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MONOSACARIDOS

s Clasificacion en funcion del n? de atomos de C:

s Clasificacion segun la naturaleza quimica del grupo

carbonilo:

atomo de C asimétrico
con cuatro sustituyentes
diferentes

_
aldehido
Hi .O
|
HQQ—OH
Hﬁg—OH
H

o-gliceraldehido
(una aldotriosa)

H
H-C-OH
2?=O :
H~C-OH
H

dihidroxiacetona
(una cetotriosa)



MONOSACARIDOS

s Presencia de carbonos asimétricos

= Esteroisomeros H O
(|3HO (|3HO \C/
H—(ll—OH HO—(|3—H
CH,OH CH,OH H—C—OH
D-Glyceraldehyde L-Glyceraldehyde
HO—C—H
Fischer projection formulas
H—C—OH
|
CHO CHO H—(P—OH
HeC—{il HO—C—H !
CH,OH
CH,0OH CH,OH
D-Glyceraldehyde L-Glyceraldehyde D-Glucosa

Perspective formulas



MONOSACARIDOS

= Azucares que solo difieren en la configuracion
alrededor de un atomo de C ®Epimeros

1 1 1

CHO CHO CHO
HO—-C—H H—-C—OH H—=C—OH
HO—C—H HO—-C—H HO—C—H

H—-C—OH H—-C—OH HO-C—H

H—C—OH H—C—OH H—C—OH
°CH,OH °CH,OH °CH,OH

D-Mannose D-Glucose D-Galactose

(epimer at C-2) (epimer at C-4)



MONOSACARIDOS

Three carbons Four carbons Five carbons
H\ /O H\ //O H\ /O H\ /O
H 0 H 0 ¢ ¢ i ¢
H o el 7 H-(—OH HO—(—H H-C—OH HO—C—H
\C/ H—(l}—OH HO—(lj—H H—Cll—OH H—C—OH HO—C—H HO—(ll—H
H—C—OH H—(|3—OH H—(|3—OH H—C—OH H—C—OH H—C—OH H—C—OH
CH,OH (|3H2OH (lezOH CllHZOH éHon CllHZOH C|3H2OH
| D-Glyceraldehyde | D-Erythrose D-Threose | D-Ribose l | D-Arabinose | | D-Xylose | D-Lyxose
Six carbons
H\c//O H\ C//0 H\ C/O H\C//O H\ C/O H\ C/O H\C/O H\C/O
H—C—OH HO—C—H H—(lf—OH HO—é—H H—(lj—OH HO—(ll‘—H H—(ll‘—OH HO—(ll—H
H—(l‘,—OH H—(|J—OH HO—(|3—H HO—(L,—H H—(lf—OH H—(l‘,—OH HO—C—H HO—C—H
H—C—OH H—C—OH H—C—OH H—C—OH HO—C—H HO—C—H HO—C—H HO-—(ll—H
H—(l‘,—OH H—(II—OH H—(|J—OH H—(ll—OH H—-—(ll—OH H—(lj—OH H——(IJ—OH H——(ll—OH
(|3H20H (IJHQOH (IJHZOH (|3H20H CH,OH (I_‘,HzOH (|3H20H (|3H20H
D-Allose D-Altrose | D-Glucose I | p-Mannose | D-Gulose p-Idose n-Talose
D-Aldoses

(a)




Three carbons

Four carbons

MONOSACARIDOS

Five carbons

C|3H20H (|3H20H
CH,OH ¢=0 ¢=0
(lJH20H (l;: 5 H—(|J—OH HO—(IJ—H
(=0 " e H—G—OH  H—G—OH
CH,OH (|3H2 Ol CH,OH CH,OH
| Dihydroxyacetone | ’ p-Erythrulose | | D-Ribulose ‘ | D-Xylulose |
Six carbons
CH,OH CH,OH CH,OH
(=0 t=0 ¢—o
H—(|3—OH HO—(lj—H H—(|3—OH HO—(|3—H
H—C|~—OH H—C—OH HO—Cl—H HO—é—H
H—(ll—OH H——0H H—Cl—OH H—(|3—OH
CH,OH CH,OH CH,OH
D-Psicose D-Sorbose p-Tagatose

D-Ketoses

(b)



MONOSACARIDOS

= Monosacaridos de 5 o mas atomos de C disueltos

en agua = Estructuras ciclicas

" Piranosido = piranosa

®" Furanosi

;

do = furanosa

£ 40
/
b

H—Q(IJ—OH
HO—30—H D-Glucose
H—4(|3—OH
H—5C|J——OH
®CH,0H

I

g ?HzOH

HY L
4(|3/H N C{H
ANEEE VA
HO 3C C
| Z]

H OH...




MONOSACARIDOS

= Grupo carbonilo se
transforma en un C
asimétrico @ Carbono
anomeérico

= Andmero o
= Andmero 3

s Mutarrotacion

H (@)
V
}tlz/
H—2(|3—OH
HO-2C—H D-Glucose
|
H—“(IJ—OH
H—S?—OH
°CH,0H
6CH,OH
OH
H b
N v
| OH H /N
HO\ | | ¢}
C C
3 | 2 I
H OH \
6(|JH2OH / 6 CH,OH
5C 0] 5C o)
H H
4(Ij/ }II \10/H 4é/ IJI \IC/OH
OH H AN tarotati OH H
H(lj\l |/ OH mutarotation H(l)\l |/ \H
] ]
H OH H OH

a-D-Glucopyranose B-D-Glucopyranose



DERIVADOS DE LOS MONOSACARIDOS

a) Reduccion:

- Alditoles: reduccion del grupo carbonilo (CHO) a

alcohol (CH,0OH)

- Nombre del azucar acabado en —itol (Excepto la glucosa

= sorbitol)

CH,0H
|
H—C—O0OH
|
HO C H
|
H—C—0H
|
H—C—0OH
|
CH,0H
p-Glucitol
(sorbitol)

CH,0H
H C OH

CH,0H
p-Glycerol

CH,0H
HO— li —H
HO (|" H

H— (|: — OH
H— 'Il' —OH

ILHEDH

p-Mannitol

CH,OH
H— (|‘ —OH
HO— (|3 —H
H— (|_. —OH
(|1H20H
p-Xylitol
CH,OH
H— l.'l_,— OH
H— {|] —OH
H— «(l: — OH
'flll-lgﬂH
n-Ribitol



DERIVADOS DE LOS MONOSACARIDOS

- Desoxiazucares: Implica la pérdida de algun grupo

hidroxilo

O

HOH,C H
Ly i |
H OH
OH B

2-Deoxy-ee-p-Ribose

H H
HO Q. on H QO on
3 3
H H H HO
H H HO H
OH OH OH H

-L-Rhamnose (Rha) a-L-Fucose (Fuc)



DERIVADOS DE LOS MONOSACARIDOS

b) Aminoazucares:
- Sustitucion de OH por NH,

-  Generalmente en C2

CH,OH CHEOH
H }70\ OH HO O . OH

/H
\OH H/ \OH H/

B-D-Glucosa.mme B-D-Ga]actosamme




DERIVADOS DE LOS MONOSACARIDOS

c) Oxidacion: oxidacion de los carbonos terminales de
las aldosas

CoO
O oH

4 . 7’ [ (] LI 4 V4 [} H [
- Acidos uronicos: oxidacion del ultimo CH@
H OH

B-o-Glucuronic acid

- Acidos alddnicos: oxidacidon del C aldehidico

CH,OH

OH
H H G“‘r
HOND !

n
H OH —

=
-

COROVET

I
p-Gluconic acid H—C—0OH
I
HO—C—H

- Acidos aldaricos: oxidacion en ambos ’ :

H—C— OH

extremos '

COPOH

D=l i acid



DERIVADOS DE LOS MONOSACARIDOS

d) Esterificacion

- Esterificacion de un grupo OH con acido fosforico o

sulfurico

Garrett & Grisham: Biochemistry, 2/e
Figure 7.13

CH,O0H
H ~ O _H

" H N
K OH H /i
HO orPoOi-

H OH

{_t-r.-Glueuse-l-phnsphatc

=0POH,C

H HO
OH

~._ CH,0PO3}"

e

OH H
a-D-Fructose-1,6-bisphosphate



ENLACE GLUCOSIDICO

CH,OH CH,OH
(@) hemiacetal O
H 5 H(_/ H “§ OH
OH H OH H
HO OH / HO H
H OH alcohol H OH
a-D-Glucose B-D-Glucose
hydrolysis || condensation
H,O H,O
6CH.OH 6CH,OH

acetal hemiacetal

H H H
H OH
4 e/ e/
HO o H
H OH H OH
Maltose

a-D-glucopyranosyl-(1—-4)-pD-glucopyranose



OLIGOSACARIDOS: DISACARIDOS

OH
sacarosa
(O-a-D-glucopiranosil-(1—2)-3-p-fructofuranosa)

lactosa
(O-B-p-galactopiranosil-(1—4)-ca-D-glucopiranosa)

maltosa
(O-cr-p-glucopiranosil-(1—4)-ct-D-glucopiranosa)



Structures and Roles of Some Polysaccharides

POLISACARIDOS

Size (number of

Polymer Type* Repeating unit' monosaccharide units) Roles
Starch Energy storage: in plants
Amylose Homo- (al—4)Glc, linear 50-5,000
Amylopectin Homo- (al—4)Glc, with Up to 10°
(x1—6)Glc
branches every 24
to 30 residues
Glycogen Homo- (a1—4)Glc, with Up to 50,000 Energy storage: in bacteria and animal cells
(«1—6)Glc
branches every 8
to 12 residues
Cellulose Homo- (81—4)Glc Up to 15,000 Structural: in plants, gives rigidity and strength
to cell walls
Chitin Homo- (B1—4)GIcNAc Very large Structural: in insects, spiders, crustaceans, gives
rigidity and strength to exoskeletons
Peptidoglycan Hetero-; 4)Mur2Ac(Bl—4) Very large Structural: in bacteria, gives rigidity and strength
peptides GlcNAc(81 to cell envelope
attached
Hyaluronate (a Hetero-; 4)GIcA(B1—3) Up to 100,000 Structural: in vertebrates, extracellular matrix of
glycosamino- acidic GlcNAc(B1 skin and connective tissue; viscosity and
glycan) lubrication in joints

* Each polymer is classified as a homopolysaccharide (homo-) or heteropolysaccharide (hetero-).

'The abbreviated names for the peptidoglycan and hyaluronate repeating units indicate that the polymer contains repeats of tl

of one disaccharide unit linked 8(1—4) to the first residue of the next disaccharide unit.

Homopolysaccharides

Unbranched Branched

Heteropolysaccharides

Two monomer Multiple
types, monomer types,
unbranched branched



HOMOPOLISACARIDOS: Almiddn

AMILOSA
CH,OH CH,OH CH,OH
H 0 H H © H H G H
Nonreducing A H N, f H N z H . Reducing
endL OH H OH H OH H J end
O O @) O @)
OH OH OH
6CH20H
0}
H H H
N OH H /
branch
Branch H OH | point
7
6CH,
0]
H H H
4 1
OH H
o—’ 0—
Main H OH

chain

AMILOPECTINA



HOMOPOLISACARIDOS: Glucdgeno

= Similar a amilopectina pero con mas ramificaciones:
un enlace o(1-6) cada 8-13 unidades de D-glucosa

Glucdégeno



HOMOPOLISACARIDO: Celulosa

= No hidrolizable por enzimas digestivas humanas
OH

OH
OH /
T - '-h_{*: o G HD T !-":_F__ . - H_H“'{}a H_FH__JO
© /M -0 \Ay/ © M Y
HO ’ & O HO T
OH "0 OH

B-1,4-Linked p-glucose units

HOMOPOLISACARIDO: Quitina

3 2
3 2
CHZOH CHQOH

CH:« CH3



HETEROPOLISACARIDOS

Unidades alternantes de aminoazucares y de acidos
uronicos

-recuentemente unidos a proteinas
Proteoglucanos o mucopolisacaridos

Poseen carga
Elementos de soporte del tejido conjuntivo



HETEROPOLISACARIDOS:
Peptidoglucanos

* Componente rigido de la pared celular bacteriana.

Staphylococcus
aureus

* Unidades alternas de N-
acetilglucosamina y acido
N-acetilmuramico, unidas
por enlaces [3(1-4).

* Las cadenas lineales del
heteropolisacarido se unen
por enlaces covalentes
mediante péptidos.

N-Acetylmuramic
acid (Mur2Ac)

N-Acetylglucosamine

Site of cleavage (GlecNAc)

* La lisozima hidroliza by lysozyme
enlaces glucosidicos .
ducing %
entre unidades. e
Peptidoglucano de la pared celular de la

bacteria gram-positiva Staphylococcus
aureus.

Pentaglycine
cross-link



HETEROPOLISACARIDOS:
Glucosaminoglucanos

OO
0 B
OH H
H OH NeAcetyl-
-Glucuronate rrlucosamine
Hyvaluronate
CH,OH

"0450 44 o Lo
N , H V
H u/.- / H

/' H NHCCH

H 0. o s
& €00 |
NOH H H O

H OH
N-Acetyln-

L-Iduronate galactosamine-4-sulfate

CH,O0H

s H 0 [ 0
4

H w3 z H
A

.-..-' -
JH M—Ill.TI-Iﬁ

L8

H LR E

MAcetyl
|1-ga|antnsamim~4—sulfale

p-Glucuronate

Chondroitin-4-sulfate

CH,080,"

[
H 40, 2,
4OH H)
CHLOH / N R

H NHCCH,

HO 49O, % o
H 0
H QG H

H OH
N-Acetyl-
p-Galactose

p-glucosamine-6-sulfate

f)crmatan sulfate

Keratan sulfate

N-Acetyl-
p-Glucuronate |:-ga|acln5m11ine-ﬁ-5ulfate
Chondroitin-G-sullate
Co™
H O H

4
OH B

H 050" H NHSO,”
MSullo-
p-Glucuronate- u—glumsamine-ﬁ-sulfnte
2sulfate

Heparin




HETEROPOLISACARIDOS:
Glucoconjugados

 Siempre orientados hacia el exterior celular.
» Proteoglucanos: proteinas unidas a polisacaridos GAG.

» Glucoproteinas: proteinas unidas covalentemente a

oligosacaridos.

» Glucolipidos: lipidos de membrana (esfingolipidos) unidos

covalentemente a oligosacaridos.



Glucoconjugados: PROTEOGLUCANOS

ESTRUCTURA DE UN PROTEOGLUCANO

B1>3)  (B1—>4) (B1—3](81>3)(p1—>4] f
(GleA — GalNAc),~ GleA — Gal — Gal — Xyl — Ser

Chondroitin sulfate
Core protein —



Glucoconjugados: PROTEOGLUCANOS

Heparan
sulfate

Ry "
Chondroitin _ K

sulfate

o e av el

O
c
&
)]
i o
o
o

1 K '\ Estructura de un proteoglucano
i de una proteina integral de

f |
{ ! i
SN S UUBHUYLEL  membrana
DHDID DS < o @l@ 9 ﬁ@@ D

Inside




Glucoconjugados: PROTEOGLUCANOS

Agregado de proteoglucano de |la
matriz extracelular

Hyaluronate
(up to 50,000
repeating

disaccharides)

Keratan
sulfate

Chondroitin

sulfate Link
proteins
Aggrecan

core protein



Glucoconjugados: PROTEOGLUCANOS

Actin filaments ,(

Integrin

Proteoglycan

Fibronectin

Interacciones entre las
células y la matriz
extracelular

Cross-linked
fibers of

collagen

Plasma membrane



Glucoconjugados: GLUCOPROTEINAS

w (a) O-linked (b) N-linked
i f
CH, 0 C=0
o) [ |
HO /jp H NH—C—CH2—|CH
N\OH H 0—CH,-CH e
-~
GalNAc Ser Asn
Examples
=
& o| |@Gle
o5 & |®@GleNAc
O Man
O Gal
. O NeubAc
é o v Fuc
= < V GalNAc
w2




Glucoconjugados: GLUCOLIPIDOS




Proteinas que se unen
a carbohidratos de la
superficie celular con
elevada especificidad
a través de
interacciones débiles.

LECTINAS

Lectins and the Oligosaccharide Ligands That They Bind

Lectin family and lectin Abbreviation Ligand(s)

Plant

Concanavalin A ConA Manal—O0CH;

Griffonia simplicifolia GS4 Lewis b (LeP) tetrasaccharide

lectin 4

Wheat germ agglutinin WGA NeubAc(a2—3)Gal(31—4)Glc
GIcNAc(B1—4)GIcNAc

Ricin Gal(B1—4)Glc

Animal

Galectin-1 Gal(B1—4)Glc

Mannose-binding protein A MBP-A High-mannose octasaccharide

Viral

Influenza virus hemagglutinin HA NeubAc(a2—6)Gal(B1—4)Glc

Polyoma virus protein 1 VP1 NeubAc(a2—3)Gal(B1—4)Glc

Bacterial

Enterotoxin LT Gal

Cholera toxin CT GM1 pentasaccharide

Source: Weiss, W.I. & Drickamer, K. (1996) Structural basis of lectin-carbohydrate recognition.

Annu. Rev. Biochem. 65, 441-473.



LECTINAS

Glycoprotein ligand Glycoprotein ligand
for integrin l j for P-selectin

Integrin

P-selectin

Capillary
endothelial
cell




Papel de los oligosacaridos en el reconocimiento y
adhesion a la superficie de la célula

Oligosaccharide

chain ( |
Plasma \‘“«{ @/ )

membrane
protein



