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25.11: CELL-SURFACE CARBOHYDRATES AND INFLUENZA VIRUSES

After completing this section, you should be able to:

1. Explain how carbohydrates are related to blood type.
2. Explain how influenza works and how it is influenced by carbohydrates.

OLIGOSACCHARIDES

An oligosaccharide is a saccharide polymer containing a small number (typically two to ten) of monosaccharides. Oligosaccharides can
have many functions; for example, they are commonly found on the plasma membrane of animal cells where they can play a role in cell-cell
recognition. In general, they are found attached to compatible amino acid side-chains in proteins or to lipids. Oligosaccharides are often
found as a component of glycoproteins or glycolipids. They can be used as chemical markers on the outside of cells, often for cell
recognition. Oligosaccharides are also responsible for determining blood type.

GLYCOPROTEINS

Carbohydrates are covalently attached to many different biomolecules, including lipids, to form glycolipids, and proteins, to form
glycoproteins. Glycoproteins and glycolipids are often found in biological membranes, to which they are anchored by through nonpolar
interactions. What is the function of these carbohydrates? Two are apparent. First, glycosylation of proteins helps protect the protein from
degradation by enzyme catalysts within the body. However, their main functions arises from the fact that covalently attached carbohydrates
that "decorate" the surface of glycoproteins or glycolipids provide new binding site interactions that allow interactions with other
biomolecules. Hence glycosylation allows for cell:cell, cell:protein, or protein:protein interactions. Unfortunately, bacteria and viruses often
recognize glycosylated molecules on cell membranes as well, allowing for their import into the cell.

BLOOD TYPE
Cell markers are carbohydrate chains on the surface of cells where they act as “road signs” allowing molecules to distinguish one cell from
another. Blood markers are exclusively made from four monosaccharides: D-galactose, L-fucose, N-acetylgalactosamine, and N-
acetylglucosamine.

CH; OH
OH OoH
OH
D-galactose L-fucose
GH,0H GH,0H
oH 0, 0,
oH OH
OH OH OoH
NH NH
l—s s
(‘ZHg r‘:m
N-acetylgalactosamine N-acetylglucosamine

Figure 25.11.1: Structures of monosaccharide units present in ABO blood markers
ABO blood markers found on red blood cells are made up of oligosaccharides that contain either three or four sugar units as shown below.
Oligosaccharides attached to red blood cells determine the ABO blood type.

Of the four blood types, type O has the fewest types of saccharides attached to it while type AB has the most. As a result, type O blood is

considered the universal donor because it doesn't have any saccharides present that will appear as foreign when transfused into blood of

another type. The reverse is not true. For example:

o If type A blood is given to a patient with type O blood, it will be rejected by the body because there is an unknown species being
introduced to the body. Type A blood cells contain N-acetylgalactosamine which is not present in type O blood.

e Since type AB blood has all possible saccharides, type AB blood is considered the universal acceptor.
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The Rhesus factor (Rh) in blood also affects donor and acceptor properties but it does not depend on carbohydrates. The Rh factor is
determined by the presence (Rh+) or absence (Rh-) of a specific protein on the surface of red blood cells.
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X INFLUENZA AND THE AVIAN FLU

Three pandemics of influenza have swept the world since the "Spanish" flu of 1918.
e The "Asian" flu pandemic of 1957;

o the "Hong Kong" flu pandemic of 1968;
o the "Swine" flu pandemic that began in April of 2009.

Figure 25.11.2 ABO blood types.

The influenza virus is a simple yet deadly virus. It interacts with human cells through a surface protein, hemagglutinin (HA). The virus
binds to host cells through interaction of HA with cell surface carbohydrates. Once bound the virus internalizes, ultimately leading to
release of the RNA genome of the virus into the host cell. The HA protein is the most abundant protein on the viral surface (as surmised
by antibody formation).

The influenza virus is typically classified by two kinds of glycoproteins on the surface of the virus: in addition to HA is the enzyme
neuraminidase. Two viral strains which have been often discussed are H5N1 and HIN1 which stands for hemagglutinin (H: type 5 or
type 1) and neuraminidase (N: type 1). 15 avian and mammalian variants have been identified (based on antibody studies). Only 3
adapted to humans in the last 100 yr, giving pandemic strains H1 (1918), H2 (957) and H3 (1968). Three recent avian variants (H5, H7,
and H9) have jumped directly to humans recently but have low human to human transmissibility.
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Figure 25.11.3 Structure (3D) of the Influenza Virus: The image depicts the major components of the virus structure, including the
neuraminidase. (Public Domain; National Institutes of Health via Wikipedia)

Influenza Virus binds to Cell Surface Glycoproteins with Neu5Ac - A protein on the surface of influenza virus. Hemagluttinin binds to
sialic acid (Sia), which is covalently attached to many cell membrane glycoproteins. The sialic acid is usually connected through an
alpha (2,3) or alpha (2,6) link to galactose on N-linked glycoproteins. The subtypes found in avian (and equine) influenza isolates bind
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preferentially to Sia (alpha 2,3) Gal which predominates in avian GI tract where viruses replicate. Human virus of H1, H2, and H3
subtype (cause of the 1918, 1957, and 1968 pandemics) recognize Sia (alpha 2,6) Gal, as the major form in the human respiratory tract.
The swine influenza HA bind to Sia (alpha 2,6) Gal and some Sia (alpha 2,3) both of which are commonly found in swine.

Binding Site for Influenza Hemagluttinin Protein
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The virus, before it leaves the cell, forms a bud on the intracellular side of the cell with the HA and NA in the cell membrane of the
host cell. The virus in this state would not leave the cell since its HA molecules would interact with sialic acid residues in the host cell
membrane, holding the virus in the membrane. Neuraminidase hydrolyzes sialic acid from cell surface glycoproteins, allowing the virus
to complete the budding process and be released from the cell as new viruses. By mimicking the structure of sialic acid, the drugs
Oseltamivir (Tamiflu) and zanamivir (Relenza) bind to and inhibit neuraminidase whose activity is necessary for viral release from
infected cells. Tamiflu appears to work against N1 of the present HSN1 avian influenza viruses. Governments across the world are
stockpiling this drug in case of a pandemic caused by the avian virus jumping directly to humans and becoming transmissible from
human to human.

Sialic Acid Tamiflu
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