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ABSTRACT 
Oligosaccharides in human blood are involved in various blood 
group antigens. Sialo-oligosaccharide-rich glycoproteins (GPs) in 
red blood cell (RBC) membranes also carry M, N, Ss and other 
blood group antigens. However, teleost blood is not expressed as 
a blood group antigen. Our study showed that carp, yellow tail 
and red sea bream GPs exhibit broad-spectrum antibiotic activity. 
This bacteriostatic activity is caused by the sialo-oligosaccharides 
from GPs. 
Based on NMR and GC–MS results, the structure of the 
bacteriostatic sialo-oligosaccharide from carp GP was determined 

to be NeuGcα2→6(Fucα1→4) (Glcα1→3) Galβ1→4GalNAc-ol. 

Compared to carp pentose, the structure of human GP O-linked 
tetra- or tri-oligosaccharides is simpler. In addition, NeuAc is 
simpler in human GPs than in carp NeuGc. 
In contrast to human blood, teleost blood does not contain IgG, and 
other antibodies occur at low levels. Teleost GPs may act as 
substitutes for antibodies, such as IgG, in the immune system. In this 
review, the transformation of the physiological function of 
oligosaccharides with respect to their structure is described. 
Keywords: teleost, red blood cell membranes, glycophorin, 
antibiotic activity, blood group antigen, immune system 
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Abbreviations 
GP: glycophorin; 
RBC: red blood cell; 
NeuGc: N-glycolylneuraminic acid; 
Ac: acetyl; 
Fuc: fucose; 
Glc: glucose; 
Gal: galactose; 
GalNAc-ol: N-acetylgalactosaminitol; 
NeuAc: N-acetylneuraminic acid; 
CBB: Coomassie brilliant blue R-250 
 

Introduction 
The physiological function of oligosaccharides 
generated from glycoproteins or glycolipids in 
human blood involves the presence of various blood 
group antigens on the surface of human red blood 
cell (RBC) membranes1. In addition to sialo-
oligosaccharide-rich glycoproteins in RBC 
membranes, glycophorins (GPs) carry M, N, Ss and 
other blood group antigens2,3. Immune reactions to 
blood group antigens are essential in transfusion. 
When the blood of other individuals is mixed, these 
blood group antigen polymorphisms lead to 
haemagglutination. However, when teleost blood 
from the same species is mixed, haemagglutinated 
does not occur. Based on this phenomenon, the 
blood group system in teleosts may be analogous 
to that in other individuals of the same species4.  
 
 To clarify the physiological activity of teleost GPs, 
we isolated and prepared GPs from the RBC 
membranes of carp (Cyprinus carpio L.) according 
to the human GP preparation method5. Carp GP 
was found to exhibit bacteriostatic activity against 
various gram-negative and gram-positive bacteria, 
including fish pathogens6. This antibacterial 
property of carp results from the presence of the 
attached sialo-oligosaccharide (P-1)6. 
 
While MN and Ss blood group antigens are carried 
on human GPs, their antibacterial properties have 
not been detected. These differences in each GP 
were elucidated by the structure of the 
oligosaccharides in these GPs and blood group 
antigens. 
 

Physiological activity of 
oligosaccharides as blood group 
antigens 
Among the various blood group types, ABO blood 
group antigens are the most clinically important 
group in human blood transfusion practice. 
However, the role of oligosaccharides attached to 
these antigens has not been clearly determined for 
a long time because purifying and preparing 

oligosaccharides is difficult. Moreover, identifi-
cation is difficult because oligosaccharides are 
attached to a diverse range of substrates. 
 
Since 2000, the use of molecular biology, gene 
cloning, the sequencing of specific glycosyltrans-
ferase genes and other methods (NMR and X-ray 
crystallography) has led to studies on the 
physiological activity of oligosaccharides7,8. These 
results revealed that the ABO blood group antigen 
has three different terminal oligosaccharide 
sequences. These terminal saccharides present as 
much as 75% of the total antigens on N-linked 
glycans and reside on the major glycoprotein band 
3 in RBC membranes8. Band 3 contains 
approximately 50% of all ABO antigens8. 
Furthermore, approximately 10% of ABO antigens 
reside on O-linked glycans, and approximately 
15% reside on glycolipids in RBC membranes8. The 
terminal trisaccharide sequence of blood Group A 

is GalNAcα1→3 (Fucα1→2) Galβ1→. The 

sequence of blood Group B is Galβ1→ 

3(Fucα1→2) Galβ1→. Blood Group O is the 

disaccharide Fucα1→2Galβ1→8. The main 

glycoprotein in human RBC membranes, GPs, carries 
M, N, Ss and other blood group antigens. These 
antigens rely on sialo-oligosaccharides, which 
attach to O-linked or N-linked oligosaccharides of 
GPs. Human GPs lose blood group activities after 
desialylation treatment 2.  
 
In addition to GPs, several glycoproteins in human 
RBC membranes have blood group antigens1, such 
as DARC/Duffy blood group antigens9, Lu 
(Lutheran) blood antigen10, and the Kell blood 
group antigen11. However, the physiological 
function of oligosaccharides against these antigens 
remains unclear12.  
 

Blood group antigens of teleost blood 
As mentioned above, the diversity of blood group 
antigens in human RBCs is not observed in carp sera. 
In our experiments, haemagglutination was not 
observed when individual carp blood samples were 
mixed13. Many serological studies have examined 
the use of teleost serum against environmental 
antigens; however, this phenomenon has not been 
clearly observed in blood transfusions from the 
same species14. Suzuki reported that 
isohaemagglutinin in the serum of teleost blood is 
very rare and is expressed at low levels4. As 
different blood types have not been reported in 
carp, Takeda examined the possibility of blood 
transfusion from individual carp15. In these 
experiments, transfusion was effective in six 
patients in eleven trials. However, anaemia could 
not be effectively prevented in five patients. 

https://esmed.org/MRA/index.php/mra/article/view/4999


  

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/4999  3 

Physiological function of oligosaccharides in teleost blood 

Takeda concluded that blood incompatibility was 
possible between different individuals of carp15. In 
our study, MN and Ss blood group activities were 
not detected in carp blood by the haemag-
glutination titration test. However, the carp GPs 

exhibited weak N blood group activity, and a 
mixture of N and serum was observed under a 
microscope (Figure 1). These results suggested that 
the blood type was incompatible. 

 
Figure 1. Immunological analysis of carp glycophorin. 
(a) Double immunodiffusion analysis of carp glycophorin. 
The immunodiffusion test was performed following the methods of Ouchterlony30. The centre wells contained 
M, anti-M serum (rabbit); N, anti-N serum (rabbit). The outer wells contained the carp GP solution, starting 
at twelve o'clock, after which the dilutions were doubled clockwise. The diameter of the well was 2 mm. After 
incubation was performed at 37 °C for 48 h, the precipitate was identified by staining the precipitate with 
5% CBB. 
(b) Haemagglutination of carp red blood cells with anti-N serum. 
A, Packed carp RBCs were washed with fish saline (1.7% NaCl in 1 mM Tris, pH 8.0)31 and suspended in the 
same saline (10%, v/v); B, An equal volume of anti-N serum was added to the cell culture mixture at 25 °C. 
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Physiological activity of sialo-
oligosaccharides from teleost GPs 
To clarify the physiological activity of carp GPs, we 
performed a sensitivity test for the growth of 
several bacteria using the disk plate method. These 
results suggested that the carp GPs exhibited 
bacteriostatic activity, and this activity was 
observed for all tested bacteria, including three 
known fish pathogens (gram-positive bacteria: 
Micrococcus luteus and Bacillus subtilis; gram-
negative bacteria: Vibrio anguillarum, Edwardsiella 
tarda, Aeromonas hydrophyla, Escherichia coli, and 
Pseudomonas fluorescens)16,17. Using a sensitivity 
test, sialo-oligosaccharides from the P-1 fraction 
were revealed to exhibit bacteriostatic activity; in 
contrast, this activity was not observed for the 
glycolipid fraction from carp RBC membranes and 
the human GP fraction16. 
 
Using the asialo P-1 fraction for NMR analysis and 

the permethylated P-1 fraction for GC‒MS, we 
determined that the structure of the bacteriostatic 

P-1 strain was NeuGcα2→6(Fucα1→4) 

(Glcα1→3)Galβ1→4GalNAc-ol18.  

 
Antimicrobial activity was observed on the carp GP 
as well as the yellow tail and red sea bream GPs19. 
The carp are freshwater fish, and the yellow tail 
and red sea bream are marine red-flesh fish and 
white-flesh fish, respectively. Thus, we concluded 
that this antimicrobial activity occurs not only in 
these teleost species but also in all fish. Teleost GPs 
may exist as substitutes for antibodies such as IgG 
in teleost blood within the immune system. 
 

Physiological role of Igs in teleost 
blood 
In human blood, immunological reactions, including 
antimicrobial activity, are performed by 
immunoglobulins (Igs). IgG does not exist in teleost 
blood, and IgM and IgD exist only in teleost 
blood20,21. However, these antibodies occur at 
relatively low levels compared to those in human 
blood22,23. Unlike other groups of vertebrae, IgM is 
the main class of immunoglobulin in most teleost 
fishes24. IgM is tetrameric in teleostei and 
pentameric in elasmobranchs25. Most carp IgMs 
have tetrameric structures with a molecular weight 
of approximately 760 kDa20. Compared to 
monomeric IgG, IgM may not easily permeate 
vessel walls due to its complexity and large size. 
Therefore, IgM is distributed not only in the blood 
but also in the head kidney and spleen, which 
contain IgM-producing cells in mandarin fish, 
Siniperca chuatsi 26.  
 

On the other hand, IgD was discovered in teleost 
blood in 199721, and its function became clear in 
201827. Moreover, teleost IgM and IgD have been 
reported to elicit mammalian-like mucosal immune 
responses28. The role of these Igs may be attributed 
to the mucosal epithelial barrier against potential 
pathogens.  
As the antimicrobial activity of human GPs has not 
been reported and various Igs in human blood have 
shown immunological efficacy, teleost GPs may act 
as a substitute for antibodies in blood. 
 

Conclusion 
The most commonly studied human GP 
oligosaccharides include the following 

trisaccharides: Gaβ1→3(NeuAcα2→6)GalNAc-ol 

and NeuAcα2→3Galβ1→3GalNAc-ol. However, 

a NeuGc-containing O-linked oligosaccharide has 
also been reported from horse, pig, goat and 
rabbit GPs, and the most reported structure is the 

following trisaccharide: Galβ1→3(NeuGcα2→6) 

GalNAc-ol12. The core structure of GPs may be a 
trisaccharide. 
 
Interestingly, the core structures of the terminal 
sequences of blood Groups A and B are 

trisaccharides, GalNAcα1→3(Fucα1→2) Galβ1→ 

and Galβ1→3(Fucα1→2) Galβ1→, respectively8. 

While the structure of the antimicrobial 
oligosaccharide from carp GPs was a 
sialopentasaccharide, the monosaccharides used 
were similar to those used for ABO blood group 
antigens or human GPs. Considering the core 
structure of physiological activities as a 
trisaccharide, Glc and Fuc are cleaved from sialo-
pentasaccharide, and its structure leads to the 
trimer of human GP (Figure 2). Because teleost GPs 
or human GP A and B proteins do not connect to the 
cytoskeleton12,29, attached sialic acid contributes to 
the topology of GPs in RBC membranes. In contrast 
to human GP sialo-oligosaccharides, O-linked 
triosaccharides are simpler than carp pentoses. 
Human NeuAc is also simpler than carp NeuGc. The 
antibacterial property of human GPs may have 
been lost during evolution12. 
 
As Glc and NeuGc are released from 
sialopentasaccharides, they combine to form the 
trimer of the A blood antigen (Figure 2). Various 
glycosyltransferases are encoded within the 
genome and are widely expressed; moreover, 
these enzymes are not strictly specific for 
substrates8. The sialo-oligosaccharides of GPs may 
be transformed to ABO antigens. While GP loses 
the antibacterial property of sialo-
oligosaccharides, IgG presumably emerges from 
IgM over the process of evolution. According to 
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Magnadóttir, all immunoglobulin classes are 
glycosylated, and compared with IgG, IgM is 
characterized by a relatively high carbohydrate 
content22. The contained oligosaccharide may be 
cleaved by glycosidases, leading to the formation 

of IgG from IgM. IgG is a major component of the 
human immune system, and the bacteriostatic 
activity of human GPs has been lost during 
evolution. 

 
Figure 2. Terminal saccharides of blood group antigens and sialo-oligosaccharides of carp GPs. 
R: N-glycan, O-glycan or lipid. 
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