Carbohydrates

Carbohydrates
Carbohydrates are
 A major source of energy
from our diet.
 Composed of the elements
C, H, and O.
 Also called saccharides,
which means “sugars.”in
Greek

1

2

Carbohydrates or saccharides

Carbohydrates

 Carbohydrates are essential components of all living
organisms and are, in fact, the most abundant class
of biological molecules.
 Carbohydrates are polyhydroxy aldehydes or
ketones
 They have a general formula Cn(H2O)n, some
carbohydrates may have nitrogen, phoshorous and
sulphur

Carbohydrates
 Are produced by photosynthesis
in plants. Such as glucose is
synthesized in plants from CO2,
H2O, and energy from the sun
 Are oxidized in living cells
(respiration) to produce CO2,
H2O, and energy.
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SIGNIFICANCE OF CARBOHYDRATES

ROLE OF CARBOHYDRATES

 Carbohydrates are the most abundant biomolecules
in nature, having a direct link between solar energy
and the chemical bond energy in living organisms.
 Source of rapid energy production
 Structural building blocks of cells
 Components of several metabolic pathways
 Recognition of cellular phenomena, such as cell
recognition and binding (e.g., by other cells,
hormones, and viruses)

 As a major energy source for living organisms
(glucose is a principal energy source in
animal and plants)
 As a means of transporting energy ( exp:
sucrose in plant tissues)
 As a structural material ( cellulose in plants,
chitin in insects, building blocks of
nucleotides).
 As a precursor for other biomolecules (purine,
pyrimide)
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Types of Carbohydrates

. Monosacharides

The types of carbohydrates are
 Monosaccharides, the simplest carbohydrates.
 Disaccharides, which consist of two monosaccharides.
 Polysaccharides, which contain many
monosaccharides.
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Sub sections :
 Properties & classification
 Stereoisomers
 Cyclic structure
 Important Reactions
 Important monosach
 Glycoproteins and proteoglycans
 Monosaccharide derivatives
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Monosaccharides

Monosach. Properties& classification

Monosaccharides consist of
 3 to 6 carbon atoms, typically.
 A carbonyl group (aldehyde or ketone).
 Several hydroxyl groups.

 Colorless, crystalline solids
 Soluble in water but insoluble in nonpolar
solvents
 One of the carbon atoms is double-bonded to
an oxygen atom to form a carbonyl group;
each of the other carbon atoms has a
hydroxyl group.
 Carbohydrates with an aldehyde (-CHO) functional
group are called aldoses e.g. glyceraldehyde (CH OH-CHOH-CHO)
Those with a keto group (-C=O) are ketoses
2

e.g.dihydroxyacetone (CH2OH-C=O-CH2OH)
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Monosacharides : Exp. aldoses & ketoses

Aldotriose

Ketotriose

Aldotetrose

Ketotetrose

Aldopentoses

Ketopentose

Aldohexose

Ketohexose

 Classified according to the number of carbon
atoms they contain
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Aldoses
Aldoses are monosaccharides
 With an aldehyde group.
 With many hydroxyl (─OH)
groups.
triose (3 C atoms)
tetrose (4 C atoms)
pentose (5 C atoms)
hexose (6 C atoms)

O
║
C─H aldose
│
H─ C─OH
│
H─ C─OH
│
CH2OH
Erythose, an aldotetrose
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Ketoses
Ketoses are monosaccharides
 With a ketone group.
 With many hydroxyl (─OH)
groups.
triose (3 C atoms)
tetrose (4 C atoms)
pentose (5 C atoms)
hexose (6 C atoms)

Fischer Projections
CH2OH
│
C=O
ketose
│
H─ C─OH
│
H─ C─OH
│
H─C─OH
│
CH2OH
Fructose, a ketohexose

A Fischer projection
 Is used to represent carbohydrates.
 Places the most oxidized group at the top.
 Shows chiral carbons as the intersection of vertical
and horizontal lines.
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A summary of terminology describing the
structure of sugar molecules:

STEOROISMERISM
All the monosaccahrides except dihydoxyacetone
have at least one or more asymetric carbon atom.
The simplest aldose glyceraldeyde has only one
asymetric carbon and have two isomers by using the
formula (2n).
The four chiral centers in glucose indicate there may
be as many as sixteen.
Stereoisomers having this constitution. These would
exist as eight diastereomeric pairs of enantiomers
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•

Conformational isomers are
distinguished from
configurational isomers in that
the former can interconvert
without breaking and re-forming
bonds.

•

Not shown are epimers,
stereoisomers differing in their
configuration about only one
asymmetric carbon atom.
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D and L Notations
In a Fischer projection, the −OH group on the
 Chiral carbon farthest from the carbonyl group
determines an L or D isomer.
 Left is assigned the letter L for the L-isomer.
 Right is assigned the letter D for the D-isomer.

Copyright © 2007 by Pearson Education, Inc Publishing as Benjamin Cummings

OPTICAL ACTIVITY
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Glyceraldehyde can rotate polarized light
right(dextrotary (+)) or left (levorotary (-))


It is important to recognize that the sign of a
compound's specific rotation (an experimental
number) does not correlate with its configuration
(D or L). It is a simple matter to measure an optical
rotation with a polarimeter. Determining an
absolute configuration usually requires chemical
interconversion with known compounds by
stereospecific reaction paths.
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Examples of D and L Isomers of
Monosaccharides
O

O

C H

C H
H
HO
H
H

OH
H
OH
OH
CH2OH

D-glucose

O

HO

C H
H
OH
H
H

OH
OH
CH2OH

L-glucose

H

H

OH

H

OH

HO

H
CH2OH

L-galactose
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IMPORTANT MONOSACCHARIDES
 GLUCOSE
 FRUCTOSE
 GALACTOSE

D-Glucose:

Glucose can be donated in three forms;

 Fischer projection formula.
 HAWORTH: Cyclic formula
 Cis or trans conformations

D-glucose (dextrose) is the primary fuel in living cells
especially in brain cells that have few or no
mitochondria.
Cells such as eyeballs have limited oxygen supply and
use large amount of glucose to generate energy
Dietary sources include plant starch, and the
disaccharides lactose, maltose, and sucrose
24
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D-Glucose

D-Fructose

D-glucose is
 Found in fruits, corn
syrup, and honey.
 An aldohexose with
the formula C6H12O6.
 Known as blood sugar
in the body.
 The monosaccharide
in polymers of starch,
cellulose, and
glycogen.

D-fructose
 Is a ketohexose

CH2OH

 Is the sweetest
carbohydrate.

C O
HO C H

 Is found in fruit
juices and honey.

H C OH
H C OH

 Converts to
glucose in the
body.

CH2OH
D-Fructose
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Important monosaccharides. Cont

D-Galactose

 FRUCTOSE

D-galactose is

O

 An aldohexose C6H12O6.
 Not found free in nature.
 Obtained from lactose, a
disaccharide.
 A similar structure to
glucose except for the
–OH on C4.

C H

 D-fructose (levulose) is often referred as fruit
sugar and is found in some vegetables and honey
 It is twice as sweet as sucrose (per gram basis)
and is used as sweeting agent in processed food
products

H C OH
HO C H
HO C H
H C OH
CH2OH
D-Galactose
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D-Mannose
 Mannose is important in
human metabolism,
especially in the
glycosylation of
certain proteins.

Cyclic Structures of
Monosaccharides
CH2OH
O

OH

OH

OH
OH
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Cyclic Structures

Cyclic Haworth Structures

Cyclic structures
 Are the prevalent form of monosaccharides with 5 or
6 carbon atoms.

Stable cyclic hemiacetals form
 When the C=O group and the
—OH are part of the same
molecule.
 For hexoses, the hydroxyl group
on C-5 reacts with the aldehyde
group or ketone group.
 The cyclic structure of a D-isomer
has the last CH2OH group
located above the ring.

O

O

 Form when the hydroxyl group on C-5 reacts with the
aldehyde group or ketone group.
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CH2OH
O
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Cyclic structure of monosacharides
in aqueous solution, monosaccharides with five or more carbon atoms in the
backbone occur predominantly as cyclic (ring) structures in which the carbonyl
group has formed a covalent bond with the oxygen of a hydroxyl group along
the chain.

Drawing the Cyclic Structure for
Glucose
STEP 1 Number the carbon chain and turn clockwise to
form a linear open chain.
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The new chiral center in cyclic (c1) is called anomeric carbon

Cyclic Structure for Glucose

Cyclic Structure for Glucose (cont)

STEP 2 Bend the chain to
make a hexagon
 Bond the C5 –O– to C1.
 Place the C6 group above
the ring.
 Write the –OH groups on
C2 and C4 below the ring.
 Write the –OH group on C3
above the ring.
 Write a new –OH on C1.

STEP 3 The new –OH on C1 is drawn
 Down for the  anomer.
 Up for the  anomer.

CH2OH
6

O

5

4

OH

CH2OH

OH
3

2

CH2OH

O

1

OH

OH

OH
OH

-D-glucose
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OH

OH

OH

OH

O



OH
OH

-D-glucose
36

9

-D-Glucose and β-D-Glucose in
Solution

Summary of the Formation of Cyclic
Glucose

When placed in solution,
 Cyclic structures open and close.
 -D-glucose converts to β-D-glucose and back.
 There is only a small amount of open chain.
CH2OH

CH2OH
O

OH

OH

OH

OH

-D-glucose
(36%)

O

O
C

OH

H

OH
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OH

CH2OH

H

O

OH

OH

OH

D-glucose (open)
(trace)

OH
β-D-glucose
(64%)
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Cyclic Structure of Galactose and mannose

Cyclic Structure of Fructose
Fructose
 Is a ketohexose.

 galactose

mannose

 Forms a cyclic structure.
 Reacts the —OH on C-5 with the C=O on C-2.
CH2OH
C O

CH2OH

HO C H

CH2OH

D-fructose

CH2OH

OH

H C OH
H C OH

CH2OH

O

OH

O

OH
OH

OH

α-D-fructose

CH2OH
OH

-D-fructose
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IMPORTANT REACTIONS IN MONOSACCHARIDES

IMPORTANT REACTIONS IN MONOSACCHARIDES
Details

Monosaccharides undergo the following reactions :

1. Mutarotation –
alfa and beta forms of sugars are readily interconverted when
dissolved in water
1.
2.
3.
4.
5.
6.

Mutarotation
Oxidation
Reduction
Isomerization
Esterification
Glycoside formation

2

Oxidation and reduction
-In presence of mild oxidising agents, such as hypobromite or
Fehling Reagent (Cu2+), aldehyde group (R-CHO) yields
aldonic acid.
- If this oxidation is enzymatically controlled then the product
formed is an acid where the primary alcohol group is oxidized
is called aldouronic acid.

UDP Glucose+ 2NAD+ 2H2O

UDP-Glukuronat + 2NADH + 2H+

- If both ends of an aldose chain are oxidized to carboxylic acids
uncontrolled by a strong acid such as nitric acid,then the
product is called an aldaric acid.

Oxidation of D-Glucose
O

O
C

H

H C OH
HO C H
H C OH

C OH

Benedicts
reagent

H C OH
[O]

+ Cu2+

HO C H
H C OH

H C OH

H C OH

CH2OH

CH2OH

D-glucose
Glucose is a reducing
sugar

Glucose is oxidized
to a carboxylic acid

 URONIC ACIDS – formed when terminal CH2OH group
In liver cells glucuronic acid combines with steroids,
certain drugs, and bilirubin to improve water solubility
therby helping the removal of waste products from the
body known as detoxification

+ Cu2O(s)

Cu+ (reduced
form)

D-gluconic acid

43
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IMPORTANT REACTIONS (Cont)

3- REDUCTION
Reduction of the aldehyde and ketone groups of
monosacchs yield sugar alcohols (alditols) For
example, glucitol, also known as sorbitol, has the
same linear structure as the chain form of glucose,
but the aldehyde (-CHO) group is replaced with a CH2OH group. Mannitol is sugar alcohol of
mannose. Sugar alcohols have about half the
calories of sugars and are frequently used in lowcalorie or "sugar-free" products.

45

4. ISOMERIZATION
Monosaccharides undergo several types of isomerization e.g. Dglucose in alkaline solution for several hours contain D-mannose and
D-fructose. The conversion of glucose to mannose is termed as
epimerization.

5

ESTERIFICATION
Free OH groups of carbohydrates react with acids to form esters. This
reaction an change the physical and chemical propteries of sugar.

6. GLYCOSIDE FORMATIONHemiacetals and hemiketals reaction with alcohols to form the
corressponding acetal or ketal (On the contrary when a cyclic
hemiacetal or hemiketal form of monosaccharide reacts with alcohol,
the new linkage is called glycosidic linkage and the compound
glycoside.

GLYCOSIDES
• Monosaccharides can be linked by glycosidic bonds
(joining of 2 hydroxyl groups of sugars by splitting out
water molecule) to create larger structures.
• Disaccharides contain 2 monosaccharides e.g. lactose
(galactose+glucose); maltose (glucose+glucose);
sucrose (glucose+fructose)
• Oligosaccharides – 3 to 12 monosaccharides units
e.g. glycoproteins
• Polysaccharides – more than 12 monosaccharides
units e.g. glycogen (homopolysaccharide) having
hundreds of sugar units; glycosaminoglycans
(heteropolysaccharides) containing a number of different
monosaccharides species.

Such as:

sucrose
Maltose

Lactose
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Osazone Formation


When
monosaccaharides
are
reacted with phenylhydrazine in the
presence of acetic acid and sodium
acetate at hot, yellow characteristic
ozosone crystals
are fomed.
Microscobic examinations of these
crystals and their melting point are
used
to
distinguish
the
monosaccaharides.

49
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Disaccharides
DEHYDRATION REACTIONS
When heated with non-oxidising strong acids monosaccaharides
form furfural and hyroxymethyl furfurals.
e.g: Pentoses form furfurals when heated in HCl and hexoses form
hydroxymethyl furfural. These furfurals react with phenols in
acidic medium to give characteristic colours for identification.

TO FORM ETHER CAMPOUNDS
Hydroxyl groups of carbohydrates can easily form ether
campounds The most important ones in the presence of Ag2O are
methyl ethers.
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Important Disaccharides

Maltose

A disaccharide
 Consists of two monosaccharides.
Monosaccharides
Disaccharide
Glucose + glucose
maltose + H2O
Glucose + galactose
lactose + H2O
Glucose + fructose
sucrose + H2O

Maltose is
 A disaccharide also known as malt sugar.
 Composed of two D-glucose molecules.
 Obtained from the hydrolysis of starch.
 Linked by an -1,4-glycosidic bond formed from the
 −OH on C1 of the first glucose and −OH on C4 of
the second glucose.
 Used in cereals, candies, and brewing.
 Found in both the - and β - forms.

53

Formation of Maltose
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Lactose
Lactose
 Is a disaccharide of βD-galactose and α- or
β-D-glucose.
 Contains a β -1,4glycosidic bond.
 Is found in milk and
milk products.
α-form
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Sucrose

Sweeteners

Sucrose or table sugar
 Is obtained from sugar cane and sugar beets.
 Consists of α-D-glucose and β-D-fructose..
 Has an α,β-1,2-glycosidic bond.

Sugars and artificial
sweeteners
 Differ in
sweetness.
 Are compared to
sucrose (table
sugar), which is
assigned a value
of 100.

α-D-glucose

TABLE 15.2

60 000
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β-D-fructose
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OLIGOSACCHARIDE SUGARS
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Polysaccharides

 Oligosaccharides are small polymers often found
attached to polypeptides in glycoproteins and some
glycolipids.
 They are attached to membrane and secretory proteins
found in endoplasmic reticulum and Golgi complex of
various cells
 Two classes: N-linked and O-linked

60
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Polysaccharides
Polysaccharides
 Are polymers of D-glucose.
 Include amylose and
amylopectin, starches made of
α-D-glucose.
 Include glycogen (animal starch
in muscle), which is made of αD-glucose.
 Include cellulose (plants and
wood), which is made of
β-D-glucose.

Classification of Polisacharides
CH2OH
O

OH

OH

OH
OH

α-D-glucose
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HOMOSACCHARIDES

STARCH (Homosaccharide)

 Found in abundance in nature
 Important examples: starch, glycogen,
cellulose, and chitin
 Starch, glycogen, and cellulose all yield Dglucose when they are hydrolyzed
 Cellulose - primary component of plant cells
 Chitin – principal structural component of
exoskeletons of arthropods and cell walls of
many fungi; yield glucose derivative N-acetyl
glucosamine when it is hydrolyzed.

 A naturally abundant nutrient carbohydrate, (C6H10O5)n, found
chiefly in the seeds, fruits, tubers, roots, and stem pith of plants,
notably in corn, potatoes, wheat, and rice, and varying widely in
appearance according to source but commonly prepared as a white
amorphous tasteless powder.
 Any of various substances, such as natural starch, used to stiffen
cloth, as in laundering.
 Two polysaccharides occur together in starch: amylose and
amylopectin
 Amylose – unbranched chains of D-glucose residues linked with
alfa(1,4,)glycosidic bonds
 Amylopectin – a branched polymer containing both alfa(1,4,) and
alfa(1,6) glcosidic linkages; the alfa(1,6) branch points may occur
every 20-25 glucose residues to prevent helix formation
 Starch digestion begins in the mouth; alfa-amylase in the saliva
initiates hydrolysis of the gycosidic linkages
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Structures of Amylose and
Amylopectin

GLYCOGEN (Homosaccharide)
 Glycogen is the storage form of glucose in animals and humans
which is analogous to the starch in plants.
 Glycogen is synthesized and stored mainly in the liver and the
muscles.
 Structurally, glycogen is very similar to amylopectin with alpha
acetal linkages, however, it has even more branching and more
glucose units are present than in amylopectin.
 Various samples of glycogen have been measured at 1,700600,000 units of glucose.
 The structure of glycogen consists of long polymer chains of glucose
units connected by an alpha acetal linkage.
 The branches are formed by linking C # 1 to a C # 6 through an
acetal linkages.
 In glycogen, the branches occur at intervals of 8-10 glucose units,
while in amylopectin the branches are separated by 12-20 glucose
units.
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Amylose

Amylopectin

Amylose is
 A polymer of α-Dglucose molecules.
 Linked by -1,4
glycosidic bonds.
 A continuous
(unbranched)
chain.

Amylopectin
 Is a polymer of α-Dglucose molecules.
 Is a branched-chain
polysaccharide.
 Has α-1,4-glycosidic
bonds between the
glucose units.
 Has α-1,6 bonds to
branches.
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Glycogen

Cellulose

Glycogen
 Is the polysaccharide
that stores α-D-glucose
in muscle.
 Is similar to
amylopectin, but is
more highly branched.

Cellulose
 Is a polysaccharide
of glucose units in
unbranched chains.
 Has β-1,4-glycosidic
bonds.
 Cannot be digested
by humans because
humans cannot
break down β-1,4glycosidic bonds.
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CHITIN (Homosaccharide)

70

Structure of the chitin molecule, showing two of the Nacetylglucosamine units that repeat to form long chains
in beta-1,4 linkage.

 Chitin is a polymer that can be found in anything from
the shells of beetlesto webs of spiders. It is present all
around us, in plant and animal creatures.
 Chitin, the polysaccharide polymer from which chitosan
is derived, is a cellulose-like polymer consisting mainly of
unbranched chains of N-acetyl-D-glucosamine.
Deacetylated chitin, or chitosan, is comprised of chains
of D-glucosamine.
 Crabs, beetles, worms and mushrooms contain large
amount of chitin.
 Chitin is a very firm material, and it help protect an insect
against harm and pressure
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CHITOSAN

CHEMICAL STRUCTURE OF CHITOSAN
http://www.pdrhealth.com/drug_info/nmdrugprofiles/nutsupdrugs/chi_0067.shtml

 A spinoff of chitin that has been discovered by the
market is chitosan. This is a man-made molecule that is
often used to dye shirts and jeans in the clothing
industry.
 Chitosan can be used within the human body to regulate
diet programs, and researchers are looking into ways in
which it can sure diseases.
 .Chitin, the polysaccharide polymer from which chitosan
is derived, is a cellulose-like polymer consisting mainly of
unbranched chains of N-acetyl-D-glucosamine.
Deacetylated chitin, or chitosan, is comprised of chains
of D-glucosamine. When ingested, chitosan can be
considered a dietary fiber

HETEROPOLYSACCHARIDES
 Are high-molecular-weight carbohydrate polymers
more than one kind of monosaccharide
 Important examples include glycosaminoglycans
(GAGs) – the principle components of proteoglycans
and murein, a major component of bacterial cell
walls.

GAGs - high-molecular-weight carbohydrate
polymers
 Glycosaminoglycans forming the
proteoglycans are the most abundant
heteropolysaccharides in the body. They are
long unbranched molecules containing a
repeating disaccharide unit. Usually one sugar is
an uronic acid (either D-glucuronic or L-iduronic)
and the other is either GlcNAc or GalNAc. One
or both sugars contain sulfate groups (the only
exception is hyaluronic acid).
 GAGs are highly negatively charged what is
essential for their function.
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THE SPECIFIC GAGs OF PHYSIOLOGICAL
SIGNIFICANCE

Hyaluronic acid (D-glucuronate + GlcNAc)

Hyaluronic acid
Occurence : synovial fluid, ECM (the extracellular
matrix) of loose connective tissue.
Hyaluronic acid is unique among the GAGs
because it does not contain any sulfate and is not
found covalently attached to proteins. It forms noncovalently linked complexes with proteoglycans
in the ECM.
Hyaluronic acid polymers are very large (100 10,000 kD) and can displace a large volume of water.

Dermatan sulfate (L-iduronate + GlcNAc sulfate)
Occurence : skin, blood vessels, heart valves

Chondroitin sulfate (D-glucuronate +
GalNAc sulfate)
Occurence : cartilage, bone, heart valves ;
It is the most abundant GAG.
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Heparin and heparan sulfate (D-glucuronate
sulfate + N-sulfo-D-glucosamine)
Heparans have less sulfate groups than heparins
Occurence :
Heparin :component of intracellular granules of mast cells lining
the arteries of the lungs, liver and skin Heparan sulfate :
basement membranes, component of cell surfaces

Keratan sulfate ( Gal + GlcNAc sulfate)
Occurence : cornea, bone, cartilage ;
 Keratan sulfates are often aggregated with
chondroitin sulfates.

MUREIN (Peptidoglycan)

GLYCOCONJUGATES

 Peptidoglycan, also known as murein, is a polymer consisting of
sugars and amino acids that forms a mesh-like layer outside the
plasma membrane of eubacteria.

 They are compounds that result from covalent
linkages of carbohydrate molecules to both proteins
and lipids.
 They have a profound effects on the functions of
individual cells as weell as cell-cell interactions of
multicellular organisms.
 Two classes of carbohydrate-protein conjugate:
glycoproteins and proteoglycans.
 The glycolipids (oligosaccharide-containing lipid
molecules) are found predominately on the outer
surface of plasma membrane.

 The sugar component consists of alternating residues of β-(1,4)
linked N-acetylglucosamine and N-acetylmuramic acid residues.
 Peptidoglycan forms around 90% of the dry weight of Gram-positive
bacteria but only 10% of Gram-negative strains.
 In Gram-positive strains, it is important in attachment roles and
serotyping purposes.
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Glycosylation






Glycosylation is the process or result of addition of saccharides to
proteins and lipids.The process plays an important role in the synthesis
of membrane and secreted proteins.
Majority of proteins synthesized in the rough ER(endoplasmic reticulum)
undergo glycosylation.It is an enzyme -directed site-specific process.
Two types of glycosylation exist: N-linked glycosylation to the amide
nitrogen of asparagine side chains and O-linked glycosylation to the
hydroxy oxygen of serine and threonine side chains.
Glycosylation may play a role in cell-cell adhesion (a mechanism
employed by cells of the immune system), as well.

GLYCOPROTEIN FUNCTIONS
 Functions: Many glycoproteins have structural functions:
constituent of the cell wall; form connective tissues such as
collagen; found in gastrointestinal mucus secretions; used as
protective agents and lubricants ;found abundantly in the blood
plasma.
 The human blood groups A, B, AB, and O depend on the
oligosaccharide part of the glycoprotein on the surface of
erythrocyte cells. The terminal monosaccharide of the glycoprotein
at the nonreducing end determines blood group.
 Hormones: There are many glycoproteins that function as
hormones such as human chorionic gonadotropin (HCG) which is
present in human pregnancy urine. Another example is
erythropoietin which regulates erythrocyte production
 Enzymes: Glycoprotein enzymes are of three types. These are
oxidoreductases, transferases, and hydrolases.

Glycoproteins
 Glycoprotein carbohydrate chains are highly diverse. They are
formed by glycosylation and classified into two groups:
1. N-linked oligosaccharides
2. O-linked oligosaccharides
 The N-linked oligosaccharides have a minimum of 5 sugar
residues
 N-linked attached to polypeptides by an N-glycosidic bond with a
chain amide group of amino acid and asparagine
 O-linked oligosaccharides are generally short (1-4 sugar
residues)
 O-linked are attached to polypeptides by the side chain hydroxyl
group of amino acids serine or threonine in polypeptide chains or
hydroxyl groups of membrane lipids

BLOOD GROUPS
TYPE
A
B
AB
O
AB

TERMINAL SUGAR
N-acetylgalactosamine
-D-galactose
both the above
neither of the above
is the “universal donor”
is the “universal
acceptor”
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 Those with type AB cells, which have both A and B
antigens, carry neither anti-A nor anti-B antibodies
 Type O individuals whose cells bear neither antigen,
carry both anti-A and anti-B antibodies.
 Transfusion of type A blood group into a type B
individual, results in an anti-A antibody- A antigen
reaction.
 This reaction clumps together (agglutinates) the
transfused erythrocytes, resulting in an often fatal
blockage of blood vessels
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