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o cavohyarre [

» Carbohydrates are compounds of tremendous
biological importance:

- they provide energy through oxidation

- they supply carbon for the synthesis of cell
components

- they serve as a form of stored chemical energy

- they form part of the structures of some cells and
tissues

- Carbohydrates, along with lipids, proteins, nucleic
acids, and other compounds are known as
biomolecules because they are closely associated
with living organisms. Biochemistry is the study of
the chemistry of biomolecules and living organisms.
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o casoneoes [

o The word carbohydrate can be expressed as hydrates of
carbon because molecular formulas of these compounds.

o Example;
Glucose has the molecular formula C;H,,0, which might
be written as C5;(H,0),.

CH,OH
H—}—OH =70
HO ——H HO——H
H——OH H——OH
H——OH H——OH
CH,0OH CH20H
D-Glucose D-Fructose

polyhydroxyaldehydes polyhydroxyketones

o Carbohydrates are usually classified according to their
structure as monosaccharides, oligosaccharides, or
polysaccharides.

The term saccharide comes from Latin (saccharum, sugar) and

refers to the sweet taste of some simple carbohydrates.
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@ clssiiation of carvaryarares [

o The three classes of carbohydrates are related to each other
through hydrolysis.

H,O H,O

o+ oligosaccharides —5= monosaccharides

polysaccharide

o Monosaccharides (or simple sugars) are carbohydrates that
cannot be hydrolyzed to simpler compounds.

o Oligosaccharides (from the Greek oligos, few) contain at least
two and generally no more than a few linked monosaccharide

units.

They may be called disaccharides, trisaccharides, and so on,

depending on the number of units, which may be the same or

different.

Example; Maltose is a disaccharide made of two glucose units.
Sucrose is made of two different monosaccharide units:
glucose and fructose.

o Polysaccharides contain many monosaccharide units -
sometimes hundreds or even thousands.

o Example;

Starch and cellulose, contain linked units of the same

monosaccharide, glucose.
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Glyceraldehyde is the simplest aldose, and dihydroxyacetone
is the simplest ketose.

o Each is related to glycerol in that each has a carbonyl group
in place of one of the hydroxyl groups.

1 ) 1
{fH:(_) (|:H20H (|3H20H
: CHOH "C=0 CHOH
3 5 | |
CH2OH CH20H CH,OH
glyceraldehyde dihydroxyacetone glycerol
(an aldose) (a ketose)

o Monosaccharides are classified according to:

= The number of carbon atoms present (triose, tetrose,
pentose, hexose, and so on).

‘CH=0 'CH=0 'CH=0 'CH,0H 'CH,0H  CH,OH
2hon dion  lwon  *d—o o . c': —0
bion ‘luon  lwon  luon  lwon  *&uonm
) {|3H20H ‘bion *dnon {’leZOH ‘bion *non
"CH,0H don : (|3H3C)H s o

"'éHEDH r'éHzDH

tetrose pentose hexose J ) tetrose pentose hexose )

alldlr}s-_'-s kul;sus
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CH=1L}
H CH ['ricse
LHLUH
trf + J-ghreeraldehyde
__—ﬂ—ﬂ_f_ﬂ_ﬂ_d_ -_____—_—_—__‘————__
— ———
LH=10) LH=1
H—I—CIH IIIZTI—I—H —
H LH H—r—0H
CHLOH CH,OH
//::—:—]-uy-thrmr\ o[ —}-threose
CH=10) LH=10 f.II.//[’J/’/ X[II Ll
II—I—E'EIH HO——H H——OH HIZ'II—IH
H [ H H—r—0H Hid—r—H Hy T H Peninses
H——(H H—r—0H H——0H H—— (-
CHoUH HL0H CHLOH CHLOH
L1y :ib-uu\. [ == marafimnse Tmi 4} xylose we{—)-lyEose
[K? LH=0 f.II/[] CH=10 [TI//II] LH==0 LH=10 LH=0
H—IDH HG—I—H H—IGH HD—IH H—IIZ'JH HD—I—H H—I—CIH IID—I—H
H [ LIH H [ (H HLY T H Hi [ H H T H H [ OH H) [ H H [ H Hexoses
H T LIH H I (H H T (H H T H HC3 T H HC3 I H Hi) I H H [ H
H—— (H H——{1H H—— (1H H—— (- H——(1H H——01H H——H H——(H
CH,OH CH,OH CH, 0OH CH,OH CH,0H H,OH CH,OH CH,OH
[+ J-allase o + j-alirose o-i + I-glucose o = ]-mannaose Lol = bopralinse o[ = i s i+ i-palacioee D-f = -Laliase
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o wecises [

Chirality in Monosaccharides; Fischer Projection Formulas
and D,L-Sugars

CH=0
H—|—OH
CH,OH
Fischer projection
o He used a small capital d to represent the configuration of
= D-glyceraldehyde, with the hydroxyl group on the right.
= L-glyceraldehyde, with the hydroxyl group on the Jeft.

CHO CHO
H —F{JH HO —}~ H
CH,OH CH,OH

D-(+ )-glyceraldehyde L-(—}-glyceraldehyde
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o Stereogenic centers are mostly carbon atoms (asymmetric

carbon) that bind four different groups.

o Stereoisomers = 2" (n = number of stereogenic centers).

o Each of those stereoisomers has its enantiomer (mirror

image) (2 pairs of enantiomers).
o Diastereomers are stereoisomers that differ from the

particular pair of enantiomers.

o Diastereomers differ in their properties.

'cHO ! cHo 'CHO 'CHO
H2—oH HO—-H H-{—oH H-LL-oH

Ho - H H—0H  Ho Ho 1 H

4L _oH HO—* 4L _oH Ho-H—H
H——H HO—fH H——oH H—— o
6 CH,0H 5 CH,OH B CH4OH B CH5OH

D-glucose L-glucose D-glucose D-galactose
Enantiomers Diastereomers
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H
H—C—0OH
Cc=0
HO=C~==11

H=C= 011
H=—C—0OH
H—C—OH

H
Fructose

10/20/2020

H
C=0
Structural H—C—OH
isomer

~— HO—C—H
H—=C—0H
H—C—OFH
H—C—OH

H
Glucose

H
C=0

Stereo-
isomer
—_—> HO—C—H

H—C—0H

Galactose
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o Monosaccharides exist mainly in cyclic, hemiacetal forms and not in
the acyclic aldo- or keto-forms.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

O C
[ ?H /sNEH /0N
C—H OH C OH
1 | 15 =] 3 | |
5 6 | H
I-I—2 G—0H . 5C i o H OH
\ : .
HO—C—H chs C// o-glucose
3 2 OH H TR or
| = Q. "/1 o ~— B-glucose
H—4C—OH OH 3 (l‘—(l,2 H
H—SCIZ—()H H OH
H—C—OH
o]
H

Manipulation of the Fischer projection formula of D-glucose to bring
the C-5 hydroxyl group in position for cyclization to the hemiacetal
form.
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The carbons are arranged clockwise numerically, with C-1 at
the right.

o Substituents attached to the ring lie above or below the
plane.
‘CH,OH ‘iCHon

H OH

Haworth projection formulas for D-glucose

Carbons 1 through 5 are part of the ring structure, but carbon 6 (the -
CH,OH group) is a substituent on the ring.

C-1 is special.

C-1 is the hemiacetal carbon (it carries a hydroxyl group, and it is also
connected to C-5 by an ether linkage).

C-2, C-3, and C-4 are secondary alcohol carbons.

C-6 is a primary alcohol carbon.

Hydroxyl groups on the right in the Fischer projection are down in the
Haworth projection (and conversely).

Hydroxyl groups on the /eft in the Fischer projection are up in the Haworth
projection).

For D-sugars, the terminal -CH,OH group is up in the Haworth projection;
for L-sugars, it is down.
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O

Anomeric carbon; The hemiacetal carbon, the carbon that
forms the new stereogenic center.

Anomers; Two monosaccharides that differ only in
configuration at the anomeric center are (a special kind of
epimers).

Anomers are called o or B, depending on the position of the
hydroxyl group.

For monosaccharides in the D-series, the hydroxyl group is
“"down” in the « anomer and “up” in the § anomer.

anomeric
carbon

CHZOH /J CH,OH CH,OH
QO Q\\

anomeric

a-D-glucose (36% D- gluuosc B-D-glucose (64% carbon

(mp 146°C) (acyclic, aldehyde (mp 150°C)
[a]+112° form) [a]+19°

» |f D-glucose is crystallized from methanol, the pure o form is obtained.

= Crystallization from acetic acid gives the 3 form.
» The a and 3 forms of D-glucose are diastereomers.
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© Conformations of Pyranese; hair ConformatirfJ

o At the anomeric carbon (C-1), where the hydroxyl group
may be axial (in the o« anomer) or equatorial (in the B

anomer).

HO

/ (acyclicl:) ﬁlit;(;ji form) \

a-D-glucopyranose B-D-glucopyranose
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@ 1 Reducton of Monosaccharizes [

o The carbonyl group of aldoses and ketoses can be reduced by
various reagents to give polyols, called alditols.

o Example;

Catalytic hydrogenation or reduction with sodium borohydride
(NaBH,) converts D-glucose to D-glucitol (sorbitol).

o Sorbitol is used commercially as a sweetener and sugar
substitute.

CH=0 CH,OH

CH-OH H———0OH H—T0OH
i HO——H H,.catalyst HO—T—H

HO - — - H——OH or NallH, H——OH
HO __OH“= H—OH H——OH
| OH

CH,0H CH,0H
n-glucose n-glucose p-glucitol

(cvclic) {acvclic) (sorbitol)
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@ 2 Oxdation of Morosaccrorces [

2.1. With Mild Oxidizing Agents

o Mild oxidizing agents as
- Tollens’ reagent (Ag* in aqueous ammonia),
- Fehling’s reagent (Cu2* complexed with tartrate ion),
- Benedict’'s reagent (Cu2* complexed with citrate ion).

o These aldehyde groups can be easily oxidized to acids which are
called aldonic acids.

o A carbohydrate that reacts with Ag* or Cu2* is called a reducing sugar

o Example; D-glucose is easily oxidized to D-gluconic acid.

CH=0 COOH

H—/—0OH H——0OH
HO—"H Br,, H,0  HO—T—H
H__ GH A + or . 24 H__ GH
gt orCu
H—7—0H H——OH
CH,OH CH,OH

o-glucose p-gluconic acid

o With the copper reagents, the blue solution gives a red
precipitate of cuprous oxide, Cu,O.
O

|
RCH=0 + 2Cu** + 50H" — RCO™ + Cu,0 + 3H,0
blue red
solution precipitate
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2.2. With Strong Oxidizing Agents

o Stronger oxidizing agents, such as aqueous nitric
acid.

o The aldehyde group and the primary alcohol group

can be oxidized, producing dicarboxylic acids called
aldaric acids.

o Example;
D-glucose gives D-glucaric acid.

CH=0 COOH

H—— OH H—— OH
HO——H HMO, HO—H

H—— OH H——0OH

H—— OH H—T—0OH

CH,OH COOH

D-glucose p-glucaric acid
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@ covomyarates-tisaccharices [

-2 monosaccharides linked together by dehydration
synthesis

-used for sugar transport or energy storage
-examples: sucrose, lactose, maltose

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

CH,OH CH,OH CH,OH CH,OH CH.OH CH,OH
H 10\ 1 O 1 1 4EO. H OL i = 0. 1 11 O,
R + p o ¢ "

OH H \ 1= \¢H H/0-\ Oy, OH 1 /Lo NOH H
HO OH HO CH,OH T' HO CH,OH HO OH
H OH OH H \.u_,g) H OH OH H H OH H OH

a-glucose Fructose Sucrose Maltose
a b.
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[glycosidic)
carbon

maltose
4-0 (oD glucopyranosyl)- 3 0 glucopyranose

Maltose is the disaccharide obtained by the partial hydrolysis of
starch.

Further hydrolysis of maltose gives only D-glucose.
Maltose consist of two linked glucose units.

It turns out that the anomeric carbon of the left unit is linked to
the C-4 hydroxyl group of the unit at the right as an acetal
(glycoside).

The configuration at the anomeric carbon of the left unit is o.
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cellobinse

L0 (Ao glucopyeanosyl)- 8- 0 glucopyranose

o Cellobiose is the disaccharide obtained by the partial
hydrolysis of cellulose.

o Further hydrolysis of cellobiose gives only D-glucose.

o Cellobiose must therefore be an isomer of maltose.

o In fact, cellobiose differs from maltose only in having

the B configuration at C-1 of the left glucose unit.
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galactose unit

lactose

1-0-(3-D-galactopyranosyl)-a-D-glucopyranose

o Lactose is the major sugar in human and cow’s milk (4%
to 8% lactose).

o Hydrolysis of lactose gives equimolar amounts of D-
galactose and D-glucose.

o The anomeric carbon of the galactose unit has the §
configuration at C-1 and is linked to the hydroxyl group
at C-4 of the glucose unit.
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_{“F q:mnﬂg aration O

\y

-fructose | HOH;C o b}
unit | c HO A
(I:HEOH
|

a-D-glucopyranosyl-3-D-fructofuranoside

CH,OH

BTG

[or 3-D [T Zt]J".lmJ'.tJ.».'_.'] -1 'i;'_u.u':.\:.'r.'_l'_;u;il]u:

The most important commercial disaccharide is sucrose, ordinary
table sugar.

Sucrose occurs in all photosynthetic plants, where it functions as an
energy source.

It is obtained commercially from sugar cane and sugar beets, in
which it constitutes 14% to 20% of the plant juices.

Sucrose is very water soluble (2 grams per milliliter at room
temperature) because it is polar due to the presence of eight
hydroxyl groups on its surface.

Hydrolysis of sucrose gives equimolar amounts of D-glucose and the
ketose D-fructose.
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@ carbonyarates-rolysoccharices [

Polysaccharides
-long chains of sugars.
-used for energy storage.
-plants use starch; animals use glycogen.
-used for structural support.
-plants use cellulose; animals use chitin.
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H OH H OH
a-glucose a-1,4 linkages

1

Amylose  + Amylopectin

H
a-1,4 linkage

|
a. . 3.3um
© Asa Thoresen/Photo Researchers Inc, J.Carson/Custom Medical Stock Photo
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CH,OH CIHLOII H  OH CIH,OH
0
O OH H H H 8 O
H OH H
| Q)
H & H
H  OH I OH CILOIH I ol

[}-glucose f-1,4 linkages

| —
b. 500 um
© J.D. Litvay/Visuals Unlimited

10/20/2020 Dr. Assem Barakat



— 1,6-link
-~ (a branch point}

r——————— maltoseunit —=

amylopectin H (e}

OH H| CHOH H
LIl [ & -0,
H o

L amylose
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Co_

Starch is the energy-storing carbohydrate of plants.

o Itis a major component of cereals, potatoes, corn, and rice.

o Starch is made up of glucose units joined mainly by 1,4-a-
glycosidic bonds, although the chains may have a number of
branches attached through 1,6- a -glycosidic bonds.

o Partial hydrolysis of starch gives maltose, and complete
hydrolysis gives only D-glucose.

o Starch can be separated by various techniques into two fractions:
amylose and amylopectin.

=  Amylose, which constitutes about 20% of starch, the glucose
units (50 to 300) are in a continuous chain, with 1,4
linkages.

= Amylopectin is highly branched. Although each molecule may
contain 300 to 5000 glucose units, chains with consecutive
1,4 links average only 25 to 30 units in length.

o These chains are connected at branch points by 1,6 linkages.

10/20/2020 Dr. Assem Barakat



O carbohyerates-Polysaccharices- Giycogen [

o Glycogen is the energy-storing carbohydrate of animals.

o Like starch, it is made of 1,4- and 1,6-linked glucose units.

o Glycogen has a higher molecular weight than starch (perhaps
100,000 glucose units), and its structure is even more
branched than that of amylopectin, with a branch every 8 to 12
glucose units.

o Glycogen is produced from glucose that is absorbed from the
intestines into the blood; transported to the liver, muscles, and
elsewhere; and then polymerized enzymatically.

o Glycogen helps maintain the glucose balance in the body by
removing and storing excess glucose from ingested food and

later supplying it to the blood when various cells need it for

energy.
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cellulose chain

Cellulose is an unbranched polymer of glucose joined by 1,4-p-
glycosidic bonds.

It consists of linear chains of cellobiose units.

These linear molecules, containing an average of 5000 glucose
units, aggregate to give fibrils bound together by hydrogen bonds
between hydroxyls on adjacent chains.

Cellulose fibers having considerable physical strength are built up
from these fibrils, wound spirally in opposite directions around a
central axis.

Wood, cotton, hemp, linen, straw, and corncobs are mainly

cellulose.
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