CARBOHYDRATES

3i.1 INTRODUCTION

Carbohvdrates ar. the most commonly found bromolecules on earth Every mqmu.g when

we take break fasc we add sugar in our tea o mulk We eat cereals, slices of bread 1 com

flakes During tunch or dinner time we cat chapatis or nice. All these things contaih manly
carbolvydrates Photosynthesis by plants and algac converts more than 100 billion metric tons
ol €0, and H,0 mto carbobydrates each year Certam carbohydrates e.g sugar and starch
are mam constituent of human diet, and the oxidation of varbohyd:aies provides energy for
most of the orgamsms,

Activity: After playing for a long time or after domg physical exercise fo a long time, try
‘o drmk a glass of water with glucose Do you feel less tired? Why? This 15 because glucose
15 a carbohydrate which can provide energy to vour body very fast

In this lesson you will learn about varous Casbohydrates and their chemical nature and
funcuons.

31.2 OBJECTIVES

)

After studying this lesson, you will be able to

®  hst the natural sources of carbohydrates

® differentiate between monosaccharide, disacchande and polysacclmndes.;'
& recognize triose, tetrose, pentose, and hevoses.

¢ depict carbohydrate structure m open chatn awd rning structure

®  understand structuie of carbohydrates

*  explain biological sigmficance of carbohydrates
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31.3 NATURAL SOURCES OF CARBGI-IYDRATE

Carbohydrate~ a . mamnly derived from plants in nature. They make up more than ‘?L"’ or
the solid plant material Wc obtain’ dlffcrmt types of carbohydmtes from different patural
sour:es in our deet.

*

The table 31.1 shows the natural sources of carbohydrates- )

Table 31.1 Natural sources of carbohydrates -

Name of the . Sources
Carbohydrates

Glucose Grapes

Fructose 1 Honey

Sucrose : Sugarcane
Lactose Mtk :
Starch . Cereals ¢.g. maize
Cellulose - Plant cell wel}
Glycogeﬁ - Liver

S

INTEXT QUESTIONS 31.1

I, Name three constituents of your dict which provide carbohydrates.

2. Name the process which makes carboyhdrates from carbon dioxide and water.

3. Who makes carbohydrates for your diet?

314 CLASSIFICATION OF CARBOHYDRATES :

Carbohydrates are polyhydroxy sldehydes or Ketones, or the substances that '
yield such compounds on hydrolysls.

Carbohydrates may be classified into following depending on their size.

Monosaccharides or simple sugars, which consist of single polyhydroxy aldehvde or ketone
. unit. It cannot be broken down to smaller carbohydrate units by hydroiysis The most widely
found monosaccharide in the nature is the six carbon atom sugar D-glucose (C H,,0,)

Oligosaccharides, which consist of short chain of monosaccharides units jomned mﬁethar
- The most abundant are disaccharides, with two monosacchande units ¢ g. sucrose from




sugarmﬁe whith is made up of the six carbon sugar -D-gludose a.nd D-fructose umts30med

~

covalently. Buger oligosaccharides are trisaccharides, tetrasaccharide and so on.

_Pé&sacMﬁdu, which consist of long chains of hundreds or thousands of momsacchande '

units. Examples are starch, cellulose and glycogg‘m‘ {animal starch).
315 STRUCTURE OF CARBOHYDRATES

- Monosaccharides are the simplest carbohydrates. The empirical formula _fof the monosac-
charide is (CH,0), . Simplest of them are trioses where n = 3. Carbohydrates containing -

-CHO are known as aldoses, and those containing >C = O are known as ketoses.

- Monosaccharide with 4, 5, 6 or seven carbon

heptose respectively.
 CHO

S
H—C— OH
CH,0H

' Glyceraldehyde
(An aldose)

i
H‘(Ii"-OH
. H—Cc—MH -

A
‘CH,OH ~

Erythrose
(A tetrose) -
CHO
. |
H —-(I: ~-OH
HO-— Cc —H
[

H—C—0H
i

H — ? —~OH
CH,OH

D-Glucose
{A Hexose)

atoms are called ;etr,ose,_péntose, hexoses and |

CHOH

|
C=0

|
CH,0H

Dihydroxyacetpne

" (A Ketose)

- CHO
"

"H—C-0H

"H—-C-~0H

. l . K
H — (I: — OH
CH,0H
‘Ribose (A ‘Pentose).

CHOH
Hof"éh.'“H' i
H -_-é:-nou ;
H ———:I—OH
| é}gou

D-Fructose (a hexose)
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INTEXT QUESTION 31.2

1. 'What is the most abundant hexose in nature? Is 1t an aldose or ketose?

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

3. Mark the most correct statement
i)  Starch is a monosaccharide obtam - irom plants .
ii)  Starch is another name for glucose -
it} Starch is polysacchande
* Starch 1s oligosaccharide made up of glucose and fructose

C s - — —

'~ Pentose and Hexose cyclize to form Ring Structure |
F.ooa an aldehd> can react with an alcohol to form a hemxaoeta! (a product formed

h .. oo laen-¢ e aicohold.
c ?H
< A
g B O - OR
; " yr Alcobol ok
i_. Aldet vdo Temiacetal

The C-1 of aldehyde u: ihe .. or hain -~ m of glucose reacts wath C, hydroxy group to form
an mtramolecular hemiacctal. T, esulung six membered ring is called pyranose because
of 1t smulanty W p_ran.

H —3C - Off
-
HO-*C--v1 &= —

|
= —cp Ok
I
H— 0 — U
' |
*CH,0H 7 : .
D-Glucese T3 - -,,_;.2 -
{Open chain form) : OH ¢ H
H  OH
B-D-Glucopyranose

[




Casbohydrates}9 |

* -aand P forms Jfgmume can be obiained usmg dlﬂ'ers.n conditions during crystalhzation.
Fhey differ only in the onentation of the hydroxyl group at C-1. However when they are
dissolved in wate: an'equthbnum is mtabhshed

. . ICHO .
. CH:OH . S CH,OH
H | - —0, OH F’_’f.—OH
.OH H b e i
o [. .4 H - H '—‘f,—-on
Ho oM H — Sc—OH H OH
I . i
: SCHOH =~ =~ '
]3-1') Glucose open chain form of Glucose . a-D glucos:

Smula.rly, a ketonc can react w:th an alcohol to form a henuketal

R o _
1 _ :
? ¢ H-O-R \ /
R ‘ R/ \

[he C-2 keto group in the open cham form of fructose can react with C5 hydroxy group
to form ntra molecular (within the molecule) hemiketal Thus five membered ring is called
furano% because of its similarity to furan.

1CHZ()H
HO—C-H =5 ¢
I ] i
H —‘C —on H "¢ 03/
' : '
H —5C—OH OH f‘l OH H
| S a -D-Fructofuranose
‘CH,0H : ' : , (a ring form of fructose)
D-Fructose A
<0——t
Furan.

Scructun of sucrose and lactose is given below as an example Note that sucrose is formed
by combmmg a-D- glycose and p-D-fructose :
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Glycosidic bond
ScroH |

Fructose

Glueose . .
' SUCROSE .

You will learn about enzymes like B galactocidase in Lesson 34.

6 ' 6.
CH,0H Glycosidic bond CH,OH
0
Galactose
LACTOSE

Polysaccharides are formed by polymerization (jomning of many smatl molecules to form a
long chain molecule} of many molecules of monosaccharide. They are joined by the glycosidic
linkage (linkage formed by joining two nionosaccharides), which may he éither a or f. For
example, starch is a polymér of a-D-glucose, whereas cellulose is a polymer of B-D glucose
Some polysaccharides are linear and some are branched.

31.7 Amylose 7 S

Amylose a component of starch 1s a linear polymer of a-D-gluvose jomed together with
a-~1-4 linkage. In other words, first carbon of a glucose molecule is linkeéd to fourth carbon
atom of neighbouring glucose molecule.

CH20H SCH, OH : GCHZOH Reducing
H5 3 end

OH };>|\ o Jou iéo;; L J

3 2 14 5t f[ 3t 4 .
H OH linkage H OH H OH H oy




31.83. AMYLOPECTIN

Amylopectin comtains few branches which connect first carbon atom of a glucose molccule
to 6 carbon atom of another glucose molecule. This kind of connection of two glucose
mofecule is called branch point. Remember this branch connection is in addition to regular
o-D (1-4) linkages.

CHIOH
S 5L
. .H_ P 715 S _ pe H- 1 @& {1-6) linkages,
4|< OH H S 0—%11 !
H OH H <«—Branch paint
Main branch a (1-6) linkage
6 .
CH,OH
. 5 | 0.
4t<\OH. .~ H i‘w—-—@—————{\ OH H %—0-——1
; , L )
o N1 -
: H . Ol H OH
Reducing end
Branch point

Non reducing ends

AMYLOPECTIN

Fig. 31.1. Amylopectin line diagram to show amylopectin.
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. Spural oval structure in “p. 31 | indicates a-D-glucose (1-4) linked polymer Branch points
are shown as a (1-6) linked glucose. The example shown above is components of starch
amylopectin. Amylose is water soluble whereas amylopectin is water insoluble and contains
branched structure. Starch 15 composed of amviose and amylopection.

31.9 BIOLOGICALl IMP()RTANCE OF CARBOHYDRATES

C rhohvdrates are most commonlv found organic matter on earth because of their maiy
mes m all forms of life Followmg are the important _oles the pl-y in the biological
Zanisms _
Carbohy drates a e used a- twrage mol.cules. fu.  und metabclic 1. lermediates. For
example starch in pla..  -nd glycogen 1n animals are polysac -harides that can be used

o guckly makc gh 2 <purce 1of ¢ ..mg th . rgy -olcule, adenosine
tnphosphate (ATP} 1 cersal o e o D d -
Ribose and deoxy.io - . sugirs are ot oot o Riounucler. Acid (RNA) and
Deoxyribn sue ~c Aad DNA .esp  ve' ' u )l carn about these molecules in-
«s3on 3 ccural-.cablthooft s acar ‘saeer. forstora e and expression
f geret . aform..-
C-hwal fbacte' . . p ants, and outer parts o od . wad. upofcellulose,
the most widely tound recmic molecule on the

1 ar ¢ .ydrates are also inked tomany orntemns - ap T wse nofecule are known
as glycoprotems and glveolipids respectively T .2 molecules perform very important
and specific function in biological organi s - human growth horomons s a
glycoprotein

5  Carbohydrates play a very important role in cell to cell cornmunication. For examp'-
fertilization begins with the binding of sperm to a specific ohgosacchande on the surface
of epg.

INTEXT QUESTIONS 31.3

1 Write a reaction to shov the formation of hemiacetai
2 Wnite the structure »f sucrose & lactose.

3 List the biological unponanée of carbohydrates.

31.10 WHAT YOU HAVE LEARNT

e  Carbohydrates are found everywhere on earth
e  Carbohydrates have a wide range of structure and functions.

¢  Natural sources of carbohydrates are grapes, honey, sugarcane, cereals and milk




Carbohydméslgs

e  Carbohydrates can be classified on the basis of their size into monosaccharides,
oligosaccharides and polysaccharides.

e  Structure of mono, di and polysaccharide ..
®  Open and ring strucutre of hexoses
s  Biological importance of carbohydrates.

31.11 TERMINAL EXERCISE

1. Describe three important functions of czrbohydrates.

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

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

6. What is starch? What is it made up of? What is the difference petween starch and
cellulose?

CHECK YOUR ANWFR -
Intext Questions 31.1
I, Sugar, mitk and bread
2. Photosynthesis
3. Plants
Intext Questions 31.2
1. Glucose, aldose
" 2. Glyceraldehyde. Yes, it is the smallest
3. C
Intext Quesﬁons 313
1. Refer Section 31.6
2. Refer Section 31.6
3. Refer Section 31.9
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Terminal Exercise

Refer to introduction and biological importance of ‘carbohydrates .(3'1 9. .
Refer to classification of carbohydrates (31.4).

Refer to structure of carbohydrates (31.5 and 31.6).

Refer to structure of sucrose and Iactose (31.6)

Refer Section 31.7 and 31.8

Refer Section 31.6.and 31.8.

I N N
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