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multiple roles in all forms of life
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Monosaccharides
aldose: contains aldehyde group

ketose: contains keto group
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D-ketoses
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Alcohols react with the carbonyl groups

H R—O H
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Cyclization of glucose and fructose
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Additional asymmetric carbon: anomeric carbon

C1 in glucose
H_ _O
1€ 6
2| CH,OH
H—=C—0H |
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Additional asymmetric carbon
C2 in fructose
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Pyran Furan
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a and 3 anomers
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Sugars are conformationally variable
But sugars are not planar

The two chair conformations of (3-p-glucopyranose

HO
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reduction

CH,0H CH,OH

H—C—OH H—C—OH
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Flavin component

HO OH
HO H
H OH

myo-Inositol

Polyhydroxy alcohol
Lipid component



Deoxy sugars
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Amino sugars
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Important component of glycoproteins and glycolipids



Glycosidic bonds

Anomeric carbon condensed with alcohol

H R— R”

0\ / o\ /
< x
’ / \0_ Rn R ’ / \0— Rm

A cyclic acetal A cyclic ketal

Unnumbered figure pg 213 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

R_



O-glycosidic bond
Usually B-configuration in natural compounds

glycosidic

bonds
CH,OH CH,OH CH,OH
H O_ H g+ H O H H O \ocH;
H H s

H
CH:OH —
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Polysaccharides

Common disaccharides: lactose, sucrose
***Reducing end, nonreducing end

Galactose Glucose

Lactose

Unnumbered figure pg 215a Fundamentals of Biochemistry, 2/e

O-[3-p-galactopyranosyl-(1~4)-3-b-glucopyranose
Gal(B31-»4)Glc



Glucose Fructose

Is of Biochemistry, 2/e

O-a-p-glucopyranosyl-(1~2)-3-p-fructofuranoside



Artificial sweetners
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Linear polymer of up to 15,000 p-glucose residues
linked by B(1~4) glycosidic bonds

CH,OH CH,OH
H 0 H o)
\ H o H (o
OH H OH H
: Hoo\
H OH H OH
Glucose Glucose _n

Cellulose
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Principal components of the exoskeletons of invertebrates

CH,OH
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N\ M o
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Starch

Composed of a-amylose and amylopectin

Unnumbered figure pg 218b Fundamentals of Biochemistry, 2/e
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CH,OH
H O_ H

. —0/\OH H
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iochemistry, 2/e
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Every 24 to 30 residues
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Glycosaminoglycans
Gel-like matrix in extracellular spaces, those of connective tissues
such as cartilage, tendon, skin, and blood vessels

H OH o H NHCOCH3 H OH o H NHCOCH3
D-Glucuronate  N-Acetyl-p-glucosamine L-lduronate  N-Acetyl-pD-galactosamine-
4-sulfate
Hyaluronate Dermatan sulfate
CH,0H CH,0H SH20503

N
H OH o H  NHCOCH; H OH H  NHCOCH3
pD-Glucuronate N-Acetyl-p-galactosamine- D-Galactose  N-Acetyl-D-glucosamine-
4-sulfate 6-sulfate
Chondroitin-4-sulfate Keratan sulfate
coo~ CH0503 CH,0503
H O_H
B H
" OH H Aa,
H OH o H  NHCOCHs3 H 0s03 H  NHOSO3
D-Glucuronate N-Acetyl-p- L-Iduronate- N-Sulfo-p-glucosamine-
galactosamine-6-sulfate 2-sulfate 6-sulfate
Chondroitin-6-sulfate Heparin
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Hyaluronate solution: viscoelastic behavior

H 0s03 H  NHOSO3
L-lduronate- N-Sulfo-p-glucosamine-
2-sulfate 6-sulfate
Heparin

Figure 8-12 part & Fundamentals of Biochemistry, 2/e
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anticoagulant
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Plant shock absorbers
pectin: major cell wall components
a.(1-4)-linked galacturonate interspersed with rhamnose

Unnumbered figure pg 221 Fundamentals of Biochemistry, 2/e
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EM of hyaluronic acid
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Bacterial cell walls

Gram-positive bacteria

Peptidoglycan
(cell wall)
Plasma
membrane

= Cytoplasm

Gram-negative bacteria

Figure 8-15b Fundamentals of Blochemistry, 2/e
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Peptidoglycan: N-acetylglucosamine-N-acetylmuramic acid

N-Acetylglucosamine N-Acetylmuramic acid
CH,0H CH,0H

|
- =

Isoglutamate { cH,

Peptide GH2
chain =0

\r

| +

Pentaglycine L-lysq CH—(cHyls—NH3
bridge C=0

Figure 8-16b Fund Is of Biochemistry, 2/e |
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Antibiotics interfering with peptidoglycan synthesis
Inhibits transpeptidase
penicillin, vancomycin

R
C=0 Thiazolidine ring
HN /
H_S.” _CHs
HC—c¢” ¢l
B-lactam ring—— | , | | "CHs3
//C N CE
COO0™

(B-lactamase)
e o ]
Penicillin

Box B-3 figure 1 Fundamentals of Bi
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Glycosylated proteins

almost all the secreted and membrane-associated proteins of eukaryotic cells are glycosylated

N-glycosylation: occur cotranslationally

CH,OH & |l||-|
II |
H A O NH —C—CHZ—ClH Asn
OH H cC=0 - g . .
HO H | Specific amino acid sequence
X

H NHCOCH3 |
Gl(NAC Seror Thr

Unnumbered figure pg 226a Fundamentals of Biochemistry, 2/e
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14-residue oligosaccharide is

v Mannose

Synthesis of N-linked oligosaccharides
ttached to Asn of polypeptide.
e N-Acetylglucosamine attached to Asn ot polypeptide

A Galactose

¢ Glucose
Sialic acid

= L-Fucose

Polypeptide

y

Man «(1—6)

>Man B(1—4) GIcNAc B(1—4) GIcNAc— l
Man a(1—3)
et — Removal of monosaccharide
units produces a (mannose)3(GlcNAc)2
oligosaccharide. This (mannose)3(GlcNAc)2
core is found in all N-linked oligosaccharides.

/N

core
pentasaccharide {

Figure 8-17 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

Further trimming and
addition of other sugars
yields a variety of
N-linked oligosaccharides.

enormous diversity



O-linked oligosaccharides
Synthesized in golgi (completed polypeptide)

2nd or 3rd structure rather than sequence

R=Hor CH
CH20H CH,OH 2
o
OH H
B CH— CH
NHCOCH;

B-Guludosyl (l — 3)-a-N—uceiylguInctosummyl -Ser/ Thr

U numbered figur pg 226¢ d of Bioch Y. 2fe
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Galactose — 5-OH lys of collagen
Mannose
xylose



Functions of oligosaccharides

Glycoproteins: differ in the sequences, locations, and numbers

Glycoforms: the variant species of a glycoproteins
Any particular function of the oligosaccharides?

Structure effect

Figure 8-18 Fund: Is of Biochemistry, 2/e




Quality control

Glucose residues
chaperone
deglucosylation calnexin/calreticulin deglucosylation Further
il W ' _n " processfng

Polypeptide Folded
reglucosylation deglucosylation polypeptide

Figure 8-19 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

Protein sorting

Lysosomal proteins: N-linked mannose phosphate



Mediate recognition events
Potential to carry more biological information
(two different hexoses can combine in 36 different ways)

Intercellular communications

1400 A thick

Pa L ST
Figure 8-20 Fundamentals of Biochemistry, 2/e

EM of the erythrocyte surface



Protein-carbohydrate interactions
lectins (proteins that bond carbohydrates)

specifically bind to oligosaccharides

Selectins on the surface of leukocytes and endothelial cells

Mammalian spermatozoa: surface proteins recognize
GIcNAc or gal on the glycoproteins of the ovum



Antigenic determinants
ABO blood group antigens

Table 8-1 Structures of the A, B, and H Antigenic
Determinants in Erythrocytes

Type Antigen”
H Galp(1—4)GIcNAc: -
[12
L-Fuca

A GalNAca(l—3)Galp(1—4)GIcNAc- -+

12

L-Fuca

B Gala(1—-3)Galp(1—4)GIcNAc- -

J12

L-Fuca

“Gal, Galactose; GalNAc, N-acetylgalactosamine;

GlcNAc, N-acetylglucosamine; L-Fuc, L-fucose.

Table 8-1 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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