ++ ++ 
PAP - + + + + 
ID - _+ _+ + 

(-):  a negative staining; (+): an equivocal staining; 
(+): a moderate staining; (+ +): a good staining. ABC: 
avidin-biotin-peroxidase complex method; PAP: unla- 
beled antibody enzyme method with peroxidase-anti- 
peroxidase complex; ID: Indirect method 

a 

A B O A B O A B O 
Fig. la-c. Glycolipids extracted from erythrocytes of different blood groups immunostaining 
by the avidin-biotin-complex (ABC) method on thin-layer chromatography. Lanes A, B, and 
0 were applied with samples from A, B, and 0 erythrocytes, respectively. The chromatography 
was developed with chloroform/methanol/water (60: 35 : 8) and (a) stained by anti-A mono- 
clonal antibody (MoA), (b) by anti-B MoA, and (e) by anti-H MoA 

PAP, and ID. The ABC method was the most sensitive and reliable for deter- 
mination of AB0 blood grouping. 

As shown in Fig. 1, prominent  bands observed in glycolipid preparations of 
A1, B, and 0 erythrocytes differed from each another. Group A1 (Fig. l a )  and 
group B (Fig. lb )  bloods revealed five bands and four bands with monoclonal 
antibodies, respectively, whereas group 0 blood revealed only two bands with 
an anti-H monoclonal antibody (Fig. lc) .  Figure 2 shows the result of AB0 
grouping of glycolipid preparation obtained from markedly heat-coagulated 
epidural blood mass using the ABC method. The glycolipids extracted from epi- 
dural heat hematoma reacted with only anti-B monoclonal antibody (Fig. 2b), 
Lane P on the thin-layer plates showed reactivity neither with anti-A nor anti-H 
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Fig.2a-c. Immunostaining by the ABC method on thin-layer chromatography. Glycolipids 
extracted from an epidural hematoma of a charred body. Lane P shows the immunostaining 
pattern of glycolipid antigens extracted from 5 g heated epidural hematoma stained with 
monoclonal antibodies. Samples in lanes A, B, and 0 are the same as in Fig. 1 

monoclonal antibody (Fig. 2a, c). These results clearly demonstrated that the 
AB0 phenotype of the charred body was B. 

Discussion 

Immunostaining on thin layer plates has been used to identify components of 
glycolipid fractions from blood [7, 8, 9]. In these studies, blood group active 
substance was purified to neutral glycolipids; but crude glycolipids was suffi- 
cient for identification of blood groups in forensic practice. 

Immunostaining of the erythrocyte glycolipids was performed using other 
polyclonal anti-A (Ortho) and anti-B (Ortho) antibodies. The results (data not 
shown) were essentially identical with the patterns shown in Fig. 1. However, 
most sensitive and consistent results were obtained by using commercially pre- 
pared anti-A, anti-B, and anti-H monoclonal antibodies. 

It is known that the blood group A and H determinant is carried mainly by 
types 2 and 3 chains in red cells, by type 1 chain in gastrointestinal tract, and by 
type 4 chain in kidney; the blood group B determinant, however, lacks type 3 
chain structure [10]. A, B, and H-active type 2 chain structures have four sub- 
types, respectively [11-16]. 

The five bands observed in the group A chromatogram in this study would 
indicate that the monoclonal anti-A antibody cross-reacted with all the varieties 
of group A chain structures defining the common epitope of type 3 chains and 
the four bands probably representing the four subtypes of type 2 chain. 

In contrast, only two bands were shown in the group H chromatogram. 
Probably, the monoclonal anti-H used might have been more chain-specific and 
reacted with only two subtypes of resembling structures, such as the un- 
branched chains (H1 and H2 of type 2) and failed to react with the branched. 
Another possibility would be that the solvent used could not separate the sub- 



220 M. Ota et al. 

types and gave only two bands: the unbranched and the branched (H3 and H4 
of type 2, and type 3). 

No variation of TLC glycolipid patterns was observed in A1, B, and 0 ery- 
throcytes, respectively, from 20 individuals. Moreover ,  there was no difference 
in glycolipid patterns between A1 and A2 erythrocytes with the monoclonal anti- 
body used here. The chemicai basis of the distinction between A1 and A2 erythro- 
cytes of blood group A is not entirely known; however,  recent studies [7, 8] 
have shown the qualitative difference. Structures of group A-active type 3 and 
type 4 chain were characteristic of A1 erythrocytes and present only in trace 
amounts in A2 erythrocytes. Monoclonal antibody used in this study could not 
distinguish between A1 and A2 types by immunostaining patterns of TLC. A 
further study of immunostaining patterns on TLC would be required using 
erythrocyte glycolipids from other AB0 variants. 

The ELISA method is, though accurate and simple, sometimes disturbed by 
false positive reactions due to endogenous peroxidase activity of hemoglobin. 
The ABC method used here was free from this problem, as hemoglobin was 
eliminated from the TLC plate by its faster flow rate than glycolipids enabling 
specific staining. 

Nagano et al. [17] reported that A, B, and 0(H) blood group glycolipids re- 
tained the blood group activities after being heated in the solid state at 120°C 
for I h. We succeeded in typing the AB0 blood groups of markedly heated epi- 
dural hematoma by using immunostaining on TLC. 

If an adequate numbers of samples is available, this technique would also be 
applicable to blood grouping of heated blood, bone tissues, and dental tissues. 

Acknowledgement. The authors wish to thank Professor T. Nagano of Kanazawa University 
for his helpful advice. 
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