Saccharides — carbon hydrates

Monosaccharides

Aldoses
ketoses

v

Oligosaccharides

di-saccharides
(O-glycosidic bond)

Polysaccharides

homo-hetero polymers
(O-glycosidic bond)



Aldoses (D-family)
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D-Aldoses
(a)



Ketoses (D-family)

Three carbons Four carbons Five carbons
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Bix carbons
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-Psicose -Fructose i-Sorhbose p-Tagatose
D-Ketoses
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Glucose in water solution

Intra-molecular hemiacetal (1 — 5)

CHO
H——0OH
HO——H - >
H—r—CH
H—5—DH
CH,OH

Glucose open chain Glucopyranose


http://upload.wikimedia.org/wikipedia/it/6/6d/D-glucopiranosio_struttura.svg
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B-D-glucopyranose




MUTAROTATION (H,0, 20 °C)
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D-Fructose

Cyclic Structure of Fructose

o-D-Fructose

B-D-Fructose



Reducing power of saccharides

R-CHO +

SCH,0H
S0

H OH
4 1
HO H
H OH
B-n-Glucose
O 0
S,
® E
H-(—OH H—LL—{}H
HO Hﬂ H LY Wt HO é H
i NI .
H—l—DH H—tT—DH
H—Etlz—UH H—l’ll—f_}H
*CHLOH CH,OH
o-Glucose o-Glueonate
{linear form)
(a)
O,, OH"

-— R-COOH +

+ H,0



Oxidation of Monosaccharides

0 O
H OH
N\ \
?/ N
|
H—?—OH H—C—OH
I
HO—C—H —C—H
| ot O ? + Cu,O(s)
H—?—OH H—C—OH
I
H—?—OH H—C—OH
I
CH,OH CH,OH
D-Glucose D-Gluconic acid

Cu>  Cu,0(s)



A
Human (particularly) relevant hexoses

epimers

O%C/H O\C/H

H—(lj—OH H—(:S—OH
H —(_|7— HO—(lj—H

H—(|34—OH |4—H

H—(;—OH H—(lj—OH

H—(|:—OH H—(lj—OH

H H
glucose galactose

(two aldoses)

ITI
H-C-0H
HO—(F—H
H—(F—OH
H—(F—OH
H—(F—OH
H

fructose
(ketohexose)

Glycemia (blood, level) = 90 mg 100 ml (reference range 70 — 110 mg/100 ml )




A
Pentoses relevant to humans

OH OH OH H
ribose deoxyribose
(f-Dribofuranose) {-D-2-deoxyribofuranose)

(component of nbonucleotides) (component of deoxyribonucleotides)



Di-saccharides



Glycosidic Bond Formation (etherbond)

CH,OH CH,OH
O hemiacetal
H /i H
OH H /I
HO OH
H OH Mookl H OH
a-D-Glucose B-n-Glucose

hydrolysis || condensation

H,0 || H,0

6CH,OH 6CH,OH
—i0) - —0

H OH
4 4
HO C— ' H
H OH H OH
Maltose

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



Maltose

CH,OH CH,OH
(o) (o)
OH TR ol
HO OH HO OH
OH OH
«-D -Glucose l «-D -Glucose
CH,OH CH,OH
(0] o)
OH o OH OH,’& H0
HO 4
|' a Anomer
OH /’ OH

a-1,4-Glycosidic bond

«-Maltose, a disaccharide
Timberlake, General, Organic, and Blological Chemistry. Copynght ® Pearsen Education Inc., publishing as Benjamin Curmmings

Question: does maltose act as a reductant ?




Lactose

CH,OH - 5—0H CH,OH

o o)
HO OH
4 OH 1 + 4 OH 1
HO OH
OH l OH

B-b-Galactose a-D-Glucose

CH,OH

from

CH,OH  p-—OH

HO

O~

OH

OH
B-1,4-Glycosidic bond

a-Lactose, a disaccharide
Timberlake, Generai, Organic, and Blological Chemistry. Copynght ® Pearsen Education Ine., publighing as Benjamin Cummings

Question: does lactose act as a reductant ?




..and Saccharose...!?

CH,OH
o CH,OH
0
OH 1
OH OH OH !
OH OH )
OH
alpha-D-Glucose .
P e O r alpha,beta-1,2-glycosidic bont
+
CH20H OH CH20H 4 ~
k 37| 2 K W 2
CH,OH CH,OH
OH OH

beta-D-Fructose Sucrose



The reducing power of saccharides

> | - . 2 o
Glucose Fructosi




Hydrolysis of Sucrose

« Sucrose is hydrolyzed by the enzyme sucrase, which
IS secreted in the small intestine

* The glucose and fructose can then be absorbed into
the bloodstream (disaccharides are too large to be

absorbed)
| CH,OH CH,OH
HO (0) (0)
OH OH
HO OH
OH sucrase OH
o + H,0 p-Glucose
(9) (o)
HOCH, < HOCH,~ . OH
OH~ OH
CH,OH CH,OH
OH OH

Sucrose p-Fructose
Timberlake, General, Organic, and Biological Chemistry. Copyright & Pearson Education Inc., publishing as Benjamin Cummings



| actose Iintolerance

Lactose hydrolysis

CH OH

CH,OH

HO ~—O_ OH O_ OH
<°"_,>

CH,OH
0. OH
CH,OH ( OH
OH)—0 O
OH OH

OH

p-Lactose

Lactase (enzyme)

CH,OH

B3 o- Galactose B o- Glucose
Timberlake, General, Organic, and Biological Chemistry. Copynight @ Pearson Education Inc., publishing as Benjamin Cummings


//upload.wikimedia.org/wikipedia/commons/3/36/Lactose_Haworth.svg

Polymers




CH,OH CH,0OH

0 o)
OH o—Kom STARCH
OH OH
CH,0OH CH, - © CH,OH
o) 0 o)
OH OH OH

Starch & glycogen: branched glucose homopolysaccharides

STARCH
20% Amylose = 300-3000
80% Amylopectin = 2000 - 3000

AMYLOPECTIN




STARCH
20% Amylose = 300-3000
80% Amylopectin = 2000 - 3000

( 7 alpha 1-4 and
alpha 1-6
glycosidic bonds

J Amylopectin

Amylose
only alpha 1-4
glycosidic bonds (a) Two forms of starch



Glycogen & Amylopectins

Branch

(b)




Amylopectins > 2000 monomers

CHyOH CHZ0H
0 0
H H
0
OH HO
|
CH,OH CH20H CHz H;0H
0 0 0 0
OH OH OH OH
0 0 0 o—
OH OH OH OH

Glycogen > 100.000 monomers

Highly branched 2, B g
glycogen molecule ™. " =

CH,0H

Glucose - | _

monomer Branching
H . OHO occurs here

CHOH  / CH,OH oM




Cellulose

CH,OH
0
CH,OH
o *! 1
Ki ¢ \ OH OH
4 1
<\ OH
OH " cellulose
OH

B 1,4 O-glycosidic bonds — linear polymers > 10.000 monomers










