Hidratos de Carbono



Caracteristicas generales

» Formula general (CH,0)
e Monosacaridos, Oligosacaridos, Polisacaridos

e Glicoproteinas, glicolipidos, glicolipoproteinas y acidos
nucléicos

e Importancia metabdlica, estructural, informacion
 Polihidroxialdehidos y polihidroxicetonas

e “0sa”, por ejemplo aldotriosa, cetotriosa
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Monosacaridos

e Solidos cristalinos
e Solubles en agua, incoloros
e Insolubles en solventes organicos

e Desvian el plano de la luz polarizada (actividad
Optica), moléculas asimétricas

 inestables en medio acido fuerte (derivados
furanicos)



Carbonos asimétricos e isomeria
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Enantiomeros y diasteroisomeros

¢,=0 o=, ¢=0 o=¢,
HO—€,—H H—t:l:,— OH H—{ll'.e— OH Ho—tlsg—H
H—€,— OH HCJ—ILl'.'r-,—H H—'El‘r,— OH HD—'-l:a-”
H-—-—{l:,.—H H—tlz,.—H H—(IL—H H—C,—H

5 6 o o

:. : J. !
o-Threose L-Threose o-Erythrose L-Erythrose

\\_\/{/H’_/—ﬂ
0
H—C;—H H—t'.l‘:-—H
Ca=0 D-—Iili,.
H—Cy—0OH H'D—1|3_.—H
H—C;—H H—ill:—H
¢
!
,.——/’_/\\

o-Glyceraldehyde L-Glyceraldehyde




1 CH.OH
| 2

2 =0 Ketotriose
|

Cetosas s o NUmero de
Dibrydrosyacetons este roisomeros

= 2n

1 CH,CH
|
] =
| Ketotetrose
3 HE|3 QH
4 C:H:I:'H
o-Erythrulose
1 CH,OH CH,OH
| - I
by =0 C=
| I
3 HZoH HOCH Ketopentoses
| I
4 HCoH HCOH
| I
3 CH_OH I H2CIH
o-Ribulose Oyl s
1 CH.OH CH,OH CH.OH CH,OH
| | : |
2 C=n C=0D o=0 c=0
| I | |
2 HCOH HOCH HCOH HOCH
| | | Ketohexoses
4 HiZOH HZOH HOGH HOCH
| |
& HCOH HCOH HCOH HCOH
|
& o H_.fDH CHEOH CH_.,OH C HEOH

o-Psicose o-Frctose -Snrbnes o-Tagatoss

{hY n-keineas



Monosaccharides Matural Occurrence Physiclogical Role?
Trioses
Glyceraldehyde Widespread (as phosphate) The 3-phosphate is an intermediate in glycolysis
[rhydroxyacetone Widespread (as phosphate) The 1-phosphate is an intermediate in glycolysis
Tetroses
D-Ervihirose Widespread The 4-phosphate is an intermediate in carbohydrate
metabolism
Pentoses
D-Arabinose Some plants, tuberculosis bacilli Flant glycosides, cell walls
L-Arabinose Widely distributed in plants, bacterial Constituent of cell walls, plant glycoproteins
cell walls
D-Ribose Widespread, in all organisms Constituent of ribonucleic acid
2-p-Deoxyribose Widespread, in all organisms Constituent of decoyribonucleic acid
D-Xylose Woody materials Constituent of plant polysaccharides
Hexoses
D-Galactose Widespread Milk (as part of lactose); structural polysaccharides
L-iGalactose Agar, other polysaccharides Polysaccharide structures
D-Glucose Widespread A major energy source for animal metabolismm; structural
role in cellulose
D-Mannose Flant polysaccharides, animal glycoproteins Polysaccharide structures
D-Fructose A major plant sugar; part of sucrose [ntermediate in glycolysis { phosphate esters)
Heptoses

o-Sedoheptulose

Many plants

“5ome of these monosaccharides have additional roles that are not Laed,

Intermediate in Calvin cycle in photosynthesis and pentose
phosphate pathway
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Comportamiento de la glucosa en
solucion

La glucosa en solucion no da la reaccion de Schiff
La D (+) glucosa metilada presenta dos isdmeros

La D glucosa en solucion tiene dos formas isoméricas que
sufren “mutorotacion”

D (+) glucosa cristalina = +112 °

27°/

D (+) glucosa cristalis ontenida a 98 °C = +19 °
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Formas ciclicas
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D glucosa en solucion

o-piranosa 38,8%
B-piranosa 60,9%
a-furanosa 0.14%
B- furanosa 0.15%
Forma abierta 0.0045%



Isbmeros conformacionales

AxXis

Two possgible chair forms
(a)

(b} b-n-Ribofuranose, C-3 endo



Relative Amount (%)

Total
Monosaccharide  o-Pyranose  3-Pyranose  o-Furanose  f-Furanose  Furanose
Ribose 20 56 6 15 24
Lymose 71 29 — —& <]
Altrose 27 40 20 13 a3
Glucose 36 64 —* — <1
Mannose &7 33 — — <1
Fructose 3 37 9 31 40

Note; In all cases, the open-chain form is much less than 1%, For data on other sugars, see 5, . Angyal,
The composition and conformation of sugars in solution, Asgews, Chem, (1969) §:157-226,

“Much less than 1%,
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Derivados

CGlucose family

aminados
Amino sugars
CH.OH CH.OH CH-OH CH.OH CH.O0H
R H B H & H H = H = H
H-N
H H H H H
H H H H
H NH; NH INH;
,:!- 0 B-D-Galactosamine A-n-Mannosamine
1!IH:.e
B-0-Glucose B-p-Glucceamine  N-Acetyl#-Dglucosamine
Hy—O—P05 HOH H.OH
0, 0 0, CH.
H H H l #
R=—0—C—H
£ |
H H H COoW™
H NH: NH

|!' 0
i,

B-b-Glucose B-phosphate Muramic acid N-Acetylmuramic acid



6CH,0H
E 0

B-p-Glucose

EéHzﬂlH

p-Glucose
ilinear form)

glucose

p-Glucose + Oy

200" 2Cu”

N,

{a)

oxidase

CI\‘\ /;?CI

C
H—&J—OH
HD—&J—H
H—ili';—DH
H—C—0OH
éIHED H

o-Gluconate

Derivados oxidados

+ 2Cu"' + 50H

B-o-Glucopyranose

Ac. alddnicos

CH3OH
OH 0
H H &
C.. =
H H O
HO e
H OH

p-Glucono-d-lactone + Ha Oy

(b}

p-Gluconic acid

CH.OH
OH
HH
" OH H
HO
H OH

o-Gluconic acid

CH.OH
H H Q .
LONOH '

H OH

p-f-Gluconolactone

B-o-Glucuronic acid

Ac. uroénicos

OH

¥ G'U::':.:' T

3H,0



Derivados reducidos (alditoles)
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Derivados metilados
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Derivados por sustitucion de OH

Deoxy sngars

A-1-Fucose a-L-Bhamnoze

Purine or
pyrimidine
base

O-
Phosphate _'D—llll’—
0

Pentose




Disacaridos

e Por hidrélisis acida o enzimatica dan monosacaridos
e La union se denomina glicosidica

e Esta unidn es inestable en medio acido pero relativamente estable en
medio alcalino

e Pueden tener o no poder reductor (disacaridos que tienen un grupo
hemiacetalico libre (reductores lactosa, maltosa, celobiosa, no
reductores sacarosa, trehalosa)

e son solidos , solubles en agua.

e Tienen actividad Optica
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Disaccharide Structure Matural Occurrence Physiclogical Role
Sucrose Gloee 1—-2)Fruf3 Many fruits, seeds, roots, honey A final product of photosynthesis; used as primary energy
SOUrCe I many Dl'gﬂ.IliSl'l'E

Lactose Galf{1—4)Glc Milk, some plant sources A major animal energy source

ev.ee-Trehalose  Glee{1—1)Gleer Yeast, other fungi, insect blood A major circulatory sugar in insects; used for energy

Maltose (Aeod 1—+4)Gle Flants {starch} and animals The dimer derived from the starch and glycogen polymers
{glycogen)

Cellobinse Gl 1—4)Glc Flants {cellulose} The dimer of the cellulose polymer

Gentiobiose Glefi{1—=6)Gle Some plants (e.g., gentians} Constituent of plant glycosides and some polysaccharides



Lactose (@ form)
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Glelal«s1aiGle



(a) DISACCHARIDES with = connections
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{b) DISACCHARIDES with i connections
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Glycanos (polisacaridos)

Almidon (amilosa y amilopectina)
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Glyeogen granules

Alfa(1-4) y alfa(1-6)
poli D glucosa



Celulosa

beta(1-4) pli D glucosa

Chitin

Quitina

beta(1-4) poli D
Nacetilglucosamina




Lipoteicho: Peptidoglicano

acid

Peptidog ycan
(cellwall

FPoksaccharide
coats

Peptidog can structure
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Lipo-polsaccharides

Outer lipicl

call mermbrang

wall

- Periplasmic THn
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L £

Tetrapeptides
crosslinked at
Jand 4

{b) Grar negative
Escherichia coli



Glicosaminoglicanos

CH,S0,"

CH 050,

NHCOCH,

Chondroitin sulfate

CH;OH
e ()

NHCOCH,

Keratan sulfate

GO0~

NHCOCH,

Hyaluronic acid



Structures and Roles of Some Polysaccharides

Size (number of

Polymer Type* Repeating unit' monosaccharide units) Roles
Starch Energy storage: in plants
Amyloss Homa- (o]l —A)Gle, linsar BO-&, 000
Amylopectin Homa- (o] —A)Gle, with Up to 106
[ 2y ]
branches every 24
to 30 residues
Glycogen Homa- (o] —A)Gle, with p to 50,000 Energy storage: in bacteria and animal calls
[ 2y ]
branches every 8
to 12 residues
Cellulose Homa- (Fl—d)G e Up to 15,000 Structural: in plants, gives rigidity and strength
to cell walls
Chitin Homa- (F1l—=4)G lcNAc Very large Structural: in insects, spiders, crustaceans, gives
rigidity and strength to excskeletons
Peptideglycan Hetero-; AMurgbc(gl—4) Very large Structural: in bacteria, gives rnigidity and strength
peptides GleMAz(21 to cell envelops
attached
Hyaluronate (a Hetero-; A)GElcA31—3) Up to 100,000 Structural: in vertebrates, extracellular matrix of
glycosamine- acidic GleMAz(31 skin and connective tissue; viscosity and
glycan) lubrication in joints

* Each polymer is classified as a homopalysaccharide (homo-) or hetempolysaccharide (hetero-).

Tha abbraviated names for tha paptidoglycan and hyaluronate repeating units indicate that the polymear contains repeats of this disaccharide unit, with the GleMAG
of ona disaccharide unit linked g{1—4) to the first residug of the next disaccharide unit.



O y N-glicosidos. Glicoproteinas
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Lipopolisacaridos

O-Specific

@ CINAL chain
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Purified
polysaccharide

Glycoprotein
or glyeolipid

Release oligoeaccharides
with endoglyensidase

Ohigozaccharide
mixture

1} lon-exchange chromatography
2} Gel filtration
21 Lectin affinity chromatography

Separated
oligosaccharides

1

Exhaustive
:mzefth:.']ati-:-n Enzymatic hydrolys=is NME and
Hydroly=is with with CHyl, with specific mazss
strong acid strong base glycosidases spectrometry
. Fully methylated Smaller 3
M harid . ,
prosReEharies carbohydrate oligosaccharides
Rezolution of fragments
High-performance Arid hydrolysis yields In mixture
liquid chromatography or monoaaccharides ¥
derivatization methylated at every Each cligosaccharide
and gas-liquid —OH except those involved auhjected to methylation
chromatography in glyeosidic bonds or enzymatic analysis
w b 4 L] w
Composition of Sequence of Sequence of
mixture Positionis) of monosaccharides; monosaccharides:

Types and amounts
of monceaccharide

units

glveosidic
bonds

posttion and
configuration of

glycosidic bonds

position and
configuration of
glyeosidic bonds






