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Hydrates of Carbon

Carbohydrate
Hydrate
Q7
C:H:0=1:2:1
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Do all the Carbohydrates have a 1:2:1 ratio ?

Sometimes two or more small carbohydrate molecules combine to form a new bigger
carbohydrate molecule. At this time, one molecule of water comes out of every two adjacent
carbohydrate molecules. Therefore C:H:0=1:2:1 ratio is not always maintained.

Glucose  ofa Fructose ==  Sucrose gk Water

CeH1204 oo CeH1,04 C1oH2,01 + H,O

o 121 121
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All that glitters isn’t gold

Despite the C:H:O = 1:2:1 ratio, many compounds are not carbohydrates. e.g.,

.o °
CH,COOH

O

L)

LA
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Acetic acid
Formula: CH,COOH
C:H:O ratio=1:2:1

Nature: Organic acid
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Then what's the proper definition of Carbohydrate?

From the above discussion it is understood that CCH:O = 1:2:1is a

preliminary rule. So what is the proper defin@ carbohydrate?

Carbohydrates are poly hydroxy aldehyde or poly hodroxy
ketone or their derivatives. e

- CHOo 3 pgghyde

>£% k ¢lome /
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Aldehyde and Ketone

O

R=—C—H

Functional group
of an aldehyde

H 0%
|

H—C——H

H

CH;CHO
An aldehyde
ethanal (acetaldehyde)

H

"

R R

Functional group

of a ketone

H :O: H

H

C—C—C

H H

C—H

H

CH,COCH,CH,

A ketone
butanone
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Poly Hydroxy Aldehyde & Poly Hodroxy Ketone

Cely, O
Glucose ¢

Fructose
i
H—C—OH
g gl
«
 OH~—C—H
%fc %OSQ H_(:: @,
Sy H—C—OH)
A an |
H—E @
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Types
Carbohydrate

2 types on the 2 types on the basis ¥ 4 types on the basis
basis of taste ./ of reducing abllity 7 of chemical structure
- " e
| .
1. Sugar 1. Reducing sugar 1. Monosaccharide
2. Non-sugar ./ 2. Non-reducing sugar 2. Disaccharide~

V3. Oligosaccharide/;
/4. Polysaccharide 77
- )
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Sugar and non-sugar

Sugar Non-sugar
It's SVE?t in taste * It's not sweet in taste
» Granular « Agranular
. — .
 Soluble in water * Insoluble in water

—

« Example- glucose, fructose, sucrose <« Example- starch, cellulose, glycogen
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Monosaccharide

d

Smp e s borim o -

» General formula: C H, O, Carih
> Number of carbon atom artbo hylnate
» Types on the basis of corbenmno. v

3 C-/Triose: Alcﬁ/gg- glyceraldehyde; Ketose- dihydroxyacetone
Tetrose: Aldose- erythrose, Ketose , lose
& < Pentose: Aldose- xylos deoxyribase, arabinose, Ketose-
©) /rloulose xylulose RN O DN A
e Hexose: Aldose- glucose, manose, galactose, Ketose- fructose
@ = Heptose:Aldose- sedoheptulose
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DNA, RNA contains Carbohydrates!

DNA is composed of-

-(Deoxyriboseé)sugar

* N base
* Phosphate group

BRI o5 JE

V

RNA.Is composed of-
. sugar

* N base

* Phosphate group
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Pentose: Deoxyribose & Ribose

Deoxyribose
\,—-
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Hexose: Glucose(Grape sugar)

J

< Another name Is dextrose
< Formula: CgH,,04
“» Aldohexose

~—

¢ Different types of ripe fruits and
honey contain a profuse amount of
glucose. The amount of glucose in
ripe grapes Is @percent. So it's
called grape sugar. =~

-
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Glucose: Structure

Before we know the structure of glucose, let us know what Is asymmetric carbon or

chiral carbon.
<

An asymmetric carbon atom (chiral carbon) is a carbon atom that is attached to four

__’\'/\
different types of atoms or groups of atoms.

X

( c—(©)
/K 0 W/ Ho CP
i @—C‘—/@
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D &L form

D and L forms are two types of stereo isomer of a monosaccharide. L isomers have the
hydroxy group attached to the left side of the asymmetric carbon farthest from the
carbonyl, while D isomers have the hydroxy group on the right side. The C5 in glucose is
the farthest asymmetric carbon. So if OH group in C5 is on the right side it is called D
glucose and if the OH group is on the left side it is called L glucose.

f BN

Ii%zﬁ\/ HC — OH

A i-@m ) ) Biology 15t Paper
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Ring structure of glucose

In solution, C1 of glucose usually comes closer to C5. Then the ring structure of
glucose is formed.

6|CHZOH \/VJ y <
>C O—H > (e

H H |

f}cj ! 1 C-/H . 4 c/éD ' C/@

/ OH H \O s / OH H

N e 4D,
H OH H JOH
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a— D & [ — D Glucose

\(lj/
/ H—C—OH

6

CH,OH a CH,OH -~

1 HO—C—H 1 o/
H / , H U @

H 4 H
4 H C OH —_—) 4} 1

OH 5 OH H/|
HO H—C—0H HO ) /[ H

H CH,OH H  OH

/!

q—D-qucdse D-glucose Iucose
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Poll Question:01

Which of the following is called dextrose ?

(a) Sucrose (b) Fructose

(c) Glucose (d) Cellulose



Hexose: Fructose

% Formula: C;H,,0Oq
¢ It's a ketohexose

\

“+ Most ripe sweet fruits and honey
contain fructose. So it's called
fruit sugar. . "

¢ It was first identified from fruit.
So it was named fructose.

¢ Fructose combines with glucose
to form sugar.
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D & L Fructose

YA v/
Like glucose, fruct}ose also has D & L form
CH>OH CH>OH
' C=0 \ C=0
HO—C>H H—C=OH
7, A0 4 4
‘(&“\ 1—C O'{g\\\\ HO—C—H
SN (5% ’ 5
" H—C>*OF HO-C>F
CH,OH = CH,0H
=
JD-Fructose gkf L-Fructose
G55 chapter 03 Cell Chemisary




34.% Ring structure of fructose
/ Ny C\/\\\ﬂo\\

Caln \aoY\

up on ; down on
the ring . the ring

D-Fructose

Eiseher projection

o

CHQOH

N n,l/'
T

a-D-Fructofuranose

CH20H J

(hemiketal of D-fructose)

Haworth projection
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Q o — D & B — D Fructose

Q)
HOH,C CH,OH HOH,C

H CH,OH

OH H
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Diasaccharide
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Diasaccharide

J@ disaccharide is the carbohydrate formed when two molecules monosaccharide
re joined by glycgsi/dic\ﬂnkage)
s Example: sucrose, 3el|obiose, mal@se, lactose
* sucrose — a-D gluccye + B-D frchtose
» cellobiose — B-D glucose + B-D glucose
* maltose — a-D glucose + a-D glucose
* lactose — glucose + galactose ~

¢ The concentration reaction between two molecules of monosaccharide results in
the removal of one molecule of water from the two -OH radicals.
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Glycosidic bond

A glycosidic bond or glycosidic linkage is a type of covalent bond that joins a carbohydrate

molecule to another group which may or may not be another carbohydrate.

CH OH CH,OH
i & H

u\m@ CH.0 \F/ZD

Glucose \ Glucose | ‘l ] Maltose
c—O H N Cc — O \ \ \ /
N ™S - Y

o} e o "
LT _ @B 7

tory ! ol Y DH Biology 15t
A2 lology 1% Paper
U P — Chapter 03 : Cell Chemistry




Diasaccharide: Sucrose

\/ S(/tjqr(: SMCHOS(

% Formula: C,,H

5,0
** One molecule cose combines

with one molecule(3-D fructose to form

one molecule "sucrose". During this,
— .

one molecule of water is formed.

N v
_ Both glucose and fructose are

—/ reducing sugars, but sucrose Is not a
reducing sugat. T

“* The principal disaccharide of plants.

s Carbohydrates synthesized in the
leaves of green plants are transported
to other parts of the plant as sucrose.
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Sucrose

12 CH,OH
=\ H glycosidic ARER
A linka

Glucose Fructose Sucrose

. A ~ .
RQAU\CW\D swgan ¢ F ke (LLJ(J/\\QAQ/ ,(Q*OW\Q 3”"""9 Fﬂ(SQT\”&,

AW W\DT\OSO\cCl‘ciJC)
A

Nan 99 9) Jisaccm nide(€xcept
M99 /7') 99 “\030\_&, SLLCnogc)

= Xamplt: Sucenes
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Oligosaccharide

S/ /
4 molecules of monosaccharide combine to form one oligosaccharide.

T

» Trisaccharide : Composed of three molecules monosaccharides.
N

 Raffinose— Glucose + Fructose + Galactose

——

» Tetrasaccharide :Composed of four molecules monosaccharides.

L/_\

« stachyose— Glucose + Fructose + (2)Galactose

\
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Poll Question:02

Oligosaccharides are composed of

(a) 2-10 monosaccharides (b) 3-10 monosaccharides

(c) 4-10 monosaccharides (d)5-10 monosaccharides
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Polysaccharide

« Consists of more than ten monosaccharide molecules.
« Usually insolublﬁin Watﬁr and n9t sweet.

« Examples: starch, cellulose, glycogen

* Cellulose is most commonly found in nature.

JFFTTERTF % JE (T
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Polysaccharide: Starch
Q_/‘

J 1\ /OOI (:D'Y\ (y-( 5 8»
¢ Formula : (C6H1005)nf

¢ Consists of amylose and amylopectin. oA - ) b Luc 05 ¢ "
¢ Exists as a stored substance of plants.
< Paddy, wheat, potato are the main sources of starch.

* Round potato starch particles are the largest and rice starch particles are
the smallest.

Biology 15t Paper

Chapter 03 : Cell Chemistry



Amylose and Amylopectin.

Amylose /

a-1-4 glycosidic bonds are present.

Consists of 200 to 1000 glucose
molecules. —™——

Unbranched
/'\

22% pf the starch found in potato, rice,
t, maize barley is amylose.

Changes its color to black(black-blue) in
presence of iodin. ~—

—_—

L5
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v /

V.
* |n addition to the@glycosidic bonds, a-1-6

glycosidic bonds are also present.

Amylopectin

« Consists of 2000 to 200,000 glucose molecules.
T

 Branched

78%) of the starch found in potato, rice, wheat,

maize barley is amylopectin.
» Changes its color td red or purple jh presence of
lodin.

<
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Amylose and Amylopectin.

Amylose

Mw' fﬁ@

CH,0H 6 CHM ] CHyOH

6 n \?/ H _ D)’)(

{oH g ] — H,;0

[ CHL\D@/

OH CH0
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V4 Cellulose

** 300 to 3000 3-D glucose molecules bind to each other in 3-1-4 glycosidic
linkage to form cellulose.

*+ The cell wall of plants is made up of cellulose.
+» cellulose molecules are not branched,

FOX‘Q M
ode ’ ' i O @\
»» Doesn’t change color in presence o 3

* Human cannot digest cellulose

— D BLKU\CoSQ

&
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Cellulose

Cellulose

........... (CeH,0:)
CH.OH /\ b CH.OH T
. - \’ ‘.J-—o\'\ @%
SEN s A i
1 g R T

L6 A /C\” 0 oM ;
SO VAN b L y
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Glycogen

> Formula (C4H,,Ox),,
» Made up of/a-D glucose

» Molecules are branched like ami|opect|nJ

» Branches are formed throug Iinkages.
Each branch usually contains 10 to 20 glucose
molecules. —

» Although it is the main stored food component of
the animal body, it is also the stored food of
cyanobacteria (bluish green algae) and some

fungi (yeast). % y
» Glycogen is stored in the liver and muscles of
animals.

» Takes a reddish purple color in presence o

4

| Saw
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Glycogen

°CH,
S 0
H H \IJ_II\
OH H
3 2
H OH

°CH,OH
s 0
H /4 \Hl\;’
\ OH H
H OH
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Poll Question:03

Which of the following information about glycogen is incorrect ?
(a) Made up of a-D glucose (b) Branching is not present

(c) Stored food of animal (d) Present in muscle cell

u.U\ i—zm Biology 15t Paper

P A a— Chapter 03 : Cell Chemistry




N

Building Block of Protel

INO acCl

Am
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Amino acid U%n
- Oh’)(

“ The organic acid that is produced when one or /3”076/'
more hydrogen atoms of an organic acid are 1)

replaced by an amino group (-NH,) is called an Amino Acid Structure
amino acid.

< General formula:R-CH.NH,.COOH . III l_l1 O

< Amino acids consist of an amino group (-NH,),
a carboxyl group (-COOH) and a side chain H__'N_C_C_OH
group (R). However, some amino acids may Sroun | il
contain 2 amino groups or 2 carboxyl groups R
or sulfur. y I ¥ Side Chain

NHL¥ ,C_ . CJDDH

| /
\D Q%Em 3{\0\/\‘3 Biology 15t Paper
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a & 3 Carbon

The alpha carbon in organic molecules refers to the first carbon atom that attaches
to a functional group. The second carbon atom is called the beta carbon, and the

system continues naming in alphabetical order with Greek letters

GHg—CHE—CH2 functional group
Y 5

C\( 0 O({f;
Hj;” CH.™ H, \
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o Amino acid

The carbon atom closest to the carboxyl (-COOH) group of amino acids is
called the a carbon. If the amino (-NH,) group is attached to the o carbon, it

IS called an " aamino acid ". Almost all the amino acids in the human body
are a amino acids.

L5
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\

v VAvA

=

/H O HHHO
| | AL &5l LS 314 LI
/H-N—C—C-OH H-N— —(T?—C-OH

| ¢
H H H

ALPHA AMINO ACID AMINO ACID
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Types of Amino acid

Based on the structure, amino acids are divided into 3 types.
1. Aliphatic amino acids : Glycine, alanine, valine

2. Aromatic amino acids : Phenyl alanine, tyrosine

3. Heterocyclic amino acids: tryptophan, proline, histidine

* Protein Amino Acids: Usually mino acids participate in the formation of
different proteins. These are called protein amino acids.
* Non-protein amino acids: Does not participate in protein formation.

Amino acids are divided into two types based on the need for presence in the diet.
1. Essential amino acids: 8. But 10 for children.
2. Non-essential amino acids

N igm Biology 15t Paper
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Poll Question:04

How many protein amino acids are available in nature ?
(a) 8 (b) 10

(c) 12 (d) 20
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Using the following mnemonic we can easily memorize the names of 10
essential amino acids.

Phenylalanine
Valine
Threonine
A LL \Tryptophan
|Isoleucine
Methionine
Histidine
Arginine
Leucine
Lysine

Biology 15t Paper
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Poll Question:05

Which of the following is not a protein amino acid ?
(a) Valine (b) Glycine

(c) Isoleucine (d) Tryptophan
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