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Opinion Article 

The current coronavirus COVID-19 (SARS-CoV-2) 
pandemics is an opportunity to look at the virus from 
a view of glycobiology, the field which deals with 
biological functions of carbohydrates, a  synonym of 
the terms saccharides and sugars. Due to a structural 
complexity given by a larger number of functional groups, 
carbohydrates are less popular and generally also less known 
components of the living systems than nucleic acids and 
proteins. However, they are equaly important. Besides 
structural and nutritional role, carbohydrates attached to 
proteins or lipids function as signal, communication and 
cell traffic directing molecules. Metaphorically speaking, 
carbohydrates covalently bound to proteins, called 
glycans, serve as an address on a parcel or a name of the 
destination In this way glycans participate in initiation 
and regulation of a number of processes in living cells, but 
unfortunately, also in pathogenesis. This is also the case of 
viral infections, particularly by the group of glycosylated 
envelope viruses to which the new COVID-19 belongs. 
In coronaviruses all external domains of membrane-
anchored proteins are glycosylated, and among them 
the most heavily glycosylated is the trimeric spike 
S-glycoprotein, which has the largest external domain 
(Figure 1).  

Major effort how to prevent infection by this extra 
dangerous virus is devoted to development of protective 
vaccines or monoclonal antibodies that would block the 
attachment of the virus to the human cell surface [1]. 
The main research target in this regard appears to be 
the viral spike S protein which was shown to associate 
with host membrane bound dipeptidyl peptidases [2–4]. 
There is a world-wide race for the first reliable and safe 
vaccine on the market. Before the availability of such a 
vaccine, the century-old convalescent plasma therapy, is 

still considered – the infusion of plasma rich in antibodies 
from survivors to sick persons [5].

Figure 1: Structure of a coronavirus. Modified from https://
en.wikipedia.org/wiki/Coronavirus). 

I  was quite surprised that the latest papers on 
COVID-19 do not pay attention to carbohydrates of 
both virus or host membrane proteins and their possible 
involvement in the infection process. The reason might 
be the insufficient knowledge of the pathogen due to its 
novelty. It has been shown that the primary receptors for 
several earlier identified coronaviruses are the host surface 
carbohydrates. MERS CoV binds to 9-carbon long acidic 
sugar sialic acid [6], while the human coronavirus HCoV-
OC43 and bovine BoCoA virus recognize a modified sialic 
acid, which is acetylated at position 9, called 9-O-acetyl-
sialic acid or 5,9-diacetyl-neuraminic acid  [7]. In last 
two cases the diacetylated acidic sugar of the host is not 
recognized by the coronavirus S-glycoprotein, but by 
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its hemagglutinin esterase (HE), also a transmembrane 
protein which has several domains. The first domain is 
responsible for the recognition of the 9-acetyl-sialic acid, 
the second domain is an esterase removing the 9-acetyl 
group thus modifying the receptor to sugar which is no 
longer recognized by another virus of the same type. The 
third HE domain is involved in the virus fusion with 
the host cell membrane. In two human coronaviruses a 
receptor for 9-O-acetyl-sialic acid binding occurs in one of 
the domains of the spike S-protein [8]. No information is 
available on a similar recognition of sugars by COVID-19 
despite the presence of HE in the envelope [9].  

In contrast to carbohydrate recognition, the first 
step suggested for COVID-19 entry into the cell is the 
attachment of the spike S-protein to one of the two host 
membrane peptidases occurring on the surface of lung, 
heart and kidney cells. The suggestion, originally based 
on a computer modeling of the spike S-protein binding 
to human peptidases ACE2 [2] and CD26 [3], was 
confirmed by cryo-electron microscopy structure of the 
complex of ACE2 with a receptor binding domain of the 
S-protein [4]. The function of ACE2 is to modify the 
angiotensin hormone regulating the blood pressure. The 
function of CD26 peptidase is signal transduction and 
regulation of the immune response. 

Both the spike S-protein and the two host receptor 
peptidases are heavily glycosylated, which means that 

they contain covalently linked oligosaccharide chains 
composed of 6 to 14 carbohydrate residues which are 
called glycans. The glycan attachment to protein requires 
a special amino acid sequence.  Most of the glycans are 
built from residues of N-acetylglucosamine and mannose 
which are frequently further substituted by other sugars 
including sialic acid. The S-protein trimer of the SARS 
CoV-2 has more than 60 such glycosylation sites, by 16 
more than its predecessor SARS-CoV [3] (Figure 2).  The 
glycans cover the S-protein as a camouflage and protect 
the virus from the defense mechanisms of the host and 
proteolysis. The glycans are not uniform, they differ 
in chain length and terminal sugar residues (Figure 2), 
and the glycosylation pattern can vary even for a given 
glycosylation site. The glycans thus represent an extremely 
diverse array of immunochemical epitopes. No doubt that 
a potential preparation of the vaccine against a selected 
peptide portion of the S-protein covered in this way by 
complex carbohydrates requires a careful selection of the 
protein segment to be accessible to the corresponding 
antibodies in the glycan jungle. The extracellular domains 
of the transmembrane host peptidases ACE2 and 
CD26 suggested to serve as the primary targets for the 
COVID-19 spike S-protein are also glycosylated [11,12]. 
It is worth of noting that HE characterized in previous 
coronaviruses has 6 potential glycosylation sites [13].

Figure 2: Structure of the spike protein of COVID-19 without glycans (A) and with glycans (B, sugars are distinguished by 
color) and comparison of glycosylation of the spike proteins of COVID-19 (green) and SARS CoV (blue) (C). Modified 
from refs. 3 and 10.
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The above considerations stress the importance of 
studies focused on the COVID-19 and host carbohydrate-
protein interactions. Despite the evidence for binding of 
the spike S protein to ACE2 peptidase as the primary 
step of virus attachment [4], the possibility of earlier 
identified carbohydrate recognitions steps should not be 
dismissed. The glycans of the COVID-19 spike protein 
also represent an ideal opportunity to interact with host 
lectins on endothelial cells similarly to other coronaviruses 
SARS-CoV and HCoV-229E [14,15 ]. Detail knowledge 
of the structure of COVID-19 spike glycans as well as 
sugar specificity of its HE could lead to development 
of new therapeutics blocking the carbohydrate-protein 
interactions involved in the virus attachment and infection. 
Drugs based on carbohydrates could serve as antiadhesins 
on the surface of both virus and the cell. Interesting 
information supporting the glycobiology approach 
comes from the British company Iceny Diagnostics [16] 
developing a simple test for COVID-19 using an artificial 
receptor for the virus carbohydrates distinguishing 
influenza from coronavirus in saliva or nasal fluids with the 
aim to differentiate various coronaviruses. Antiviral drugs 
having high affinity for viral carbohydrate receptors could 
be developed based on the design and synthesis of sugar 
analogues, glycomimetics, and particularly of multivalent 
glycoclusters and glycodendrimers [17]. In summary, 
we could designate these strategies as carbohydrate or 
lectin directed anti-coronavirus drug design. Success of 
this approach will require a very close collaboration of 
carbohydrate organic chemists, structural biologists and 
virologists. 
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