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Function of carbohydrate

Carbohydrate functions as Primary Source of Energy (major
source of energy for the cell)

Carbo
Carbo
Carbo
Carbo
Carbo
and D
Carbo

nydrate is Major structural component of plant cell
hydrate functions as storage food

nydrate functions as Anticoagulant

nydrate functions as Hormone

nydrate functions as structural framework of RNA
NA

nydrates provide raw material for industry

the chemistry of these substances usually involves only
two functional groups- (carbonyl groops )ketone or
aldehyde and alcohol hydroxyl groups.



Stage I: Proteins ' Carbohydrates }

Hydrolysis of complex molecules
to their component building blocks

Amic'l‘?f' | ‘Mnnnaaccharide&‘ EI CEro ‘

acl aclds
Stage II:
Conversion of building blocks to acetyl CoA \ ! /
(or other simple intermediates)
Acetyl CoA
Stage Il Tﬂmﬁ\ — ATP
Oxidation of acetyl CoA; oxidative phosphorylation eye \l — €O,
N/
Animal cell Plant cell

Outside cell

Microfilament
Cvtoplasm (Cytoskeleton)




Starch dextrins

Isomaltose
Maltose
Maltotriose
MOUTH Lactose
3 Sucrose
Cellulose
Starch !
Lactose !
Sucrose' Low pH
Cellulose stops action
of salivary
g amylase
SMALL | | .
INTESTINE || Pancreatic
' a-amylase
to : |
LIVER : Isomaltose
: Maltose
: Maltotriose
: Lactose
: Sucrose
Portal |
circulation | Mucosal cell
membrane-bound
m— enzymes:
Fructose |€— (lsoml;ﬂnltase
Galactose maliase
lactase
J sucrase
. trehalase)

' Cellulose



Classes of Carbohydrates

according to their acid hydrolysis product
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Classes of Carbohydrates

XCK according to H-'c=o0 ‘(|:H20|—|

|
1-the number of carbon H—2C - OH 26 — 0

atoms present

triose (3 C atoms)
tetrose (4 C atoms) H-%C - OH H-*C - OH
pentose (5 C atoms)
hexose (6 C atoms)

HO - °C - H HO —3C —H

H - °C — OH H-°C - OH

°CH,OH SCH,OH

Its contain a indicating the number of carbon atoms in the
compound and (the suffix ending -ose indicates that it is a
sugar) example n=6

The sugar is hexose



2-type of carbonyl group

When hexose contains ketone group that will be
called ketohexose while hexose's aldehyde group
that will be called aldohexose

H-'C=0 'CH,OH
| I
H-2C - OH 2 —
aldohexose i
HO-°C-H HO-3c_-H ketohexose
H - *C - OH H—*C — OH
H-°C-0OH H-°C - OH

°CH,OH ®CH,OH



Monosaccharides Have Asymmetric Centers

All the monosaccharides except dihydroxyacetone contain

one or more asymmetric (chiral) carbon atoms and thus
occur in optically active isomeric forms.

(chiral)
carbon atom

Mirror

Ball-and-stick models

bonded to four different groups or
atoms

CHO CHO
I
Hr—(|‘, OH HO—-C—H

|
CH;OH CH,OH

p-Glyceraldehyde L-Glyceraldehyde
Fischer projection formulas

. HO CHO
HeC=0OH HO=—C—H

CH.OH CH,OH
p-Glyceraldehyde L-Glyceraldehyde

Perspective formulas



N 7
C ?Hon
|
H—C—OH C=0
| |
C H,OH C H,OH

D-Glyceraldehyde Dihydroxyacetone



Fischer projection formula

To represent three-dimensional sugar structures on paper,
we often use Fischer projection formula (the projection is
written on paper with horizontal and vertical lines as follows

P c—— —

Fischer projgction

The vertical line

Three-dimensional
structure of
p-glyceraldehyde Eye

groups or atoms which projects

the horizontal line

away from the viewer
groups or atoms which projects

>toward the viewer



In Fischer projection formula
When the hydroxyl group on the reference

carbon(chiral carbon farthest from the carbonyl
group) is on the right in the projection formula, the
sugar is the D isomer, when the left, it is the L
Isomer.

H 20 H 20
HO—C—H H—C—OH
H—C—OH HO—C—H
HO—C—H H—C—OH
HO—C—H H—C—OH

CH ,OH CH,0H

L-Glucose D-Glucose



In stereoisomerism,

the

Isomerism have the same

molecular formula and the same structural formula but
differ from each other in structural arrangement.

Number of stereoisomer =

2I"I

(n = number of chiral centers)

Three carbons Four carbons Five carbons
H\ /0 H\ /0 H\ //O H\ /O
P R p g el Sl
H_ 0 (IJ (lz H—('—OH HO—-4|‘—-H H—-(|‘ —OH HO—-(l‘ —H ’
C H—(C—OH HO—('—H H—(—OH H—-(—O0H HO—C—H HO—C—H
H——(l —OH | H—C—OH H—(!‘ —OH H—(l‘ —OH H—(.I‘ —OH H—-Ll ~—OH H—( ". —OH
(!l‘l-leH CIIH20H (EHQOH H,OH éH,OH (IJHZOH (|3H20H
| 0-Glyceraldehyde | FEgythrggg_ | o-Threose Wbogej Y_M} “p-Xyloi p-Lyxose
Six carbons
H\C //0 H\C /0 H\C /0 H\C //O H\C /O H\C /0 H\C //0 H\C /0
H—{I‘ —OH HO—-4'|T —H H—(I' —OH HO——(L —H H—(l' —OH I-IO—(l —H H—{" —OH HO—(" —H
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H—(C—OH H—-(I‘—OH H— l‘ —OH H-—-v(l‘ —OH H——OH H—(l' —OH H—(IT —OH H-(I' —OH
éﬂgoﬂ (IT,H20H (|:H30H H,OH H,OH H,OH (!‘,HQOH é:u,ou
p-Allose p-Altrose ' p-Glucose | 'p-Mannose | p-Gulose p-ldose  p-Galactose | p-Talose




Three carbons Four carbons Five carbons
e o i A o
e A i G
H 0 (|: <|: H—(l.‘—OH HO—(—H H—L|‘—OH HO—(I‘—H
C H-C—OH HO—(C-H H-C—OH H—(—OH HO-(-H  HO—(-H
H l‘—OH H—-(lf—OH H—(':—OH H—(|‘.—OH H—('f—on H—('f ~OH u—<':—on
.ll{,OH é:u,on &l,on H,0H (l:H,OH H,0H éu,on
b-Glyceraldehyde ‘>-Erythrose|  p-Threose pRibose| |p-Arabinose]  [D-Xylose|  p-Lyxose
Six carbons
H\C L H\c L H\c P H\c P H\c P H\c P H\c pL H\c L
H—(|.‘—OH HO—(l‘-H H—(|?—OH HO—(|‘—H H—(lf—OH uo—cl—u H-(lf ~OH HO—(IT—H
H—(I'-OH H—(I‘—OH HO—-(|'—H HO-—(IT—H H 'f—ou H—LI‘—OH no—<'t ~H HO—(l‘—H
n—é—oa H-(l‘—OH u—<|'-ou H—(I‘,—OH HO—(—H HO—(.‘—H HO—(!,‘—H HO—(I:—H
H—('t-on H—(|‘—0H H—(I‘—OH H—(!?—OH H—(—OH H—(I‘.-OH H—(I)—OH H-('f ~OH
éu,on (':H,on (IIH30H éu,ou H;0H éu,on (':H,OH éu,ou
p-Allose p-Altrose ‘D-Glucose| | D-Mannose p-Gulose p-Idose p-Galactose p-Talose




Epimerism of Aldoses

I. When sugars are different from one another, only in configuration with
regard to a single carbon atom (other than the reference carbon atom),
they are called epimers.

ll. For example, glucose and mannose are an epimeric pair which differ
only with respect to C2

1. Similarly, galactose is the 4th epimer of glucose

CHO CHO CHO
i P HO ~+OoH |
HO —1— HO -1 HO-T=
—+OH —+OH HO |
—OH —OH — OH |
CH,—0OH CH,—OH CH,—OH :
D-glucose D-mannose D-galactose '




<

H=C=0
H-é-OH
HO-é—H
-G H
H-é—OH
éHf-OH

D-glucose, open
chain projection
formula

H=C—0OH

H-(Il_
CHsyOH

u-D-glucose,
closed ring structure,
Fischer formula

6 CH,OH
5
N/ H
OH
OH
|3
H

u-D-gluco pyranose,
Haworth formula

Emil Fischer
NP 1902

18521919

Walter Haworth
NP 1937

1883-1930




aldehydes or ketones will react with an alcohol to form
hemiacetals or hemiketals

0 OH
Y 4 2 Jlin | 2
R—C + HO—R ——R—C—OR
\H |
H
Aldehyde Alcohol Hemiacetal
OH

1 3 1
R—C=0 + HO—R — R—C—OR

! ;
Ketone Alcohol Hemiketal



Haworth Structures of Monosaccharides

Step 1 Number the carbon chain and turn clockwise to
form a linear open chain

Vi

](‘—H
H—C—OH
HO—C—H H H OHH

' 6 5 4/ 3 2l 1
H—C—OH = HOCH,—C—C—C—C—C

! i N
H—C—OH OH OH H OH H

'CH,OH

D-Glucose (open chain)



Haworth Structures of Monosaccharides

Step 2.
e Bond the carbon 5 -O- to carbon 1.
* Place the carbon 6 group above the ring.

r(“H:()H ("H:(')H
"C——OH "C——O0
H ,"K ‘ l,* / H // | \\\ /; 12
C/ H ) 48 C/ C/ H C Hydroxyl group on
i [\ OH H /1\ _ I\, OH H /1> newchiralcarbon
HO \(‘ (I‘/ H <— 55 \(| (I, H (anomeric carbon)
T THHA
H OH H OH

carbonyl



Haworth Structures of Monosaccharides

Step3: when the new -OH on anomeric carbon 1
down is called as the o isomer while above for
the B isomer

CH,OH CH,OH

H OH
o-D- Glucose [B-D- Glucose



REACTION

Oxidation of D-Glucose Oxidized
T I
C—H C—O0OH
H—C—OH H C OH

R L‘dllk’ L"d

HO-AC~H + 2Cu¥* —— HO—C—H ||| \¥ Cu006)

(blue) (brick-red)
H—(C—0H H C—OH
H—C—OH H C—OH
CH-OH CH-OH

Open chain of p-glucosc,

D- Gluconic acid

arcducing sugas



Reduction of Monosaccharides

HC=0 CH,0H
HC—OH L HC—0H
HO-CH  +  H, , HO-CH
HC—OF HC—0H
HC—OF HC—OH
CH,OH CH,OH
glucose s orbitol

or
glucitol



Disaccharide

Monosaccharides Disaccharide

glucose + glucose maltose + H,O

glucose + galactose . lactose + H,O

glucose + fructose .,  sucrose + H,O



Conc. H,50,




AT

. Oxidized
O O
1////// [ I
/ // //, (':-—H (I:—OH
i /77
'~ H—C—OH H—C—OH
/ | Reduced
HO—C—H + 2Cuy** —— HO—C—H + CuyOfs)
| (blue) | (brick-red)
H—C—OH H—C—OH
H— Cl — OH H— (l: —OH : " Benedict’s
CH,OH CH,OH
Open chain of p-glucose, D- Gl uconic a Cid

a reducing sugar



+ Cup0 + 4H*

Red scum at
bottom



)

'()-I' '+——CH,

CH,OH
0O
H/H H
O
OH \ OH H o.,.e_o
o
H OH

Glucose-1-phosphate

OH \OH H/ OH

H OH
Glucose-6-phosphate



CH,OH

0
\H
1 ,
H
(OH
H OH H OH
D-Glucose 1 a-D-Glucose
CH.OH CH-OH
|
l (/H H

it \ 1o

" _ NOTT ()H H 2
HO \ T OH
’ it INotniee
0

o« (1-=24) glycosidic |inkage
‘o- Maltose



Lactose 6—oH CH,OH

H OH i H OH
[3-D-Galactose a-D-Glucose
. CH,OH
from

CH,OH B /OH .
I HzO
" OH \
a Isomer
H OH
H OH B-1,4-Glycosidic bond

o-Lactose



Sucrose

B CH,OH
O
H
H
OH H
HO
H OH & L
a-D-Glucose +
HOCH, OH

OH H OH H

a,B-1,2-Glycosidic
bond

/

B-D-Fructose Sucrose, a disaccharide



Polysaccharides: They contain more than ten molecules of
monosaccharide units.

They are further classified into homopolysaccharides and
heteropolysaccharides.

« Homopolysaccharides: They are polymer of same
monosaccharide units. Some examples for homopolysaccharides

1-Starch: It is a mixture of two polysaccharides Amylose and
amylopectin.
Amylose ")straight—chain polysaccharide made of a-D-

glucose molecules

CH-OH “CH,OH “CH.OH

/ )
H /1y FNUH l /lJ’ , A\ H H /1y N\ H
| " N\ W D4 \i .

Ol H,/ Mo”2 \OH H,/ M)y OH H
l'(-)\_H H/ \H")“
H (OOH H OH \ll OH

rl

o (1-24) glycosidic linkage



Amylose 9straight—chain polysaccharide made of o-
D-glucose molecules

Oluj> oo £9iow alwlul] Aowiiowo A, Sl Lac @ joluol
39S 9d=Jlo-D-

"CH,OH "CH,OH "CH,OH
4 Q) ) O I mEEEE T (.
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' r H \l\‘ -}L/ l l \"\l\- ./V/ ' ' 7 I
N OH H,/ TNo” \OH H,/ TN~ \\OH H
HO ) \1_/ \_( T
H OH H OH \ll OH
M

o (1-24) glycosidic linkage
CH»OH CH-OH CH-OH CH-OH

C—
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“Amylopectin = polymer of a-D-glucose molecules that
contain main chain (straight chain) and the branched-
chain of polysaccharide that linked by «-1,4-glycosidic

bonds and a-1,6 -glycosidic bonds between the
glucose units

"CH-OH 'CH.,OH
J—0 4 O
H /A “\H I/ \H T
g H N || N o (1-26) glycosidic
~0O~ \OH H/ ™07 \OH H ;
H OH 3| O1 /
CH.OL CHLOH ® CHLOH
H ’141 O H n/]'ll ‘ ’\ H 5 /1*1 N l H W
" 4 N W __.J N
TO7 \WH H/ ~07 \OH / \ Ol / < N OH % B
H OH H ()Il H OH

o (1-24) glycosidic linkage



Amylopectin

Branch point appears after every

LHalH CHOH 2430 glucose in straight chain
form
-0 0 0
CHoOH CHoOH CH-, CHoOH

B5.85.89.4.
I SR ’

l-l--l..l-..l:,:.::-::',".'::::::::::::‘:!"r'.l
i'r'r'.l’i.-.:




2-Glycogen, or animal starch Branch point appears after
every 10-15 glucose in

straight chain form

“CH-OH "CH.OH /
‘47 Q) ,}7

/s Ny || ”\” - 6) glycosidic

SN~ OH H y \ OH
T N— N—] mkage
H OH 3 OH7Y | |
pr

ClH,01l CH,OH

¢
————— O }———————— -' O
V H H
H \L ‘/111
~( )”J’ \NOH y Ol OI1 11
\|—'/ \+_( \\ )5

"CH, CCHLORT
<l )

-_"."( ) ') -'\ ‘_‘)H H 7

H OH OH H H OH

o (1-2>4) glycosidic linkage

N RIS

T



Z
KN ki oy, Glycogen
OH 0 _
nooon R o g Amylopectin

CH,OH CH,OH

H E:‘:JHH 2 o H
H H
™~ o H oH H
O O OH

H OH H OH




3-Cellulose
Cellulose, the major structural unit of wood, is a polysaccharide of

glucose units in unbranched chains, and has B-1,4-glycosidic bonds

A GGG Q .

CH,OH OH H
B (1>4) o Q Q  y
5 Ac OH H H OH
glycosidic A — / —
linkage H OH



Heteropolysaccharides: They are polymer of different monosaccharide
units or their derivatives , for example Heparin

Heparin: Is linear polysaccharide consisting of 1-2>4 linked uronic
acid and glucosamine residues that has highly sulfated and a clinically
used anticoagulant

COO CH,0S03
H (! hl
OH H
H 0S054 I H NHSO5
154

Uronic acid Glucosamine



Differences between amylose and amylopectin

Properties

Amylose

Amylopectin

Amount present in starch

15-20%

80-85%

Structure

Unbranched, linear

Highly branched. Branch point
appears after every 24-30 glu-
cose in straight chain form

Molecular weight

a0 kDa

500 kDa

Linkage

250-300 glucose residues are
joined by a 1-4 glycoside link

Mainly formed by a 1-4 linkag-
es between glucose residues.
Branch point occurs by forming
a 1-6 glycosidic linkage

Reaction with iodine solution

Blue color forms because the
iodine molecules are trapped
inside the helical structure.
Color disappears upon heating.
Reappears upon cooling

Reddish wviolet color



Starch dextrins

Isomaltose
Maltose
Maltotriose
> Lactose
Sucrose
Cellulose
Starch 1:
Lactose !
Sucrose' Low pH
Cellulose stops action
of salivary
amylase
SMALL | | .
INTESTINE :% Pancreatic
! a-amylase
y Isnmlltnse
LIVER :
! Maltose
! Maltotriose
| Lactose
: Sucrose
Portal |
circulation| Mucosal cell
: membrane-bound
enzymes:
I?rlﬂgtnnssee (isomaltase
Galactose maltase
lactase
:::J sucrase
. trehalase)

Eellul-::se|



Enzymes of gastrointestinal tract

Gasiric juice

Pancreatic juice

Intestinal

Pepsinogen (inactive form of the enzyme pep-
sin, which iz secreted by chief cells of stomach)

Trypsinogen (inactive form of
trypsin)

Aminopeptidase

HCI |secreted by parietal cells)

Chymotrypsinogen (inactive
form of chymotrypsin)

Dipeptidase

Intrinsic factor (parietal cells)

Procarboxypeptidase (inactive
form of carboxypeptidase)

MNucleotidase

Mucin imucous cells) Amylase Maltase
Lipase Sucrase
Ribonuclease Lactase

|zomaltaze




Degradation of disaccharides

CH,OH CH,OH

HO
@1@ . Mo Lactase
OH
OH OH
Lactose

maltase

Maltose + H,O

sUcrase

Sucrose + H,O

HO

CH,OH

OH

OH

Galactose

HO OH
OH

Glucose

> glucose + glucose

> glucose + fructose



o/dL)

L

Blood glucose level (m

300

200

100

Hyperglycemia

// e ——— Normal

~ - - ———
/\ Hypoglycemia

0 I 2 3 4

N

Time following ingestion of glucose (h)



| Carbohydrate of diet |

Clinical significant of |
Glucose  Digestion and absorption |
Glucose metabolism is l
defective in two very common ( Liver )
metabolic diseases, obesity I 1
and diabetes (  Glucose | ( Via bloodstream |
i ;
Glycogen [ Fatty acids J { Muscle
LTI T
Triglycerides | | Glucose
¢ a

| Via bloodstream | Glycogen  Pyruvate
1' storage |
Adipose ti ] ¥ 3 v
( Adipase tissue [ Lactate  (TCAcycle)
Used in triglyceride synthesis ¢

(supplies glycerol) [Uia bloodstream

'

[ Qther tissues J




