Ch. 9- Carbohydrates & Glycobiology

. Mono and disaccharides (Smple sugars)

. Oligosacc harides (inf ormatioral molecules)

. Polysaccharides (Energy stares, cell structures)
. Glycocorjugates

- Proteoglycans

- Glycoproteins

- Glycolipids& lipopolysaccharides

. Lectins

- Carbohydrate-bi nding prote ns

3 major size classes
- Monasacc harides
- Single units
. Oligosacc harides
- 2- 20 monosacchari deunits
. Polysaccharides
- > 20 monosacchaideunits

Monosaccharides& Disaccharides
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Aldehydes CHg— CHy— CH~G-H
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Ketones CH— CH— CH,—C—CH,

Each with multiple hydroxyl (-OH) groups

Carbon atoms attached to - OH groups often
chiral centers

Mirror
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CH,0H

Fig9.2 Ball-and-stick models

Some nomenclature
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an aldohexose a ketohexose
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. Aldose - monosaccharide derivative of aldehyde
. Ketose - monasaccharide derivative of ketane

Most monosaccharides have 3-7 carbons
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. 3C=triose 4C=tetrose 5C = pentose
. 6C = hexose 7C = heptose, etc.




Stereasomerism

gHO GHO
H—(—OH HO—C—H
CH,0H CH,OH

D-Glyceraldehyde L-Glyceraldehyde

Fischer projection formulas
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CH,0H CH,O0H
»-Glyceraldehyde 1-Glyceraldehyde

Fig9.2  Perspective formulas

Glycer adehyde isreference molecule for defining
D- or L- serecisomer s

D- or L- configuration ?
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Use carbon mog distant from carbonyl carbon

Moleculeswith “ n” chiral centers have 2"

“Epmers’

= monosaccharides which differ

in configuration around a single carbon
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D-Mannose
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Fig9.4 (epimer at C-4)
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CHO CHO
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p-Galactose

*CH,0H
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6-member ring compounds = “pyranoses’

SCH,OH CH,OH
> 0, HC—O,
I " HC/ \CH
OH H
HO H
E H,C—CH
H OH H OH
a-n-Glucopyranose B-p-Glucopyranose Pyran

HOCH2

OH H
a-D-Fructofuranose

lCHZOH HOCH; / e
H HO CH
W‘HZOH C/

OH H H
B-p-Fructofuranose

Furan Fig9.7

5 member ring compounds = “furnanoses’
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Hexose derivatives

Amino sugars
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Disaccharides &
glycosidic bonds

Lactose (3 form)
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p-n-fructofuranosyl e-p-glucopyranoside
Fru(p2c>1a)Gle

Trehalose
. g-pglucopyranosyl a-b-glucopyranoside
Fig GG P e 14

Glycosidic bond formation

CH,0H CH,0H
0} hemiacetal 0,

H /4 H H /¢ OH
OH H /I OH H

HO OH » HO H
H OH alcohol H OH
a-D-Glucose B-p-Glucose

hydrolysis || condensation
H0 > H,0

sC{H 2OH

hemiacetal

OH

Maltose
Fig9.11 -p-glucopyranosyl-(1—4)-p-glucopyranose

Polysaccharides
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Identity of monosaccharide units

Lengh of chairs

Degree of branching

Types of glycosidic bords (a1-4) (B1-4) (a1-6) etc.,,
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Starch - plant carb storage
Amylose
Reducing
ends
Nonreducing _
ends
Amylopectin
Fig9.15 ()
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Nanreducing

Combination of (al1-4) and (a 1-6) linkages
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Branching speeds utilization of glucose

Amylose

Reducing
ends

Amylopectin
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Extracellular
sols

Intracellular
solutes

Storing glucose as
polymers makes
“colligative sense”

» Cell in isotonic
* solution; no net
water mavement.

~

@ A
Cell in hypotonie
solution; water moves
in, creating outward

pressure; cell swells,
may eventually burst.

Polymers reduce dif ference
in csmotic pressure b/w
interior & exterior of cell

Cell in hypertonic
solution; water moves
out and cell shrinks.

Fig4.11
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Polysaccharides: Cellulose
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3D structure: Sarch vs. Cellulose
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Fig9.17 " Cellulose
Fig9.16 - Starch
Result of a vsf3 glycosidic bonds
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Chitin - hard exoskeletons

CH,0H

Fig9.18

(B1-4) glycosidic linkages
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Polysaccharide-petide linkages- “ peptidoglycans’

Ty

Staphylacoceus
wrews

Site of el (@GleNAe)

of cleavage
by Iysozyme

Fig9.19 ‘”::m“.‘,‘ﬁn“‘k“"
Alternating (1-4) linked N-acetylgluc osamine &
N-acetylmuramic acid 2




Polysaccharides - Glycosaminoglycans
L
g’
Fig9.20
Polymers of alternating uronic acid and amino sugars,,

Diverserolesfor polysaccharides

Structures and Roles of Some Polysaccharides

Size (number of

Polymer Type* Repeating unit’ monosaccharide units)  Roles
Starch Energy storage: in plants
Amylose Hormo- 50-5,000
Amylopectin  Hamo- Upta 10°
tal->6)Glc
branches every 24
16 30 residues
Glycagen Homo- (al—4)Glc, with Up t0 50,000 Energy storage: in bacteria and animal cells
(al-s6)Glc
branches every 8
to 12 residues
Cellulose Homo- (B1G1c Up 10 15,000 Structural: in plants, gives rigidity and strength
o cell walls
Chitin Homo- (B14)GleNAC Very large Structural: in insects, spiders, crustaceans, gives
Figidity and strength to excskeletons
Hetero- 4MurzAc(1 -4 Very large i bacteria, gives rigidity and sirength
peptides GloNAc(1 o cell envelope
attached
Hyaluonate (s Hetero- 4)GIcAF1—3) Up ta 100,000 Structural: in vertebrates, extracellular matix of
glyeosamino acidic GleNAc(aL skin and connective tissue; viscasity and
glycan)

Iubrication in joints

* Each polymer i classifid as a homopalysacchar
“The abt ne

ome-) o heteropolysa

ide (hetere-t,

The a fal the polyener contains repeats of Lis disaccharide unit, wilh e GleNAc
of one

Glycoconjugates

Car bohydrates covalertly linked to peptides,
prateins o lipids

- Variety of physological roles
- Cell-Cdl recogni tion, adhesion or migration
- Blood clotting
- Immuneresponse
- Wound healing
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Glycoproteins
Carbohydrate portions smaller, more
structurally diverse than glycosaminoglycans
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Proteoglycans
Figs 922,23
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Electrostatic bondirg
“core proteins” covalently linked to

glycosaminoglycans "

Biological advantages of glycosylation

Hydrophilic clusters of -OH, SO,, COO-, efc.
- Influence on protein structure and/or folding

Posdble Protection from proteolytic degradation
- Structural/ charge barierto protesses

Structural diverdty of oligosaccharide “labels’
- Protd n destination

- Hormone/protein receptors
- Cdl and prota n “age” indicators
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Examples . Examples:
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. Monaosacc harides
. Glycosidic linkages (a,B, 1-4, 2-3, etc.)
. “glycoforms’ - same protein, different oligosacc’' sa:

Glycolipids & lipopolysaccharides

.

. Fig9.26
Lipids covalertly bound to complex oligosacc chains
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Glycoconjugates & theextracellular matrix

Actin filaments

Plasn ;;m . F| g 924
Cell-cell adhesion & communication

. Identification of old proteins
. Vectaring immune cells to sites of infection
. Meansof infection or attachment by micrabial

Oligosaccharidesin adhesion and recagnition

Virus \ Bacterium s, Lymphocyie
n - —

h

N\ «lectins
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Lectirs - proteinsthat bind carbohydrates with
high affinity & specificity

pathogers

- H. pylori (gastricul cers)
- Choleratoxin

- Whooping cough

- Influenzavirus

. Cyclized, polyhydroxy ald ehydes or ketores

. Monosacc harides have > 1 asymmetric carbon

Carbohydrates - summary

- Monosacchaides
- Oligosacchaides
- Polysaccharides

- Exist insterecisomeric forms (D- or L-)
- Multiplechiral centersis the norm

- Furanoses = 5-membered rings

- Pyranoses = 6-membered rings
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. Furanoses & pyranoses occur in anameric a and 3
forms- differencesin configuration about
hemiacetal or hemiketal carbon

. Many hexcses derivatized by adding amino, acetyl
or sulfate groups

. Oligo and polysacc harides cong st of
monosacc harides joined by glycosidic bords
- (al-4), 31-4) @c
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. Oligo and polysacc haride diversty:

- Composition (mono’s)

- Mol ecular we ght (no. mono’s)
- Glycosidic linkages

- Degree of branching

. Oligo and polysacc haride roles:

- Energy storage
- Structural (cdlulose, chitin, gly cosami noglycans )
- Information (labels)

- Protan structure& stability (folding, protease protection)
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. Glycocorjugates:

- Proteoglycans

- glycoproteins

- glycoli pidd lipopolysaccharides

. Proteoglycans

- More*“glycan” than “protein”

- Glycosamin oglycan-proteins of extracd lular matrix
- Cellcell adhesion

. Glycopraeins
- More*“protén” then “glycan”
- Structurally diverse oligos

. Glycolipids/lipid polysaccharides

. Lectins

__Secreted proteins, “labels’, cdl surface interections 3

- Outer surface of cell membranes
- Céll labd's
- Recognition sites for proten binding

- Carbohydrate-bi nding prote ns
- Mediate cell cell i nteractions

. Pathogers

. Immune system, etc.




