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1.0 CHEMISTRY OF CARBOHYDRATES (SECTION ONE)

This section gives a simple treatment of the Chemistry of Carbohydrates. It provides concise

information on this class of Chemistry and suitable for beginners.

Carbohydrates are natural products with general a formula Cn(H,O)n. Other names for
carbohydrates are also saccharides. This very large family includes monomers - called simple
sugars or monosaccharides up to very large molecules (complex) called polymers which are
made up of these simple sugars. The polymers are also called polysaccharides such as starch,

cellulose, dextrin and glycogen.

1.1 Classification and nomenclature of monosaccharide

1.1.1 Monosaccharides

Monosaccharides are chiral polyhydroxyalkanals or polyhydroxyalkanones which are the cylic
hemiacetal forms of these sugars. This class of saccharide is divided into two major groups
depending on whether their acyclic forms contain an aldehyde functional group or a keto
functional group which are aldoses or ketoses, respectively.

Aldoses and Ketoses: All monosaccharides have their names end with “ose” hence, they are

divided into aldoses that is aldehyde plus ose) and ketoses (ketone plus ose). For example,

glucose is an, aldose while fructose is a ketose (Figures 1.0 a & b).



1
CHO lCH,OH

2

H—C—OH o

HO—C—H 3
HO—3C—H

4

H—C—O0H H—4C—oOH
5

H—C—OH H—2C—o0H
6

Glucose "a" (an aldose) Fructose "b" (a ketose)

Figure 1.1 a & b: Structures of D-glucose and D-fructose

The above structures are the Fischer projections of these monosaccharides. The aldehyde
functional group (carboxaldehyde carbon) of an aldose is assigned number 1 and the primary

alcohol group (-CH,OH) assigned the last number.

The simple sugars can also be classified according to the number of carbons that they contain.
Both glucose and fructose given in Figure 1.1 a & b above contain six carbons each, hence they
are both hexoses. If both classifications (functional groups and number of carbons) are

combined, then glucose will become an aldohexose and fructose a ketohexose.

1.2 Glyceraldehyde and dihydroxyacetone
The simplest carbohydrates - glyceraldehyde and dihydroxyacetone, which are aldotriose and a
ketotriose, respectively (Figure 1.2 a & b). All series of aldoses and ketoses are built from

glyceraldehyde and dihydroxyacetone, respectively.



CHO CH,0H

glyceraldehyde "a" dihydroxyacetone "b"

(an aldotriose) (a ketotriose)
Figure 1.2 a & b: Structures of a glyceraldehyde and dihydroxyacetone

1.3 D - and L - Monosaccharides
Using Fischer projection, the first carbon is a carbonyl carbon for aldose and the second carbon
is carbonyl for ketose. If the last chiral carbon has its hydroxyl group on the right, the sugar is

designated D - sugar but if it is on the left, it is a L. - sugar. See Figure 1.3.1 a & b below:

CHO CHO
H—C—0H HO—C—H
CH,OH CH,OH
(+) - D - glyceraldehyde "a" (-) - L - glyceraldehyde "b"
(+) - (R) - glyceraldehyde (-) - (S) - glyceraldehyde

Fig 1.3.1 a & b: Structures of D- and L - glucose
The Figure 1.3 a & b shows that L - Glucose is an enantiomer of D - Glucose.
The simplest sugar is glyceraldehyde (C3HsO3). Because it contains three carbons, it is a triose,
and it is an aldotriose because its first carbon is an alkanal.
Emil Fischer assigned the configuration (-) - glyceraldehyde to glyceraldehyde drawn using
Fischer projection if the hydroxyl group of the only chiral carbon is on the left which called “L”

(laevo). When the hydroxyl group is on the right of the chiral carbon, he called it “D” (dextro).



These two enantiomers of glyceraldehyde were later assigned “S” (sinister) for L - configuration
and “R” (recutum) for D - configutation.

Any molecule that contains n chiral centres will have 2" stereoisomers provided no meso
compounds are present. For example, if there two chiral centres, hence 2% = 4, which means four

carbon sugars (aldotetrose). Their structures are given in Figure 1.3.2 a, b, ¢ & d below:

CHO CHO CHO CHO
H—C——OH HO—C—H H—C——O0H HO——C—H
H—C—OH HO—C—H HO—C——H H—C—OH

CH,OH CH,OH CH,OH CH,0OH

a b C d

Figure 1.3.2 a, b, ¢ & d: Structure of the stereoisomers of aldotetrose

These four aldotetroses were obtained by inserting -HCOH- between carbonyl carbon and the
next chiral carbon of both L - glyceraldehyde and D - glyceraldehyde and the mirror image of
each will give the other two compounds to make four aldotetroses given above.

1.3 Epimers

An epimer is one of a pair of diastereomers. Epimer occurs when two molecules have different
configuration at only one chiral centre. That is all other chiral centres in the molecule are the

same except one chiral centre. Examples are D - Glucose and D - Mannose (Figure 1.4 a & b).



CHO CHO

H—C—OH HO—C—H
HO—C—H HO—C—H
H—C—OH H—C—O0H
H—C—OH H—C—OH
CH,OH CH,OH
D-glucose "a" D-mannose "b"

Figure 1.4 a & b: D-glucose and D-mannose

Diastereomer

This term is used to describe two molecules that are stereoisomers with the same formula,
connectivity but different arrangement of atoms in space but are not enantiomers. That is the two
molecules are not mirror images of each other or non-identical stereoisomers. They occur when
two or more stereoisomers of compound for example sugar have different arrangement of atoms
at one or more chiral centres but not at all centres which makes them not to be superimposable. If
this different is at only one chiral centre, they are called epimers.

The simplest ketose, dihydroxyacetone (Figure 1.5) lacks a chiral centre. Insertion of -CH(OH)-
unit between the carbonyl carbon (carbon number 2) and the third carbon creates erythrulose

(Figure 1.6). The D isomer of erythrulose is the bases of the D-ketose sugar series.

CH,OH

C=—0

CH,OH
Figure 1.5: Dihydroxyacetone



CH,OH

C—
CH,OH
|
| |
CH,OH CH,OH
C—0 C=—0
H—C—OH HO—C—H
CH,OH CH,OH
D - erythrulose L - erythrulose

Figure 1.6: Formation of erythrulose from dihydroxyacetone

Ring structure of Monosaccharides

Glucose and other sugars can exist as cyclic hemiacetals or hemiketals. They are formed from
intra-molecular reaction of a hydroxy group with a carboxyl group. Glucose and other
aldohexoses form their most stable acetal by using the hydroxy group on carbon number 5, and
the six-membered ring compound obtained is called the pyranose because it resembles

tetrahydropyran (Figure 1.7). Hence, the cyclic form of D-glucose is called D-glucopyranose.

H,
|
catalyst
0 0
X - pyran tetrahydropyran

Figure 1.7: Terahydropyran from hydrogenation of y-pyran
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The hemiacetal formation or anomeric reaction creates a new chiral centre called anomeric
carbon or anomeric centre that is carbon number one (Figure 1.8). This reaction results in two
diastereomeric products that differed in configuration on the anomeric carbon. The two products
are also called Anomers. These anomers are designated — a or - B depending upon the relative

configuration of the anomeric carbon (Figure 1.9 a and b).

Anomeric
H carbon \
1
CHOH
H—2C—OH
~ 3
HO—C—H
H—4C—OH
5 L
H—C——OH 5
\ This gives the H ¢ ©
6 CH.OH glucose D or L 6
2 configuration CH,0H
D - glucose D - glucopyranose

Figure 1.8: Anomeric reaction in D-Glucose (anomerization reaction)



H—C——0H HO—C—H
H—C—OH H—C—OH
HO—C—H HO—C—H
H—C—OH H—C—OH
H—C—O0 He—C—0

CH,OH CH,OH
) - form P-form

Figure 1.9: The a-form and the p-form of the glucose in ring forms

The structures in the Figure 1.9 above resemble the hydrogenated y-Pyran (Figure 1.7) above,
hence, D-glucose in ring form is named after pyran that is a- or - D — glucopyranose (Figure

1.10 a and b).

CH,O0H

H OH H OH

X - D - glucopyranose P- D - glucopyranose

Figure 1.10 a & b: a- D — glucopyranose and f- D — glucopyranose
Ketohexoses also undergo the same intramolecular reaction described above for aldohexose
using hydroxy on carbon number 5 (Figure 1.11). This anomeric reaction leads to the formation

8



of five membered ring compound named after tetrahydrofuran because it resemblances
hydrogenated Furan (Figure 1.12). The reaction leads to the formation of two products which are
also called Anomers. These anomers like glucopyranose are designated - o or - B depending
upon the relative configuration of the anomeric carbon. The ring forms of D-Fructose resemble
hydrogenated Furan (Figure 1.12), hence, the ring structure of D-Fructose is named after Furan

that is a - or — B- D-Fructofuranose (Figure 1.13 a and b).

Anomeric 1
CH,0OH carbon CH,OH
/N
2C——=0 HO 2 . ]
H—C—oOH HO—C—H
4 _— 4
HO—C—H H—'C—OH
H—3C—OH H3¢ o
This gives the
6CH,0H glucose D or L 6CH20H
configuration
D - fructose D -fructofuranose

Figure 1.11: Anomeric reaction in D-Fructose (anomerization reaction)

O @)
) 2= O
Furan Tetrahydrofuran

Figure 1.12: Hydrogenation of Furan

CH,OH CH,OH

0. CH,OH O. OH
H HO H HO
H OH H CH,OH
OH H OH H



a - D-Fructofuranose (a) p — Fructofuranose (b)

Figure 1.13 a and b: a - or — - D-Fructofuranose

The ratio of the a - D- glucopyranose to B - D- glucopyranose is 36 : 64% in nature. This is
because the beta form is more stable than the alpha anomer. This stability can be explained
using the anomeric effect.

This effect arises from the orbital interaction between oxygen (heteroatom) and the anomeric
carbon that is the CO bond. This reaction occurs when the anomeric hydroxy is in the axial
position (Figure 1.14) that is a-form but this destabilizing reaction is not possible with the OH

group in the equatorial position (Figure 1.15) that is p-form.

O H

OH
O

Figure 1.14: Figure showing OH group drawn in the axial position

o OH

B

Figure 1.15: Figure showing OH group drawn in the equatorial position

Any ring substituents that are drawn perpendicularly to this axis of symmetry are called
equatorial while those drawn parallel are referred to as axial. For example, the OH group and

other substituents on the - D - glucopyranose are perpendicular to this axis. This reduces steric

10



hindrance, hence, the B - form is more stable than the a - form. This is another explanation for

the reason why f - and a - forms are 64 and 36 % in nature, respectively.

Deoxy and Amino Sugars

In nature, sugars can have one or more of their OH group(s) replaced by some substituents. Of
these, substituents, H and -NH; are the most common. A Deoxy sugar has - CH, - group is place
of a - CH(OH) - group. The most common deoxy sugar in nature is 2-deoxy—D—ribose (Figure

1.16) which is the sugar moiety of deoxyribonucleic acid (DNA).

IcHO

CH,

H—3C—OH

H—4C—OH

>CH,OH

2 - deoxy - D - ribose

Figure 1.16: 2—deoxy-D-ribose

Amino sugar on the other hand has a — CH(NH;,) — group replacing a - CH (OH) - group.
Examples of important amino sugars are D - galactosamine and D - glucosamine (Figure 1.17 a

&b).

11



CHO

CHO

H—C—NH, e,

HO—C—H HO—C—H
A== HO—C—H
H—C—O0OH H—C—OH

CHLOH CH,OH
D - glucosamine .
(2 - amino - 2 - deoxy - D - glucose) D - galactosamine

(2 - amino - 2 - deoxy - D - galactose)

Figure 1.17 a & b: D-glucosamine and D-galactosamine

1.3  SOME REACTIONS OF MONOSACCARIDES
1.3.1 Reduction to glucitols
Aldose monosaccharides such as D-glucose can be reduced glycitols. For example, D-glucose

can be reduced to D-glucitol (Sorbitol) using a reducing agent such as Sodium borohydride in

water (NaBH4/H,0) (Figure 1.18).

CHO CH,OH
H—C—OH H—C—OH
L NaBH
HO C H 4 » HO—C—H
H,0
H—C—OH H—C—OH
H—C—OH H—C—OH
CH,OH CH,OH
D - glucose D - glucitol (sorbitol)

Figure 1.18: Reduction of D-glucose to D-Glucitol

12



1.3.2 Oxidation to gluconic acids
Aldoses are oxidized to glyconic acids using mild oxidants such as bromine water. For example,

D-glucose is oxidized to D-gluconic acid (Figure 1.19).

CHO COOH
H—C—OH H—C—OH

— Br, / H,O
HO C H 22, HO—C—H

H—C—OH H—C—OH
H—C—OH H—C—OH
CH,OH CH,OH
D - glucose D - gluconic acid

Figure 1.19: Oxidation of D-glucosewith mild oxidant to D-gluconic acid

1.3.3  Oxidation to glucaric acids
The oxidation of aldoses to glucaric acids can only be carried out using strong oxidants such as

HNO:;. If D-glucose is oxidized with strong oxidant, it will give D-glucaric acid (Figure 1.20).

CHO COOH
H—C—OH H—C—OH
__(__p HNO
HO—C—H 3. HO—C—H
Heat
H—C—OH H—C—OH
H—C—OH H—C—OH
CH,OH COOH
D - glucose D - glucaric acid

Figure 1.20: Oxidation of D-glucosewith strong oxidant to D-glucaric acid
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1.3.4 (i) Reaction with Tollens’ reagent

The Tollens’ reagent is prepared according the chemical equations (1 & 2) given below:

2 AgNOs; +2 NaOH —> AgO(s)+ 2NaNO; +H,O0 W - (1)

The brown Silver (I) oxide precipitate formed is then dissolved in excess aqueous ammonia to
give a clear solution of diammoniasilver (I) complex according to equation 2 given below:

Ag)0O (s) +4NH; + 2 NaNO; + Hb,O —> 2[Ag(NH3);]NOs; + 2 NaOH ----- .(2)

The reaction between D-glucose and Tollens’ reagent is given in equation 3 below:

Ag(NH;)," +D-glucose =~ ——> D-gluconic acid + Ag(s)

This reaction is the popular mirror image test used for the confirmation of alkanal.

1.3.4 (ii) Reaction with Fehling’s and Benedict’s Solutions

Fehling’s solution is made up of the following reagents: copper (II) ions complexed with tartrate
ions. Both reagents are prepared in NaOH solution. On the other hand, Benedict’s solution
contains copper (II) ions with citrate ions instead of tartrate ions. It is prepared with Na,COs
solution as against NaOH solution used for the Fehling’s solution.

Both Fehling’s and Benedict’s solutions provide hydroxy ions that reacts with Cu®" in complex
form (equation 1). These hydroxy ions are provide by the NaOH and Na,COj; used in the
preparation Fehling’s and Benedict’s solutions, respectively. In the case of Benedict’s solution,
OH’ is obtained when Cng' reversibly reacts with H,O as follows:

CO05~ + H,0 - HCO; + OH™

20Ut +20H™ + 2™ > Cuy,0+ Hy0 i (1)

RCHO +30H™ - RCOO™ 4+ 2H,0 + 287 it (2)

(1) + (2) gives the overall chemical equation for the oxidation of the alkanal

14



RCHO + 50H + 2Cu®* - RCOO~ + 3H,0 + Cu,0 (red ppt)

Only reducing sugars (aldoses) like D-glucose can be positive to Tollens’, Fehling’s and
Benedict’s tests. But it was observed that Fructose, a non-reducing sugar gives positive Tollens’
test. This was made possible because a base catalyzed equilibrium takes place between glucose,
mannose and fructose. The alkaline nature of this reagent provides this base catalyst and the
rearrangement is called Lobry de Bruyn-Van Ekenstein rearrangment. The mechanism for the

conversation is given by the following chemical equations (Figure 1.21).

H 2 CHO

HC——O—H
<:CHOH | —
L —on
C—
HO—C—1 HO—C—H
HO—C—H _—
- He—C—o0H H—C—OH
H—C—OH
He—C—OH H—C—OH
H—C—OH
CH,OH CH,OH
CH,0OH enediol D - glucose
D - fructose intermediate A - D - manose

Figure 1.21: The base catalyzed equilibrium between glucose, mannose and fructose

1.3.5 Reaction with hydrogen cyanide (HCN)
Hydrogen cyanide reacts with reducing sugars the same way it reacts with alkanals (aldehydes)
by attacking the carbonyl carbon to give a hydroxynitrile compound. An example of this reaction

is given below (Figure 1.22):

15



CHO CN

H—é—OH
HO——1—H
HO——T1—H
H—t—on _KCN
or HCN H————O0OH
H——+—OH
H——+—OH
CH,OH
CH,OH

Figure 1.22: Reaction of reducing sugar with Cyanide to form hydroxynitrile compound

It should be noted that hydrogen cyanide is extremely poisonous gas; hence, it is not used
directly. The aldehyde / ketone is reacted with a solution of sodium or potassium salt of cyanide
in water along with little sulphuric acid to give a solution with a pH of between 4 and 5.

The Mechanisms of the Reaction

The mechanism is through nucleophilic addition. The mechanism is given below (Figure 1.23):

( o
/

H—C{h N eN
HO—I|—H CN H—C—OF\ H—C—OH
HO——H
H———OH o HO—+—H

—_—
H——OH
H——OH ~ H—t—OH
H——OH
CH,OH H—1—OH
CH,OH
CH,OH

Figure 1.23: Mechanism for the reaction of reducing sugar with Cyanide

A typical example of this reaction is the reaction of D-arabinose with the solution of sodium

cyanide given below. The reaction is called cyanohydrin. This reaction is also used in

16



carbohydrate synthesis for increasing the chain length of a sugar by one carbon for example the

mixture of D-glucose and D-mannose from D-arabonise (Figure 1.24).

CN
| ?OOH
CHOH
THO | ﬁHOH
_c HO—C —H
HO H | H,0/H*  HO—C—H
NaCN aq — | a.Hg
H— & —OH H—C —OH T .
NaHSO, é_OH ﬁ OH  orNaBH,
H—g—OH i H—C -OH
CHZOH CH2OH Cl:H OH
D-arabinose 2
?HO
ﬁHOH
Ho—?——H
W—ﬁ—OH
H—C -OH
|
CH,OH

Mixture of D-glucose and D-mannose depending on spartial arrangement on carbon 2

Figure 1.24: Synthesis of D-glucose and D-mannose from D-arabinose

1.3.6 Ruff Degradation

Ruff degradation is a method used for reducing the chain length of a carbohydrate by one carbon.
In this method, the sugar to be shortened is first converted to gluconic acid using bromine water
followed by decarboxylation (removal of CO,) using ferric salt. Example is the conversion of D-

glucose to D-arabinose (Figure 1.25)

Questions
1. Show using a suitable chemical equations how D-fructose forms hemiacetal.
2. Draw the structures of the following sugars: (a) D-ribose, (b) D—arabinose

(c) D-mannose and (d) D-galactose.
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CHO COOH CO,-), Ca?*

H—C‘)—OH H—C—OH H—C —OH
HO—C—H HO—C—H ’ HO—C‘3—H kol
| | | ~B0;
H— (I: —OH H— (': —OH H— C —-OH
H-C-OH H-C-OH | _
I | H—C|) OH
CH,OH CH,OH CH.OH
D-glucose D-gluconic acid i
C‘:HO
HO—C‘3—H
H— c|: -OH
H-C-OH
|
CH,OH
D-arabinose

Figure: 1.25: Ruff degradation reaction for converting D-glucose to D-arabinose

1.3.7 Periodic acid oxidation

This is another method for determining the ring size of glycosides. It proceeds stoichiometrically
and is a measure of the number of adjacent free hydroxyl groups. In this method, the moles of
periodic acid (or sodium metaperiodate) consumed and the moles of formaldehyde and formic
acid produced during the oxidation of a known weight of the saccharide under investigation are
determined. One mole of the oxidant is reduced (consumed when two adjacent OH groups are
oxidized with cleavage of the C-C bond joining them to yield two aldehyde groups. Terminal
hydroxyl group yields formaldehyde while secondary hydroxyl group yields another aldehyde or
form C acid if the 2 hydroxyl group is flanked on both sides by hydroxy groups (i.. is oxidized

twice). From the results, it is possible to determine the number and type (1° or ;°) of adjacent

18



hydroxyl groups present in a molecule. The general reactions are given below (Figures 2.6 A to

F)
H
l O i
AN L C=0 A carboxylic acid
H—%—OH H,0O 6H (formic acid)
R +
H—C—0 An aldehydes
alpha hydroxy aldehyde R
Figure 2.6 A
R
C|I O K
AN L é= 0 A carboxylic acid
H—%—OH H,O CI)H (formic acid)
R +
H—C=—0 An aldehydes
alpha hydroxy ketone R
Figure 2.6 B
leHO
[VaVAVaV,,
I H —0
H—C—OH . =
A0 Y N
HO—C—H + HO—C—
H,0 C=—0
H—C—OH | H—C—O0H
OH
H—C—OH H—C—OH
19
CH,OH CH,OH
an alpha hydroxy aldehyde

Figure 2.6 C



HO—C—H
HIO, R H—C—OH
H—C—OH - > \ +
H,0 T:O He¢—on
H—C—OH
OH CH,OH
2
CH,OH
& - hydroxy aldehyde
Figure 2.6 D
2 HIo, \\ 2 H—C—OH
H—C—OH —» _C—CH,0OH *
HO0
H—C—OH
CH,OH
Figure 2.6 E
|
0]
__C—CH,0H _HIO, [
H H,0 H—C—oH -+ €0
Figure 2.6 F

When all the steps are added up glucose will produce five times as much methanoic acid as
methanal.

This type of degradation has played a vital role in understanding the structures of many
carbohydrates. The degradation of a-D-glucopyranose by periodic acid is given below (Figure
2.7).

20



+ 5104 — CH,0 + SHCO,H + 5105

Figure 2.7: The degradation of Alpha - D - glucopyranose by periodic acid
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1.4 Disaccharides
According to the name, they all consist of two simple sugars held together by a glycosidic bond.
Like monosaccharides, disaccharides are also simple sugars which are water soluble. Some

typical examples of disaccharide are maltose, sucrose, lactose, cellobiose, getiobiose etc.

They have two simple sugars held together by a glycosidic bond. The most common involves the

anomeric carbon of one sugar and non — anomeric carbon of the other (Compound Y))..

CH,OH
H H 0)
H on
OH
o OH
0]
H OH H H
H
Y
MALTOSE

B — Maltose carries the impressive systematic name O — o — glucopyranosyl — (1,4) - — D —
glucopyranose. The disaccharide contains two latent carbonyl carbons. The one in the ring at the
upper left is tied up in the glycosidic linkage. The other is in the ring at the lower right and is still
a hemiacetal. The position of the free hemiacetal hydroxy group determines if it is B or a, which
must appear in any name of the compound.

See the structure given in the class

Note, the structure of maltose is compound Y above.

Cellobiose and Gentiobiose

These are disaccharides that contains f — D glucopyranose bonded to a second f — D
glucopyranose residue via a glycosidic bond. Cellobiose possesses a glycosidic bond between C1
and C4 of two simple sugars, while gentiobiose has a glycosidic between C1 and C6 of two

simple sugars.
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CH,OH CH,0H "H,0H

H H OH H 0

OH H OH H H OH
OH H H
OH H

T

1 OH OH o
H OH H OH
Figure 3.4: B D- glump)‘mnosyl-I.E» D - glucopyranose! P Cellobiose) H OH
Figure 3.5:B-D - glucopyrunosyl—l{@— D - glucopyranose( P - Gentiobiose)
SUCROSE

The alternative names of sucrose are cane sugar or beet sugar. It is the common table sugar, o — a
— D — glucopyranosyl — (1,2) — B — D — fructofuranoside. This sugar is different from other
disaccharides, thus, far studied because its glycoside linkage involves the anomeric centre of

both sugars.

"H,OH

OH

CH,OH

OH H
Alpha-D-glucophyranosyl-1,2-beta-D-fructofuranoside [Sucrose]

Sucrose, unlike maltose, Lactose, Cellobiose, and gentiobiose, doesn’t exist as readily — inter —
converted a and § — forms.

The fructose position of the name ends in “oside” in order to indicate that C2 of fructose is
involved in the glycoside bond,

Because both anomeric carbons are involved in acetal formation, sucrose is a non-reducing
sugar. It is negative to Tollen’s reagent and Fehling’s solution or Benedict’s solution. Moreover,
sucrose does not form an osazone, does not exist on anomeric forms and does not show
mutarotation in solution. All these facts indicate that sucrose does not contain a “free” aldehyde
or ketone group. When sucrose is hydrolysed by dilute aqueous acid or enzyme invertase (from

yeast), equal amounts of o — D glucopyranose and - D — fructofuranose are produced.
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POLYSACCHARIDES
Polysaccharides are polymers containing as many as several thousands monosaccharide unit per
molecule. As with other saccharides, it is important to know the following:
(@) Which specific monomer are involved in the polymer formation
(b) The method of linkage between the monomer
(c) The gross structure of the polymer.
If the polymer contains more than one type of monosaccharides, then the sequence of the
sugars is also important.
Of all the naturally occurring polysaccharides, starch and cellulose are the most important.
Both are products of photosynthesis. Cellulose play a tremendous role in our society. As
wood, cellulose provides shelter, as pulp, it is the major constituent of cotton which is a
natural fibre. Starch is the mainstay of many diets since it is the major compound in rice,
potatoes, wheat and corn.
STARCH
This is the major source of energy in plant cells. When intact, starch granules are insoluble in
cold water; if the outer membrane has been broken by grinding, the granules swell in cold
water and for a gel. When the intact granule is treated with warm water, a soluble portion of
the starch diffuse through the granule wall, in hot water the granules swell and then burst
Starch contains two major fractions: amylose (= 20%) and amylopectin (= 80%). Both can
be hydrolysed in acidic medium to give on D — glucose, since both polymer contains the
same monomer, the important differences between them must exist in the bonding within
these polymers.
AMYLOSE
Maltose is the only disaccharide produced upon hydrolysis of amylose. The absence of
cellobiose suggests that amylose is a linear polymer of D — glucose molecule, each bonded
by an a — glycosidic linkage to C 4 of the adjacent glucose unit. If cellobiose had been
produced, the B — glycosidic linkage would have been produced.
Amylose then is believed to be made up of long chains, each containing 1000 or more o — D

glucopyranose units joined together by o — linkage as in maltose.
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CH,0H CH,OH CH,0H

0, _ 0, T 0
H H H H i i
H H H
OH H OH H OH H
L Jn
H OH H OH H OH
Amylose

o — Amylose is the fraction of starch that gives the intense blue colour with iodine. X — ray
analysis shows that the chain coiled in the form of helix (spiral staircase) inside which is just
enough to accommodate iodine molecule; the blue colour is due to entrapped iodine

molecules.

Blue amylose iodine complex

amylose chain

AMYLOPECTIN

Amylopectin is a branched polymer containing about 1000 D — glucose units. The main chain
consists of an a — 1, 4 — D glycosidic linkage while branching occurs with an o — 1, 6 — D
glycosidic bond. Branching is moderate with perhaps twenty five o — D glucopyranose units
occurring between branching points.

The partial hydrolysis of amylopectin produces large molecules called dextrins. Dextrins are
used to prepare mucilage, pastes and fabric sizing. (sizes are materials used to fill pores in
cloth, paper; etc.). printing inks is often thickened by the addition of dextrins.

The major disaccharide produced by the hydrolysis of amylopectin is maltose, the glucose
unit at each point has C — 1 and C — 6 — OH groups involved in glycosidic linkages. This

leads to small amount of isomaltose upon hydrolysis.
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CH,OH

il
OH H o
OH .
CH,
H on
o
H H
il
OH H
OH OH

Alpha—D-glucopyral?osyl-( 1 ,()%F—(alpha- D-glucopyranose (Alpha
Isomaltose)

Structure of amylopectin

Amylopectin is hydrolysed to a single disaccharide maltose; the sequence of methylation and
hydrolysis yields chiefly 2,3,6 — tri — o — methyl — D — glucose. Like amylose, amylopectin is
made up of chains of a — D glucopyranose units, each unit joined by alpha — glucosidic

linkage to C — 4 of the next one. However, its structure is more complex than that of

amylose.

CH>OH CH,OH

O,

— Lo )

H OH
CH>OH

H OoH
H OH

Amylopectin

CELLULOSE

Cellulose is an unbranched polymer of f — D — glucose which occurs in most plants. Most

animals, including man and cattle, cannot hydrolyse the f — glycosidic link in cellulose
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Cotton which is the most important natural fibre, is about 98% cellulose. Acetal linkage in

cellulose are hydrolysed by acids but not by bases.

CH,OH CHOH CH,OH
0 B 0, ] | 0
H H H oH
H
Y H O\ H
OH H OH H OH H
OH H H Y
L n
H OH H OH - H OH
R-Cellulose
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PROTEIN STRUCTURES

Protein primary structure is the linear sequence of amino acids in a peptide or protein. By
convention, the primary structure of a protein is reported starting from the amino-terminal (N)
end to the carboxyl-terminal (C) end. Protein biosynthesis is most commonly performed

by ribosomes in cells. Peptides can also be synthesized in the laboratory.

Isomerisation

The chiral centers of a polypeptide chain can undergo racemization. Although it does not change
the sequence, it does affect the chemical properties of the sequence. In particular, the L-amino
acids normally found in proteins can spontaneously isomerize at the atom to form D-amino
acids, which cannot be cleaved by most proteases. Additionally, proline can form stable trans-

isomers at the peptide bond.

Secondary structure

An o-helix with hydrogen bonds (yellow dots)

Secondary structure refers to highly regular local sub-structures on the actual polypeptide
backbone chain. Two main types of secondary structure, the a-helix and the pB-strand or B-sheets,
were suggested in 1951 by Linus Pauling. These secondary structures are defined by patterns

of hydrogen bonds between the main-chain peptide groups.

Secondary structure of protein refers to local folded structures that form within a polypeptide

due to interactions between atoms of the backbone.

e The proteins do not exist in just simple chains of polypeptides.



These polypeptide chains usually fold due to the interaction between the amine and

carboxyl group of the peptide link.
The structure refers to the shape in which a long polypeptide chain can exist.

They are found to exist in two different types of structures o — helix and B — pleated sheet

structures.

This structure arises due to the regular folding of the backbone of the polypeptide chain
due to hydrogen bonding between -CO group and -NH groups of the peptide bond.

However, segments of the protein chain may acquire their own local fold, which is much
simpler and usually takes the shape of a spiral an extended shape or a loop. These local

folds are termed secondary elements and form the proteins secondary structure.

B-Sheet (3 strands) a-helix




Three-dimensional structure of parts of a beta sheet in green fluorescent protein

Tertiary Structure of Protein

e This structure arises from further folding of the secondary structure of the protein.

o H-bonds, electrostatic forces, disulphide linkages, and Vander Waals forces stabilize this

structure.

o The tertiary structure of proteins represents overall folding of the polypeptide chains,

further folding of the secondary structure.
o [t gives rise to two major molecular shapes called fibrous and globular.

e The main forces which stabilize the secondary and tertiary structures of proteins are

hydrogen bonds, disulphide linkages, van der Waals and electrostatic forces of attraction.

The three-dimensional arrangement of all the atoms of a single polypeptide chain in space, held
together by stabilizing interactions between groups on the side chains and between the side chain

groups and the backbone groups is called the tertiary structure of proteins.

The stabilizing interactions involved in stabilizing the tertiary structure include disulfide linkage,
salt bridge, coordinate bonds with metal ions, hydrogen bonding, and hydrophobic interaction, as

shown in Fig. and explained below.
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This figure illustration of disulfide linkage, salt bridge, coordinate bonds with metal ions,

hydrogen bonding, and hydrophobic interaction that stabilize the tertiary structure of proteins.



Chemical reactions and interactions of Amino acids and proteins
Reactions of various functional groups of amino acids and proteins are used for the chemical

estimations.

(i) Reaction with ninhydrin(2,2,-D, hydroxyl-13-indasdione
The reaction leads to the formation of coloured complex which is used for quantitative

determination of amino acids.

@)

O o)
OH
+ R—CHCOOH——>» N
OH |
NH,
O
0 OH
Ruhemmann's purple

Ninhydrin

+ R-CHO + CO, + 3H,0

(i1) Reaction with 1,2- Benzene dicarbonal: 1,2- Benzene dicarbonal reacts with amino acids

to give highly fluorescent isoindole derivatives.

0
| SCH,CH,OH
C—H
R—CH—COOH
+ | HSCH,CH,0H =
— = N—CH-COOH

C—H N =
I R
0

1, 2 - Benzenedicarbonal or O-phtaldialdehyde

(iii) Reaction with phenylisothiocyanate



=" + RCH=COOH o™ ¢ cy—coon

| — C
NH, |
HN
S

HCI
CH;NO,
S
N + H20
R
O

(iv) Reaction with Dansyl chloride (1, 1-Dimethy-aminonaphthalene-5-sulfonyl chloride)
H,C CH,
N HiC__CH;
N
R—CH—COOH
NH,
SO,Cl

SO,NH-CH-COOH
Dansylchloride

R



The following reactions are used for the N-terminal analysis of proteins:

A. Sanger's reagent, FDNB (fluorodinitrobenzene), modifies N-terminus for determination
via amino acid analysis.
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