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Biochemistry

Living systems are made up of
various complex biomolecules
like carbohydrates, proteins,
nucleic acids, lipids, etc.
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These biomolecules interact with
each other and constitute the
molecular logic of life processes.
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Carbohydrates

4 Carbohydrates are usually defined as\

\_

polyhydroxy aldehydes and
ketones or substances that
hydrolyse to yield polyhydroxy
aldehydes and ketones. )

Almost all carbohydrates are

chiral and optically active.
An exception of this is

),B-dihydroxypropanone.
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Monosaccharides

The simplest
carbohydrates,
that cannot
be hydrolysed
into simpler
carbohydrates.







Based on
number of
hydrolysed
products

Classification of Carbohydrates

_'[ Monosaccharides }

— [ Oligosaccharides }

_°[ Polysaccharides }




Oligosaccharides

Carbohydrates that
hydrolyse to produce
2—10 molecules of
monosaccharide




Disaccharides

Trisaccharides

Oligosaccharides

Carbohydrates that undergo
hydrolysis to produce only
2 molecules of monosaccharide

Carbohydrates that undergo
hydrolysis to produce only
3 molecules of monosaccharide



Oligosaccharides

[ Examples ]

a

One molecule of sucrose on
hydrolysis gives one molecule of
® glucose and one molecule of fructose.

e
®  Maltose on hydrolysis gives two

- molecules of only glucose.



1 mol of maltose 2 mol of glucose
(Disaccharide) (Monosaccharide)

H,O* O
’ oM. o+ o
)
" —

1 mol of sucrose 1 mol of glucose 1 mol of fructose
(Disaccharide) (Monosaccharides

)




Based on
number of
hydrolysed
products

Classification of Carbohydrates

_'[ Monosaccharides }

— [ Oligosaccharides }
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Polysaccharides

Carbohydrates that
produce a large
number
of molecules of
monosaccharides (>
10) on hydrolysis







The two monosaccharide units obtained on hydrolysis of
disaccharide may be:

/a( Same
/5( Different

c) Both a) and b)

d) None of these
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Classification of
monosaccharides
according to:

~

!

/

\_

Number of
carbon atoms
present in the

molecule

-
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Functional
group present in
the molecule
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Monosaccharides
N:"::;;C' G::fn:al Aldehyde Ketone
3 Triose Aldotriose Ketotriose
4 Tetrose | Aldotetrose | Ketotetrose
5 Pentose | Aldopentose & Ketopentose
6 Hexose | Aldohexose | Ketohexose
/ Heptose | Aldoheptose | Ketoheptose




Monosaccharide
containing

N |

|

Monosaccharides
Aldehyde /
group Aldose

<

Keto Ketose
group



Monosaccharides

4 C aldose is called an
Example > aldotetrose, 5 C ketose
is called a ketopentose.

\\c
c—o
CHOH
CHOH
CHOH
CHOH
H,OH
CH;0 CH,OH

An aldotetrose A ketopentose
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Classification of Carbohydrates
akading

Based on the ability to reduce
Tollens’ & Fehling’s | Boraoli el

reagent &L;}A‘j

|
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Reducing Non-reducing
sugar sugar




Reducing & Non-reducing Sugars

Reducing sugar

Non-reducing sugar

—Reduces Tollens’ &
Fehling’s reagent

Don't reduce Tollens” &
Fehling’s reagent.

~—Should have at least one
hemiacetal or hemiketal
functional group.

Should have acetal
linkage.

Example:
All monosaccharides and

ollwharldes except
SuCrose

/Example:

All polysaccharides and
sucrose




Reducing & Non-reducing Sugars

Reducing sugar ] [ Non-reducing sugar ]

Alkyl group or

> 9 \C another sijgar
VA A,
/
cC—o0 e
\C/ \ | \C/c\ O
/‘ R /‘ -
Hemiacetal Acetal



‘ Which of the following pairs give positive Tollen's Test?

X

a) Glucose, sucrose

/br)/G|UCOSE, fructose

c) Hexanol, acetophenone X

7(
d) Fructose, sucrose






Preparation of Glucose

% ~
Diastase Maltase
Starch > Maltose > Glucose
(Polysaccharides) (Disaccharides) (Monosaccharides)
(CsH1005)n (C1oH5,04,) (CeH1206)
< H,O/H*
C1oH2,044 > CgH1 ;06 +  CgH 04

Sucrose Glucose Fructose

>



Structure of Glucose

|

(HO
CHO T y O
H OH H B C —=m OH
no T
HO H HO e C —=mH
p— H(/ oH
H OH H B C —= OH
e
H OH H.—-(E-‘OH C)QOH
CH,OH CH,OH
//
Fischer projection Wedge-
formula dash formula




Structure of Glucose

CHO  HC—=N——O0H
NH,OH
(CHOH)4 > (CHOH)4
CH,OH CH,OH
Glucose Gluco oxime _
CHO y COOH
Br, water
(CHOH), > (CHOH),
CH,OH CH,OH
Glucose Gluconic acid

/

CN

Gho -~ HC<
HCN OH
(CHOH), > (CHOH),



Structure of Glucose

CHO e CHO o
(CH5C0),0 |
5 (CH O——C——CH,),
(CHOH),
CH,—O——C——CH;,
CH,OH |
0
Glucose Glucose Pentaacetate
/
CHO 4 COOH COOH
(CHOH) OXIdatIOQ (CHOH) e ghion (CHOH)
<€
4 H/mj 4 "/M/O 4
S
CHZOP/ COOH CH,OH

Glucose Saccharic acid Gluconic acid



AT € coloon gy
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e O n | Anomeric | o Asad
\1 carbon ol

N\ OH H

2 e

3 5 o)

- . \0"' Anomeric
H H
4 1 carbon
OH H
a-D-Glucose il A

a-D-glucopyranose H  Grypounds

H OH _ |
@ @[ I Q}MMW(WWL
Pyssn _~ B-D-Glucose @ a2 dxnemners
B-D-glucopyranose




The o—D-glucose and B-D-glucose differ from each other due
to the difference in carbon atoms with respect to its:

a) Number of -OH groups
by Size of hemiacetal ring

c) Conformation

_&r~ Configuration o7 eIt <

condan






Fructose

Fructose is an important ketohexose.
It is obtained along with glucose by the
hydrolysis of disaccharide, sucrose.

Molecular formula: CgH,,0

It is a natural monosaccharide found

in fruits, honey, and vegetables. In
— — its -

pure form, it is used as a sweetener.




Structure of Fructose

CH,OH It belongs to D-series and is
a laevorotatory compound.
c—0O0

HO—C—H WUAA /Mﬂ%\%/mu/aﬁ[u

hH C OHZVMj/J’

H C OH

CH,OH

=

(=)-Fructose

D-
—



Cyclic Structure of Fructose

6 1 —r
CH,OH CH,0H| Anomaric
0
carbon
5k H OH
2
H [, |3 OH 6
CH,OH OH _
OH 0 Anomeric
2 carbon
a-Fructose Sk H OH
a-Fructofuranose/
1
OH
B-Fructose

B-Fructofuranose






Disaccharides

....................................................................

Condensation of two molecules
of either the same or different
monosaccharides produce
disaccharides.

....................................................................

Sucrose, maltose,
lactose, cellobiose

\ —

Examples






Sucrose

Nnon ua/,udﬁ BW
5CH,OH
1
5
n O 4 HOH,C 0 H
H ; .
4 1
OH H H  OH
OH o) : CH,OH
3 2 4 §)
H OH OH H

o Jih d linkage



Glycosidic Linkage

-

\_

\
In sucrose, condensation reaction takes

place between C-1 of a-D-glucose and
_-C-2 of B-D-fructose. )

The two monosaccharides are joined
together by an oxide linkage formed
by the loss of water molecule. Such
linkage through oxygen atom is
called glycosidic linkage.

e —




Note

Sucrose is not a reducing sugar
l.e., it will not reduce Fehling’s
or Tollens’ reagent.

l

Hemiacetal group is absent.



Reducing & Non-reducing Sugars

Reducing sugar ] [ Non-reducing sugar ]

‘ Alkyl group or
. ~_ | another sugar

N
O VR i
|/
N ~_ %09
C ~
e ‘ R’ /T \R.
Hemiacetal Acetal

(R" = H or CH,OH) (R" = H or CH,0OH)






sl 15t Maltose: (Malt Sugar)

 a

® CH,0H 6 CHZOV \ In maltose, glycosidic linkage
. — is between C1 of
H N U H H QH a-D-glucose and C4 of

H H a-D-glucose.

i ’ 1 4 on D p —
H ,
™ Aoy aaﬁ/
[0 O OH
3 2 3 2
H OH H OH

| [ Giycosidi J {

bond
Non-reducing Reducing
ring ring




\_

At least one hemiacetal group (of the
two glucose molecules) is present.

Maltose: (Malt Sugar)
e

7 7z R
Maltose is a reducing sugar i.e,, it
reduces Fehling’s or Tollen’s reagent.

A o i

_ |
~

J







Lactose (Milk Sugar) £

6 ( S
CH,OH °CH,OH A In lactose, glycosidic linkage
5 0 . o is between C1 of

HO H OH . B-D-galactose and C4 of
H \ H =~ B-D-glucose.

4 1/ 0) 4 1 Ny 4 /
OH H \ OH H ”

H H H
3 " 3 2
H OH Glycosidic ¥ OH
bond

|

Non reducing Reducing
ring ring



Lactose (Milk Sugar)

.

Lactose is a reducing sugar,
i.e., it reduces Fehling’s
or Tollens’ reagent.



&)

(-

e D D
[ Sucrose J @0 Fructose
e | D D







Polysaccharides

It contains large number of
monosaccharide units joined
together by glycosidic linkage.
They mainly act as the food storage -

or structural materlal}

Examples
&
Starch, cellulose, glycogen

=







Starch (C¢H,,0:), - Composition

=

l

l

C

Amylose
(15-20%)

Amylopectin
(80-85%)

Water soluble

Water insoluble



Amylose

_—~ C;—C, glycosidic
linkage

A &gm/zlfé: &h%

C, — C, glycosidic
linkage




Amylopectin

C, - C; glycosidic
linkage

H OH

C, - C, glycosidic
linkage






|

1,4 glycosidic linkage 1

of) B-D-Glucose

l

Cellulose (C¢H,,0:),
6 cH,0H |
. |
H (@)
4 on 1
CH,OH
H
o © |3
H
o u )|






Glycogen (Animal Starch)

Carbohydrates are stored in
an animal body as glycogen.

When the body needs glucose, enzymes
break glycogen down to glucose.



Glycogen (Animal Starch)

-
Structure is similar to amylopectin,
but branching takes place after
every 5-6 glucose units.

/
Highly branched



‘ Select the correct statement(s) about starch.

75}) It is a pure single compound.

/b) It is a mixture of two polysaccharides of
glucose.

c) It involves the (C1-C4) glycosidic linkage
between two a-D-glucose units.

d) It involves branching by (C1-C6)
glycosidic linkage.



. On hydrolysis of starch, we finally get:

mcose

b) Fructose
c) Both (a) & (b)

d) Sucrose

AIPMT 1991



‘ Select the correct statement(s).

a) Cellulose and amylose have
1,4-glycosidic linkage.

/ﬁﬂactose contains B-D-galactose
and B-D-glucose.

/ej/MaItose and lactose have
1,4-glycosidic linkage.

d) Sucrose and amylose have
1,2-glycosidic linkage.
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